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Podékovani

Podklady pro tuto praci vznikly jako vysledekit¥i sowinnosti se spoluautory, protoze
hydrobiologicka prace neni solitérni, alét8inou probiha v Gzce spolupracujicim tymu
kolegi i student, jejichZcinnosti jsou propojeny a za tuto spolupraci jim nadkuju. Nikdy
bych se taky neobesSla bez kaleggji'ujicich technické zazemi pro jednotlivé vyzkumy,
Marcelky Rizickové a Standy Bmejce. Mij dik pak paiti Swtlané Zahradkové, ktera mi
kdysi nabidla volnou ,niku“ v podabstudia krouzkovi, Honzovi HeleSicovi, jehoZz vedeni
projekti, na kterych jsem pracovala, podporovalo samossatadvréi asili. Také vSichni
kolegové na UBZ, kié se zde zaslouzili o milou atmosféru, zahrnujiaines uz malo
vidanou altruistickou pomocyfippeli k pohoct na préci. A nakonec moekliju celé rodig,

za Wdeckou podporu tatinkovi, i novéndlenu rodiny Michalu Horsakovi, Veée za trglivé
piecteni celého textu a kritickéfipominky a za vSeobecnou podporu manzelovi Michalov
(heslo: to das!), Robinovi, za to, Ze sklada krasmadbu, a mamince za vSe.
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1. Struktura a cile habilita¢ni prace

Predklddana habilitani prace se sklada z 12Zdeckych praci opublikovanych v ISI
casopisech a jednoho rukopistijgtého do ISIkkasopisu. VSechny jsou zéfeny na studium
ekologie dvou negtSich skupin opaskovuc (Clitellata): maloSttinatych opaskovic
,2Oligochaeta” a pijavic Hirudinida. Jde o vyznamméstupce bentické fauny obyvajici
v nasich podminkach bahnité i kamenité substraggivd/odnich ekosysté&mod prameni§
tokd, rybniki, jezer a nadrzi az po hyporeické vody. Siroky abzsitlivosti ke zn&sténi
predukuje tuto skupinu k vyuziti jak v terénnich vyzkurhetak v laboratornich pokusech.
Vysledky studii malogtinatych opaskowvic a pijavic jsou v pedkladané praci souhrén
piedstaveny a dopdny sokasnym fylogenetickym postavenim studovanych skugin
uvodem Kk jejich biologii. Prace se zabyvaji odgtivopaskové na gradienty progtdi a pro
konkrétni druhy vyhodnocuiji jejich ekologické vaten Roz&eni znalosti o této skugin
prispivA k jejich zakladnimu poznani a posouvd heninozZznosti bioindikace stavu
sladkovodnich ekosystémna zaklad jejich ekologickych preferenci a uniaie i lépe

chranit druhy vzacné.

Hlavni cile habilitaéni prace:

1. Popsat diverzitu opaskovma GzemiCeské republiky a sestavit aktualni check-listy
pro malo&ttinaté opaskovce a pijavice.

2. Popsat variabilitu druhové skladby makdstatal a pijavic v iznych akvatickych
biotopech, pedevSim v tekoucich vodach.

3. Najit hlavni gradienty prostdi, které ovliviuji tuto variabilitu a vyhodnotit indikani
potencial skupiny.

4. Zjistit odpowd’ spole&enstva malostinatal na antropogenni ovlivémi lokalit

5. Vyhodnotit habitatové preference vybranych dramaloSttinatal a pijavic



2. Shrnujici komentar

2.1 Uvod do problematiky

NejznangjSi skupiny opaskovc— malosttinatci a pijavice nep#t mezi bezobratlymi
Zivotichy ke skupinam oblibenym laickou iegnosti, snad vyjma ryb& Zizaly mohou
vzbuzovat nefjjiemné pocity, neldvylu¢uji na povrchu sliz a pijavic se lidé padioms
boji, nebd jim evolwini zkuSenostika, Ze by je mohly napadnout gepaset choroby.iBsto
predstavuji fascinujici skupiny krouzkavc(Annelida), které osidlily jak akvatické

(sladkovodni a migké), tak suchozemské biotopy a dosahly zde vysmleszity.

Skupina opaskovci (Clitellata)f@dstavuje druhav bohaty taxon, zahrnujici teéh
tietinu z 15000 druhkrouzkovd@ (Annelida) (Erséus 2005). Nazev opaskovci je odwoad
Zldznaté epidermalni struktury ve tvaru kruhu nedeolla kolem da nazyvané opasek
(clitellum), ktery se vytvé v dol® rozmnozovani a napomah&posu pohlavnich bghk a
pozckji tvorbé kokoni. Jeho pitomnost je jednim z morfologickych znakpotvrzujicich
monofylii tohoto taxonu krouzkovic(Ferraguti & Erséus 1999, Purschke 1999, Westhstide
al. 1999), prokdzanou i na zaktadekvenci DNA (McHugh 1997, Siddadt al. 2001 a
Erséus & Killersjo 2004). Pozice opaskoiwcuvnitt krouzkovd@ (Annelida) Zistava stale
vysoce neldita, pravépodobr lezi rtkde mezi ,mnohoétinatci“ a stale neni zcela jasna ani
jeji sesterska skupinagf@lenset al. 2004, Roussett al. 2006). Také fylogenetické vztahy
uvnitt opaskové jsou slozi¢jSi, nez by ukazovalo trafi dleni opaskovi (Clitellata) na
zaklad morfologickych znak na Oligochaeta a Hirudinea, které se dallydna pravé
pijavice (Euhirudinea) a na pijavicim podobné (gledike*) taxony SEtinovky
(Acanthobdellida) a potmice (Branchiobdellida) (Sawyer 1986, Brusca & Bausl990,
Rouse & Fauchald 1995). V s@snosti, pesto Zze kazda dalSi molekularni analyzagsi
odliSnosti v detailech, nastala zasadni shoda &, Ze Hirudinida (pravé pijavice),
Branchiobdellida (komenzalové nebo parazité tyaka Acanthobdellida (skupina
predstavovana jedinym reliktnim druhekeanthobdella peledin&rube, 1851 parazitujicim
na lososovitych rybach)edstavuji samostatnotev opaskovi, jejimz spolénym predkem
byl mélosSttinaty cerv blizce pibuzny ZiZalicovitym Lumbriculidae (Martin 2001, 98us
2005, Marottaet al. 2008). Slozitost situace dokresluje, Ze existujedpooa i pro
monofyleticky taxon z&azujici Lumbriculidae dovnit tohoto taxonu spoteé s
Acanthobdellida, Branchiobdellida a Hirudinida (Reat et al. 2008). Nicmén

malosttinatci jako validni taxon definitivhzanikaji a pro tuto parafyletickai@st opaskovic



Clitellata se zavadi ozteni malosttinati opaskovci — ,oligochaetous Clitellatai
,Oligochaeta" s pouzitim uvozovek.

Studium evoluce habitatovych preferenci skupinyelitita ukazalo, Ze spdley predek
obyval pivodre akvatické bitopy (Erséus & Kallersjo 2004)epreji feceno sladkovodni
biotopy (Rousseet al. 2008). Zastupcéeledi Naididae (sensu Erséesal. 2008) s asi 800
popsanymi druhy obyvali nejprve sladké vody a sel se pak rozsili také do
brakickych a miskych. I o monofylii této skupiny dnes zahrnujicdgeledi Naidinae,
Pristininae, Tubificinae, Rhyacodrilinae (a Telnuatbnae, Phallodrilinae a
Limnodriloidinae, které se u nas nevyskytuji) ovSexistuji utité pochybnosti (Rousset
al. 2008).Cést z nich pak opustila typicky Zivot v sedimenteda a natila se obyvat jejich
povrch a povrch vodnich rostlin (p&aledi Naidinae a Pristininae). K takovému zivotnimu
stylu jim napomah&asta pitomnost énich skvrn a schopnost plavatéiteri z nich (rody
Dero a Ripiste$ si navic stavi na povrchu substratu tenké #fghikterymi se chrani. Ve
stojatych vodach s mnoZzstvim drobnych bezobratlgehpak wkteré druhy z paotkledi
Naidinae uchylily k ziskavani potravy predaci, jalagi. rod Chaetogaste(Obr. 1a).

DalSi skupina dnesipdevSim terestrickych maléBhatai skupiny Crassiclitellata
zahrnujici 3000 validnich dridh u nas zastoupenyateledi ZiZaloviti Lumbricidae, #a
pravdépodobré naopak pedka terestrického. Jejich travici soustava fepisobena ke
zpracovani organického materialu pohlcenéh@asni scasticemi idy pfitomnosti bakteérii,
hub a prvok, které umoiuji traveni celul6zy a rozklad organické hmoty. IRBogkologie je
muzeme rozdlit na epigeické (Zijici na povrchuigy a v listovém opadu), endogeické (Ziji
v pad¢ v horizontalnich truktkach) a anektické (Zijici ve vertikalnich trokéch, do kterych
si zatahuji listy, které zpracovavaji) (Bouché 197 ruha dnes igvazié padni skupina
roupicoviti Enchytraeidagitajici asi 650 druin pak pochézi z vodniho présti a k osidleni
pudy, i kdyZ i mezi nimi najdeme sladkovodni (hamd Cognettig i morské zastupce (nép

nekteri zastupci rod Marioninaa Lumbiricillus).

Pijavicim podobné skupiny (Acanthobdellida, Braotidellida a Hirudinida), tauz
sceledi Lumbriculidae nebo bez ni, dnes obyvaji sbadkini biotopy stejn jako jejich
piedek €i predkové) (Rousseet al. 2008). Také weledi Zizalicoviti (Lumbriculidae) se
objevily druhy, které osidlily rostlinné habitatyisto sedimerit dna (nap. Lumbriculus

variegatus(Mdiller, 1774) a i u nich se pak vyvinula schopnpktvat. Pijavicim podobné



skupiny se naopakipuisobily karnivornimu zfisobu Zivota. Vznikla u nich zadnfipavka,
slouzici k pichyceni k substratti kofisti, doSlo k redukci &tin, vytvoril se svalnaty hltan a

razny paet a:nich skvrn na fidé (prednim konci&la), které umoituji orientaci (Obr. 1b).

Obrazek 1.Priklad volrg zijiciho méalo&ttinatého opaskovc€haetogaster diastrophy&ruithuisen, 1828ja),
velikost 3 mm (preparat v Kanadském balzamu) aévdifici pijavice Glossiphonia complanatélinnaeus,
1758) (b), velikost 15 mm (Zivy jedinec). Foto gh8nkova

2.2 Biologie sladkovodnich opaskovci (Clitellata)

Presto, Ze &které znaky skupiny Clitellata jakofifppmnost opasku, népomnost
parapodii, omezeni ptu gonad jen nadgkolik ¢lanki a pimy vyvoj juvenilnich jeding po
uvolréni z kokorii jsou pro celou skupinu shodné, celkova biologieudtlavnich skupin —
maloSttinatal a pijavic je natolik rozdilna, Ze si kazda zaslaamostatné pojednani.

2.2.1. Biologie malostétinatych opaskovci (,,Oligochaeta“)

Stavba &la malosttinatych opaskowc skupiny ,Oligochaeta“ se podobéa typickému
téInimu planu krouzkovic s homonomni segmentacdila OdliSuje se jen prvnélanek
(peristomium) s Ustnim otvoremc¢alnim lalokem (prostomium) nagdnim konci &la, ktery

se také nazyvanariga, a pygidium (poslednflanek tvdeny jednim nebo &stem vice



¢lanki) na jeho zadnim konci. Pet €lnich ¢lanka je variabilni od 7 po asi 200, pro
jednotlivé druhy je pak relatienstaly. Kazdy d&Ini ¢lanek kron¢ prvniho je opaen primarg

4 svazky chitinéznich &iin, které napomahajifppohybu. Malo&itinatci se vrtaji v substratu
¢i pohybuji po jeho povrchu peristaltickymi kontrakei podkozni svaloviny s oporou o
Stetiny. Nekteré druhy mohou plavat (niae roduStylaria a Pristina) hadovitym pohybem
téla. ,Oligochaeta” se Zivi primaénako neselektivni detritofagové, zpracovavaiji ilsfrolu

s bakteriemi a organickymi zbytky, anorganiciéstice pak nestravené odchazila analnim
otvorem. OvSem mytus, Ze malki#tatci se Zivi jakoukoli potravou, se kterou stkag, byl
vyvracen laboratornimi pokusy na druflwbifex tubifex(Maller, 1774), ktery si dokaze
selektivreé vybirat potravu gasticemi menSimi nez 25 um a z bahnitého subsigétiua ten,
ktery obsahuje nejvice organické hmoty (Rodrigeeal. 2001). Nkteré druhy se Zivi na
uhynulych €lech ryb (zastupciceledi Enchytraeidae). Drobni mal&titatci z podeledi
Naidinae a Pristininae Zijici na rostlindch se Zetritem a narostovymiasami, zejména
rozsivkami. Pomoci svaloviny hltanu vysouvanéhoutny ustni pichytavaji podtlakem
potravu a jejim zataZzenim &pji odtrhuji od substratu (Sperber 1948), taktk&mu do
trviciho traktu vtahnout i vlidknitokasu. Velmi drobni z&stupci rodbhaetogastese Zivi
jako predatti, Siroce roztazenoufifmou vychytavaji z vody prvoky a drobné bezobratlé
Zivacichy — virniky, korySe a larvy hmyzu, v jejich travicim trakée nachazi i zastupci ,své
skupiny“ tedy drobni malo&tinatci (Obr. la, vdini dutiné je vidét korist, malosttinaty
opaskovec z pagledi Naidinae). \Ceské republice velmi vzacny druRipistes parasita
(Schmidt, 1847) se Zivi jako pasivni filtrator, Kterychytava potravu z proudu vody pomoci
svazku dlouhych a hustychsgn v VI.-VIIl. segmentu. V pravidelnych intervale@ak otéi
piidu k zadnimu konci¢ta a protazenym prostomiem vybira nachytaiastice potravy.
Vzacre se vyvinul i paraziticky zjsob Zivota: drulfChaetogaster limnaddaer, 1827 Zije na
povrchu ulit a v pla®veé dutirgé plovatek, kde se Zivi nejen drobnymi prvoky a teatymi,

ale mize ozirat i epitel pl@®vé dutiny hostitele.

Skupina malostinati opaskovci (,Oligochaeta”) vyvinula velmi tgmé reprodudni
strategie. U potkledi Naidinae a Pristininae probiha nepohlavnimrazzovani formou tzv.
paratomie, kde maiteky jedinec na zadnim konci tiidetizky dcéinych jedind, tzv. zoid,
kteri jeS€ pred odadlenim maji plg vyvinuté prostomium, &etré nag. chobotku (proboscis).
Mista budouciho #eni jsou pevé dana a typicka pro kazdy druh. Toto rozmnoZovani
probih&a pedevsSim v jarnim obdobi. U pémé vzacnéeho druh@ristina bilobata(Bretscher,

1903), ktery Zije spiSe v podhorskych oblastechpale asexualni reprodukce posouva do

10



letniho obdobi (Obr. 2) a k sexualnimu nemusi doehdibec, jak bylo pozorovano rface
Moravce (Schenkova & Kea 2007). Paratomické rozmnoZovani sigenstidat s pohlavni

reprodukci, ¥tSinou ged zimnim obdobim.

80

-o- teplota
—— Pristinella bilobata

Obrazek 2. Szonni zmny
abundance u druhuPristina
bilobata, reprodukujiciho se
paratomii. Mapa jeho naled
v Ceské republice. Vice viz
Schenkovd & Krea (2007),
odkud byl obrazek fevzat a
H upraven; do mapy byly dopiny
~— | dva sodasné nélezy.
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Druhym typem asexudlni reprodukce je architomickéerd, kdy nejprve dochazi
k fragmentaci dosfeho jedince a teprve pak k diferenciaci koncovyahkti tla. Vyskytuje
se nap. u podeledi Tubificinae, u roduAulodrilus, podteledi Rhyacodrilinae, u druhu
Bothrioneurum vejdovskyanuStolc, 1886 aseledi Lumbriculidae, kde je typické pro druh
Lumbriculus variegatus Nepohlavni architomické rozmnoZovani probih&topegastji
v jarnim a na z&tku letniho obdobi. Napu druhuB. vejdovskyanumse matesky jedinec
sasi 140 segmenty rozpada wmpéru na Sestéasti v obdobi od poloviny dubna a
rozmnozovani probiha po celé letni obdobi (Krab35). Podobni v pripadové studii na

fece Rokytné byl zaznamenan vyvojovy cyklus seSavsgnim denzity v fibéhu kwtna a
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Obrazek 3. Analyza ¢asovéiady pamérnych denzit (a) a peridiogram, tj. graf g cykli za rok (b)
architomicky se mnoziciho drul@othrioneurum vejdovskyanumBlize viz Schenkovét al. 2006, odkud byly
obrazky pevzaty.

11



maximem \ervnu, ovsem jen v prvnim roce pozorovani (Obr., 3Ajouleté obdobi
pozorovani bylo pravgodobr nedostattné (Schenkovét al. 2006). Pohlavé dosgli
jedinci se vyskytovali jen zcela sporadicky; celkdoyl u tohoto druhu vyhodnocen jednolety
vyvojovy cyklus (Obr. 3b) (Schenkowt al. 2006). Architomické rozmnozovani se opakuje
pravidelrt a nebylo prokazano, Ze by jej ovliwaly rekteré z parameir prostedi jako
teplota vody, pitok, rozpu&tny kyslik nebo mnoZstvi organické hmoty v toku (Sdtovaet
al. 2006).

U nekterych druli se také vyvinulo partenogenetické rozmnozovaniy kdrenilni

jedinci vznikaji z neoplodmych vajtek, nap. uceledi Lumbricidae (Sims & Gerard 1999).

NejvyznamijSi zpisob reprodukce maladinatych opaskovic oviem pedstavuje
rozmnozovani pohlavni. Zastupci této skupiny jsoerntafrodité sfimym vyvojem.
Kopulace probiha spojenim dvou jedingroti solg v opa&ném snéru, tj. pfida jednoho ke
kaudalni¢asti druhého. Opasky obou jedingsou gilozeny k sob a sliz, ktery produkuii,
umoziuje p'enos pohlavnich bwhk. Vyvod chamovodu jednoho jedince Usti do chambvyc
schranek (receptaculum seminis) druhého jedinceag@pak). Jedinci sitpdavaji shluky
spermii (spermatozeugma) nebo spermatofory (shdpkymii s obalovou vrstvou)iéhos je
u rekterych druli usnadiin pritomnosti fizné dlouhych penig, které mohou byt vyztuzeny
penialnimi trubkami, jejichz tvar je druh®wspecificky a pedstavuje dobry determiéi
znak. Obdoba S&tiny, které mohou byt v oblasti opasku ekterych druli upravené jako
spermatekalni, jsodasto lopatkovit zakortené a slouzi kignosu spermatozeugmati p
kopulaci. K oplodgini vajicek dochazi v hlenovém pouzd produkovaném hikami opasku,
do rehoz se vajika uvohuji a posunuji srem k gednimu konci jedince, fp prachodu
kolem vyvodu chamovych schranek jsou opkotn Hlenové pouzdro s oplaghymi vajicky
se svléka fes ridu jedince a vytvd kokon, jehoz tvar, struktura a q@i vajiek uvnit je

specificky pro jednotlivé druhy/rody maléshatych opaskowc

V souwasnosti je problematika pohlavniho rozmnozovani manadruti zejména
z pocteledi Tubificinae, které se vyskytuji ve zm@enych vodach, velmi ddk
prostudovana, nap Tubifex tubifex Limnodrilus hoffmeisteriClapagde, 1862 al.
udekemianu€lapagde, 1862, (Ladle 1971, Bonomi 1979, 1980, Pfann&ud81, Lazim &
Learner 1986, Lazinet al. 1989). Také dalSidiné druhy z této paeledi jsou z hlediska
sezonni dynamiky ddb probadané:Potamothrix hammoniensigMichaelsen, 1901)
(Thorhauge 1976, Risnoveanu & Vadineanu 2082gmmoryctides barbat&rube, 1861)

and Spirosperma feroisen, 1879 (Adrearet al. 1984). Podeledi Naidinae a Prisitininae
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jsou dolse zpracovany ndp v rozsahlé studii (Learneet al. 1978). Még znamé jsou
reprodukni cykly u druhi, které se vyskytuji biivzacrg, nebo je jejich determinace spojena
S ukitymi obtizemi. Uceledi Lumbriculidae, kde je diéb prostudovana sezonni dynamika u
druhi Stylodrilus heringianusClapagde, 1862 aS. parvus (Hrabs-Cernosvitov, 1927)
(Dumnicka & Kukuta 1990, Petto & Humpesch 1992)deape i druhy z tohoto hlediska
velmi malo prostudované, jako riastylodrilus leman{Grube, 1879). Tento druh se mnozi
pohlavrg; v pripadové studii narece Rokytné probihal vyvoj v jednoletém cyklu, kdy
v jarnim obdobi vZrstajici teplota stimulovala vyvoj pohlavnich or§ém nasled#é kopulaci
jedinal, v obdobi srpna az listopadu @istal p@et juvenilnich jeding (Obr. 4) (Schenkovat

al. 2006). Byla nalezena pozitivni korelace abundaonbeto druhu s teplotou vody s dvou
mésiénim posunem (lagem) a rozdilné habitatové prefergaeenilnich jeding (pribiezni
partie) a dosgicu (proudnice toku) (Schenkow al. 2006).

50 - Stylodrilus lemani a 20 Stylodrilus lemani b

cycles/year

Obrazek 4. Analyzagasovérady paiimérnych denzit (a) a peridiogram, tj. grafgpo cykl za rok (b) pohlavé
se mnoziciho druh8tylodrilus lemaniBlize viz Schenkovéat al.2006, odkud byly obrazkyipvzaty.

2.2.2 Biologie pijavic (Hirudinida)

T¢lo pijavic je dorzoventrakh zploselé, vyrazr uniformni, tvdené vzdy 34&lanky, na
piednim konci je op&no menSi fisavkou s Ustnim otvorem, na zadnim kongtSiv
piisavkou, vzniklou splynutim sedntlanki, slouzici k pohybu aihyceni k podkladu.
Stavba ¢&la pijavic odrazi jejich dravyci paraziticky zgisob Zivota. Mkké &€lo
malosttinatych opaskovig jehoZz oporou je hlavn hydrostaticka kostra, je u této
specializované skupiny zpemo mohutnym svalovym vakem, ktery spolu
s parenchymatickou tkani zatiatélni dutinu. Pijavice ztratily fepaZzky mezi segmenty,
Stetiny a segmentovanou célomovou dutinu seimmn zgisobu pohybu od peristaltického

vrtani v substratu k pohybu lezenim a plavanim. Mio& svalovina slouzi ke kontrakeia
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pii pohybu po podkladu, ktery seijd pidalkovitym pohybem pomoci obouripavek, a

pii plavani, které probiha dorzoventralni undulaci mzdil od malogtinatych opaskowg

kde jsou oni skvrny gitomny jen u poteledi Naidinae a nemaji podstatny vliv na nachazeni
potravy, pijavice maji vzdy naifglé n¢kolik pam oci slouzicich k vyhledavani kasti ci

hostitele.

Pijavice se Zivi jako krevsajici (hematofagni) paéaa predativ. Ty, které se Zivi krvi,
maji bul’ kutikularni celisti se zoubky, jako ndp pijavka lékaéskad Hirudo medicinalis
Linnaeus, 1758[Obr. 5) ztaducelistnatky (Gnathobdellida) nebo saji krev z hetgipomoci
chobotku jako zastupcitadu chobotnatky (Rhynchobdellidad. medicinalis ktera se
v Ceské republicgadi ke kriticky ohroZzenym drulm (Schenkova & Kosel 2005), se Zivi krvi
obratlova@. Sani krve umaiuje pijavkdm pitomnost protisrazlivého enzymu hirudinu.
Drobné juvenilni pijavky nejsou schopny
prokousnout &Zi savd@, proto se Zivi na
obojzivelnicich (Sawyer 1986). Dadpi saji
krev obojzivelnik, ptaka, pripadré ryb, ale
dominantnim zdrojem potravy je sévkrev,
kterou  potebuji jakozto  energeticky
nejbohatsi, aby mohly dosahnout pohlavni
dosglosti (Mann 1955). Pijavky se zdrzuji na
hostiteli jen v dob séani, kdy se jejich
hmotnost zvysi az 9x, protoZze bez dalSi
potravy mohou vydrzet az jeden rok (Davies &
Obréazek 5. Hirudo medicinalis adultni a juvenilni McLoughlin 1996). Zeledi Piscicolidae se
jedinec, Foto J. Schenkova. parazitické druhy naleZicich do foRiscicola

a Caspiobdellazivi krvi ryb, kterou saji pomoci vysouvatelnélmlootku. Zatimco zastupci

rodu Piscicolatravi cely Zivot pichyceni na hostiteli, zastupci ro@aspiobdellaziji na dr¢
tekoucich vod a rybiho hostitele nawdtji jen kwvili séni. Vceledi Glossiphoniidae se
parazitické druhy Zivi ektoparaziticky sanim kryé ~Hemiclepsis marginatéO. F. Mller,
1774) nebo ptdk — Theromyzon tessulatu(®. F. Muller, 1774), ktery parazituje v nosni

duting kachen.

Ostatni zastupci pijavic nasi fauny se Zivi jakedatdi bezobratlych.Haemopis
sanguisuggLinnaeus, 1758y radu Gnathobdellida se Zivi vodnimi bezobratlymioZiehy,

ale pomoci kutikularnicheelisti je schopna ulovit i rybi ftlek (osobni pozorovani).
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Neparazittti zastupciceledi Glossiphoniidae se Zivi likvidosomatofagnédaci (saji dini

tekutiny a ntkké césti €l) predevSim mikkysi (Mollusca). Zastupciifddu hiltanovky

(Pharyngobdellida), u nas jen ¢eledi Erpobdellidae se Zivi makrofagni predaciiisto

polykaji celou, coz jim umaije svalnaty hltan op&ny ¥emi liStami k drceni potravy.

Jejich kdisti jsou gedevSim zastupci

mal@éfinatych opaskovic (,Oligochaeta”) a

pakomarovitych (Chironomidae)fipemz velikost késti je primo unérnd velikosti predéatora

(Schenkovaet al. 2007). Selektivni vyr potravy pro zastupceel. Glossiphoniidae

(Mollusca) ani pro zastupce Erpobdellidae (,Oligaeta” a Chironomidae) vSak nebyl

potvrzen na velké Skale (studie na 109 lokalitacty; lokalitach s vySSim zastoupenim

meékkysi, maloSttinatal a pakomarovitych nebyly signifikaritrvice zastoupeny pijavice,

které se jimi zZivi (Kubovét al. 2013).

Reprodukce pijavic probiha vyhratipohlavré, kopulaci, a nejen, Ze se nejsou schopny

mnozit asexuaky ale ani regenerovat posSkozetldnky, coz je u krouzkowc netypické.

Pijavice jsou protandtti (varlata se vyvijeji five nez vajeéniky) hermafrodité, § kopulaci

nalepuji pobliz samiich pohlavnich otvdr spermatofory. Vagka jsou odkladana v kokonech

a uceledi Glossiphoniiidae byla zaznamenan&epé potomstvo (kokony v tenkém obalu a

nasledg juvenilni jedinci jsou noSeni na ventralni stranatéského jedince). ¥Sina pijavic

ma jedno az dvoulety vyvojovy cyklus&aajici kopulaci v jarnindi letnim obdobi, lihnutim

juvenili béhem léta a dospivanimeteem dalSiho roku (Ruppeet al. 2004). Reproduini

strategie koexistujicich driihpak miZze byt vyuZita i k dleni nik. Nagiklad sympatricky

s

Zijici druhy Erpobdella octoculatalLinnaeus, 1758) &rpobdella vilnensigLiskiewicz,

Erpobdella octoculata
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Obrazek 6. Pimérné denzity (s 25 a 75% kvartily) jednotlivychéndch tid (1998, 1999, 2000) druhu
Erpobdella octoculatga) aErpobdlella vilnensigb). Blize viz Schenkovét al. 2007, odkud byly obrazky

prevzaty.
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1925) snizuji vzajemny boj o potravu rozdilnou fgshi vyvojovych cykl (Obr. 6), kdy
akoli se lihnou z kokoin ténmei ve stejnou dobu, pomalejsi far vahy uE. octoculata
umozni rozdleni potravnich zdrdj jak bylo zjiSéno v pipadové studii ndece Rokytné
(Schenkovét al.2007).

2.3 Druhova diverzita opaskovci a jeji zmény podél gradientt
prostredi

2.3.1 Druhova diverzita opaskovci (Clitellata)
2.3.1.1 Malostétinati opaskoveci (,0ligochaeta”) na izemi Ceské republiky

Pro GzemiCeské republiky je v aktualnim check-listu uvederio v@dnich, pipadre
semiakvatickych, druhmaloSttinatych opaskowc (Schenkovéet al. 2010). Check-list byl
sestaven z publikovanych datiedevsSim vyznamnych monografii Hegd (1954, 1981),
publikovanych nalek druhi (Schenkova 2005, Schenkovd & Kroca 2007) a proceled
Zizaloviti (Lumbricidae) byly Zazeny vodni a semiakvatické druhy z monografie PiZl
(2002). V neposlednitads pak zahrnuje saasné nalezy vsech spoluadiorV Ceské
republice Zije 12 druhz ¢eledi Zizalicovitych (Lumbriculidae), 72 drtz ¢eledi Naiddae
sensu Erséus et al. (2008), které zahrnuji 36 dralz podteledi naidkoviti (Naidinae), osm
druhi z podteledi Pristininae, 22 druhz podeledi nignkoviti (Tubificinae), Sest druh
z podteledi Rhyacodrilinae, po jednom druhu ¢etedi Propappidae, kryodriloviti
(Criodrilidae) a pastrunovcoviti (Haplotaxidae) @&no vodnich/semiakvatickych dniuh
Zizalovitych (Lumbricidae). iesto, ze je jiz znamo, zekieri zastupciceledi roupicovitych
(Enchytraeidae) ziji spiSe akvatickymuzpbem Zivota (ndp rod Cognettig, nebyla tato
Celed” vzhledem k obtizné dostupnosti ekologickych tidaj druzich a celkay odlisné

metodice determinace do check-listu vodnich méiioitar Ceské republiky zazena.

VétSina malositinatych opaskowvc predstavuje Siroce rozgéhé euryvalentni druhy
schopné vyrovnat se 8anymi podminkami prostdi. Jde fedevsSim o zastupce padedi
Tubificinae, casto az extréminodolné k organickému z&igténi. Do této kategorie nalezi
z nasi fauny 44 drih(Schenkovét al. 2010).Radime sem i ¢které nefivodni druhy jako
Potamothrix moldaviensi¥ejdovsky & Mrazek, 1903 &otamothrix bavaricugOschman,
1913) (Drake 2009). OvSem vzhledem k jejich historm nalezm, P. moldaviensis
zaznamenal Hrabna zg&atku 20. stoleti ve VitavaP. bavaricusve 30. letech v Labi (Hrab
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1939), by tyto druhy mohly byt i na naSem Uzerningani. Tricet osm drub nasi fauny se
jevi jako druhy vzacné (Schenkow al. 2010), neznamena to ovSem, Ze vSechny jsou
ohrozené, protoze na svych specifickych habitatachou dosahovat vysokych abundanci,
jako nap. Stylodrilus lemaniktery dominuje v &olika eutrofizovanych tocich jizni Moravy,
nagr. v ifece Rokytné (Schenkova & HeleSic 2006), jinde sérsale nesetkdme. Naopak
nepivodni teplomilny obyvatel velkyckek Branchiura sowerbyBeddard, 1892, se zvolna

Siti Evropou pravépodobré s lodni dopravou (Li®va 1964, Gruszka 1999), avSak od

prvniho nalezu (LiSkova 1964) byly ziskany pouigii dalSi. Tinact druli historicky

néleZejicich do faungeské republiky bohuzel nebylo od roku 1996, kdwusteri check-listu

zatali vénovat malosttinatym opaskowvitm, vibec zaznamenéno (Schenkatal. 2010). Jde

o druhy specifickych habitét které nespadaji dabnych vyzkuni, jako nap. jeskynni druh

Stylodrilus absolon{Hrabks, 1970), druh podzemnich vdaichodrilus pragensid/ejdovsky,

1876 nebo parazit piz(plovatek)Chaetogaster limnaeiZzameteni ¢eskych hydrobiolog na

tekouci vody, pedevSim jejich monitoring pak také sniZuje prgpabobnost nalezeni

nekterych vzacyjSich drutii typickych pro stojat&i dokonce vysychajici vodni habitaty.

Takto nam zmizel n&fklad specialista na temporaliint Lamprodilus mrazekHrake, 1929

a nekteré druhy stojatych vod, jakdero dorsalisFerroniére, 1899,Dero niveaAiyer, 1929,

Dero obtusaUdekem, 1855 &haetogaster setosi®«&tlov, 1925. Jiné druhy zaznamenané

jen jedenkrat jsou pra¥godobré nesmirg vzacné nebo vyhynuléristina amphibiotica
Lastatkin, 1927, Haber speciosus(Hrabks, 1931), Peipsidrilus pusillus Timm, 1977,
Potamothrix bedot{Piguet, 1913) &ubifex nerthusichaelsen, 1908.

Tabulka 1. Seznam druhmalo3ttinatych opaskowvic navrzenych pr@’erveny seznam. BliZze viz Schenkaaté
al. 2010, odkud byla tabulkagvzata a upravena. Jednotlivé kategorie dle (1UGSUL

ohrozeny druh (EN)

zranitelny druh (VU)

Arcteonais lomont
Criodrilus lacuum
Haber speciost
Lamprodrilus mrazeki
Peipsidrilus pusillu
Piguetiella blanci
Stylodrilus absoloni
Trichodrilus pragensi
Trichodrilus strandi

(Martin, 1907
Hoffmeister, 1845
(Hrakg, 1931
Hrabg, 1929
Timm, 197"
(Piguet, 1906)
(Hrakg, 1970)
Vejdovsky, 187
Hrabg, 1936

témé¥ ohrozeny druh (NT)

Apporrectodea geor

(Michaelsen, 189(

Amphichaeta leydir
Aporrectodea limicola
Pristina aequiset
Pristina bilobata
Pristina jenkinau
Pristina longiseta
Pristina osborni

Nais behning

Nais christinae

Nais stolc
Rhyacodrilus subterraneus
Specaria josing
Stylodrilus lemani
Uncinais uncinat

Tauber, 187
(Michaelsen, 1890)
Bourne, 189
(Bretscher, 1903)
(Stephenson, 193
Ehrenberg, 1828
(Walton, 1906)
Michaelsen, 192
Kasprzak, 1973
Hrakg, 1981
Hrakg, 1963
(Vejdovsky, 1884
(Grube, 1879)
(Dersted, 184
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Presto, Ze se jedna o skupinu vodnich bezobratlyafich? je nesmirhobtizné zjistit,
z jakych gicin je jeji vyskyt ojedigly, nékteré druhy zasluhuji ochranu. Tu je u
malosttinatych opaskovic mozné realizovat pouze pomoci ochrany jejich st&kip proto
byly nékteré druhy byly navrzeny pro iszeni doCerveného seznamu, aby do3lo k ochran
biotopi, na nichz se vyskytuji. Dosud publikovany seznama@nych malositinatych
opaskové (Schenkova 2005, Pizl 2005) byl modifikovan a fea$ (Tab. 1) (Schenkowét
al. 2010), ale brzka doba jésprinese dalSi zemy.

2.3.1.2 Pijavice (Hirudinida) na tizemi Ceské republiky

Z taxonu pijavice (Hirudinida) je pro Gzer@eské republiky v saiasnosti uvéagho 24
druhi (Schenkovaet al. 2009). Data pro check-list byla ziskdna z histgrit Gdai,
predevsim z praci Hr&bl1954, Koubkova & Vojtkova 1973, Lucky & Dyk 1964 KoSel
1998, 1999a, dale z udag projekfi monitoringu tekoucich vod a vlastnich ndilesSech
autofi. Nejbohatji je v Ceské republice zastoupeialed’ Glossiphoniidae, zahrnujici 10
druhi prevazr ze stojatych vod, &Sina z nich jsou predaio dva druhy jsou ektoparazité.
Celed” Erpobdellidae je druha nejpetnsjsi se sedmi druhy, ktiejsou predatt tekoucich i
stojatych vod. \Leledi Piscicolidae, kde jsou vSichni zastupci e&tagité, je znamo &

druhi, v celedi Haemopidae jeden druh (predator) a Hirudmieden paraziticky druh.

UzemiCeské republiky je zajimavé tim, Ze jehtedbevropska poloha zahrnuje povodi
tiéi vyznamnych evropskych ték- Labe, Dunaje a Odry, po nichz sikteré pijavice mohou
Skt napi¢c Evropou. Z hlediska sily populaci avyodnosti pro naSe Uzemiaxeme pijavice
Zijici u nas rozdit do téi skupin: druhy pvodni se stabilnimi populacemi, druhyvodni,
jejichz populace jsou slabé a roztrouSené a invazahy, no¢ se Sfici nasem Uzemi

(Schenkovét al. 2009).

Do prvni skupiny fadime evropské palearktické druhy, které historiaksidluji
nejrizrejSi vodni tlesa na naSem Uzemi svysokou frekvenci i abundance
Alboglossiphonia heteroclita(Linnaeus, 1761),Glossiphonia complanataHelobdella
stagnalis (Linnaeus, 1758),Hemiclepsis marginata Theromyzon tessulatynPiscicola
geometra(Linnaeus, 1758)Haemopis sanguisug&rpobdella octoculata E. vilnensis Tii
dalSi druhy, povaZovanéride za vzacné -Glossiphonia concolor(Apathy, 1888),G.
nebulosaKalbe, 1964 aErpobdella nigricollis (Brandes, 1900)byly pak do této skupiny

piitazeny now vzhledem k vysokéetnosti sodtasnych nalez U prvnich dvou druin mohlo
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v minulosti dochazet k zamé sG. complanataCelkem je u nas 12 drafpavodnich pijavic
se stalymi populacemi (Schenkostial. 2009).

Druha skupina, do kterfadime druhy se vzacnym vyskytem, nezahrnuje jenedh
ohrozené druhy, ale i druhy, které jsou vzhledemake velikosti a nenapadnému vzhledu
castji prehlizeny, jakoAlboglossiphonia hyalindO. F. Mdller, 1774) aAlboglossiphonia
striata (Apathy, 1888), které jsou velmi drobné (v prvnifippE dokonce pisvitné) a
obyvaji stojaté vody. Navic jako druhy byly p&m nedavno oddleny od druhuA.
heteroclita(Trontelj 1997, Neubert & Nesemann 1999). K nejziittigim drulam nasi fauny
pati Glossiphonia slovacgKosSel, 1973), zranitelny druh (VU) dle Schenkovak&sel
(2005), ktery byl nalezen pouze na uzemi jizni Mgraiece Dyiji (KoSel 1995, 1999b) a
na zaklad poctu varlat a tvaru pohlavnich vyvadini determinaci velmi natmou a pesto,
Ze velmi podobna pijavice byla z jediné znamé libkalyskytu ot nalezena (leg. L. Mikl,
2015, det. J. Schenkova), nebylo mozné ji spolehlikit. DalSi zajimavy druh pro nasi
faunu je Dina lineata (O. F. Miuller, 1774), ktera Zije sporadicky v drgbh stojatych
vodach, pramenistich a potocich v nizindch. Tytatdpy jsou citlivé kiiznym zasaiim a
maly paet nalea vedl k navrhu z@adit tento druh mezi zranitelné VU (Schenkaataal.
2009). Naprosto unikatni je také situace kolem ma3eej\¢tSiho druhuTrochaeta cylindrica
Orley, 1886, jehoz lokality jsou jak vrich jizni Moravy, tak v pramenistich a potocich
v Beskydech, takZze je i vzhledem ke iStm morfologickym rozdilm velka
pravéEpodobnost, Ze se zde mohou ukryvat druhy dva (Bék Schenkova 2015).

Nejvice pozornosti ovSemftifahuje kriticky ohrozeny druh CRHirudo medicinalis
(Schenkova & KosSel 2005), nebee jedna o krevsajiciho ektoparazita s mozndsifdkého
vyuziti, ktery n&l rozsahly aredl vyskytu v povodéky Moravy i Labe (Hrab 1936). Diky
piitomnosti protisrazlivého enzymu hirudinurady dalSich enzytn které vypousti do rany
pii sani krve, byl v historickych dobach vyuzivan gopseni Zilou“, dnes proziva jeho
piibuzny laboratorét chovany druhHirudo verbanaCarena, 1820 renesanci a je pouzivan
v mikrochirurgii, k I&b&é onemocgni lymfatického systému imdé dalSich chorob. Typickym
biotopemH. medicinalisjsou n¥lké rozsihlé malady v zatopovém Uzeniek pravidelg
zaplavované i jarnich povodnich, bohat zarostlé makrovegetaci, heéjnosidlené
obojzivelniky (zdroj potravy pro juvenilni jedinca)neosidlené Zadnou nebo jen minimalni

rybi obsadkou (Glombova & Schenkova 2015). Takoi@opy jsou uz dnes vzhledem

2%
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velmi vzacné a &tSina z 18 satasnych lokalit vyskytu (15 lokalit uvedeno v Glom#o&
Schenkova 2015, neéw roce 2015 Lesniutt u LanZhota, Ustni sténi J. Glombova aihé
Lesni herda a R&k u Nejdku, Ustni steni E. Lorencova) lezi v oblastech, které jsou do

razné miry chragne.

DalSimi vzacl nachazenymi druhy jsou rybi parazitiscicola respirandroschel, 1850
a Piscicola fasciateKollar, 1842 (jediny zaznam Lucky & Dyk 1964) Zijicvale gichycené
na rybim hostiteli, coz znemidje jejich nalezenidhem hydrobiologickych vyzkuim Také
jediny nalez druhierpobdella testaceéSavigny, 1822) ssdci o jeho velké vzacnosti (KoSel
1999b). Opit se jedna o druh obyvajici u nas ohrozené biotgkg baziny v litoralni z&h

stojatych vod a velkyctek, ktery je navic snadno zanitelny sE. nigricollis.

Posledni skupina zahrnuje druhy, které se u n&saspiii. Pro rybi ektoparazity jako je
druh ponto-kaspickéhoupodu Caspiobdella fadejewi(Epshtein, 1961), ktery se k nam
rozSkuje zteky Dunaje, je rychlé &ni umozgno na &e hostitelskych ryb. Od prvniho
vyskytu viece Mora¥¢ na soutoku s Dyji (KoSel 1998, 1999a) v devadesatgtech do
dneska osidlil celé Uzentfeské republiky, a dostal se do poveek Moravy, Odry a Labe.
Z dalSich drufy, jejichz p@et nalez postup® narista, l1ze uvést i druRiscola harantiJarry,
1960, ktery byl zaznamenan nejprve kech (Schenkové&t al. 2009), naslednna dalSich
dvou lokalitach (Kubova & Schenkova 2014). Vzdakngednotlivych lokalit a jejich
prislusnost kiiznym povodim (Labe, Morava) vedou ovSem i k altévna hypotéze, Ze spis
nez pomalé #&ni tohoto parazitického druhu deské republiky se jedna o jeho staly vzacny
vyskyt, ktery dive nebyl zaznamenan vzhledem k jeho rel&timadavnému popisu a jeho
snadné zammé sPiscicola geometraVelmi iidké jsou také nalezy dalSihdi§iho se druhu
Dina punctataJohansson, 1927.i68e k nam z povodi Dunaje, kde jg&hy, a takto se dostal
proti proudu Dyje aZ do Vranova. Jeho dalsi nalejignich Cechach v povodi Vitavy jsou
vSak tZko interpretovatelné. Vzhledem k tomu, Ze jde uhdsemiakvaticky, |ze spekulovat o

pienosu vodnim ptactvem.

Sowasny vyzkum ukazuje, Ze oblast ngfi diverzity této skupiny se nachazi na jizni
Moraw, predevsim v oblasti soutokeky Moravy a Dyje. ¥tSina ohroZzenych druihpijavic
obyva nizinné malady v povodi velkychiek zarostlych vegetaci a prawyto jsou
nejohrozenjSi negativnimi dopady lidsk&innosti. Stejd jako u jinych bezobratlych
Zivocichi je p&e o zachovani ffirozenych habitdt a jejich zakonna ochrana jedinym

ucinnym mechanismem k zachovani vzacnych driroto si habitaty hostici silné populace
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Tabulka 2. Seznam drulpijavic navrzenych pr@erveny seznam. Blize viz Schenkaatzal. 2009, odkud byla
data pevzata a upravena. Jednotlivé kategorie dle (1UGS4L

kriticky ohroZze ny druh (CR) zranite Iny druh (VU)

Hirudo medicinalis Linnaeus, 1758 Alboglossiphonia hyalina (O. F. Miller, 1774)
Dina lineata (O.F. Mlller, 1774)

ohroZeny druh (EN) Glossiphonia slovaca (Kosel, 1973)

Alboglossiphonia striata  (Apéathy, 1888) Piscicola respirans Troschel, 1850

Erpobdella testacea (Savigny, 1822) Trocheta cylindrica Orley, 1886

vzacnych drufy, nag. H. medicinalis zasluhuji pisnou a doke promyslenou ochranu. Na
zakladk téchto zjiseni byl proto seznam ohroZzenych diunroku 2005 (Schenkova & Kosel
2005) roz&en o dalSi druhy, takZe dith Urover ochrany néleZi celkem deseti dinh a
potazmo i jejich biotom (Tab. 2, Schenkowt al. 2009).

2.3.2 Variabilita druhové skladby malostétinatych opaskovcti v tocich

Malosgtinaté opaskovce nachazime téme vSech akvatickych biotopech, od praménis
po veletoky, stojaté i podzemni vody nevyjimaje, dstych oligotrofnich az po vysoce
eutrofizované. Tato skupina mé vzhledem ke svémok&mu zastoupeni, vysokym denzitam
a velkému rozsahu tolerance ke &@g&ni u rekterych druli, vyznamny potencial z hlediska
hodnoceni kvality vod a jejich managementu, zejmérthtekoucich. Zatimco v minulosti se
zajem sousedil na hodnocenitenych biotickych indek (nag. Sladeéek 1973, Chapmaet
al. 1982, Milbrink 1983, Uzunowet al. 1988) se za#tenim fedevSim na vody zuistené,
dnes se studium roz8je o poznani vSech faktgrkteré podmiuji ekologii této skupiny,

0 zjiS&ni geografické distribuce, habitatovych preferemgioZadavk na kvalitu vody nejen

u bkéZnych, ale i vzacnych a ojedle se vyskytujicich druh

Z hlediska vyznamu prélovéka a zastoupeni na naSem Uzemi jstedst velké tekouci
vody prevazujicim biotopem, proto byla jejich studiénevana nejitSi pozornost. Nicmeén
v evropském r&itku nejsou studie malaginatych opaskovwic tekoucich vod na velké Skéle
(tedy z mnoha tok pokryvajici &tSi geografické uzemi)iis frekventované (Martinez-
Ansemil & Collado 1996, Nijboert al. 2004 a Verdonschot 2006). Na GzefMéské
republiky byl vyzkum zamten na mensi, pokud mozno nefg&né toky z povodiiek
Moravy a Odry (Schenkova & Komarek 1999, Schenkeval. 2001a, Schenkovét al.
2001b). Hlavnim gradientem strukturujicim taxoceflagttinatych opaskowvic v tomto typu
toka v Ceské republice je gradient nadisié vySky Gzce svazany s charakterem substratu:

skladba taxocenu mal@&hatych opaskovc se néni spolu se snizujici se drsnosti dna
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(ptechod od kamenitého k bahnitému substratu), ktepgodazi klesajici nadniskou vysku
(Schenkova et al. 2001a). Druhy gradient, ktery strukturuje skladlbu abundance
malosttinatych opaskowg ma komplexni charakter, nebge predstavovan koncentraci
vapenatych a hecnatych iont,, tedy chemismem a séasré gradientem mnoZstvi organické
hmoty vyjadené chemickou spi@bou kysliku COD (Obr. 7, Schenkogtal.2001a). Velmi
podobné vysledky s nejvyznagdim gradientem igstavovanym substratem a rychlosti
prouckni, nasledovanym gradientem mineralizace vody pralogttinaté opaskovce
potvrzuje i prace z oblasti Pyrenejského poloostr@artinez-Ansemil & Collado 1996).
Parametry vazané niad toku jako naip pritok jsou rozhodujici prosmné pro strukturu
taxocenu malostinati opaskovci, i v rovinatych oblastech Holaraiskde také reprezentuji
nejvyznamgjsi gradient, charakterizovany hloubkou aik&iui toku, jeho stalosti
(staly/intermitentni); druhy gradient z hlediskaswtlené variability pedstavuje pH a dalSi

chemické prornné (Nijboeret al.2004). Prorénna pfitok, ktera weskychiek nebyla

0 Lo ude gPSABAT Obrazek 7. Ordinani diagram kanonické
¢ korespondetni analyzy (CCA) prvni a druhé
Lima hof | ording&ni osy s pozici vSech drah a
Mg promEnnych prostedi vybranych v postupném
cob vybéru testovanym Monte Carlo perméitém
NO3N vejd com testem na hladivyznamnosti P = 0,01 (999
R I e <. A P value permutaci). Zkratky naZvdruhi a dalsi detaily
Qb se - viz Schenkovéet al. 2001a, odkud byl obrazek
Pris ros Syl spi GRhyacoc prevzat.

FEnch ind
L ]

+2.

Ca
Tubi tub
Hardness .

Slav app
[ ] Rhyy fil

.. Nais sime o tyl par
Nais com *® Trid sp g  Tise tet) . Styl pa °
ese arm

(1) h Pota ham
Acolhem ® Cognisp Fnch sp ® Tumb ind

Nais bre $ . . Both vej
Pota spj Mdis psco @ Pris men Altitude -
Chae cri ® . ®Crio lac .
Byth ler{® @ Nais Y \Cern sp Unei und
Lumb var @ ¢ afs alp ¢ Mescsp Tubiign
P 1
opve Chde dip Hapl gor
-
Aulo pur .Tric s
n Chac dis ®
™
1
-2.0 +3.0

méiena, byla zastoupena drsnosti dna a naskono vySkou, které klesaji $gnem od pramene
a byly prokazany jako signifikantni, vyznam zaznaare hloubky a B{y toku prokazan
nebyl (Schenkovat al.2001a).

Ziskana databaze vyskytu malktstatych opaskovc na 57 ténd nezngistenych tocich
spolu s fyzikalg-chemickymi parametry byla vyuzita i k vyhodnockwality vody a nalezeni
indikatorovych drub, které ji v malych tocich charakterizuji. Na z&klaanalyzy
hierarchické divizivni klasifikace TWINSPAN (Hill979) byly studované lokality rozkkny

do dvou velkych skupin zahrnujici lokality zcelazneisténych toki s indikatorovymi druhy
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Nais alpinaSperber, 1948N. communisPiguet, 1906 &. simplexPiguet, 1906 doky se
snizenou kvalitou vody, indikované druhéhabifex tubifex Skupinucistych vod indikuji
druhy spéasajictasové narosty a obyvajici kamenita distych toki, toky s vice organickou
hmotou dobe indikoval nejodolgsi euryvalentni drufl. tubifex(Obr. 8, Schenkovét al.

2001b). Vodni malo&tinati opaskovci pak mohou indikovat celkétyii skupinycistych

*0' [ Nais alp® 0332% *
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Nars sim
*00 0231 *01 *10 0360 *11{Styd par
Prop vol Styl spj Ench sp| Cern sp
0320 Eise tet A spj
*000|Styl par ‘00—1{ 010 0217 *011{Nas sim *100 0.394 #101|Tubi tub *110 0437 *111
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Obrazek 8. Divizivni hierarchicka klasifikace lokalit TWINSP s indikatorovymi druhy. Zkratky lokalit a
druhi a dalSi detaily viz Schenkoed al. 2001b, odkud byl obrazekegvzat.

toka (z leva):cisté meandrujici se &kovym dnem $tylodrilus parvusNais pseudoobtusa
Piguet, 1906), rychle tekouci toky s vysSSim sklorieer indikatoru), toky se &kopigitym
dnem (bez indikatoru) a chladné pomalu tekouci telgblasti Hercynika Nais simplex
Eiseniella tetraedrgdSavigny, 1826)Stylodrilus parvus A dalectyii skupiny s iznou mirou
zneisteni: zengdelsky ovlivnéné toky (bez indikatoru), toky na flySovém podlezkirozers

vySSi konduktivitou Tubifex tubifex toky s vy$8im obsahem organickych latek COD (bez

Miller, 1774).

Indikace malychtistych az mirg zn&isténych toki pomoci malo&tinatych opaskovic
je mozna, ficemZz uspSnost klasifikace tak stoupa s mirou jejich ztsteni. AvSak
indikatorové druhy jsodasto &zné a je znamo, Ze stejné druhy jakoingpirosperma fergx
Stylodrilus heringianus Tubifex tubifexmohou charakterizovat jak oligotrofni podminky ta

eutrofizaci nap jezer, zalezi jen na jejich denzitach (Milbrinkl8@nm 2002).

23



2.3.3 Variabilita druhové skladby maloStétinatych opaskovcii na pramenistnich

slatinistich

DalSim biotopem tekoucich vod, jehoZ studiu jsme v&eovali, byla pramenistni
slatinis€. Jedna se o jeden z nejohrogsith biotof v Evrog, k jehoZ vymizeni fispivaji
piredevsSim antropogenni vlivy, jako je odviodani, eutrofizace a ziny managementu
vedouci k zalstani a postupnému vysychani. Pramenistni slatipi&dstavuji roztrousene
mokrady, které se nachazeji v bezlesych mistech, jgmng podzemni vodu a hosti Zivinami
limitovanou vegetaci. ¥Sinou vyw¥raji ve svazitém terénu, na nasem Uzemi nejsois p
rozsahla a vzajemdnjsou izolovanid. Mnoho zachovalych praménge nachazi v oblasti
Zapadnich Karpat, proto byly naSe vyzkumy re$y na Slovensko, kde seét$ina tohoto
pohai nachazi. Studované Uzemi zahrnovdiooblasti: Moravsko-slovenské pomezi na
flySovém podloZzi (charakteristickéristajicimi se vrstvami piskovce a jilovce), oblasa@,
kterd gredstavuje vychodni vyiek flySové zony a oblast vhitich Zapadnich Karpat, jejiz
geologicka struktura je slo#jgi, tvarena jadrem paleozoickych a krystalinnickidlic
piekrytych mezozoickymi piskovci a karbonatovymi fi@cemi (odliSitelnymi ¢astmi

vrstevniho sledu sedimeit

Vzhledem kéznému podlozZi je chemismus pramenistnich slatinné variabilni a
vytvéti tak gradient mineralni bohatosti, ktery je potypicky, a byl popséan jako tzv. poor-
rich gradient (Malmer 1986, Hajek al. 2006). Na zaklatlzmeny chemismu vygrajici vody
a typu vegetace pak bylo mozné klasifikovétt zakladni ty prameniStnich slatiniStyp 1 —
vapnita gnovcova, v nichz dochazi ke srazeni &itdnu vapenatého ve fognhpénovce a
dominuje mechCratoneuron commutatyntyp 2 — vapnitd bez sradzenénmvce, kde se
v chladrgjSich oblastech gmovec jiz nesrazi, na povrchu je raSelina, obsamm je nizky,
dominuji osfice, suchopyry, mechy, zejméaepanocladus revolvensgg.; typ 3 — mimh
vapnitd mechova, kde je koncentrace vapniku niz8akce vody neni zasadita neboijgem
vapniku snizen velkym obsahem Zeleza, coz unjezuchyceni kalcitolerantnich raSelidik
(Sphagnum warnstorjii typ 4 — kysela fechodova raselini&t kde na pramenisti je voda
spiSe kysela a mohou se zde vyskytnout i dalSiydrageliniki; typ 5 — druho¥ chuda kysela
slatiniSg s raSeliniky rod@®phagnunfpodrobrji viz Hajek et al. 2006).

Gradient mineralni bohatosti, ktery vyznamnstrukturuje sloZeni rostlinnych
spole&enstev, ovliviuje i dalSi skupiny organisim jako druhovou skladbu a bohatost
mekkysa (Horsak & Hajek 2003)ias (Poullkovéa et al. 2003, Frankovét al. 2009) nebo
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krytenek (Opravilova & Hajek 2006). Situace u hmyeuslozigjsi, zatimco dkteré studie
ukazuji jen slaby vztah hmyzich skupin (Virtanetnal. 2009) nebo poSvatek (Bojkova &
HeleSic 2009) k chemismu vody v silmineralizovanych pramenistich, u pakomarovitych na
celém poor-rich gradientu prokazan byl (Omelketal. 2013). Tato situace nabizela dosud
nestudovanou otazku, zda skupina métosatych opaskowvig ktera nélezi k permanentni
faurg a Zije v negsngjSim spojeni se substratem, je také aidivana ngnicim se chemismem

vody.

Odpowd opaskov@ na hlavni gradienty prasdi v tomto casténé zjednoduSeném
systému (naip relativre malé kolisani pitoku a teploty vody) je vSak komplexai.
Studujeme-li lokality v oblasti moravsko-slovens&épomezi, kde se nachazi vSechny
pramenistni typy a jsou az na vyjimky neovime eutrofizaci (17 lokalit), ukazuje se, Ze je
taxocen Clitellata strukturovan mirou mineralizgwamenici vody a charakterem substratu
(Bojkova et al. 2011). Vynéna druli podél tohoto gradientu souvisi sémicimi se
vlastnostmi (,traits*) dominantnich drih na mineralsd bohatych slatinistich dominuje
vzacny stygofilni (nafp dle Dumnicka 2001) drufrichodrilus strandj ktery gimo preferuje
slatiniS€, kde dochazi ke srazenénmvce. S klesajici mineralni bohatosti nastupiajed
Enchytraeidae, ktera¢idinou zahrnuje {dni druhy schopné vyuZivat i hlubSich vrstev
sediment a tolerovat jeho vysychani, ale i vodni druhy jadeq¥. Cognettia sphagnetorum
(Vejdovsky, 1878) s Sirokou nikou, nabse vyskytuje jak v minerotrofnich raSelinistich
(nap. van Duinenet al. 2006), tak v jehlinatych lesich (nap Graefe & Schmelz 1999).
Podobr vodni malo&ttinatec Rhyacodrilus falciformisBretscher, 1901 se kramvodnich
habitati miZze vyskytnout i na loukdch a v listnatych lesichra@e & Schmelz 1999,
Schlaghamersky & Kobetva 2005). Mineraléa chuda raSelinistlezici na op&ném konci
gradientu jsou osidlena&inymi euryvalentnimi druhy, jaklimnodrilus hoffmeisteriTubifex
tubifex Stylodrilus heringianusa pijavici Erpobdella vilnensisktera vyzaduje chladjsi
vodu, ale je velmi tolerantni k organickému &@gtni (Kubova & Schenkova 2014). Druhova
bohatost opaskovcnarista od minerdk bohatych sirem ke kyselym slatinistim, ktera
obsahuji ¥tSi mnoZstvi nerozloZené organické hmoty, tedyatiogm snéru nez u cévnatych
rostlin, rozsivek nebo #kkysi (Hajek et al. 2002, Horsak & Hajek 2003, Frankoeé al.
2009). OvSem odp@d opaskov@ bude pravépodobr spiSe unimodalni, nebona
ombrotrofnich vrchoviStich, ktera nebylafednttem naSeho zkoumani, nalézdme
v nejkyselejSich raselinistich jen jediny acidotatgni druh (van Duineat al. 2006). Druhy

nejvyznamgjsi gradient strukturujici opaskovceéepstavuje gradient hydrologického rezimu
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spojeny froduktivitou lokalit (vice Zivin na jedné strgnvice vihkaa nizSi produktivita
vegetace na stramruhé)(Bojkovaet al.2011).

Jak ale reaguje tato skupina na minefétoficky gradient na velké Skalzahrnujici
Sirokou geografickou oblast jednotlivymi typy prameniSv oblastech riznym podlozim,
riznou mirou eutrofizacerézného st&i? Pro takovowstudii bylo vybrano 54 kalit v oblasti
Moravskoslovenského pomezi, Oravy a wnich Zapadnich Karp (Schenkovaet al,
accepted) Vybér lokalit byl podmirgn zjiS€nim, Ze opaskovgcizejména specialisté této
skupiny, jsou sila ovliviiovani omezenou moznosti disperze na rlokality (Radkovaet al.
2014a), kteraprobiha jen pasivnim #Agoben, a proto novy soubor zahrnoval vice 1
polovinu lokalit starSich neZ 500 let (Horsalet al. 2015),aby vSichni potencialni obyvate
daného typu pramen&tmeli Sanci ho osidl. Hlavni gadient, ktery strukturuje taxcn
opaskové na této Skaleje opst gradient mineralni bohatostarfalyza hlavnich koordin
PCoA, Obr. 9a).Skladba opaskovc se ngni od lokalit mineralg@ chudych, kyselyct
smnozstvim nerozloZzené organické hmc(vysoké koncentrace celkového organick
uhliku — TOC),az po lokality vysokymi koncentracemi Ca a Mg a vysokou vodiv

vyvérajici vody. Nicméan shlukovaanalyza skupiny opasko¢Schetkové et al, accepted,
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Obrazek 9. (a) Analyza hlavrih koordinat PCoA 54 lokalil osmi promdnnymi prostedi pasivll prolozenymi
do prostoru 1. a 2. osy, fit £#0,05 Zobrazeno 15ndikatorovych drufi pro i skupiny shlukové analy: a
druhy frekventované (na 15ti lokalitich a v. Symboly lokalit podle shlukové analyz§tverce, skupina A;
koletka, skupina B;trojuhelniky, skupina C. (b) Shlukova analyza Waalo metodou na BreCurtis
vzdalenostechCisla lokalit oznauji typ pramenistniho slatiniha zaklad vegetac a chemism (Hajeket al.
2006). Zkratky naz druhi a dalSi deiily viz Schenkovéet al, accepted, odkud bylobrazk: prevzaty.

Obr. 9b) nam jedotlivé lokality usp#adala ¢ast&né odliSne od &ty zakladnich typ
pramenistnich slatinf§oproti pivodnimu @leni na 5 tygd, zde jsme pouzili dva nejkysele
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slowené v jednu skupinu) vytvenych na zakladvegetace a chemismu (Hajekal. 2006).
Za timto rozdilem stoji pré&wliv substratu ovliviujici druhovou skladbu podl&ifomnosti
organické hmoty nebo naopakepazrt anorganického substratu. Substrat se spolu stéeplo
vody podili na druhém nejvyznagsim snéru variability v datech. il skupiny opaskowut
nalezené shlukovou analyzoutbeme popsat podle indikatorovych diui{Analyza
indikatorovych druf, Dufréne & Legendre 1997): skupina A s indikatgmovdruhemT.
strandi zahrnujici minerakh bohaté lokality ¥tSinou se srazenimépovce (typ 1), skupina B
s indikatorovym druhemStylodrilus heringianus vodnim malo&tinatcem indikujicim
kamenity substrat a vysychavost dofNijboer et al. 2004) a skupina C, s velkym iem
euryvalentnich indikatorovych driih (Erpobdella vilnensis Limnodrilus hoffmeisteri
Lumbriculus variegatusTubifex tubifex Cognettia glandulosgMichaelsen, 1888)Tubifex
ignotus(Stolc, 1886), zahrnuijici teplejsi lokality s dagem organické hmoty (Schenkosta
al., accepted). Skupiny B a C zahrnuji &srwSech typ pamenistnich slatiniSa skladba
skupiny opaskovci zde odrédzi jen charakter suhst@iganicky vs. anorganicky, vihky vs.
vysychavy a teplotu, nikoli chemismus vody. Sidaftni vliv mnoZstvi organického
substratu na skladbu opaskévzcela nezavisly na chemismu potvrdili také Radkewal.
(2014b). Druhy gradient, ktery strukturuje sgelestvo opaskovs je podobs jako ve studii
na malé skale (Bojkovét al.2011) gedstavovan hydrologickym rezimem, avSak podstatnou
mérou je navic ovliiovan gfitomnosti rozkladajici se organické hmoty, kter&geojem
potravy studované skupiny a rozhoduje o jejich yfiskbez ohledu na typ pramenistniho
slatiniS¢ dle vegetace. Tak je moZné&gunem organické hmoty, nalivem pastvy koni,
nevratrg prenenit jeding&né gnovcové slatini$t s dominantnim vzacnym druhem strandi
na misto osidlené akvaristickymi &ikami T. tubifexa L. hoffmeisteri jejichz kvantita
indikuje zngisténi lokalit (Hralk® 1954).

2.3.4 Zmény spolecenstva opaskovci v otepleném toku

Vyjimec¢né vlastnosti skupiny opaskovci (makistati i pijavice), ktera jak se potvrdilo,
zahrnuje citlivé druhy indikujicgistotu a neovlivanost stanovisti druhy, které ukazuji na
velkou miru dotace organické hmoty uvad nap. v Brinkhurst & Cook (1974), Uzunoat
al. (1988), ale i v naSich vyzkumech (Schenketél. 2001b, Bojkovéet al. 2011), vedly
k mozZnosti studovat i ekosystémy lidsk&innosti silé poznenéné, jako jsou nap oteplené
dalni vody. Jedinénou gilezitost ke studiu vlivu zgny teplotniho rezimu fiedstavujeeka
Nedwdicka protékajiclCeskomoravskou vrchovinou, ktera je recipientem letgjch dilnich
vod z posledniho uranového dolu veedhi Evrog v RozZzné. Tatoreka je vhodnym
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modelovym systémem, nebdepla dilni voda nezvySuje zasadnim igpbem piitok a
nentni tak hydrologické posry a neobsahuje ani vyznamnzvySené mnozstvi
radioaktivnich latek. Nejen vodaigce Nedwdicce pod pitokem dilnich vod s obsahem
uranuUng = 0,010 mg T, ale i sama ini voda s hodnotoW,a = 3,4 mg T* sphiuje limity
evropskych norem a je pod hodnotou 24 mg Vyzadovanou simnici ,Directive
2008/105/EC of the European Parliament* (Hudcevtaal. 2012). Gilni voda se ovSem
vyznauje nejen zvySenou teplotou, ale i vodivosti (vysdkoncentrace sirédpy pH a
snizenym obsahem kysliku a Zivin (odstranv cisticce odpadnich vod), takze cely systém je

vice komplexni (podroldi viz Ruzickovaet al.2014).

Pro gipadovou studii byla vybrané bdbirova mista n@ece Nededi¢ce: nad fitokem
oteplené dini vody (US), &sre pod gitokem (DS1) a niZze po toku (DS2) a jako pozadiged
odkérové misto v fitoku oteplené #@lni vody (MW); na kazdém zthto ¢ty mist byly
studovany dva habitaty: g a tin (podrobrji v Ruazickova et al. 2014). Silny dopad na
spole&enstvo opaskovchbyl potvrzen; jak druhova diverzita, tak abundaopaskové pod

piitokem oteplenéidni vody signifikantd poklesla v habitateclid i perej (Obr. 10). Resto,
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- ° ° © b Obrazek 10. Krabicové grafy druhové
’ a H ° diverzity (a) a abundance (b) opaskivc
na vzorkovacich mistech n@ce Ned-
7 o T védicce: nad pitokem oteplené ni
. vody (US), &sré pod pitokem (DS1) a
H nize po toku (DS2); hodnoceno atiehs
pro pdej (tmava) a in (bila). DalSi

Number of taxa
log(x+1) abundance
1

5 Q 1 detaily viz Rizickovaet al.2014, odkud

o . i+ o L o o o o L byl obrazek pevzat.

us Ds1 DSs2 us DS1 Ds2
B rime ] pool
Ze nebylo mozné odlisit vliv chemickych prénmych od vlivu zminy teploty, je vysoce
pravdépodobné, Ze absence typického sezonniho jevu,j@kamrzani toku, také ovlivnila
skladbu opaskovc Jedna z nemnoha studii vlivu &my teplotniho rezimu zahrnujici i
skupinu Clitellata prokazala v industrialni oblgsti otepleni vody jiny vysledek, a to st
abundance mala&tnatai, ovSem p signifikantré zvySeném pitoku (Nedeatet al. 2003).
Ochuzeni spotenstva opaskovicnaiece Nedediéce vSak milo jiné piciny. Prvni je vliv
zvySené vodivosti, k niz jsowizné druhy doizné miry citlivé (Generlich & Giere 1996),
nag. vyskyt druhu Propappus volki Michaelsen, 1916 je sin negativie korelovan
s vodivosti (Dumnicka & Pasternak 1978), druhy je&r \zvySené teploty, nelboviece

Nedwdi¢ce se za normalnich okolnosti vyskytuji i stenotdrrdruhy, nap Haplotaxis
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gordioidesHartmann, 1821 &tylodrilus heringianugDumnicka 2000), které se nedoké&zou
vyrovnat s oteplenou a v zimnim obdobi nezamrzaj@dou. Tyto vlivy pak jsoutzré
intenzivni v prokyskienych péejich, kde pod iitokem dilnich vod chybi Sest taxéan a

v hlubSich tinich, kde chybiit. Paeje jsou obyvany rheofilnimi taxony, typickymi phorni
toky s még Zivinami a vySSi koncentraci rozp&d¢ho kysliku (Schwank 1981) a cigljgimi

na pokles kvality vody (Verdonschot 2006).

Zmény v teplotnim reZzimu vedou nejen k Gbytku, ale wyknéné druha (Zivic¢ et al.
2006), kdy prav na druhové arovni je mozné proniknout do podstatgn v druhové
diverzit a znén v abundancich taxocenu Clitellata. Oligostenorérdruhy, mezi & pati
obyvatel podzemnich vod a prameni3aplotaxis gordioidegSchwank1981, Dumnicka
2000), se uz pod fftokem oteplené vody neobjevuji. Zastupci chladhoémno rodu
Stylodrilusreaguji poklesem petnosti a naslednym navratem diospdniho stavu vzhledem
k jeho Siroké ekologické plastigitSyrovatkaet al. 2009). Steja tak reaguje_umbriculus
variegatus ovsem z jinéhoidrzodu — vzhledem ke své vazha nizSi hodnoty pH (Nijboeat
al. 2004) se pesouva z mistaifioku dilni vody do oblasti s pro & vhodrgjSim pH.
Nenar@éné druhy roduLimnodrilus tolerujici izné teploty, mnozstvi kysliku itiznou
vodivost (nap. Korn 1963, Dumnicka & Galas 2006)istavaji v poetnostech nad i pod
piitokem stejné. Byl nalezen i drubwlodrilus japonicus ktery na otepleni vody reaguje
naristem pdetnosti. Celkov Ize shrnout, Ze i tato skupina permanentni fauaginich
bezobratlych je vstupem oteplenyakirdch vod do toku dotizné miry ohrozenafigemz pro

n¢které druhy je tento vliv limitujici.

2.3.5 Variabilita druhové skladby pijavic v tekoucich a stojatych vodach

Pijavice (Hirudinida) pedstavuji UZeji specializovanou skupinu patazt predatat,
ktefi se odliSuji nejen morfologicky, ale i celou svioidlogii, proto obvyklou metodikou pro
studium makrozoobentosu, vhodnou pro vzorkovaniogtdinatych opaskovic zachytime
jen malou ¢ast jejich diverzity (Koperski 2011). K podrafjgimu studiu ekologickych
parametit stojicich za strukturovanim skupiny pijavic je atipbi pouZziti odliSnych
vzorkovacich metod (Kubova & Schenkova 2012) a fgjtinoceni samostainPijavice
obyvaji jak tekouci, tak stojaté vodyiegto je ¥tSina praci ¥novana bd’ jednomu, nebo
druhému habitatu (n&pstojatym vodam seénuji Young & Ironmonger 1981, Spelling &
Young 1987, tekoucim n&pGrosseeet al. 2001, Koperski 2005, 2010). Omezeni existujicich
souhrnnych praci ztekoucich i stojatych vod ¢ép ve spiSe popisném zé&feni na
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distribuci drulii, charakteristiku preferovanych habitaptipadré vztah ke zn&sténi (nag.
Bennike 1943, Elliott & Mann 1979, KoSel 1988, 198an Haaren 2004, Schenkogtal.
2009) nebo naopak jen na jejich vztah k chemismilyy®ann 1955, Grosseat al. 2001).
Proto je velmi zajimava otazka studia vlivu nabidggtravy i fyzikal@-chemickych

parametit sowasré se zohledénim rozdilnych podminek v tekoucich a stojatychaaid

Prvni pedpoklad zjid&iny také jiz v pracich autdrMann (1953) a Koperski (2006)
o odliSnosti spokenstev obyvajicich tekouci a stojaté vody, se pdtvMNejsilngjSi gradient
strukturujici taxocen pijavicipdstavuje rozdil v typu habitatu: tekouci versugasé vody.
DCA analyza ukazala spolu s nim dalSi vyznamné otayické a fyzikalni prognné, které
tyto habitaty odliSuji: tekouci — vySSi zasgfify stojaté — nizSi drsnot dnagt§i mnozstvi

N 1

makrofyt a vysSi teplota vody (Obr. 11, Kuéet al. 2013). B porovnani variability

© Obrazek 11. Ordinani diagram DCA
HaeSang spol&enstva pijavic na 109 lokalitach
TheTess v prostoru 1. a 2. ordidai osy. VSechny
Poawam 5 nalezené druhy kro#nodlehlé hodnoty pro
B _ Hirudo medicinalis jsou znazorény.
o P s Sigem V diagramu jsou pasi¥nprolozené prognné
3 Erplin G:o;;?p‘"\ Whemtarg _ prostedi, k_teré signifikant@h k_o_relovaly_s 1.
Dintine & 7 \m‘_ﬁph' az 4. ordinani osou; signifikantni i po
e g oven e W macrophytes Bonferonniho korekci jsou ¢ (P <
canopy  NOy Giohebu \\ 0,0026). Zkratky nazv druhi a pronénnych
- NSRS N water prostedi a dalsi detaily Kubowt al.(2013),
_ T wpe’“”'e odkud byl obrazekigvzat.
2 Axis 1 8

vyswtlené jednotlivymi prorinnymi prostedi v gimych analyzachit datovych soubdr—
oba habitaty, jen tekouci a jen stojaté vody — zyikavysledky celkového souboru mnohem
vétSi podobnost s habitatem tekoucich vod. Gradigmtmennych prostedi v tekoucich
vodach jsou pro strukturovani sp@astva pijavic zahrnujici oba habitaty rozhodujaiela
novym zjisénim, dosud pouze odhadovanym bez statistickylazi, je vyznam dostupnosti
koristi, ktery je prediktorem vyskytu pijavic a to jakekoucich, tak ve stojatych vodach, tak
v souboru zahrnujicim oba typy (Kuboefal. 2013). Dosud studované zastupné phoné
charakterizujici UzZivnost ekosystému a vykazujigifikantni vliv na strukturu spotenstva
pijavic jsou nap. alkalinita, vodivost, koncentrace fosfon@ami nebo biotické indexy
charakterizujici troficky stav (Bennike 1943, Mah855, Herrmann 1970, Koperski 2005,
2010). Rimy vliv téchto proménnych na spokenstvo pijavic je siléd nepravépodobny,

celkova uzivnost systému vede k vySSim abundancakramoobentosu, jimz se pak pijavice

Zivi. Jinym nedekavanym vysledkem je vyznam zastinpro vyskyt pijavic, vystlujici
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vysoky podil variability jak v tekoucich tak stojah vodach, jejich vliv je vSak protigdny
(Kubovaet al. 2013). V tekoucich vodach riat& druhova diverzita i abundance s vysSSim
zastignim, neb@ pijavice jsou zde |épe chrémé ped fluktuacemi teploty, a mnozstvi
kysliku. Zastigna mista fedstavuji pro chladnomilné druhy refugia (Agugtral. 2002,
Ebersoleet al. 2003). Naopak ve stojatych vodach — v rybnicichédrzich — s nizSim
zastinim naista diverzita teplomilnych drih Také gimo teplota vody a @gmeérna rani
teplota vzduchu jsou pro pijavice vyznamnym paraemet Druhova bohatost ve stojatych
vodach vykazuje podél gradientuapwrné ra@ni teploty unimodalni mib¢h (Kubovaet al.
2013), nebo ani nizinné lokality s vysokou zextelskou produkci na jednom konci gradientu
ani chladné podhorské rybniky a nadrze na druhémsikeepodporuji diverzitu teplomilnych
druha Zijicich ve stojatych vodach, jak bylo obdélpozorovano v britskych jezerech (Young

& lronmonger 1981).

Zajimaveé je srovnani vysledku z tekoucich a stojatyod u nas, kdy mezi stojatymi a
tekoucimi vodami nebyl nalezen rozdil v abundan¢iKibovaet al. 2013), avSak druhova
diverzita byla vySSi v tekoucich vodach, s polskyakalitami, kde nejvySSi diverzita byla
v jezerech a nizsi kekach a rybnicich (Koperski 2006). Relatiiista jezera v Polsku, jaka
se na nasSem uUzemi bohuZel nenachéazeji (vyjma tabrsiigtera jsou tuto skupinuiips
chladna), pedstavuji pro pijavice unikatni kombinaci ekologick parametr s vysokymi

pocty vodnich bezobratlych (makrozoobentosu) jakiidtopri relativng nizké trofii.

2.4 Odpovédi vybranych druhi opaskovclii na rizné promeénné

prostredi - mala a velka skala

Odpowd’ celého spolgenstva naizné gradienty prostdi je vzdy souhrnem odpé&oi
jednotlivych druld, jejich prezencti absenci a zémami jejich abundanci. Zatimco na malé
Skale ve smyslu mezohabiia(Armitage et al. 1995) se jednaipdevsim o hydraulické a
substratové preference, na velké Skale jsou drubgnich bezobratlych determinovéany
hydromorfologii toki, klimatickymi podminkami, chemismem a mnozstvinraey (nap.
Hynes 1970, Cumminet al. 1984).

Na malé Skale na Urovni habiigtodmiiuje vyskyt malo&tinatych opaskowvic charakter
substratu: velikost zrna podiwijici jeho drsnost, fitomnost makrofyt a #tomnost

hydraulicky klidnych mist umatujicich akumulaci organické hmoty, kteraiivigjich hlavni
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slozku potravy (Verdonschot 2001 fdUpalovaet al. 2011). Detailni studium prostorové
distribuce jednotlivych druhna arovni mezohabitatize nejlépe studovat srovnénidznych
mezohabitat liSicich se typem substratu, hydraulicky i mnoitatakumulované organické
hmoty v ramci jednoho toku. Tento nany piistup ovSem omezuje pet studovanych druh
na druhy dostate¢ frekventované a vyskytujici se ve vysokych abupétam Takto byly ve
studii wnované skupinam ,Oligochaeta“ a Chironomidadet® Svratce zji8hy hydraulické
preference prog druhi maloSttinatych opaskovic a dalSi druhy pakomarovitych (Obr. 12,
Syrovatkaet al. 2009, upraveno). Dva taxony preferuji velmi Uzkepéti hydraulickych
podminek -Aulodrilus japonicusYamaguchi, 1953 se vyskytuje pouzeamith s nizkou
hodnotou Froudovaisla (vyp@et zahrnuje rychlost progdi, hloubku a gravitai zrychleni)
a Nais stolcipreferuje stedre rychle proudici Useky bez turbulenci. DalSi druleyykazuji
tak Uzkeé preferencéais alpinase optimald vyskytuje v Usecich sefetinim proudnim, ale
rychlosti. Rod Stylodrilus preferuje p#eje, ale obyva i #dreé proudivé Useky a druh
Propappus volkisilné preferuje p#eje, obyva i proudivé Useky, alénfm se vyhyba
(Syrovatkaet al. 2009). Oba tyto druhy jsou pro obyvanfgjedolie adaptovanyStylodrilus
si stavi hlenové trubky, které ochrauji pii pohybu substratu (Mrazek 192®), volki ktery
je znamym obyvatelem pohyblivych pisla intersticialnich prostor seilepuje k substratu
pomoci adhezivni latky (Bird 1982, Petto & Humpe$692).

Obrazek 12. Hydraulické preferenceép Propappus volki i w
frekventovanych druh maloSttinatych Stylodrilus spp. ' :
opaskov@. Koletka znazofuji median, Nais stolci 5 Y

silné linky horni a dolni kvartil, tenké 10%  Nais alpina 5 e

a 90% kvantily Froudovaisla vazeného ~ Avedrusjaponicus ® = Fool - Eow o RELE

abundanci taxonu. fBvzato a upraveno oy B “troudenumper  OF
pouze pro ,Oligochaeta“ ze Syrovatka
al. (2009), kde jsou uvedeny dalSi deta

Stanoveni habitatovych preferenci pro jednotlivéhgiropaskovie na velké prostorové
Skale vyZaduje rozsahly datovy soubor s vysokynitgmo lokalit postihujici celou Skalu
proménnych prosiedi meéfenych na vSech lokalitach, coz velmi limitujecpbtakovych studii
v tekoucich vodach. Takto precizrbyl stanoven vztah jednotlivych driuhk saprobié
(Sladeéek & KoSel 1984, Uzunovet al. 1988), tekoucim vs.atovym habitaim a
mineralnimu substratu vs. vegetaci (Martinez-Ans&nCollado 1996), typu vodnihclesa
(Koperski 2006), eutrofizaci, nadifské vysce a substratu (Verdonschot 2006kkienym
chemickym prorannym (Mann 1955, Timnet al.2001).
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Bohaty datovy soubor opaskav¢vétSinou malosttinatych) z 54 pramenisStnich slatithis
spolu s prorstenim celkem 17 proémnych prostedi na kazdé lokaditpredstavoval moznost
stanovit enviromnentalni prediktory jejich vyskytBo redukci p&u druhi na dvanact
dostatén¢ pocetnych a pronnych prostedi na osm vzajenémekorelovanych, vybranych
na zaklad predchozich studii opaskovdMartinez-Ansemil & Collado 1996, Timret al.
2001, Verdonschot 2006, Bojkowt al. 2011) byly spoéitany zobec#éné linearni modely
(GLM, McCullagh & Nedler 1989). Tyto modely vyjagdici abundance vybranych diiuh
jako linearni funkci osmi prosmnych prostdi byly spdéitany s quasi-Poissonovym
rozlozenim korigujicim overdisperzi dat (Schenketal, accepted, kde jsou uvedeny dalSi

detaily analyzy).

Jako nejzajimaySi se jevi vzacny druhrrichodrilus strandi indikator minerala
bohatych pnovcovych slatini§, ktera nejsou antropogehavlivnéna — v nasich analyzach na
zaklad taxocenu opaskoudyp pramenis A (Obr. 9, Schenkovét al, accepted). Jde o druh
pramenistniho specialisty, obyvajig@isté oligotrofni, chladné, vysoce mineralizovankyto
(Hrabs 1981, Juget & Dumnicka 1986, Sporka 1998, Bojkeval. 2011). Jeho vyskyt je
pozitivré korelovan s koncentraci Ca a Mg natolik, Ze 50 &tability jeho abundanci Ize
vyswtlit témito pronennymi. Ke stejnému typu prametiije byt slakgji vazan i druh
Rhyacodrilus falciformisktery je znam jak vztahem k pramennym a podzenmvodam -
krenofilni stygobiot (Schwank 1981, Juget 1987, Digka 2000), tak vihkym gmam
(Schlaghamersky & Kobetva 2005). My jsme udj zaznamenali unimodalni odp&al ke
koncentracim Ca a Mg (vy&ujici 13 % variability) a preferenci habitats nizkym

mnoZstvim organického substratu.

Druh Stylodrilus heringianus indikujici druhou skupinu prameri§B) na zaklad
opaskové (Obr. 9), je charakteristicky pro kyselé slatigise 73 % variability vysstlenymi
negativnim vlivem Ca a Mg (Schenkostal, accepted). Pro tento druh je typicka schopnost
prezit i oktasné vyschnuti toku (Nijboet al.2004). Pro dalSi dru@ognettia sphagnetorum
vazajici se ke skupinB (i kdyz ne jako indikator) je vSechna zjis& variabilita vysetlena
negativnim vztahem k Ca a Mg koncentracim (47 %h¢€8kovéet al, accepted) a i kdyZ u
nas nebyla statisticky vyznamna, je pro jeho preizenéto skupig dulezita i vazba na nizsi
teploty vody, kterou se vyznamahsi od zastupce stejného roQu glandulosa(Timm et al.
2001). Mesenchytraeus armatusaké se vztahem ke skupiprameni§ B, ma veSkerou
zjiStenou variabilitu danou pré&vvztahem k chladf)Sim vodam, mineralizace vody pr@jn
neni dilezitd (Schenkové&t al, accepted), naopak jde digmi druh s pozitivnim vztahem
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k vihkosti (Graefe & Schmelz 1999), takZeiZe |épe odolavat @asnému prosychani
prameni&t, pravdpodobré charakteristickému pro tuto skupinu prameénis

Pijavice Erpobdella vilnensisZzivici se jako predator, je nejsijaim indikatorem ieti
skupiny prameniSozna&enou C a charakteristickou vySsi trofii; Zilenych proninnych pro
ni byla vyznamna jen schopnost tolerovat nedostiyskku (vyswtlujici 23 % variability)
(Schenkovaet al, accepted). DalSi indikatorové druhy této skupifiybifex tubifexa
Limnodrilus hoffmeisteyi jsou charakteristickymi indikatory z&isténych vod (nap
Brinkhurst & Jamieson 1971, Uzunet al. 1988), nebt jejich abundance nastaji snérem
k vySSim teplotdm a mnoZstvi organického substr&spektive k celkovému organickému
uhliku a nitréhm (Schenkovaet al, accepted). U sith acidofilniho druhuCognettia
sphagnetorunfvan Duinenet al. 2006) bylo 47 % variability vystleno Ca a Mg (negativni
vztah), u acidotolerantniho druhwmbriculus variegatugGraefe & Schmelz 1999) jen 8 %,
silngjSi vztah byl zaznamenan k vysSim koncentracimosglko uhliku (40 %) a tepkovody
(15 %). Nerozlozena rostlinna potrava v kyselycatisiStich je typickou potravou druhu
Lumbriculus variegatugMoore 1978, Brinkhurst & Gelder 1991). Drobné filtd druhy
z podteledi Naidinae Pristina bilobata a Nais communisvykazovaly vztah Kk nizSim
koncentracim Ca a Mgjfigemz podhorsky druR. bilobata navic vykazoval pozitivni vztah
k teplo€ a organickému substratu a euryvalentni dih communis negativni vztah

k anorganickému substratu (Schenketal, accepted).

Pro stanoveni preferenci jednotlivych diybijavic byl také vyhodnocen Siroky datovy
soubor 109 lokalit na uzemGeské republiky (Kubova & Schenkova 2014). Predititiv
modely bylo mozné sgitat pro sedm dominantnich a dostate frekventovanych druh
pijavic (A. heteroclita G. complanataH. stagnalis Hemiclepsis marginatdl'. tessulatumE.
octoculataa E. vilnensiy a 12 prominnych prosiedi. Vzhledem Kk &i variability raznych
typt vzorkovanych lokalit je na rozdil od mal&dbatych opaskowc pro pijavice velmi
vyznamny typ habitatu, kdy kategorialni pr&mma tekouci vs. stojaté vody byla signifikantni
pro vSechny studované druhy. Tekouci vody prefepgezeG. complanatapro kterou je
dulezity i nizky obsah amonnych idnta E. vilnensis kterd je naopak k jejich vysokym
koncentracim signifikantntolerantni (Kubova & Schenkova 2014), coz bylo éayistni;
pouze Van Haaren (2004) popisujgt@gmnost druhu v téit stojatych vodach holandskych
kanah. Také jeho fitomnost v nejvice zr&tene skupid pramenistnich slatinisa tolerance
nizkého mnozstvi kysliku podporuje informace o jgBeobecné odolnosti (Schenkataal,
accepted). Ostatni sledované druhy signifik&amireferuji vody stojaté (Kubova & Schenkova
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2014). Témt vSechny sledované druhy maji také vyznamny vzteh kkmatickym
podminkam, kde @mérnd rani teplota je pro &Sinu z nich signifikantni, praitdruhy E.
octoculata E. vilnensisaG. complanata v kvadratickém tvaru, jak ukazuji odpaini kiivky
sestrojené pro tekouci a stojaté vody zyla%s. complanatgen pro tekouci (Obr. 13). St€jn

jako pro mélo&tinaté opaskovce, je i pro pijavice vyznamny ckimasubstratuA. hetero-

Erpobdella octoculata Erpobdella vilnensis Glossiphonia complanata
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Obrazek 13. (a) Signifikantni odpotdni Kivky (P < 0,05) BzZnych druli pijavic k ptimérné rani teplog

zalozené na kvadratickém tvaru prediktivnich mode} stojaté vody, — - — tekouci vodyteRzato z Kubova &
Schenkova (2014), kde jsou uvedeny dalSi detaily.

clita, G. complanataa Helobdella stagnalislavaji fednost hrubSimu substratu, ktery je pro
né optimalnim podkladem, pouze paraziticky didbmiclepsis marginatareferuje bahnity
spole&né s vysSim obsahem nitiat- oba tyto faktory jsou vyznamné spiSe pro jehoi ry
hostitele. Také dalSi druhy stojatych vAdheteroclitaa Helobdella stagnali®byvaji spiSe
vody zneisttné s vysokym obsahem fosforani, respektive s vysokymi hodnotami
celkového uhliku (Kubova & Schenkova 2014), coZjsouladu s pracemi Mann (1955),
Sladeek & KoSel (1984), van Haaren (2004) a odporujpdaze vysledi&km prace Koperski

(2005), kde byl studovan velmi omezeny datovy soubo

Zawrem kapitoly lzefict, Ze stanovit preference konkrétnich drapaskové je velmi
obtizny Ukol zejména pro vzacné a malaiginé druhy, které se vymykaji moznostem
statistického zhodnoceni dat. AvSak kazdysmivek do této mozaiky hys limitovanou
platnosti v mistnich podmink&cHimasi moznost vysitleni chovani celého spdlenstva a

tudiz i vysetleni, jaké podminky takova druhova skladba indgku;
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3. Zavér

V tomto shrnujicim Uvodu bylo mym cilemiguistavit i diverzity naSich dvou
nejwtSich skupin opaskovc (Clitellata), malositinatych opaskovic a pijavic, ¢asto
pokladanych za pouhé indikatory organického¢Bwni. Tito krouzkovci vSak reaguji na
celou Skalu gradiefit prostedi, zejména na chemismus vody a charakter sulnstaize
jejich druhové slozeni a petnost pomahaji odhalit nejen jednotlivé antropogesivy, od
raznych tymg zne&isténi, pres otepleni vod az po morfologicke &my habitad, ale indikuji
nam i vlastnosti habitatvzacnych &istych, jako jsou pramenistni slatiiSZatimco vyskyt
vétSiny vodnich maélostinatych opaskowvc odrazi zmsny v substratu a v chemismu vodniho
prostedi, zejména obohaceni organickym materidlefimq pijavice nam pomahaji
indikovat zvySeni abundance jejichtlgti, tedy p@etnost ostatnich vodnich bezobratlych.
V dnesni usgchané dob praci silk zantrenych na fylogenezi a ,barcoding” jednotlivych
druhi opaskové se rkdy nedostava zakladnich informaci o jejich ekalogi proto jsou
piedloZzené pracerfspivkem k doplrni této mezery v poznani zejména zjsin odpodi

jednotlivych druli na konkrétni fyzikal&chemickeé i biologické gradienty.
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Abstract

The oligochaete fauna of 57 small streams of the Morava and Odra River basins, Czech Republic, was studied
during 1997 and 1998. TWINSPAN and CCA (CANOCO) were used to characterize the relationship between
oligochaete species, habitat diversity and environmental variables. Chemical oxygen demand (COD), water hard-
ness, NO3 =N, Ca?*, Mg?™, altitude, and substrate type were found to be the primary factors influencing the

distribution of aquatic Oligochaeta.

Introduction

The ecological requirements of aquatic Oligochaeta
(Clitellata) and their relationship to abiotic factors in
streams of the Czech Republic (central Europe) have
received little attention in previous studies. While ex-
tensive taxonomic reports on oligochaetes have been
published by Hrabé (1979) and LiSkova (1976), and
on the oligochaete family Enchytraeidae, by Cha-
lupsky (1988), few ecological studies on this diverse
and often dominant group of lotic benthic organisms
have been conducted (Brinkhurst, 1978; Uzunov et al.,
1988; Horner et al., 1995).

The objectives of this study were to determine
the distribution of oligochaete species in small, re-
latively unpolluted streams in the Czech Republic,
and to evaluate the impact of environmental factors
on the composition of oligochaete taxocenoses using
multicriterial analyses.

* The paper is dedicated to the memory of Prof. Dr Sergej Hrabg,
on the 100th anniversary of his birth. Dr Hrabé, a major contributor
to aquatic oligochaete taxonomy during his extensive career in the
Department of Zoology and Anthropology at Masaryk University,
actively published from 1927 up to 1984.

Description of sites studied

Study sites were located on small streams in the
Morava River basin (sensu lato, which means the
Morava and Dyje River basins together) and in the
Odra River basin (Czech Republic) (Fig. 1). The
studied area represents an interesting region since
all biogeographical subprovinces found in the Czech
Republic, are present: Hercynicum, Pannonicum,
Carpathicum and Polonicum (Culek, 1996) (Fig. 1).
All sites were either unpolluted or moderately influ-
enced by treated and untreated domestic wastewater
effluent. Studied localities presented the following
characteristics: they were situated from 175 to 750 m
a.s.l.; the distance from the source was 0.7 to 16.8 km;
the mean width of the streams ranged from 0.93 to
4.25 m; and the mean depth of the streams ranged from
0.06to 1.1 m.

Materials and methods

Samples of macrozoobenthos were collected from 27
localities during spring, summer, and autumn of 1997,
and from 30 localities during the same seasons in
1998. Sampling at each station was completed using
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Figure 1. Map of the study area showing site localities and river basins. D—Dyje; M —Morava; O—Odra River basin. Biogeographical
subprovinces named according to Culek (1996). He — Hercynicum; Po—Polonicum; Ca— Carpathicum; Pa—Pannonicum.

a standard method of kick sampling for a period of 3
min (Kershaw & Frost, 1968).

During each sampling period, water temperature,
width and depth of the stream, hydrogen ion con-
centration (as pH), conductivity and the substrate
composition were measured. The evaluation of the
substrate composition at each site followed Wright et
al. (1984) by expressing the weighted average of per-
cent presence of each particle size-classes (boulders,
cobbles, pebbles, granules, sand, mud and clay).
The mean value of phi, which is the negative logar-
ithm of the particle size in millimetres, characterised
each particle size-class. Laboratory analyses for im-
portant ion components present at our sampling sites
were performed on samples collected during each
sampling period. Alkalinity, water hardness, oxygen
content, dissolved oxygen (DO), biochemical oxygen
demand (BODs), chemical oxygen demand (COD),
total organic carbon (TOC), dissolved organic carbon
(DOC), NH4T-N, NO, =N, NO3~—N, total nitro-
gen (N TOT), 0-PO43~-P, total phosphorus (P TOT),
Cl~, SO4%~, Ca>* and Mgt were measured. Current
velocity was not included in the analyses; single meas-
urements obtained during sampling had no predicable
value because of the frequently changing water level
at the studied sites.

Samples of macrozoobenthos were fixed on site
with 4% formaldehyde. After the samples had been
sorted, oligochaetes were prepared for identifica-
tion by either mounting permanently on slides using
Canada balsam, or prepared as temporary mounts
using a glycerin-water (1:5) solution.

With the exception of taxa representing five genera
in the family Enchytraeidae, which were determined
using the keys of Nielsen & Christensen (1959, 1961,
1963), all oligochaetes were identified to the species
level using the keys of Hrabé (1954, 1979). Juvenile
forms or damaged individuals were determined only
to family level.

The resulting data were evaluated and interpreted
using TWINSPAN (Hill, 1979). All options were set
to default; maximum group size for division was five
and maximum level of divisions was six. Relation-
ships between oligochaete species and environmental
variables were evaluated by Canonical Correspond-
ence Analysis (CCA) using the CANOCO program
for Windows (Ter Braak & Smilauer, 1998). The scal-
ing type was biplot and species data were not trans-
formed. With the exception of representatives of En-
chytraeidae, taxa unidentified to the species level were
omitted from the analyses. Statistical significance was
then determined by a Monte Carlo permutation test
(Ter Braak & Smilauer, 1998). 27 environmental vari-
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Figure 2. Divisive hierarchic classification (TWINSPAN) of species (for abbreviations see Table 1). ITWINSPAN group, 2eigen\/alue.

ables were tested in 999 permutations using automatic
forward selection.

Results

During the 1997 and 1998 sampling periods, 22211
individuals of the class Oligochaeta representing eight
families, 27 genera and 36 species were collected
(Table 1). One species of Aeolosomatidae (Annelida,
Aphanoneura) was also collected. The abbreviation for
each identified taxon used in analyses is provided in
Table 1.

Hierarchical divisive classification of species

Hierarchical divisive classification of 51 taxa with
eigenvalues of divisions is apparent from Figure 2.
The eigenvalues express the level of distinction of
separated groups at each division. Oligochaeta were
separated into seven different groups. Group *00, fur-
ther division of which expressed eigenvalue 0.196
and hence was not significant, consists of represent-
atives of the family Naididae and other species from
sites characterized by a sandy bottom with plant de-
tritus. Group *010 includes the taxa Enchytraeus,
Mesenchytraeus and FEiseniella tetraedra (Savigny,

1826). Group *011 consists of the cosmopolitan spe-
cies Nais elinguis Miiller, 1773 and Cernosvitoviella
(Enchytraeidae). Group *100 and group *101, with re-
latively low eigenvalue of division, include species of
the genus Stylodrilus — inhabiting unpolluted brooks
and rivers with sandy bottom, the species Criodrilus
lacuum Hoffmeister, 1845 — common in pools, and
the genus Pristinella — which prefers pristine waters.
Group *110 includes species in the family Tubificidae,
and Uncinais uncinata (Qrsted, 1842) (Naididae).
Group *111 contains only unidentified Enchytracidae
species.

Canonical correspondence analysis (CCA)

Canonical correspondence analysis (CCA) concerned
27 environmental variables and 46 species or gen-
era, respectively; five genera that might have included
more than one species were omitted (Fig. 3). The ei-
genvalue for the first axis was 0.535, the second 0.335
and the third 0.255. The percentage variance of species
environment relation was 35.8 for the first axis, 22.5
for the second and 17.1 for the third axis.

The statistical significance of the data was eval-
uated using the Monte Carlo permutation test. The
following environmental factors were found to be
statistically significant: COD, hardness, NO3z ™ —N,
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Figure 3. Canonical correspondence analysis (CCA), ordination plot of species (for abbreviations see Table 1) and main environmental variables

on the first two CCA axes.

Ca’t, Mg?*, altitude, and substrate type (P < 0.01).
CCA analysis showed correlations (>0.5): positive for
COD, altitude and negative for hardness and the first
axis. The distribution of species along the first axis
reflects their requirements regarding organic matter
supply, altitude and hardness. A positive correlation
for Mg?t was shown by the second axis, while posit-
ive correlations for Ca>* and Mg+ were shown by the
third axis. The distribution of species along the second
and third axis can be explained by the water hardness.

Discussion

From the analyses performed, we determined that
COD and water hardness together with concentrations
of NO3™=N, Ca>*, Mg?*, altitude, and substrate type
are the primary factors influencing the distribution of
Oligochaeta in small streams.

The distribution of the species of the family Tu-
bificidae can be explained by their preference for
substrates with higher organic content and fine particle
size (Fig. 3). The species are widespread in distri-
bution, from lower to higher altitudes. All species
collected are common and abundant, especially in



Table 1. List of oligochaete species from the Morava and Odra River
Basins in the Czech Republic and the abbreviation of each species

Species Abbreviation
Aeolosoma hemprichi Ehrenberg, 1831 Aeol hem
Aulodrilus pluriseta (Piguet, 1906) Aulo pur
Bothrioneurum vejdovskyanum Stolc, 1886 Both vej
Bythonomus lemani Grube, 1880 Byth lem
Cernosvitoviella sp. Cern sp
Chaetogaster cristallinus Vejdovsky, 1883 Chae cri
Chaetogaster diaphanus (Gruithuisen, 1828) Chae dip
Chaetogaster diastrophus (Gruithuisen, 1828) Chae dis
Chaetogaster langi Bretscher, 1896 Chae lan
Cognettia sp. Cogn sp
Criodrilus lacuum Hoffmeister, 1845 Crio lac
Eiseniella tetraedra (Savigny, 1826) Eise tet
Enchytraeidae Ench ind
Enchytraeus sp. Ench sp
Fridericia sp. Frid sp
Haplotaxis gordioides (Hartmann, 1821) Hapl gor
Limnodrilus hoffmeisteri Claparede, 1862 Limn hof
Limnodrilus udekemianus Claparéde, 1862 Limn ude
Limnodrilus sp. juv. Limn spj
Lumbricidae Lumb ind
Lumbriculus variegatus Grube, 1844 Lumb var
Mesenchytraeus armatus Levinsen, 1884 Mese arm
Mesenchytraeus sp. Mese sp
Nais alpina Sperber, 1948 Nais alp
Nais bretscheri Michaelsen, 1899 Nais bre
Nais communis Piguet, 1906 Nais com
Nais elinguis O. F. Miiller, 1773 Nais eli
Nais pseudoobtusa Piguet, 1906 Nais pse
Nais simplex Piguet, 1906 Nais sim
Nais variabilis Piguet, 1906 Nais var
Nais sp. Nais sp
Ophidonais serpentina (O. F. Miiller, 1773) Ophi ser
Potamothrix hammoniensis (Michaelsen, 1901)  Pota ham
Potamothrix sp. juv. Pota spj
Pristinella menoni (Aiyer, 1930) Pris men
Pristinella rosea (Piguet, 1906) Pris ros
Pristinella sp. Pris sp
Propappus volki Michaelsen, 1905 Prop vol
Psammoryctides barbatus (Grube, 1861) Psam bar
Rhyacodrilus coccineus (Vejdovsky, 1875) Rhya coc
Rhyacodrilus falciformis Bretscher, 1901 Rhya fal
Slavina appendiculata (Udekem, 1855) Slav app
Stylodrilus heringianus Claparede, 1862 Styl her
Stylodrilus parvus (Hrab& & Cernosvitov, 1927)  Styl par
Stylodrilus sp. juv. Styl spj
Trichodrilus sp. Tric sp
Tubifex ignotus (Stolc, 1886) Tubi ign
Tubifex tubifex (O. F. Miiller, 1774) Tubi tub
Tubificidae juv. Tubi juv
Uncinais uncinata (Qrsted, 1842) Unci unc
Vejdovskyella comata (Vejdovsky, 1883) Vejd com
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polluted waters (Brinkhurst, 1971). COD and the sed-
iment structure, as the most significant factors for
oligochaete occurrence, have been mentioned by other
authors (Brinkhurst, 1967; Uzunov, 1982).

The distribution of Limnodrilus hoffmeisteri
Claparede, 1862, Nais elinguis Miiller, 1773, Chaeto-
gaster langi Bretscher, 1896, Ophidonais serpentina
(Miiller, 1773) and Pristinella rosea (Piguet, 1906) is
positively correlated with water hardness, Ca’*, Mg+
and NO3 ™ -N and negatively correlated with altitude
(Fig. 3). All are known to occur also in stagnant wa-
ters. While the values for water hardness, and Ca™
and Mg?™ ion concentration are readily influenced by
easily eroded bedrock, the presence of these ions also
depends also on the concentration of dissolved CO3,
which is related to water eutrophication.

Major changes in the structure of oligochaete
assemblages related to water mineralization, sub-
strate type, and current velocity were documented by
Martinez-Ansemil & Collado (1996), who studied Oli-
gochaeta inhabiting largely unpolluted watercourses
in Galicia (Spain) and Northern Portugal. Dumnicka
(1978), in her studies of Oligochaeta in the River Nida,
Poland, concluded that bottom type and current speed
as well as hardness or Ca>* and Mg?* content determ-
ine the composition of oligochaete communities.

With the exception of the species noted above,
naidids are distributed in streams with the lower con-
tent of organic matter and coarse substratum (Fig. 3),
which is typical for unpolluted waters. This group is
distributed both at low and high altitudes.

While oligochaete distribution in small streams
is determined by COD, water hardness (Martinez-
Ansemil & Collado, 1996) or current velocity (Dum-
nicka, 1978), substrate type seems to be the most im-
portant factor governing the presence of Oligochaeta
in large rivers (Sporka, 1998; Montanholi-Martins &
Takeda, 1999; Rempel et al., 2000). This could also be
influenced by the presence of a sufficient food supply.
The results of this study also suggest that oligochaetes,
a group which demonstrate a broad range of ecological
tolerance, are nonetheless more restricted at the family
level to certain types of environments.
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Abstract

Research was carried out to determine aquatic oligochaete habitat preferences in the Rokytna River (Thaya
River basin), a sixth order highland stream in the Czech Republic during the period of April 1999-April
2001. Quantitative samples were collected and current velocity and basic physico-chemical variables were
measured monthly in four typical habitats in the Rokytna River. During this study, 28, 842 individuals
representing 44 oligochaete species or higher taxa were collected. Temporal variability of proportional
occurrence of trophic groups found on selected habitats (gathering collectors and grazers) was analysed.
Habitat preferences of oligochacte species were evaluated by Canonical Correspondence Analysis
(CANOCO). Biochemical oxygen demand (BOD) and nitrate (NO3) ion concentration were the most
important variables explaining the distribution of Oligochaeta along the first axis. Current velocity (at 40%
of the depth) and presence of oligochaetes associated with the habitat where gravel bars never formed were
the most important variables along the second axis. Both axes were correlated with the temperature,
reflecting the sampling in summer along the first axis and sampling in late spring along the second axis. The
amount of organic matter (BOD) and concentrations of NOj3 ions represented both oligochaete food source
and decomposition products contributing to the growth of algae. Current velocity and preferred habitat
explained the spatial pattern of oligochaete distributions.

Introduction 1992; Martinez-Ansemil & Collado, 1996;

Verdonschot, 2001).

A wide range of environmental factors perma-
nently influences aquatic ecosystems. Major
physico-chemical factors are mostly defined by
geology, geomorphology, and climate, and aquatic
ecosystems can also be affected significantly by
human activity. The oligochaete community com-
position reflects the states and changes in these
variables. Even under natural conditions, a dy-
namic process of disturbance and change in the
community composition occurs continuously
(Hynes, 1970; Williams, 1980). The influence of
stream hydrology, and physical and chemical
factors on aquatic Oligochaeta (Annelida) have
been studied by many authors (e.g., Korn, 1963;
Dumnicka & Pasternak, 1978; Prenda & Gallardo,

A moderately polluted highland stream was
selected to study habitat preferences within the
aquatic oligochaete community. The first objective
was to follow the temporal variability of the
community composition over a 2-year study. Oli-
gochaete species were divided according to their
feeding habits (Moog, 1995) into two groups —
grazers and gathering collectors, and temporal
variability in their proportional occurrence was
evaluated. Such changes were followed separately
on four dominant habitats differing from hydro-
logical point of view.

The second objective was to evaluate, by means
of multivariate analysis, environmental variables
significant for the oligochaete distribution and



118

thus to establish if selected habitats play an
important role in oligochaete community compo-
sition.

Study area

The oligochaete fauna was studied in the Rokytna
River (Thaya River basin, Czech Republic), a sixth
order stream (Strahler, 1957). The Rokytna River
is 89.3 km long, with a catchment area of
585.4 km?% the mean annual discharge at the
mouth is 1.27 m® s™'. The present study was con-
ducted in a 60 m reach of the river, located at river
km 9, at an altitude of 220 m and a slope of
3.2mkm™".

The hydrology at the study reach is character-
ised by two (summer and winter) annual maximum
discharge levels: 1999 (14.6 and 6.0 m’s™'
respectively), 2000 (3.8 and 24.3 m®s™' respec-
tively), and 2001 (2.2 and 7.5 m® s™! respectively).
Highly variable discharges are often associated
with agricultural landscapes — the catchment area
is not able to absorb either summer rainstorms or
winter snow-melt. The substrate of the stream
within this study area consists of pebbles, gravel,
and small amount of sand. For the studied river
stretch, an alternating of the straight and meander
parts is typical.

On the gravel substratum, periphyton deve-
loped in spring, dominantly represented by Bacil-
lariophyceae (Marvan, 1998), but the character of
the river bottom did not enable a growth of macro-
phyta.

Materials and methods
Habitat types

Four major habitat types on two cross-sections
were sampled monthly, from April 1999 to April
2001. One sample was taken at cross-section A,
situated in the streamline. This part of the river
was chosen, as a representative of the natural
straight part of the river, where gravel bottom does
not form either gravel bars or islands. Three
samples were taken in a meander at cross-section B
to include all different habitats of this river stretch.
One in the littoral, drying up part (depositional

zone indicated as B littoral), one on the gravel bar
(indicated as B gravel bar) and one in streamline
(erosional zone: B streamline), respectively
(Fig. 1). Water depth, current velocity at the bot-
tom and at 40% of the depth characterised selected
habitats.

“Freeze core” method (Bretschko & Klements,
1986) down to the depth of 0.1 m on each of the
selected habitats was used for sediment structure
evaluation twice — in October 2000 and June 2001.
Detailed results of the sediment analysis including
organic matter content down to the 0.7 m depth
were published by Helesic et al. (2005). The sedi-
ment particles were sorted and percent represen-
tation of individual particle sizes was calculated.
The roughness of the substrate of each habitat was
expressed by the phi value (Cummins, 1962) for all
selected habitats as a weighted average of phi
values for each particle size. The smallest value
(—3.5) and hence the highest roughness was found
on B gravel bar, similar to that found on habitat A
streamline (—3.2), habitats B littoral and B
streamline had higher values (-2.4 and -2.5), all of
them in October 2000. The bottom roughness al-
most did not change on habitats A streamline
(—3.1), B gravel bar (—3.4) and B streamline (—2.6)
while in B littoral the bottom roughness increased
(—3.6) at the end of investigation in June 2001.
Due to possible habitat damage it was refrained
from more frequent sampling of the substratum.

Although the Rokytna River is quite a dynamic
stream, the substratum did not change within a
year except in one of the selected habitats. The
substrate data were not included in analyses be-
low, but were used to describe the characteristics
of studied habitats.

Environmental variables

The following physico-chemical variables were
recorded during each sampling period: water tem-
perature, hydrogen ion concentration (as pH),
dissolved oxygen, conductivity, current velocity at
40% of depth, current velocity at bottom, water
depth, biochemical oxygen demand (BOD), chemi-
cal oxygen demand (COD), ammonia and nitrate
nitrogen, and phosphate phosphorus (PO;"). The
values of physico-chemical variables measured
were very similar between habitats, however, the
current velocity differed considerably. Mean daily
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Figure 1. Cross-sections of habitats A and B on the Rokytna River, Czech Republic (5 April 2000), and the position of the sampling

points: A streamline, B littoral, gravel bar and streamline (arrows).

discharge values of the sampling dates were
obtained from the Czech Hydrometeorological
Institute (Table 1). One value per sampling date
was obtained, since the values did not differ among
studied habitats.

Oligochaeta

The macrozoobenthic populations were sampled
using a Kubi¢ek sampler (0.1 m? mesh size
0.5 mm) (Helan et al., 1973). Oligochaete speci-
mens were fixed in formalin (4%) in the field, and
sorted under the stereomicroscope in the labora-
tory. All oligochaete species were mounted in
Canada Balsam (Cranston, 1982) and determined
using keys by Hrabé (1954, 1981), Brinkhurst &
Jamieson (1971), Sperber (1950), Timm (1999) and
Kathman & Brinkhurst (1999). Identification of
Bythonomus lemani was confirmed by micro-
scopical examination of mounted specimens that
had been embedded in paraffin, sectioned longi-
tudinally, then stained in haematoxylin (Jirovec,
1958).

After the Oligochaeta were divided into trophic
groups (Moog, 1995), the temporal variability in
proportional occurrence of trophic groups found
(gathering collectors and grazers) and their
occurrence on selected habitats was evaluated.

Data processing

Habitat preferences of oligochacte trophic groups
on selected habitats were compared using the
Wilcoxon Matched pair test, because the measured
data did not have normal distributions (Kol-
mogorov—Smirnov test) and were dependent on
sampling date. The correlation of two trophic
groups and two environmental variables (tempe-
rature and daily discharge) were evaluated using
the Spearman rank correlation coefficient (Zar,
1984).

Faunistic and environmental data were analy-
sed by Canonical Correspondence Analysis
(CCA), CANOCO (Ter Braak & Schmilauer,
2002). This method permits the construction of
theoretical variables (ordination axes) that best fit
the species data according to a unimodal method
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Table 1. Minimum, maximum, mean and median values of environmental variables of the Rokytna River over the period April 1999—

April 2001
Variable Min. Max. Mean Median
Water temperature (°C) -0.2 19.4 11.0 13.0
pH 4.4 9.0 7.6 7.7
0, [mg 1™ 6.59 18.20 10.4 9.43
Conductivity [uS cm™] 453 725 615 615
Current velocity at bottom [m s™'] 0 0.87 0.34 0.30
Current velocity at 40% of depth [m s™'] 0 1.46 0.67 0.68
Mean daily discharge [m? s7'] 0.13 3.95 1.36 1.08
Depth [m] 0.10 0.47 0.22 0.20
BOD [mg O, 1] 1.9 15.8 5.4 45
COD [mg O, 1] 26.1 51.1 27.8 322
NO3 [mg 17" 12.0 57.5 27.8 20.0
NH, [mg 7] 0.25 1.10 0.60 0.60
PO3 [mg 1] 0.05 1.80 0.85 0.90

of ordination. In the canonical ordination these
axes are a linear combination of environmental
variables. The correlations between environmental
variables and the ordination axes are derived and
summarised in the eigenvalue of the ordination
axis. The result of CCA is a set of scores for both
sites and taxa, which can be presented as two-
dimensional ordination diagram where points
represent sites or taxa and lines outgoing from the
origin expresses environmental variables (Ter
Braak & Schmilauer, 2002). The length of the lines
represents the importance of the respective vari-
able.

The data were not transformed and species
were not down-weighted. The statistical signifi-
cance of the relationship between all species and
all variables was tested by Monte Carlo permuta-
tion test using 9999 permutations (Ter Braak &
Schmilauer, 2002).

Results

Oligochaeta

During this study, 28 842 individuals representing
36 species of the families Lumbriculidae, Naididae,

Tubificidae, and Lumbricidae were collected and
identified (Table 2). In addition, the family

Enchytraeidae was represented by unidentified
species in four genera. Psammoryctides barbatus
and Bothrioneurum vejdovskyanum (Tubificidae)
and Nais elinguis (Naididae) were the dominant
species.

Trophic groups

Most of the recorded species belong to two trophic
groups, gathering collectors and grazers. Species
with more trophic adaptations (Moog, 1995), the
dominant feeding habit was used for evaluating.
The third group, predators (only within the genus
Chaetogaster) represented only about 0.1% of the
total number of individuals and therefore was
omitted in the analyses. Though the proportion of
trophic groups (gathering collectors and grazers)
varied among habitats, these differences were
insignificant (p >0.05) (Wilcoxon Matched pair
test).

The occurrence of grazers was positively
correlated (Spearman rank correlation coefficient,
p<0.05) with the discharge and negatively with
temperature on habitat A streamline (Fig. 2a). The
grazers were also negatively correlated with tem-
perature habitat B streamline (Fig. 2b) and gath-
ering collectors were positively correlated with
temperature on habitat A streamline (Fig. 2c),
(Spearman rank correlation coefficient, p <0.05).
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Table 2. List of oligochaete taxa recorded, taxon code, frequency of occurrence, percentage of occurrence and trophic group (gat —
gathering collector, gra — grazer and pre — predator)

Taxon Abbreviation No. of individuals % Trophic group
Lumbricidae

Allolobophora chlorotica Savigny, 1826) Allo chl 28 0.10 gat
Eiseniella tetraedra (Savigny, 1826) Eise tet 26 0.09 gat
Enchytraeidae

Enchytraeus g. sp. div. Ench sp 64 0.22 gat
Fridericia g. sp. Div. Frid sp 54 0.19 gat
Cernosvitoviella g. sp. div. Cern sp 3 0.01 gat
Cognettia g. sp. div. Cogn sp 32 0.11 gat
Tubificidae

Aulodrilus pluriseta (Piguet, 1906) Aulo plu 2 0.01 gat
Bothrioneurum vejdovskyanum Stolc, 1886 Both vej 2604 9.03 gat
Limnodrilus claparedeanus Ratzel, 1868 Limn cla 3 0.01 gat
Limnodrilus hoffmeisteri Claparede, 1862 Limn hof 167 0.60 gat
Limnodrilus udekemianus Claparede, 1862 Limn ude 6 0.02 gat
Limnodrilus g. sp. div. juv. Limn sp 2292 7.95 gat
Moraviodrilus pygmaeus Hrabe, 1935 Mora pyg 386 1.34 gat
Potamothrix hammoniensis (Michaelsen, 1901) Pota ham 7 0.02 gat
Psammoryctides barbatus (Grube, 1861) Psam bar 5482 19.01 gat
Psammoryctides moravicus (Hrabe, 1934) Psam mor 5 0.02 gat
Rhyacodrilus coccineus (Vejdovsky, 1875) Rhya coc 41 0.14 gat
Rhyacodrilus falciformis Bretscher, 1901 Rhya fal 1395 4.84 gat
Rhyacodrilinae juv. with hair chaetae Rhya juv 1634 5.67 gat
Spirosperma ferox Eisen, 1879 Spir fer 1 0.003 gat
Tubifex tubifex (O. F. Miiller, 1774) Tubi tub 50 0.17 gat
Tubificidae juv. with hair chaetae Tubi juv 957 3.32 gat
Naididae

Chaetogaster diaphanus (Gruithuisen, 1828) Chae dip 21 0.07 pre
Chaetogaster diastrophus (Gruithuisen, 1828) Chae dis 7 0.02 pre, gat, gat
Nais alpina Sperber, 1948 Nais alp 461 1.60 gra, gat
Nais barbata O. F. Miiller, 1773 Nais bar 108 0.37 gra, gat
Nais bretscheri Michaelsen, 1899 Nais bre 857 2.97 gra, gat
Nais communis Piguet, 1906 Nais com 144 0.50 gra, gat
Nais elinguis O. F. Miiller, 1773 Nais eli 5580 19.34 gra, gat
Nais pardalis Piguet, 1906 Nais par 6 0.02 gra, gat
Nuais pseudobtusa Piguet, 1906 Nais pse 48 0.17 gra, gat
Nais simplex Piguet, 1906 Nais sim 20 0.07 gra, gat
Nuais variabilis Piguet 1906 Nais var 1 0.003 gra, gat
Ophidonais serpentina O. F. Miiller, 1773 Ophi ser 4 0.01 gra, gat
Pristina aequiseta Bourne, 1981 Pris aeq 56 0.19 gra, gat
Pristina bilobata (Bretscher, 1903) Pris bil 19 0.07 gra, gat
Pristina rosea (Piguet, 1906) Pris ros 323 1.12 gra, gat
Stylaria lacustris (Linnaeus, 1767) Styl lac 2 0.01 gra, gat
Vejdovskyella intermedia (Bretscher, 1896) Vejd int 22 0.08 gra, gat

Continued on p. 122
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Table 2. (Continued)

Taxon Abbreviation No. of individuals % Trophic group
Lumbriculidae

Bythonomus lemani (Grube, 1879) Byth lem 1401 4.86 gat
Lumbriculus variegatus O. F. Miiller, 1774 Lumb var 14 0.05 gat
Stylodrilus parvus (Hrabé & Cernosvitov, 1927) Styl par 813 2.82 gat

Stylodrilus heringianus Claparede, 1862 Styl her 49 0.17 gat

Stylodrilus g. sp. div. juv. Styl juv 3647 12.64 gat

Total 28 842 100.00

Habitat preferences

Canonical correspondence analysis (Fig. 3) was
used to extract species—environment relationships;
44 taxa and 13 environmental variables and 8
nominal variables in 84 samples were evaluated.
Four nominal variables represented selected habi-
tats — A streamline, B littoral, B gravel bar, and B
streamline, and four nominal variables represented
seasons — spring (March—April), spring/summer
(May—June), summer (July—August), and autumn/
winter (September—February). These sampling
periods correspond more closely with temporal
changes in oligochaete community composition
than the four ‘standard’ seasons (e.g., winter =21
December through 20 March). The statistical sig-
nificance of environmental variables was assessed
by Monte Carlo permutation test. Ranked from
the most to the least: BOD, temperature, habitat A
streamline, NO53, current velocity at 40%, habitat
B streamline, summer sampling and conductivity
were significant.

The eigenvalues for the four axes are 0.325,
0.171, 0.084, and 0.075, respectively. According to
the weighted correlation matrix, the first axis
(40.8% variance of the species—environment rela-
tion) is related to BOD (0.592) and NO3 (0.350)
and thus represents the food source (NOj3 as
indicator of a nutrient source for algae and dia-
toms). The second axis (21.6% of variance) is
correlated with current velocity at 40% of the
depth (0.400) and presence on habitat A streamline
(—0.408), explained spatial variability. Both axes
are negatively correlated with temperature
(—0.334, —0.396 respectively), which reflects the
summer sampling along the first axis (-0.518) and
the spring/summer sampling (—0.421) along the
second axis respectively (Fig. 3). The third
ordination axis (10.6% of variance) is positively

correlated with the presence of oligochaetes
on habitat B streamline (0.391), BOD (0.376),
temperature (0.360) and negatively with NO3
(—=0.401).

In the ordination diagram representatives of
the family Naididae were in right upper corner
showing development at lower temperatures, in
spring. Most of Tubificidae representatives were
negatively correlated with current velocity in 40%
of the depth and occurred on habitat A streamline.

Discussion

Most oligochaete species found in the Rokytna
River occurred within a wide range of environ-
mental conditions, demonstrating a large temporal
and spatial variability. Oligochaete composition
on four selected habitats did not differ significantly
when comparing proportion of two feeding
groups. We suggest that density changes of graz-
ers, which were negatively correlated with the
temperature and positively with discharge, were
directly caused by periphyton growth. The grazers
represented by members of the family Naididae
have maximal development in winter and spring
(Pfannkuche, 1981) when sufficient light enables
the development of periphyton, also gporka (1996)
have found that the abundance of the family
Naididae is dependent on the quantity of peri-
phyton. The positive correlation of gathering col-
lectors and the temperature again correspond with
availability of food sources. They reach maximal
densities in summer (Lazim & Learner, 1986),
when decaying organic matter is available. Most
significant relationships were associated with a
very stable habitat A; the fact that gravel bars
never form there enhance oligochaete growth.
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Figure 2. The temporal variability of grazers on habitat A streamline, positively correlated with the discharge and negatively with
temperature (a) The temporal variability of grazers on habitat B streamline, negatively correlated with temperature (b) The temporal
variability of gathering collectors on habitat A streamline, positively correlated with temperature (c) (Spearman rank correlation
coefficient, p <0.05).
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Figure 3. CCA diagram of the axis 1 and 2 of oligochaete taxa (for abbreviations see Table 2) in relation to environmental variables

(arrows), seasons (diamonds) and sampled habitats (points): A = A streamline, BL

streamline — recorded in the Rokytna River.

Variability of current velocities in different habi-
tats of cross-section B resulted in either the
movement of worms between habitats or their
downward burrowing into hyporheic layers.
Habitat preferences of various species were
evaluated using CANOCO. Oligochaete commu-
nity composition was dependent upon organic
matter input (BOD) and sources of inorganic ions
NO53 (aerobic degradation product and secondary
periphyton nutrient source) along the first axis.
The second axis was correlated with current
velocity and presence on habitat A streamline. The
most important variable determining oligochaete
community composition in habitats assessed dur-
ing this study was habitat A streamline in which
little if any shifting of substrate occurred — it of-
fered stable conditions for oligochaete occurrence,
especially permanent availability of organic matter
in substratum. Both axes, however, were also
correlated with temperature and seasons of

= B littoral, BG = B gravel bar, BS = B

sampling, thus representing temporal variability.
The values for chemical variables monitored dur-
ing this study indicate that the Rokytna River
varies from slightly to strongly polluted stream
within a year. Detecting the habitat preferences of
species in polluted waters is problematic. Some
authors (Dumnicka & Pasternak, 1978; Culp
et al., 1983; Prenda & Gallardo, 1992) showed that
certain oligochaete species were not habitat selec-
tive. In CCA analysis, two of the four selected
habitats (B littoral and B gravel bar) showed only
small reaction with the oligochaete distribution.
Although both were differing in environmental
conditions with respect to velocity and depth, the
oligochaete composition was quite similar there.
The position of these environmental variables is
similar in the diagram (Fig. 3), although they are
not correlated. CCA analysis showed that certain
habitats are vital for oligochaete occurrence
(habitat A streamline was the third most impor-



tant environmental variable); other variables were
less important. Results were significantly influ-
enced by temporal variability — oligochaete com-
munity composition differed both in time and in
space.

We conclude that, at least in the lower reaches
of a highland stream, habitats do not play as an
important role as has been demonstrated in high
order streams (Korn, 1963; Montanholi-Martins
& Takeda, 1999, 2001). Although some authors
(Montanholi-Martins & Takeda, 1999) applied a
very similar sampling scheme, they found spatial
distribution to prevail over the temporal one. Our
conclusions are similar to those of Verdonschot
(2001), who studied the influence of different
substrates in lowland rivers. There were no sig-
nificant relationships with the habitats if the most
of the study streams included them. According to
Verdonshot (2000) the disturbance caused by
agricultural activities in the catchment area can
cause that only ubiquists without habitat prefer-
ences settle the bottom. Most of the oligochacte
species show wide ecological valences and habitat
preferences are not significant when comparing
relatively close sampling points in streams partic-
ular in agricultural areas. Relatively natural
character of the stream is why we found two
(stable) habitats important for oligochaete occur-
rence. On the other hand, the impact of agriculture
causes extreme discharges and this promotes
ubiquist species whose community composition
and abundance, therefore, varies with time rather
than with habitat.
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Abstract: The seasonal dynamics of Bythonomus lemani (Lumbriculidae) were studied for the first time and the knowledge
of Bothrioneurum vejdovskyanum (Tubificidae) was extended based on four quantitative samples of oligochaetes taken
monthly in the Rokytna River (Czech Republic) during a two-year study (April 1999 — April 2001). The influence of water
temperature, velocity, depth, discharge, pH, conductivity, dissolved oxygen amount and biochemical oxygen demand (BOD)
on their life cycles was evaluated. Habitat preferences of the juvenile and adult stages were recorded. Time series analysis
was used to determine the worm densities, seasonality and trends. For Byth. lemani one distinct reproduction cycle per
year was found and this was regulated by temperature, while Both. vejdovskyanum showed a one-year cycle not significantly
dependent on measured environmental variables. The overall trend was an increase in density for Byth. lemani and a decrease
in density for Both. vejdovskyanum. Byth. lemani showed a significant negative correlation between the trend of its density
and BOD concentration.

Key words: Bythonomus lemani, Bothrioneurum vejdovskaynum, aquatic Oligochaeta, seasonal dynamics, time series

analysis.

Introduction

The knowledge on the seasonal population dynamics
of certain aquatic oligochaetes is limited. As early as
in the first half of the last century, HRABE (1935a,
b) studied the reproduction of Bothrioneurum wvej-
dovskyanum Stolc, 1888 (Tubificidae) and described
its asexual reproduction, at that time not known
in any representative of this family. BRINKHURST &
KENNEDY studied other tubificid species in the second
half of the last century (BRINKHURST & KENNEDY,
1965; BRINKHURST, 1966; KENNEDY, 1966). The best
known are the life cycles of Tubifexr tubifex (Miiller,
1774), Limnodrilus hoffmeisteri Claparéde, 1862 and L.
udekemianus Clapareéde, 1862 (LADLE, 1971; BoNoMI,
1979, 1980; PFANNKUCHE, 1981; LAZzIM & LEARNER,
1986; LaziM et al., 1989) because of their high abun-
dance in polluted waters. Other species of this fam-
ily which have been studied include Potamothriz ham-
moniensis (Michaelsen, 1901) (THORHAUGE, 1976; Ris-
NOVEANU & VADINEANU, 2002), Psammoryctides bar-
batus (Grube, 1861) and Spirosperma ferox Eisen, 1879
(ADREANI et al., 1984).

Freshwater species of the family Lumbriculidae and
Propappidae represented by Stylodrilus heringianus

(©2006 Institute of Zoology, Slovak Academy of Sciences

Claparede, 1862, S. parvus (Hrabs-Cernosvitov, 1927)
and Propappus volki Michaelsen, 1916 were studied
by DuMNICKA & KUKULA (1990) and PETTO &
HUMPESCH (1992). Some species from the family Nai-
didae were also studied (e.g., LEARNER et al., 1978;
DUMNICKA, 1982).

Recently there has been a shift from studies fol-
lowing only changes in the numbers of worms to more
sophisticated techniques such as modelling of seasonal
dynamics. In this study we aim to evaluate the seasonal
dynamics of Bythonomus lemani (Grube, 1879) (Lum-
briculidae) and Bothrioneurum vejdovskyanum (Tubi-
ficidae) because they are very rare and rare species,
respectively, in the Czech Republic and information
about their natural reproduction strategy is scarce (es-
pecially for Byth. lemani). Distribution of the Palaearc-
tic species Byth. lemani covers S and C Europe and
the study area lies on its northern margin. The con-
servation of this rare species requires more knowledge
about its ecological demands. Whereas some authors
(BRINKHURST, 1978; HRABE, 1981) considered Byth.
lemani to be a stagnant water (lakes) species, others
(RODRIGUEZ & ARMAS, 1983) considered it an inhabi-
tant of running waters; certain authors have considered
it as a species of oligosaprobic waters (UZUNOV et al.,
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1988). The second species, Both. vejdovskyanum, with
a cosmopolitan distribution, is remarkable for its repro-
duction by architomy (fission followed by development
of the rest of the body), which is quite rare in the Tubi-
ficidae family.

The species studied represent two different forms
of life strategies, for Byth. lemani sexual reproduction is
typical, while Both. vejdovskyanum reproduces by the
above mentioned architomy. The aim of our study was
to describe and compare their life cycles, to evaluate
which environmental variable(s) regulate them and to
find habitat preferences of juvenile and adult stages of
Byth. lemani.

Material and methods

Study area and sampling
The sixth order Rokytnd River (the Thaya River Basin,
Czech Republic), which is influenced relatively little by hu-
man impact, was chosen for this study. The sampling site
was situated on the ninth river km near Moravsky Krumlov
(49°03' N, 16°19’ E), with 3.2% slope at 220 m a.s.l. (Fig. 1).
The river bottom mainly consisted of small pebbles, gravel,
sand and, locally, silt. During late winter and in spring pe-
riphytic algae covered the substratum; from the beginning
of May the river channel was shaded and water showed high
turbidity.

Oligochaetes were sampled along two cross-sections (A
and B) across a 60 m long river reach. Cross-section A was a
straight part of the channel, while B was a meandering one;
they differed from one another in the variability of their
width during the year (Tab. 1). Four typical habitats were
sampled at the same time, one on cross-section A and three
on B (Fig. 1). The habitat on cross-section A was located in
the middle of the channel, where small pebbles (20-40 mm)
comprised 40% of bottom substratum and gravel bars did
not form there. This is hereafter referred to as ‘streamline
A’. The habitats on cross-section B were: ‘littoral’, located
close to the right bank of an inner river bend, ‘gravel bar’,
located in the middle of the channel and ‘streamline B’, on
the left side with the strongest water current up to 1.46 [m
s !] and the most coarse substratum. Small pebbles (20—
40 mm) formed on cross-section B: 13%, 12% and 17% of
the bottom substrata of littoral, gravel bar and streamline
habitats, respectively. The river channel in cross-section A
remained stable during the two-years sampling period, but
on cross-section B the substratum was continually shifting,
although the general shape of the river channel and char-
acter of the three studied habitats remained approximately
the same.

Oligochaceta

Oligochaeta were sampled monthly from April 1999 to
April 2001 within each habitat except in winter, when
two monthly sampling was used. Quantitative samples were
taken using a Kubi¢ek’s sampler (HELAN et al., 1973) (mesh
size 0.5 mm) from a triangular area of 0.1 m?. Sampled an-
imals were stored in 4% formalin in the field and sorted in
the laboratory. Oligochaeta were identified to species level
using the keys of HRABE (1954, 1981). The specific identi-
fication of Byth. lemani was tested using cross sectioning.
Abundance of juvenile and adult individuals of Byth. lemani

J. SCHENKOVA et al.

Fig. 1. Map showing the study site and selected river stretch with
the sampling points. AS — streamline; BL — littoral; BG — gravel
bar; BS — streamline.

and Both. vejdovskyanum were counted. Identification of ju-
venile Byth. lemani was possible because they were the only
lumbriculids with simple pointed setae present in the area.

Environmental characteristics

On each sampling date one sample of water for chemical
analysis was taken on cross-section A and biochemical oxy-
gen demand (BOD) was evaluated in the laboratory. Con-
sidering the dimensions of the river, values of BOD on cross-
section B were considered the same as from A. The water
temperature, velocity at 40% of the depth and velocity close
to the bottom, depth, pH, conductivity and dissolved oxy-
gen were measured at each of the four habitats. Mean daily
discharges were obtained from the hydrological station sit-
uated 6 km downstream from the sampling site.

Statistical analysis

The presence of species in different parts of the stream and
differences in their abundance were evaluated using x? test
with a null hypothesis of equal distribution of worms among
habitats. The proportion of adults and juveniles of Byth. le-
mani was determined by contingency table analysis. Propor-
tions of their densities were weighted by the total number
of worms.

Time series analysis was used to evaluate trends in
worm abundance, based on the mean of worm densities and
the means of abiotic parameters. Twenty-five dates were
used in the time series of species density analysis; 21 sam-
pling events and four missing values (taking into account
two monthly samplings in winter) estimated from adjacent
points in the time period. Data were log transformed. Mov-
ing average smoothing (3 numbers) was applied for visual-
ization of the time series.

The time series analysis enables division of the total
trend in oligochaete densities into two components: ‘smooth’
— representing a particular trend (increasing/decreasing)
during the whole sampling period and ‘cyclic’ — following



Seasonal dynamics of Bythonomus lemani and Bothrioneurum vejdovskyanum 519
Table 1. Physico-chemical characteristic of the selected sites, cross-sections A and B and habitats AS, BS, BG and BL.
A B
Cross-section
Mean Min.—Max. Mean Min.—Max.
Width (m) 10.35 9.56-14.42 13.02 9.06-18.14
AS BS BG BL

Habitat

Mean Min.-Max. Mean Min.-Max. Mean Min.-Max. Mean Min.-Max.
Temperature (°C) 11.0 —0.1-19.4 11.0 —0.2-19.4 11.0 —0.2-19.4 11.0 —0.2-17.6
pH 7.5 4.4-9.0 7.7 5.9-9.0 7.6 5.9-8.8 7.5 5.9-8.3
Dissolved Oz (mg L—1) 10.2 6.9-12.4 10.6 7.3-17.5 10.3 7.3-14.2 10.4 7.3-14.2
Conductivity (uS cm—1) 620 468-700 617 479-725 612 536-725 612 536-725
Velocity close to the bottom (m s~1) 0.36 0.16-0.64 0.37 0.13-0.92 0.29 0-0.98 0.35 0.0-0.76
40% velocity (m s—1) 0.70 0.29-1.10 0.84 0.53-1.46 0.57 0.11-0.94 0.55 0.03-1.35
Depth (m) 0.26 0.11-0.47 0.27 0.11-0.42 0.16 0.02-0.36 0.20 0.06-0.38

Mean Min.—Max.

BOD (mg L—1) 5.4 1.9-15.8
COD (mg L~1) 27.8 26.1-51.1
NO; (mg L1 27.9 12.0-57.5
NH§+ (mg L—1) 0.60 0.25-1.10
POj; (mg LY 0.85 0.05-1.80
Discharge (m? s—1) 1.36 0.13-3.95

regularly repeating changes in densities over the course of
time. The smooth component of time series was evaluated by
Daniel’s test (DANIELS, 1950) which in fact is the Spearman
rank correlation between oligochaete densities and their
rank in the time series. For the subsequent analysis of cyclic
component of the time series, the time series was detrended
(i-e., the smooth component was removed) by linear regres-
sion. The cyclic component was computed by two methods;
(i) autocorrelation of abundances and (ii) spectral analysis
of seasonality.

Relationships between abundances and abiotic param-
eters were computed by cross-correlation (i.e., correlation
of densities with values of environmental variables shifted
in time) and the lag between them was evaluated (BOX &
JENKINS, 1970). The Spearman rank correlation coeflicient
was used also to compare trends between species densities
and environmental parameters.

The analyses were performed using Statistica 7 for
Windows (STATSOFT, 2004).

Results

Environmental variables

Seasonal changes of physico-chemical variables in the
studied river stretch over two years were recorded
(Tab. 1). All values were calculated from the same num-
ber of measurements (n = 21). In the highland river wa-
ter quality became near oligosaprobity during the win-
ter, while in the summer sufficient autochthonous and
allochthonous organic matter sources created a status
close to -mesosaprobity (CSN 75 7358, 1997).

Oligochaeta
Of the total number of 28,842 oligochaetes (36 species),

100 pm

A

Fig. 2. Bythonomus lemani. Schematic drawing of reproductive
organs, IX, X, XI segment, lateral view: at — atrium; ff — female
funnel; ov — ovarium; pe — penis; pr — prostate gland; sf — sperm
funnel; sp — spermatheca; te — testes; vd — vas deferens.

900 juvenile and 506 adult individuals of Byth. lemani
and 2,590 juvenile and 14 adult individuals of Both.
vejdovskyanum were found. In Byth. lemani, the follow-
ing identification characters were revealed: the clitel-
lum began in the half of segment IX and extended
into segment XIII, the paired mushroom-like spermate-
cae were situated in segment IX, two pairs of testes
were in the IX and X segment, atria entered into small
penes in segment X (Fig. 2). Adults of Byth. lemani
were observed throughout the year. Adults of Both. vej-
dovskyanum occurred only rarely because of asexual re-
production, with seven individuals found in May 1999,
four in May 2001 and three in June 2001. Mean density
of Byth. lemani was 220 ind. m~2 while that of Both.

vejdovskyanum was 370 ind. m—2.
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Fig. 3. Bythonomus lemani. Seasonal changes in densities of juvenile and adult individuals in four selected habitats.
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Fig. 4. Bothrioneurum vejdovskyanum. Seasonal changes in densities

Habitat preferences

Numbers of Byth. lemani differed between the four
habitats (Fig. 3) whereas habitat preference was less
marked for Both. vejdovskyanum (Fig. 4). Significant
inter-habitat differences were found for both Byth. le-
mani, (P < 0.01; x? = 598; df = 3) and Both. vej-
dovskyanum, (P < 0.01; x? = 454; df = 3). Byth. le-
mans preferred stream line B, a dynamic stretch of the
river with the fastest current (mean water velocity at of

99

VI 99
1X. 99
Xll: 99

1. 00
V.00
VII. 00
1X. 00 -
XiIl. 00
.ot 4

in four selected habitats.

depth 40% was 0.84 m s—1). Both. vejdovskyanum pre-
ferred stream line A, a relatively straight and shallow
river stretch with less fluctuating water level, with no
shifting of substratum (mean water velocity at of depth
40% was 0.70 m s~ 1).

Significant differences in densities of adult and ju-
venile Byth. lemani were found among habitats (2
24.5, P < 0.01). The adults predominated in the habi-
tat stream line A while juveniles were mostly in littoral
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Fig. 5. Time series of Bythonomus lemani and Bothrioneurum vejdovskyanum based on mean densities, moving average smoothing
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Fig. 6. Peridiograms of Bythonomus lemani and Bothrioneurum vejdovskyanum after extraction of smooth component.

of B. In habitat B stream line, the one generally pre-
ferred by this species, the ratio of adults to juveniles
was balanced.

Time series analysis

The evaluation of smooth components showed signif-
icant trends for both species (Fig. 5). The density of
Byth. lemani was increasing with Daniel’s test value
0.51 (P = 0.017), while that of Both. vejdovskyanum
was decreasing with Daniel’s test value 0.54 (P =
0.011). None of the selected environmental variables
showed a significant trend (using Daniel’s test).

The evaluation of cyclic components using autocor-
relation showed certain cyclic trends, but they were in-
significant. Peridiograms showed one distinct cycle per
year in both species (Fig. 6).

The cross-correlations for the density of Byth. le-
mani and Both. vejdovskyanum and environmental vari-
ables showed significant positive cross-correlation of
Byth. lemani with water temperature (two-month lag).
No other significant relationships between either species
or environmental parameters were found. Comparison
of trends of species densities and environmental param-
eters revealed some significant trends; a negative cor-
relation between abundance of Byth. lemani and BOD
(rs = 0.59; P < 0.05).

Discussion

Although Oligochaeta are generally considered as ubi-
quists that live in various habitats, significant habitat
preferences were found in the two selected species. Byth.
lemani preferred sites with the highest water velocity
(0.53-1.46 m s~1), hence we can confirm it as a running
water species (RODRIGUEZ & ARMAS, 1983) requiring
a sufficient level of dissolved oxygen. Other habitats
were colonised with significantly lower densities — the
straight part of the stream was preferred by adults, the
littoral by juveniles. The arrangement of sexual organs
in this species corresponds to that found by RODRIGUEZ
(1988), but we did not record prostate cells in discrete
masses as stated by BRINKHURST & JAMIESON (1971).

Both. vejdovskyanum as a typical tubificid inhab-
ited the straight part of the stream, the substratum of
which did not shift for most of the year. This distribu-
tion decreased the competition between Byth. lemani
and Both. vejdovskyanum, which were the dominant
species at this site.

Based on worm densities in the Rokytna River dur-
ing a two-year study, a model of the reproductive cycle
of Byth. lemani was created. The spectral analysis was
computed and its peridiogram showed one distinct re-
production cycle per year. Although some adults were



522

present throughout the year, main breeding activity
started in April. The correlation with water temper-
ature indicates that increasing temperature in March
may have triggered the development of sexual organs
and the subsequent copulation of worms. Increasing
abundances of juveniles between August and Novem-
ber indicates that worms were hatching from cocoons
at that time. The juvenile oligochaetes had probably
grown during the winter months and matured during
the spring or summer of the next year. Such a life cycle
is comparable with that of another lumbriculid, Stylo-
drilus heringianus (PETTO & HUMPESCH, 1992). These
authors also found a one-year cycle and significant cor-
relation with water temperature. A similar one-year life
cycle was recorded for S. parvus, with numerous adults
in May and the highest percentage of juveniles in Oc-
tober (DUMNICKA & KUKULA, 1990).

The significant negative correlation of Byth. lemani
densities and BOD values can be explained by ecolog-
ical adaptation of this species to changing conditions
within the stream. According to UZUNOV et al. (1988),
it is an oligo- (80%) or B-mesosaprobic (20%) water
species preferring a small amount of organic pollution
in water. During the part of the year when concentra-
tions of the dissolved organic matter are highest, most
adults die after deposition of cocoons and the devel-
opment of juveniles inside the cocoons takes place. Ju-
veniles’ hatching and growth start in the autumn af-
ter BOD values have decreased. The total trend show-
ing an increase in the abundance of the oligosaprobic
water species Byth. lemani and a decrease in the -
mesosaprobic species Both. vejdovskyanum (UZUNOV et
al., 1988) probably reflected overall changes in water
quality at the site. Our data, however, are insufficient
to specify the impact of particular environmental vari-
ables.

The reproductive strategy of Both. vejdovskyanum
(Tubificidae) is different. The species reproduces by ar-
chitomy, and adults are found only sporadically. Our
peridiogram showed a one-year developmental cycle.
These results can be compared with a one year study
by HRABE (1935a, b) who found worms, with up to 140
segments in winter, whose fission started in the sec-
ond half of April, continued during summer, declined
in autumn and completely stopped in winter. Similarly,
in laboratory experiments, Both. vejdovskyanum repro-
duce by fragmentation without any marks of degenera-
tion for several years (T1mMM, 1984).

When looking at the asexual reproduction of the
Naididae family, we can find the numbers increasing
with temperature in the genus Nais (e.g., PODDUB-
NAYA, 1968; PFANNKUCHE, 1981; DUMNICKA, 1982),
except for Nais elinguis Miller, 1773 (LEARNER et al.,
1978). No periodic cycle as a result of asexual repro-
duction was found in the genus Chaetogaster (PETTO
& HUMPESCH, 1992).

We can conclude that the life history of the sexu-
ally reproducing lumbriculid Byth. lemani consists of a

J. SCHENKOVA et al.

one-year reproduction cycle regulated by temperature;
further knowledge of its seasonal dynamics could be ob-
tained by sampling the smallest juveniles and cocoons.
Under the same conditions asexual reproduction of the
tubificid Both. vejdovskyanum was not affected by tem-
perature, although it also showed a one-year reproduc-
tion cycle. For this species, a longer study period in the
field will be necessary to find out which environmental
parameter(s) regulate reproduction.
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The distribution of chironomid larvae and oligochaetes
within a stony-bottomed river stretch:
the role of substrate and hydraulic characteristics

Vit Syrovatka*, Jana Schenkova and Karel Brabec'
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Abstract: The taxonomic and functional structure of oligochaete and chironomid communities in a stony-bottomed
river reach was investigated with respect to substrate and hydraulic conditions. Combined oligochaete and chirono-
mid data were analyzed to search for main gradients and the separate data sets were analyzed to identify the most
important variables determining the structure of the communities. Preferences for particular hydraulic conditions,
expressed as Froude number, were calculated for 29 most abundant taxa. The results of Correspondence Analysis
(CA) indicated that the main gradient in the data could be explained by hydraulic conditions and, inversely, by the
amount of sedimented particulate organic matter (POM). The second CA axis probably reflected the quantity of the
available food and space resources. Canonical Correspondence Analysis (CCA) showed the amount of sedimented
POM as the most important variable explaining 21 and 24 % of the variance in the oligochaete and chironomid data,
respectively. Among the other variables, the occurrence of aquatic vegetation, variability of near-bottom current
velocity and substrate roughness were the most important. In the case of chironomids, the proportions of functional
feeding strategies changed along the gradient of hydraulic conditions: the proportions of predators, active filter-
feeders and collectors/gatherers decreased with the increasing hydraulic stress, while the proportion of grazers/
scrapers increased. Nevertheless, in the case of oligochaetes, the proportions of functional feeding strategies did
not follow the gradient of hydraulic conditions. Although the total abundance of both oligochaetes and chironomids
was independent of hydraulic conditions, only few oligochaete taxa were able to succeed in hydraulically rough
conditions and most oligochaete taxa were found only in pools. On the other hand, chironomids showed high taxa
richness, which seemed to be limited by the quantity of the available food and space resources rather than hydraulic
stress.

Key words: chironomidae, oligochaeta, distribution, substrate, hydraulic conditions, stream.

Introduction

Hydromorphological features of rivers reflecting long-
term climatic and geomorphological processes are be-
ing influenced by anthropogenic impacts and global
changes. The knowledge of distributional patterns of
river biota and its habitat preferences is fundamental
to effective assessment of possible effects of climate
fluctuations and/or anthropogenic impacts on fluvial
ecosystems. In this respect, the following paper aims

to contribute to the knowledge of aquatic macroinver-
tebrate distributional patterns.

Physical factors, food availability and biological
interactions are generally proposed as determinants
of spatial variation in the stream community structure
(e.g. Hynes 1970, Cummins et al. 1984, Statzner et
al. 1988). At a larger scale (e.g. catchment) the main
changes in the benthic macroinvertebrate community
structure are usually found along the longitudinal gra-
dient from source to mouth of a stream and the influ-
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ence of particular physical and chemical factors is dif-
ficult to separate because all the factors usually change
along with the distance from the source (Lindegaard &
Brodersen 1995).

At a finer scale (mesohabitat — sensu Armitage et
al. 1995) hydraulic and substrate conditions are the
major factors influencing the benthic macroinverte-
brate community structure. These factors are highly
interrelated and each in part depends on the other. The
substrate grain size is determined by past and present
flows (Leopold 1994, Allan 1995) and the grain size
determines surface roughness which, in turn, creates
fine-scale patterns of near-bed flow that influence or-
ganic matter retention and the distribution of benthic
organisms (e.g. Culp et al. 1983, Quinn et al. 1996,
Bouckaert & Davis 1998, Hoover et al. 2006). Some
studies emphasize the importance of substrate — es-
pecially its organic components — in determining the
density, taxa richness, and overall structure of benthic
invertebrate community (Ward 1975, Death & Winter-
bourn 1994, Way et al. 1995, Beisel et al. 1998, Hab-
dija et al. 2004, Ortiz et al. 2006) but most of the recent
studies are in agreement that the hydraulic conditions
play the major role (Quinn & Hickey 1994, Rempel et
al. 2000, Doisy & Rabeni 2001, Mérigoux & Dolédec
2004, Brooks et al. 2005).

The mean flow velocity is not an adequate descrip-
tor of the flow conditions. Therefore, some complex
hydraulic parameters incorporating the velocity, depth
and eventually substrate characteristics were proposed
(Davis & Barmuta 1989). These hydraulic parameters
(e.g. Froude number, boundary Reynolds number,
roughness shear velocity) have proved to be better pre-
dictors of the benthic invertebrate community struc-
ture than the measured current velocity not only in
cases when the substrate roughness and depth varied
within the studied locality (e.g. Qiunn & Hickey 1994,
Doisy & Rabeni 2001, Fesl 2002, Mérigoux & Dolé-
dec 2004, Brooks et al. 2005). Moreover, easily acces-
sible Froude number (incorporates only the velocity,
depth and acceleration due to gravity) was found to
be strongly related to invertebrate abundance in many
other studies (e.g. Orth & Maughan 1983, Wetmore
et al. 1990, Jowett et al. 1991, Benbow et al. 1997).
Froude number was also identified as a good hydraulic
parameter for objective identification of pool, run, and
riffle habitats (Jowet 1993).

Oligochaeta (sensu oligochaetous Clitellata; Erséus
2005) and chironomid larvae often comprise a large
proportion of benthic macroinvertebrate communities
but due to their small body size and difficulties associ-
ated with their identification, their habitat preferences

and distributional patterns at the mesohabitat scale are
not well known. For chironomid larvae only the works
of Ruse (1994) and Fesl (2002) deal with the spatial
distribution with regard to hydraulic conditions, and
some other studies focus on the preferences of particu-
lar species to particular hydraulic conditions (Collier
1993, Benbow et al. 1997). Only few studies bring any
information about meso- or microhabitat preferences
of oligochaete taxa (Verdonschot 1999, 2001).

Oligochaetes and chironomid larvae differ in many
ways (their physique, life cycle, reproduction), but
they are similar in their relatively small, prolonged and
flexible body. Their body proportions together with the
locomotion type — sprawling/walking, and the absence
of legs enable them to inhabit bed sediments into no-
table depths (Schmid 1993, Rulik 1995). Some taxa of
both groups are able to survive in low-oxygen to anoxic
conditions. Collecting/gathering and grazing/scraping
predominate within these groups, though they differ in
feeding mechanisms: contrary to the oligochaetes, chi-
ronomids use chitinous mouthparts such as mandibles
and mentum to graze. Moreover, some chironomid lar-
vae can utilize particulate organic matter (POM) using
active or passive filtration which is very rare within the
oligochaetes (Learner et al. 1978).

In this study, spatial distribution of oligochaetes
and chironomid larvae at the mesohabitat scale was
investigated. The two groups were chosen because of
their high abundance in benthic stream communities
and their ecological similarity. Sampling was carried
out simultaneously at a single river reach which ena-
bled elimination of temporal variability and of factors
associated with the longitudinal stream zonation.

The objectives were to 1) determine the main gra-
dients in the structure of oligochaete and chironomid
communities, ii) identify the most important factors
influencing the taxonomic structure of these communi-
ties, iii) identify oligochaete and chironomid commu-
nity types and relate them to particular environmental
conditions, and iv) determine habitat preferences of
frequent taxa.

Study site

The Svratka River (Czech Republic) is a rather stable
simple channelled stream, which drains the Czech-
Moravian Highlands with siliceous bedrock. The catch-
ment area of about 354 km” is dominated by conifer-
ous forests (42 %) and arable land (32 %), followed
by agricultural areas with significant areas of natural
vegetation (14 %), pastures (6 %), urban fabric (3 %)
and transitional woodlands-shrubs (2 %). Mean annual
rainfall in the catchment is about 746 mm year™.
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The samples were taken from an approx. 300 m
long reach located in the Czech-Moravian Highlands,
480 m above sea level (49°36" 51” N, 16° 13’ 59” E).
The Svratka is a mid-sized river of the 5th Strahler’s
order at this site. The mean slope of the sampled reach
is 0.28 % and the mean channel width is 12.5 m. Both
river banks are bordered by willows and shrubs that
pass further to a coniferous forest on the left and arable
land on the right side. The median annual discharge in
2002 was 1.9 m* s (10% and 90 % quantiles were
1.1m’ s and 8.2m’ s, respectively). The mean an-
nual water temperature in 2002 was 6.9 °C with the
summer maximum of 20.2 °C.

On the sampling date, water conductivity 164 pS
cm™ and pH 7.36 were recorded. The stream-bed
substrate was dominated by cobbles (mesolithal) but
ranged from sand (psammal) to boulders (macrolith-
al). The mineral substrate was covered with fine par-
ticulate organic matter (FPOM) in the deposition areas
with low current, where also patches of leaf accumula-
tion occurred. Living parts of terrestrial plants (grass
leaves, roots) were observed at the margins. Patches
of aquatic mosses (Fontinalis antipyretica Hedw. and
Hygrohypnum ochraceum (Turn. ex Wils.) Loeske)
and Ranunculus sp. were recorded in the streamline
and the “bare” mineral substrate was usually over-
grown with diatoms.

Methods

Sampling and physical measurements

The sampling was carried out on one occasion (3—4 October
2002) during stable and low flow conditions (1.25m? s™). The
closest high flow event was recorded 50 days before sampling,
which ought to be sufficient time for stream recovery and rec-
olonization of habitats.

Mesohabitats (visually distinct areas) were initially visu-
ally assessed according to surface flow characteristics, current
velocity, depth and substrate, and their proportions within the
studied river reach were estimated (= 5 %). In total, 27 sam-
ples were taken. Twenty macroinvertebrate sampling points
were distributed among the mesohabitats proportionally to their
share (one sampling point was assigned for each 5% of the
river reach). Within each mesohabitat the sampling points were
randomly positioned. Additional 7 macroinvertebrate sampling
points were randomly positioned at mesohabitats represented
by less than 5 % in order to collect samples from the majority of
hydraulic conditions available throughout the study site.

A short underwater video sequence was taken prior to sam-
pling at each sampling point. It was used to estimate the amount
of organic matter at the sampling points. The dominant and
subdominant substrate was visually classified into categories
according to Hering et al. (2004) and the presence of aquatic
vegetation at the sampling point was recorded. The depth was
measured using a simple mechanic device (Fig.la,b) at 25

points arranged in a matrix of 5 by 5 points with 5 cm distance
intervals. Although this procedure was very fast (a few seconds)
it might have disturbed the benthic organisms. A sampling net
was therefore placed downstream the investigated area before
the depth measurements, and the sample was taken immedi-
ately afterwards.

Samples were taken using a hand net (mesh size 250 um)
from an area of 0.0625m? (25 x25cm) where the depth was
measured. During sampling the substrate was disturbed by
hands into the depth of approx. 5cm. Samples were preserved
in 4 % formaldehyde solution.

Current velocity was measured after the sampling (portable
water flow meter, The Marsh-McBirney Model 2000 Flow-
Mate) in 4 depths (2 cm from the bottom and in 0.2, 0.4 and 0.8
depth from the bottom) at 5 points distributed along the right
and upper edge of the disturbed sampled area.

Water temperature and discharge data were obtained from
the nearest gauge station (Dale¢in, approx. 3 km downstream).
There are no major tributaries between the gauge station and
the study site.

Laboratory procedure

The samples were sorted under dissecting microscope in the
laboratory. All the macroinvertebrates were picked up and
stored in 75 % ethanol. Only oligochaetes and chironomid
larvae were identified under microscope and counted for this
study. Small oligochaete specimens (genera Nais and Pristina)
were slide-mounted in the glycerine-water solution (1:5), larger
oligochaetes and all chironomid head capsules in the Canada
balsam. Oligochaetes were identified according to Hrabé (1954,
1981), Brinkhurst & Jamieson (1971), Timm (1999) and Timm
& Veldhijzen van Zanten (2002) and chironomid larvae accord-
ing to Cranston (1982), Fittkau & Roback (1983), Nocentini
(1985) and Schmid (1992).

Calculated and estimated environmental
parameters

For the data analyses averages of the five measured values of
the current velocity for each depth were calculated and their
standard deviations were used as a measure of the current ve-
locity variability in particular depths. Depth was calculated as
the median value of the 25 measured depths.

A smooth inclined plane may provide high substrate rough-
ness if calculated as an ordinary standard deviation of the meas-
ured depths. Therefore, a plane was fitted linearly through the
25 measured depths (arranged in the matrix of 5 x5 points) and
the residues of the measured depths from the plane were calcu-
lated. The standard deviation of these residues was used as the
measure of substrate roughness within each sampling area.

The amount of particulate organic matter (POM) was esti-
mated using the underwater video sequences. Values 0-3 were
assigned to each sampling area according to the quantity of vis-
ible POM (0 — no visible sedimented organic particles (usually
riffles), 1 — some sedimented organic particles present, 2 — fine
organic particles covering most of the mineral substrate, and
3 — the substrate composed mainly of organic parts).

Substrate types were coded according to the estimated par-
ticle size of the dominant mineral substrates. Values 0—-6 were
assigned for each substrate type: organic substrate (0), psammal
(1), akal (2), microlithal (3), mesolithal (4), macrolithal (5) and
megalithal (6). For the description and the particle size of the
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Fig. 1. The device used for substrate roughness measurements. Two plastic boards are perforated in the middle (25 holes, @ 11 mm)
and fitted in the metal frame equipped with four adjustable legs. 25 aluminium tubes (@ 10 mm) go through the holes in both boards
and are blocked on the upper board’s surface by two 300 mm long L-shaped aluminium sticks tight together with two rubber bands.
A 5 mm thick cellular plastic strip is glued to the inner surface of each aluminium stick to adhere better to the surface of the tubes.
Each pair of the aluminium sticks operates 5 tubes. After the positioning of the device at the sampled area, the boards were set
horizontally using the adjustable legs. Then the pairs of the aluminium sticks were pulled apart, so that the tubes could slide down
to the stream-bed. The aluminium sticks were then released again and locked the tubes in their position. As soon as all the tubes
were locked, the whole device was removed from the stream and the tubes were measured on the bank. a) the whole device; b) a

detail of the aluminium sticks in the open position.

substrate types see Hering et al. (2004). Hydraulic parameters
that were calculated included:

Froude number (Fr) = U/(gD)"?

Reynolds number (Re) = (UD)/v

roughness shear velocity (U.) = U/ (5.75 log,,(12 D/k,))
inferred boundary Reynolds number (Re.) = (U. k,)/v

where D = depth, g = acceleration due to gravity, k, = substrate
roughness, U = current velocity at 0.4 depth and v = kinematic
viscosity of water (1.394 x 10° m* s~ at 7.8 °C). All the meas-
ured and calculated environmental variables and their ranges
are listed in Table 1.

Community parameters

As the measure of the oligochaete and chironomid diversity,
number of taxa standardized according to Heck et al. (1975) to
50 individuals of each taxonomic group per sample was used. If
there were fewer individuals in a sample, the taxa richness was
not calculated and the sample was omitted.

The proportions of particular feeding strategies within
samples (further in text as proportions of collectors/gatherers,
predators etc.) were calculated using species traits characteris-
tics listed in the autecological database used in software AS-
TERICS (AQEM consortium 2002; see also www.agem.de and
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Table 1. Ranges of measured and calculated environmental variables.

Variable Abbreviation Range of values
Water depth (cm) depth 12.4-50.1
Substrate roughness (SD of 25 water depths) roughness 0.66-5.77
Current velocity in 2 cm from the bottom (cm s™) cur_2 0.0-54.8
Current velocity in 0.2 depth from the bottom (cm s™) cur_0.2 0.2-65.2
Current velocity in 0.4 depth from the bottom (cm s™") cur_0.4 0.2-95.8
Current velocity in 0.8 depth from the bottom (cm s™) cur_0.8 3.2-132.0
Variability of current velocity in 2 cm (SD) SDvel2 cm 2.55-37.44
Variability of current velocity in 0.2 depth (SD) SDvel0.2 2.05-32.28
Variability of current velocity in 0.4 depth (SD) SDvel0.4 1.41-47.25
Variability of current velocity in 0.8 depth (SD) SDvel0.8 1.79-26.27
Froude number Fr 0-0.56
Reynolds number Re 0-2061
Roughness shear velocity U 0-40.35
Inferred boundary Reynolds number Re. 0-52.56
Presence of aquatic vegetation VEG 01
Category of the amount of particulated organic matter POM 0-3
Category of mineral substrate particle size mineral 0-6

www.freshwaterecology.info/). Species traits characteristics of
related taxa were used when the characteristics of the respective
taxon were not available (6 chironomid taxa).

To compare the success of two most frequent feeding strate-
gies (collecting/gathering and grazing/scraping) all taxa were
classified into the following feeding groups: pure collectors/
gatherers (col), partial collectors/gatherers and partial grazers/
scrapers (col/gr), pure grazers/scrapers (gr), and others (other).
Taxa richness and abundance of particular feeding categories
were computed for each sample from 100 random selections
of 100 individuals. Random selections were performed using
MATLAB Version 6.1.0.450. The classification of taxa is given
in Appendix 1.

Data analyses

For multivariate analyses the species data were log (x+1) trans-
formed. Detrended Correspondence Analysis (DCA) was used
to identify the length of the main gradient in the faunal data. In
all cases the gradient lengths were between 1.5 and 3.0 stand-
ard deviation units (2.3, 2.0, and 1.9 SDU in the oligochaete,
chironomid, and combined data respectively) indicating that
both the linear and unimodal models were suitable (Ter Braak
& Prentice 1988).

Correspondence Analysis (CA) was used to search for the
main gradients in the combined faunal data and Spearman
rank correlation coefficients of the sample scores with the en-
vironmental and the community parameters were computed to
explain those gradients. Canonical Correspondence Analysis
(CCA) (Ter Braak 1986) using stepwise forward selection was
performed to identify environmental parameters which could
account for the maximum variation in the oligochaete and chi-
ronomid data separately. All environmental variables were used
in this analysis and the significance of each variable was tested
by 999 unrestricted Monte Carlo permutations.

CANOCO for Windows version 4.5 was used for all ordi-
nations. Correlations were performed using STATISTICA for
Windows version 7.

In the next step, two cluster analyses and subsequent two
Indicator Species Analyses (Dufrene & Legendre 1997) were
performed to group communities according to the oligochaete
and chironomid taxonomic structure separately, and to identify
the taxa characteristic of the community types obtained by the
cluster analysis. Bray/Curtis (Sgrensen) dissimilarity index was
used as the distance measure and the grouping was done using
the Flexible Beta linkage method with beta value set at -0.4.
The significance of indicator taxa was tested by 999 Monte
Carlo permutations. Only the taxa with the Indicator Value
higher than 50 were considered good indicators. Clustering and
Indicator Species Analysis were performed using PC-ORD for
Windows Version 4.17.

Hydraulic conditions were identified as the major factor in-
fluencing the structure of the oligochaete and chironomid com-
munities, and therefore the preferences of particular taxa for
particular hydraulic conditions expressed as the Froude number
were assessed. Medians and 10, 25, 75, and 90 % quantiles of
the Froude number weighted by the abundance of a given tax-
on were calculated for each taxon and the values were used to
demonstrate different hydraulic preferences of the taxa. Only
the taxa represented by at least 50 individuals were analyzed.
The result of this analysis might be affected by the irregular-
ity in the distribution of Froude numbers within the data set.
As there were more samples from habitats with low Froude
number than from habitats with high Froude number, eight
samples were removed to obtain as even distribution of Froude
numbers as possible.

Results

Faunal data

In total 6,275 specimens of 35 oligochaete taxa and
10,272 specimens of 56 chironomid taxa were col-
lected. The abundance of oligochaetes and chironomid
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Fig. 2. Scatter plots showing the relationships between a) the diversity and total abundance of the oligochaete and chironomid com-
munities, b) their taxa richness and total abundance, ¢) their diversity and Froude number. Only the communities with more than

50 individuals are displayed.

larvae in samples ranged from 21 to 558 (median =
195) and from 65 to 957 (median = 258) individuals
respectively. The number of oligochaete taxa ranged
between 3 and 21 (median = 6), the number of chi-
ronomid taxa ranged between 15 and 32 (median =
23) and the taxa richness of both taxonomic groups
combined ranged between 18 and 50 (median = 28).
Total abundances and frequencies of all taxa are listed
in Appendix 1.

Abundance and taxa richness patterns

The total abundance and diversity of chironomid
communities were independent of hydraulic condi-
tions (Fig.2c). Nevertheless, the taxa richness of
chironomids was logarithmically dependent on their

total abundance (Linear regression model, Adjusted
R-squared = 0.9836, p <0.001) (Fig.2b), suggesting
their high diversity (Fig.2a) and their ability to find
favourable conditions in different environments within
the sampled river section. Both chironomid total abun-
dance and taxa richness were limited by the availabil-
ity of food and space resources rather than hydraulic
conditions.

The total abundance of oligochaetes was also inde-
pendent of hydraulic conditions but their diversity was
negatively related to the Froude number (Spearman
Rank Correlation, R = 0.47, p <0.05) (Fig 2c). Many
oligochaete taxa occurred in pools of the studied river
section but only few were able to succeed and reach
high densities in habitats with Froude number higher
than 0.1.
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Table 2. Eigenvalues of the CA axes and Spearman rank correlations between the CA axes and environmental and community
parameters. Only parameters that significantly correlated with at least one CA axis are included. Stars indicate the significance
of the correlations (*** — p <0.001, ** — p <0.01, * — p <0.05). S — total taxa richness, S_chir — chironomid taxa richness, chir
diversity — chironomid diversity, N_chir — chironomid abundance, S_olig — oligochaete taxa richness, olig diversity — oligochaete
diversity, COL_S — the taxa richness of collectors/gatherers, GR_S — taxa richness of grazers/scrapers, GR_N — abundance of
grazers/scrapers, %GA — proportion of collectors/gatherers, % AF — proportion of active filter-feeders, %PF — proportion of passive
filter-feeders, %PR — proportion of predators, %GR _chir — proportion of grazers/scrapers within chironomids, %GA _chir — propor-
tion of collectors/gatherers within chironomids, % AF_chir — proportion of active filter-feeders within chironomids, %PF_chir —
proportion of passive filter-feeders within chironomids, %PR_chir — proportion of predators within chironomids. For abbreviations

of environmental variables see Table 1.

Variable AX1 AX2 AX3 AX4
depth 0.12 -0.21 0.45*  0.08
cur_2 -0.82 *** 0.00 -0.34 0.18
cur_0.2 -0.85 *** 0.01 -0.34 0.27
cur_0.4 -0.84 *#*x (.12 -0.37 0.20
% cur_0.8 -0.87 *** .12 -0.40* 022
‘S SDvelzem  -0.73*** 043*  -0.57* (.12
£ SDvel0.2 -0.67 #*% 043 %  -0.62 *** 0.06
S SDvel0.4 -0.63 *** 0.39*  -0.78 *** (.18
§ SDvel0.8 -0.39%  044%*  -0.68 *** (.20
£ Fr -0.84 **% .15 -0.41%  0.20
‘2 Re -0.67 *** (.02 -0.09 0.22
G U* -0.77 *** 0.05 -0.28 0.22
Re* -0.86 *** 0.19 -0.34 0.22
VEG -0.63 #*% (.51 %% -0.60 **  0.04
POM 0.81 *** .0.01 0.31 -0.06
.....mineral - 0.46* 009, 045% _ -0.51%
S 0.37 0.56 **  -0.33 -0.22
S_chir 0.22 0.73 *** .0.25 -0.16
chir diversity  0.04 0.52**  -0.23 -0.43 *
N_chir 0.16 0.58 **  -0.20 -0.10
S_olig 0.48*  0.24 -0.23 -0.16
£ olig diversity 0.47 * 0.27 -0.30 -0.19
g COL_S 0.83 *** (.19 0.11 -0.19
£ GRS -0.86 *** (.18 -0.56 **  0.16
& GRN -0.64 **% 0.55%F 054 % (.14
2 %GA 0.00 -0.39*%  0.18 0.34
£ %AF 0.70 *** -0.09 0.52*%  0.05
£ %PF -0.12 0.57**  -044*  -022
O %PR 0.91 #** (.13 0.31 -0.25
%GR_chir ~ -0.88 *** -0.21 -0.35 0.25
%GA_chir  046*  -0.24 039*  039*
%AF_chir ~ 0.71 *** -0.16 0.67 *** 0.04
%PF_chir -0.16 0.54*% .042*  -0.28
_______ %PR chir _ __089** 012 033 030
Eigenvalues  0.289 0.12 0.093 0.083
Cumul. % var. 23.6 33.5 41.1 47.9

Main gradients in the combined data

The first four CA axes explained almost 48 % of the
variance in the faunal data and the sum of all eigenval-
ues was 1.223 (Table 2, Fig. 3).

The sample scores on the first CA axis were cor-
related most with the amount of POM (positively) and

with hydraulic parameters (negatively) such as the
inferred boundary Reynolds number, Froude number,
roughness shear velocity, current velocity and the cur-
rent velocity variability in different depths (Table 2).
Considering the community parameters, the first CA
axis correlated positively with the proportion of preda-
tors and active filter-feeders and with the taxa richness
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of collectors/gatherers, and negatively with the taxa
richness and abundance of grazers/scrapers (Table
2). This axis correlated also with the proportions of
collectors/gatherers (positively) and grazers/scrapers
(negatively), but only if calculated from chironomid
data alone (Table 2, Fig. 3).

The sample scores on the second CA axis were
positively correlated with the presence of aquatic veg-
etation and weakly with the current velocity variability
in different depths. Of the community parameters, the
second CA axis correlated most with the taxa richness
and total abundance of chironomids (positively) (Ta-
ble 2). These parameters separated habitats rich in chi-
ronomids from poorer ones so that the vegetated riffles
and runs together with pools rich in POM appeared in
the upper part of the CA ordination diagram, while the
habitats with bare mineral substrate in the lower part
(Fig. 3). The second CA axis correlated also with the
proportion of the passive filter-feeders, and with the
abundance of grazers and weakly with the total taxa
richness (positively) and the proportion of the collec-
tors/gatherers (negatively) (Table 2, Fig. 3).

The sample scores on the third CA axis were nega-
tively correlated with the current velocity variability in
different depths and with the presence of aquatic veg-
etation. These correlations were stronger than those
between the second CA axis and the same parameters
(Table 2). The third CA axis also weakly correlated
with the Froude number, current velocity in 0.8 depth,
water depth and the category of the mineral substrate
particle size (Table 2). Of the community parameters,
the third CA axis correlated with the abundance and

O] samples from habitats with aquatic

1.5 vegetation, O the other samples)

taxa richness of grazers and the proportion of the pas-
sive filter-feeders (negatively) and the active filter-
feeders (positively) (Table 2).

It is difficult to interpret the directions of the sec-
ond and the third largest variability in the data using
the available parameters. Both the second and the third
CA axes were correlated with similar parameters and
most of these correlations were rather weak. Neverthe-
less, it seems that the direction of the second largest
variability might be explained by the taxa richness and
abundance of chironomids, while the direction of the
third one by the presence of aquatic vegetation and the
associated variability in current velocity, though the
presence of aquatic vegetation influences also the taxa
richness and abundance of chironomids.

The fourth ordination axis weakly correlated only
with the particle size of the mineral substrate (Table
2).

Oligochaete community structure in relation
to environmental parameters

The CCA suggested that the amount of POM followed
by hydraulic parameters were the most significant pa-
rameters explaining the highest portion of variability
within the oligochaete data. Using stepwise forward
selection the amount of POM, category of the mineral
substrate particle size, the substrate roughness and the
presence/absence of aquatic vegetation, explaining
21.36, 7.51, 6.35, and 5.2 % of the total variance in the
oligochaete data respectively, were selected as statisti-
cally significant parameters influencing the oligocha-
ete community structure (Fig. 4).
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Fig.4. CCA ordination diagram

(the first and second axes) showing o :
the positions of oligochaete taxa in roughness
relation to environmental variables i
significantly influencing the oligo- naisstol !
chaete community structure. Only + |
the taxa with species fit and species . VEG |
weight > 10 % are displayed. Froude mineral i
number is displayed as a passive i
variable. (mineral — the category of !
mineral substrate grain size, POM i specjosi  limnodsp
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dicator taxa of the third community T A ;
type, + other taxa). -1.0 15
Oligochaete community types Information Remaining (%)
Cluster analysis identified three types of oligochaete 100 B 50 . 25 . 0
communities (Fig.5), though Stylodrilus sp. and N. 3
alpina comprised the majority (from 60 % to 98 %)
of the oligochaete community at almost all sampled 1. E’-_
patches: J—
The first type included communities from pool —
habitats with mineral substrate and from riffles with
aquatic mosses (10 patches). The communities of o
these quite different habitats were grouped probably ;}
because of their low diversity and total abundance
(Fig. 6). Only the most common taxa occurred at these ::__l:'i
habitats. The communities were dominated by N. al- 3.
pina followed by Stylodrilus sp. or N. stolci that was — —

found in runs and riffles with vegetation only (Fig. 4).
Of the other taxa, Propappus volki was the only one
occurring within these communities in considerable
proportions. As all these taxa were common in other
samples as well, no indicator taxa were identified for
this community type.

The second type included communities from run
and riffle habitats with mineral substrate and usually
with aquatic vegetation (10 patches). The diversity
was similar to the previous type. The communities
were dominated by Stylodrilus sp. followed by N. al-
pina and P. volki. The proportions of Stylodrilus sp.
and P. volki were higher than within the previous com-
munity type and P. volki was identified as a good indi-
cator species (Table 3) (Fig. 4).

The third community type was characteristic of
pools (Fig. 6) with high amount of POM (7 patches)
and also living parts of terrestrial plants (grass leaves)
occurred at three patches. It had almost twice as high
taxa richness as both the previous types (Fig.6). N.

Fig. 5. Dendrogram showing the clustering of oligochaete com-
munities into the three oligochaete community types.

alpina dominated followed by Stylodrilus sp., Aulo-
drilus japonicus, Tubificidae with hairs, Specaria josi-
nae and Limnodrilus sp. occurred in considerably high
abundances and were identified as indicators of this
community type (Table 3) (Fig. 4).

Chironomid community structure in relation
to environmental parameters

Similarly to the oligochaetes, the CCA suggested that
the variability in the chironomid data was best ex-
plained by the amount of POM followed by hydrau-
lic parameters. Using stepwise forward selection, the
amount of POM, the current velocity variability near
the bottom and the particle size of the mineral sub-
strate, explaining 23.72, 8.63 and 4.31 % of the total
variance respectively, were selected as statistically
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Table 3. Indicator taxa of the oligochaete community types. Indicator value (Ind. value), p-value (p) and median abundance within
each community type are shown for each taxon. Values in grey refer to the habitat type of which the taxa are indicative.

Community types
Taxon name Ind. value p L. . 2 3
Median abundances
Propappus volki 644  0.001] 2 :395: 1
Stylodrilus spp.juy. .. 463 0001| 11 i 136.: 29
Aulodrilus japonicus 934  0.001 - v - 3
Tubificidae juv. with hair chaete 83.1  0.001 - v - 11
Limnodrilus spp. juv. 81.1  0.001| - + - i 12
Specaria josinae 60.8 0.001 - - 7
Rhyacodrilinae juv. with hair chaete 429 0.012 - - -
Pristina aequiseta 472  0.018 - -
Stylaria lacustris 38.8 0.036 - r -
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Fig.7. CCA ordination diagram (the
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nificantly influencing the chironomid
community structure. Only the taxa
with species fit and species weight
>10% are displayed. Froude number
is displayed as a passive variable.
(mineral — the category of mineral sub-
strate grain size, POM - the category
of the amount of particulate organic
matter, SDvel2 cm — the current veloc-
ity variability 2 cm above the bottom.

0.8

SDvel2cm

eukideil
Oa

Fre<__

Fr — Froude number, M indicator taxa A

of the first community type, O indica-
tor taxa of the second community type,
A indicator taxa of the third communi-
ty type, [ indicator taxa of the fourth

orthrigr

mineral

-0.4

pottlong

\f\\gvetbaca
tvetdive
O

... eukilobi
crichigr 4[]

polylagr
+ brilmode
[ ]

polyscgr
]

POM

tras]): zyla‘sp- thiegrge micrchgr

mi‘e
I
i corysp tanybrun s =
| cladotsp cromuss;
orthobum | g
A A \
orthrubi |

+
thellasp
O,

synosemi

4

community type, + other taxa) -1.0

significant parameters influencing the structure of the
chironomid community (Fig. 7).

Chironomid community types

In general, the taxonomic composition of chironomid
communities was similar across all sampled patches.
Most taxa occurred in the majority of habitat types
but their proportions differed. Four different types of
chironomid communities were identified using clus-
ter analysis (Fig. 8). These community types may be
interpreted in terms of different hydraulic conditions
(Fig. 6).

The first community type occurred at three sampled
patches with minor current (Fig. 6) and high amount
of POM. The total chironomid abundance was high
(Fig.6) and Microtendipes pedellus-Gr. dominated.
Further characteristics of this community type were
high relative abundances of Prodiamesa olivacea,
Thienemannimyial Conchapelopia-Gr., Corynoneura
sp. and taxa from the Tanytarsini tribe (Micropsectra
sp., Tanytarsus sp., Tanytarsus brundinil/curticornis
and Cladotanytarsus sp.), and the presence of differ-
ent taxa from the subfamily Tanypodinae (Ablabes-
myia sp., Apsectrotanypus trifascipennis, Natarsia
sp. and Zavrelimyia sp.). In contrast to the other com-
munity types, relative abundances of Synorthocladius
semivirens and Orthocladius species were low. Ten
good indicators of this group were identified (Table
4) (Fig. 7).

The second community type (9 patches) occurred
at habitats with low current (Fig. 6) and mineral sub-
strate sometimes covered with fine particulate organic
matter (FPOM). It was characterized by the domi-

1.0

nance of S. semivirens and high relative abundances
of Orthocladius cf. obumbratus and Orthocladius
cf. rubicundus. M. pedellus-Gr., Thienemannimyial
Conchapelopia-Gr., Corynoneura sp. and taxa from
the Tanytarsini tribe (Tanytarsus sp., T. brundini/cur-
ticornis, Micropsectra sp. and Cladotanytarsus sp.)
were again the most abundant taxa. If compared to the
first community type, the same taxa from the Tanypo-
dinae subfamily were present although in lower den-
sities. Most of the taxa were common in other com-
munity types. S. semivirens was identified as a single
indicator with low indicator value (Table 4) (Fig. 7).

The third community type occurred in runs and
riffles (Fig. 6) with mineral substrate sometimes with
aquatic mosses (8 patches). The lowest total chirono-
mid abundances were observed (Fig. 6). O. cf. obum-
bratus, S. semivirens and O. cf. rubicundus were the
most dominant taxa, together accounting for 50 — 80 %
of the entire community. No Tanypodinae taxa were
present except for Thienemannimyia/Conchapelopia-
Gr., and practically no individuals of M. pedellus-Gr.
Similarly, the relative abundances of Corynoneura sp.
and the Tanytarsini taxa were lower. On the contrary,
the proportions of Orthocladius rivicola-Gr., Eukief-
feriella and Tvetenia species and Rheotanytarsus sp.
were higher than in the previous community types.
One good and two weak indicators were identified
(Table 4) (Fig. 7).

The last community type was characteristic of
runs and riffles (Fig. 6), often with aquatic vegetation.
Similarly to the first community type, high total chi-
ronomid abundances were observed (Fig. 6). Rheota-
nytarsus sp. and both Tvetenia species dominated at the
expense of O. cf. obumbratus, O. cf. rubicundus and
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Table 4. Indicator taxa of the chironomid community types. Indicator value (Ind. value), p-value (p) and median abundance within
each community type are shown for each taxon. Values in gray refer to the habitat type of which the taxa are indicative.

Taxon name

Ind. value p

Community types
1. 2. 3. 4.
Median abundances

Prodiamesa olivacea

Natarsia sp.

Apsectrotanypus trifascipennis
Corynoneura sp.
Microtendipes pedellus -Gr.
Thienemannimyia/Conchapelopia -Gr.
Phaenopsectra sp.
Micropsectra sp.

Paratendipes albimanus -Gr.
Polypedilum scalaenum -Gr.
Cryptochironomus sp.
Ablabesmyia sp.

Zavrelimyia sp.

Brillia bifida

Polypedilum convictum
Tanytarsus brundini/curticornis
Tanytarsus sp.
Cladotanytarsus sp.

Orthocladius rivicola -Gr.
Orthocladius cf. rubicundus
Orthocladius cf. obumbratus

Potthastia longimana

Tvetenia bavarica/calvescens
Tvetenia discoloripes/verralli
Eukiefferiella devonical/ilkleyensis
Eukiefferiella lobifera
Rheotanytarsus sp.

Orthocladius thienemanni

929 0001 5 & - 1 - i -
90 0001 1 i - i - i -
798 0001f 6 i 1 i - i -
35 0001 42 15% 5 10
60.7  0.002]213% 25 ¢ - i -
435 0003] 72 : 14 1 % 6
667  0.007| 2 : : Po-
386 0008 20 i 7 i 5 i1l
667 0009 1 i - i - i -
654 0009 7 i - i - i -
652 0009 5 i 1 i - i -
545 0009 1 i - i - i -
444 0014 1 G - i - -
595 0018 4 i - i - i1
488 0021 1 i - i - i -
375 0039) 19 i 10 2 i 5
377 00436 10 2 i 6
AT 00 e o s
32700031 17 270 2 S G 9
5827 0.005 - - 9T
375 0.009| - i 21 i 36 : 10
(343 0014f 4 i 28 {49 % 12
63 0001 1 &+ - &+ - & 7
55 0001 1 i 2 i 4 %83
545 0.001| 1 2 15 153
65.1 0002 - & - i - i 14
542 0.002 -1 216
507 0003 3t 2 i 2 i 98
60.6 0007 - i - i - %]

Information Remaining (%)

100 75 50 25 C
1. .
—
[
————
-_—

Fig. 8. Dendrogram showing the clustering of chironomid com-
munities into the four chironomid community types.

S. semivirens, whose proportions decreased. Conver-
sely, the proportions of Eukiefferiella species and Pot-
thastia longimana increased to their observed maxi-
mum. The proportions of Corynoneura sp. and the
Tanytarsini taxa were similar to those observed in the
previous community type. Seven good indicators were
identified (Table 4) (Fig. 7).

Hydraulic preferences of selected taxa

Hydraulic preferences of 6 oligochaete and 23 chirono-
mid taxa were assessed (Fig.9). The taxa showed dif-
ferent preferences for hydraulic conditions expressed
as the Froude number. Generally, it was possible to
identify 1) taxa occurring only in pools with very low
Froude number, ii) taxa occurring only in riffles and
runs, and iii) taxa occupying most of (or all) the sam-
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Tvetenia discoloripes/verralli
Tvetenia bavaricalcalvescens
Eukiefferiella devonicalilkleyensis
Polypedilum laetum-Gr.
Rheotanytarsus sp.

Propappus volki

Stylodrilus spp. juv.
Orthocladius rivicola-Gr.
Eukiefferiella lobifera
Cricotopus bicinctus
Potthastia longimana
Nais stolci

Nanocladius rectinervis-Agg.

®
AN

Rheocricotopus fuscipes

Nais alpina

Orthocladius cf. rubicundus

Orthocladius cf. obumbratus

Synorthocladius semivirens

Thienemanniella sp.

Corynoneura sp. ®

Cladotanytarsus sp.

Tanytarsus sp. o
o

Tanytarsus brundin/curticornis

Micropsectra sp.

Thienemannimyial Conchapelopia -Gr.
Tubificidae with hairs juv.

Prodiamesa olivacea ®
Microtendipes pedellus-Gr.
Aulodrilus japonicus °

0.2 0.4 0.6

Froude number

Fig. 9. Hydraulic preferences of frequent taxa. Medians (circles), lower and upper quartiles (thick lines) and 10 % and 90 % quan-
tiles (thin lines) of Froude number are weighted by the abundances of taxa. The area of the circles reflects the total abundance of
particular taxa. Tick marks pointing upwards indicate the position of the samples on the gradient of the Froude number. Pool, run
and riffle habitats are identified according to Froude number (Jowett 1993).

pled habitats and having low or no preferences for hy-
draulic conditions.

Among the oligochaetes, three taxa preferred nar-
row ranges of Froude number: A. japonicus and Tubi-
ficidae with hairs occurred only in pools with very low
Froude number, while N. stolci preferred runs (Fig. 9).
The other three oligochaete taxa did not show such
strong preferences: N. alpina was almost evenly dis-
tributed across all the sampled patches, Stylodrilus sp.
slightly preferred runs and riffles and only P. volki oc-
curred almost exclusively in runs and riffles (Fig. 9).

Among the chironomids, only M. pedellus Gr. and
P. olivacea showed strong preferences for particular
hydraulic conditions. They occurred only in pools
with low Froude number (Fig.9). Some taxa showed
rather strong preferences for riffles (Tvetenia bavarical
calvescens, T. discoloripes/verralli, Eukiefferiella de-
vonicalilkleyensis, Polypedilum laetum-Gr. and Rheo-
tanytarsus sp.) or runs and riffles (O. rivicola-Gr., E.
lobifera, Cricotopus bicinctus-Gr. and P. longimana)
(Fig.9). The other chironomid taxa occurred more or
less across the whole range of the available hydrau-

lic conditions and usually showed weak preferences
for pools or runs: e.g. taxa from the Tanytarsini tribe
except for Rheotanytarsus sp. (Cladotanytarsus sp.,
Micropsectra sp. and both the Tanytarsus sp. and T.
brundini/curticornis) preferred pools, but occurred
also in runs and riffles (Fig. 9).

Discussion

The importance of hydraulic conditions

The major influence of hydraulic conditions on the
structure of benthic macroinvertebrate communi-
ties has already been reported (e.g. Orth & Maughan
1983, Jowett et al. 1991, Lancaster & Hildrew 1993,
Quinn & Hickey 1994, Benbow et al. 1997, Méri-
goux & Dolédec 2004). Also in this study, hydraulic
conditions, inversely related to the amount of sedi-
mented POM, best explained the main gradient in the
combined data, along which both the taxonomic and
functional structure of the communities changed. Sur-
prisingly, of the measured and calculated hydraulic
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variables, current velocity in 0.8 depth (from bottom)
was the best explanatory variable of this gradient, al-
though it was closely followed by the inferred bound-
ary Reynolds number, current velocity in 0.2 and 0.4
depth, Froude number and roughness shear velocity.
The substitutability of the simple current velocity for
complex hydraulic variables might be caused by a rel-
atively low heterogeneity in water depth and substrate
roughness (Quinn & Hickey 1994, Brooks et al. 2005)
in the Svratka River.

It is also surprising that the amount of sedimented
POM, estimated from underwater video sequences
and classified into only four categories, was identi-
fied as a more important variable, explaining the
structure of both separate oligochaete and chironomid
communities better than the measured and calculated
hydraulic variables. Nevertheless, already Rabeni &
Minshall (1977) demonstrated the influence of POM
on the structure of macroinvertebrate community, and
the spatial distribution of chironomid larvae in grav-
els of the River Pank was also most correlated with
fine detritus (Ruse 1994). In this study, the amount of
POM explained about 21 and 24 % while the hydrau-
lic variables about 14 and 20 % of the variance in the
oligochaete and chironomid data respectively. In the
case of oligochaetes, the samples seemed to be divided
into organically rich with many oligochaete taxa and
poor containing only few common taxa. Within the
organically poor samples the substrate roughness and
the occurrence of aquatic vegetation played the major
role and hydraulic conditions were less important. In
the case of chironomids the amount of POM seemed
to be replaceable by some hydraulic variables and the
community structure changed more gradually along
the gradient of the amount of sedimented POM (hy-
draulic conditions).

Potential influence of substrate
characteristics

A part of the variability within the data could be ex-
plained by some substrate characteristics. In the case
of oligochaetes, the substrate characteristics might
have represented the thickness of the colonisable sub-
strate layer (Stanford & Ward 1988). It is quite curi-
ous that both the substrate particle size and substrate
roughness were chosen by the CCA, which indicates
that these two variables probably expressed different
substrate qualities.

In the case of combined data, the second largest
variability could be best explained by chironomid
taxa richness and abundance that seemed to reflect the

quantity of available food and space resources across
the whole range of hydraulic conditions. The quantity
of available food and space resources could be prob-
ably interpreted in terms of different substrate charac-
teristics. In this respect, aquatic vegetation in runs and
riffles and large quantities of sedimented POM in pools
provided the most favourable conditions. Aquatic veg-
etation highly enlarges the substrate surface and may
also alter near-bed hydraulic conditions and promote
sedimentation of fine particles (Glime & Clemons
1972, Sand-Jensen & Mebus 1996). Higher abundance
and taxa richness of chironomids at vegetated habitats
was reported earlier e.g. by Wright et al. (1983), Nolte
(1989) and Schmid (1993). On the other hand, pools
rich in POM offer plenty of food to collecting/gather-
ing and active filter-feeding taxa with low oxygen de-
mands and are likely to satisfy food demands of large
numbers of individuals (e.g. Culp et al. 1983).

Functional feeding strategies

As well as the taxonomic structure, also the functional
structure of macroinvertebrate communities changes
and reflects the spatial variability within a stream
(Poff & Ward 1990, Scarsbrook & Townsend 1993,
Townsend & Hildrew 1994, Resh et al. 1994, Wohl et
al. 1995, Lamouroux et al. 2004). The taxa richness
of collectors/gatherers and grazers/scrapers changed
along the main CA axis. Negative association of col-
lectors/gatherers with hydraulic variables was recently
reported e.g. by Quinn & Hickey (1994), Rempel et al.
(2000), Doisy & Rabeni (2001) or Mérigoux & Dolé-
dec (2004). Lower current velocities enable sedimenta-
tion of fine organic particles and therefore support col-
lectors/gatherers. On the other hand, higher velocities
benefit periphyton in nutrient-poor streams (Horner et
al. 1990) and therefore support grazers/scrapers — the
consumers of periphytic algae.

The taxa richness of collectors/gatherers and graz-
ers/scrapers changed along the gradient of hydraulic
conditions, and therefore similar changes in the pro-
portions of collectors/gatherers and grazers/scrapers
were expected. Nevertheless, the proportions of these
feeding strategies significantly correlated with the first
CA axis only if calculated from chironomid data alone.
This was the case because the two most abundant oli-
gochaete collectors/gatherers (Stylodrilus spp. juv.
and P. volki) preferred riffles and runs, while the most
abundant oligochaete species, a partial grazer/scraper
N. alpina did not show any preference for particular
hydraulic conditions. In this respect it seemed that the
proportions of functional feeding groups within the oli-
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gochaete community did not follow the gradient of hy-
draulic conditions as was observed in the chironomid
community (with two exceptions of uncommon preda-
tors, all the oligochaete taxa were classified either as
pure collectors/gatherers or partial collectors/gatherers
and partial grazers/scrapers). This can probably be ex-
plained by different behaviour of oligochaetes versus
chironomids. Oligochaetes usually exploit interstitial
spaces hidden from the rough hydraulic conditions
(Usseglio-Polatera et al. 2000), while tube-building
chironomids can stand quite rough hydraulic condi-
tions in the upper layer of the substrate, where the food
resources are influenced most by hydraulic conditions.

Similarly to the course of collecting/gathering strat-
egy within chironomid community, also the propor-
tions of active filter-feeders and predators decreased
along with the increasing hydraulic stress. Active
filter-feeders feed on sedimented POM and therefore
are favoured at habitats with high sedimentation rates.
Predators in pools can probably move about on the
substrate without the danger of being swept away by
the current. In contrast, Doisy & Rabeni (2001) found
no relationship between hydraulic variables and the
proportion of predators, while in the study of Rempel
et al. (2000) predators were even positively associated
with Reynolds number. This disagreement was prob-
ably caused by different fractions of the macroinver-
tebrate communities that were analyzed (only a part
of the macroinvertebrate community, e.g. without
predatory stoneflies, was analyzed in this study) and
by different identification levels (chironomids were
identified at the family and subfamily level in Doisy &
Rabeni (2001) and Rempel et al. (2000) respectively).
It is also possible that the proportion of predators dif-
fer in different rivers.

The proportion of passive filter-feeders, attributable
only to a chironomid Rheotanytarsus sp., was possibly
influenced by the occurrence of aquatic vegetation. It
can be explained by the benefit of passive filter-feeders
from the unimpeded velocities and turbulence trans-
mitted through the open plant stands (Wallace 1980,
Iversen et al. 1985, Sand-Jensen & Pedersen 1999).
This hypothesis is supported by Schmid (1993), who
found Rheotanytarsus nigricauda Fittkau, 1960 in
distinctly higher densities in the epilithic moss Fon-
tinalis antipyretica than in the neighbouring mineral
substrate.

Notes on the ecology of frequent taxa

The oligochaete taxa richness patterns confirmed the
general preference of most oligochaete taxa for hy-

draulically smooth conditions promoting creation
of patches rich in sedimented POM (Schmedtje &
Colling 1996). Nevertheless, the most abundant oli-
gochaete Stylodrilus sp., accounting for 40 % of the
whole oligochaete community, preferred runs and rif-
fles where it dominated. P. volki even indicated runs
and riffles. Both these taxa were able to succeed in hy-
draulically rough conditions because of their adapta-
tion to living in floating sands and gravel bars: P. volki
is able to exploit interstitial spaces in the substrate and
it can attach itself to the substrate surface by adhesive
substance (Bird 1982, Petto & Humpesch 1992). Sty-
lodrilus sp. can form relatively firm mucous tubes into
which it hides during disturbances (Mrazek 1926).

N. stolci preferred runs too and was strongly asso-
ciated with aquatic vegetation though it is referred to
be a typical species of stony substrates (Learner et al.
1978, Verdonschot 1999). In contrast, N. alpina could
be considered a very adaptive species since it occurred
in all samples and dominated in most of them. Chi-
ronomids S. semivirens, O. cf. rubicundus and O. cf.
obumbratus showed similar plasticity. All these taxa
are classified as partial collectors/gatherers and partial
grazers/scrapers (AQEM consortium 2002) and feed-
ing on both the FPOM and algae probably enables them
to succeed in wide range of hydraulic conditions.

Unlike the oligochaetes, habitat preferences of
most chironomids reflected their feeding behaviour.
Collectors/gatherers and active filter-feeders (prima-
rily taxa from the Chironomini tribe) preferred pools,
while grazers/scrapers (Tvetenia and Eukiefferiella
species) and the passive filter-feeder Rheotanytarsus
sp. preferred riffles and runs.

Conclusions

Even though a limited number of samples were ana-
lyzed, large spatial variability in the taxonomic and
the functional structure of the investigated communi-
ties was observed and it was further possible to relate
this variability to environmental variables. The sam-
pling design was set up to reduce the temporal and
large-scale spatial variation. The results of this study
are therefore associated with the studied river section
and the sampling season, but nevertheless contribute
to the knowledge of lotic macroinvertebrates spatial
distribution patterns. Although further work is needed
to understand the spatial variability in the macroinver-
tebrate communities and the hydraulic preferences of
particular taxa at more general level, it was shown that
the investigated communities clearly reflected environ-
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mental conditions. This indicates that any alteration of
physical habitat induced for example by human activi-
ties or global changes (see Pedersen 2009 in this issue)
might influence both the taxonomic and the functional
structure of the macroinvertebrate communities in
whole river segments.
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Appendix 1. Abundances and frequencies of taxa (in all samples / in the subset of 19 samples used for the analysis of hydraulic
preferences of selected taxa) and their classification to feeding groups (col — collectors/gatherers, col/gr — partial collectors/gather-

ers and partial grazers/scrapers, gr — grazers/scrapers, other — others.

Abbrev. Taxon Abundances Frequenices Trophic
group
OLIGOCHAETA
NAIDIDAE
chaediap Chaetogaster diaphanus (Gruithuisen, 1828) 3 3 other
chaedias Chaetogaster diastrophus (Gruithuisen, 1828) 1 1 other
naisalpi Nais alpina Sperber, 1948 2,305/1,621 27/19 col/gr
naisbret Nais bretscheri Michaelsen, 1899 4 3 col/gr
naiscomm  Nais communis Piguet, 1906 27 9 col/gr
naiselin Nais elinguis O. F. Mdller, 1773 3 2 col/gr
naispard Nais pardalis Piguet, 1906 27 2 col/gr
naispseu Nais pseudoobtusa Piguet, 1906 2 2 col/gr
naisstol Nais stolci Hrabg, 1981 308/302 12/10 col/gr
ophiserp Ophidonais serpentina (O. F. Miller, 1773) 1 1 col
prisrose Pristina rosea (Piguet, 1906) 10 3 col
prisaequ Pristina aequiseta Bourne, 1891 12 6 col
prisbilo Pristina bilobata (Bretscher, 1903) 5 3 col
slavappe Slavina appendiculata (D’udekem, 1855) 10 5 col
specjosi Specaria josinae (Vejdovsky, 1883) 72 9 col
styllacu Stylaria lacustris (Linnaeus, 1767) 13 4 col/gr
TUBIFICIDAE
aulojapo Aulodrilus japonicus Yamaguchi, 1953 177/156 9/5 col
auloplur Aulodrilus pluriseta (Piguet, 1906) 1 1 col
limnodsp Limnodrilus spp. juv. 78 7 col
rhyachair Rhyacodrilinae juv. with hair chaete 6 3 col
spirferx Spirosperma ferox (Eisen, 1879) 1 1 col
tubiigno Tubifex ignotus (Stolc, 1886) 2 2 col
tubihair Tubificidae with hairs juv. 163/131 7/4 col
PROPAPPIDAE
propvolk Propappus volki Michaelsen, 1916 484/408 23/17 col
HAPLOTAXIDAE
haplgord Haplotaxis gordioides (Hartmann, 1821) 5 5 col
ENCHYTRAEIDAE
achasp. Achaeta sp. 1 1 col
cognglan Cognettia glandulosa (Michaelsen, 1888) 1 1 col
cognsp. Cognettia sp. 3 1 col
enchsp. Enchytraeus sp. 1 1 col
fridsp. Fridericia sp. 1 1 col
LUMBRICIDAE
eisetetr Eiseniella tetraedra (Savigny, 1826) 5 4 col
luicussp Lumbricus sp. 1 1 col
LUMBRICULIDAE
lumbvari Lumbriculus variegatus O. F. Miller, 1774 1 1 col
stylbrac Stylodrilus brachystylus Hrabg, 1929 2 2 col
stylodsp Stylodrilus spp. juv. 2,539/2,117 27/19 col
CHIRONOMIDAE
TANYPODINAE
ablabesp Ablabesmyia sp. 6 4 other
apsetrif Apsectrotanypus trifascipennis (Zetterstedt, 1838) 25 8 other
natasp. Natarsia sp. 4 4 other
nilodubi Nilotanypus dubius (Meigen, 1804) 24 12 other
thiegrge Thienemannimyia/Conchapelopia - Gr. 495/312 25/17 other
zavyiasp Zavrelimyia sp. 5 5 other
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Appendix 1. Continued.

Abbrev. Taxon Abundances Frequencies Trophic
group
DIAMESINAE
pottgaed Potthastia gaedii (Meigen, 1838) 1 1 col/gr
pottlong Potthastia longimana (Kieffer, 1922) 57155 14/12 col/gr
PRODIAMESINAE
prodoliv Prodiamesa olivacea (Meigen, 1818) 147/142 4/3 col
ORTHOCLADIINAE
brilmode Brillia bifida (Kieffer, 1909) 31 11 col
brilflav Brillia flavifrons Johannsen, 1905 12 3 col
corysp. Corynoneura sp. 408/271 26/19 ar
cricannu Cricotopus annulator Goetghebuer, 1927 7 5 gr
cricbici Cricotopus bicinctus (Meigen, 1818) 8 7 col/gr
cricbigr Cricotopus bicinctus-Gr. 68/57 16/13 col/gr
crictrgr Cricotopus tremulus-Gr. 32 12 gr
critriia Cricotopus trifascia Edwards, 1929 5 3 col/gr
diplcult Diplocladius cultriger Kieffer in Kieffer & Thienemann, 1908 1 1 col
eukibrev Eukiefferiella brevicalcar (Kieffer, 1911) 30 11 ar
eukicoer Eukiefferiella coerulescens (Kieffer in Zavrel, 1926) 22 13 ar
eukideil Eukiefferiella devonica/ilkleyensis 94/91 13/10 ar
eukigrgr Eukiefferiella gracei-Gr. 2 1 ar
eukilobi Eukiefferiella lobifera Goetghebuer, 1934 69/55 19/14 ar
eukimino Eukiefferiella minor (Edwards, 1929) 3 2 ar
eukisimi Eukiefferiella similis Goetghebuer, 1939 1 1 ar
hetemarc Heterotrissocladius marcidus (Walker, 1856) 3 2 col
nanoreag Nanocladius rectinervis-Agg. 202/168 21/15 col
orthrigr Orthocladius rivicola-Gr. 124/116 15/11 er
orthrubi Orthocladius cf. rubicundus (Meigen, 1818) 695/530 24/16 col/gr
orthfrig Orthocladius frigidus (Zetterstedt, 1838) 4 3 gr
orthobum Orthocladius cf. obumbratus Johannsen, 1905 1,167/903 27/19 col/gr
orththie Orthocladius thienemanni Kieffer in Kieffer & Thienemann, 1906 13 9 gr
paracrsp Paracricotopus sp. 2 2 col
parastyl Parametriocnemus stylatus (Kieffer, 1924) 9 6 ar
pararufi Paratrichocladius rufiventris (Meigen, 1830) 16 9 col/gr
rheofusc Rheocricotopus fuscipes (Kieffer, 1909) 199/162 23/16 col/gr
synosemi Synorthocladius semivirens (Kieffer, 1909) 1,575/809 27/19 col/gr
thellasp Thienemanniella sp. 266/178 24/16 col/gr
tvetbaca Tvetenia bavarica/calvescens 632/606 22/15 ar
tvetdive Tvetenia discoloripes/verralli 480/461 22/17 ar
CHIRONOMINAE-Tribus Chironomini
cromussp Cryptochironomus sp. 56 9 other
demisp. Demicryptochironomus sp. 1 1 col
micrchgr Microtendipes pedellus-Gr. 836/503 14/7 col
paraalgr Paratendipes albimanus-Gr. 3 2 col
phaepssp Phaenopsectra sp. 6 2 col/gr
polyconv Polypedilum convictum (Walker, 1856) 17 5 col
polylagr Polypedilum laetum-Gr. 299/283 18/13 col
polyscgr Polypedilum scalaenum-Gr. 75 10 col
Xenoxeno Xenochironomus xenolabis (Kieffer in Thienemann & Kieffer, 1916) 1 1 other
CHIRONOMINAE-Tribus Tanytarsini
cladotsp Cladotanytarsus sp. 214/105 17/11 col
mictrasp Micropsectra sp. 455/383 26/18 col
paratasp Paratanytarsus sp. 4 2 col/gr
rheotasp Rheotanytarsus sp. 897/874 23/15 other
stembrgr Stempellinella brevis-Gr. 3 3 col
tanybrun Tanytarsus brundini/curticornis 201/130 24/16 col/gr
tanytasp Tanytarsus sp. 260/162 24/17 col
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Abstract

This study contributes to the knowledge of central European clitellates by creating a check-list of Oligochaeta (sensu
oligochaetous Clitellata; Erséus 2005) of the Czech Republic, exclusive of taxa in the family Enchytraeidae. In total, 95
aquatic oligochaete species representing 43 genera are reported for the Czech Republic. Rare species are highlighted and
associated with the categories for threatened species as outlined by the International Union for the Conservation of
Nature. The first records of Trichodrilus strandi Hrab¢, 1936, Pristina jenkinae (Stephenson, 1931), Pristina osborni
(Walton, 1906), Rhyacodrilus subterraneus Hrabég, 1963, Aulodrilus limnobius Bretscher, 1899, and Aulodrilus pigueti
Kowalewski, 1914 in the Czech Republic are presented. Their ecology, morphology, and distribution are discussed.

Key words: Oligochaeta, Trichodrilus strandi, Pristina jenkinae, Pristina osborni, Rhyacodrilus subterraneus,
Aulodrilus limnobius, Aulodrilus pigueti, habitat preferences, first records, red list, alien species

I ntroduction

Aquatic Oligochaeta (sensu oligochaetous Clitellata; Erséus 2005), are typical inhabitants of bottom
sediments, forming communities whose species composition is a relevant information source for water quality
assessment (Brinkhurst & Cook 1974; Chapman 2001; Verdonschot 2006). Hence, reliable species
identification and a complete knowledge of their ecology are essential. Since the turn of the 20" century many
phylogenetic changes and taxonomic shifts in Oligochaeta have been made. Therefore, the monographs
published by renowned Czech oligochaetologists in the 20" century have become insufficient for valid
identification. The list of oligochaete species of the Czech Republic is scattered among old monographs,
mostly written in Czech, and recent papers that have documented distributional records for particular species.
Furthermore, the territory of the present Czech Republic was previously a part of several different countries,
so its records of oligochaete fauna formed a subset of data published on larger territories.

Taxonomic surveys on aquatic oligochaetes have a long tradition in the Czech Republic. Many world-
famous taxonomists, whose names have been assigned by patronymy to oligochaete species and genera, came
from the Czech territory. At the end of the 19" century, when the Czech Republic was a part of Austria-
Hungary, FrantiSek Vejdovsky (1849-1939) and Antonin Stolc (1863-1917) published numerous works
dealing with the classifications and morphology of Oligochaeta (e.g. Vejdovsky 1876, 1883, 1884, 1892; Stolc
1886, 1888). At the beginning of the 20™ century, Alois Mréazek (1868-1923) and Lev Cernosvitov (1902
1946, born in Russia) continued their works with studies on anatomy and reproduction (e.g. Mrazek 1913a,
1913b), and morphology and faunistics (e.g. Cernosvitov 1928, 1930, 1935). Fundamental research on this
group was made by Serggj Hrabé (1899-1984), who was born in Russia where he lived with his Czech parents
until the October Revolution. After the revolution, during the civil war and under difficult circumstances, he
moved back to what was then Czechoslovakia. He published an admirable volume of almost 100 scientific
papers and monographs, in which he (and other authors), among others, described 11 new species to science
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from Czechoslovakia and 15 genera new for science and 77 new species of oligochaeta from other countries.
Both fundamental monographs by Hrabé (1954, 1981) still serve as the list of Czech oligochaetes and remain
the major source of information on the morphology of many species. These works were published prior to
1992, when the former Czechoslovakia was split into the Czech Republic and Slovakia, and therefore include
species from both countries irrespective of the new political boundaries. This list was supplemented by
species documented by Eva LiSkova (1964, 1976), and more recently by species documented in faunistic
studies (e.g. Wohlgemuth & Schenkové 1999) and ecological studies (e.g. Uzunov et al. 1988; Schenkova et
al. 2001a, 2001b; Schenkova 2005; Schenkova & Kroca 2007). Aquatic and semiaquatic species of the family
Lumbricidae were treated in the monograph by Pizl (2002), which dealt with predominantly terrestrial
species. Up to now, aquatic species of the family Enchytraeidae have been investigated insufficiently (cf.
Hrabé 1954) or even omitted (cf. Hrabé 1981). Extensive studies focusing on the terrestrial and semiaquatic
Enchytraeidae occurring in terrestrial habitats were published by Chalupsky (1988, 1991, 1994). New records
for the Czech Republic were recently reported by Jifi Schlaghamersky (e.g. Schlaghamersky 2007;
Schlaghamersky & Kobeti¢ovéa 2005, 2006; Sidova & Schlaghamersky 2007; Schlaghamersky & Pizl 2009).
With respect to taxonomic development, the distribution of the family Enchytraeidae in the Czech Republic
needs detailed investigation of both freshwater and terrestrial habitats, and a revision of the published
historical data.

The objectives of this study are (i) to summarise and update the check-list of aguatic oligochaete species
for the Czech Republic, (ii) to evaluate the frequency of all species occurrences in the Czech Republic and
update the Red list and (iii) to discuss new records with extended information on their distribution, preferred
habitats, ecological requirements, and morphological characteristics. Six oligochaete species reported herein
as new for the Czech Republic—Trichodrilus strandi (Lumbriculidae), Pristina jenkinae and Pristina osbor ni
(Naididae: Pristininae), Rhyacodrilus subterraneus (Naididae: Rhyacodrilinae), and Aulodrilus limnobius and
Aulodrilus pigueti (Naididae: Tubificinae)—were studied in detail.

Material and methods

The check-list of aquatic oligochaetes (exclusive of taxa in the family Enchytraeidae) was compiled from
published records (Hrabé& 1954, 1981; Schenkové 2005; Schenkova & Kroca 2007; Pizl 2002) and from
unpublished material determined and/or revised by the authors. Semiaquatic species of the family
Lumbricidae were selected based on the data published in the monograph by PiZl (2002), after personal
communication with the author. Nomenclature for species discussed in this paper follows Erséus et al. (2008)
and a synonymy of species (according to Timm 2009) is presented for the six species reported as new records
for the Czech Republic.

Each species discussed herein was given a category for its frequency of occurrence in the Czech Republic
based upon published data and unpublished records. The unpublished records were compiled from those
discussed in running water quality assessments and other projects in which the authors have participated since
1996. This dataset includes approximately 1300 sites across the whole of the Czech Republic. Species were
sorted into four categories: F1—scarce (up to 10 sites), F2—medium frequent (10-100 sites), F3—very
frequent (more than 100 sites) and A—absent (i.e., not recorded from the Czech Republic since 1996). For
scarce or rare species, a category of threat in the Czech Republic according to the International Union for
Conservation of Nature 1994 was recommended. As we applied the IUCN criteria at national level, we used
guidelines prepared by the IUCN/SSC Regional Applications Working Group (Gérdenfors et al. 2001, IUCN
2003, Miller et al. 2007). A national and regional category for a particular species may not be the same as its
global category, because at global level the whole range of a species is evaluated.

Because many oligochaete species dwell in different freshwater habitats, they were sampled by various
methods. The conservation and processing of samples and species identification were the same.

Trichodrilus strandi was collected quantitatively using a metal frame of 25 x 25 cm? in spring fen habitats.
Vegetation and upper bottom layer were gathered to the depth of 5 cm and this substrate was elutriated
through a 250 um mesh net.
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Pristina jenkinae, Rhyacodrilus subterraneus, and Aulodrilus limnobius were collected in reaches of the
river (20100 m in length) using a three-minute kick-sampling of all visually distinguishable habitats, which
were sampled proportionally to their occurrences in the reach of the river using a hand net (25 x 25 cm?, mesh
size 500 um) (Kokes et al. 2006).

Aulodrilus pigueti was collected using the same type of hand net (25 x 25 cm? mesh size 500 um) in the
bottom substrate of a fishpond and in submerged littoral vegetation.

Pristina osborni was collected in a large river from a depth up to 3 m using an “air lift” vacuum sampler
designed for sampling in large, fast-flowing rivers (Pehofer 1998) and the grab “van Veen” (Lie & Pamatmat
1965). The samples were elutriated through the 250 pm mesh net.

Samples obtained by all these methods were fixed by 4% formaldehyde in the field and then sorted under
a stereomicroscope in the laboratory. Oligochaetes were picked up, permanently mounted in Canada balsam
and identified under a light microscope using the keys by Hrab¢ (1954, 1981), Timm & Veldhijzen van Zanten
(2002) and Timm (2009).

New records of selected species included the following information associated with specimens: name of
the water body, name of the settlement (town, village, city), closest site from which the specimen(s) was/were
collected, latitude and longitude coordinates for the collecting site, name(s) of the person(s) who collected
and/or identified the species and date of collection. Abbreviations for the names of collectors and persons who
identified the species are presented below: IS—Ivan Skala, JB—JindfiSka Bojkova, JK—IJiti Koke§, JSc—
Jana Schenkovd, JSy—Jan Sychra, JZ—Jifi Zahradka, KB—Karel Brabec, KP—Karla Petfivalska, LO—
LibuSe Opatiilova, PH—Pavel Hordk, PP—Petr Patil. Data on habitat characteristics - abiotic and chemical
parameters, water saprobity (Kolkwitz & Marsson 1909), ecology, morphology (if new or untypical features
were recorded) and distribution of species are noted.

Results and discussion

The check-list of 95 aquatic/semiaquatic oligochaete species for the Czech Republic comprises the families
Lumbriculidae (12 species), Naididae sensu Erséus et al. (2008) (a total of 72 species)—which includes the
Naidinae (36 species), Pristininae (eight species), Tubificinae (22 species), and Rhyacodrilinae (six species),
Propappidae (one species), Criodrilidae (one species), Haplotaxidae (one species) and Lumbricidae (8
species) (Table 1).

The majority of the evaluated species (44) were moderately or widely distributed (F2 and F3) in the Czech
Republic. They are mostly ubiquitous and euryecious species (e.g., several species of Tubificinae inhabiting
running and stagnant waters) and many species can tolerate high organic matter content and pollution. There
were also two species, Potamothrix moldaviensis Vejdovsky et Mrazek, 1903 and Potamothrix bavaricus
(Oschman, 1913) (both in the subfamily Tubificinae), that are considered alien species in Europe (Drake
2009). However, their non-indigenous status in central Europe is questionable because they were recorded
historically from areas within the border of today's Czech Republic. P. moldaviensis has previously been
described in the Vitava (Moldau) River (the Elbe basin) in the beginning of 20" century and P. bavaricus was
recorded in the Elbe basin in the 1930s (Hrabé 1939). Both species recently occur in moderately polluted
rivers—P. moldaviensis prefers larger rivers, while P. bavaricus prefers smaller streams.

Thirty-eight species were considered rare (F1). Some of these species are not necessarily endangered,
since they can be locally abundant in either restricted areas or particular habitats. For instance, Sylodrilus
lemani (Grube, 1879) is abundant in a few eutrophic streams in southern Moravia (located in the south-eastern
part of the Czech Republic) and Haemonais waldovogeli Bretscher, 1900 is dominant in the bottom fauna of
small fishponds in the Czech-Moravian Highland Mountains. By contrast, one species, Branchiura sowerbyi
Beddard, 1892, is a non-indigenous thermophilic species which has been spreading throughout Europe, most
likely via water transport (LiSkova 1964; Gruszka 1999). However, its invasion is very slow because of a lack
of suitable habitats (warmer waters). We have documented four records of B. sowerbyi since 1964, when it
was found (LiSkova 1964) for the first time in Czechoslovakia. Two other species, Psammoryctides moravicus
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(Hrabég, 1934) and Paranais frici Hrab¢, 1941—both considered aliens of Ponto-Caspian origin in Europe
(Drake 2009)—were recently found sporadically in the Labe and Morava Rivers that serve as immigration

gateways into Czech waters.

TABLE 1. Aquatic Oligochaeta of the Czech Republic. Lumbriculidae, Naididae (Naidinae, Pristininae, Rhyacodrilinae,
Tubificinae), Propappidae, Haplotaxidae, Criodrilidae, and Lumbricidae. Frequency of occurrence since 1996: F1—
scarce (up to 10 sites), F2—medium frequent (10-100 sites), F3—very frequent (more than 100 sites) and A—absent.
Lumbricidae, affinity to wet habitats and frequency of occurrence refers to PiZl (2002, and personal communication).

Taxon Author Reference Frequency
Lumbriculidae

Lamprodrilus mrazeki Hrabg, 1929 Hrab¢ 1954, 1981 A
Lumbriculus variegatus (Muller, 1774) Hrab¢ 1954, 1981 F3
Rhynchelmis limosella Hoffmeister, 1843 Hrab¢ 1954, 1981 F2
Stylodrilus absoloni (Hrabg, 1970) Hrab¢ 1981 A
Sylodrilus brachystylus Hrabg, 1929 Hrab¢ 1954, 1981 F3
Sylodrilus heringianus Claparede, 1862 Hrab¢ 1954, 1981 F3
Sylodrilus lemani (Grube, 1879) Hrab¢ 1954, 1981 F1
Sylodrilus parvus (Hrabé & Cernosvitov, 1927) Hrab¢ 1954, 1981 F1
Trichodrilus allobrogum Claparéde, 1862 Hrab¢ 1954, 1981 F1
Trichodrilus moravicus Hrabg, 1937 Hrab¢ 1954, 1981 F1
Trichodrilus pragensis Vejdovsky, 1876 Hrab¢& 1954, 1981 A
Trichodrilus strandi Hrabg, 1936 new record F1
Naididae: Naidinae

Amphichaeta leydigi Tauber, 1879 Hrab¢ 1954, 1981 F1
Arcteonais lomondi (Martin, 1907) Hrab¢ 1954, 1981 F1
Aulophorus furcatus (Maller, 1773) Hrab¢ 1954, 1981 F1
Chaetogaster cristallinus Vejdovsky, 1884 Hrab¢ 1954, 1981 F1
Chaetogaster diaphanus (Gruithuisen, 1828) Hrab¢ 1954, 1981 F2
Chaetogaster diastrophus (Gruithuisen, 1828) Hrab¢ 1954, 1981 F2
Chaetogaster langi Bretscher, 1896 Hrab¢ 1954, 1981 F2
Chaetogaster limnaei Baer, 1827 Hrab¢ 1954, 1981 A
Chaetogaster setosus Svétlov, 1925 Hrab¢ 1954 A
Dero digitata (Muller, 1774) Hrab¢ 1954, 1981 F2
Dero dorsalis Ferroniére, 1899 Hrab¢ 1954, 1981 A
Dero nivea Aiyer, 1929 Hrab¢ 1954 A
Dero obtusa Udekem, 1855 Hrab¢ 1954, 1981 A
Haemonais wal dvogeli Bretscher, 1900 Hrab¢ 1954, 1981 F1
Nais alpina Sperber, 1948 Hrab¢ 1954, 1981 F3
Nais barbata Miller, 1774 Hrab¢ 1954, 1981 F2
Nais behningi Michaelsen, 1923 Hrab¢ 1954, 1981 F1
Nais bretscheri Michaelsen, 1899 Hrab¢ 1954, 1981 F2
Nais christinae Kasprzak, 1973 Hrab¢ 1981 F1
Nais communis Piguet, 1906 Hrab¢ 1954, 1981 F2

...... continued on the next page
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Taxon Author Reference Frequency
Nais elinguis Mdiller, 1774 Hrab¢ 1954, 1981 F3
Nais pardalis Piguet, 1906 Hrab¢ 1954, 1981 F2
Nais pseudobtusa Piguet, 1906 Hrab¢ 1954, 1981 F1
Nais simplex Piguet, 1906 Hrab¢ 1954, 1981 F2
Nais stolci Hrabg, 1981 Hrabg 1954 Fi1
Nais variabilis Piguet, 1906 Hrab¢ 1954, 1981 F2
Ophidonais serpentina (Maller, 1774) Hrab¢ 1954, 1981 F2
Paranaisfrici Hrabg, 1941 Hrabg 1954, 1981 Fi1
Piguetiella blanci (Piguet, 1906) Schenkovéa 2005 F1
Ripistes parasita (Schmidt, 1847) Hrab¢ 1954, 1981 F1
Savina appendiculata (Udekem, 1855) Hrab¢ 1954, 1981 F2
Soecariajosinae (Vejdovsky, 1884) Hrab¢ 1954, 1981 F1
Stylaria lacustris (Linnaeus, 1767) Hrab¢ 1954, 1981 F3
Uncinais uncinata (Dersted, 1842) Hrabg 1954, 1981 F1
Vejdovskyella comata (Vejdovsky, 1884) Hrab¢ 1954, 1981 F2
Vejdovskyella intermedia (Bretscher, 1896) Hrab¢ 1954, 1981 F1
Naididae: Pristininae
Pristina aequiseta Bourne, 1891 Hrab¢ 1954, 1981 F1
Pristina amphibiotica Lastockin, 1927 Hrab¢ 1954 A
Pristina bilobata (Bretscher, 1903) Schenkova & F1
Kroca 2007
Pristina jenkinae (Stephenson, 1931) new record F1
Pristina longiseta Ehrenberg, 1828 Hrab¢ 1954, 1981 F1
Pristina menoni (Aiyer, 1930) Hrab¢ 1954 F1
Pristina osborni (Walton, 1906) new record F1
Pristina rosea (Piguet, 1906) Hrab¢ 1954, 1981 F2
Naididae: Rhyacodrilinae
Bothrioneurum vejdovskyanum Stolc, 1886 Hrab¢ 1954, 1981 F3
Branchiura sower byi Beddard, 1892 Hrabe¢ 1981 F1
Epirodrilus pygmaeus (Hrabeg, 1935) Hrab¢ 1954, 1981 F2
Rhyacodrilus coccineus (Vejdovsky, 1875) Hrabe¢ 1954, 1981 F3
Rhyacodrilus falciformis Bretscher, 1901 Hrab¢ 1954, 1981 F2
Rhyacodrilus subterraneus Hrabg, 1963 new record F1
Naididae: Tubificinae
Aulodrilus japonicus Yamaguchi, 1953 Hrab¢ 1954, 1981 F2
Aulodrilus limnobius Bretscher, 1899 new record F1
Aulodrilus pigueti Kowalewski, 1914 new record F1
Aulodrilus pluriseta (Piguet, 1906) Hrab¢ 1954, 1981 F2
Haber speciosus (Hrabeg, 1931) Hrab¢ 1954, 1981 A
Ilyodrilus templ etoni (Southern, 1909) Hrab¢ 1954, 1981 F2
Limnodrilus claparedeanus Ratzel, 1868 Hrab¢ 1954, 1981 F3
Limnodrilus hoffmei steri Claparéde, 1862 Hrab¢ 1954, 1981 F3
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Taxon Author Reference Frequency
Limnodrilus profundicola (Verrill, 1871) Hrabe¢ 1981 F1
Limnodrilus udekemianus Claparede, 1862 Hrab¢ 1954, 1981 F2
Peipsidrilus pusillus Timm, 1977 Hrab¢ 1981 A
Potamothrix bavaricus (Oschmann, 1913) Hrab¢ 1954, 1981 F2
Potamothrix bedoti (Piguet, 1913) Hrab¢& 1954, 1981 A
Potamothrix hammoniensis (Michaelsen, 1901) Hrab¢ 1954, 1981 F2
Potamothrix moldaviensis Vejdovsky & Mrézek, 1903 Hrab¢ 1954, 1981 F2
Psammoryctides albicola (Michaelsen, 1901) Hrab¢ 1954, 1981 F2
Psammoryctides barbatus (Grube, 1861) Hrab¢ 1954, 1981 F3
Psammoryctides moravicus (Hrabeg, 1934) Hrab¢ 1954, 1981 F1
Soirosperma ferox Eisen, 1879 Hrab¢ 1954, 1981 F2
Tubifex ignotus (Stolc, 1886) Hrab¢ 1954, 1981 F2
Tubifex nerthus Michaelsen, 1908 Hrab¢ 1981 A
Tubifex tubifex (Muller, 1774) Hrabé 1954, 1981 F3
Propappidae

Propappus vol ki Michaelsen, 1916 Hrab¢ 1954 F2
Haplotaxidae

Haplotaxis gordioides (Hartmann, 1821) Hrab¢ 1954, 1981 F2
Criodrilidae

Criodrilus lacuum Hoffmeister, 1845 Hrabg 1954 Fi1
Lumbricidae

Aporrectodea georgii (Michaelsen, 1890) Pizl 2002 F1
Aporrectodea handlirschi (Rosa, 1879) Pizl 2002 F1
Aporrectodea limicola (Michaelsen, 1890) Pizl 2002 F1
Eisenia fetida (Savigny, 1826) Pizl 2002 F2
Eisenia spelaea (Rosa, 1909) Pizl 2002 F1
Eiseniella tetraedra (Savigny, 1826) Pizl 2002 F3
Helodrilus oculatus Hoffmeister, 1845 PiZl 2002 F1
Octoclasion tyrtaeum (Savigny, 1826) PiZl 2002 F2

Thirteen species have not been recorded in studies conducted in the Czech Republic since 1996. Their
absence from more recent collections could be caused by various reasons. Firstly, particularly unique habitats
were not studied, thus species limited in distribution to these areas where not recorded—e.g., a cave species
Sylodrilus absoloni (Hrabé, 1970), a groundwater species Trichodrilus pragensis Vejdovsky, 1876, and a
snail parasite Chaetogaster limnaei Baer, 1827. Secondly, most of the material discussed in this paper was
collected in running water habitats; stagnant waters were studied to a lesser extent. This could be the reason
for the absence of the temporal pool specialist Lamprodilus mrazeki Hrab¢g, 1929 and stagnant water
specialists such as Dero dorsalis Ferroniére, 1899, Dero nivea Aiyer, 1929, Dero obtusa Udekem, 1855, and
Chaetogaster setosus Svétlov, 1925. Other species that have not been reported since 1996 include Pristina
amphibiotica Lasto¢kin, 1927, Haber speciosus (Hrab¢, 1931), Peipsidrilus pusillus Timm, 1977,
Potamothrix bedoti (Piguet, 1913), and Tubifex nerthus Michaelsen, 1908—each of these had previously been
reported only once in the country, and we consider them to be either very rare or regionally extinct in the
Czech Republic.
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TABLE 2. Proposal of the Red list of aquatic Oligochaeta of the Czech Republic. Two species from the family
Lumbricidae according to PiZl (2005) are included.

endangered (EN)

vulnerable (VU)

Arcteonais lomondi
Criodrilus lacuum
Haber speciosus
Lamprodrilus mrazeki
Peipsidrilus pusillus
Piguetiella blanci
Sylodrilus absoloni
Trichodrilus pragensis

Trichodrilus strandi

(Martin, 1907)
Hoffmeister, 1845
(Hrabg, 1931)
Hrabg, 1929
Timm, 1977
(Piguet, 1906)
(Hrabeg, 1970)
Vejdovsky, 1876
Hrabg, 1936

near threatened (NT)

Apporrectodea georgii

(Michaelsen, 1890)

Amphichaeta leydigi
Aporrectodea limicola
Pristina aequiseta
Pristina bilobata
Pristina jenkinae
Pristina longiseta
Pristina osborni

Nais behningi

Nais christinae

Nais stolci
Rhyacodrilus subterraneus
Soecariajosinae
Sylodrilus lemani
Uncinais uncinata

Tauber, 1879
(Michaelsen, 1890)
Bourne, 1891
(Bretscher, 1903)
(Stephenson, 1931)
Ehrenberg, 1828
(Walton, 1906)
Michaelsen, 1923
Kasprzak, 1973
Hrabg, 1981
Hrabg, 1963
(Vejdovsky, 1884)
(Grube, 1879)
(Dersted, 1842)

The Red List of aquatic oligochaetes of the Czech Republic (Schenkova 2005, Pizl 2005) was modified on
the basis of the new extensive data by excluding Aulodrilus japonicus Yamaguchi, 1953, llyodrilus templetoni
(Southern, 1909), Epirodrilus pygmaeus (Hrabég, 1935), Psammoryctides albicola (Michaelsen, 1901), and
Savina appendiculata (Udekem, 1855), which had been formerly considered endangered. The number of
recent records and distribution of these species within the Czech Republic indicate the stability of their
populations. On the basis of those new data, we changed the protection status of another three species—
Pristina bilobata (Bretscher, 1903), Pristina longiseta Ehrenberg, 1828, and Uncinais uncinata (drsted,
1842)—from endangered (EN) to vulnerable (VU). However, we now suggest that the status of endangered
species (EN) to be allocated to Trichodrilus strandi, Haber speciosus, Lamprodrilus mrazeki, Peipsidrilus
pusillus, and Sylodrilus absoloni with respect to their very restricted occurrence—not only in the Czech
Republic, but also in neighbouring countries. Vulnerable protection status (VU) was proposed for
Amphichaeta leydigi Tauber, 1879, Nais behningi Michaelsen, 1923, Nais christinae Kasparzak, 1973, Nais
stolci Hrabé, 1981, Pristina aequiseta Bourne, 1891, P. osborni, P. jenkinae, R. subterraneus, Specaria
josinae (Vejdovsky, 1884), S. lemani and Vejdovskyella intermedia (Bretscher, 1896), based on their rare
occurrence and scattered distributions. The new Red list of Czech aquatic oligochaete species with suggested
changes is given in Table 2.

Six species collected during this present study are reported here as new records for the Czech Republic: Tri-
chodrilus strandi, Pristina jenkinae, P. osborni, Rhyacodrilus subterraneus, Aulodrilus limnobiusand A.
pigueti. The extent of their physical and chemical characteristics of finding sites is summarised in Table 3.

Species accounts
Family: Lumbriculidae

Trichodrilus strandi Hrabé, 1936

Records. Bilé Potoky Spring Fen, Valasské Klobouky, 49°06'52"N / 18°01'40"E, Igt. JB, det. JSc (2006);
Hruby Mechna¢ Spring Fen, Lopenik, 48°56'27"N / 17°47'51"E, Igt. JB, det. JSc (2006); Kalabova Spring
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Fen, Biezovd, 48°56'22"N / 17°44'39"E, Igt. JB, det. JSc (2006); Chmelinec Spring Fen, VySkovec,
48°56'22"N/ 17°51'20"E, Igt. JB, det JSc (2006); Hut& Spring Fen, Zitkov4, 48°59'27"N/ 17°54'33"E, Igt. JB,
det. JSc (2006).

Characteristics of sites. T. strandi was recorded in 2006 in the Western Carpathian spring fens, which are
situated in the easternmost part of the Czech Republic, on the boundary with Slovakia (Fig. 1). We have
collected this species from altitudes 350-642 m a.s.l. in extremely mineral-rich spring fens with precipitation
of cold water travertine (tufa). The bottom substrate of spring fens was dominated by inorganic material
(gravel and sand) and coarse particulate organic matter (leaves and wood). Tufa precipitated on all submerged
surfaces forms either small incrustations or strong layers.

Germany Poland

Slovakia

0 50 100 km

Austria

FIGURE 1. The distribution of 4 Trichodrilus strandi, B Pristina jenkinae, O Pristina osborni, A Rhyacodrilus
subterraneus, O Aulodrilus limnobiusand @ A. pigueti in the Czech Republic.

Ecology. T. strandi is well adapted for this rather hostile environment because of a tiny flexible body that
enables it to utilise small interstitial spaces, particularly those in tufa-covered substrates. In studied sites, it
represented the eudominant species followed by 16 additional oligochaete taxa, mostly taxa in the family
Enchytraeidae. Its main adaptation can be feeding on specific kinds of bacteria that colonise surfaces in
mineral-rich waters (Tarmo Timm pers. com.). Although the environment in spring fens is rather stable with
small temperature fluctuations, we recorded seasonal variations in the ratio between juveniles and adults from
50% of juveniles in spring to their prevalence (80%) in autumn. T. strandi is a monocyclic gatherer-collector
burrowing in sediments of xenosaprobic streams, and it is considered a K-strategist (Sporka 2003).

Mor phology. This species can be distinguished from other taxa in that all chaetae are bifid with tiny
upper teeth, the male pores are located on conical porophores in IX, and spermathecal pores are present in X
(Fig. 2). The positions of sexual pores in T. strandi (porophores in X, spermathecal pores in 1X) are opposite
of those in the genus Sylodrilus, with which young T. strandi can be confused. We have recorded variability

36 - Zootaxa 2676 © 2010 Magnolia Press SCHENKOVA ET AL.



in the spermathecae position of 200 individuals: 36% had spermathecae in X, 38% in between X and XI
(crossing the septa) and 26% in XI. We did not observe any lateral wings in the genital region, but we
identified only fixed individuals.

Distribution. The nearest known localities for T. strandi are in the Val¢a Brook—a tributary of the Turiec
River in the Mal4 Fatra Mts. (Slovakia) (Sporka 1996a), which is approximately 80 km from our sites (Sporka
1996a), and the spring outflow of an ice cave in the Tatra Mts.—approximately 150 km from our sites (Hrabg
1942). European distribution is highly scattered with records from karstic or flysh areas in France (Giani
1979; Juget & Dumnicka 1986), Croatia (Karaman 1987) and Italy (Brinkhurst 1963). According to Fauna
Europaea (Timm & Giani 2004), the species was found in the Czech Republic, but unfortunately no
additional information for this report was provided, nor is available. These data most likely represent records
reported from areas in what is now known as Slovakia prior to its split from the former Czechoslovakia. T.
strandi as the stygophilous species, representative of the Lumbriculidae, is more limited in global distribution
(Martin et al. 2008). This species is worth further investigation since its populations seem to be
geographically separated and there is even the question if they represent the same species.

FIGURE 2. Trichodrilus strandi. A: Schematic drawing of reproductive organs in IX, X, XI segment, lateral view. mp:
male pore on conical porophorus, sp: spermatheca, ov: ovarium. B: dorsal chaeta.

Family: Naididae
Subfamily: Pristininae
Pristina jenkinae (Stephenson, 1931)

Synonyms: Naidium jenkinae Stephenson, 1931; Pristina idrensis Sperber, 1948; Pristinella jenkinae (Stephenson,
1931)

Records. Tepla Brook, Vézna, 49°26'42"N / 16°16'33"E, Igt. PP, det. PP (2003); Be¢va River, Lipnik-Osek,
49°29'48"N / 17°31'06"E, Igt. KB, det. PP (2004); Granicky Brook, Znojmo, 48°51'60"N / 16°01'33"E, Igt.
PP, det. PP (2005); all specimens were immature.

Characteristics of sites. The species was found in two different habitats: epirhithral and hyporhithral
streams. The epirhithral habitat was represented by two small brooks (2" and 3" Strahler order) with
dominating stony-gravel substrates, natural channel morphology and forested catchments (catchment area up
to 20 km?). The hyporhithral habitat was a 30 m wide shallow reach of the river of 7" Strahler order
(catchment area 1,526 km?®) with cobble-pebble substrate, which flows through extensively used farmland. A
natural self-restoration of this reach of the river resulted from a big flood in 1997.
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Ecology. Pristina jenkinae, a detritophagous oligochaete, was recorded in different freshwater habitats
(Timm & Veldhijzen van Zanten 2002), including hyporheic zones (Strayer & Bannon-O’Donnell 1988; Giani
et al. 2001; Wetzel & Taylor 2001), and in wet soil of a tropical rainforest (Collado & Schmelz 2001). In
central Europe, it was reported from rhithral and potamal zones, with preferences from xeno- to beta-
mesosaprobity (Hoérner et al. 2002). The absence of any historic records of this species from the Czech
Republic are likely attributed to difficulties in its identification (ecophenotypic variation in its chaetae, and
status as a valid taxon) and its rare to occasional occurrence (Wetzel & Taylor 2001).

Mor phology. This species can be distinguished from related European Pristina species by none or slight
shortening of the upper teeth in ventral chaetae from the anterior to posterior end, parallel teeth of dorsal
needles with upper teeth slightly (anterior most) or distinctly (posterior bundles) shorter and thinner (from 1/2
to 2/3), smooth hair chaetae, and gradual intestinal dilatation from %2 VI to VII (Collado & Schmelz 2001;
Timm & Veldhijzen van Zanten 2002). A single spermathecal chaeta is present in VII in mature specimens,
but we unfortunately did not find any sexually active individuals during this present study.

Distribution. Pristina jenkinae has a cosmopolitan distribution (Timm & Veldhijzen van Zanten 2002)
and it has been reported from many other European countries: Germany, Poland, Slovakia, Moldova,
Romania, Italy, France, Spain, Portugal, Norway, Sweden, The Netherlands, the UK, Greece, and Finland
(Timm & Giani 2004). However, the absence of records in other European countries can be connected with
identification difficulties and the unclear taxonomical status of this taxon. P. jenkinae was at first
synonymised with P. idrensis by Kathman (1985) and recently redescribed and discussed as probably distinct
species by Collado & Schmelz (2001).

Pristina osborni (Walton, 1906)

Synonyms: Naidium osborni Walton, 1906; Naidium minutum Stephenson, 1914; Pristinella osborni (Walton, 1906);
Pristina minuta (Stephenson, 1914)

Records. Labe (Elbe) River, D&&in 50°42'34"N / 14°11'44"E, Igt. JK, det. PP (2008); all specimens were
immature.

Characteristics of site. The species was found in a single site, in the Labe (Elbe) River approximately 20
km far from the Czech/German boundary near Decin (Tetschen). This river is the largest in the Czech
Republic (8" Strahler order) and it is extensively used for shipping to the German port of Hamburg. The mean
depth of this reach of the river was 2.4 m, the bottom substrate was predominantly sand (45%) and gravel
(55%) and water quality is classified according to BOD (biochemical oxygen demand) in the beta-
mesosaprobity (Table 3).

Ecology. Pristina osborni inhabits freshwaters including hyporheic waters and caves (Giani et al. 2001)
and wet soil (Stout 1958). Its ability to inhabit also semi-terrestrial environments enhances the opportunity
for freshwater populations of this species to persist in intermittent wetlands (Montalto & Marchese 2005). In
tropical regions, P. osborni prefers areas with higher calcium content (Alves et al. 2008). Asexual
reproduction occurs most commonly via paratomy (Timm & Veldhijzen van Zanten 2002). The species is not
usually abundant within the oligochaete community (Giani et al. 2001; Alves et al. 2008).

Mor phology. The species can be distinguished by the typical shape of its dorsal bifid chaetae, with the
teeth diverting in a wide angle and the presence of only one needle and one smooth hair seta in the dorsal
bundles. The budding zone begins from XII, and the stomach dilatation begins abruptly in segments VII-VIII.
The morphology of the genital organs was described in detail by Erséus and Grimm (1998).

Distribution. Pristina osborni has a cosmopolitan distribution (Timm & Veldhijzen van Zanten 2002),
and is absent only in the eastern Palaearctic region (Timm & Giani 2004). European records are limited to
southern and western countries (Portugal, Spain, Italy, France, The Netherlands, and Germany; Timm & Giani
2004). The Labe (Elbe) River, which flows through north-eastern Germany to the Baltic Sea, likely serving as
a migration corridor for this species—from its original distribution area in western Europe (as well as it was
documented for aliens) into the Czech Republic. P. osborni could spread into this reach of the river, probably
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from a lower part of the watershed via upstream migration or dissemination by shipping. However,
downstream dissemination into the Labe River—proven to be an alternative pathway of spreading of
epipotamal species (Pafil et al. 2008)—is rather improbable for P. osborni.

TABLE 3. Summary of the characteristics of the aquatic oligochaete species Trichodrilus strandi, Pristina jenkinae,
Pristina osborni, Rhyacodrilus subterraneus, Aulodrilus limnobius and A. pigueti sites in the Czech Republic.

Species Trichodrilus Pristina Pristina Rhyacodrilus  Aulodrilus Aulodrilus
strandi jenkinae osborni subterraneus  limnobius pigueti
Sites:
No of sites 5 3 1 2 7 1
No of records 15 3 1 2 8 1
River basin Morava Morava Labe Morava, Labe Morava, Morava
Dunaj, Labe
Abundance >10% 1-2% 1-2% 1-2% 2.1-5% 1-2%
Water body spring brook/ brook/river river brook/river brook/river fish-pond
helocrene
Abiotic parameters
Min.-max.:
Altitude [m a.s.l.] 350-642 225-420 120 190-240 165-485 440
Strahler order 1 2-7 8 5-6 3-4 -
Ann. average discharge [m® s] - 0.001-15.3 309 1.2-5.2 0.01-0.8 -
Average stream width [m] - 0.9-33.0 100 7.2-12.0 1.9-5.0 -
Chemical parameters
Min.- max.:
pH 7.3-8.2 6.0-9.0 8.8 7.3-85 6.0-9.1 9.5-9.8
Conductivity [mS m™] 406-599 91-1180 427 333-737 118-921 414-434
Ann. average water temp. [°C] 7.0-14.5 10.6-10.7 14.3 10.2-10.9 8.1-11.8 -
BOD [mg O, I] - 1.0-6.6 4 1.2-20.8 0.8-9.4 -
Dissolved oxygen [mg "] 2.4-12.7 7.1-14.7 8.9 6.9-14.1 5.4-13.7 6.9-15.4

Subfamily: Rhyacodrilinae
Rhyacodrilus subterraneus Hrabé, 1963

Records. Robeésky Brook, Ceska Lipa, 50°40'05"N / 14°30'27"E, Igt. IS, det. JS/PP (2007), immature
specimens; Svitava River, Brno, 49°08'43"N / 16°37'48"E, Igt. PH, det. PP (2006); one mature specimen.

Characteristics of sites. Although most published records refer to groundwater and hyporheic habitats
(Erséus et al. 1999; Wetzel & Taylor 2001), we found R. subterraneus in surface waters. These surface
habitats, however, likely receive groundwater influences. The Robeésky Brook is situated in the north-western
part of the Czech Republic in semi-natural landscape with numerous wetlands and fishponds. The sample was
taken downstream of the Peklo Natural Reserve, where a brook flows through a narrow sandstone gorge with
substrate formed of mud (40%), sand (30%) and gravel (30%). On the contrary, the second sampling site is
situated downstream of Brno, the second largest city in the country, in the straightened and dyked Svitava
River stretch (substrate: 20% mud, 20% sand, 30% gravel and 30% stones), which also serves as a recipient of
sewage water from urban settlements.

Ecology. Rhyacodrilus subterraneus occurs in fresh and brackish water (Erséus et al. 1999); in reference
to its name, especially in interstitial hyporheic zones and wet soil. Many records were reported from deeper
hyporheic habitats (Strayer 2001) and caves (Wetzel & Taylor 2001; Ferreira et al. 2007); nevertheless, it was
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also found in species-rich oligochaete assemblages in eutrophic streams (Timm et al. 1997). Reproduction in
this species is sexual (Timm & Veldhijzen van Zanten 2002), but in some regions (United States) only
immature specimens have been found (Wetzel & Taylor 2001).

M or phology. Rhyacodrilus subterraneus can be distinguished from its congeners by straighter and two
times longer upper tooth of anterior dorsal chaetae with intermediate teeth, and two times longer upper tooth
in anterior ventral chaetae. Penial chaetae near male pores in XI segment of mature specimens are only single
with a simple curved tip (Timm & Giani 2004).

Distribution. Prior to records collected during this present study, this rare Holarctic species had been
found only in western European countries (France, Germany, Norway, Sweden, Spain, and The Netherlands;
Timm & Giani 2004), and in the eastern and Midwestern United States (Strayer & Bannon-O'Donnell 1988;
Strayer 2001; Wetzel & Taylor 2001; Kathman & Brinkhurst 1998).

Subfamily: Tubificinae
Aulodrilus limnobius Bretscher, 1899

Records. Granicky Brook, Znojmo, 48°51'60"N / 16°01'33"E, Igt. PP, det. PP. (2005); Drietomice River,
Stary Hrozenkov, 48°57'13"N / 17°52'29"E, Igt. PP, det. PP (2005); Trusovicky Brook, Jivova, 49°42'27"N /
17°21'40"E, Igt. KB, det. PP; Ole$na River, Zvole, 49°29'26"N / 16°09'44"E, Igt. KB, det. PP (2002); Nectava
River, Brezinky, 49°39'24"N / 16°46'52"E, Igt. KB, det. PP (2002); Okluky River, Uhersky Ostroh,
48°59'38"N / 17°24'07"E, Igt. H, det. PP (2002); Farsky Brook, Trhové Sviny, 48°50'24"N / 14°37'55"E, Igt.
JZ, det. PP (2002); all specimens were immature.

Characteristics of sites. All records were from small and middle-sized brooks (3" and 4" Strahler order,
river width up to 5 m) with a bottom substrate dominated by sand, gravel, and stones. Most of these highland
stretches had a natural morphology (with buffer strips) and extensively used (cropland, grassland), partially
forested catchments. The brooks have good water quality (from oligo- to beta-mesosaprobity), with one
exception of lowland stream (Okluky River, alpha-mesosaprobity).

Ecology. Being a detritophagous species, A. limnobius occurs from hyporhithral to potamal, and also has
been collected from standing water areas including deeper, profundal habitats (H6rner et al. 2002; Sporka
2003; Alves et al. 2008). It can tolerate intermediate eutrophication (Verdonschot 2006) and organic pollution
from oligo- to alpha-mesosaprobity (HOrner et al. 2002). Microhabitat preferences of fine substrates rich in
organic material (pelal, psamal and argylal) have been reported (Sporka 2003; Alves et al. 2008). Among
oligochaetes, A. limnobius belongs to K-strategists (Sporka 2003) with one reproductive cycle per year,
mostly realised by asexual reproduction (architomy); mature specimens are rare (Timm & Veldhijzen van
Zanten 2002). Worms burrow in sediment, where they build reinforced tubes of silt (Timm & Veldhijzen van
Zanten 2002).

M or phology. Aulodrilus limnobius has characteristic bifid crotchets, with up to 10 chaetae per bundle (all
with shorter upper teeth, and occasionally with wing-like dilations of the distal ends of the chaetae in posterior
segments), and an unsegmented tail, serving as a respiratory organ—typical for this genus. It can be
distinguished from its congeners known to occur in the Czech Republic—A. pigueti, A japonicus, and A.
pluriseta—by a lack of hair chaetae (Timm & Veldhijzen van Zanten 2002; van den Hoek & Verdonschot
2005).

Distribution. This cosmopolitan species has been recorded in most of European countries, absent only in
Austria, the UK, Croatia, Denmark, Greece, Slovenia, and Portugal (Timm & Giani 2004). According to
Fauna Europaea (Timm & Giani 2004), the species was found also in the Czech Republic, but unfortunately,
the source of this data is not available.
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Aulodrilus pigueti K owalewski, 1914

Records. Stépanek Pond, Pozd’atin, 49°13'22"N / 16°02'25"E, Igt. JS, det. KP (2007); the single specimen
collected during this study was immature.

Characteristics of sites. Aulodrilus pigueti was found at a single locality, the Stépanek fishpond in the
Czech-Moravian Highland Mountains (Ceskomoravska vrchovina), which is situated in the middle part of the
Czech Republic. This fishpond is a small shallow pond (2.2 ha) exploited by intensive fish farming. The
management of the fish stock composed of Cyprinus carpio Linnaeus and Tinca tinca Linnaeus involved
supplementary feeding and application of manure, which caused nutrient enrichment. Macrophytes, mostly
Glyceria maxima (Hartman) and Typha latifolia Linnaeus, covered only 5% of the littoral zone.

Ecology. Aulodrilus pigueti burrows in sediments where it forms tubes from detritus (Timm & Veldhijzen
van Zanten 2002). Finogenova and Arkhipova (1994), Schloesser et al. (1995) and Sporka (1996b) reported
that A. pigueti inhabits various freshwater environments, such as lakes, rivers, and marshes. It prefers water
quality from oligo- to alpha-mesosaprobic and substrate pelal (Sporka 2003), and tolerates a lower amount of
dissolved oxygen and acidification (Orciari & Hummon 1975; report EPA/600/3-90/073). The sample from
which this single specimen of A. pigueti was identified was dominated by Dero digitata (Muller, 1774), more
species in the genus Limnodrilus, and other Tubificinae.

M orphology. Aulodrilus pigueti can be distinguished from all other taxa by distal dilatations of bifid
crotchets with shorter upper teeth (typical for the genus Aulodrilus). Dorsal crotchets beginning from VI-IX
are replaced by oar-shaped pectinate chaetae with a rounded or sometimes slightly bifid tip. It is possible to
distinguish it from congeners and all other Tubificinae by the presence of oar-shaped chaetae in dorsal
bundles in its middle segments.

Distribution. Aulodrilus pigueti is a cosmopolitan species, often found in tropical countries (Timm &
Veldhijzen van Zanten 2002; Arslan & Sahin 2003). The nearest record to the Czech Republic is from
backwaters of the Morava River in Slovakia (Sporka 1996b); it has also been recorded from the neighbouring
countries of Germany and Poland (Timm & Giani 2004). While A. pigueti is widely distributed in many other
European countries it has not been reported from Austria, Hungary, Romania, Belgium, the UK, Denmark,
Latvia, Switzerland, and Slovenia (Timm & Giani 2004).

Conclusions

This updated check-list of aquatic oligochaetes of the Czech Republic, based on historical and recent records,
includes 95 species: Lumbriculidae (12 species), Naidinae (36 species), Pristininae (eight species),
Tubificinae (22 species), Rhyacodrilinae (six species), Propappidae (one species), Criodrilidae (one species),
Haplotaxidae (one species), and Lumbricidae (8 species). The Red list of Czech aquatic oligochaete species
has been corrected and updated, and now includes nine endangered species (EN), 14 vulnerable species (VU),
and one near threatened (NT). Special attention should be given to the protection and conservation of unique
habitats from which these endangered and vulnerable species have been reported. In addition, it is important
to establish and support monitoring programs for all aquatic habitats to document introduced and invasive
species that are known to be spreading throughout Europe and elsewhere worldwide.
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Abstract

We examined responses of macroinvertebrate assemblages to environmental and temporal varia-
tions along spring source-spring brook transects in two fen habitats, sharply differing in groundwater
chemistry, and compared the patterns among individual taxonomical groups. We hypothesised a dif-
ferent importance of environmental heterogeneity and seasonal changes primarily linked to strong tufa
precipitation, which causes stronger environmental filtering in the calcareous fen. In concordance, we
observed that assemblages of the more homogenous calcareous fen primarily changed over time, due to
seasonal shifts in source availability and favourable conditions. Their spatial distribution was determined
by the amount of CPOM, tufa crusts and temperature variation, but a substantial part of the assem-
blage exhibited spatial uniformity (Plecoptera, Clitellata, and especially Trichoptera and Diptera). The
assemblages of the more heterogeneous Sphagnum-fen were primarily driven by water pH and substrate
and the season was a notably weaker predictor. We found that different macroinvertebrate groups can
display various responses to the measured variables shaping the overall pattern obtained based on the
whole community. Further, greater environmental heterogeneity can result in temporally stable species
distribution patterns even at very small spatial scales within a single site.

1. Introduction

Small-scale distributions of macroinvertebrates in springs have been studied mainly in
terms of the zonation patterns of assemblages along the springbrooks and spring source-
springbrook gradients. These studies looked at different lengths of the spring fen gradient
and different within-site heterogeneity and the composition of assemblages from different
studies reflected different environmental factors such as discharge (MINSHALL, 1968; CHERTO-
PRUD, 2006), temperature (WARD and DUFFORD, 1979; REsH, 1983; VON FUMETTI et al., 2007,
BARQUIN and DEATH, 2011), and substrate (WARD and DUFFORD, 1979; FERRINGTON et al.,
1995; ILMONEN and PAASIVIRTA, 2005). The distance from a spring-source was commonly
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interpreted as a proxy for rapid changes in the environment with decreasing influence of a
stable supply of groundwater (e.g., VON FUMETTI et al., 2007) and rapid changes of distri-
butional patterns of macroinvertebrates at the species level and at higher taxonomic levels.
These patterns have often been described by comparing the macroinvertebrate species occur-
ring at different distances from the spring-source (e.g., RESH, 1983; WiLLIAMS and HOGG,
1988; BArRQUIN and DEATH, 2011). Beside substrate, discharge and temperature regimes,
groundwater chemistry may also influence macroinvertebrate distributions within a single
spring site. It can be expected to be important in heterogeneous springs, where the input of
groundwaters of different chemistry creates markedly different patches within a spring. Direct
effects of pH, bases and metal content in water can alter the suitability of these microhabitats
for macroinvertebrates since individual species and/or taxonomic groups are diversely sensi-
tive to these factors, mainly due to physiological reasons (¢f: FORD, 1989; SUTCLIFFE and
HiLDREW, 1989; VUORI, 1995). GLAZIER and GOOCH (1987) and GLAZIER (1991) reported that
alkalinity and pH had an important influence on spring assemblage compositions; similarly,
WILLIAMS et al. (1997) found that water chemistry parameters, describing different levels of
urbanisation, were important determinants of spring assemblages.

Benthic macroinvertebrate assemblages of springs are composed of species with different
strengths of the linkage to the spring environment (LINDEGAARD et al., 1998) and also with
different biological and ecological traits (WILLIAMS, 1991; WAGNER et al., 1998). Therefore,
the distribution of macroinvertebrates within a spring reflects not only the various habitat
preferences of species (e.g., ILMONEN and PAASIVIRTA, 2005) and their requirements for dif-
ferent food sources (e.g., MCCABE and SYKORA, 2000; BARQUIN and DEATH, 2006), but also
their life histories (cf. WiLLIAMS and HOGG, 1988; BARQUIN and DEATH, 2004). The responses
of invertebrate orders and/or taxonomic groups to measured factors describing spring habi-
tats can differ from one another (e.g., MINSHALL, 1968; REsH, 1983; WiLLIAMS and HOGG,
1988); thus, the whole macroinvertebrate assemblage may comprise taxa with different, even
inverse, responses. However, there is a lack of studies directly comparing the responses of
whole macroinvertebrate assemblages with responses expressed by the individual taxonomic
groups comprising them.

In this study, we explored the within-site distribution of macroinvertebrates in two spring
fens that significantly differ in water pH and mineral richness. The first site was a calcare-
ous fen with differing degrees of tufa precipitation which provided an ecologically extreme
habitat. The second site was a Sphagnum-fen characterised by different pH levels, mineral
richness and different substrates. We aimed (i) to compare the spatial and temporal variations
between the two complete macroinvertebrate assemblages and among individual taxonomic
groups, namely Ephemeroptera, Plecoptera, Trichoptera, Diptera (except Chironomidae),
Chironomidae, and Clitellata, and (ii) to analyse the influence of the measured variables on
species composition of the assemblages. We hypothesised that temporal variation would be
more important in the calcareous fen since precipitations of tufa can constrain the number
of microhabitats and their diversity, while the spatial distribution of species would be more
important in the environmentally more heterogeneous Sphagnum-fen and would be predomi-
nantly driven by gradients of pH and mineral richness.

2. Methods

2.1. Study Area and Sites

The studied spring fens are located in the Western Carpathian flysch zone, in the borderland between
the Czech Republic and Slovakia. Flysch is characterised by a serial alternation of sandstone and
claystone deposits with different calcium contents. Due to specific bedrock chemistry, spring fens with
different mineral richness of groundwater occur in this area. Two spring fens representing the opposite
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ends of the pH/calcium gradient were selected for this study. The first site is a calcareous fen with
strong tufa precipitation (the Bilé¢ Potoky Nature Reserve; 49°06'47" N, 18°01'24" E) situated in the Bilé
Karpaty Mountains; the second site is a Sphagnum-fen (the Obidova Nature Monument 49°31'03” N,
18°31'24" E) situated in the Moravskoslezské Beskydy Mountains. Both spring fens are composed of
four helocrenes with springbrooks which drain the whole spring fen area and connect downstream. In
cach site, we chose a ca. 400 m long spring source-springbrook transect comprising three helocrenes
of different groundwater chemistry and their springbrooks. The transect ran longitudinally through the
spring fen and covered the whole site’s heterogeneity.

The calcareous fen was situated on a steep meadow hillside which reaches an altitude between 380
and 500 m above sea level (m a.s.l.) and covers 8.8 ha. Great horsetail (Equisetum telmateia EHRH.) and
butterbur (Petasites hybridus LINNE) were the dominant vascular plants; brown mosses (family Bryidae)
dominated in the moss layer. However, no plants covered the bottom of the springbrooks. The pH of
the water was alkaline (mean = 8.3 + 0.2) and conductivity was very high (mean =480 + 43.0 uS cm™).
The spring source-springbrook transect was characterised by an increasing discharge and an increasing
variation in water temperature downstream (Table 1). An intense precipitation of calcium carbonate
(tufa) formed strong crusts (mostly upstream) as well as small tufa grains (predominantly downstream).
Beside tufa incrustations, the dominant types of bottom substrate were stones and dead leaves. Dead
leaves dominated in the upper sections near the spring sources, while stones were mostly found in the
lowermost section of the spring fen (Table 1).

The Sphagnum-fen was situated in a meadow with moderate slopes between 710 and 750 m a.s.l.
and covered 7.3 ha. The spring source-springbrook transect was characterised by a sharp gradient in pH
and mineral richness. The uppermost part of the spring fen was classified as a mineral-poor Sphagnum-
fen characterised by an acidic pH (mean = 5.2 + 0.6) and a high iron concentration (2620 pg I!). The
remaining part of the Sphagnum-fen was classified as a mineral-rich Sphagnum-fen dominated by
calcitolerant Sphagna. The mean pH was higher here than in the mineral-poor part of the Sphagnum-
fen (pH 6.6 +0.7); the iron concentration remained very high in the middle part of the spring fen
(mean = 2875 £ 650.9 ug 1) but this value decreased distinctly downstream (mean = 244 + 72.7 pug I'Y).
The conductivity was rather low (mean = 60 + 14.2 uS cm™) along the whole Sphagnum-fen. The dis-
charge was lower in the middle sections of the spring fen than in the upper and lower sections due to the
high retention of water by peat in the middle sections (Table 1). The substrate characteristics changed
considerably along the entire spring source-springbrook transect; fine detritus (FPOM) and Sphagna
prevailed near the spring sources, whilst a coarse inorganic substrate (coarse gravel) dominated in the
lower part of the Sphagnum-fen (Table 1).

2.2. Field Sampling and Explanatory Variables

Sampling was carried out three times: in spring (April-May), summer (July), and autumn (Septem-
ber) in 2006. Benthic samples were collected in five (calcareous fen) and six (Sphagnum-fen) sections
of the springs which represented different abiotic conditions along the 400 m long transects from spring
sources to the springbrooks draining each fen. The length of each section was approx. 50 m, and the
distance between neighbouring sections was at least 20 m. In each section, a sample consisting of ten
sampling plots (25 cm x 25 cm), which represented all of the habitats along the sampled spring section,
was taken semiquantitatively with a hand net (mesh size 0.5 mm) by the kick-sampling method (FROST,
1971). After washing the sampled substrate several times in a bucket and removing the coarse inorganic
substrate, the sample was elutriated through a net of a 0.5 mm mesh size and the remaining material was
preserved in 4% formaldehyde. The samples were subsequently sorted and invertebrates were identified
in the laboratory, mostly to the species and genus levels.

Water temperature, pH, conductivity, and dissolved oxygen were measured in the field using portable
instruments (WTW Multi 340i/SET) in each sampling occasion. The annual variation of temperature
of each section was calculated from individual measurements as the difference between maximal and
minimal temperature values during the year. Discharge was estimated by sampling the spring water in
a vessel for a defined period of time in each sampling. We recorded the percentage cover of stones,
gravel, sand, coarse particulate organic matter (CPOM), fine particulate organic matter (FPOM), and
tufa crusts in each section. For statistical analyses, the relative proportions of stones, gravel, and sand in
each section were expressed by the phi coefficient (FURSE et al., 1986). In autumn, water samples were
collected and concentrations of soluble Na, K, Ca, Mg, Al, Fe, SO4, NO;, and PO, ions were measured
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in an accredited laboratory. These samples were collected in late autumn because of the relative stability
of water chemistry in this period (c¢f. HAJEK and HEKERA, 2004).

2.3. Statistical Analyses

We analysed responses of the entire benthic community first (i.e., all taxa from all samples) and then
from the whole array we chose the following taxonomic groups, which were the most species rich and
abundant in studied sites: Ephemeroptera, Plecoptera, Trichoptera, Diptera except Chironomidae, and
Clitellata. These datasets were analysed separately. The individual species-by-sample matrices were
subjected to principal components analysis (PCA) due to the low species turnover within the studied
transects. The length of the main gradient in the detrended correspondence analysis (DCA) did not
exceed 3 units, indicating that ordination techniques based on the linear response model were most
appropriate (LEP$ and SMILAUER, 2003). The relationships between explanatory variables and site scores
on the first four ordination axes of PCA were assessed using Spearman’s rank correlations (r,) for
continuous variables and the Mann-Whitney U test for nominal variables. Partial redundancy analysis
(pRDA) with the season as a covariable was used for testing the amount of variability explained by
each physicochemical variable with a forward selection for each tested taxonomic group. The Monte-
Carlo permutation test was used to test the significance of variables (P = 0.01; 1999 permutations).
Prior to PCA and RDA, the species abundance data were log (x + 1) transformed to reduce the effect
of dominant taxa. The variation partitioning approach (BORCARD et al., 1992) was used to determine
the relative amounts of variation in species data explained by two different constraining groups of vari-
ables (physicochemical variables and season) in separate RDAs. Since the explained variation was also
influenced by the number of explanatory variables (PERES-NETO et al., 2006), we only used the three
most powerful predictors in each group of variables that were significant in the separate RDAs. The
CANOCO 4.5 software package (TER BRAAK and SMILAUER, 2002) was used for computing the ordina-
tions and STATISTICA 8 (HiLL and Lewicki, 2007) was used for the univariate analyses. Sequential
Bonferroni corrections of the significance levels (HoLm, 1979) were applied for multiple comparisons
of explanatory variables.

3. Results
3.1. Macroinvertebrate Diversity and Abundance

Altogether, 138 and 163 taxa were represented by 54,424 and 45,988 individuals recorded
in the calcareous fen and in the Sphagnum-fen, respectively (Appendix 1). An abundance of
non-insect taxa prevailed at both sites. The amphipod Gammarus fossarum KOcH accounted
for 73% and 30% of all individuals in the calcarcous fen and in the Sphagnum-fen, respec-
tively. After G. fossarum, the clitellate Trichodrilus strandi HRABE was the most abundant
species in the calcareous fen and the snail Bythinella austriaca (FRAUENFELD) was the most
abundant species in the Sphagnum-fen (Fig. 1). In contrast, insect fauna was more taxon
rich than non-insect fauna with a high dominance of Diptera, which was particularly rich in
the calcareous fen and comprised nearly 65% of all taxa recorded there (Fig. 2). There were
large proportions of other insect taxa in the Sphagnum-fen (Trichoptera and Plecoptera) and
Clitellata were also characteristic for this site (Fig. 2).

3.2. Differences in the Proportions of Spatial and Temporal Variations
between Spring Fens
The PCA and variation partitioning in partial RDAs revealed significant differences in the

role of physicochemical variables and season for structuring of assemblages in the study of
spring fens (Table 2, Fig. 3). When looking at the whole benthic assemblage in the calcare-

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.revhydro.com



240 V. KROUPALOVA et al.

100 % Ephemeroptera

2 80 % M Plecoptera
3 ° ] B Trichoptera
-.§ 60 % O Diptera
% g E Clitellata
g 40 %+ M Gammarus fossarum
IS 1 E1 Bythinella austriaca
2 20 %A

| others

0%

calcareous fen  Sphagnum-fen

Figure 1. The relative abundance of macroinvertebrates at the studied sites.

ous fen, the first PCA axis (28% of the explained data variation) reflected the difference
between spring, summer, and autumn samples, whereas the second ordination axis (18%
of the explained data variation) expressed changes in physicochemical variables along the
transect (Fig. 4). On the contrary, Sphagnum-fen assemblages revealed the opposite pattern;
the first ordination axis (24.5% of the explained data variation) displayed the grouping of
samples along the transect and the second PCA axis (17% of the explained data variation)
was associated with the season (Fig. 5). The variation partitioning method revealed that
physicochemical variables had a substantially greater influence (38%) than season (19%) in
the Sphagnum-fen, while the difference in the variation explained by physicochemical vari-
ables and season was not so high in the calcareous fen (28.5% and 17%, respectively) when
considering the whole assemblage (Fig. 3).

Furthermore, the differences in the effect of physicochemical variables and season between
the individual taxonomic groups were also recorded. In the calcareous fen, the relative part
of the species data variation explained by season was the highest for Trichoptera and Diptera
(except Chironomidae) (32% and 28.5%, respectively), which corresponded well with the
high significance of season in these groups in the PCA analysis (Table 2). Ephemeroptera
was the group with the largest part of the variation explained by physicochemical variables
in the calcareous fen (45.5%). In the Sphagnum-fen, the greatest influence of physico-
chemical variables (66%) and the lowest influence of season (3.7%) were characteristic for
Ephemeroptera. The second highest proportion of the variation explained by physicochemi-
cal variables (43%) was recorded in the Trichoptera data set. Simultaneously, Ephemeroptera
and Trichoptera were the only taxonomic groups in the Sphagnum-fen where the season was
not significant on the first PCA axis (Table 2). In contrast, the smallest proportion of vari-

180
160 1 Ephemeroptera
« 140
f‘j’ 120 1 B Plecoptera
G 100 A B Trichoptera
Q 80 .
2 O
g 60 Diptera
401 Clitellata
20+ E others

calcareous fen Sphagnum-fen

Figure 2. The taxonomic structure of macroinvertebrate assemblages at the studied sites.
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Figure 3. Comparison of the variance explained by physicochemical variables and season between the
taxonomic groups of the calcareous fen (A) and the Sphagnum-fen (B) using the variation partitioning
approach in separate RDAs.

ation explained by the physicochemical variables was detected in the Plecoptera (30%) and
Diptera (28%) assemblages (Fig. 3).

3.3. Responses of Individual Taxonomic Groups to Environmental Gradients

Calcareous fen. According to the PCA, the main changes in the species composition of
taxonomic groups were significantly associated with dissolved oxygen (Plecoptera and to
a lesser degree Trichoptera) and discharge (Chironomidae and Clitellata) (Table 2). Num-
bers of individuals significantly correlated with the first PCA axes of all taxonomic groups
(except Plecoptera and Trichoptera) (Table 2). Using the season as a covariable in partial
RDA, variation in water temperature explained a large part of the variation in the whole

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.revhydro.com



Small-Scale Distribution of Macroinvertebrates 243
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Figure 4. Principal component analysis (PCA) of all species data in the calcareous fen: ordination plot
of sampled sites on the first two PCA axes with posteriori plotted abiotic variables. Only the variables
significantly associated with the PCA axis at the level P < 0.01 are shown. The most important species
which were characteristic of upstream and downstream sections are displayed. e — springbrooks in the
upper part of the fen connected to their spring sources; m — downstream springbrooks formed by the
joining of upstream springbrooks. Numbers from 1 to 5 before the slash describe the increasing distance
of the sampled sites from the spring source of the fen; numbers behind the slash describe the month
of sampling. Var. in temperature — variation in temperature; CPOM — coarse particulate organic matter;
distance — distance from helocrenes.

assemblage data set. Looking at the whole assemblage, the most significant factors in the
individual taxonomic groups were the amount of CPOM (Ephemeroptera), variation in tem-
perature and Ca concentration (Plecoptera), and tufa crusts (Chironomidae) (Table 3). In the
Clitellata assemblage, the pRDA results confirmed the importance of discharge, indicating its
significant influence on this taxonomic group. However, no significant predictor was found
in the Diptera assemblage (which did not include Chironomidae) (Table 3).

Sphagnum-fen. Changes in physicochemical variables along the spring source-springbrook
transect played a more important role in the structuring of macroinvertebrate assemblages in
the Sphagnum-fen than in the calcareous fen. Changes along the longitudinal transect were
best displayed by the first PCA axis of the Ephemeroptera and Trichoptera assemblages,
which were significantly correlated with nearly all of the physicochemical variables, reflect-
ing changes along the transect (Table 2). Water pH was the only physicochemical variable
that correlated with the first PCA axis of Plecoptera, reflecting a seasonal variation in this
assemblage. However, the remaining three taxonomic groups showed a different pattern;
they were more closely related to the physicochemical variables obtained on the second
PCA axis of each taxonomic group (Table 2). On the basis of partial RDA analysis, FPOM
was identified as the most important predictor and pH as the second most important when
looking at the whole assemblage (Table 3). Likewise, the amount of FPOM controlled a
large part of the variation in the Ephemeroptera, Plecoptera, and Chironomidae data sets.
The main changes in species composition of the remaining groups were explained by Fe and/
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Limnius sp.
Megaloptera:  Sialis fuliginosa
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Nemurella pictetii
Trichoptera: Beraea pullata
Chironomidae: Paratendipes nudisquama
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Figure 5. Principal component analysis (PCA) of all species data in the Sphagnum-fen: ordination plot
of sampled sites on the first two PCA axes with posteriori plotted abiotic variables. Only the variables
significantly associated with the PCA axis at the level P < 0.01 are shown. The most important species
which were characteristic of upstream and downstream sections are displayed. e — springbrooks in the
upper part of fen connected to their spring sources; B — downstream springbrooks formed by the joining
of upstream springbrooks. Numbers from 1 to 6 before the slash describe the increasing distance of the
sampled sites from the beginning of the fen; numbers behind the slash describe the month of sampling.
Var. in temperature — variation in temperature; FPOM — fine particulate organic matter, distance — dis-
tance from helocrenes.
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or Ca concentrations (Diptera except Chironomidae and Clitellata), water pH (Trichoptera),
and variation in water temperature (Trichoptera and Clitellata) (Table 3).

4. Discussion
4.1. Spatio-Temporal Variations in Macroinvertebrate Assemblages

In the calcareous fen, the assemblages primarily changed in response to the changing
seasons (Fig. 4, Table 2), whereas in the Sphagnum-fen, they were primarily influenced by
substrate and water chemistry (Fig. 5, Table 2). On one hand, this could be connected to the
different within-site heterogeneity of environmental conditions between the two spring fens,
and/or on the other hand to seasonal shifts in available sources and favourable conditions.
Strong tufa precipitation in the calcareous fen created a rather uniform environment, thus
the main microhabitat differentiation was caused by discharge and the presence of leaf pack-
ets, which varied seasonally. In contrast, the seasonal variation was overridden by a sharp
gradient of physicochemical variables (substrate structure, pH and mineral richness) in the
Sphagnum-fen. This demonstrates the importance of spatial heterogeneity for the distribu-
tion of macroinvertebrates in springs, which was also previously pointed out by WARD and
DurrorD (1979), who recorded a significant effect of substrate heterogeneity on macroin-
vertebrate diversity and abundance in a springbrook-pond system. The pronounced shared
effect of physicochemical variables and season expressed in the calcareous fen (Fig. 3) can
be attributed in particular to the seasonal variability in discharge and the amount of leaf
packets (cf. significant correlations of physicochemical variables in the PCA analysis and
their non-significant contribution after including the season as a covariable in pRDA; Tables
2 and 3). It also suggests an important role of seasonal shifts in the sources and periods of
favourable environmental conditions in the calcareous fen. Harsh conditions in the calcare-
ous fen may mean that aquatic fauna is strongly dependent on the allochthonous input of
organic matter in the form of leaves and wood. A substantial part of the assemblages was
formed by univoltine species (especially many plecopterans and dipterans) with early spring
and spring emergence. This is obvious because the life cycles of many shredders in temper-
ate regions are synchronised with the input of riparian leaves in the autumn (e.g., MALICKY,
1989; WILLIAMS, 1991). They showed a major growth period in late autumn and winter when
they reached high abundance and species richness in the samples (Table 2). On the contrary,
the Sphagnum-fen was not influenced by the seasonal input of organic matter since it was
surrounded by coniferous forest and was rich in organic matter due to the continual strong
formation of peat. We recorded equal numbers of individuals collected during the seasons
and the numbers of taxa recorded even decreased towards autumn (Table 2).

4.2. Spatial Distribution of Macroinvertebrates in the Calcareous Fen

The spatial distribution of macroinvertebrates was primarily determined by factors linked
with the distance from the helocrene spring sources: tufa precipitation, organic matter input
and temperature variation (Tables 2 and 3). The sections directly following the helocrenes
were inhabited by unique crenophilic species from all macroinvertebrate groups that were
not present downstream, whereas some species occurred exclusively in downstream sec-
tions. The contribution by particular groups to the total composition of the macroinverte-
brate assemblages differed. A relative spatial uniformity of species composition (and the
dominant influence of seasonal variation) was particularly observed for Trichoptera, Diptera
(except Chironomidae), Plecoptera, and Clitellata. The spatial uniformity of the Trichoptera
assemblage was most likely attributable to the tufa substrate, which is extremely unsuitable
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for many species. It forms small particles similar to sand grains, which are known to be an
unstable and nutrient-poor substrate for caddis flies (SOLUK, 1985; CoBB and FLANNAGAN,
1990; PHILLIPS, 2003), and/or strong compact crusts which hinder access to the deeper parts
of the bottom substrate (ZOLLHOFER et al., 2000). Moreover, Trichoptera assemblages, even
if they included many species restricted to springs, did not show fixed zonation patterns in
a spring source-springbrook gradient, but these patterns had a strong seasonal component
(McCABE and SYKORA, 2000). Similarly, spatially uniform Diptera (except Chironomidae)
assemblages varied more distinctly during the season, most likely because they consisted of
many eurytopic taxa which are able to colonise a wide range of habitats (cf. BRINKMANN,
1991; WAGNER et al., 1998; DE JONG et al., 2008). On the other hand, there were several Tri-
choptera and Diptera taxa dominating in tufa zones which either have mechanisms to cope
with tufa deposition or may actually benefit from tufa formation (MARKS et al., 2006). We
found several calciphilous species of Trichoptera and Diptera (e.g., Rhyacophila pubescens
PICTET, Plectrocnemia brevis MCLACHLAN, Pericoma calcilega FEUERBORN, Thaumastoptera
calceata MIK) which could favour these conditions. However, they were evenly distributed
along the studied transect. For Plecoptera, we found an effect of Ca concentration, which
was difficult to interpret. The species composition of the Plecoptera assemblage was similar
along the studied transect, but their abundance was higher in sections with lower Ca con-
centrations. We observed strong calcium carbonate encrustations on the thorax and tergites
of Nemoura and Protonemura larvae sampled in the places with the strongest tufa precipi-
tation. These encrustations might have adverse effects similar to those of Fe precipitates
which cause the inhibition of motion and the smothering of aquatic invertebrates in humic
waters (VUORI, 1995). A similar situation was observed in clitellate assemblages which were
locally negatively affected by discharge and the presence of strong tufa crusts, because
they are sensitive to physical disturbances (BARQUIN and DEATH, 2004) and the reduc-
tion of interstitial spaces in the stream bed caused by tufa deposition (cf- RUNDIO, 2009).
Clitellates assemblages have been documented as not being as closely related to seasonal
changes as insect fauna in springs (BARQUIN and DeATH, 2009). However, in our study, the
seasonal variation was distinctive owing to the seasonal dynamics of the dominant species
Trichodrilus strandi, which is monocyclic with spring-summer copulation, lying cocoons in
summer (SPORKA, 2003; SCHENKOVA et al., 2010), with juveniles in autumn increasing the
number of individuals in samples.

A comparably lower influence of seasonal variation was observed in Ephemeroptera and
Chironomidae assemblages. Their species composition was significantly associated with
coarse organic matter and tufa crusts. They formed discrete assemblages in places near
helocrenes (Chironomidae) or in the springbrook (Ephemeroptera). This pattern resulted
from the dominance of crenobiontic and madicolous Chironomidae such as Neostempel-
lina thienemanni REISS, Krenopelopia sp., Krenosmittia cf. camptophleps (EDWARDS) and
Parachaetocladius abnobaeus (WULKER) (LINDEGAARD, 1995) near the helocrenes and rhe-
ophilous mayflies (Ecdyonurus subalpinus KLAPALEK, Electrogena ujhelyii (Sowa)) dwell-
ing predominantly in the springbrook section of the fen.

4.3. Spatial Distribution of Macroinvertebrates in the Sphagnum-Fen

The spatial distribution of macroinvertebrates along the transect was governed by a joint
influence of pH/mineral richness and substrate. Particular taxa were more or less sensitive to
variations in pH and iron concentrations along the transect and/or the preferred substrate of
different volumes of fine detritus. Water chemistry varying along the studied transect influ-
enced Clitellata and Diptera (except Chironomidae) assemblages by the effects of acidity
and high iron concentrations (Table 3). Clitellates showed a shift from acidotolerant species-
dominated assemblages (Enchytraeidae) to eurytopic aquatic species-dominated assemblages
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(Naididae and Lumbriculidae). Diptera (except Chironomidae) were characterised by an
increased abundance of acid-benefiting Ceratopogonidae (SOMMER and HorwiTz, 2001) and
by a very rare occurrence of species from the families Tipulidae and Limoniidae, which were
documented as being limited by pH and heavy metals (SASAKI et al., 2005).

Two groups, Chironomidae and Plecoptera, were predominantly associated with substrate,
regardless of acidity and the distance from the helocrenes (Table 3). Many Chironomidae
species showed clear preferences for either spring sections with a dominance of FPOM or
with a high amount of inorganic substrate. These results correspond well to the findings of
FERRINGTON (1998), who emphasised the importance of a predominant substrate type for the
chironomid assemblage composition in springs. A joint influence of pH/mineral richness and
substrate was observed in the Ephemeroptera and Trichoptera assemblages. As the mayflies
are the most acid-sensitive aquatic insects (BRAUKMANN, 2001), they were completely miss-
ing in the most acidic parts of the fen. Under episodically slight acidic and circum-neutral
conditions, they were less abundant in sections with organic substrate and abundant in sec-
tions with a higher discharge and coarse sediment. This response was caused by the different
degrees of acid sensitivity of mayflies. Baetis vernus CURTIS, an “acid-benefitting” species,
which can even increase their densities with increasing acidity (TIXIER e al., 2009), and
the “slightly acid-sensitive” species Baetis niger (LINNAEUS), which tolerates episodically
acid events (BRAUKMANN, 2001; PETRIN et al., 2007), inhabited sections with circum-neutral
conditions that were episodically weakly acidic. In sections with neutral conditions, i.e.,
springbrooks, the number of mayflies significantly increased and the assemblage included
“acid-sensitive” species. The distribution in these sections was governed by the substrate,
namely by the proportions of FPOM (preferred by, e.g., Baetis niger) and stones and gravel
(occurrence of Ecdyonurus subalpinus and Habrophlebia lauta EATON and higher abundance
of Baetis vernus). Contrary to Ephemeroptera, the Trichoptera taxa richness and abundance
remained constant along the Sphagnum-fen. However, some species occurred exclusively
in acidic sections (i.e., acid-tolerant and/or crenophilous species, according to BRAUKMANN,
2001; GRAF et al., 2008) or in acid-neutral sections (i.e., slightly acid-sensitive and acid-
sensitive lotic species; BRAUKMANN, 2001; GRAF et al., 2008). Spring-dwelling species are
generally more tolerant to low pH levels than rhitrobiontic species (see also BRAUKMANN,
2001; SASAKI et al., 2005), which appears to be an adaptation to special crenal conditions
(HaHN, 2000). Simultaneously, the Trichoptera assemblage dwelling in this site comprised
many species with pronounced substrate preferences which were distributed in relation to
the fine detritus/inorganic particle proportions in the bottom substrate (e.g., Silo pallipes,
Odontocerum albicorne, and Hydropsyche saxonica).

5. Conclusions

Spatial heterogeneity in environmental conditions can be an important factor that controls
macroinvertebrate within-site distribution. Higher heterogeneity can result in temporally sta-
ble species distribution patterns even at very small spatial scales, contrary to environmentally
more homogeneous habitats where seasonal changes are of higher importance. Environmen-
tally more heterogeneous habitats also promote variation in individual taxa responses to the
measured variables, shaping the overall pattern obtained based on the whole community.
In the more heterogeneous habitat, the response of the whole assemblage was a complex
of different group responses, contrary to analogical or non-significant responses in a less
heterogeneous habitat. This study stresses the importance of segregating the responses of
individual macroinvertebrate groups when studying species distribution patterns even within
a single habitat. Responses of individual groups can be highly variable or even reverse at
environmentally more heterogeneous sites.
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Appendix 1.

V. KROUPALOVA et al.

The list of taxa collected in the calcareous fen and Sphagnum-fen in 2006.

calcareous fen Sphagnum-fen

Platyhelminthes

Mollusca

Annelida

Crustacea

Ephemeroptera

Odonata

Plecoptera

Dugesia gonocephala (DuGks, 1830)
Polycelis felina (DALYELL, 1814)

Ancylus fluviatilis O. F. MULLER, 1774
Bythinella austriaca (FRAUENFELD, 1857)
Galba truncatula (O. F. MULLER, 1774)
Pisidium personatum MALM, 1855
Pisidium casertanum (PoLl, 1791)

Radix peregra (O. F. MULLER, 1774)

Achaeta sp.

Cernosvitoviella sp.

Cognettia glandulosa (MICHAELSEN, 1888)
Cognettia sphagnetorum (VEIDOVSKY, 1878)
Eiseniella tetraedra (SAVIGNY, 1826)
Enchytraeus sp.

Erpobdella octoculata (LINNAEUS, 1758)
Erpobdella vilnensis LisKiIEwicz, 1927
Fridericia sp.

Haplotaxis gordioides (HARTMANN, 1821)
Henlea cf. perpusilla FRIEND, 1911
Limnodrilus hoffmeisteri CLAPAREDE, 1862
Lumbriculus variegatus (O. F. MULLER, 1774)
Marionina sp.

Mesenchytraeus armatus (LEVINSEN, 1884)
Nais communis PIGUET, 1906

Pristina rosea (PIGUET, 1906)
Rhyacodrilus falciformis BRETSCHER, 1901
Stylodrilus heringianus CLAPAREDE, 1862
Tubifex tubifex (O. F. MULLER, 1774)
Trichodrilus strandi HRABE, 1936

Gammarus fossarum KocH, 1835

Baetis niger (LINNAEUS, 1761)

Baetis rhodani (PICTET, 1845)

Baetis vernus CURTIS, 1834

Ecdyonurus subalpinus KLAPALEK, 1907
Electrogena ujhelyii (Sowa, 1981)

Habrophlebia lauta EATON, 1884
Paraleptophlebia submarginata (STEPHENS, 1835)
Rhithrogena sp.

Aeshna cyanea (O. F. MULLER, 1764)
Cordulegaster boltonii (DONOVAN, 1807)
Pyrrhosoma nymphula (SULZER, 1776)

Amphinemura standfussi (Ris, 1902)
Diura bicaudata (LINNAEUS, 1758)
Isoperla cf. tripartita ILLIES, 1954

X

X X X X

X X X X X X

X X X X X X X X X

X X X X X X X X X X
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Appendix 1. (continued)

calcareous fen Sphagnum-fen

Leuctra braueri KEMPNY, 1898 X X
Leuctra inermis KEMPNY, 1899 X
Leuctra nigra (OLIVIER, 1811)

Leuctra prima KEMPNY, 1899 X
Nemoura cf. avicularis MORTON, 1894

Nemoura cambrica STEPHENS, 1836 X
Nemoura cinerea (RETZIUS, 1783)

Nemoura marginata PICTET, 1835 X
Nemoura sciurus AUBERT, 1949

Nemurella pictetii KLAPALEK, 1900

Protonemura lateralis (PICTET, 1835) x

X

X X X X X X X

Heteroptera
Velia caprai TAMANINI, 1947 X
Megaloptera
Sialis fuliginosa PICTET, 1836 x
Neuroptera
Osmylus fulvicephalus (ScopoLl, 1763) x
Coleoptera
Anacaena globulus Ad. (PAYKULL, 1798) x
Anacaena sp. Lv. X X
Agabus guttatus Ad. (PAYKULL, 1798) X
Agabus paludosus Ad. (FaBricius, 1801)
Agabus sp. Lv. x
Deronectes platynotus Ad. (GERMAR, 1834)
Deronectes sp. Lv.
Elmis aenea Ad. (O. F. Miiller, 1806)
Elmis maugetii Ad. (LATREILLE, 1798)
Elmis sp. Lv.
Elodes sp. Lv. x
Esolus angustatus Ad. (O. F. MULLER, 1821)
Eubria palustris Lv. GERMAR, 1818
Hydraena gracilis Ad. GERMAR, 1824
Hydraena morio Ad. KIESENWETTER, 1849 X
Hydraena nigrita Ad. GERMAR, 1824 x
Hydraena saga Ad. d’ORCHYMONT, 1930 x
Hydrobius fuscipes Lv. (LINNAEUS, 1758)
Laccobius striatulus Ad. (FABricius, 1801) X
Limnius perrisi Ad. (DUFOUR, 1843)
Limnius perrisi Lv. (DUFOUR, 1843)
Limnebius truncatellus (THUNBERG, 1794)
Oreodytes sanmarkii Ad. (C. R. SAHLBERG, 1834)
Platambus maculatus Ad. LINNAEUS, 1758 X
Platambus maculatus Lv. LINNAEUS, 1758

X X X X X X X X X X

X X

X X X X X X

Trichoptera

Beraea pullata (CurTis, 1834) x
Beraea sp. X

Ernodes articularis (PICTET, 1834) x
Ernodes articularis/vicinus x

Chaetopteryx fusca BRAUER, 1857 x
Chaetopteryx fusca/villosa

Chaetopteryx major MCLACHLAN, 1876 x x
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Appendix 1. (continued)

calcareous fen Sphagnum-fen

Diptera
Tipulidae

Limoniidae

Pediciidae

Ptychopteridae
Psychodidae

Dixidae

Crunoecia irrorata (CURTIS, 1834)
Hydatophylax infumatus (MCLACHLAN, 1865)
Hydropsyche saxonica MCLACHLAN, 1884
Limnephilus cf. ignavus MCLACHLAN, 1865
Limnephilus cf. sparsus CurTis, 1834
Notidobia ciliaris (LINNAEUS, 1761)
Odontocerum albicorne (ScopoLl, 1763)
Oligotricha striata (LINNAEUS, 1758)
Parachiona picicornis (PICTET, 1834)
Plectrocnemia brevis MCLACHLAN, 1871
Plectrocnemia conspersa (CURTIS, 1834)
Potamophylax nigricornis (PICTET, 1834)
Rhyacophila philopotamoides MCLACHLAN, 1879
Rhyacophila pubescens PICTET, 1834
Rhyacophila sp.

Sericostoma personatum (KIRBY et SPENCE, 1826)

Silo pallipes (FaBricius, 1781)
Wormaldia occipitalis (PICTET, 1834)

Nigrotipula nigra (LINNAEUS, 1758)
Tipula bosnica STROBL, 1898

Tipula fulvipennis DE GEER, 1776
Tipula goriziensis STROBL, 1893
Tipula lateralis MEIGEN, 1804
Tipula maxima PopA, 1761

Tipula rufina MEIGEN, 1818

Tipula unca WIEDEMANN, 1817
Cheilotrichia sp.

Eloeophila sp.

Ellipteroides alboscutellatus (VON ROSER, 1840)
Gonomyia lucidula MEUERE, 1920
Gonomyia sp.

Helius sp.

Molophilus sp.

Neolimnomyia filata (WALKER, 1856)
Orimarga sp.

Scleroprocta sp.

Thaumastoptera calceata MIK, 1866
Dicranota sp.

Pedicia sp.

Tricyphona sp.

Ptychoptera lacustris MEIGEN, 1830
Berdeniella sp.

Jungiella sp.

Pericoma calcilega FEUERBORN, 1923
Pneumia sp.

Psychoda sp.

Threticus sp.

Ulomyia sp.

Dixa maculata MEIGEN, 1818

Dixa submaculata EDWARDS, 1920

X

X X X X X X X X

X X X X X X X

X X X X X

X X X X X X X X X X X X X X X X X X

X X X X X X X X

X X

X X X X
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Appendix 1. (continued)

calcareous fen Sphagnum-fen

Thaumaleidae Thaumalea sp.

Ceratopogonidae Atrichopogon sp.
Ceratopogoninae
Dasyhelea sp.

Chironomidae Apsectrotanypus trifascipennis (ZETTERSTEDT, 1838)
Brillia bifida (KIEFER, 1909)
Chaetocladius piger GR.
Conchapelopia sp.
Corynoneura cf. lobata EDWARDS, 1924
Diamesa cf. tonsa (HALIDAY, 1856)
Eukiefferiella cf. brehmi Gouin, 1943
Eukiefferiella brevicalcar (KIEFFER, 1911)
Eukiefferiella cf. fuldensis LEHMANN, 1972
Heleniella serratosioi RINGE, 1976 X
Heterotanytarsus apicalis (KIEFER, 1921)
Heterotrissocladius marcidus (WALKER, 1856)
Krenopelopia sp. x
Krenosmittia cf. camptophleps (EDWARDS, 1929) x
Limnophyes sp. x
Macropelopia cf. nebulosa (MEIGEN, 1804)
Metriocnemus hygropetricus GR.
Metriocnemus fuscipes GR. x
Micropsectra sp.
Microtendipes chloris GRr.
Nanocladius parvulus/rectinervis
Natarsia sp.
Neostempellina thienemanni REIss, 1984
Orthocladius lignicola KIEFFER, 1914
Orthocladius rivicola GRr.
Orthocladius rivulorum KIEFER, 1909
Paramerina sp.
Parametriocnemus stylatus (SPARCK, 1923)
Paraphaenocladius sp. x
Paratendipes nudisquama (EDWARDS, 1929)
Phaenopsectra sp.
Polypedilum convictum GRr. x
Polypedilum laetum GR.
Polypedilum scalaenum GRr.
Prodiamesa olivacea (MEIGEN, 1818)
Parachaetocladius abnobaeus (WULKER, 1959)
Rheocricotopus atripes (KIEFER, 1913)
Rheocricotopus effusus (WALKER, 1856)
Rheocricotopus fuscipes (KIEFER, 1909)
Rheocricotopus sp.
Smittia sp.
Stempellinella ciliaris/flavidula
Synorthocladius semivirens (KIEFER, 1909) x
Tanytarsus sp.
Thienemanniella clavicornis/vittata
Trissopelopia sp.
Tvetenia bavarica GR. X
Zavrelimyia sp.

X X X X X X X X X X

X X X X X X
X X X X X X X X X X X X X X X X X X X X X X X X X

X
X X X X X X X

X X X X X X X X
X X X X X X X X

X X X X X X X
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Appendix 1. (continued)

calcareous fen Sphagnum-fen

Simuliidae

Sciaridae
Cecidomyidae
Stratiomyidae

Tabanidae

Rhagionidae
Athericidae
Empididae

Dolichopodidae
Syrphidae
Sciomyzidae
Drosophilidae

Simulium argyreatum MEIGEN, 1838
Simulium cf. carpathicum (KNoz, 1961)
Simulium costatum FRIEDERICHS, 1920
Simulium ornatum MEIGEN, 1818
Simulium trifasciatum CURTIS, 1839
Simulium vernum GRr.

Beris clavipes (LINNAEUS, 1767)

Beris vallata (FORSTER, 1771)
Nemotelus pantherinus (LINNAEUS, 1758)
Oxycera meigenii STAEGER, 1844
Oxycera pardalina MEIGEN, 1822
Oxycera pygmaea (FALLEN, 1817)
Chrysops caecutiens (LINNAEUS, 1758)
Hybomitra sp.

Tabanus autumnalis LINNAEUS, 1761
Tabanus sp.

Chrysopilus sp.

Ibisia marginata (FABRICIUS, 1781)
Chelifera sp.

Clinocera sp.

Dolichocephala sp.

Melanogaster hirtella (LOEW, 1843)
Pherbellia sp.
Scaptomyza sp.

X X X X X X X X X X X X X

X X X X X X X

X

X
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Abstract Spring fens are isolated treeless wetlands
of a high conservation value. Their environmental
conditions are strongly related to their groundwater
chemistry, which controls species distribution within
various groups of organisms. Clitellates, a dominant
group of non-insect aquatic fauna, however, have
never been studied in these habitats. It is unclear from
previous studies to what extent the distribution of
aquatic non-insect taxa reflects water chemistry rather
than the substrate structure. We studied 34 spring fens
sampled in 17 isolated sites in the Western Carpathian
Mountains to determine mainly the effects of water
chemistry and substrate structure on variation in
species richness and composition of clitellate assem-
blages as examples of the non-insect fauna. A total of
34 taxa were found, with 3-15 taxa collected per
sample. Species richness was negatively correlated
with water mineral concentration measured as water
electric conductivity (r = —0.57, P < 0.001) and
positively with TOC (r = 0.60, P < 0.001). Surpris-
ingly, the lowest number of taxa was found in
calcareous fens and richness increased towards Sphag-
num-fens. There was a species turnover related to
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changes in mineral richness and substrate characters.
The main change of species composition was promoted
by changes in substrate structure. The second gradient
of species composition was linked with the amount of
nutrients, moisture, and dominance of sphagna, and
was associated with an increase of eurytopic species in
fens with high nutrient availability. It was difficult to
separate the effects of water chemistry and substrate on
clitellate species distributions owing to the fact that
variation in tufa precipitation and vegetation was
driven by water chemistry changes. This study pre-
sented the first quantitative data on fen clitellate
assemblages, which appear to have an unusual pattern
of species richness. In contrast to plants and molluscs,
calcareous fens appeared to be a harsh environment for
clitellate species. Only few specialized species, mainly
Trichodrilus strandi, were able to establish viable
populations. The significant effect of water chemistry
on clitellate distribution patterns raises questions about
the direct influence of water chemistry on non-insect
aquatic taxa, which have previously been considered to
be mostly determined by substrate characteristics.

Keywords Spring fens - Oligochaeta - Hirudinida -
Poor-rich gradient - Diversity pattern
Introduction

Identification and explanation of non-random patterns
of species richness and composition is one of the key

@ Springer
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factors in understanding the underlying processes of
community ecology. However, the patterns observed
can vary between different habitats and they are also
dependent on the length of the gradient and the
groups of organisms studied. Thus, it is usually not
possible to apply results of studies in one type of
habitat or taxonomical group directly to another
habitat or group. Knowledge of the ecology of
particular taxonomical groups is often highly uneven
across different habitat types.

For example, clitellates (sensu Erséus, 2005),
which include oligochaetes and leeches, have been
studied in detail in various types of running waters,
lakes, and artificial habitats (e.g. gporka, 1998;
Verdonschot, 2001; Nijboer et al., 2004; Dumnicka
& Boggero, 2007; Dumnicka et al., 2007). However,
there are only few studies of this group in mire
habitats. These studies dealt with oligochaetes of
ombrotrophic bogs and moorlands (i.e. mires that
receive all of their water and nutrients from precip-
itation) and bog streams (Svendsen 1957a, b; Cragg,
1961; Smith, 1986; Smith & Kaster, 1986; van
Duinen et al., 2006), which showed to have very low
species richness. The only abundant species inhabit-
ing these nutrient-poor and acidic mires, Cognettia
sphagnetorum, is also the only thoroughly studied
species in terms of growth, survival, and feeding
habits (e.g. Springett & Latter, 1977; Latter &
Howson, 1978). Habitats slightly influenced by
alkaline groundwater (lagg zones, transitional mires,
and bog brooklets) tend to have higher species
richness because of higher availability of nutrients
(van Duinen et al., 2006).

There is only sketchy information on clitellate
assemblages of treeless spring fens (i.e. minerotroph-
ic mires, wetlands supplied by mineral-rich ground-
water). Available studies on fens deal with the
production of soil oligochaetes (Erman & Erman,
1975) and species composition of assemblages in
degraded fenland area in the Netherlands affected by
eutrophication (Verdonschot, 1984) and in ditches
and canals of drained fens in Germany (Langheinrich
et al.,, 2004). Clitellates of undisturbed, nutrient-
limited spring fens have never been studied.

The habitat diversity of well-preserved fens is
primarily determined by the chemistry of the ground-
water supplying them, especially the calcium concen-
tration and water pH (e.g. Hajek et al., 2006). A sharp
gradient of mineral richness from acid mineral-poor

@ Springer

fens to extremely mineral-rich calcareous fens was
originally described in relation to vegetation as the
poor-rich gradient (e.g. du Rietz, 1949; Malmer,
1986; Hajek et al., 2006). Five vegetation types of
increasing complexity along the gradient clearly
describe the diversity of fens (for details, see Héajek
et al., 2006). Three of the vegetation types are
Sphagnum-fens (mineral-poor, moderately mineral-
rich, and mineral-rich fens) and two are brown-moss
fens (extremely mineral-rich and calcareous fens).
Conspicuous changes in species richness and com-
position have also been observed along this gradient
in molluscan (Horsak & Hajek, 2003), algal (Pou-
lickova et al.,, 2003; Frankova et al., 2009), and
testacean (Opravilova & Hdjek, 2006) assemblages.
However, the question whether aquatic macroinver-
tebrates respond significantly to this ecological
gradient is yet to be studied, because most existing
ecological studies have not covered the entire length
of the gradient (e.g. Erman & Erman, 1975; van
Duinen et al., 2006; Suren et al., 2008).

Previous studies that have included water chem-
istry were restricted to rather uniform mire habitats,
which is the probable reason why these studies found
that the variation in macroinvertebrate assemblages
was governed by physical habitat attributes at the
within-site scale and by various basic ecological
differences among wetland types at the between-site
scale. Glazier (1991) assumed there was an influence
of mineral richness and pH on the composition of
macroinvertebrate assemblages of springs, because
non-insect taxa highly dominated in assemblages of
hard-water springs and insect taxa dominated in soft-
water springs, whereas insects usually prevail in other
lIotic habitats regardless of their pH or alkalinity
(Glazier & Gooch, 1987; Glazier, 1991). Glazier
(1991) proposed a complex influence of the adverse
effects of low pH and alkalinity on crustaceans and
molluscs and the benefits of physical constancy in the
habitats he studied which favoured non-emergent
species with high population densities. Subsequent
research confirmed the importance of habitat stabil-
ity, especially in terms of minimal fluctuation in flow
and temperature fluctuations (Barquin & Death,
2004), and supported the existence of a weak
association between aquatic insects and spring water
only in hard-water springs (Virtanen et al., 2009) and
tufa-forming spring fens (Bojkova & Helesic, 2009).
However, the influence of water chemistry on the
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distribution patterns of the aquatic non-insect fauna
has not been studied to date in mires.

The aims of this study were to (i) determine the
effect of water chemistry on species richness and
composition of clitellate assemblages, (ii) show the
pattern of species distribution along the main envi-
ronmental gradients, and (iii) provide the first quan-
titative data on aquatic and semi-aquatic oligochaetes
and leeches of spring fens. We have chosen the
Western Carpathian flysch zone (Czech Republic and
Slovakia) as our study area because they vary from
calcium-poor acidic fens with a tendency towards
ombrotrophy (about 2 mg 1" of calcium) to extremely
calcium-rich tufa-forming fens (up to 300 mg 17" of
calcium).

Materials and methods
Study area and sites

The study area was located on the western margin of
the Western Carpathians (48°56'—49°32'N, 17°44'—
18°51’E), in the border region between the Czech
Republic and Slovakia (Fig. 1). It was chosen
because of the variable chemistry of the local aquifers
and, therefore, the groundwater supplying the wet-
lands within it, as well as because of the overall the

similarities in hydrological characteristics, origin, and
age of spring fens within the area (Rybnickova et al.,
2005). The bedrock of this area is formed by
alternating claystone and sandstone with variable
chemistry, especially differing in calcium and mag-
nesium content. Marls, claystone, limestone, and
calcareous sandstone prevail in the south-western part
of the study area, where groundwater is extremely
rich in calcium and magnesium, which causes
formation of cold water travertine (tufa) in most
cases. Towards the north-east, the groundwater is still
rich in calcium, but has a lower content of magne-
sium and higher contents of sodium, potassium, and
iron. The northern part of the study area is charac-
terised by decalcified, iron-cemented sandstone. It
has the lowest calcium concentration within the entire
study area (Rapant et al., 1996; Hajek et al., 2002).

Seventeen sites of treeless, mostly sloping fens
supplied by permanent springs, were chosen to cover
the complete mineral-richness gradient (Fig. 1). The
sites were selected on the basis of previous compre-
hensive studies of spring fen vegetation in order to
cover all main vegetation types that mirror main
ecological types of spring fen habitats (Poulickova
et al., 2005; Héjek et al., 2006). To obtain a balanced
set of these structural habitat types, six sites were
selected within calcareous fens with a different
degree of calcium carbonate precipitation (Caricion
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Fig. 1 Location of the study area and sites
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davallianae), six within mineral-rich fens without
calcium carbonate precipitation (Caricion davalli-
anae), and five sites within Sphagnum-fens of
different mineral richness and acidity of water
(Sphagno warnstorfii-Tomenthypnion, Caricion fus-
cae, and Sphagno recurvi-Caricion canescentis).
The altitudes of the studied fens varied from 450 to
750 m a.s.l.

Field sampling and explanatory variables

Samples of clitellates were collected three times a
year (May, July, and September 2006), from 17 sites
in two different habitats (altogether 102 samples), i.e.
the part of the spring fen with strongest flow and the
part with slow-flowing or almost standing water. For
statistical analyses, samples from individual seasons
were merged to provide 34 samples from two habitats
at 17 sites. Each sample was a plot delimited by a
metal frame of 25 x 25 cm (625 cmz), where veg-
etation and bottom sediment were gathered to the
depth of 5 cm. It was elutriated through a net of
250 pm mesh size, and substrate was kept in 4%
formaldehyde solution. Clitellates were extracted by
hand-sorting under a stereomicroscope in the labora-
tory. Oligochaetes were permanently mounted on
microscope slides. The keys of Hrabé (1954, 1981),
Nielsen & Christensen (1959, 1961, 1963), Timm
(1999), and Timm & Veldhijzen van Zanten (2002)
were used for identification of oligochaetes. Hirudin-
ida were identified according to Neubert & Nesemann
(1999) and Kosel (2001). Species nomenclature
follows Siddall et al. (2001), Erséus (2005), and
Erséus et al. (2008).

Water conductivity, temperature, dissolved oxy-
gen, and pH were measured in situ by portable
instruments (WTW Multi 340i/SET). Water conduc-
tivity represents the approximation of total water
mineral concentration; it strongly correlates with
Ca 4+ Mg concentration (Hajek et al., 2005) and it
can be used as a reliable proxy of the calcium
concentration (Sjors & Gunnarsson, 2002; Horsék,
2006). At each sampling date, 100 ml of substrate
was extracted from next to each sampling plots for
measuring total organic carbon (Shimadzu TOC-
Vepu). For characterising each site, a one-shot
sample of substrate and water was taken in August
2006. Substrate samples were sampled from a plot of
25 x 25 cm to the depth of 5 cm. These plots always
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lay next to the places where samples of clitellates
were taken and reflected the same structural micro-
habitat type. Particulate organic matter (POM) was
elutriated from these samples using an elutriation
apparatus (Omesova & HeleSic, 2004), sieved
through a net of 1 mm mesh size, and dried at
70 °C. Coarse particulate organic matter (CPOM;
fraction >1 mm) was sorted according to the origin
(sphagna, brown mosses, vascular plants, and wood/
leaves). All fractions were weighed and described as
the proportions of the total weight of CPOM.
Remaining inorganic substrate was dried at 80 °C
and used for grain size analysis. Median diameter of
particle size (Dsg) was used for describing the
substrate particle size (Giere, 1993). Water samples
were collected in autumn due to relative stability of
water chemistry (Hajek & Hekera, 2004) and the
content of ions Ca*", Mg>", Fe, NO;~, and PO,*~
were measured (Table 1).

Two environment characteristics of sites (moisture
and nutrients) were estimated based on the vegetation
composition using the Ellenberg indicator values
(EIV) in the JUICE program (Tichy, 2002). The
indicator value for nutrients referred to the availabil-
ity of three major nutrients (N, P, K) to plants and it
strongly correlated with plant biomass production
(Schaffers & Sykora, 2000). There is a general lack
of correlation between soil or water nutrient concen-
trations and Ellenberg value for nutrients (Schaffers
& Sykora, 2000). The species composition of vascu-
lar plants was recorded in the 4 x 4 m (16 m?) plots
placed in the central part of each site. The cover of
each plant species was estimated using the Braun-
Blanquet nine-grade scale (van der Maarel, 1979),
and an EIV for plant species was calculated (for
details see Schaffers & Sykora, 2000; Horsak et al.,
2007). EIVs have proved to be very useful in studies
of animal ecology, yielding accurate estimates of
variables difficult to measure directly in the field
(Horsdk et al., 2007).

Statistical analyses

All explanatory variables were subjected to the
Principal Components Analysis (PCA) on the corre-
lation matrix (centred and standardised) to reveal the
main gradients of environmental variation and to
show the relations among variables. The species
abundance data were log-transformed as Y = log
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Table 1 Descriptive statistics for the variables used in the analyses

Calcareous fens

Mineral-rich fens

Sphagnum-fens

MEAN MAX MIN SD MEAN MAX MIN SD MEAN MAX MIN SD
pH 79 82 73 03 73 84 63 06 5.4 69 28 1.1
Conductivity (1S cm™") 4858  600.0 406.0 603 2883  599.0 480 1698 629 1140 30.0 19.5
Discharge (ml s~1) 1883 5333 467 1625 789 1300 433 307 1200 4333 233 1577
TOC (g kg1 189 65.8 00 180 103.0 2718 184 688 2146 3190 763 81.0
PO~ (mg17h 0.1 0.5 00 02 0.2 03 00 0.1 0.3 07 0.0 0.3
NO;~ (mg 17} 93 20.5 02 62 1.0 25 01 09 05 13 0.1 0.4
Fe (ug17Y 3057 8160 40.0 280.3 29255 36000 169.0 8464 14004 3660.0 46.0 2327.6
Ca (mg1™h 888 1120 60.6 198 487 107.0 93 332 6.0 92 37 1.9
Mg (mg 17" 11.7 186 24 58 93 15.5 12 55 1.9 3.1 07 0.9
Ds (mm) 3.4 11.6 02 38 0.3 09 01 03 0.1 01 0.1 0.0
POM (%) 9.8 42.1 02 111 28.0 82.2 1.6 244 583 99.1 30.2 19.0
Leaves/wood (%) 588 1000 200 363 465 900 3.0 435 0.0 00 00 0.0
Vascular plants (%) 18.0 240 140 43 4838 720 60 253 540 80.0 24.0 23.0
Brown-mosses (%) 64.3 80.0 550 111 480 940 10 28.5 14.0 260 2.0 12.0
Sphagna (%) 0.0 00 00 00 240 240 240 00 620 100 180 28.7
(n 4+ 1) to reduce the undue influence of dominant Results

species. Detrended Correspondence Analysis (DCA)
was used to study relationships between species
composition and explanatory variables. Spearman
rank correlations (r;) and Mann—Whitney U test were
used to examine possible relationships between
explanatory variables and site scores on the ordination
axes. Bonferroni corrections of the significance level
were used for multiple comparisons of explanatory
variables (Holm, 1979).

The variation partitioning approach (@kland,
1999) was used to determine the relative amount of
variation in clitellate data explained by two different
constraining groups of variables (water chemistry and
substrate characteristics) in separate Canonical Cor-
respondence Analyses (CCA) using the forward
selection procedure and the Monte Carlo test with
1,999 permutations (Leps & §milauer, 2003). Since
explained variation is also influenced by the number
of explanatory variables (Peres-Neto et al., 2006), we
used only variables that were significant in two CCAs
where all water chemistry variables and all substrate
characteristics were included (not shown in the
Results). The CANOCO 4.5 package (ter Braak &
gmilauer, 2002) was used for ordination techniques
and STATISTICA 8 (Hill & Lewicki, 2007) for the
other (uni-dimensional) analyses.

Major environmental gradients and relationships
among measured variables

Many of the explanatory variables were inter-corre-
lated, as shown in the PCA of 18 explanatory
variables (Table 2). PCA found one important envi-
ronmental gradient within a set of explanatory
variables, and the majority of these variables were
significantly associated with the first PCA axis. This
axis reflected the gradient of mineral richness (con-
ductivity, Ca’™, Mg2+), pH, NO;3;™ concentration,
substrate structure (Dsg, TOC, POC, wood/leaves,
sphagna), moisture, and discharge (Table 2). The
second PCA axis was significantly correlated with
nutrients, Fe concentration, and vascular plants. The
third PCA axis was correlated with PO43_ concen-
tration and brown-mosses. The fourth axis explained
a very small part of the total variation, and no
significant correlations with the analysed variables
were observed.

Major gradients of species composition

A total of 34 taxa of clitellates of 7,299 specimens
were found in the studied spring fens (Table 3).
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Table 2 PCA of 18 explanatory variables

PCA1 PCA2 PCA3 PCA4
T Ts Ts Ts
Eigenvalues 0.413 0.143 0.108 0.078
Water chemistry
pH —-0.922 —-0.004 —0.044 0.149
Conductivity -0.817 —-0.025 -0.323 0.049
Fe 0.465*  0.555 —0.127 0.288
Ca*" —0.819 0.199 —-0.242 0.179
Mg?+ —0.736 0.031 0.142 —-0.217
NO;~ —-0.758 —0.404 —0.017 —0.008
PO~ 0.278 0.071 —0.529 0.450*
Substrate
TOC 0.865 0.230 0.148 —0.166
Moisture 0.609 —0.002 —0.466* 0.093
Nutrients —0.246 0.620 —0.042 0.083
Dso -0.777 —-0.335 0.012 0.118
POM 0.802 0.305 0.078 —0.317
Leaves/wood —0.806 —0.498* —0.285 0.201
Vascular plants 0.323 0.612 —0.183 —0471*
Brown-mosses 0.099 0.447*  0.662 0.454*
Sphagna 0.721 —0.364 0.057 —0.178
Others
Average discharge —0.606 —0.222 0.342  —0.081
Depth 0.275 0436 —0.009 —0.287

Eigenvalues of axes and correlations of explanatory variables
with the first four PCA axes (ry) are shown. Significant
correlations at the level of P < 0.01 are marked by asterisks
and those significant after Bonferroni correction (P < 0.002)
are in bold

Numbers of taxa ranged from 3 to 15 per sample and
from 6 to 27 per site; the median number of species
per sample and site was 7 and 15, respectively. The
clitellate assemblages consisted mostly of taxa
belonging to families Enchytraeidae (14 taxa) and
Naididae (11 taxa). Both Lumbriculidae and Lum-
bricidaec were represented by three taxa and Haplo-
taxidae by a single species. Two species of
Hirudinida were recorded. Dominant oligochaete
species, Trichodrilus strandi and Stylodrilus heringi-
anus (both Lumbriculidae), represented 31.7 and
28.7%, respectively, of all specimens recorded
(Table 3).

In the DCA, the first axis accounted for 22.4%, the
second for 8.2%, the third for 5.6%, and the fourth
3.3% of the total variance of species data. This
analysis revealed two major gradients in species data;
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the first gradient expressed on the first ordination axis
reflected the influence of mineral richness and
substrate characteristics on the composition of clitel-
late assemblages (Fig. 2). Variables displaying sig-
nificant correlation (P < 0.002) with the sample
scores on the first DCA axis were those describing
chemistry of spring fen water (i.e. pH, conductivity,
NO;~, Ca*", and Mg®>") and characteristics of the
bottom substrate (i.e. Dsg, TOC, proportions of POM
and wood/leaves in substrate sample) (Table 4). Flow
parameters (water discharge and depth) were not
significantly correlated with the first DCA axis
(Table 4). The first DCA axis showed the shift in
species composition from calcareous fens with
different degree of tufa precipitation towards Sphag-
num-fens and, in several cases, towards mineral-rich
fens (Fig. 2). This gradient represented the compound
effect of mineral richness and substrate character.
According to the position of individual species on
the first DCA axis (Fig. 3), a stygophilous species
T. strandi was the only species with a strong affinity
to calcareous fens. In the middle part of the axis,
semiaquatic taxa Fridericia spp., Eiseniella tetrae-
dra, Mesenchytraeus armatus, Cognettia sphagneto-
rum, and Rhyacodrilus falciformis were present.
Common aquatic oligochaete species, as well as a
leech Erpobdella vilnensis, had the highest scores on
the first axis. The second ordination axis expressed
the second important gradient in species data, the
gradient of moisture and nutrients as indicated by
EIV values and the dominance of sphagna. Along this
gradient, the group of Sphagnum-fens (upper right
part of the diagram) and mineral-rich fens (lower
right part of the diagram) were clearly separated
(Fig. 2). Cognettia sphagnetorum, C. glandulosa, and
Lumbriculus variegatus were associated with Sphag-
num-fens, which was indicated by their higher scores
on the second axis. Predominantly, eurytopic aquatic
species (e.g. Limnodrilus hoffmeisteri, Tubifex tubi-
fex, and Erpobdella vilnensis) were characteristic of a
group of mineral-rich fens on the opposite side of the
axis (Fig. 3). The number of taxa was significantly
correlated with sample scores on the first DCA axis
that reflects main changes in species composition
(Table 4). Abundance did not significantly vary along
both axes. Species richness significantly increased
with decreasing conductivity (r = —0.57, P < 0.001)
and with increasing TOC (r = 0.60, P < 0.001). The
number of taxa was lowest in calcareous fens and
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Table 3 List of recorded taxa

Names of taxa Calcareous fens (12) Mineral-rich fens (12) Sphagnum-fens (10)
Oligochaeta

Enchytraeidae

Buchholzia sp. 0 0 0.02/1
Cernosvitoviella sp. 0.21/1 0.05/1 0.09/4
Cognettia glandulosa (Michaelsen, 1888) 0.09/1 0.56/3 271717
Cognettia sphagnetorum (Vejdovsky, 1878) 1.03/3 7.67/5 10.03/10
Enchytraeus albidus Henle, 1837 0 0.05/1 0
Enchytraeus cf. buchholzi Vejdovsky, 1879 0.15/1 0 0
Enchytraeus spp. 0.96/3 0.38/1 0.19/4
Fridericia spp. 10.22/7 3.19/8 29177
Henlea spp. 1.09/5 0.12/2 0
Marionina argentea (Michaelsen, 1889) 0.04/1 0 0
Marionina sp. 0.10/2 0.27/2 0
Mesenchytraeus armatus (Levinsen, 1884) 0.31/3 1.86/4 0.48/5
Mesenchytraeus sp. 0 0 0.03/5
Stercutus niveus Michaelsen, 1888 0.17/1 0 0
Naididae (sensu Erséus et al. 2008)

Aulodrilus limnobius Bretscher, 1899 0 0.18/1 0
Limnodrilus udekemianus Claparéde, 1862 0.05/1 0.88/4 0.14/2
Limnodrilus hoffmeisteri Claparede, 1862 0 1.10/5 0.66/3
Nais communis Piguet, 1906 0 0.34/4 1.26/3
Pristina bilobata (Bretscher, 1903) 0 0.23/2 0.43/4
Pristina rosea (Piguet, 1906) 0 0 0.02/1
Rhyacodrilus coccineus (Vejdovsky, 1875) 0 0 0.05/1
Rhyacodrilus falciformis Bretscher, 1901 0.26/2 1.54/6 0.09/3
Tubifex ignotus (Stolc, 1886) 0 0.05/1 0
Tubifex tubifex (Miiller, 1774) 0.38/3 0.95/1 1.71/3
Tubificidae juv. 0.39/3 1.64/3 1.35/5
Lumbriculidae

Lumbriculus variegatus (Miiller, 1774) 0 4.09/3 12.77/7
Stylodrilus heringianus Claparéde, 1862 0.09/1 13.64/8 59.88/10
Trichodrilus strandi Hrabé, 1936 77.55/12 8.13/2 0
Lumbricidae

Eisenia fetida (Savigny, 1826) 0 0 0.07/1
Eiseniella tetraedra (Savigny, 1826) 6.41/12 22.67/12 1.52/6
Lumbricidae juv. 0 0 0.06/2
Haplotaxidae

Haplotaxis gordioides (Hartmann, 1821) 0.50/2 0.38/1 0
Hirudinida

Erpobdlellidae

Erpobdella vilnensis (Liskiewicz, 1925) 0 29.62/8 3.54/4
Trochaeta bykowski Orley, 1886 0 0.40/2 0

The average abundance per sample/the frequency in samples are given. Numbers of samples are given in parentheses
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Fig. 2 DCA ordination plot of samples on the first two
ordination axes. Variables that significantly correlated with the
first and the second ordination axes were posteriori plotted.
Classification of investigated sites was based on the vegetation
units: rectangles calcareous fens, circles mineral-rich fens,
triangles Sphagnum-fens

increased towards Sphagnum-fens. The number of
specimens per sample was significantly correlated
with moisture (r = 0.54, P < 0.001).

The position of samples from two different
habitats (flowing and almost still water) differed in
the ordination only in the case of calcareous fens,
where sample scores differed significantly on the first
axis (Mann—Whitney U test, P < 0.05); samples
collected in the higher flowing habitats were situated
on the left part of the DCA diagram. These flowing
water samples were the most species poor of all
samples (highly dominated by T. strandi), probably
because the formation of tufa was the strongest in
these habitats. Samples taken in slow-flowing habi-
tats had a high portion of enchytraeids and therefore
they were placed along the first axis close to samples
from mineral-rich fens.

Individual effects of two different variable groups

In the CCA, which included all explanatory vari-
ables, conductivity, vascular plants, moisture, TOC,
and PO,*~ were the variables explaining the most
variation in species data (Table 4). It suggested the
importance of both water chemistry and substrate,
although conductivity was the strongest single
predictor of assemblage structure. Flow characteris-
tics (mean discharge and depth) were not significant
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in the model. The variation partitioning revealed
that water chemistry explained slightly more vari-
ability in species data than characteristics of the
substrate did (Fig. 4). Of the 16% of variation
explained by water chemistry alone, 10% was
explained by conductivity and PO,’. Moisture
and TOC were responsible for the majority (9%)
of the variability explained by substrate character-
istics (13%). The amount of shared variability (18%)
was higher than each partial effect, showing a strong
correlation between bottom substrate character and
mineral richness. Conductivity, that directly reflects
the mineral richness of water, was significantly
correlated with TOC (r, = —0.73, P < 0.001), D5
(rs =0.62, P <0.001), and proportions of wood/
leaves and sphagna in the substrate sample
(rs = 0.64 and ry = —0.67, P < 0.001). Conductiv-
ity was not significantly correlated with vascular
plants (r; = —0.26).

Discussion

Putting aside the widely studied effects of pollution
on clitellates (e.g. Brinkhurst & Cook, 1974; Uzunov
et al., 1988; Lang, 1998), main factors controlling the
species richness and composition of clitellate assem-
blages in different freshwater habitats are linked with
substrate composition, organic matter content, food
quality of the organic component, current velocity
(e.g. Montanholi-Martins & Takeda, 1999; Verdons-
chot, 1999, 2001; Dumnicka, 2006; Syrovitka et al.,
2009). To date, there have been only two studies
examining the effect of mineral richness of water on
clitellate assemblages (Martinez-Ansemil & Collado,
1996; Schenkova et al., 2001). Both reported a
significant influence of water mineral richness on
clitellate assemblages on a large geographical scale.
However, the reported patterns showed different
regional diversity of clitellates, partly interfering
with different geology, rather than real effects of
water chemistry. In both studies, some doubt
remained about the direct effect of mineral richness
on aquatic clitellate assemblages.

Our results suggest that both mineral richness and
substrate are important influences of the species
richness and composition of clitellate assemblages in
the Western Carpathian spring fens. Flow conditions
of these sites were less important (Table 4). The
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Table 4 Spearman correlations (r) between explanatory variables and sample scores on the first three DCA axes

DCA CCA
DCA 1 DCA 2 DCA 3 DCA 4 Order in forw. sel. Explained variation
T Ts Ts Ts % P
Water chemistry
pH —0.780 —0.500* —-0.411 0.514 11 3 n.s.
Conductivity —0.837 —0.390 —0.376 0.406 1 21 <0.001
Fe 0.424 0.104 0.014 —0.528 10 3 n.s.
Ca** —0.750 —0.447* —0.316 0.357 8 3 n.s.
Mg>+ —0.512 —0.498* —0.386 0.487* 12 2 n.s.
NO;~ —0.612 —0.309 —0.053 0.421 6 4 n.s.
PO, 0.062 0.191 0.395 —0.658 5 4 <0.05
Substrate
TOC 0.610 0.410 0.346 —-0.411 5 <0.01
Moisture 0.195 0.532 0.013 —0.346 3 7 <0.01
Nutrients —-0.279 —0.610 —0.209 —0.042 4 n.s.
Dso —0.649 —0.347 —0.110 0.492%* 16 1 n.s.
POM 0.623 0.372 0.123 —0.248 13 2 n.s.
Leaves/wood —0.795 —0.164 —0.035 —0.141 16 1 n.s.
Vascular plants 0.371 —0.304 —0.061 —0.313 2 7 <0.01
Brown-mosses 0.166 —0.075 —0.043 0.028 15 2 n.s.
Sphagna 0.501* 0.702 0.108 0.456* 17 1 n.s.
Others
Discharge —0.165 —0.438* —0.461* 0.313 9 4 n.s.
Depth 0.197 —0.139 0.097 0.247 14 2 n.s
Number of species 0.660 0.200 0.247 —0.294 - - -
Number of specimens 0.084 0.410 —-0.271 —0.076 - - -

Significant correlations at the level of P < 0.01 are marked by asterisks and those significant after Bonferroni correction (P < 0.002)
are in bold. Percentages of species data variance explained by all variables. Orders of variable selection in forward selection in CCA

and the significance (Monte Carlo test) are given

influences of both factors were complex, owing to
direct as well as indirect influence of mineral richness
on particular substrate characteristics. The precipita-
tion of tufa on all submerged objects directly changes
the environment, creating harsh conditions for clitel-
lates. Thus, the sites with the strongest tufa formation
were the most species poor. The effect of mineral
richness was often indirectly mediated by vegetation,
the structure, and composition of which are strongly
influenced by mineral richness (Héjek et al., 2002;
Rozbrojova & Hajek, 2008). Along the major mineral
richness gradient both the amount and the quality of
organic matter in fen substrates changed (Tables 1,
2), which created different habitat conditions for
species strongly preferring specific substrates.

Species turnover clearly reflected the traits of
species that dominated particular assemblages along
the mineral richness gradient: a stygophilous species,
semiaquatic sediment burrowers, aquatic sediment
burrowers, and surface active species (Fig. 3). A very
rare stygophilous species Trichodrilus strandi (cf.
Dumnicka, 2001) occurred exclusively on tufa-form-
ing (calcareous) fens and reached high abundance also
in sites with such strong tufa precipitation that the
occurrence of other species was constrained. Tufa
habitats are in direct contact with groundwater due to a
weak formation of peat and stable high inflow of
groundwater (Hajkova et al., 2004). Further along the
gradient of decreasing mineral richness, weaker tufa
precipitation (leading to its absence) changed
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Fig. 3 Position of species along the first two ordination axes.
Only species with a fit in the model above 10% are shown

Substrate
characteristics

Water 13%

chemistry

16%

moisture** 5%
TOC* 4%

conductivity*** 6%
PO.* 4%

unexplained 53%

* P<0.05, ** P<0.01, *** P<0.001

Fig. 4 Variation partitioning. Independent and shared vari-
ability of water chemistry and substrate characteristics were
expressed as percentages of the total inertia in partial CCAs.
Only significant variables were included (see Table 2).
Significance of independent variability explained was tested
by the Monte Carlo test

assemblage composition towards species not restricted
to surface sediments (mostly Enchytraeidae; Fig. 3).
The wider vertical distribution of enchytraeids is
connected with the ability to penetrate to deeper
sediment layers, especially during periods of drought
and/or higher water temperature, and to inhabit
substrates of variable moisture (e.g. Springett et al.,
1970; Lundkvist, 1982). These sediment-burrowing
species have been reported from sediments in various
freshwater and terrestrial habitats as well. For exam-
ple, Cognettia sphagnetorum occurs in coniferous
forest soils (e.g. Lundkvist, 1982; Graefe & Schmelz,
1999; Schlaghamersky, 2002), as well as in ombro-
trophic and slightly minerotrophic mires (e.g. Erman
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& Erman, 1975; van Duinen et al., 2006). Rhyacodri-
lus falciformis inhabits mainly different running water
habitats (Juget, 1987), but there were also several
records from terrestrial habitats—moist soils in grass-
lands, meadows, and deciduous forests which were not
permanently waterlogged (Graefe & Schmelz, 1999;
Schlaghamersky & Kobeticova, 2005). These species
from the middle part of the gradient of mineral
richness are likely not fully confined to the aquatic
environment. In contrast, the end of the mineral
richness gradient was characterised by the dominance
of aquatic sediment burrowers and surface dwellers
(e.g. oligochaetes Limnodrilus hoffmeisteri, Tubifex
tubifex, Stylodrilus heringianus, and a leech Erpobd-
ella vilnensis) which were not recorded in the previous
fen types or were scarce there.

The species richness of clitellates increased
towards more acidic sites and increasing organic
matter content, which is the opposite pattern than
other organisms strongly responding to the mineral
richness gradient. Species richness of vascular
plants, diatoms, and molluscs increased towards
mineral-rich fens (Hajek et al., 2002; Horsdk &
Hajek, 2003; Frankova et al., 2009). Chiefly, clitel-
lates were species-poor at sites where the above-
mentioned organisms reach their high or maximal
species diversity. However, it should be stressed that
this study did not include extremely mineral-poor
and permanently acidic sites, simply because they
are not present in the study area. These types of
acidic mires are known to be the most species-poor
due to a low-nutrient availability for clitellates (van
Duinen et al., 2006). If these sites are included, a
skewed unimodal response of clitellate species
richness towards Sphagnum-dominated acidic mires
is expected, because the highly acidic conditions of
bogs were proved to limit the occurrence of many
clitellate species.

Beside mineral richness, the pattern of clitellate
occurrence also reflected different hydrological
regimes and productivity of the fen habitats because
clitellate assemblages were influenced by moisture
and fertility of the substrate (Fig. 2; Table 4). The
seasonal decrease of water level and desiccation of
the upper soil layer causes nutrients to mineralise. For
that reason, the species composition of the vegetation
shifts from sedge-moss dominance to forb-rich veg-
etation with plant species that use more nutrients
(Hajek et al., 2006; Rozbrojovda & Hajek, 2008).
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Consequently, the formation of peat is lower, and the
structure of organic sediments is different in nutrient-
enriched sites. It was observed that these changes
caused the decrease of plant and mollusc fen
specialists and their simultaneous replacement by
ubiquitous species (Hajek et al., 2006). In clitellates,
we observed a similar effect with an increase of
eurytopic aquatic species resulting in their dominance
in the assemblage. The species change could be
explained by the influence of different peat amount
and its structure. Nutrient-poor sites (associated with
the presence of sphagna and higher moisture) were
dominated by oligochaete species fed on decompos-
ing leaves and vegetation (Lumbriculus variegatus;
Moore, 1978; Brinkhurst & Gelder, 1991) and on
older decomposing litter of Eriophorum and Calluna
(Cognettia sphagnetorum; Latter & Howson, 1978).
As these oligochaetes are acidotolerant and reproduce
by fragmentation, they often reach high densities in
nutrient-poor ombrotrophic mires and coniferous
forest soils (Springett & Latter, 1977; Schlagha-
mersky, 2002; van Duinen et al., 2006). On the other
hand, nutrient-rich sites were dominated by detritov-
orous oligochaetes (Tubificinae and Rhyacodrilinae)
because the higher availability of nutrients leads to
greater production of plant biomass amounts of
decomposing organic matter in than in nutrient-poor
sites.

Conclusion

The results of our study showed the importance of
mineral richness, substrate, and nutrient availability
in constituting the clitellate assemblages in the spring
fens. The effect of water chemistry was roughly
equivalent to the effect of substrate as proportions of
an independent variation in species data explained by
water chemistry and substrate characteristics were
significant and comparable. However, water chemis-
try and substrate characteristics are inter-correlated.
This is the result of tufa precipitation in calcareous
fens and vegetation changes along the mineral-
richness gradient, as well as related to seasonal
decrease of water level in some fens. These factors
determined the substrate character by the formation
of peat and the structure of organic sediments. We
also showed that response of species richness to the
same ecological gradient may be reversed for

different taxonomic groups. Contrary to previous
studies on various taxonomic groups in fens, the
species richness of clitellates increased towards more
acid sites owing to more favourable substrate condi-
tions. Nevertheless, when including the most acidic
sites into the study, a unimodal response could be
expected.
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Abstract: Mining is a relatively highly monitored industry. While chemical pollutants (toxic ions, radionuclides, etc.) have
mostly been eliminated from mining waters, other types of environmental pollution (temperature regime alterations, high
concentrations of various anions, etc.) can affect benthic invertebrates. In this study, we focused on the effect of mining
water effluent on the diversity and density of aquatic Clitellata. Four sampling sites were selected. Three sites in a natural
stream (the Nedvédicka River, Czech Republic), one upstream and two downstream from the mining effluent, and one
site on the mining waters were sampled monthly during 2008-2009. Environmental variables were recorded in and samples
were collected from two types of habitats — riffles and pools. The response of clitellate assemblages was evaluated using
principal component analysis and generalised estimating equations. The results indicated that the mining efluent caused
partial species exchange and had negative effects on clitellate taxa richness and abundance. These responses were specific
to both the habitat (riffle/pool) and species sampled. In each of the different taxa studied, we observed one of four typical
clitellate responses: (a) elimination of stenotherm species; (b) reduction of clitellate species followed by quick recovery;
(¢) neutral response; or (d) positive influence. We found that aquatic clitellates, which are considered to be eurytopic with

broad ecological valences, are also sensitive to even slight environmental pollution.

Key words: aquatic Clitellata; oligochaeta; thermal pollution; mineralised heated water; pool and riffle habitats

Introduction

Freshwater ecosystems are threatened by various hu-
man activities. Among the strongest reported threats
are alterations of temperature regime and water pol-
lution. Unlike global climate changes, heated mining
waters can cause a high, stable, and long-term increase
in water temperature, which is often accompanied by
increases in various ion concentrations.

Temperature influences the metabolism and life
history of organisms through its effect on both phys-
ical and chemical processes, and it is a key determinant
of invertebrate community composition in most envi-
ronments (Hogg & Williams 1996; Zivié et al. 2006;
Haidekker & Hering 2008). Thermal water effluent
causes disturbances in the natural state and can lead to
the elimination of stenothermic species and the estab-
lishment of thermophilous species (Nedeau et al. 2003).
The second aspect of mining or general industrial wa-
ter inflow is the increase in the concentration of heavy
metals and various ions, which change water pH, con-
ductivity, and hardness (Maret et al. 2003; Nedeau et
al. 2003; Milisa et al. 2010). The final stress factor for
benthic organisms downstream from the operations is
elevated radiation; radionuclides accumulate primarily
in bottom sediments and can alter the life histories of
benthic invertebrates. However, in common conditions
where radiation doses in the vicinity of a mine are under
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local government control, the direct effect on benthic in-
vertebrates has not yet been shown (Thomas & Liber
2001).

In the Czech Republic, a unique opportunity to
study the environmental impact of heated waters ex-
ists in the Nedveédicka River, which is a recipient of
treated mining water from the last underground ura-
nium mine in Central Europe. Fortunately, the dis-
charge into the Nedvédicka River does not significantly
increase downstream from the effluence, which enables
the study of the effect of only the heated mining water,
without changes in stream morphology. Besides tem-
perature, mining water differs from stream water in
that it has higher pH, conductivity, and inorganic car-
bon values, as well as lower oxygen and nutrient val-
ues, which makes the influence on stream biota more
complex. The concentration of uranium, which is an-
other chemical variable that could affect benthic inver-
tebrates, was very low in the Nedvédicka River at the
point of the mining water inflow (Up.x = 3.4 mg L1),
and it decreased rapidly towards the most distant down-
stream sampling point (Upae = 0.010 mg L~1). Both
values were well below 24 mg L !, as required by Direc-
tive 2008/105/EC of the European Parliament (Hud-
cova et al. 2012). As the mutagenicity of the water
sediments analysed by the Ames Test (Ames et al.
1975) was not previously recorded in either the min-
ing waters or the Nedvédicka River (Hudcova et al.
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2012), this variable was not recorded in the presented
study.

Of the variables we studied, water temperature
was expected to have the greatest effect on local ben-
thic communities. A moderate increase in water tem-
perature, similar to those observed in the Nedvédicka
River, was tested by Hogg & Williams (1996) on benthic
arthropods. They reported decreases in their densities,
as well as alterations in their life cycles. Other param-
eters in our study, pH and oxygen concentration, are
supposed to have a lower impact when altered. In such
cases, when pH varies within a relatively small range
around neutral (6.8-8.9) and oxygen concentrations are
relatively high (6.5-12.2 mg L=1), their influence on the
composition of the benthic community is not significant
(Quinn & Hickey 1990). In contrast, higher water con-
ductivity, which reflects an increase in total ionic con-
tent, was associated with decreased invertebrate com-
munity diversity (Batty et al. 2005). Unfortunately, re-
cent reports on the effects of altered thermal regime
and changes in ion concentration on benthic macroin-
vertebrates have focused either on Ephemeroptera, Ple-
coptera, and Trichoptera (EPT) taxa (Voelz et al. 1994;
Lakly & McArthur 2000) or on arthropods (Lehmkuhl
1972; Hogg & Williams 1996; Wellborn & Robinson
1996). Even if all components of the benthic commu-
nity are considered, clitellates are treated as a single
taxon or its several families (Saltveit et al. 1994; Batty
et al. 2005; Taylor & Dykstra 2005, Milisa et al. 2010),
due to difficulties associated with their identification.

For our study, we selected clitellate (Annelida:
Clitellata) assemblages, as oligochaetous clitellates are
generally considered to be the group of benthic inverte-
brates most resistant to various disturbances, although
their sensitivity to disturbances still differs among
species. Oligochaetous clitellates represent a group of
permanent fauna, in which limited mobility is charac-
teristic. The slow, upstream movement of oligochaetous
clitellates such as Naidinae is accomplished by swim-
ming or burrowing into the substratum, as is the case
for non-swimming taxa, while their downstream move-
ment is accomplished by drift (e.g., Cellot & Juget
1998). Once present at a site with altered thermal
regime and water chemistry, they are continually ex-
posed to the new environment. Forasmuch as clitellate
species exhibit a wide range of ecological valences, in-
cluding eurythermic and stenothermic species, their as-
semblage composition is likely to respond to thermal
alterations.

Surprisingly, there is no consensus in the litera-
ture with respect to the response of the clitellates to
increased temperature. In running waters, where the
amount of dissolved oxygen is higher due to the contin-
uous movement, an increase in clitellate density under
an effluent of heated water was recorded, whether the
water was heated naturally (Taylor & Dykstra 2005;
Zivié et al. 2013) or artificially (Nedeau et al. 2003).
However, in stagnant waters, the diversity of clitellates
was reduced to only a few of the most resistant species
in very low densities (Krodkiewska 2005). Conductivity
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has been found to be one of the basic variables that in-
duce changes in clitellate assemblages, with a decrease
in diversity being caused by increasing conductivity
(Bojkova et al. 2011). While results have been recorded
for conductivity resulting from Ca2* and Mg?* ion con-
centration, there have been no previous reports about
the effect of SOF~ ion concentration on clitellate assem-
blage changes. Although water mineralisation resulting
from the combination of various inorganic ion concen-
trations is known to be a significant variable affecting
the structure of the clitellate community (Martinez-
Ansemil & Collado 1996; Schenkova et al. 2001), it
is not known if it has a positive or negative effect on
species diversity and density.

The poor understanding of the effect of heated
mineralised water effluence on clitellate assemblages
and their associated species, as well as discrepancies in
reported results regarding the effects (both positive and
negative) of thermal alteration on clitellate diversity
and abundance, led us to propose three null hypothe-
ses. First, the abundance and taxa richness of clitellates
as a group that generally tolerates environmental pol-
lution will not be influenced by the input of mining wa-
ters. Second, any changes in clitellate assemblages due
to thermal and chemical alteration will be the same
for pool and riffle assemblages. Third, clitellates, as
a rather uniform group (e.g., feeding strategy, body
shape) of invertebrates, will show no species-specific an-
swer to thermal and chemical pollution.

Material and methods

Study site

The Nedvédicka River is a second order stream with a length
of 28.5 km and an 84.3 km? catchment area located in
the Bohemian-Moravian Highlands in the Czech Republic.
It runs through the village of Rozna, where uranium has
been mined since 1958. Decontaminated mining water is
used as a coolant in a chemical uranium ore processing plant.
The cooling water is discharged into the Nedvédicka River
at 16.9 km from its spring (49°28'53"” N, 16°14'00" E).

To evaluate the clitellate response to heated mining
water, four sampling sites were chosen, three on the Ned-
védicka River and one on the mining water tributary. The
first site (US: upstream) is on the Nedvédicka River about
200 m upstream from the mining water inflow, the second
site (MW: mining water) is on the mining water, the third
site (DS1: downstreaml) is on the Nedvédi¢ka River imme-
diately downstream of this inflow, and the fourth site (DS2:
downstream?) is on the Nedvédicka River about 800 m
downstream of the inflow site (Fig. 1). Sampling sites on
the Nedvédicka River only (US, DS1, and DS2) are included
in all statistical analyses. The MW samples allowed us to
determine background information about the chemistry of
and the clitellate species pool in the mining water. The min-
ing water runs in a brook approximately 1.5 m wide with a
substratum composed of gravel in riffles and mud, and sand
and gravel in pools. All sampling sites were well canopied
with Alnus sp., Salix sp., Fraxinus sp., and Sambucus nigra.
Sampling sites DS1, DS2, and MW did not freeze over in
the winter due to the warm water inflow, in contrast to the
US site, which froze to the depth during the winter months.
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Fig. 1. Location of sampling sites.

Species data

Samples of macroinvertebrates were taken monthly from
March 2008 to June 2009 (sampling in January was omit-
ted) at each of the four sampling sites. Macroinvertebrates
were collected quantitatively using a Hess stream bottom
sampler (0.08 m?) fitted with a 256-um-mesh collection net.
Two samples from each of the pools and two from each of
the riffles were pooled separately at each sampling site. A
total of 120 samples were obtained. The collected material
was fixed in 4% formaldehyde in the field. In the laboratory,
the clitellates were sorted and classified by species or genus
level (in the case of juveniles).

Physical and chemical measurements

Basic physicochemical parameters were recorded at each
of the sampling sites (Table 1). For each sampling site,
one value each of conductivity, pH, dissolved oxygen, and
oxygen saturation was measured (HACH HQ40d) during
each monthly sampling in the field. Concentrations of NH,
NOj, PO}~ (VIS spectrometer HELIOS §), and SO3 ™ ions
(capillary electrophoresis) and total nitrogen (TN), total
carbon (TC), total inorganic carbon (IC), and total organic
carbon (TOC) (Shimandzu) were measured from each water
sample in the laboratory. During each sampling, two values
for depth, velocity at 40% of the depth from the bottom, and
substrate composition were recorded separately for pools
and riffles. Temperature data loggers were submersed at all
sampling sites, and water temperature was recorded every
15 minutes during the entire sampling period. To evaluate
the hydrodynamic characteristics of the sampling sites, the
Froude number (Fr) was calculated using Fr = U/+/gD (D:
depth, g: acceleration due to gravity, and U: current veloc-
ity at 0.4 depth). The phi value (Hynes 1970) was used to
evaluate substrate coarseness.

Statistical analyses
Principal component analysis (PCA) was used to search
for the main gradients in the environmental data and to

identify the relationships between the variables. Seasonal
changes in the environmental data were separated from dif-
ferences among sampling sites using special covariables that
represented relative seasonality (for details, see Straka et al.
2012). The collected temperature data were scaled by day
and month by means of these values and were used in the
PCA. Environmental data were fitted linearly into the two-
dimensional ordination space, and only significant variables
(based on 999 permutations) were shown in the PCA di-
agram. Variables (Froude number and phi) related to the
habitats were not included in the PCA because they were
measured twice, for riffles and pools separately, while only
one measurement per sampling site was taken for all the
other variables.

The differences in Froude number and phi among
the specific sampling sites were tested using the Wilcoxon
matched pairs test; habitats were treated separately. The
same test was used to find the differences in physicochemi-
cal variables between US and MW.

PCA was also used to study the relationships be-
tween species composition and explanatory variables. Sea-
sonal changes in species data were separated from differ-
ences among sampling sites using the same covariables as in
PCA on environmental data (see above). The species data
were log(z + 1) transformed to reduce the undue influence
of dominant species. Samples containing fewer than five in-
dividuals were excluded from the analysis. To explain the
ecological meaning of species data gradients, environmental
variables were fitted linearly into the two-dimensional or-
dination space and only significant variables (based on 999
permutations) were shown in the PCA diagram.

Because the samples showed temporal dependence, we
used the generalised estimating equations (GEE) with au-
toregressive (AR1) correlation structure and Poisson distri-
bution to evaluate differences in abundance and taxa rich-
ness between particular sampling sites. The same method
and test was used for testing the mining water effect on
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Table 1. Minimum, maximum, and median values of the measured environmental variables at sampling sites.

Us

Site

Min Median Max Min
Variable
Conductivity (uS cm™1) 202 318 410 987
pH 73 76 84 78
Dissolved Oz (mg L—1) 8.7 11.4 127 7.6
O2 saturation (%) 86 96 118 78
Mean monthly temperature (°C) 2.9 11.7 154  12.6
Min. monthly temperature (°C) 0.1 7.4 13.3 8.0
Max. monthly temperature (°C) 5.8 15.0 19.0 18.1
NHJ (mgL71) 0.4 0.7 1.6 0.0
NO; (mgL~1) 8.6 29.5 419 04
PO3™ (mg L) 0.0 0.1 04 0.0
SO2~ (mgL—1) 44 48 66 430
TN (mg L™1) 0.6 7.8 155 0.2
TC (mg L1) 11.8  21.3 648 16.9
IC (mg L™1) 4.4 11.3 232 11.2
TOC (mg L™1) 3.0 8.7 55.4 0.6
phi value (riffles) -7.0 —4.6 -1.7 -7.0
phi value (pools) —4.4 -0.7 24 4.2
Froude number (riffles) 0.17 0.36 0.70 0.17
Froude number (pools) 0.01 0.08 0.17 0.01

MW DS1 DS2
Median Max Min Median Max Min Median Max
1395 1580 400 604 930 415 583 789
8.2 8.9 7.5 8.0 8.5 7.2 8.0 8.8
8.8 10.1 8.1 10.2 12.3 8.2 10.3 12.0
98 116 81 98 120 78 97 119
17.9 19.9 4.8 13.4 16.4 4.8 13.3 16
13.5 172 1.9 9.1 15.0 1.7 9.0 14.8
21.2 24.1 74 16.8 206 7.4 16.3 20.7
0.6 1.6 0.0 0.5 1.1 0.0 0.5 1.3
12.9 30.5 13.8 22.0 41.1 13.6 21.3 41.5
0.0 0.1 0.0 0.1 0.5 0.0 0.1 0.3
500 690 80 170 280 81 145 270
1.7 8.4 0.2 6.0 14.6 0.8 5.7 14.6
32.8 63.9 12.9 20.5 38.9 12.7 20.5 37.9
23.6 46.1 7.6 13.3 27.8 64 15.9 27.3
6.6 194 1.1 8.2 129 1.1 7.8 20.3
-3.4 -1.7 -74 -5.8 -3.2 -7.0 4.4 -1.3
1.4 51 5.1 -1.8 20 -45 -1.5 4.5
0.38 0.70 0.06 0.44 0.89 0.06 0.26 0.51
0.11 0.17 0.01 0.05 0.12 0.01 0.06 0.14

Explanations: US — unaffected locality upstream from the tributary, MW — heated mining water, DS1 — first influenced locality
downstream from the tributary, DS2 — second influenced locality downstream from the tributary, TN — total amount of nitrogen, TC
— total amount of carbon, IC — amount of inorganic carbon, and TOC — total amount of organic carbon.

six of the most abundant and ecologically important taxa.

All analyses were performed in R (version 2.12.0; R
Development Core Team, 2010) using the ‘vegan’ (Oksanen
et al. 2011) and ‘geepack’ (Hojsgaard et al. 2006) packages.

Results

Environmental data

Mining water differs from water in the Nedvédicka
River along several parameters, the most important
of which, for this study, are its elevated water tem-
perature, higher conductivity, and lower organic pol-
lution (Table 1). MW differed from the unaffected US
most significantly in water temperature (P < 0.001),
which ranged 8-24°C in MW. Heated mining water
caused an average increase of 1.8°C in water tempera-
ture in DS1 when compared to US. Differences in tem-
perature between the downstream sites (DS1 and DS2)
were small (about 0.2°C; Fig. 2C). Significantly higher
conductivity (P < 0.001), which reached values above
1,000 uS cm™!, was caused by increased SOf ions.
Inorganic carbon and pH were significantly higher in
MW compared to US (P < 0.01), and dissolved oxygen
and nutrients (NO3 and PO} ™) were lower (P < 0.01).
Lower organic pollution in mining water (Table 1) was
due to the presence of the decanting plant, which pro-
cesses mining water upstream from its inflow into the
Nedvédicka River.

Mining water is discharged continuously, without
fluctuation in volume (0.06 m® s~!). The Nedvédicka
River displayed an unaltered character in the sampled
stretch, with a width of 2.7-3.5 m, a mean discharge
volume of 0.25 m® s~!, a mean pool depth ranging from
0.24 m (US) to 0.37 m (DS2), a mean riffle depth rang-

ing from 0.16 m (DS1) to 0.21 m (DS2), a mean velocity
in pools ranging from 0.12 m s=* (DS1) to 0.14 m s~ !
(US), and a mean velocity in riffles ranging from 0.41
m s~ (DS2) to 0.54 m s~ (DS1). Coarse gravel and
gravel were the dominating substratum in riffles, and
gravel and sand were the dominating substratum in
pools. Phi values were similar within particular habi-
tats (riffle/pool), especially in pools (Fig. 2A). In the
riffles, DS1 had significantly coarser substrate than that
found in DS2 and US (Wilcoxon paired test, P < 0.05).
In the pools, the US Froude number was significantly
higher than in both downstream sites (Fig. 2B). In the
rifles, DS1 had a significantly higher Froude number
when compared to DS2 (P < 0.05), but not when com-
pared to US.

The main gradients for the environmental data
were identified using PCA. The first PCA axis ex-
plained 34.3% of the variance. The main gradient repre-
sented these measured variables (i.e., conductivity, tem-
perature, pH, and dissolved oxygen), which differed sig-
nificantly between the mining water tributary and the
natural water sites on the Nedvédicka River. The unaf-
fected sampling site (US) was well separated from both
affected sites (DS1 and DS2; Fig. 3). The differences
between DS1 and DS2 were small; groups of points
highly overlapped each other in ordination space. The
second PCA axis explained 17% of the variance in the
data and was associated with the amount of nutrients,
specifically, total organic carbon and nitrate ions. Gen-
eral differences among sampling sites along this nutrient
gradient were small.

Clitellate community
A total of 2,715 individuals representing 44 clitellate
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Fig. 2. Box-plots of environmental variables: phi values (A),
Froude number (B) (habitats considered separately), and mea-
sured temperature (C), lines join daily means. US — site upstream
from the mining water inflow, DS1 — first site downstream from
the mining water inflow, and DS2 — second site downstream from
the mining water inflow.

taxa were collected from the study sites in the Ned-
védicka River. The numbers of taxa per sampling site
were 35 from US, 30 from DS1, and 24 from DS2. To-
tal abundance was 1,710 individuals from US, 279 from
DS1, and 942 from DS2. In the mining water tributary,
1,446 individuals from only 17 taxa were observed.

1183

In PCA based on biological data, the first axis ex-
plained 33.9% of the variance (Fig. 4). Although points
of particular sampling sites overlap, the main gradient
in faunal data representing community change along the
extent of sampling site disturbance (from US through
DS2 to DS1) is clearly visible. This gradient was best
expressed by fitted environmental variables: increase of
conductivity, temperature, IC, and pH in the most af-
fected DS1 on the one side, and higher amount of dis-
solved oxygen and organic carbon associated with un-
affected US on the other side. The second gradient, ex-
plaining 11.1% of variability, is related to the substrate
coarseness phi.

A comparison among sampling sites (both habi-
tats evaluated together) in the number of taxa showed
a significant (P < 0.05) decrease downstream from the
tributary (Fig. 5A). However, the difference in num-
ber of taxa between DS1 and DS2 was insignificant.
In addition to detailing the elimination of some taxa
downstream from the effluent, species replacement was
also monitored. Some of the taxa we observed upstream
from the mining water effluent site were replaced either
by new taxa or by taxa coming from the mining waters
(Table 2). In addition, the number of individuals within
each taxa was significantly lower downstream from the
tributary (Fig. 5B) in both DS1 and DS2 (P < 0.05).

Separate evaluations of habitats revealed a sig-
nificant decrease in the number of taxa between the
pools in the US and both downstream sites (P < 0.05),
but no difference between DS1 and DS2. The DS1 rif-
fles had significantly fewer taxa compared to US and
DS2 (P < 0.005); there was no difference between US
and DS2. The number of individuals in pools was sig-
nificantly higher in US compared to both DS sites
(P < 0.05); DS1 had significantly fewer individuals
than DS2 (P < 0.05). Similarly, the DS1 riffles had sig-
nificantly fewer individuals compared to US and DS2
(P < 0.005), but there was no difference between US
and DS2.

Comparing the habitats (riffles/pools) within sam-
pling sites showed that they were populated differently
by clitellates. Significantly higher taxa richness in pools
was recorded for DS1 (P < 0.001; Fig. 5A), and signif-
icantly higher abundances in the pools were recorded
for US and DS1 (P < 0.05).

Selected species responses

Genus Stylodrilus was the most abundant taxon found
in the three sample sites on the Nedvédicka River
(US, DS1, and DS2), and genus Limnodrilus was the
most abundant in MW (Table 2). Other species that
were prevalent in particular sampling sites include
Haplotazis gordioides in US, Nais bretscheri in DS1,
and Aulodrilus japonicus in DS2. Three species, Both-
rioneurum vejdovskyanum, Limnodrilus udekemianus,
and Psammoryctides albicola, were found exclusively
in MW. We focused our study on the response to
thermal and chemical alteration of six taxa (Aulo-
drilus japonicus, Haplotaxis gordioides, Limnodrilus
spp., Lumbriculus variegatus, Spirosperma ferox, and
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Stylodrilus spp.) with the highest abundances and
regular occurrences in the sample sites from the
Nedvédicka River. We observed four types of re-
sponses by the species to the mining water effluent
(Fig. 6):

I) The decrease in abundance of Haplotazis gor-
dioides in both DS sites was significant (P < 0.001).
In addition, this species was nearly eliminated down-
stream of the tributary, with only a few occasional oc-
currences (Fig. 6A).
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Table 2. Total number of individuals of clitellate species recorded in sampling sites.

Site US-R US-P
Name

NAIDINAE

Nais alpina (Sperber, 1948) 3

Nais barbata (O.F. Miiller, 1773) 69 3
Nais bretscheri (Michaelsen, 1899) 8 3
Nais communis (Piguet, 1906) 3

Nais elinguis (O.F. Miiller, 1773) 6 7
Nais pseudobtusa (Piguet, 1906) 12

Nais simplez (Piguet, 1906) 2

Nais sp. juv.

Nais variabilis (Piguet, 1906) 2
Ophidonais serpentina (O.F. Miiller, 1773) 2 2
Slavina appendiculata (d’Udekem, 1855) 2
Uncinais uncinata (Oersted, 1842) 8
PRISTININAE

Pristina jenkinae (Stephenson, 1932) 1
RHYACODRILINAE

Bothrioneurum vejdovskyanum (Stolc, 1888)

Rhyacodrilus falciformis (Bretscher, 1901)

TUBIFICINAE

Auwlodrilus japonicus (Yamaguchi, 1953) 1
Aulodrilus limnobius (Bretscher, 1899)

Auwlodrilus pluriseta (Piguet, 1906)

Limnodrilus claparedeanus (Ratzel, 1869)

Limnodrilus hoffmeisteri (Claparéde, 1862) 9
Limnodrilus udekemianus (Claparéde, 1862)
Limnodrilus sp. juv. 1 4

Psammoryctides albicola (Michaelsen, 1901)
Psammoryctides barbatus (Grube, 1861)

Spirosperma ferox (Eisen, 1879) 8 26
Tubifex tubifex (O.F. Miiller, 1774) 2
Tubificidae juv. 1 4
ENCHYTREIDAE

Cognettia glandulosa (Michaelsen, 1888)
Enchytraeus albidus (Henle, 1837)

Enchytraeus sp. 1 1
Fridericia sp. 2
Henlea sp. 1
Mesenchytraeus armatus (Levinsen, 1884) 1
PROPAPPIDAE

Propappus volki (Michaelsen, 1922) 32
HAPLOTAXIDAE

Haplotazis gordioides (Hartmann, 1821) 79 126
LUMBRICIDAE

Eiseniella tetraedra (Savigny, 1826) 5 20
LUMBRICULIDAE

Bythonomus lemani (Grube, 1880) 1
Lumbriculus variegatus (O.F. Miiller, 1774) 14 46
Stylodrilus brachystylus (Hrabé, 1928) 38 157
Stylodrilus heringianus (Claparéde, 1862) 8 13
Stylodrilus sp. juv. 156 803
ERPOBDELLIDAE

Erpobdella octoculata (L., 1758) 2 5
Erpobdella vilnensis (Liskiewicz, 1927) 2 4
Erpobdella sp. juv. 2
GLOSSIPHONIIDAE

Glossiphonia complanata (L., 1758) 1
Glossiphonia concolor (Apathy, 1888)

Glossiphonia nebulosa (Kalbe, 1964)

Helobdella stagnalis (L., 1758) 1

Total 427 1283

MW-R MW-P DS1-R DS1-P DS2-R DS2-pP

5
8
21 6 24 19
1 1
3 2 27 2
3 2
74 23
1
1
5 2
1 25
5
17 14 1 75
1
9 1 3
15 1 6
1 439 12 2 9
5
6 656 10 3 24
2
1 2 2
16 9 50
36 1 15
2 153 3 11 53
1 1 3
1
1
2 2 1 1 3
4 1 2 1
3 9 4
24 6 7 1 4 16
3 31 1 11 5 26
4 67 18
3
6 5 12 359 84
1 3 1
1
1
45 1401 131 148 527 415

Explanations: US — site upstream from the mining water inflow, MW — heated mining water inflow, DS1 — first site downstream from
the mining water inflow, DS2 — second site downstream from the mining water inflow, R — riffles, P — pools.

II) While Stylodrilus spp. and Lumbriculus var-
iegatus abundances decreased in DS1, further down-
stream in DS2, they increased again to almost the quan-
tity found in US (Fig. 6B, C). The decrease of abun-

dance in DS1 and the increase in DS2 were significant in
both Stylodrilus spp. and Lumbriculus variegatus (P <
0.001). Furthermore, an exchange of preferred habitat
for Stylodrilus spp. was observed. It showed a preference



Clitellata of heated mining waters

for pools in US and DS1, while it showed a preference
for riffles in DS2.

III) A neutral response to the mining water efflu-
ent was observed in two taxa, Spirosperma ferox and
Limnodrilus spp.; abundances in all sampling sites were
almost the same.

IV) An increase of abundance in Aulodrilus japon-
icus was observed in the downstream sites (Fig. 6D).
The increase in DS1 and DS2 compared to US was sig-
nificant (P < 0.05). A significantly higher abundance in
DS2 compared to DS1 was also observed (P < 0.05).

Discussion

The Clitellata assemblages in this study, represented
mainly by oligochaetes and partly by leeches, proved to
be a good tool for the evaluation of aquatic ecosystem
degradation caused by mineralised and heated mining
water. Their diversity and density strongly reflected the
changes in water environment.

The environmental variables that were altered the
most below the mining water tributary included con-
ductivity, temperature, pH, IC, and dissolved oxygen
concentration (arranged in order of goodness of fit in
the multivariate analysis), and we assume them to be
responsible for changes in the clitellate assemblage com-
position. This assumption was confirmed when we fit-
ted all environmental variables into a species data ordi-
nation plot. The main gradient of community changes
corresponded with the gradient of environmental vari-
ables altered by MW inflow. There was no opportunity
to segregate the effects of individual variables, but their
combined impact was detectable. A significant decrease
in species richness and abundance below the mining wa-
ter tributary was observed (Fig. 4), despite the fact that
clitellates are considered to be the most tolerant group
to various ecological disturbances (e.g., Brinkhurst &
Cook 1974; Uzunov et al. 1988). Contrary to our results,
Nedeau et al. (2003) observed an increased abundance
of oligochaetes and chironomid larvae under heated in-
dustrial effluence, but a simultaneous increase in water
current and resulting changes in the stream morphology
probably affected the results.

Two mechanisms likely explain the negative effect
of mining water input on clitellate assemblages. First,
the effect of changes in water chemistry and the re-
sulting increase in conductivity causes a clitellate os-
moregulation problem that is balanced by active seek-
ing of optimal osmotic conditions (Preston 2009) more
distantly downstream. Some species, such as Propap-
pus volki, show a strong negative correlation with water
hardness, which is often tightly associated with conduc-
tivity (Dumnicka & Pasternak 1978), and we observed
that this species was completely eliminated below the
mining water tributary in our study (Table 2). Os-
moregulatory capacity differs among oligochaete species
(Generlich & Giere 1996), and Propappus volki is prob-
ably highly sensitive to osmotic stress. Second, the ef-
fect of increased water temperature was remarkable. A
small increase (1.8°C on average) resulted in water re-
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maining unfrozen during the winter, a feature to which
cold water species (e.g., Haplotazis gordioides and Sty-
lodrilus heringianus; Dumnicka 2000), which naturally
inhabit part of the stream above the tributary, are not
adapted. The drop in their numbers below the tributary
was significant (Fig. 6A, B). Hence, we can reject the
hypothesis that running water clitellates are such a re-
sistant group of organisms that the mining water input
does not change their densities and taxa richness.

Stream morphology has been reported to be signif-
icant for clitellate distribution (Neadeau et al. 2003),
which was confirmed by evaluating the riffle and pool
samples separately. The clitellate assemblage compo-
sition of each habitat (riffle/pool) was distinctly af-
fected (Fig. 5). The decrease in the number of taxa
observed downstream from the mining water tributary
was higher in the riffles than in the pools. Six taxa
inhabiting only riffles upstream were excluded down-
stream from the tributary, whereas the three taxa in-
habiting pools upstream were excluded downstream
(Table 2). Rheophilous taxa, which often inhabit the
upper parts of streams, for which low nutrients and
higher oxygen content are typical (Schwank 1981), are
often more vulnerable to decreased water quality (Ver-
donschot 2006). Contrary to our results, an identi-
cal diversity with different qualitative and quantita-
tive composition was reported in another study be-
low thermal water inflow for all macroinvertebrates,
with only a decrease in overall abundance being re-
ported (Zivié et al. 2006). Nevertheless, the species ex-
change as the response to the thermal inflow (Zivié et al.
2006) was analogous to our results. Similarly, changes
in water chemistry, which are often accompanied by a
higher trophic state, result not in decreased clitellate
species diversity, but in changeover of the proportion
of particular species with different ecological valences
(Krodkiewska & Michalik-Kucharz 2009). We recorded
species exchange below the mining water tributary and
changes in the abundance of particular taxa, but over-
all, we observed a decrease in diversity and density. The
reason for this result might be the cumulative effect of
the simultaneous influence of high conductivity and in-
creased temperature. Nevertheless, all of these changes
were distinct for riffles and pools, and therefore, we can
also reject the hypothesis that species will respond in
the same manner to these changes in different habitats.
In our study, we observed habitat-specific responses of
the clitellates to the various disturbances.

The collective response of the entire clitellate com-
munity to the mining water inflow can be explained
by analysing the responses of particular species to the
changes in their environment. We found that the level
of influence was not the same at the species level.

The elimination of the oligo-stenotherm species
Haplotazxis gordioides, one of the most abundant species
in the upstream site, explains its life strategy as stygo-
biont, meaning that it inhabits cool water springs and
small streams (Schwank 1981; Dumnicka 2000). We be-
lieve that the increased water temperature and absence
of winter freezing affected the downstream population
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negatively. The reduction of Stylodrilus spp. abundance
was due to its preference for higher altitudes and, there-
fore, lower temperatures and higher oxygen concentra-
tions (Dumnicka 2000; Verdonschot 2006). Its quick re-
covery is due to its ecological plasticity, expressed by
a broad flow condition valence (Syrovatka et al. 2009).
However, the analogous response of Lumbriculus varie-
gatus is explained differently, by its preference for lower
pH (Nijboer et al. 2004), which can result in its move-
ment into parts of the stream with optimal pH val-
ues. Some taxa with broad ecological valence, such as
Limnodrilus spp., were not influenced by changes in en-
vironmental conditions because of their high tolerance
to low oxygen levels, increased temperatures, and high
levels of conductivity caused by sulphate ions (Korn
1963; Dumnicka & Galas 2006). The input of mining
waters was even favourable for Aulodrilus japonicus,
which is intolerant of water pollution (Dumnicka &
Pasternak 1978), especially nutrient loading and higher
conductivity. Therefore, it was found only in small num-
bers in the mining water tributary and in riffles and
pools downstream (DS1), but its abundance increased
further downstream (DS2), where it found a compro-
mise between conductivity and water quality levels.

Other taxa of the 44 recorded clitellates would also
probably fit into one of these strategies, but they were
present in such low numbers that they showed random
distributions.

In contrast to the Nedvédicka River, the mining
water assemblages showed distinctly lower species di-
versity, comprising a subset of the species recorded in
the other sampling sites (Table 2). Only three species
that inhabited the mining water were excluded from the
other, “better” sites. These species were Bothrioneu-
rum vejdovskyanum, a rare species preferring either
large rivers or smaller streams in lowlands (Hrabé 1981;
Schenkova et al. 2006); Limnodrilus udekemianus, which
prefers organically enriched sites, but not those under
poor conditions (Brinkhurst & Cook 1974); and Psam-
moryctides albicola, a lowland stagnant water species
(Hrabé 1981).

To summarize, Clitellate assemblages, similar to
other aquatic invertebrate taxa, are threatened by min-
ing water pollution. This pollution not only lowers
their diversity and density, but also causes species
changeover. Therefore, analyses of clitellate assem-
blages must always be conducted at the species level.
The problem is the exclusivity of the types of distur-
bances discussed in this report under natural conditions
and, hence, worse plausibility of their mutual compar-
isons.
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15 Abstract
16
g Patterns in aquatic Clitellata assemblage composition are known to be driven by several
19 environmental gradients, with water chemistry and substratum characteristics being
gg particularly important. In this study we explored 54 isolated spring fens across the eastern
22 Czech Republic and Slovakia. These fens varied in calcium and magnesium concentrations,
gi forming a sharp and well defined environmental gradient running from calcium-poor acidic
25 fens to extremely calcium-rich tufa-forming fens. We found that the main changes in
gg clitellate species composition were controlled by this gradient, and/or total organic carbon
28 content, over a wide area, including fen sites differing in other environmental conditions and
gg historical development. However, this pattern was weakened in sites with a high organic
31 matter content, which represented a second driver of change in assemblage composition
gg along with water temperature. Three main types of fens were determined using cluster
34 analysis based on clitellate assemblage composition. However, only the first type, which
gg included tufa-forming fens, was found to fit with the previously established spring fen types
37 based on vegetation (i.e. extremely mineral-rich fens with a tufa, brown-moss mineral-rich
gg fens, mineral-rich Sphagnum fens and mineral-poor Sphagnum fens). The second clitellate
40 type included sites with low temperatures and occasional desiccation, while the third type
41 was characterised by high temperatures and trophy. Using eight environmental predictors,
42 N - . . .
43 we were able to significantly explain changes in the population abundances of all 12
44 common species (i.e. recorded at 15-plus sites). The results from individual species
45 . . . . . .
46 modelling also suggests that an increase in organic matter content can trigger compositional
a7 shifts towards assemblages of common eurytopic tubificid species. Thus, human-induced
48 .. . . . . .
49 eutrophication and negative changes in spring fen hydrology, mainly drying up, can
50 represent a serious threat for species-specific assemblages of aquatic clitellates, especially at
o1 alkaline sites due to their isolated and spatially limited nature.
52
53
54 Keywords: Clitellata, spring fens, environmental gradients, indicator species, species
55
56 responses
57
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1. Introduction

Spring fens represent scattered treeless wetlands fed by groundwater that host
nutrient-limited vegetation (Hajek et al.,, 2006). Helocrene wetlands are characterised by
highly stable environments, less prone to natural disturbances than other types of aquatic
environments (Lake, 2000). They also tend to include various habitat types, both lotic and
lentic, forming heterogeneous mesohabitat complexes (Lindegaard, 1995). They vary in
water chemistry from calcium-poor acidic fens with a tendency towards ombrotrophy to
extremely calcium-rich tufa-forming fens, thus forming a so called poor-rich gradient
(Malmer, 1986; Hajek et al., 2006). The water chemistry of wetlands is generally extremely
important for clitellates, with very acidic sites inhabited only by asexually reproducing
species (van Duinen et al., 2006), while high mineral richness can favour spring fen
specialists (Bojkova et al., 2011). Spring fens also cover a broad variety of substrate types,
known to be one of the most important environmental gradients determining clitellate
species distribution (e.g. Sporka, 1998; Montanholi-Martins and Takeda, 1999; Verdonschot,
2001; Syrovatka et al., 2009).

As existing studies on aquatic clitellate assemblage diversity have shown, their broad-
scale patterns can be explained mainly by water chemistry, substrate characteristics and
organic pollution (Martinez-Ansemil and Collado, 1996; Schenkova et al., 2001; Nijboer et al.,
2004; Verdonschot, 2006). As such, spring fens seem to be an appropriate model system for
deepening our understanding of the main responses of clitellate assemblages, as well as
individual species responses. Further, there currently exists only limited data dealing with
clitellates in headwater habitats, covering acidic conditions of ombrotrophic peatlands (van
Duinen et al., 2006), bog streams (Smith, 1986; Smith and Kaster, 1986), limnocrene karstic
springs (e.g. Dumnicka, 2006; Mori and Brancelj, 2006) or cave springs (e.g. Dumnicka, 2000;
Achura and Rodriguez, 2008; Achurra et al., 2015). Some studies have explored several
spring fens over a relatively spatially limited area (Erman and Erman, 1975; Bojkova et al.,
2011). However, virtually no data exist on clitellate diversity patterns from wetland
headwater habitats over a broader spatial scale. Patterns of response in individual species
have also been mostly neglected. Only a few studies have addressed this topic, exploring a
species response to a single or only a few variables. For instance, organic matter content
(Uzunov et al., 1988), current velocity and substratum (Martinez-Ansemil and Collado, 1996;
Syrovatka et al., 2009), ecological quality, altitude and total phosphorus (Verdonschot, 2006)
and other chemical variables (Timm et al., 2001) have been studied in running waters.

In this study we aim to analyse the effect of water chemistry and physical variables on
the diversity of clitellate assemblages over a large spatial scale using an extensive dataset,
collected from 54 isolated hydrologically uniform fen sites in the Western Carpathians
Mountains (Czech Republic and Slovakia). Low variation in water temperature, as well as
discharge makes water supply across the spring fens comparable (Radkova et al., 2014). We
made sure to explore a high number of sites, covering a wide variety of ecological settings
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along several environmental gradients. The study sites belong to four main types based on
water chemistry and vegetation (Hajek et al., 2006): (i) extremely mineral-rich fens with a
tufa formation dominated by the moss Cratoneuron commutatum, (ii) brown-moss mineral-
rich fens without a tufa formation dominated by the moss Drepanocladus revolvens agg., (iii)
mineral-rich Sphagnum fens with calcitolerant Sphagnum species and (iv) mineral-poor
Sphagnum fens dominated by S. recurvum agg. Each of the four spring fen types were spread
throughout the entire study area with none of them locally aggregated. As various groups of
invertebrates are strongly determined by the poor-rich gradient (Testacea: Opravilova &
Hajek, 2006; Mollusca: Horsdk & Hajek, 2003; Clitellata: on small scale, Bojkova et al., 2011;
Diptera: Omelkova et al., 2013), we focused on spring fen clitellate assemblages inhabiting a
large number of localities. Clitellates form neither cases nor solid cuticle structures to
protect their soft and flexible bodies. Therefore, the effect of the calcium and magnesium
concentration gradient is considered to be indirect (Martinez-Ansemil and Collado, 1996).
Nevertheless, we expect to see a different species composition at sites with high inorganic
particles compared to sites dominated by organic materials, such as wood, leaves and
particulate organic matter (Verdonschot, 2001; Bojkova et al., 2011). It has been shown that
organic substrate is used by clitellates as a source of food (e.g. Lafont, 1984; Verdonschot,
2006) and can serve as a shelter.

The objectives of this study are to (i) determine the main gradients of clitellate
assemblage composition at isolated fen sites distributed over a broad spatial scale, (ii)
identify the main fen types based on clitellate assemblage composition and compare these
clitellate-based types with the types defined based on chemistry and vegetation and (iii)
determine the habitat preferences of common species using predictive models of species
abundance as a linear function of environmental variable(s).

2. Material and methods
2.1. Study area

The study area was located in the Western Carpathian Mountains of the Czech and
Slovak Republics (Fig. 1), covering an area of 223 km west to east and 74 km north to south.
The area consists of three main parts: the Moravian-Slovakian borderland on flysh bedrock
(i.e. alternating claystone and sandstone layers), the Orava region, which is the eastern
extension of the flysh zone, and the Inner Western Carpathians with geological structures
formed by cores of Paleozoic and crystalline schists overlaid by Mesozoic shale-sandstone
and carbonate lithofacies (Poprawa and Nemcok, 1988; Hajek and Hekera, 2005; Horsdk et
al., 2007). This area was selected for this study because of the frequent occurrence of well-
preserved spring fens with contrasting water chemistry, spanning from calcareous fens to
acidic Sphagnum fens, within each of the three geologically distinct parts.
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Fifty four permanent treeless spring fens, fed by groundwater and developed mostly on
gentle slopes, were chosen for this study to cover as wide a gradient of groundwater
chemistry (pH 3.6—8.4) as possible. The study sites can be classified into four main types
based on water chemistry and vegetation (Hajek et al., 2006): (i) extremely mineral-rich fens
with tufa (25 sites), (ii) mineral-rich fens without tufa (15 sites), (iii) mineral-rich Sphagnum
fens (7 sites) and (iv) mineral-poor Sphagnum fens (7 sites). The uneven representation of
the site types corresponds with the variation in the bedrock chemistry and a high frequency
of alkaline sloping fens. The elevation of the study fens varied from 400 to 800 m a.s.l.

2.2. Field sampling

From 2006 to 2012, samples of aquatic macroinvertebrates were collected in spring and
autumn from each study site. To cover the whole spring fen habitat heterogeneity, samples
from three contrasting mesohabitats were collected at each site. Two types of mesohabitats,
i.e. with flowing and standing water, were sampled from the spring mouth, each from a
guadrate defined by a metal frame (25x25 cm). All the material taken up to the depth of 5
cm was elutriated using a hand net (mesh size 500 um). A spring brook was the third type of
mesohabitat, sampled using a hand net (mesh size 500 um) from 10 25x25 cm sampling plots
distributed along an approximately 20 m long stretch starting immediately downwards of
the spring mouth. Altogether, 324 samples were obtained. To cover the whole seasonal and
spatial variability of clitellate assemblages we merged samples from both seasons and from
three mesohabitats into a single sample per site. Samples were preserved by 4%
formaldehyde in situ and clitellates were hand-sorted in the laboratory under a
stereomicroscope and identified after mounting into the Canadian Balsam. For the
identification of oligochaetous clitellates, keys from Hrabé (1954, 1981), Timm (2009), PiZl
(2002) and Schmelz and Collado (2010) were used, and for leeches keys from Neubert and
Nesemann (1999) and KoSel (2001) were used. Current taxonomy of clitellates follows Siddall
et al. (2001), Erséus (2005) and Erséus et al. (2008).

2.3. Environmental variables

The following eight variables were established for each study site, as they have already
been proven, or are likely to be, important drivers of aquatic clitellate assemblages and
species population size (Martinez-Ansemil and Collado, 1996; Timm et al., 2001;
Verdonschot, 2001; Verdonschot, 2006; Bojkova et al., 2011; Radkova et al., 2014). Water
temperature and dissolved oxygen were measured in the field using portable instruments
(WTW Multi 340i/SET) at each sampling occasion. GPS positions were directly measured in
the field and used to determine mean annual air temperature by using overlays of plot
locations with a digital elevation model and climatic maps, based on Tolasz (2007), in the
ArcGIS 8.3 program (ESRI, 2003). Of the intercorrelated variables altitude and mean annual
air temperature, we selected the latter because of the independence of geographical
position. Water samples for the laboratory analysis of Ca*" and Mg2+ (combined, Ca+Mg) and
NO;s™ ion concentrations were taken in autumn, when the chemistry of spring fens is the
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most stable (Hajek and Hekera, 2004). Total organic carbon (TOC) was measured from a 100
ml sample of substrate (Shimadzu TOC VCPH), which was taken next to the sample of the
clitellates. This variable is closely bound to spring fen type categorisation, reaching only 5%
in extremely mineral-rich fens, but significantly increasing in fens of low mineral content
(poor fens) (Hajek et al., 2002). Substrate samples were collected during the autumn
sampling from a 25x25 cm plot up to the depth of 5 cm. Substrate was collected from
patches adjacent to the plots used for clitellate sampling and reflected the same structural
microhabitat type. Organic matter (ORG) was obtained from substrate samples by elutriation
(Omesova and Helesic, 2004), using a net with a mesh diameter of 100 um, dried at 80 °C
and weighed. The remaining inorganic substrate was dried at 80 °C and used for the grain
size analysis (Giere, 1993), from which the amount of inorganic particles smaller than 500
um was determined (INORG) and expressed as a percentage of the total weight of inorganic
matter.

2.4. Statistical analyses

Relationships among explanatory variables were inspected using Spearman correlations
and multi-panel scatter plots. The environmental variables were not found to be highly
intercorrelated (rho<0.50), except for total organic carbon (TOC) and Ca+Mg concentration
(rho=-0.57). These two variables were; however, used as they are likely to constitute
ecologically different responses of clitellate species. Under a high Ca+Mg concentration, in
alkaline sites, a strong precipitation of calcium carbonate notably changes substrate
conditions, while TOC increases in both acidic and productive sites. Descriptive statistics of
the eight explanatory variables used in the statistical analyses are summarised in Table 1.

Principal Coordinate Analysis (PCoA), also known as MDS (Metric Multidimensional
Scaling), on Bray-Curtis distances was used to explore and visualise variation in the species
composition of clitellate assemblages (command “cmdscale” in the “vegan” package).
Species abundances were transformed as y=In(x+1) prior to the analysis to reduce the effect
of dominant species. The importance of ordination axes was evaluated using a broken-stick
model (Peres-Neto et al., 2003), which is a permutation-based technique comparing the real
eigenvalues of ordination axes with those eigenvalues generated randomly by the model.
Based on this method, only the first and second axes were selected as important and
meaningful for further interpretation of assemblage compositional variances. To associate
the main changes in species composition with the environmental predictors, we used
multiple regressions between the predictors and site scores on the first and second
ordination axes. The significance was tested by 9999 permutations using the “envfit”
function in the “vegan” package. Distance based Redundancy Analysis (dbRDA) using Bray-
Curtis distances was performed to test the significance of the effect of each predictor on the
species composition variance and to identify a parsimonious set of environmental predictors
which could account for the maximum variation in the clitellate species data. Forward
selection procedures and Monte Carlo permutation tests with 4999 runs were used.
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Procrustes analysis with 9999 permutations (Gower, 1975; Jackson, 1995) was used to test
the congruence between site scores on the first two PCoA and dbRDA axes.

Cluster analysis, followed by Indicator Species Analysis (Dufréne and Legendre, 1997),
was performed to determine the main types of fens based on clitellate assemblage
composition and to identify the clitellate species characteristics for these fen types. Bray-
Curtis dissimilarity on log-transformed abundance data, y=In(x+1), and Ward’s method were
used for the grouping. Indicator Species Analysis (Dufréne and Legendre, 1997) was
performed using the “multipatt” function from the “indicspecies” package (De Caceres and
Legendre, 2009), with significance tested using a permutation test with 999 runs. Fen types
determined based on clitellates were compared with the main types of fens defined based
on vegetation (Hdjek et al., 2006). Differences in environmental variables among the three
main clitellate types of fens were compared using a one-way ANOVA, and a Tukey post hoc
test (multiple comparison tests) was used to determine the significant differences between
group pairs.

Generalized Linear Models (GLM; McCullagh and Nelder, 1989) with quasi-Poisson
distribution of errors, i.e. corrected for overdispersion, were used to model related clitellate
species abundances as a linear function of the eight environmental variables. Prior to
modelling, we assessed the distribution of all variables to look for potential outliers. We
transformed some of the predictors to straighten up their left-skewed distribution and to
linearise the relationships between response variables and predictors. Ca+Mg, inorganic
particles and total organic carbon were square root transformed, nitrate concentration and
water temperature were transformed by natural logarithm, while the other variables were
kept untransformed. Modelling was performed only for the 12 common species, i.e. those
recorded at 15 or more sampling sites. First, the response of species abundance to eight
predictors was searched visually in case of a potential unimodal response (found only for
Ca+Mg and annual air temperature) we also tested the effect of the quadratic term along
with a linear term, included for all predictors. To find the best model for each species we
used a guided step-wise forward selection with F statistic. We started with a null model and
the predictors were sequentially added into the model and at each step the current model
was tested against a set of more complicated and simpler models. The selection process
stopped once the inclusion of another term did not cause a significant improvement in the
current model and, simultaneously, the omission of any term would lead to a significant
worsening of the model. For all final models we examined residuals for residual patterns
with respect to fitted values and to individual predictors and we also checked residuals for
normality, homogeneity of variance and identified influential observations using Cook’s
distances (Cook, 1977).

All statistical analyses were performed in R (R Core Team, 2014) using the “vegan”
(Oksanen et al., 2011), “PerformanceAnalytics” (Carl and Peterson, 2010) and “indicspecies”
(De Caceres and Legendre, 2009; De Caceres, 2013) packages.
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3. Results
3.1. The response of clitellate assemblages to environmental gradients

A total of 34,122 individuals collected from 54 study sites, were assigned to 42 clitellate
taxa (mostly species, except for some genera of the family Enchytraeidae). On average 632
individuals and 13 species were collected per site. The highest abundances were obtained
for Lumbriculidae, in contrast the highest taxa-richness was found for Naididae sensu Erséus
et al. (2008) (Table 2).

Using Principal Coordinate Analysis (PCoA), we observed two main gradients of species
composition variance, which covered 31.1% and 16.0% of the entire variation respectively.
The main compositional change, expressed on the first PCoA axis, was related mainly to the
variation in total organic carbon (TOC) in the substratum and also partly to Ca+Mg
concentration and annual air temperature (Table 3, Fig. 2). Mineral poor Sphagnum fens,
having a high content of poorly decomposed organic matter (recorded as a high TOC), were
occupied by Cognettia glandulosa, Lumbriculus variegatus and Nais communis, plotted in the
right part of the diagram. In contrast, extremely mineral-rich fens with a tufa formation and
very low TOC in the substratum were inhabited by a rich population of Trichodrilus strandi
(left part of the diagram). The second main direction of species compositional variance was
mostly associated with the amount of organic matter vs. inorganic matter and the gradient
of water temperature (Table 3, Fig. 2). Fen sites with a high amount of food and a high water
temperature were plotted in the upper part of the diagram, harbouring rich populations of
generalist species (e.g. Tubifex tubifex and Limnodrilus hoffmeisteri) and predators
(Glossiphonia nebulosa, G. concolor, Erpobdella vilnensis and Haemopis sanguisuga). Several
variables, such as concentration of calcium and magnesium, dissolved oxygen concentration
and mean annual air temperature, expressed almost an equal association to both PCoA axes.

The distance based Redundancy Analysis (dbRDA) showed very similar results as the
PCoA (Table 3), with TOC, Ca+Mg ions and annual air temperature being the most important
environmental predictors of clitellate assemblages. Each of these variables separately
explained more than 10% of the total variance in the species data and two of them were
included in the most parsimonious model in the forward selection (Table 3). The Procrustes
analysis showed a strong significant correlation between the position of samples in the
ordination spaces of the PCoA and dbRDA (Procrustes R=0.854, P<0.001).

3.2. Clitellate assemblage types

Based on the cluster analysis we determined three main types of fens differing in
clitellate assemblage composition (Fig. 3). In the first division, the sites split up into
extremely mineral rich fens with a tufa precipitation (type A) and the other fens (type B and
C). However, the following division reflected more complex environmental differences (Table
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2, Fig. 3). The sites of the type A fens were characterised by high concentrations of Ca+Mg
ions, low TOC and high annual air temperature (Fig. 4) and Trichodrilus strandi was identified
as the indicator of this group. Based on field observations, all these sites were pristine
calcareous fens. Type B included spring fens with cold water and also the lowest
concentration of Ca+Mg ions and intermediate values of TOC (Fig. 2, Fig. 4). Stylodrilus
heringianus was found to be an indicator species of this fen type. This group included both
calcareous fens and the most acidic fens, defined as vegetation type 1-2 and 4. Type C was
the most broad fen type in respect of clitellate distribution, with 12 species characteristic for
this type of fen (Table 2). The sites of this fen type had the highest water temperatures and
were also enriched by organic matter, resulting in significantly lower oxygenation compared
with the other two types (Fig. 4). Their mineral richness was highly variable as they belonged
to all four types defined by vegetation (Fig. 3).

3.3. Environmental preferences of studied species

We succeeded in building a significant model between the abundances of all the 12
dominant species and the eight environmental predictors using a GLM (Table 4). Based on
the final parsimonious model, variables linked with mineral richness gradient (i.e. combined
Ca and Mg concentration and TOC in the substratum) were the most important predictors
for six species. Three of these species (all with a total explained variation >50%) were also
among those species selected based on Indicator Species Analysis as characteristic for one of
the three main fen types defined based on clitellate assemblage composition. The
abundance of these species increased mostly in acidic fens, but Trichodrilus strandi
increased in mineral-rich tufa fens as the indicator of type A. In contrast, Rhyacodrilus
falciformis abundances expressed a unimodal response to concentrations of Ca?* and Mg*".
Water temperature, dissolved oxygen, organic matter and concentration of nitrates were
found to be the main drivers for the other five species. Responses to water temperature
both positively and negatively separated oligostenothermic species, such as Pristina bilobata
and Mesenchytraeus armatus, from those species preferring high temperatures, such as
Tubifex tubifex. Nevertheless, responses to high organic matter were positive not only for
Tubifex tubifex but also for Pristina bilobata populations. The other predictors were less
important in the models, yet significant responses were found in several species, having
both positive and negative effects on individual species abundances.

4. Discussion
4.1. The response of clitellate assemblages to environmental gradients

Based on an extensive dataset of spring fen habitats, distributed over a large spatial
scale and covering a broad ecological variety of spring fens, we found that nutrient limited
ecosystems harbour clitellate assemblages of relatively high species richness, with a total
number of 42 taxa (mostly species) and an average of 13 taxa per sampling site, recorded at

Page 8 of 24



©CO~NOOOTA~AWNPE

54 sampling sites. In comparison with other spring ecosystems, the diversity in the studied
spring fens was almost as high as those of the karstic systems in southern Europe, with a
total of 47 species and a range of 2—19 taxa per sampling site (Achura and Rodriguez 2008).
Clitellate diversity in fenland areas and raised bogs appears to be even lower than that of
fens, as Verdonschot (1984) reported 33 species and van Duinen et al. (2006) only 7-13
species in acidic conditions. It seems that spring fens are well utilized by species of
Lumbriculidae, as they reached the highest mean abundances per sampling site in all three
clitellate fen types (Table 2). Trichodrilus strandi dominated in extremely mineral-rich fens
with tufa precipitation, Stylodrilus heringianus dominated in spring fens with cold water and
low Ca+Mg ion concentrations and Lumbriculus variegatus dominated in fens with a high
content of organic carbon in the substratum.

The importance of mineral richness on compositional variation of clitellate assemblages
at spring fens has already been observed in the data collected in the Outer Western
Carpathians (Bojkova et al., 2011), which in many cases did not exceed 700 years (Hajkova et
al., 2012). However, the distribution of passively dispersing clitellates was found to be highly
influenced by spatial processes, especially among habitat specialists (Milbrink, 1999;
Radkova et al., 2014) and it is likely that there was not enough time for all species to colonise
all the favourable sites studied by Bojkova et al. (2011). Therefore, in this study we explored
a higher number of sites located across the entire Western Carpathians, half of which were
older than 2.500 years. There were several sites with continuous development over the
whole Holocene (Horsdk et al., 2015). The gradient of mineral richness was still highly
significant for both compositional changes of clitellate assemblages and also for the
responses of individual species. However, the highest predictive power for the overall
variation in assemblage composition was found for TOC in the substratum. This can be
explained by the confounding effect of water chemistry and TOC in the substratum, due to
the accumulation of organic matter in acidic fens (Hajek et al., 2006). Further, several
clitellate species are known to prefer substrate with a high amount of organic matter (e.g.
Uzunov et al., 1988). Along this combined gradient of water chemistry and substrate
characteristics a complete species composition turnover was observed. Acidic fens, i.e. with
a high amount of accumulated organic carbon (TOC) in the sediment, were inhabited mainly
by Lumbriculus variegatus, Cognettia glandulosa, C. sphagnetorum and Nais communis,
which are known as acid-tolerant/acidophilus species (Graefe and Schmelz, 1999; van
Duinen et al., 2006) that feed mainly on plant remains. The opposite end of the gradient is
represented by alkaline sites with assemblages dominated by Trichodrilus strandi, a spring
fen specialist/stygophilous species (Hrabé, 1942; Dumnicka, 2001; Bojkova et al., 2011). We
hypothesise that such harsh conditions at these preserved calcareous spring fens with tufa
precipitations can be linked to the reduction of the interstitial spaces. This change has a
negative effect on most oligochaetes (Rundio, 2009), but it is preferred by T. strandi, as it is a
stygophilous species (Dumnicka, 2001) that probably specialised on feeding on
microorganisms associated with a high calcium content (Timm, pers. com.).
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4.2. The clitellate assemblage types

Using the classification of the study sites based on vegetation (Hajek et al., 2006) only
the extremely mineral-rich fens with a tufa formations were fitted with a clitellate
assemblage type. Clitellate type A almost exclusively occurred in extremely mineral-rich fens
with a tufa formation (vegetation type 1), with only three sites containing brown-moss
mineral-rich fens (vegetation type 2). Trichodrilus strandi was proven to be a specialist of
pristine, oligotrophic, cold and highly mineralized spring and underground waters, as it was
found to be a significant indicator of clitellate type A. Similar habitat preferences have
already been reported for this species in the literature (Hrabé, 1981; Juget and Dumnicka,
1986; Giani et al., 2001; Achurra and Rodriguez, 2008; Bojkova et al., 2011; Achurra et al.,
2015). This species showed the highest indicator value of all species analysed (Table 2).
Rhyacodrilus falciformis was also associated with type A, though not as an indicator, and is
reported both as a crenophilous stygobiont of running water as well as a soil species
(Schwank, 1981; Juget, 1987; Dumnicka, 2000; Schlaghamersky and Kobeticova, 2005). Such
a relatively wide habitat tolerance can be; however, explained by its unimodal relationship
to Ca+Mg concentrations, combined with a preference for low organic matter (Table 4),
which explained 23.8% of the variance in its abundance data.

The second fen type defined based on clitellate assemblage composition (type B)
included cold water fens with variable concentrations of Ca+Mg ions (Fig. 4). The high
abundance of Stylodrilus heringianus, which was the only indicator species from this fen
type, was explained by Ca+Mg ion concentration, which had a strong negative effect on
population densities. Likewise, Cognettia sphagnetorum is a typical inhabitant of acidic soils
(Graefe and Schmelz, 1999), and acidic wetlands up to ombrotrophic bogs (van Duinen et al.,
2006), and was associated with this fen type. This species strongly and positively responded
to decreases in Ca+Mg concentrations, which explained 47% of the variance in its abundance
data (Table 4). However, another species associated with type B, Mesenchytraeus armatus,
did not show any relationship to the poor-rich gradient and its abundances were predicted
mainly by mean annual temperature, with a preference for colder waters. The other two
dominant clitellate species from type B are characterised by their tolerance to desiccation;
Stylodrilus heringianus prefers habitats with stony substrates and intermittent stream flow
(Nijboer et al., 2004) and Cognettia sphagnetorum is able to survive 20 days of drought,
probably in a desiccation tolerant stage (Maraldo and Holmstrup, 2009). In addition, the
other species associated with this group were either Enchytraeidae (generally soil species) or
semiaquatic species (the leech Trocheta cylindrica). The presence of these species might
suggest an important common environmental feature of the fen sites included into type B,
which is occasional desiccation. This was partly observed in the field, but it was not directly
measured.
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The highest species diversity and highest number of indicator species was associated
with the third clitellate fen type, type C (Table 2). The presence of many generalist species
was in the accordance with low oxygenation, high water temperature, high variability, but
overall high TOC and also highly variable mineral richness. Tubifex tubifex and Limnodrilus
hoffmeisteri, whose dominance can indicate waters with high organic pollution (e.g.
Brinkhurst and Jamieson, 1971; Uzunov et al., 1988), were abundant in sites with either a
high amount of organic matter content or total organic carbon content and nitrate
concentration respectively. Another two indicator species, Lumbriculus variegatus and
Cognettia glandulosa, with 40% and 27% of their variation in abundance explained by TOC
were characteristic for most acidic sites in this group, preferring high water temperatures
and high inorganic substratum respectively. It is worth noting that several sites included in
this group showed vegetation classification favourable for Trichodrilus strandi. However, due
to a human-made increase in organic matter, as a result of horse or cow pasture (indicated
in the field), Trichodrilus strandi was most likely replaced by the eurytopic species Tubifex
tubifex and Limnodrilus hoffmeisteri. Therefore, Tubifex tubifex could have a hypothetical
competitive advantage, and also other eurytopic species, over the habitat specialists. This
might be supported by the fact that eurytopic species did not show any association with
characteristics of microhabitats, such as vegetation or substrate coarseness, if sufficient food
in form of organic matter was available (Prenda and Gallardo, 1992).

To summarise, we confirmed that clitellate distribution is strongly connected with the
gradient of spring fen groundwater chemistry, which remains the same across a large spatial
area including isolated fen sites of highly variable age. Although we expected a significant
imprint of dispersal, based on processed compositional variance (as found by Radkova et al.,
2014), it seems that the effect of environmental conditions is extremely important. Our
study also stresses that pristine and highly endangered spring fen habitats, hosting unique
species-rich clitellate assemblages, can be easily destroyed by an increase in organic matter,
either by human-made eutrophication or also negative changes in hydrological conditions
(Hajek et al., 2006). Our results, based on individual species response modelling, suggest that
these negative alterations in habitat conditions can trigger compositional shifts towards
assemblages of common eurytopic tubificid species. A higher risk is expected for
assemblages of calcareous spring fens, as acidic sites and their surroundings are less suitable
for pasture and require more space, while alkaline fens develop on spatially limited
groundwater outlets.
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Table 1 Descriptive statistics of environmental variables for the three types of fens (A, B, C;

Fig. 3): Ca+Mg, the sum of concentrations of calcium and magnesium ions in the

groundwater; O,, dissolved oxygen; NO3', the amount of nitrate; TOC, total organic carbon;

ORG, total organic matter; INORG, % of inorganic particles smaller than 500 um from total

weight of the inorganic particles.

Type A Type B TypeC

Variable MIN MEAN MAX SD MIN MEAN MAX SD MIN MEAN MAX SD

Ca+Mg(mg|'1) 25.40 70.29 120.60 29.08 440 32.27 79.10 21.84 8.50 40.30 101.40 26.86
0, (mg I'l) 291 6.85 10.00 1.74 250 6.85 10.00 1.88 143 490 7.83 1.70
NO3~ (mgl'l) <0.01 3.51 12.00 3.65 <0.01 3.83 2166 5.80 <0.01 1.83 12.64 321
TOC (mgl'l) <0.01 51.58 137.00 43.62 2.12 131.00 266.80 82.48 30.32 169.00 327.40 98.14
ORG (g) 18.65 77.95 129.70 30.61 18.08 71.50 146.50 44.03 33.20 106.20 186.10 35.64
INORG <500 pum (%) 13.00 33,50 59.00 12.34 11.00 40.44 71.00 14.52 15.00 40.44 53.00 10.49
Water temperature (°C) 88 129 235 33 77 109 150 2.0 11.8 145 20.2 2.4
Annual temperature (°C) 5.1 6.8 8.3 0.8 4.5 5.8 7.2 0.8 5.2 6.1 7.3 0.6
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Table 2 List of all recorded taxa arranged according to the results of the Indicator Species

Analysis. The indicator value of a species represents the maximal indicator value of the
species among the three types of fens (A, B, C; Fig. 3). Significant indicator species and P
values are in bold. The assemblage type, with the maximal indicator value, is highlighted in

grey for each of the indicator species. Average abundances per sample from the sites where

the species was found and the number of these sites are shown before and after the slash,

respectively. The total number of study sites for each fen type is given after the slash.

Type of fen based on clitellate assemblage composition

Type A/19

Type B/16

Type C/20

Taxon name Ind. value P Mean abundances from sites with species occurence
Trichodrilus strandi Hrabé, 1936 0.880 0.001 435.6/18 4/3 50.2/10
Henlea spp. 0.638 0.036 8/16 4.4/14 4.2/6
Eiseniella tetraedra (Savigny, 1826) 0.583 0.731 23.4/18 28.5/15 20.1/18
Rhyacodrilus falciformis Bretscher, 1901 0.528 0.146 12.2/10 4.1/9 9.5/4
Enchytraeus spp. 0.510 0.787 7.5/11 2.4/12 1.5/13
Stylodrilus heringianus Claparéde, 1862 0.674 0.004 5.3/9 124.9/15 107.9/19
Cognettia sphagnetorum (Vejdovsky, 1878) 0.622 0.080 17.3/9 117.8/14 75/18
Fridericia spp. 0.608 0.207 19.3/15 24/14 5.3/16
Mesenchytraeus armatus (Levinsen, 1884) 0.575 0.331 7.5/13 16.2/13 5.3/14
Henlea perpusilla Friend, 1911 0.410 0.390 2/5 8/5 3/4
Haplotaxis gordioides (Hartmann, 1821) 0.350 0.171 1.5/2 2/3 -
Trochaeta cylindrica Orley, 1886 0.338 0.292 1.5/2 3.3/3 2/1
Marionina argentea (Michaelsen, 1889) 0.182 0.746 1/1 1/1 -
Erpobdella vilnensis (Liskiewicz, 1925) 0.849 0.001 1.8/5 25/2 48.1/17
Limnodrilus hoffmeisteri Claparéde, 1862 0.803 0.001 40.8/9 2.3/3 86.6/18
Lumbriculus variegatus (Miiller, 1774) 0.766 0.001 12/6 20.6/11 223.7/18
Tubifex tubifex (Miller, 1774) 0.751 0.001 15.3/15 29.5/8 135.6/19
Cognettia glandulosa (Michaelsen, 1888) 0.694 0.002 6/2 16.2/12 89.5/15
Tubifex ignotus (Stolc, 1886) 0.655 0.002 1/1 - 15.7/9
Nais communis Piguet, 1906 0.650 0.019 2/2 48/11 94.1/15
Aulodrilus limnobius Bretscher, 1899 0.602 0.003 9/1 2/2 48.6/9
Haemopis sanguisuga (Linnaeus, 1758) 0.519 0.012 1/1 - 2.5/6
Cernosvitoviella spp. 0.500 0.338 3.1/7 18.9/7 11.2/11
Glossiphonia concolor (Apathy, 1888) 0.500 0.004 - - 6.2/5
Pristina bilobata (Bretscher, 1903) 0.496 0.102 2.7/3 13/4 9.2/9
Limnodrilus udekemianus Claparede, 1862 0.462 0.074 5/1 1.5/2 1.7/7
Slavina appendiculata (Udekem, 1855) 0.447 0.036 - - 24/4
Glossiphonia nebulosa Kalbe, 1964 0.500 0.004 - - 4.8/4
Pristina jenkinae (Stephenson, 1931) 0.496 0.102 14.5/4 - 10.6/7
Limnodrilus claparedeanus Ratzel, 1868 0.424 0.077 61/1 - 15.6/5
Rhyacodrilus coccineus (Vejdovsky, 1875) 0.402 0.304 12/4 1/1 3/7
Marionina sp. 0.388 0.441 3.4/5 1/2 3.5/6
Pristina aequiseta Bourne, 1891 0.387 0.112 - - 2.7/3
Spirosperma ferox Eisen, 1879 0.387 0.091 - - 28.7/3
Nais variabilis Piguet, 1906 0.332 0.334 - 13/2 5/4
Aulodrilus japonicus Yamaguchi, 1953 0.316 0.319 - - 130/2
Trichodrilus tatrensis Hrabé, 1937 0.316 0.342 - - 7/2
Trichodrilus sp. 0.316 0.342 - - 4.5/2
Mesenchytraeus spp. 0.246 0.786 - 1/2 3.5/2
Helobdella stagnalis (Linnaeus, 1758) 0.246 0.786 - 5/1 4/2
Pristina rosea (Piguet, 1906) 0.228 0.787 - 6/1 3.5/2
Nais bretscheri Michaelsen, 1899 0.217 0.756 4/1 1.5/2
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Table 3

Summary results of the PCoA and dbRDA analyses. Regression coefficients for the multiple

linear regressions for the explanatory variables and the PCoA site scores on the first two axes
(PCoA 1 and 2), explained variation (R> %) and its significance (P) based on 9999
permutations. Adjusted percentage of explained variation (AdeZ) in species data by each

variable in separate dbRDA analyses (Gross effects) and in a single dbRDA model that

includes all variables (Pure effects). The order of the variables entering the single dbRDA

model was based on a forward selection procedure (FS). Significance (P) of explained

variation was tested using a Monte Carlo test with 4999 runs. For abbreviations of

environmental variables see Table 1.

PCoA dbRDA

Regression coefficients Explained variability Explained variability in FS
Variable PCoA1l PCoA2 R?(%) AdjR*(%) P AdjR* (%) P Order FS
TOC 1.000 -0.027 54.330 <0.001 18.09 0.005 16.46 0.001 1
Ca+Mg -0.787 0.617 55.210 <0.001 16.62 0.005 5.46 0.001 2
Annual temp. -0.764 0.646 36.610 <0.001 10.28 0.005 nss. n.s. n.s.
0, -0.711 -0.703 34.890 <0.001 9.20 0.005 1.89 0.005 4
Water temp. -0.014 1.000 42.230 <0.001 6.98 0.005 4.84 0.001 3
ORG 0.319 0.948 21.880 0.002 3.81 0.015 n.s. n.s. n.s.
NO3 -0.930 -0.367 11.050 0.047 3.79 0.015 n.s. n.s. n.s.
INORG<500 um 0.507 -0.862 11.610 0.040 2.26 0.045 n.s. n.s. n.s.
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Table 4

Adjusted percentage of variance in the analysed species abundance explained by each

predictor included in the final generalized linear models with Poisson distribution. The gross

effect of the most important predictor for each taxa group (in bold) and the net effects of

the other predictors are listed sequentially and summed up to give the Total. The effect of

the linear term of each predictor and the quadratic term of the combined content of Ca+Mg

and annual temperature are denoted by (+) and (-) for a positive and a negative effect
respectively. Significance: ***, <0.001; **, <0.01; *, <0.05; <0.07 (marginally significant). For
the explanation of predictor abbreviations see Table 1.

Explained variance - pure effects

Annual

Total Ca+Mg Ca+Mg"2 Water temp. 02 ORG INORG TOC NO3 Annual temp.~2
Stylodrilus heringianus 75.8 72.8 (-)*** 3.0 (-)*
Lumbriculus variegatus 62.8 7.9 (-)** 15.3 (+)*** 39.7 (+)***
Trichodrilus strandi 50.2 19.5 (+)*** 30.7 (+)***
Nais communis 34.7 244 (-)** 10.3 (-)**
Cognettia sphagnetorum 47.1  47.1 (-)***
Cognettia glandulosa 425 15.7 (+)** 26.9 (+)**
Pristina bilobata 36.8 8.9 (-)** 12.7 (-)* 10.6 (+)** 14.3 (-)**
Mesenchytraeus armatus 32.8 22.9 (-)*** <1.0 nss. 9.9 (+)*
Tubifex tubifex 275 16.6 (+)** 10.9 (+)*
Rhyacodrilus falciformis ~ 23.8 13.2 (+)* 10.6 (-)*
Erpobdella vilnensis 233 23.3 (-)**
Limnodrilus hoffmeisteri ~ 17.9 10.2 (+4)* 7.7 ().
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Fig. 2 PCoA ordination plot of the 54 clitellate assemblages with the position of 15 indicator
species (given in bold) and the eight the frequent species (found at least at 15 sites). Eight
environmental variables were fitted post-hoc into the ordination space of the first and
second axes (all variables had significant fit, P<0.05). The classification of sites is based on
the results of the cluster analyses (Fig. 3): rectangles, type A; circles, type B; triangles, type C.
Abbreviations of taxa—indicators of type A: TriStr, Trichodrilus strandi; HenSpp, Henlea spp.;
indicator of type B: StyHer, Stylodrilus heringianus; indicators of type C: ErpVil, Erpobdella
vilnensis; LimHof, Limnodrilus hoffmeisteri; LumVar, Lumbriculus variegatus; TubTub, Tubifex
tubifex; CogGla, Cognettia glandulosa; Tublgn, Tubifex ignotus; NaiCom, Nais communis;
AulLim, Aulodrilus limnobius; HaeSan, Haemopis sanguisuga; GloCon, Glossiphonia concolor;
SlaApp, Slavina appendiculata; GloNeb, Glossiphonia nebulosa; frequent taxa: CerSpp,
Cernosvitoviella spp.; CogSph, Cognettia sphagnetorum; EisTet, Eiseniella tetraedra; EncSpp,
Enchytraeus spp.; FriSpp, Fridericia spp.; MesArm, Mesenchytraeus armatus; PriBil, Pristina
bilobata; RhyFal, Rhyacodrilus falciformis. For the abbreviations of the environmental
variables see Table 1.
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Fig. 3 Result of the cluster analysis (Bray-Curtis distance, Ward’s method) of the 54 fen sites
based on clitellate assemblages into the three types (A, B, C). Classification of the sites based
on vegetation is shown by different numbers: 1, extremely rich fens with tufa; 2, rich fens
without tufa; 3, mineral-rich Sphagnum fens and 4, mineral-poor Sphagnum fens.
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clitellate assemblage composition (see Fig. 3). The central line of each box refers to the
mean value, box height indicates the interquartile range, whiskers to the non-outlier range
(i.e. 1.5 times the interquartile range at each side), and a small cross for an outlier. Small
letters at the top indicate statistically significant differences between the types (ANOVA and
Tukey post-hoc test, P<0.05).
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Abstract

Populations of Erpobdella octoculata and E. vilnensis were studied monthly over two years (May
1999—April 2001) at four sampling points on the river Rokytnd (Czech Republic). The water depth and
velocity were measured and the Froude number for each sample was calculated to follow flow condi-
tions above the bottom. Temporal differences in biomass of the two species were studied by compar-
ing their wet weights and evaluated by the time series analysis; differences in their diets were evaluat-
ed by gut content analyses. Significantly different hydrodynamic preferences for juvenile and adult
stages of E. octoculata and E. vilnensis were recorded. In E. vilnensis only, an annual cycle was record-
ed with a one-month shift of mean weights compared to E. octoculata. This shift, together with the cor-
relation of the leeches wet weights with their prey sizes and their distinct habitat preferences are sug-
gested as mechanisms that explain their coexistence.

1. Introduction

The predatory species Erpobdella octoculata (LINNAEUS, 1758) (Hirudinea: Erpobdellidae)
seems to be one of the best-investigated organisms of the bottom fauna across different water
bodies. Its life cycle in stagnant and running waters is completed principally in one (e.g.,
MUurPHY and LEARNER, 1982; DALL, 1979, 1983) or, rarely, in two or three years (e.g.,
MANN, 1953; ELLiort, 1973). Certain authors recorded both one-year and two-year cycles
but in different localities (AsTON and BROWN, 1975; MALTBY and CALLOW, 1986). Many
studies of the feeding habits of E. octoculata have been undertaken (e.g., YOUNG and IRON-
MONGER, 1979, 1980; DALL, 1983; ToMAN and DALL, 1997; KUTSCHERA, 2003), because the
prey is swallowed as a whole and remains in the gut for some time almost undamaged. Only
one study of Erpobdella vilnensis LISKIEWICZ, 1927 (former E. monostriata GEDROYC), has
been published (MANOLELI, 1976). This species probably has a similar life strategy to
E. octoculata but is less common. In most populations of E. vilnensis, a one year cycle was
recorded with only few breedings in their second year.

The goal of our study was to reveal the mechanisms enabling the coexistence of E. octo-
culata and E. vilnensis populations. These species are of similar size and weight, feed on
similar prey and are commonly found together in Czech streams. Competition for space was
assessed by the habitat preferences of individual juveniles and adults of the two species.
From the environmental variables recorded, we selected those which regulate the reproduc-
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tion of leeches. The life cycles of E. octoculata and E. vilnensis, based on recording the
leeches wet weights, were compared and their synchronisation estimated. The food niches
were evaluated by the analysis of the leeches’ gut contents and by comparing the composi-
tion, abundance and size of the prey.

2. Methods
2.1. Study Area

The study stream was the Rokytna (6™ order) which has a length of 89.3 km and a catchment area
of 585.4 km? It runs through an upland area in the southern part of the Czech Republic. In this area
the climate is warm and dry with a moderate winter and a mean annual temperature of 8 °C. During the
study period, the mean annual discharge varied from 1.0 to 1.3 m® s7!, with winter and summer floods.
The maximum discharge reached 24.3 m® s! and the minimum was 0.08 m® s™'. The bottom substratum
consisting of small pebbles, gravel, and sand, was rather unstable, especially in meandering reaches. In
January and February, the river was frozen down to the bottom, in spring the substratum was colonized
by periphytic algae and in summer the stream was completely shaded and the water was highly turbid
because of organic pollution (B-mesosaprobity). No macrophytes were observed on the river bottom dur-
ing the course of study year.

2.2. Sampling and Laboratory Methods

Four habitats in the River Rokytnd were chosen with different hydrological characteristics and sub-
stratum. These were situated on two cross-sections, A and B, 60 m distant (for details of sampling see
ScHENKOVA and HELESIC, 2006). The first sampling point was on cross-section A in the straight part of
the stream, here called A streamline (AS). In this part of the stream the substratum did not shift and did
not form gravel bars. The three remaining sampling points were on cross-section B in the meandering
part of the stream, here called B littoral (BL), B gravel bar (BG), B streamline (BS). At each sampling
point, quantitative macro-invertebrate samples were taken monthly from May 1999 to April 2001,
except for a two-month interval in winter. Samples were collected using a triangular sampling device
(HELAN et al., 1973) with an area of 0.1 m? and a mesh size 500 wm.

Due to the unstable substratum on cross-section B, we did not evaluate preference of leeches for par-
ticular sampling points but for particular hydrodynamic conditions. The values of Froude number (Fr)
were computed for each sample from water velocity and depth using the formula Fr = U/\/g D, where
U is mean current velocity, g is acceleration due to gravity and D is total water depth (Davis and BAR-
MUTA, 1989). The Froude number as a descriptor of the main channel flow represents the ratio of iner-
tial forces to gravitational forces. The critical value of Fr is that at which the flow is changing from
tranquil to broken and turbulent. Samples were divided into four categories according to their Fr val-
ues. Categories three and four were subsequently combined because of some anomalies with category
four samples (Table 1 shows the respective categories 1-3). From the environmental variables record-
ed — water temperature, velocity, depth, discharge, pH, conductivity and biochemical oxygen demand
(Table 2) — we aimed to select those that regulate the life cycles of leeches.

Macrozoobenthos samples were fixed in the field using 4% formaldehyde. Samples were sorted and
leeches removed in the laboratory. These were stored in 70% ethanol and identified to species (Table 3).
E. octoculata and E. vilnensis represented the eudominant Hirudinea species. Adults of both species can

Table 1. Categories of Froude number values.

Fr 0-0.3 0.31-0.6 0.61-0.9 0.91-1.23

Category 1 2 3
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Table 2. Environmental variables recorded 1999-2001.

529

Variable Min. Max. Mean Median
Water temperature [°C] -0.2 194 11.0 13.0
Current velocity at 40% of depth [m s7'] 0.00 1.46 0.67 0.68
Depth [m] 0.10 0.47 0.22 0.20
Mean daily discharge [m® s7'] 0.13 3.95 1.36 1.08
pH 4.4 . 7.6 7.7
Conductivity [uS cm™] 453 725 615 615
BOD [mg I'] 1.9 15.8 5.4 4.5

be identified by the position of their male and female ducts but juveniles only by colour. As result of
fixation with formaldehyde, the clitellum could not be observed (MURPHY and LEARNER, 1982). In
E. octoculata dark spots cover the whole dorsal part, while E. vilnensis has a light median stripe without
any spots. The smallest stages were colourless when fixed and their identification, unfortunately, was
impossible. All leeches of the two species were weighed to the nearest 0.01 mg after 15 minutes of dry-
ing. According to their wet weights they were divided into six weight categories on a common log-

arithmic scale (Table 4).

Table 3.

List of Hirudinea species recorded.

List of Hirudinea species

Erpobdella octoculata juv. 315
Erpobdella octoculata ad. 49
Erpobdella vilnesis juv. 152
Erpobdella vilnesis ad. 191
Erpobdella spp. juv. 61
Glossiphonia complanata juv. 4
Glossiphonia concolor juv. 4
Glossiphonia nebulosa juv. 1
Piscicola geometra juv. 6
Helobdella stagnalis juv. 2
Hemiclepsis marginata juv. 1
Total 786

Table 4. E. octoculata and E. vilnensis wet weight categories, maximal, minimal and mean
prey width. Category 1 prey widths were not analysed in this study.

Weight Limits of wet Erpobdella octoculata Erpobdella vilnensis
category weight [g] Mean width ~ Min. — Max. Mean width ~ Min.—Max.
[um] width [wm] [um] width [um]
1 0.0001-0.0003 - - - -
2 0.00031-0.001 172.0 129.5-220.4 190.3 132.5-248.0
3 0.00101-0.003 189.7 78.0-310.0 219.9 102.1-456.6
4 0.00301-0.01 210.8 76.2-616.2 2454 103.4-676.2
5 0.01001-0.03 247.3 53.6-1021 321.9 104.2-673.0
6 0.03001-0.1 284.4 149.8-516.0 291.3 158.1-558.3
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After being weighed, the gut contents of 48 individuals of E. octoculata and 51 of E. vilnensis were
examined. We selected leeches from all sampling months within the year 2000. These included speci-
mens from all weight categories except category one, which was too small for gut examination
(Table 4). The gut contents were obtained by cutting their ventral parts and removing prey items under
a stereomicroscope. Whole or fragments of invertebrates were identified to the most precise acheivable
level in glycerine-water (1:5 solution) under an upright microscope. The head capsules widths of insects

Table 5. List of the prey taxa and their abundances from the analysed guts of E. octocu-
lata and E. vilnensis.

Taxon E. octoculata E. vilnensis

Oligochaeta
Bothrioneurum vejdovskyanum 2
Bythonomus lemani

Chaetogaster diastrophus

Limnodrilus spp. juv. 2
Nais alpina

N. bretscheri

N. communis

N. elinguis

Potamothrix hammoniensis

Psammoryctides barbatus

Rhyacodrilinae, with hair chetae

Rhyacodrilus coccineus

Stylodrilus spp. juv. 33
Tubifex tubifex

Tubificidae indet. 8
Crustacea

Gammarus roeselii 1
Ephemeroptera

Baetis rhodani 3 2
Trichoptera

Hydroptila sp. 1

Chironomidae

Chironomini gen. sp. 1

Eukiefferiella spp. 2 3
Micropsectra sp. 1 1
Microtendipes gr. pedellus 1
Nanocladius parvulus/rectinervis 1

Orthocladiinae gen. sp. 10 10
Orthocladius sp. 2
Parametriocnemus stylatus

Prodiamesa olivacea

Rheocricotopus chalybeatus

Rheotanytarsus sp.

Tanypodinae gen. sp.

Tanytarsus brundini/curticornis

Chironomidae indet.

unidentified taxa

empty gut 1

O — O W W — O\ —
—_
~ == = ] W

— 0NN

N A==

(= N
W

number of prey items 118 84
number of leeches analysed 48 51
mean number of prey items per ind. 3.8 33

© 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.revhydro.com



Strategies of Coexistence 531

and the mean body widths of other taxonomic groups (at least three measurements) were measured
under the microscope and recorded. When more than one fragment of a taxon was recorded, especial-
ly for oligochaetes, we distinguished different individuals by their widths or, if this was not possible,
by counting only fragments with prostomial parts.

2.3. Statistical Methods

Seasonal changes of Fr number values were tested by auto-correlations for all particular habitats (AS,
BL, BG and BS) and no significant cyclic changes were found. The total trend of Fr number values was
evaluated by Daniel’s test (in fact Spearman correlation against their order) and no significant trend was
found either for total data (P =0.718) or for particular habitats AS: P =0.283, BL: P =0.083, BG:
P =0.351, BS: P=0.117. Therefore samples from habitats were treated as independent and habitat pref-
erences of adults and juveniles of E. octoculata and E. vilnensis in places with different hydrodynam-
ic conditions were evaluated by chi square test. The null hypothesis, of equal distribution between habi-
tats represented by categories of Fr number, was rejected at the 5% significance level.

The relationships between the mean abundances of leeches and mean environmental variables were
computed by cross-correlation (Box and JENKINS, 1970). The goal was to find correlations of values of
environmental variables with abundances, shifted in time, and to compute the lag between changes of
these values and the response in terms of the abundance of leeches.

Seasonal dynamics for both species were evaluated by time series analysis of the mean abundance
of leeches, after first excluding the extremely abundant samples from May 1999. Moving average
smoothing was applied for visualisation of the time series. The number of cycles per year and, thus, the
length of the cycle were evaluated by spectrum (Furier) analysis of seasonality (SHUMWAY, 1988).

Food niches of both species and their overlap were tested by Bray-Curtis Similarity Index (BRAY and
CurTIs, 1957), which was applied to invertebrate taxa found in leech guts (Table 5). The previous find-
ing that, in E. octoculata, the size of prey is positively correlated with the leeche’s wet weight (i.e.
YOUNG and IRONMONGER, 1979; DALL, 1983) was tested for both Erpobdella species by the Spearman
rank correlation coefficient (r,). Statistica 7 for Windows (STATSOFT, 2004) was used for all analyses.

3. Results
3.1. Habitat Preferences

In total, 786 individuals of eight Hirudinea species belonging to the orders Pharyngob-
dellida and Rhynchobdellida were recorded in samples (Table 3). In this study, 315 juve-
niles and 49 adults of E. octoculata and 152 juveniles and 191 adults of E. vilnensis were
recorded. As already mentioned, 61 individuals could not be identified to species and were,
therefore, excluded from all analyses.

Significantly different habitat preferences were found by the chi square test: juveniles of
E. octoculata preferred either the lowest flow (category 1, Fr 0—0.3) or the highest (catego-
ry 3, Fr 0.6-1.23), juveniles of E. vilnensis preferred the middle flow (category 2, Fr
0.31-0.6). Densities of adults of E. octoculata increased significantly towards the lower
flow. No significant preferences of E. vilnensis adults were found.

3.2. Seasonal Dynamics

The life cycle of E. vilnensis was regulated by physical parameters of the environment.
The cross-correlations showed significant relationships with temperature, water depth and
velocity with the three-month shift. Seasonal changes in densities of both species, after curve
smoothing, are shown in Figure 1. While the densities of E. vilnesis followed significant,
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regular cyclic changes, the differences in densities of E. octoculata were not significant. The
same results were obtained by periodograms of both species (Fig.2). Furier’s analysis
revealed approximately a one year cycle for E. vilnensis. The cross-correlation analysis of
temporal changes of mean wet weights revealed a one-month shift of E. octoculata weights
against E. vilnensis (Fig. 1). Therefore the two species differed in weight at any time of the
year. The mean monthly increase in wet weight was 0.0064 g for E. octoculata but only
0.0037 g for E. vilnensis, so that the difference in their size increased during their develop-
ment.

The life cycle of each species was visualised by frequency histograms of the mean den-
sities of juvenile and adult leeches in each of six weight classes. End of year classes were
estimated and marked (Fig. 3). The end of each year generation enabled three distinct gen-
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Figure 1. Seasonal changes in mean densities (a) and mean wet weights (b) of E. vilnensis and
E. octoculata.
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No. of cases: 20

500

400
12}
[0}
=

S 300
£
©
S
(e}

B 200
@
o

100

0

1 2 3 4
frequency

Figure 2. Periodograms of E. octoculata (a) and E. vilnensis (b).

erations to be distinguished: year class 1998 (individuals born in 1998 and dying in spring
and summer 1999), year class 1999 and year class 2000. Mean wet weights of distinct year-
classes are given for E. octoculata (Fig.4) and E. vilnensis (Fig. 5). Though a one-year life
cycle for the latter species was not confirmed by spectral analysis, all adults died after breed-
ing and hence the reproduction was probably also annual.
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Erpobdella vilnensis

Frequency histograms of mean densities of E. octoculata and E. vilnensis. For ranges of

weight categories see Table 4. Black arrows indicate the borders between year classes.
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Figure 4. Mean densities (with 25 and 75% quartile) of the 1998, 1999 and 2000 year-classes of
E. octoculata during the study period.
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Figure 5. Mean densities (with 25 and 75% quartile) of the 1998, 1999 and 2000 year-classes of E. vil-
nensis during the study period.
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Figure 6. Mean prey size for individual weight categories of E. octoculata and E. vilnensis.

3.3. Gut Content Analysis

In the guts of 48 individuals of E. octoculata and 51 individuals of E. vilnensis, we iden-
tified 202 individual specimens of invertebrate of 15 taxa of Oligochaeta, 14 of Chironomi-
dae and a single taxon each of Crustacea, Ephemeroptera and Trichoptera (Table 5).
Oligochaeta and Chironomidae were the dominant components of the food. A Bray-Curtis
similarity index was computed and the food composition of the two species had a high sim-
ilarity of 83.7%. E. octoculata was adjudged to be more effective at hunting because the
percentage of leeches with empty guts was higher for E. vilnensis (21.0%) than for E. octo-
culata (8.4%). However, the mean number of prey per leech was similar 3.8 for E. octocu-
lata and 3.3 for E. vilnensis (leeches with empty guts not included). A significant Spearman
correlation between mean wet weight leeches and their prey size was recorded for both
E. octoculata, r, = 0.507 and E. vilnensis, r, = 0.519 at a significance level of 0.05. Figure 6
shows the increase in prey size with four leech weight categories; the fifth category (the
biggest leeches) was omitted because of low sample size. The size of E. vilnensis prey
seemed to increase more rapidly than that of E. octoculata.

4. Discussion

The present study of the coexistence of two sympatric populations of E. octoculata and
E. vilnensis revealed a complex of mechanisms enabling them successfully utilise the same
food niche. Based on time series analyses, no evidence of cyclic changes in densities were
confirmed for E. octoculata and none of the environmental variables tested were shown to
influence its life cycle. According to ASTON and BROWN (1975) breeding is regulated by a
day-length. In our study, E. octoculata seemed to have an annual cycle, as previously record-
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ed by DALL (1983). However, the duration of our study was too short to confirm this. On
the other hand the annual life cycle of E. vilnensis, as previously recorded by MANOLELI
(1976), was confirmed, with reproduction significantly stimulated by changes of water tem-
perature, depth and velocity. Increasing temperature in early spring, together with high dis-
charges, trigged the development of the leeches clitella, followed by copulation and the
deposition of cocoons. The hatching time was approximately the same in both species —
juveniles occurred during July, but the mean wet weights of new-born leeches were slight-
ly higher in E. octoculata and increasing more rapidly than for E. vilnensis. Juvenile
E. octoculata were more successful in hunting the prey and they chose habitats with very
low or very high flow, which probably increased the variability of the food on offer. This
could have caused the one-month shift in the wet weights of the two species, which is anoth-
er mechanism lowering food competition. DALL (1979) observed similar behaviour in sym-
patric populations of E. octoculata and E. testacea (SAVIGNY, 1822) but he recorded that
reproduction of E. festacea began a month earlier. We found that the size of the leeches’
prey is weight-specific (DALL, 1983) in both species. The analysis of leech gut contents
showed that their main food was comprised of Oligochaeta and Chironomidae, with an 83%
similarity in the taxonspecies composition of their diets which means that they were not
selective feeders. Two different life strategies of reproduction were observed. E. octoculata
as a typical r-strategist produced a huge number of juveniles with high mortality. In all sam-
ples combined, juveniles represented 87% of individuals captured. For E. octoculata, high
fecundity (juveniles per adult) was typical. More than half of the specimens of E. vilnensis
found were adults and this would remain so even if all unidentified juveniles were of this
species. In the conditions pertaining in our study, E. vilnensis, produced less juveniles than
E. octoculata. Hence, E. vilnensis must have had a lower mortality resulting in low fecun-
dity for this species. We also observed rapid sexual development of E. vilnensis. Specimens
of E. vilnensis were also recorded in the winter months when individuals of E. octoculata
were hidden in bottom substratum, suggesting that E. vilnensis is better adapted to running
waters conditions.

In general, the life strategy of E. octoculata is based upon high cocoon production and
high food source utilisation, but also on high mortality of juveniles. In contrast, E. vilnen-
sis produces lower numbers of cocoons, its juveniles hunt for prey preferentially in mid-cur-
rent conditions, but with lower success, and its all-year mortality is small. As a result, pop-
ulations of the two species are able to co-exist to good effect.
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Abstract

Freshwater leeches (Annelida: Clitellata: Hirudinida) of the Czech Republic were studied on the basis of recent
literature, information in selected databases, and results of recent surveys conducted by the authors. The objectives of
this study were to summarize recent taxonomic information, and to update the check-list of leeches using records
collected during an eleven-year study (1998 through 2008). Altogether, twenty-four species representing 12 genera and
five families are reported for the Czech Republic, including the first reports of Piscicola cf. haranti Jarry, 1960 and Dina
punctata Johansson, 1927 for the country. A detailed description of the distributions of rare species and characterization
of localities from which they are reported are presented. Plausible modes of dispersal and propagation of species in
Central Europe are discussed.

According to recent records, leech species are divided into three groups: indigenous species with stable and strong
populations (12 species), indigenous species with weak populations known from a limited number of localities (9
species), and species only recently recorded in the Czech Republic (3 species). For scarce or rare species, a category of
threat in the Czech Republic according to the International Union for Conservation of Nature is recommended. Most of
threatened species are inhabitants of lowland wetlands and lowland larger rivers—habitats that are negatively impacted,
often catastrophically, by human activities throughout Central Europe. The protection of suitable habitats is the most
effective way to protect extant populations of endangered leech species. Six species of leeches are recommended for
permanent addition to the Red list of threatened species in the Czech Republic.

Key words: Annelida, Clitellata, Hirudinida, leeches, Glossiphoniidae, Piscicolidae, Haemopidae, Hirudinidae,
Erpobdellidae, Czech Republic, IUCN, Red List, habitat, distribution, Piscicola cf. haranti, Dina punctata, first record

I ntroduction

A check-list of freshwater leeches (Hirudinida) of the Czech Republic has long been in need of revision.
Available information on the distribution, taxonomy, and ecology of leeches in the Czech Republic has been
scattered throughout various historical as well as recent papers, but none of these have focused on the
country’s fauna as a whole.

Based on molecular phylogeny, leeches (Hirudinida), Branchiobdellida, and Acanthobdellida form a
monophyletic clade—with its common ancestor being an oligochaetous clitellate related to the family
Lumbriculidae (Siddall et al. 2001, Erséus 2005). While most leeches in the Czech Republic are
thermophilous freshwater species inhabiting stagnant as well as running waters, a few species are considered
to be amphibious. Leeches are common in eutrophic waters and often serve as indicators of pollution (e.g.,
Sladecek & Kosel 1984, Kosel 1988, Grosser et al. 2001, Koperski 2005). Although some of them have been
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studied extensively, (e.g., the medicinal leech, Hirudo medicinalis Linnaeus, 1758), research focusing on the
taxonomy and ecology of leeches occurring in the Czech Republic has been limited.

Several noteworthy papers presenting distributional information on leeches in the Czech Republic have
been published over the last 55 years: Hrabé (1954) recorded eleven leech species in his key to fauna; Svec
(1960) found only six species during a faunal study of southeastern Moravia, but one was a new record
(Alboglossiphonia hyalina (O. F. Miiller 1774)—considered as a “form” at the time of Svec’s publication);
Lucky & Dyk (1964) recorded four species of leeches during their study of fish parasites in rivers and ponds
in Odra (Oder) and Dyje (Thaya) River catchment area, including a new record of Piscicola fasciata Kollar,
1842 (as Cystobranchus fasciatus Brumpt, 1900) for the Czech Republic; and Koubkova & Vojtkova (1973)
reported eleven species in their publication on the fauna of the Czechoslovak Socialist Republic. More
recently, Ko3el (1998 and 1999a) recorded nineteen and twenty species, respectively (Table 1). Unfortunately,
the record of P. fasciata was not included in the check-list (KoSel 1998). Although, most of these papers were
published in the Czech or Slovak language, none provided a thorough review of the leech fauna known or
thought likely to occur in the country.

The objectives of this study are to summarize historical, recently published, and unpublished records of
leeches occurring in the Czech Republic, to present data resulting from our recently completed surveys for
leeches throughout the country (1998-2008), and to provide a current check-list of Hirudinida occurring in the
Czech Republic.

Methods and materials

The information and data summarized herein have been obtained from following sources: recent literature
records (KoSel 1999a, Sukop 2004, KoSel & Beran 2006); records in PERLA, a database prepared for the
assessment of running waters in the Czech Republic (Koke$ et al. 2006); records in a database of monitoring
of running waters provided by the T. G. Masaryk Water Research Institute (monitoring of reference
conditions, surveillance monitoring, Project Labe (Elbe) (Horecky et al. 2004), research projects and others);
records obtained during the monitoring of Hirudo medicinalis carried out by the authors and organized by the
Agency for Nature Conservation and Landscape Protection of the Czech Republic 2005-2008; records and
information included in the diploma thesis of N. Kubova (Kubové 2008); and data resulting from recent
collections by the authors, colleagues, and other personnel.

1. Ko3el (1999a), Sukop (2004), KoSel & Beran (2006), Kubova (2008) and authors collected leeches with
tweezers and with hand strainers (mesh size 1 mm) from solid submerged inorganic and organic substratum,
e.g., gravel, stones, woody debris and vegetation. Leeches were then narcotized by graduating concentration
of ethanol to final 70%, and then fixed in 4% formaldehyde.

2. PERLA database and monitoring of running waters (1998-2008). Leeches were collected with a hand
net (mesh size 500 um) during a 3-minute kick sampling period from running waters. All habitats (e.g., riffle,
pool, macrophytes, and woody debris) were sampled proportionally. Leeches were then fixed in 4%
formaldehyde.

3. Project Labe (1999-2005). Leeches were collected during a 3-min kick sampling period using a hand
net (mesh size 500 pm), which was supplemented by qualitative sampling from submerged substratum and in-
situ picking of individuals from additional material taken by hand net during extended sampling and sorting
procedure. Samples were preserved in 80% ethanol.

All leech specimens collected by these methods were identified in a laboratory under a stereomicroscope
according to the keys of Neubert & Nesemann (1999) and KoSel (2001).

4. Monitoring of Hirudo medicinalis (2005-2008). Specimens were collected by hand, removing from
both gumboots (waders) or from the bare legs of the collectors.
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Maps noting the distributions of leeches in the Czech Republic (with Bohemia to the west, and Moravia to
the east, see Figure 1) were prepared for most species discussed in this paper, with the exception of those
commonly collected throughout the country.
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FIGURE 1. The geographical position of the Czech Republic in central Europe, including historical divisions within the
country—Bohemia (Cechy) to the west, and Moravia (Morava) to the east.

Unpublished records of selected species are presented in the accounts, below, and (if available) include
the following information associated with specimens: name of the water body, name of the settlement (town,
village, city) closest to the site from which the specimen(s) was/were collected, index number [in brackets] of
Central European map square (Pruner & Mika 1996) on which the collection site can be found, latitude and
longitude coordinates for the collecting site, name(s) of the person(s) who collected and/or identified the
species (collectors’ names, abbreviated in the accounts below), and date of collection. Published records are
presented in the same way, and include a valid citation. Typical habitats and species distribution in the Czech
Republic are briefly described. For scarce or rare species, a category of threat in the Czech Republic
according to the International Union for Conservation of Nature (IUCN) (1994) is recommended.

Abbreviations for the names of collectors associated with the species accounts presented below: A—
anonymous, EP—Eva Podborska, FK—Frantisek Kubi¢ek, GC—Gaspar Camlik, 1S—Ivan Skala, JB—
Jindriska Bojkova, JH—Jakub Horecky, JK—Jifi Kro¢a, JP—IJifi Prochazka, JR—Jan Rucki, JSc—Jana
Schenkova, JSy—Jan Sychra, JS—Jan Spacek, KK—Katetina Kolarova, MB—Miilan Boukal, ML—Marek
Liska, MS—Mlichal Straka, MS—Monika Stambergova, NK—Nela Kubové4, NL—Natalia Lap3anskéa, PK—
Petr Komzak, PP—Petr Pafil, SV—Stanislav Vétiicek, VK—VIadimir Kosel.

Results and species accounts

In total, twenty-four species of Hirudinida representing five families (Table 1) are now reported to occur in the
Czech Republic based upon records in the literature and/or specimens collected during our eleven-year study
(1998 through 2008). Detailed accounts for leeches occurring in the Czech Republic are presented below.
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TABLE 1. Historical lists of leeches (Annelida, Clitellata, Hirudinida) and a new check-list of Hirudinida occurring in
the Czech Republic, based upon published and unpublished records, and specimens from collections by the authors
during the years 1998 through 2008.
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Family: Glossiphoniidae
Alboglossiphonia heteroclita (Linnaeus, 1761) + + + +
Alboglossiphonia hyalina (O. F. Miiller, 1774) + + +
Alboglossiphonia striata (Apathy, 1888) + +
Batracobdella paludosa (Carena, 1824) misidentified
Glossiphonia complanata (Linnaeus, 1758) + + + +
Glossiphonia concolor (Apéthy, 1888) + + +
Glossiphonia nebulosa Kalbe, 1964 + + +
Glossiphonia slovaca (Kosel, 1973) + + +
Helobdella stagnalis (Linnaeus, 1758) + + + + +
Hemiclepsis marginata (O. F. Mdller, 1774) + + + + +
Theromyzon tessulatum (O. F. Mller, 1774) + + + +
Family: Piscicolidae
Caspiobdella fadejewi (Epshtein, 1961) + + +
Piscicola geometra (Linnaeus, 1758) + + + + + +
Piscicola cf. haranti Jarry, 1960 +
Piscicola fasciata Kollar, 1842 +
Piscicola respirans Troschel, 1850 + + +
Family: Haemopidae
Haemopis sanguisuga (Linnaeus, 1758) + + + + +
Family: Hirudinidae
Hirudo medicinalis Linnaeus, 1758 + + + +
Family: Erpobdellidae
Dina lineata (O.F. Mdller, 1774) + + + + +
Dina punctata Johansson, 1927 +
Erpobdella nigricollis (Brandes, 1900) + + +
Erpobdella octoculata (Linnaeus, 1758) + + + + +
Erpobdella testacea (Savigny, 1822) + + + +
Erpobdella vilnensis (Liskiewicz, 1925) + + +
Trocheta cylindrica Orley, 1886 + + +

Phylum: Ann€dlida
Class: Clitellata

Order: Hirudinida
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Family: Glossiphoniidae
Alboglossiphonia heteroclita (Linnaeus, 1761)

Habitats and status: The species prefers lowland vegetated pools or slow running waters with riparian
vegetation. Because of both morphological and genetic differences, two new species—A. hyalina and A.
striata —were recently separated from this taxon (Trontelj 1997, Neubert & Nesemann 1999). Unfortunately,
only some of the older records are distinguished into forms ‘heteroclita’, ‘hyalina’ and ‘striata’, thus it is not
possible to separate their habitat preferences at this time. Alboglossiphonia heteroclita seems to be the most
common species occurring in the whole territory of the Czech Republic except at higher elevations (only
rarely over 500 m a.s.l.).

Alboglossiphonia hyalina (O. F. Muller, 1774)

Records: Chabatovice artifical lake, Chabatrovice [5349], 50°39'05"N / 13°57'11"E, Igt. JS, det. JS (2005,
2006); concrete fire reserve, Jestrebice [5553], 50°27'49"N / 14°34'36"E (KoSel & Beran 2006); Harasov
Pond, Janova Ves [5553] 50°24'43"N / 14°34'18"E, (KoSel & Beran 2006); irrigation ditch, Rakvice [7166],
48°49'45"N / 16°48'58"E, (KoSel 1999a); Kutnar Pond, Rakvice [7166], 48°50'11"N / 16°47'34"E, Igt. NK,
det. NK (2008); Miloticky Pond, Milotice [7068], 48°57'52"N / 17°09'17"E, lIgt. JSy, det. JSy (2008);
Stépanek pond, Pozd’atin [6762], 49°13'26"N / 16°02'19"E, Igt. JSy (2006), det. JSy (2008); Tuzinsky Brook,
Dievénice [5558], 50°26'33"N / 15°27'14"E, Igt. JS, det. JS (2008) (Figure 2).

Habitats: The species was found in heterogeneous stagnant or slow-running waters, often of artificial
origin, and all rich in organic material. The presence of submerged vegetation and aquatic snails also seems to
be important.

Satus: Alboglossiphonia hyalina is a rare species with only few localities from southern Moravia, Czech-
Moravian Highland and northern Bohemia. These records suggest that this leech is probably more common in
suitable habitats, most likely overlooked in previous collections due to its small size and translucent body.

Alboglossiphonia striata (Apéathy, 1888)

Recor ds: BaZinka Pool, LanZhot [7367], 48°38'05"N / 16°55'55"E, Igt. JSc, det. JSc (2006); pool, Ran3purk
[7367], 48°40'27"N / 16°56'23"E, (Ko3el 1999a) (Figure 2).

Habitats: The species was recorded in natural lowland pools with aquatic vegetation. Its ecology is still
not well known.

Satus: Alboglossiphonia striata is the rarest species in the genus known to occur in the Czech Republic,
to date having been recorded only in southernmost Moravia. However, it could have been confused with or
misidentified as A. heteroclita in previous studies.

Glossiphonia complanata (L innaeus, 1758)

Habitats and status: Glossiphonia complanata represents a widely distributed species recorded from all
kinds of water bodies, stagnant as well as running, with the exception of fast flowing mountain rivers and
brooks. It is common throughout the Czech Republic. In past studies, this species was likely confused with or
misidentified as one or more other Glossiphonia species because of its variable coloration.
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FIGURE 2. The distribution of selected leech species (Annelida, Clitellata, Hirudinida: the families Glossiphoniidae and
Piscicolidae) in the Czech Republic recorded during the years 1998 through 2008, based upon published and unpublished
records, and specimens collected during this study.
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Glossiphonia concolor (Apéathy, 1888)

Records: Bilina River, Bilina [5448], 50°33'17"N / 13°46'25"E, Igt. JSy, det. JSy (2007); Bilina River,
Kozliky [5355], 50°36'41"N / 13°52'59"E, Igt. JSy, det. JSy (2007); Bilina River, Lbin [5349], 50°36'20"N /
13°51'32"E, Igt. JSy, det. JSy (2007); Bilina River, Stadice [5349], 50°37'08"N / 13°58'02"E, Igt. JSy, det. JSy
(2007); Bilina River, Usti nad Labem [5350], 50°39'27"N / 14°02'28"E, Igt. A, det. NK (2006); Blanice River,
Novy Mlyn [6255], 49°46'40"N / 14°55'53"E, Igt. A, det. FK (1998); BlaZejovicky Brook, Blazejovice
[6357], 49°36'46"N / 15°12'19"E, Igt. JH, NL, det. ML (2007); Bolikovsky Brook, Hefmane¢ [6857],
49°07'07"N / 15°18'24"E, Igt. A, det. JSc (2007); Brevnicky Brook, Brevnice [6359], 49°38'01"N /
15°35'36"E, Igt. A, det. FK (1998); Castava Brook, Chomoutov [7369], 49°37'54"N / 17°13'59"E, Igt. JSy,
det. JSy (2008); éechticky Brook, Kfivsoudov [6356], 49°38'26"N / 15°04'40"E, Igt. JH, NL, det. JH (2007);
Cerny Brook, Meclov [6443], 49°30'36"N / 12°53'16"E, Igt. A, det. FK (1999); Dlazkovice Pond, Dlazkovice
[5549], 50°27'53"N / 13°58'02"E, Igt. NK, det. NK (2007); Dolni BartoSovicky Pond, BartoSovice [6374],
49°40'52"N / 18°01'45"E, Igt. JSy, det. JSy (2005); Harasov Pond, Janova Ves [5553], (Ko3el & Beran 2006);
Hraneénik Pond, Castotice [6762], 49°14'03"N / 16°04'24"E, Igt. JSy, NK, JSc, det. JSc (2008); Jihlava River,
Vladislav [6761], 49°12'24"N / 15°59'49"E, Igt. A, det. NK (2006); Kéac¢a Brook, Horatev [5856], 50°08'33"N
/ 15°02'25"E, Igt. A, det. JSy (2006); Kozarovicky Brook, Zalezlice [5652], 50°18'35"N / 14°25'29"E, Igt. A,
det. JSy (2006); Kristanovicky Pond, K¥riStanovice [7049], 48°58'05"N / 13°56'45"E, Igt. JSy, det. JSy
(2007); LiSansky Brook, Rakovnik [5948], 50°05'35"N / 13°45'06"E, Igt. JH, NL, det. JH (2007); Morava
River, Nové Zamky [6268], 49°42'58"N / 17°01'28"E, Igt. A, det. JSc (2007); Novy Castoticky Pond,
Castotice [6762], 49°14'09"N / 16°05'57"E, Igt. JSy, det. PP (2002), Igt. NK, JSc, JSy, det. JSc (2008); Odra
River, Petivaldik [6274], 49°43'30"N / 18°07'53"E, Igt. PK, SV, det. JSc (2007); Panenska Pool, Nové Mlyny
[7166], 48°50'41"N / 16°43'40"E, (KoSel 1999a); Plouznicky Brook, Plouznice pod Ralskem [5354],
50°38'10"N / 14°48'30"E, Igt. A, det. JSy (2006); Podhrazsky Pond, Lkan [5549], 50°26'55"N / 13°56'57"E,
Igt. NK, det. NK (2007); Pstruzny Brook, FrantiSkodol [6358], 49°39'22"N / 15°22'58"E, Igt. PK, SV, det. FK,
JSc (1998, 2007); Rakovec Brook, Hrusky [6867], 49°07'44"N / 16°50'24"E, Igt. PK, det. PK (2007); Rokytna
River, Moravsky Krumlov [6963], 49°03'45"N / 16°19'31"E, (Schenkova et al. 2007); Rokytna River,
Vémyslice [6963], 49°02'06"N / 16°11'47"E, Igt. PK, SV, det. JSc (2007); Recitka Brook, Jindrichiv Hradec
[6856], 49°07'22"N / 15°00'02"E, Igt. JH, NL, det. JH (2007); Sazava River, Sazava [6155], 49°53'09"N /
14°52'26"E, Igt. A, det. FK (1998); Sazava River, Sob&Sin [6255], 49°47'55"N / 14°57'19"E, Igt. A, det. FK
(1998); Sazava River, Vlastéjovice [6257], 49°44'07"N / 15°10'45"E, Igt. A, det. FK (1998); Sdzavka River,
Sazavka [6258], 49°44'11"N / 15°23'15"E, Igt. A, det. FK (1998); Sekulsk& Morava (Morava River dead arm),
Lanzhot [7367], 48°37'39"N / 16°57'12"E, Igt. JSy, NK, JSc, det. JSy (2008); Skalicka Brook, Prage [7163],
48°53'03"N / 16°12'56"E, Igt. SV, PK, det. PK (2007); Strela River, Zlutice [5944], 50°05'45"N / 13°04'11"E,
Igt. A, det. FK (1999); Satava River, Nosislav [7065], 48°59'33"N / 16°38'48"E, Igt. A, det. JSy (2006);
Unéticky Brook, Unétice [5852], 50°08'56"N / 14°21'33"E, Igt. JH, NL, det. JH (2007); Uslava River,
Vilémov [6447], 49°32'40"N / 13°36'08"E, Igt. A, det. FK (1999); Uslava River, Zdemyslice [6447],
49°35'58"N / 13°31'51"E, Igt. A, det. FK (2000); Vlara River, Svaty Stépan [6974], 49°03'18"N / 18°01'19"E,
Igt. PK, SV, det. JSc (2007); Vltava River, Praha [5952], 50°03'21"N / 14°24'60"E, Igt. JH, NL, det. JH (2002,
2005), Vltava River, Zel¢in [5652], 50°19'09"N / 14°23'56"E, Igt. JH, NL, det. JH (2002); Vsetinska Becva
River, Bystiicka [6573], 49°25'09"N / 17°57'10"E, Igt. PK, SV, det. JSc (2007) (Figure 2).

Habitats: Glossiphonia concolor prefers especially stagnant waters or slowly running rivers or brooks. It
occurs mainly in lowlands and moderate elevations (150-500 m, rarely up to 750 m a.s.l.).

Status: Glossiphonia concolor can be locally abundant. With the exception of the boundary mountain
areas, G. concolor is distributed throughout the entire Czech Republic.
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Glossiphonia nebulosa K albe, 1964

Recor ds: Bac¢ovka Brook, Velky Osek [5957], 50°05'43"N / 15°12'46"E, Igt. A, det. JSy (2006); Bilina River,
Bilina [5448], 50°33'17"N / 13°46'25"E, Igt. JSy, det. JSy (2007); Brodeka River, Vicemgtice [6669],
49°20'35"N /17°10'29" E, Igt. SV, PK, det. PK (2007); Chomutovka Brook, Postoloprty [5648], 50°21'52"N /
13°42'10"E, Igt. JSy, det. JSy (2008); ditch, Lanzhot [7267], 48°42'42"N / 16°56'27"E, Igt. MS, det. JSy
(2006); Dlazkovice Pond, DlaZkovice [5549], 50°27'53"N / 13°58'02"E, Igt. NK, det. NK (2007); Dyje River,
Bieclav [7166], 48°48'40"N / 16°48'59"E, (KoSel 1999a); Dyje River, Breclav [7267], 48°46'22"'N /
16°52'43"E, (KoSel 1999a); Jihlava River, Vladislav [6761], 49°12'24"N / 15°59'49"E, Igt. A, det. NK (2006);
Kéca Brook, Horatev [5856], 50°08'33"N / 15°02'25"E, Igt. A, det. JSy (2006), Kozérovicky Brook, Zélezlice
[5652], 50°18'35"N / 14°25'29"E, Igt. A, det. JSy (2006); Labe River, Ném¢ice [5960], 50°05'38"N /
15°48'34"E, Igt. JH, NL, det. JH (2005); Labe River, Valy [5959], 50°01'58"N / 15°37'05"E, Igt. JH, NL, det.
VK (2003); Labe River, Verdek [5560], 50°26'47"N / 15°47'05"E, Igt. JH, NL, det. JH (2002, 2003); LiSansky
Brook, Rakovnik [5948], 50°05'35"N / 13°45'06"E, Igt. JH, NL, det. JH (2007); Litava River, V&Zany nad
Litavou [6867], 49°07'47"N / 16°51'02"E, Igt. SV, PK, det. PK (2007); Mlynské strouha drain, Jaroslavice
[7263], 48°45'44"N / 16°15'06"E, Igt. SV, PK, det. PK (2007); Mnichovka Brook, HruSov [6154], 49°53'36"N
/ 14°44'06"E, Igt. JH, NL det. JH (2006); Navesnik Pond, Vortova [6261], 49°42'46"N / 15°55'43"E, Igt. JSy,
det. JSy (2007); Novy Castoticky Pond, Castotice [6762], 49°14'09"N / 16°05'57"E, Igt. JSy, det JSy (2006);
Novy Pond, Mikulov [7266], 48°46'55"'N / 16°40'32"E, (KoSel 1999a); Okluky Brook, Uhersky Ostroh
[7070], 48°59'37"N / 17°24'10"E, Igt. SV, PK, det. PK (2007); Oslava River, Nam&st' nad Oslavou [6862],
49°11'55"N / 16°08'58"E, Igt. A, det. EP (2007); PlouZznicky Brook, Plouznice pod Ralskem [5354],
50°38'10"N / 14°48'30"E, Igt. A, det. JSy (2006); Podhrazsky Pond, Lkan [5549], 50°26'56"N / 13°56'57"E,
Igt. NK, det. NK (2007); Rakovec Brook, Hrusky [6867], 49°07'44"N / 16°50'24"E, Igt. PK, det. PK (2007);
Rokytna River, Moravsky Krumlov [6963], 49°03'45"N / 16°19'31"E, (Schenkova et al. 2007); Rouchovanka
Brook, Resice [6962], 49°02'50"N / 16°08'47"E, Igt. SV, PK, det. PK (2007); Ri¢ka River, Sokolnice [6866],
49°06'32"N / 16°43'16"E, Igt. SV, PK, det. PK (2007); SendraZicky Brook, Velky Osek [5957], 50°05'26"N /
15°12'10"E, Igt. A, det. JSy (2006); Skalicka Brook, Prace [7163], 48°53'03"N / 16°12'56"E, Igt. SV, PK, det.
PK (2007); Svratka River, Kfizanky [6362], 49°41'52"N / 16°03'39"E, Igt. SV, PK, det. PK (2007); Svratka
River, Veverska Bityska [6764], 49°16'45"N / 16°26'15"E, Igt. SV, PK, det. PK (2006); Satava River, Nosislav
[7065], 48°59'33"N / 16°38'48"E, Igt. A, det. JSy (2006); Stembersky Brook, Slany [5750], 50°13'29"N /
14°04'48"E, Igt. JH, NL, det. JH (2008); Ticha Orlice River, Kuncice [5965], 50°00'17"N / 16°32'44"E, Igt. A,
det. JSc (2007); Tiebavka River, Lostice [6267], 49°43'21"N / 16°53'48"E, Igt. PK, SV, det. JSc (2007);
Unéticky Brook, Unétice [5852], 50°08'56"N / 14°21'33"E, Igt. JH, NL, det. JH (2007); Valova Brook,
Polkovice [6669], 49°23'42"N / 17°15'51"E, Igt. JSy, det. JSy (2008); Vltava River, Praha Podoli [5952],
50°03'21"N / 14°24'560"E, Igt. JH, NL, det. JH (2002) VK (2003); Vltava River, Zel&in [5652], 50°19'09"N /
14°23'56"E, Igt. JH, NL, det. JH (2002, 2005) (Figure 2).

Habitats: Glossiphonia nebulosa is considered typical of running waters, but some of the records are
from ponds at middle and higher elevations (about 600 m a.s.l.). Its ecological valences are probably broader
than have been documented to date.

Status: Prior to this study, Glossiphonia nebulosa had been recorded only from two localities in the
southernmost part of the country (KoSel 1999a); more recently, this species has been reported as a common
species from additional localities in both Bohemia and Moravia. Most of localities are situated in southern
Moravia (Dyje (Thaya), Svratka, and Jihlava River basins) and middle Bohemia (Labe (Elbe), Vitava, and
Ohte River basins); no records have yet been reported from the southwestern part of the country. The species
was probably overlooked in previous studies, and perhaps may have been confused with or misidentified as G.
complanata in past studies.
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Glossiphonia slovaca (K 03el, 1973)
Synonym: Batracobdella slovaca Ko3el, 1973

Records: Dyje River, Bieclav [7166], 48°48'40"N / 16°48'59"E, (Ko3el 1999a); Dyje River, Bieclav [7267],
48°46'22"N / 16°52'43"E, (Kosel 1999a); Dyje River, Breclav [7267], 48°43'25"N / 16°53'07"E, Igt. PK
(2006), det. PK (2008) (Figure 2).

Habitats: Limited information suggests that Glossiphonia slovaca occurs in larger lowland rivers.

Status: Both records of this species in the Czech Republic were collected from Dyje River in the
southernmost part of the country, which limit its northern range margin (Grosser & Nesemann 2004). Because
of its scarceness, G. slovaca was classified as vulnerable in the Red list of threatened species in the Czech
Republic (Schenkova & Kosel 2005).

Helobdella stagnalis (Linnaeus, 1758)

Habitats and status: Helobdella stagnalis is a very common species throughout the Czech Republic,
especially in stagnant and slowly running waters. Most of the records are from eutrophic water bodies; it is
absent only in brooks at the highest elevations in the country (over 800 m a.s.l.).

Hemiclepsis marginata (O. F. Mller, 1774)

Habitats and status: Hemiclepsis marginata is relatively abundant in stagnant water bodies, and usually
those with aquatic vegetation occurring in lowlands and mid-elevations (150-450 m a.s.l.). It is less frequent
in slowly running waters. Its distribution is scattered throughout the Czech Republic.

Theromyzon tessulatum (O. F. Mller, 1774)

Habitats and status: Theromyzon tessulatum is a locally abundant leech occurring in stagnant water bodies
with aquatic vegetation or in larger rivers and slowly running brooks. Its distribution is scattered throughout
the Czech Republic.

Family: Piscicolidae
Caspiobdella fadejewi (Epshtein, 1961)
Synonym: Piscicola fadejewi Epshtein, 1961

Records: Bakovsky Stream, Vepiek [5651], 50°18'18"N / 14°18'58"E, Igt. JH, NL, det. JH (2005); Betva
River, Choryn¢ [6473], 49°30'12"N / 17°53'43"E, Igt. PK, SV, det. JSc (2007); Bilina River, Usti nad Labem
[5350], 50°39'28"N / 14°02'31"E, Igt. A (2007), det. JSy (2008); Blanice River, Mlada VoZice [6454],
49°32'62"N / 14°49'02"E, Igt. JH, NL, det. NL (2007); Blanice River, Radonice [6155], 49°47'20"N /
14°55'58"E, Igt. JH, NL, det. JH, NL (2004, 2005, 2007); Doubrava River, Zaboti nad Labem [5958],
50°01'34"N / 15°20'40"E, Igt. JSy, det. JSy (2008); Dyje River, Bieclav [7267], 48°46'22"N / 16°52'43"E
(Kosel 1999a); Dyje River, JeviSovka [7164], 48°49'41"N / 16°28'24"E, Igt. A (2007), det. JSy (2008); Dyje
River, Podhradi [7159], 48°53'29"N / 15°38'30"E, Igt. JS, det. JS (2008); Choty3anka Brook, LibeZ [6255],
49°45'32""N / 14°54'53"E, Igt. JH, NL, det. NL (2006); Dyje River, Podhradi [7159], 48°53'29"'N /
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15°38'30"E, lgt. PK, SV, det. JSc (2007); Dyje River, Podhradi [7060], 48°54'12"N / 15°41'21"E, Igt. A
(2007), det. JSy (2008); Hana River, Bezmérov [6670], 49°19'53"N / 17°20'18"E, Igt. JSy, det. JSy (2008);
Jevansky Brook, Stiibrna Skalice [6155] 49°53'22"'N / 14°51'26"E, Igt. JH, NL, det. JH (2006); Kozsky
Brook, Sezimovo Usti [6654], 49°22'57"N / 14°41'38"E, Igt. JH, NL, det. JH (2006); Labe River, Hiensko
[5151], 50°52'28"N / 14°14'08"E, Igt. JSy, det. JSy (2008); Labe River, Lib&chov [5552], 50°24'08"N /
14°26'53"E, Igt. A (2007), det. JSy (2008); Labe River, Valy [5959], 50°01'59"N / 15°37'00"E, Igt. A (2007),
det. JSy (2008); LuZnice River, Bechyné [6752], 49°17'21"N / 14°28'11"E, Igt. PP, det. JSc, JSy (2007, 2008);
LuZnice River, Dobronice [6652], 49°19'07"N / 14°29'36"E, Igt. A, det. JSc (2007); LuZnice River, Veseli nad
LuZnici [6854], 49°10'41"N / 14°41'51"E, Igt. A (2007), det. JSy (2008); Morava River, Cernovir [6369],
49°36'44"N / 17°15'14"E, Igt. A (2007), det. JSy (2008); Morava River, Lhota [6368], 49°40'59"N /
17°08'59"E, Igt. A, det. JSc (2007); Morava River, Lobodice [6669], 49°23'48"N / 17°18'25"E, let. PK, SV,
det JSc (2007); Morava River, Nové Zamky [6268], 49°42'57"N / 17°01'27"E, Igt. A, det. JSc (2007); Morava
River, Vétrovany [6569], 49°27'55"N / 17°18'19"E, Igt. JSy, det. JSy (2008); Moravska Dyje River, Pise¢né u
Slavonic [7058], 48°57'48"N / 15°27'50"E, Igt. A (2007), det. JSy (2008); Nezarka River, Veseli nad Luznici
[6854], 49°10'53"N / 14°42'33"E, Igt. A (2007), det. JSy (2008); Nuc&icky Brook, St¥ibrna Skalice [6155],
49°52'58"N / 14°51'33"E, Igt. JH, NL, det. JH (2007); Odra River, Petivaldik [6274], 49°43'30"'N /
18°07'53"E, Igt. PK, SV, det. JSc (2007); Oslava River, Nova Ves [6863], 49°07'21"N / 16°18'47"E, Igt. PK,
SV, det. JSc (2007); Oslava River, Sktipina [6863], 49°08'27"N / 16°12'30"E, Igt. PK, SV, det. JSc (2007);
Ostrovsky Brook, Zru¢ nad Sazavou [6256], 49°44'31"N / 15°06'14"E, Igt. JH, NL, det. JH (2006); Sazava
River, Kamenny P¥ivoz [6153], 49°51'31"N / 14°31'49"E, Igt. A, det. JSc (2007); Sazava River, Nespeky
[6153], 49°51'27"N / 14°39'25"E, Igt. JH, NL, det. JH NL (2004, 2006, 2007); Sdzava River, Pikovice [6152],
49°52'38"N / 14°26'11"E, Igt. A, det. JSc (2007); S&zava River, Sdzava [6155], 49°52'51"N / 14°52'57"E, Igt.
PK, SV, det. JSc (2007); Sdzava River, Smréné [6358], 49°39'37"N / 15°20'39"E, Igt. PK, SV, det. JSc (2007);
Sézava River, Sohé&sin [6255], 49°47'35"N / 14°57'03"'E, Igt. PK, SV, det. JSc (2007); Sdzava River,
Vlastéjovice [6257], 49°43'41"N / 15°10'31"E, Igt. PK, SV, det. JSc (2007); Sazava River, Zru¢ nad Sazavou
[6256], 49°44'32""'N / 15°06'04"E, Igt. JH, NL, det. JH NL (2004, 2007), Igt. A (2007), det. JSy (2008);
Svratka River, Vranovice [7065], 48°57'02"N / 16°37'07"E, Igt. A (2007), det. JSy (2008); Tiebivka River,
LoStice [6267], 49°43'21"N / 16°53'48"E, Igt. PK, SV, det. JSc (2007); Valova Brook, Polkovice [6669],
49°23'42"N / 17°15'51"E, Igt. JSy, det. JSy (2008); Vlara River, Svaty Stépan [6974], 49°03'18"N /
18°01'19"E, Igt. PK, SV, det. JSc (2007); Vltava River, Zel¢in [5652], 50°19'09"N / 14°23'56"E, Igt. JH, NL,
JSy det. JH, JSy (2005, 2006, 2008); Zakolansky Brook, Kralupy nad Vltavou [5751], 50°14'22"N /
14°18'14"E, Igt. JH, NL, det. JH (2004) (Figure 2).

Habitats: Caspiobdella fadejewi occurs in large or medium size rivers with slow moving reaches. This
species is often found on substratum — in contrast to Piscicola geometra, which is more often collected
directly from its fish host. Based upon the distributional records of these two species, the higher number of
current records of C. fadejewi than of P. geometra probably reflects the differences in collecting
methodologies, rather than some other ecological factors.

Satus: Prior to this study, Caspiobdella fadejewi was known only from southern Moravia. However, it
has been recently recorded at many additional localities in the Labe (Elbe), Odra (Oder), and Morava (March)
River basins. The main areas of its distribution in the Czech Republic are associated with the Vltava and
Morava River basins. Although it is likely that C. fadejewi has been confused occasionally with P. geometra,
an overall trend of rapid spreading of C. fadejewi along the rivers with suitable habitats has been observed
during our eleven-year study.

Piscicola fasciata K ollar, 1842

Synonym: Cystobranchus fasciatus Brumpt, 1900
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Habitats and status: Piscicola fasciata is a rare ectoparasitic species living most often on the catfish (Silurus
glanis Linnaeus, 1758) (Neubert & Nesemann 1999). In the Czech Republic it was reported only once from
the lower Dyje (Thaya) River (Lucky & Dyk 1964). During their survey, P. fasciata was found frequently on
catfish in spring period. This species is hence supposed to live in the Czech Republic, although by the
sampling method used it was not collected recently (1998 through 2008).

Piscicola geometra (Linnaeus, 1758)

Habitats and status: Piscicola geometra is the most common species of the family Piscicolidae; some
specimens found in Czech rivers and streams are quite variable in color. While this species inhabits stagnant
as well as running waters, it prefers slower flow conditions and the presence of various fish hosts.

Piscicola cf. haranti Jarry, 1960

Records: Bilina River, Usti nad Labem [5350], 50°39'28"N / 14°02'31"E, Igt. A (2007), det. JSy (2008);
Mlynsky Brook, Litovel [6368], 49°41'58"N / 17°04'08"E, Igt. JSy, det. JSy (2008) (Figure 2).
Habitats: The species was recorded in slow running waters located in the lowlands of the country.
Satus:. Piscicola cf. haranti is reported in this paper to be a new record for the Czech Republic. The first
two records of this species in the country were collected from the Morava (March) and Labe (Elbe) River
basins, and indicate its possible wider distribution in the country. Over the last 20 years this species has likely
been slowly expanding its range throughout central Europe.

Piscicola respirans Troschel, 1850
Synonym: Cystobranchus respirans Brumpt, 1900

Records: Lukovsky Brook, Lukova [6165], 49°52'10"N / 16°37'39"E, Igt. SV (2007), det. PK (2008); Morava
River, Moravigany [6267], 49°45'19"N / 16°58'32"E, Igt. SV (2006), det. PK (2008); Vlara River, Svaty
Stépan [6974], 49°02°05”’N / 18°03°03”E, Igt. PK (2007), det. PK (2008) (Figure 2).

Habitats: Piscicola respirans has been collected from small to medium-sized rivers and brooks, located
in low or mid-elevations (250-400 m a.s.l.) of the country. Similar to P. geometra, P. respirans is most
commonly collected from its fish host; it is rarely present in general macrobenthic samples.

Status: Recent records for this species suggest that P. respirans is a rare species with a scattered
distribution in the Czech Republic. All recent records for P. respirans are from the Morava River basin.

Family: Haemopidae
Haemopis sanguisuga (Linnaeus, 1758)

Habitats and status. Haemopis sanguisuga has been found in small and medium sized running waters, small
shallow ponds and pools, and often on wet soil next to these water bodies. Preference for habitats in higher
elevations in Central Europe was reported by Kosel (1982). Although infrequently collected in the Czech
Republic, the current distribution of this species likely has been under-estimated due to its semi-aquatic life
style and insufficient survey effort in its preferred habitats.
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Family: Hirudinidae
Hirudo medicinalis Linnaeus, 1758

Records: Cerna jezera — Dyje River dead arm, Bieclav [7267], 48°43'09"N / 16°54'22"E, Igt. JP, det. JSy
(2008); Kageni Louka Pool, Moravicany [6267], Igt. MB, det. MB (1998, 2003), Igt. MS, det. MS (2008);
Kutnar Pond, Rakvice [7166], 48°50'11"N / 16°47'34"E, Igt. JSy, det. JSy (2006); Miloticky Pond, Milotice
[7068], 48°57'47"N / 17°09'15"E, Igt. JSc, JSy, GC, det. JSc (2008); Pastvisko Pool, Lednice [7166],
48°48'30"N / 16°47'53"E, (Sukop 2004), Igt. JSc, NK, det. JSc (2005), Igt. JSc, MS, NK, JSy, det. JSc (2006),
Igt. JSc, ISy, MS, det. JSc (2007), lgt. JSc, JSy, MS, det. JSc (2008); pond, Ostrovec [6550], Igt. MS, det. MS
(2008); pond, Varvazov [6550], Igt. MS, det. MS (2008); Sekulska Morava (Morava River dead arm), Lanzhot
[7367], 48°37'39"N / 16°57'12"E, Igt. JSc, JSy, NK, det. JSc (2008); Zamecky Pond, Lednice [7166],
48°48'46"N / 16°48'32"E, Igt. JSy, det. JSy (2006), Igt. JSc, JSy, MS, det. JSc (2008) (Figure 3).

Habitats: Hirudo medicinalis was found in shallow stagnant lowland water bodies with abundant
vegetation, stable water levels, and presence of amphibian and mammal hosts for juveniles and adults,
respectively. All localities were in rather temperate climatic conditions.

Satus: Hirudo medicinalis is a critically endangered species in the Czech Republic (Schenkovéa & Kosel
2005) due to intensive agri- and aquaculture in the country, which has resulted in extensive destruction of
natural wetlands by drainage and flood-control management. Further loss of critical habitat for this species
has resulted from intensive fishery and recreation in the few remaining unaltered wetlands, ponds, and small
pools in the country. Based on authors’ monitoring experiences, the intensive mud removal by heavy
machinery in the Czech Republic has had destructive impact on H. medicinalis populations. Isolated pools
that historically supported populations of medicinal leeches have failed to yield specimens after mud removal
operations have been conducted. Recent distributional records for this species in the Czech Republic have
been limited to only a few localities in southern and middle Moravia and southern Bohemia.

Family: Erpobdellidae
Dinalineata (O.F. Muller, 1774)

Records. Dyje River dead arm, Bieclav [7267], 48°43'09"N / 16°54'22"E, Igt. JSy, det. JSy (2008); My3nik
Pond, Castotice [6762], 49°14'12"N / 16°06'13"E, Igt. JS (2006), det. JS (2008); Ohie River, Terezin [5450],
50°30'06"N / 14°09'39"E, Igt. IS, det. IS (2005); Opatovicky Brook, Usti [6472], 49°31'19"N / 17°45'48"E,
Igt. PK, SV, det. PK (2008); Panenska Pool, Nové Mlyny [7166], 48°50'41"N / 16°43'40"E, (KoSel 1999a);
Radiceveska strouha Brook, Trnovany [5647], 50°19'00"N / 13°35'564"E, Igt. IS, det. IS (2006); Reslava
River, Pomezi nad Oh#i [5939], 50°05'31"N / 12°15'07"E, Igt. IS, det. IS (2005); Soutéska Spring, Pavlovské
vrchy [7165], 48°51'39"'N / 16°38'46"'E, (KoSel 1999a); Skluzavka Pool, PloSiny [7267], 48°44'17"N /
16°53'19"E, (KoSel 1999a); Svini Brook, Kozliky [5349], 50°36'43"N / 13°53'11"E, Igt. IS, det. IS (2005)
(Figure 3).

Habitats: Dina lineata occurs in smaller or medium-sized stagnant and running water bodies or in springs
in lowlands (150-250 m a.s.l.); rarely also in pond or river littorals in mid-elevations (about 450 m a.s.l.).

Satus: Dina lineata is a rare species in natural habitats and commonly collected only in some lowland
areas of the Czech Republic.
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Dina punctata Johansson, 1927

Records: Dyje River, Podhradi [7159], 48°53'29"N / 15°38'30"E, Igt. PK, SV, det. JSc (2007); LuZnice River,
Ceské Velenice [7255], 48°45'53"N [ 14°58'03"E, Igt. JR, det. JR (2007); Otava River, Katovice [6748],
49°16'22"N / 13°49'22"E, Igt. KK, det KK (2007) (Figure 3).

Habitats: Dina punctata lives in littoral zones of larger rivers and brooks.

Status: Dina punctata is reported in this paper to be a new species record for the Czech Republic. This
species likely has spread into the country from the Dunaj (Danube) River basin, where it is more common.
This is the case of the occurrence in the Dyje (Thaya) River. Its occurrences in southern Bohemia (in the
Vltava River basin) need additional documentation. Other new records can be expected, especially in the

southern part of the country.
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FIGURE 3. The distribution of selected leech species (Annelida, Clitellata, Hirudinida: the families Hirudinidae and
Erpobdellidae) in the Czech Republic recorded during the years 1998 through 2008, based upon published and
unpublished records, and specimens collected during this study.
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Erpobdella nigricollis (Brandes, 1900)

Records: Bilina River, Brozanky [5349], 50°36'35" / 13°56'25", Igt. JSy, det. JSy (2007); Bilina River,
Hostomice [5448], 50°35'23"N / 13°49'36"E, Igt. JSy, det. JSy (2007); Bilina River, Kozliky [5355],
50°36'41"N / 13°52'59"E, Igt. JSy, det. JSy (2007); Bilina River, Lbin [5349], 50°36'20"N / 13°51'32"E, Igt.
JSy, det. JSy (2007); Bilina River, Stadice [5349], 50°37'08"N / 13°58'02"E, Igt. JSy, det. JSy (2007); Bilina
River, Usti nad Labem [5350], 50°39'27"N / 14°02'28"E, Igt. A (2007), det. JSy (2008), Igt. EP, det. EP
(2008); Dyje River, Breclav [7166], 48°48'40"N / 16°48'59"E, (KoSel 1999a); Dyje River, Bieclav [7267],
48°46'22"N / 16°52'43"E, (KoSel 1999a); Holinkova dead arm, Rakvice [7166], 48°50'08"N / 16°48'06"E,
(Kosel 1999a); Ka¢a Brook, Horatev [5856], 50°08'33"N / 15°02'25"E, Igt. A, det. JSy (2006); Kamenice
River, Nekrasin [7053], 49°13'20"N / 15°04'29"E, Igt. A, det. FK (1998); Kyjovka River, LanZhot [7367],
48°41'26"N / 16°57'07"E, Igt. A, det. NK (2006); Labe River, D&¢in [5251], 50°46'09"N / 14°12'45"E, Igt.
JH, NL, det. VK (1999, 2003); Labe River, Hradec Kralové [5760], 50°12'20"N / 15°49'29"E, Igt. A, det. EP
(2007); Labe River, Hrensko [5151], 50°52'24"N / 14°14'07"E, Igt. JH, NL, det. JH (1999); Labe River, Lysa
[5855], 50°10'49"N / 14°50'08"E, Igt. JH, NL, det. JH (2002); Labe River, Obfistvi [5652], 50°18'12"N /
14°29'08"E, Igt. JH, NL, det. JH (1999); Labe River, Obfistvi [5752], 50°17'564"N / 14°28'55"E, Igt. A, det.
EP (2007); Labe River, Valy [5959], 50°01'58"N / 15°37'05"E, Igt. JH, NL, det. JH (1999, 2002, 2005);
LuZnice River, Bechyn¢ [6752], 49°17'29"N / 14°28'18"E, Igt. A, det. FK (1998); LuZnice River, Roudna
[6854], 49°18'59"N / 14°43'21"E, Igt. A, det. FK (1998); LuZnice River, VIkov [6756], 49°09'41"N /
14°43'18"E, Igt. A, det. FK (1998); Moravice River, Opava [6073], 49°55'38"N / 17°56'44"E, Igt. A, det. NK
(2006); MZe River, Stiibro [6244], 49°45'14"N / 13°00'36"E, Igt. A, det. EP (2007); Odra River, Bohumin
[6075], 49°55'04"N / 18°19'27"E, Igt. A, det. EP (2007), Igt. A, det. EP (2008); Odra River, Ostrava [6175],
49°49'13"N / 18°13'03"E, Igt. A, det. EP (2008); Ol3e River, Kopytov [6076], 49°56'49"N / 18°20'07"E, Igt.
A, det. NK (2006); Opava River, Tiebovice [6175], 49°49'57"N / 18°13'10"E, Igt. A, det. EP (2007); Oskava
River, Priovice [6268], 49°43'11"N / 17°09'37"E, Igt. A, det. EP (2007); Ostruzna River, SuSice [6747],
49°15'18"N / 13°33'01"E, Igt. A, det. FK (1998); Otava River, Topélec [6650], 49°21'00"N / 14°08'40"E, Igt.
A, det. NK (2006); Plou¢nice River, D&¢in [5251], 50°46'32"N / 14°12'30"E, Igt. A, det JSy (2006); PSovka
River, Kokofin [5553], 50°26'47"N / 14°34'41"E, (KoSel & Beran 2006); Rokytka River, Strasin [6054],
49°59'59"N / 14°41'12"E, Igt. A, det. JSy (2006); Sazava River, Sob&sin [6255], 49°47'55"N / 14°57'19"E,
Igt. A, det. FK (1998); Sazava River, Utin [6360], 49°36'09"N / 15°40'01"E, Igt. A, det. FK (1998); Sazava
River, Zru¢ nad Sazavou [6256], 49°44'32"N / 15°06'06"E,Igt. A, det. NK (2006); Senice River, Leskovec
[6773], 49°16'52"N / 17°59'16"E, Igt. A, det. FK (2000); Smutné River, Bechyné [6654], 49°18'33"N /
14°27'38"E, Igt. A, det. FK (1998); Svratka River, Rajhrad [6965], 49°05'35"N / 16°37'10"E, Igt. A, det. EP
(2007); Slapanka Brook, VéZnice [6460], 49°30'56"N / 15°41'06"E, Igt. JH, NL, det. JH (2006); Ticha Orlice
River, Kun¢ice [5965], 50°00'33"N / 16°32'15"E, Igt. A, det. FK (2000); Uhlava River, Dubova Lhota [6645],
49°20'10"N / 13°11'24"E, Igt. A, det. FK (1999); Upa River, Jaromé¥ [5661], 50°21'24"N / 15°55'53"E, Igt. A,
det. EP (2007); Uslava River, Vilémov [6447], 49°32'40"N / 13°36'08"E, Igt. A, det. FK (1999); Vltava River,
Praha Podoli [5952], 50°03'21"N / 14°24'60"E, Igt. JH, NL, det. VK (2003) JH (1999, 2002, 2005); Vltava
River, Podoli [5952], 50°03'01"N / 14°24'47"E, Igt. A, det. EP (2007); Vltava River, Praha Tréja [5951],
50°04'06"N / 14°15'00"E, Igt. JH, NL, det. JH (2006, 2007); Vltava River, Zel¢in [5652], 50°19'09"N /
14°23'56"E, Igt. JH, NL, det. VK (2003) JH (1999, 2002, 2005); Z&kolansky Brook, Kovary [5851],
50°11'27"N / 14°15'52"E, Igt. JH, NL, det. JH (2006, 2007) (Figure 3).

Habitats: Erpobdella nigricollis is an inhabitant of large- or medium-sized running waters, where it
occurs frequently with (although less abundantly than) Erpobdella octoculata.

Satus: The distribution of E. nigricollis in the Czech Republic is scattered throughout the entire country,
especially in lowland habitats; however, it seems to be absent from habitats located at higher elevations (over
500 m a.s.l.).
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Erpobdella octoculata (L innaeus, 1758)

Habitats and status: Erpobdella octoculata is a very common leech species in all types of both running and
stagnant waters throughout the Czech Republic. It is less abundant in running waters at higher elevations,
where Erpobdella vilnensis is more commonly collected.

Erpobdella testacea (Savigny, 1822)

Records: Nesyt Pond, Lednice [7266], 48°46'48"N / 16°43'25"E, (KoSel 1999a) (Figure 3).

Habitats: The occurrence of Erpobdella testacea is restricted to lowland stagnant waters; to date, this
species had been recorded from only one pond located in the south-eastern part of Czech Republic.

Status: Although Erpobdella testacea is one of several species that are difficult to identify, it is
nonetheless considered to be very rare in the Czech Republic; thus, we recommend a certain degree of
protection for this species until further studies can establish its true status in the country.

Erpobdella vilnensis (Liskiewicz, 1925)

Habitats and status: Erpobdella vilnensis is common in the Czech Republic, especially in smaller brooks
and springs or in the littoral areas of ponds occurring in the mid and higher elevations (usually over 350 m
a.s.l.). Itis distributed throughout the country and can be locally very abundant.

Trocheta cylindrica Orley, 1886
Synonym: Trocheta bykowskii Gedroy¢ 1913

Records: Blazicky Brook, Loukov [6572], 49°24'23"N / 17°43'05"E, Igt. A, det. JSy (2006); Brook,
Halenkov [6775], 49°16'33"N / 18°10'43"E, Igt. JK (2006), det. JSy (2008); Brook, Trojanovice [6575],
49°29'58"N / 18°12'25"E, Igt. JK (2007), det. JSy (2008); Mal$e River, Stratiany [7153], 48°53'14"N /
14°30'42"E, Igt. A, det. FK (1998) Bystry Brook, Reka [6377], 49°37'16"N / 18°36'09"E, Igt. JK, det. JSy
(2008); Javorovy Brook, Rovné [6377], 49°37'38"N / 18°36'57"E, Igt. JK (2007), det. JSy (2008); Mala
Raztoka Brook, Trojanovice [6575], 49°29'57"N / 18°15'56"E, Igt. JK, det. JSy (2008); Mala Tisova Brook,
Halenkov [6774], 49°16'29"N / 18°08'38"E, Igt. JK, det. JSy (2008); Moravska Sazava River, Rajec [6167],
49°51'43"N / 16°54'46"E, Igt. A, det. NK (2006); Oskava River, Priovice [6268], 49°43'11"N / 17°09'38"E,
Igt. A (2007), det JSy (2008); Sazava River, Stukheilsky Mlyn [6360], 49°36'09"N / 15°40'02"E, Igt. A, det.
FK (1998); Skluzavka Pool, Plosiny [7267], 48°44'17"N / 16°53'19"E, (KoSel 1999a); springbrook, Bukovec
[6479], 49°32'51"N / 18°51'24"E, Igt. JB, det. JSy, (2005, 2006); Svitava River, Brno [6865], 49°08'35"N /
16°37'44"E, Igt. A., det. JSy (2008); Trnavka River, Hrobice [6772], 49°16'14"N / 17°49'30"E, Igt. A, det. FK
(2000); Vlara River, Brumov [6974], 49°02'16"N / 18°03'04"E, Igt. A, det. NK (2006); Vsetinska Becva
River, Velké Karlovice [6675], 49°21'45"N / 18°18'09"E, Igt. A (2008), det. JSc (2009); Zaplavena Pool,
Lubes [7167], 48°48'12"N / 16°50'14"E, (Ko3el 1999a); Zabronozkova Pool, Lanzhot [7267], 48°46'05"N /
16°52'08"E, (Ko3el 1999a); Zivkovsky Brook, Bieclav [7267], 48°47'30"N/16°52'32"E, Igt. A, det. JSy
(2006) (Figure 3).

Habitats: Trocheta cylindrica has commonly been collected in the Czech Republic from springs, and
from small brooks at higher elevations (up to 900 m a.s.l.). Other records of this species were reported from
lowland pools and wetlands, and (although less frequently) from larger rivers.

Satus: Trocheta cylindrica has a limited distribution in the Czech Republic; most of the records to date
are from localities in eastern Moravia. Although infrequently collected in the Czech Republic, the current
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distribution of this species likely has been under-estimated due to its semi-aquatic life style and insufficient
survey effort in its preferred habitats.

Discussion

Geographically, the Czech Republic is situated in the centre of Europe (Figure 1), on the watersheds of the
Labe (Elbe), Dunaj (Danube), and Odra (Oder) Rivers; each of these major watersheds serve as ‘avenues’ for
leech distribution. Elevations throughout the country range from 120 to 1600 m, with a mean elevation of
about 430 m.

Czech leeches (Hirudinida) can be classified into three groups according to population strength and
increasing or decreasing number of localities:

1) indigenous species with stable and strong populations — those with records from many sites throughout
the country;

2) indigenous species with weak populations — those known from only a limited number of localities in
the country; and

3) species recently recorded in the Czech Republic — those which have passively spread or have been
introduced (in one or more ways) into the Czech Republic.

Group 1. Various kinds of water bodies in the Czech Republic provide optimal conditions for most
species of leeches known to occur in the country—indigenous species representing the European, Palaearctic
fauna with historical records and stable populations. Alboglossiphonia heteroclita, Glossiphonia complanata,
Helobdella stagnalis, Hemiclepsis marginata, Theromyzon tessulatum, Piscicola geometra, Haemopis
sanguisuga, Erpobdella octoculata and E. vilnensis belong to this first group. Three other species are now
included in this group: Glossiphonia concolor, G. nebulosa, and Erpobdella nigricollis. Previously considered
to be rare in this country, these three species are now considered common due to the accurate identification of
specimens and presence in the diversity of localities that have been surveyed for the presence of leeches.

Group 2. The second group includes species considered historically extant in the Czech territory (mostly
those considered to be restricted to several finite areas or habitats based upon historical records), but now
considered to be a declining or more restricted species in the country based upon a limited number of records
and/or specimens collected during this and other recent studies. The most important region for thermophilous
leeches is the southernmost part of the Czech Republic, particularly in southern Moravia near the confluence
of the Morava (March) and Dyje (Thaya) Rivers; this area lies biogeographically within the Pannonian Basin.
In the cases of Alboglossiphonia hyalina and Alboglossiphonia striata, we have recorded an increase in
reports of these two species in the Czech Republic—likely attributable to their recent separation,
taxonomically, from Alboglossiphonia heteroclita (Trontelj 1997, Neubert & Nesemann 1999). In fact, A.
hyalina and A. striata are probably indigenous to Central Europe. Very little is yet known about their ecology,
but neither ever occurs in large populations. Because records of A. hyalina are limited in the Czech Republic,
we suggest that this species be considered for listing as vulnerable. The distribution records for A. striata in
this country are quite limited, and we believe this species to be threatened. Because we are aware of only two
recent records of A. striata from the southeastern part of the country, we believe this species should be
considered for listing as endangered.

Of the species restricted to the Southern Moravia, only Glossiphonia slovaca is considered vulnerable
(Schenkové & Kosel 2005). This species occurs mainly in running waters (all of our records come from the
lower reaches of the Dyje River), although its occurrence is also likely in river branches and ponds. We
believe this species to now be extirpated from the Morava River above its confluence with the Dyje River
(KoSel 1995, 1999b). Southern Moravia represents the northernmost limit of the current known distribution of
G. slovaca (Grosser & Nesemann 2004).
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Dina lineata is another rare species with a limited distribution in the Czech Republic; recent records come
mainly from southern Moravia and western Bohemia. This species has only been recorded in smaller brooks,
in stagnant, often temporal bodies, and in springs. To date, the known distribution of Dina lineata in the
Czech Republic is based upon only a few specimens; most of these were recorded from unique and sensitive
habitats. The limited known distribution and restricted habitats in which this rare species seems to occur
provides plausible support for the listing of Dina lineata as vulnerable in the country.

Another amphibious species, Trocheta cylindrica, is known from only a few scattered localities, primarily
springs and small brooks, and (less frequently) from pools and slow running rivers. Although large
populations of T. cylindrica have been recorded in its preferred habitat, its apparent restriction to unique and
finite localities in the Czech Republic supports assignment of this species to vulnerable status.

Hirudo medicinalis represents a unique case. It is a critically endangered species (Schenkova & Kosel
2005), yet has a historical distribution covering larger areas in the Morava and Labe River basins —with
records of its broad distribution documented in several publications in the early and mid-20" century (Zaviel
1923, Hrab& 1936, Blazka 1958, 1960). Intensive collection pressure on natural populations of Hirudo
medicinalis for use in a variety of medical applications has resulted in reductions—sometimes even
decimation—of previously strong, naturally occurring populations of this species in the Czech Republic and
elsewhere in Europe. The dramatic decrease in abundance of this species can also be attributed to the
significant increase in intensive agri- and aquaculture activities in the Czech Republic (especially widespread
and uncontrolled drainage of land) leading to the destruction of preferred habitats. This decrease in
populations of H. medicinalis in the Czech Republic is quite obvious when compared to populations of this
species in some other European countries, e.g., Poland (Buczynsky 2003). During this present survey, H.
medicinalis was recorded at only nine localities in the Czech Republic, most of them restricted to the Morava
and Dyje River basins. Nevertheless, regular monitoring of H. medicinalis over the last five years—using
specific, quantifiable methods for surveying and capture of specimens—has resulted in additional
distributional information and new habitat preferences for this species. Our study of this critically endangered
species in the Czech Republic is continuing.

A closely related thermophilous species, Hirudo verbana Carena 1820, occurs in Austria and Hungary
(Neubert & Nesemann 1999), which are located (respectively) south and east of the Czech Republic. This
species, however, has not yet been recorded—either historically or during this and other recent studies—
within the Czech Republic. Several records of H. verbana, especially those from Western Europe, are likely
specimens that were obtained (or had escaped from) commercial cultures. Hirudo medicinalis and H. verbana
can easily be distinguished from one another by comparison of their ventral color patterns: dark spots are
present on H. medicinalis, but absent from H. verbana.

Another uncommon species, Piscicola respirans, was recorded sporadically from several medium-sized
rivers and brooks, within the Morava River basin only. Its preference for running water habitats at higher
elevations (Neubert & Nesemann 1999, Kosel 2001) was not confirmed during this study. Because of its
scarceness, we believe this species should be considered vulnerable. The collection of P. respirans from fish
hosts would most likely provide additional information about its distribution.

Piscicola fasciata, a very uncommon species, to date, it has only been recorded in the Czech Republic by
Lucky & Dyk (1964). This species is probably more common in the country than presently known from
verifiable records, because it lives permanently attached to its catfish host, and thus has not been collected via
the methodologies used for most free-living leeches during this eleven-year study. We expect to document the
presence of P. faciata in the Czech Republic in the near future.

Erpobdella testacea represents a very rare species, based upon a single known record from the
southeastern part of the country. This species used to be reported from more stagnant water bodies in this area
(Vojtek et al. 1967, Koubkova & Vojtkova 1973); the reason for its recent low occurrence, however, is still
unknown. For this reason we suggest assignment of endangered status for Erpobdella testacea.

Group 3. The third group includes leeches only recently recorded in the Czech Republic, with an
increasing number of localities. For these species, there are no historical records from the Czech Republic.
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One species—Caspiobdella fadejewi—had been reported only once from the country prior to this study. Two
species are reported for the first time in the country—Piscicola cf. haranti and Dina punctata.

Caspiobdella fadejewi, non-indigenous species of Ponto-Caspian origin, is quickly spreading throughout
central Europe up the Dunaj River. It is a parasitic species that uses its hosts (several fish species) for
transport. Since the 1980s, this species has been recorded in Poland, Austria, Germany and the Netherlands
(Tittizer et al. 2000, Bij de Vaate et al. 2002, van Haaren et al. 2004). Today, C. fadejewi is the dominant
piscicolid species in the Austrian part of the Dunaj River, and it has also been reported from many localities in
the Dunaj and Rhein (Rhine) River basins in Germany. In the Czech Republic, it was initially recorded in the
1990s in the vicinity of the Morava-Dyje confluence (KoSel 1998, 1999a) and it has recently spread into
various slow flowing larger rivers in the Morava, Odra, and Labe River basins. Caspiobdella fadejewi is often
more frequent than Piscicola geometra in macrozoobenthos samples, because it spends more time apart its
fish host. In the same habitats, these two species are probably mutually exclusive (Jueg et al. 2004).

Piscicola cf. haranti, reported here as a new record for the Czech Republic, is also thought to be spreading
throughout central Europe based upon recent records. The origin and mode of distribution of this species,
however, is still unclear. Recent records of this species are from Romania, Hungary, Austria, and Germany
(from the Dunaj River), and more recently from the Rhein River basin (Neubert & Nesemann 1999, Tittizer et
al. 2000, Jueg et al. 2004). Unfortunately, the original description of P. haranti by Jarry in 1960 was based
only on the external morphology of specimens collected from a single locality—a spring in southern France.
Given the dissimilarity of 1) the habitats in which populations of P. haranti (as originally described by Jarry in
1960) and P. cf. haranti (as reported from our surveys in the Czech Republic and from other records included
herein), and 2) the distance of these two populations from one another, it is possible that these two taxa could
in fact be different species. In consideration of its probable Dunaj basin origin, our record of this taxon from
the Labe River basin is remarkable. This species appears to be more widespread than previously thought.
Furthermore, there is the possibility of confusion with its congener, P. geometra.

Dina punctata, recently reported as a new species for the country, can be considered a non-indigenous
species that has been spreading into the Czech Republic from the west—Ilikely from the Rhein River basin
(Germany) through the Main River and floating channel to the Dunaj River. From the Dunaj, D. punctata has
moved upstream into its tributaries, initially into the Slovak part of the Morava River (KoSel 1999b), then
more recently into the Dyje River in Vranov. During the eight years since it was first recorded in Slovakia, the
species has moved about one hundred km upstream into the Dyje River. Two other Czech localities for D.
punctata were found in southern Bohemia— both in upper parts of the Vltava River basin. The occurrence of
this species in this region is still somewhat of a surprise. Because of its possible semi-aquatic life-style, we
can speculate about its terrestrial spread from near situated brooks in the Dunaj River basin, where this species
was previously recorded (Nesemann 1997). One possible explanation is that young D. punctata specimens are
transported by waterfowl. Additional specimens of D. punctata collected from the lower parts of the Vltava or
the Labe River basins may provide us with insight into this question. Its current northern distribution probably
extends into, but not north of, the Czech Republic. According to the observations of this species in Slovakia,
D. punctata seems to be an invasive and aggressive species, which can negatively influence the indigenous
leech community (personal observation), and thus we expect more specimens to be collected from areas in the
Czech Republic in the future.

In general, the most diverse leech fauna in the Czech Republic has been recorded in southern Moravia,
mainly in the vicinity of the Morava-Dyje confluence—an area into which some species (e.g., Glossiphonia
slovaca) are known to have spread from south-eastern Europe. Other species such as Batracobdelloides moogi
Nesemann & Csanyi 1995 and Glossiphonia verrucata (Fr. Miller 1844) were found not far from the Czech
border, and likely will be collected in the country in the near future. We also expect a recently confirmed
species, Haemopis elegans Moquin-Tandon, 1846, to eventually spread into the Czech Republic; to date, H.
elegans has been reported from Austria, Hungary, Slovenia and Germany (Grosser 2004a, Grosser &
Neseman 2004).
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Most of the records for leeches discussed in this paper were collected during recent monitoring programs
of running waters in the Czech Republic, conducted over the last 11 years (1998 through 2008). Additional
research focusing specifically on wetlands and habitats associated with smaller stagnant water bodies is
necessary to increase our knowledge of leech distributions in the Czech Republic and elsewhere in Europe.

As is true for other invertebrates, the conservation and legal protection of critical habitats used by
threatened species is the most effective protection for leeches. Most of the threatened species of leeches are
inhabitants of lowland wetlands and larger lowland rivers, usually those with aquatic macrophytes. These
habitats are often heavily impacted by human activities throughout central Europe, usually with negative and
often irreversible results. Leeches are usually not very sensitive to moderate changes and fluctuations in water
quality; however, their populations have been declining steadily, often drastically, because of the destruction
of their preferred habitats, or because of other unsuitable or incompatible influences there. Therefore, habitats
with extensive and perennial populations of vulnerable, threatened, and/or rare leech species should be strictly
protected; only carefully designed, well-managed, and regularly monitored construction projects should be
permitted.

Conclusions

The check-list of leeches (Hirudinida) of the Czech Republic discussed in this paper and presented in Table 1
includes twenty-four species, reflecting historical and recent records published in the literature, unpublished
records, and specimens from collections by the authors during this eleven-year study (1998 through 2008).
Two of these—Piscicola cf. haranti and Dina punctata—are reported here as new records for the Czech
Republic. Two species—Hirudo medicinalis and Glossiphonia slovaca—are already considered to be
threatened species (Schenkova & Kosel 2005). The results of our research presented in this paper support our
recommendation that six additional species be added permanently to the Red list of threatened species in the
Czech Republic: four of these — Alboglossiphonia hyalina, Dina lineata, Piscicola respirans, and Trocheta
cylindrica—should be listed as “vulnerable”, and two—Alboglossiphonia striata and Erpobdella testacea —
should be listed as “endangered” according to IUCN Red List Categories and Criteria (IUCN 1994).
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Leeches (Clitellata: Hirudinida) are abundant predators or ecto-parasites inhabiting various freshwater
habitats; however many biotic and abiotic drivers of their assemblage patterns have been deduced rather
than directly tested. To study species richness and composition changes in leech assemblages, 109 sites
of running and stagnant water bodies were sampled in three regions of the Czech Republic in 2007-2010,
together with several explanatory variables that are known or expected to be important predictors of
leech distribution. In total, 17 species of leeches were recorded, varying between 0-7 and 0-9 species
in lotic and lenitic sites, respectively. These differences in species richness of lotic and lenitic sites were
highly significant, contrary to the abundances, which varied between 0-283 and 0-295 individuals. The
main change in species composition was controlled by water temperature and morphological charac-
teristics (e.g. substrate and cover of macrophytes), mostly reflecting the differences between lotic and
lenitic habitats. We found the density of benthos (i.e. prey availability) to be the best predictor of species
composition in both lotic and lenitic sites, together with the percentage of canopy cover. However, the
other significant predictors (i.e. the substrate and water conductivity found to be significant in lotic sites,
and the mean annual temperature and PO43~ in lenitic sites), differed between these habitats. Other than
mean annual temperature and water temperature, which had different effects on species richness in lotic
and lenitic sites, there were no other differences between lotic and lenitic sites in terms of how species
richness and abundance responded to all other analyzed predictors. Our results stress the importance of
prey availability and canopy for leech distribution patterns. Differences in the significant predictors of
leech assemblage patterns between lotic and lenitic sites raise fundamental questions about the under-
lying mechanisms and ecological constraints to leech distribution in these main types of aquatic systems.
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Hirudinida

Species diversity and composition
Lotic and lenitic habitats
Environmental predictors

Prey availability

Response curves
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Introduction

The life strategies of leeches (Clitellata: Hirudinida), blood-
sucking ecto-parasites of vertebrates or predators of invertebrates,
determine their distribution patterns due to a tight relation-
ship between food availability and leech occurrence (Sawyer,
1974). The importance of prey availability has however only been
deduced from other habitat characteristics, such as the chemistry
and trophic status of the water, without quantification and/or a
detailed statistical evaluation (Pawtowski, 1936; Sandner, 1951;
Mann, 1955; Elliott and Mann, 1979). Specific data exist only
for some species of which the diet was explored in detail, with
the majority of studies being related to Erpobdella octoculata (e.g.
Young and Ironmonger, 1979; Dall, 1983; Toman and Dall, 1997;
Schenkova et al., 2007). Substrate, water depth, type of aquatic
habitat and chemical parameters of the waterbody have also been

* Corresponding author. Tel.: +420 532146333.
E-mail address: schenk@sci.muni.cz (J. Schenkova).

0075-9511/$ - see front matter © 2013 Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/j.limno.2013.05.001

determined to be the other significant predictors of leech distri-
bution (Sawyer, 1974; Koperski, 2006). As leeches have adapted
to most aquatic environments, covering a rich variety of trophic
levels from dystrophic to eutrophic aquatic systems (Mann, 1955;
Sladecek and Kosel, 1984), testing other environmental factors
can reveal some important determinants of their distribution pat-
terns. However, other biotic parameters of waterbodies, such as
the presence of a canopy or macrophytes, have only exception-
ally been considered in ecological studies to date. We are aware
only of the work of Koperski (2010) evaluating the effect of ripar-
ian vegetation. Several hypotheses that are also unexplored relate
to the effect of temperature, which is expected to have a great
importance for leech distribution (Sawyer, 1974, 1986; Elliott and
Mann, 1979). In the conditions found in central European, leeches
are generally described as thermophilous organisms, but without
specifying whether higher importance should be given to sea-
sonal variations in water temperature within the habitat (which
differ between running and standing waters) or the variation
of temperature between sampling sites (mostly correlating with
altitude).
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Fig. 1. Map of the Czech Republic showing the position of study areas with all
109 sampling sites. Note that the Bohemian-Moravian Highlands (B-M Highlands)
include two distinct local sampling areas.
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Previous ecological studies on leeches were focused either
solely on stagnant (e.g. Young and Ironmonger, 1981; Spelling and
Young, 1987) or running waters (e.g. Grosser et al., 2001; Koperski,
2005, 2010). Existing studies summarizing the response of the
whole assemblage in various types of water habitats are always
focused only on a part of all the potential environmental variables.
Descriptive studies summarizing leech datarelated to a certain geo-
graphical area (e.g. Bennike, 1943; Elliott and Mann, 1979; Kosel,
1988, 1989; van Haaren, 2004; Schenkova et al., 2009) cover mostly
habitat characteristics, pollution status and distribution of par-
ticular leech species. Other studies emphasize the importance of
water chemistry (e.g. Mann, 1955; Grosser et al., 2001) or solely
the trophic status of the water (Sladecek and KoSel, 1984). Partic-
ular attention was given to various water types and their features
by Koperski (2006) in his meta-analysis, but unfortunately without
any evaluation of water chemistry. Some ecological studies refer
to a different geographical range, with only a small overlap with
European species (Herrmann, 1970; Moser et al., 2006).

In this study, we used a geographically extended data set, cov-
ering both lotic and lenitic habitats, accompanied by the sampling
of macrozoobenthos as potential prey, in order to segregate the
influence of diet availability from the other environmental drivers.
Specifically we attempted to: (i) determine the main predictors
of species richness and composition of leech assemblages; and
(ii) compare the observed assemblage patterns between lotic and
lenitic habitats.

Methods
Study area

Sampling sites were located in three different areas (i.e.
Bohemian Uplands, the Bohemian-Moravian Highlands and the
South Moravia Lowlands), covering the main types of waterbod-
ies in the Czech Republic (Fig. 1). The majority of the waterbodies
occurring within these areas (total extent 4320 km?) were sam-
pled. In each area we tried to cover as much as possible of the
broad variety of waterbodies in respect to their size (stream width
in running waters, total area in stagnant waters), depth, substratum
composition, relative cover and composition of the riparian/littoral
vegetation.

The Bohemian Uplands Protected Landscape Area is charac-
terized by a patchy landscape, composed of fields, pastures and
deciduous forests, with the exception of the northern part, which
has been affected by brown coal mining. It represents a relatively
warm and medium-dry region of a broader range of elevation
(Table 1). The Zd'arské vrchy Hills (in the northern part of the

Bohemian-Moravian Highlands) are covered by spruce forests and
meadows, which are irrigated by numerous brooks and small rivers.
This region is rather cold and humid and has the highest eleva-
tion of all the study sites. The Namést’ nad Oslavou territory (the
southern part of the Bohemian-Moravian Highlands) is character-
ized by an undulating landscape, covered by fields and pine forests.
Although brooks and rivers are often present there, the most fre-
quent waterbodies are ponds. It is warmer than the northern part
of the region, but drier and of lower elevation. The third region, the
South Moravia Lowlands, is an agricultural territory, dominated by
fields and arable lands; most of the waterbodies studied were to
a certain extent organically polluted. This region has the highest
mean annual temperature, the lowest elevation and is semi-dry.

Field sampling and laboratory work

The sampling was carried out from the end of April to the begin-
ning of June in 2007-2010. In total, 109 sites of lotic (51) and lenitic
(58) waters were explored. Leeches were collected for 30 min by
hand along 10 m of shoreline, including areas of bare shore and
riparian/littoral vegetation at each study site. The method applied
of collecting by tweezers or with bare hands (Elliott and Mann,
1979; Kosel, 1988) was used mainly because leeches were usu-
ally tightly attached to the substratum. Leeches were identified
in the laboratory, after standardized fixation procedures (KoS3el,
1988), according to Neubert and Nesemann (1999) and Grosser and
Nesemann (2004).

Several explanatory variables, which were known or expected
to be important predictors of leech distribution, were established
for each site: (i) water temperature, dissolved oxygen, water pH
and conductivity were measured in the field by portable instru-
ments (WTW Multi 340i/SET) two times in one week, and the
mean value was used in the analyses to reduce the effect of short-
term variation; (ii) the concentration of nitrates, ammonia and
orthophosphates, total carbon and total nitrogen were determined
in the laboratory from water samples; (iii) the GPS position was
directly measured in the field and used to determine the alti-
tude and several climatic conditions (i.e. mean annual temperature,
mean January and July temperatures, and the annual precipitation),
obtained by using overlays of plot locations with a digital elevation
model and climatic maps, based on Tolasz (2007), in the ArcGIS 8.3
program (ESRI, 2003); and (iv) water depth was measured in the
field, the percentage of canopy and the percentage of the shoreline
with riparian/littoral vegetation (macrophytes) were estimated
and recorded in the field, and the substrate composition was esti-
mated as a percentage of particle size categories in the field and
converted using the phi scale (Hynes, 1970; Gordon et al., 1992).

Samples of the macrozoobenthos were collected by three
minute kick-sampling using a hand net with 250-wm mesh size.
All mesohabitats at each site were sampled proportionally, i.e.
the sampling time given to each mesohabitat corresponded to
their proportional representation at the site (Koke$ et al., 2006;
Kubova and Schenkova, 2012). The numbers of dominant taxa
of macrozoobenthos (i.e. “Oligochaeta”, Mollusca, Ephemeroptera,
Plecoptera, Trichoptera and Chironomidae) were counted and
entered into the analyses; other taxa with a very low abundance
were excluded from further evaluation. Invertebrate densities were
converted onascale from1to5(1,upto 150individuals; 2,150-300
individuals; 3, 300-500 individuals; 4, 500-1000 individuals; 5,
more than 1000 individuals).

Data analyses
The preference of each species for either lotic or lenitic sites

was tested based on a comparison of recorded individuals between
the studied lotic and lenitic sites using a Mann-Whitney U test.
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Table 1
Climatic characteristics of the studied areas.

Area Altitude (m a.s.l.) Mean annual Mean January Mean July Precipitation
temperature temperature temperature (mmyear')
0 §9) §9)
Bohemian Uplands 135-667 6.1-9.1 —3.8t0-0.8 15.7-18.8 488-713
Bohemian-Moravian Highlands
Zdarské vrchy Hills 553-719 6.0-6.8 —4.1to-3.3 15.1-16.1 684-768
Namést’ nad Oslavou territory 541-630 6.7-7.9 —-3.5t0-2.8 16.5-17.8 355-586
South Moravia Lowlands 161-207 9.0-9.4 -19to-1.5 19.0-19.4 480-504

Differences among number of species, total abundance and all
explanatory variables were compared between lotic and lenitic
sites using a t-test, as all these variables had a normal distribution
(Kolmogorov-Smirnov test, p<0.05). As all the climatic variables
(altitude, temperature and precipitation) were strongly correlated
(Spearman’s rank correlations rs >0.795, p<0.001), only the mean
annual temperature was used in the analysis.

The species-by-site matrix was analyzed using Detrended Cor-
respondence Analysis (DCA; detrended by segments) to expose
the major compositional gradients in the data. The numbers of
individuals were transformed as log(x+1) to exclude the effect
of dominant species; rare species were downweighted according
to the recommendations given by Lep3 and Smilauer (2003). The
length of the main gradient (3.31 SD) in the species data was
adequate for use in unimodal modelling (ter Braak and Prentice,
1988). To explain the gradients in the species data, the correla-
tions with climate and environmental variables were examined
using Spearman correlations (rg), with site scores on the first four
DCA axes; a Mann-Whitney U test was used for nominal vari-
ables. Sequential Bonferroni corrections of the significance level
were used for multiple comparisons of continuous environmental
variables (Holm, 1979). Canonical Correspondence Analysis (CCA)
and Redundancy Analysis (RDA) with a forward selection procedure
and a Monte-Carlo test with 999 permutations were used to reveal
the environmental variables that were able to explain a significant
portion of variability in the leech data.

Generalized Linear Models (GLM; McCullagh and Nelder, 1989),
with Poisson family corrected for overdispersion (i.e. quasipoisson)
in the data, were used to determine the explanatory variables that
were significant for leech species richness and abundance. All vari-
ables were entered into the analysis in linear and quadratic shape;
the interactions between variables were not included. The accuracy
of the final models was checked using distribution of residuals and
Cook’s distances. In the case of the existence of two good models
for one species, Akaike’s information criterion (AIC) and the number
of parameters were used as the deciding parameters (Guisan and
Zimmermann, 2000). In order to test dietary preferences, the total
abundance of macrozoobenthos and the numbers of “Oligochaeta”,
Mollusca, Ephemeroptera, Plecoptera, Trichoptera and Chironomi-
dae were entered stepwise into the analysis.

All analyses, except for the DCA, were computed separately
for lotic and lenitic sites. Species and environmental data were
analyzed using the statistical programs CANOCO (ter Braak and
Smilauer, 2002), Statistica (StatSoft Inc., 2001) and R (version
2.10.1; R Development Core Team, 2010).

Results

In total, 4547 specimens of 17 leech species were collected
(Table 2). Table 3 shows the environmental differences between the
lotic and lenitic sites studied based on all the explanatory variables.
The total abundance per site varied from 0 to 283 and from 0 to 295
individuals at lotic and lenitic sites, respectively. There was no dif-
ference between lotic and lenitic sites in terms of total abundance
(p=0.176); however, the abundance of several species differed

significantly. Erpobdella vilnensis (p=0.018) and Glossiphonia com-
planata (p=0.042) expressed a significantly higher population size
at lotic sites, contrary to Hemiclepsis marginata (p<0.001) and
Theromyzon tessulatum (p<0.001), which had a higher number
recorded at lenitic sites. In contrast to abundance, species num-
bers differed significantly between lotic and lenitic sites (p <0.001),
varying from 0 to 7 and from O to 9 species, respectively (Table 3).

The DCA analysis of leech assemblages significantly separated
lotic and lenitic sites along the first axis (Mann-Whitney U test,
p=0.038) (Fig. 2). The sample scores on this axis were strongly
correlated with water temperature and several morphological
variables: phi, macrophytes (positively) and canopy (negatively)
(Table 4). The sample scores on the second axis were significantly
correlated with the nitrate content (negatively), which represented
the water chemistry gradient. The other correlations with the first
four DCA axes were weaker and not significant after Bonferroni
corrections (Table 4). The CCA analysis revealed significant rela-
tionships between the variance in leech compositional data and
benthos densities (prey availability), water conductivity (water
chemistry) and phi (substratum characteristics) (Table 5). Single
RDA analyses, which were run separately for both habitat types,
showed that the largest part of the variability in species data was
also explained by benthos density: 24% in lotic and 15% in lenitic
sites (Table 5). However, other than the percentage of canopy the
other significant predictors differed between habitats, with phi and
water conductivity found to be significant at lotic sites, and the
mean annual temperature and PO43~ at lenitic sites (Table 5).

The type of habitat, along with mean annual temperature,
water temperature, density of benthos, substratum composition
and canopy significantly affected the species richness of leeches in
the whole dataset (p <0.001). The numbers of species in lotic sites
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Fig. 2. DCA ordination diagram of study sites positioned on the first two ordination
axes, based on leech assemblages of 109 study sites. All species except Hirudo medic-
inalis, which was an outlier in the ordination space, were plotted. Variables with a
significant correlation (p <0.05) with at least one of the first four DCA axes are shown,
and those significant after Bonferroni corrections (p <0.0026) are in bold. Nominal
variables (i.e. lotic or lenitic sites) are displayed as dark triangles. The first four DCA
axes explained 16.9, 10.9, 7.0, and 4.4% of the species data variance, respectively.
The sum of all eigenvalues was 3.31.
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List of recorded leech species with total abundances, number of their records and relative abundance (%) in all sampling sites, with lotic and lenitic sites shown separately.

Species Both habitats (n=109) Lotic habitats (n=51) Lenitic habitats (n=58)
No. of No. of sites  Relative No. of No. of sites  Relative No. of No. of sites  Relative
individ. abund. (%) individ. abund. (%)  individ. abund. (%)
Alboglossiphonia heteroclita (Linnaeus, 1761) 226 18 4.97 35 5 1.98 191 13 6.98
Alboglossiphonia hyalina (O.F. Miiller, 1774) 6 3 0.13 4 2 0.22 2 1 0.07
Alboglossiphonia striata (Apathy, 1888) 8 4 0.17 3 1 0.17 5 3 0.18
Glossiphonia complanata (Linnaeus, 1758) 188 34 4.13 136 21 7.65 52 13 1.87
Glossiphonia concolor (Apathy, 1888) 31 10 0.68 13 4 0.73 18 6 0.64
Glossiphonia nebulosa Kalbe, 1964 33 6 0.72 30 4 1.68 3 2 0.10
Helobdella stagnalis (Linnaeus, 1758) 774 58 17.02 187 23 10.52 587 35 21.19
Hemiclepsis marginata (O.F. Miiller, 1774) 99 29 217 5 5 0.28 94 24 3.39
Theromyzon tessulatum (O.F. Miiller, 1774) 43 22 0.94 7 3 0.39 36 19 1.23
Piscicola geometra (Linnaeus, 1758) 22 8 0.48 2 1 0.11 20 7 0.72
Piscicola haranti Jarry, 1960 1 1 0.02 1 1 0.05 0 0 -
Haemopis sanguisuga (Linnaeus, 1758) 30 6 0.66 1 1 0.05 29 5 1.04
Hirudo medicinalis Linnaeus, 1758 12 1 0.26 0 0 - 12 1 0.43
Dina lineata (O.F. Miiller, 1774) 1 1 0.02 1 1 0.05 0 0 -
Erpobdella octoculata (Linnaeus, 1758) 2552 78 56.12 873 27 49.12 1679 51 60.61
Erpobdella testacea (Savigny, 1822) 1 1 0.02 1 1 0.05 0 0 -
Erpobdella vilnensis (Liskiewicz, 1925) 520 41 11.43 478 25 26.89 42 16 1.51
Table 3
Descriptive statistics of environmental and response variables, recorded in lotic and lenitic study sites; differences between habitat types were tested by a t-test.
Variable p Lotic habitats Lenitic habitats
Min Median Max Min Median Max
Explanatory variables
Altitude (m a.s.l.) n.s. 136 318 719 135 263 708
Mean annual temperature (°C) n.s. 6.0 7.7 9.4 6.0 8.0 9.4
Mean January temperature (°C) n.s. -4.1 -1.9 -0.8 —-4.1 -1.8 -0.9
Mean July temperature (°C) n.s. 15.1 17.6 194 15.1 17.7 194
Annual precipitation (mm) n.s. 485 552 768 480 554 759
Water temperature (°C) 0.001 10.5 14.3 229 13.3 18.4 26.7
Water pH 0.035 5.4 7.9 94 5.6 8.1 104
Water conductivity (pS/cm) n.s. 50 424 2890 45 540 2014
Dissolved oxygen (mg/1) n.s. 34 9.8 15.7 23 8.9 218
Total carbon (mg/1) n.s. 0.5 35.0 290.4 0.7 41.0 125.1
Total nitrogen (mg/1) 0.001 0.7 7.0 20.0 0.1 2.2 18.0
Nitrates (mg/1) 0.001 0.0 13.5 384 0.0 1.8 28.1
Ammonium ions (mg/1) 0.046 0.0 0.6 28.5 0.0 0.7 9.4
Phosphates (mg/1) n.s. 0.0 0.2 1.9 0.0 0.1 5.9
Phi 0.028 -5.9 -13 8.0 -6.0 23 8.0
Water depth (cm) 0.004 15 28 60 21 45 85
Percentage of canopy (%) 0.001 0 30 95 0 10 80
Percentage of macrophytes (%) 0.001 0 0 80 0 20 100
Categorical density of benthos n.s. 1 3 5 1 3 5
Response variables
Total abundance n.s. 0 20 183 0 23 295
Species richness 0.001 0 2 7 0 3 9
Table 4
Eigenvalues of the first four axes of the DCA, Spearman’s rank correlations (r5) and the Mann-Whitney U test (M-W) between environmental factors and site scores on the
DCA axes.
DCA
AX1 AX2 AX3 AX4
Ts Ts Ts Ts
Eigenvalues 0.984 0.863 0.779 0.686
Morphological variables
Phi 0.38"" 0.21° ns. n.s.
Macrophytes 044" n.s. n.s. -0.27
Canopy -0.42"" -0.22" ns. ns.
Density of benthos n.s. n.s. -0.25 n.s.
Water temperature 045" n.s. n.s. -0.21
Chemical variables
pH 0.25 ns. ns. ns.
Nitrates -0.26 -0.34"" n.s. n.s.
Total carbon n.s. -0.23" 0.22° n.s.
Phosphates -0.22" ns. 0.24" ns.

Only those factors that significantly correlated with at least one DCA axis are shown.

Significant correlations after Bonferroni corrections are in bold (the cut level was p=0.0026); non-significant (n.s.) correlations are not shown.

" Significance level: p<0.05.
™" Significance level: p<0.001.
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Table 5
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Percentage variance in leech species data explained by each variable in separate canonical correspondence analyses (CCA, all sites) or redundancy analyses (RDAs, lotic or
lenitic sites), and the percentage of independent variation explained in a single CCA/RDA for all variables together using the forward selection procedure (FS).

Variable CCA - all sites RDA - lotic sites RDA - lenitic sites

Expl. var. Order in FS Expl. var. Expl. var. % Order in FS Expl. var. Expl. var. % Order in FS Expl. var.

% inFS % inFS % in FS %
Density of benthos 13.28" 1 13.28" 24.12" 1 24.12" 15.53" 1 15.53"
Conductivity 1111 2 11.38" 11.47 4 11.76° 14.77" 7 ns.
Phi 10.26 3 10.57 16.76" 2 1147 7.95 6 n.s.
Nitrates 10.02° 4 ns. 1.76° 12 n.s. 6.43 5 ns.
Water temperature 8.67 5 n.s. 1117 5 n.s. 8.71 9 n.s.
pH 8.67 6 n.s. 7.06 8 n.s. 3.03 12 n.s.
Mean annual temperature 7.05 7 ns. 10.0 6 ns. 14.85" 2 14.77
Canopy 7.32 8 ns. 11.76' 3 17.9" 1439 3 10.22°
Phosphates 7.59 9 n.s. 5.59 10 n.s. 12.12° 4 9.85
Total carbon 7.86 10 n.s. 11.47 7 n.s. 7.57 11 n.s.
Ammonium ions 7.05 11 n.s. 9.71 9 n.s. 7.19 8 n.s.
Total nitrogen 7.32 12 n.s. 5.0 11 n.s. 7.19 10 n.s.

The significance (p) of explained variation (expl. var.) was tested using the Monte Carlo test with 999 runs. The order of the variables during forward selection is shown.

" Significance level: p<0.05.
™ Significance level: p<0.01.

were controlled by mean annual temperature, water conductivity
and canopy, contrary to lenitic sites, with species richness signif-
icantly driven by benthos densities, water temperature, canopy
and the quantity of ammonium (Table 6). We found that the total
abundances of leeches in the whole dataset responded to the same
variables as species richness. However, the abundances of leeches
at the lotic sites were affected by water temperature, mean annual
temperature, substratum composition, concentration of nitrates
and canopy (Table 6). At the lenitic sites, the abundances were also
associated with mean annual temperature and substratum compo-
sition; however, benthos density and the amount of total carbon
were revealed as additional significant variables (Table 6).

Using response curve modelling, we mostly found consistency
in the responses of species richness and abundances to those

environmental factors that had a significant effect on the ana-
lyzed data (Fig. 3). Other than for mean annual temperature and
water temperature, which had different effects on species rich-
ness in lotic and lenitic sites, there were no other differences
between lotic and lenitic sites in terms of the way in which
species richness and abundance responded to all the other analyzed
predictors.

Discussion
Assemblage patterns in the whole dataset

Using the whole dataset, we documented significant differ-
ences in leech species composition between lotic and lenitic sites,

Table 6
Results of the GLM modelling for species richness and total abundance recorded in all sites and in lotic and lenitic sites analyzed separately.
Habitat Variable categorical Linear Quadratic p Value Var. expl. %
Species richness Positive/negative response Positive/negative response
All sites Habitat type 0.001 9.0
+ Mean ann. temp. — Mean ann. temp. 0.013 8.7
+ Water temp. - Water temp. 0.001 6.8
+ Dens. of benthos - 0.002 4.1
- Phi - 0.033 34
- Canopy - 0.046 2.9
Lotic sites + Mean ann. temp. — Mean ann. temp. 0.018 103
+ Conductivity — Conductivity 0.031 8.2
+ Canopy - 0.011 3.6
Lenitic sites + Dens. of benthos - Dens. of benthos 0.001 121
+ Water temp. - Water temp. 0.012 9.0
- Canopy - 0.041 6.5
- Ammonium - 0.047 3.1
Abundance
All sites Habitat type 0.024 8.5
+ Water temp. - Water temp. 0.001 7.8
+ Dens. of benthos - 0.002 5.5
+ Canopy — Canopy 0.021 43
+ Mean ann. temp. - Mean ann. temp. 0.025 4.2
- Phi - 0.034 3.1
Lotic sites + Water temp. - Water temp. 0.006 9.1
+ Mean ann. temp. - Mean ann. temp. 0.017 7.1
- Phi - 0.005 6.3
+ Nitrates - Nitrates 0.029 4.6
+ Canopy - 0.006 2.8
Lenitic sites + Mean ann. temp. - Mean ann. temp. 0.008 7.7
+ Dens. of benthos — Dens. of benthos 0.001 6.8
+ Phi - Phi 0.023 4.2
+ Total carbon - 0.036 2.8

Mean ann. temp., mean annual temperature; water temp., water temperature; dens. of benthos, density of benthos; var. expl., explained variation. In the cases of both linear
and quadratic term significant at p=0.05 based on F test, a lower value of significance is shown.
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Fig. 3. Response curves of species richness and abundance in lotic and lenitic sites against selected significant environmental factors. Significance of curves based on F test:

*p<0.001; **p<0.01; *p<0.05; n.s., not significant.

formerly also reported by Mann (1953) and Koperski (2006). Con-
trary to Koperski (2006, 2010), who distinguished further habitat
types within lotic and lenitic waters, we only established these two
basic categories in order to obtain gradients of physical-chemical
and morphological characteristics that were as wide as possi-
ble.

Habitat type and several environmental factors, i.e. water tem-
perature, phi (substratum composition), presence of macrophytes,
percentage of canopy and nitrates, were found to be important
in driving the main compositional changes in leech assemblages
(Fig. 2). Variables connected with site morphology - phi value and
the presence of macrophytes - increased along the first DCA axis
towards lenitic sites, while the canopy variable increased towards
lotic sites. It has already been pointed out that the coarser substra-
tum in lotic habitats is generally preferred by leeches (Koperski,
2010). However, in lenitic habitats the fine substratum was

accompanied by the presence of macrophytes, which could substi-
tute for the lack of a coarse substratum (Sawyer, 1986). The direct
ordination analysis (CCA) confirmed the importance of substratum
composition and nitrates; significant effects of water conductivity
and prey availability were also determined. However, as most of
these important variables significantly differed between the two
habitat types (Table 3), it was not possible to segregate the effect of
habitat type and these variables based on the whole dataset. It can
be concluded that these variables rather serve to define ecological
differences between lotic and lenitic waters, which are also impor-
tant predictors of leech distribution. As leech species composition
was controlled by a combination of morphological, climatic, chem-
ical and biological variables, it was not possible to conclude which
of them was of higher importance. We therefore analyzed lotic and
lenitic sites separately to segregate the effects of these confounding
predictors.
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Comparison between lotic and lenitic habitats

We found several important differences in variables that signifi-
cantly shaped changes in the patterns of leech species composition,
as well as species richness and abundance in lotic and lenitic sites.
The results from lotic sites were more similar to those based on the
whole dataset, suggesting the overall patterns of species compo-
sition to be mostly constrained by the lotic assemblages (Table 5).
In all three datasets the density of benthos (i.e. prey availability)
appeared consistently to be the best explanatory variable of leech
species composition. To test the causality of these relationships, we
ran separate CCA and RDA models, with all the significant environ-
mental variables (see Table 5) included in each respective model,
and tested the significance of benthos density for the residual vari-
ation in the leech data. The effect of benthos density was significant
in all models (p <0.05, data not shown).

Although this factor also possessed the highest predictive power
for changes in species richness at lenitic sites, no significant rela-
tionship was found for lotic sites (Table 6). Similar results were
also found for the total abundances of leeches. Despite the great
importance of prey availability for structuring leech assemblages,
we did not determine any indicators of the specific food preferences
of leeches as a whole, as has been reported earlier for individual
genera, for example Erpobdella (e.g. Dall, 1983; Toman and Dall,
1997) or Helobdella (Davies et al., 1979). Moreover, leech abun-
dance at lenitic sites expressed a clear unimodal response, with
a significant decrease of leech abundance with increasing benthos
densities (Fig. 3b). This can probably be explained by a compound-
ing effect of organic pollution and high temperatures in lenitic
habitats. This was further indicated by a higher percentage of Chi-
ronomidae larvae and “Oligochaeta”, suggesting a notable decrease
in water quality to levels at which even some of the most toler-
ant species, Helobdella stagnalis and E. octoculata, were not able to
increase their densities. Rather low and non-significant changes
in both number of species and of individuals in lotic sites together
with changes in prey density (Fig. 3a and b) suggested a presumably
higher importance of abiotic variables in lotic habitats.

These observations on prey availability are in good concord-
ance with those previously published; however, they either give
broader support to these earlier findings or have revealed some
new underlying mechanisms. For example, Koperski (2005) found
a high influence of phosphates, but only for lotic habitats and on
the basis of only eleven sites in three relatively unpolluted rivers.
It has previously also been reported that several chemical vari-
ables, closely connected with the trophic status of the water (e.g.
alkalinity, conductivity, concentration of phosphates, nitrates and
oxygen, and various direct indices of trophic status), are significant
for leech distribution (e.g. Bennike, 1943; Mann 1955; Herrmann,
1970; Koperski, 2005, 2010). However, it is rather unlikely that
these variables would exert a direct effect on the leeches as all of
them are more or less linked with prey density and availability. Sim-
ilar patterns were also obtained in our data, with water conductivity
having a significant influence on species composition changes in
all three datasets (Table 5). Phosphate content also explained a
significant and notable amount of the variations in leech species
composition, but only for lenitic sites. However, as mentioned
above, it would appear that prey availability is a more important
predictor of leech assemblage patterns in lenitic than in lotic sys-
tems.

We found the surrounding terrestrial vegetation (percentage of
canopy) to have an important and previously unreported role for
leech species distribution. It explained a high portion of the varia-
tions in the species composition data for both lotic and lenitic sites
(Table 5). The surrounding terrestrial vegetation cover was also a
significant predictor for species richness, but the effects observed
in lotic and lenitic sites were opposite to each other. It is likely

that the higher canopy at lotic sites, on one hand, probably pre-
vented thermal fluctuations and offered patches of cold water as
refuges for running water species (Aguiar et al., 2002; Ebersole
et al., 2003), which are less tolerant of higher temperatures. On
the other hand, a low canopy can offer suitable warm-water con-
ditions for thermophilous/temperature-tolerant species in lenitic
habitats. In contrast to the canopy, the influence of macrophytes
was of lower importance, being significant only in the context
of the whole dataset (Fig. 2), and probably reflecting the differ-
ence between lotic and lenitic habitats. In agreement with this,
Koperski (2010) observed no significant effect of riparian vegeta-
tion on leech assemblages in running water. As most of the benthic
taxa observed in our study were found on the coarse substratum at
the bottom rather than on macrophytes, several explanations for
this behaviour can be proposed. The underside of stones can be a
suitable shelter, reducing the risk of fish predation and/or of being
washed away during high flow events (Young and Spelling, 1986).
We observed that these microhabitats can also provide rich sources
of food, as they supported the highest densities of prey recorded on
the river bottom during our sampling.

We found a compounding effect of mean annual temperature
and water temperature on leech assemblages, with importance dif-
ferences of these two variables for each habitat type as a result of
the different habitat features of lotic and lenitic sites. In lenitic sites,
the mean annual (air) temperature explained a significant propor-
tion of the variance in the leech composition data, and was more
important than the directly measured water temperature (Table 5).
In lotic sites, in contrast, both water and mean annual tempera-
ture had almost the same importance, as water temperature was
probably more associated with stream morphology and substrate
character than it was in lenitic sites. The character of the substrate
was one of the most important predictors of compositional changes,
but only in lotic sites. When considering species richness, how-
ever, opposite results were found for lotic and lenitic sites. There
was a significant, but rather flat, response to mean annual temper-
ature at lotic sites (Fig. 3¢). In contrast, water temperature had a
significant effect on lenitic species richness, presenting a unimodal
response (Fig. 3e). Interestingly, we observed a rather narrow range
of higher species richness in lotic sites along water temperature,
with a maximum of 16 °C (based on water temperature range dur-
ing the sampling), though the response curve was not significant
(Fig. 3e). This can only suggest there are possible ecological limits to
having a higher number of species towards both ends of the temper-
ature gradient, as some leech species have a thermal threshold for
starting reproduction (Bennike, 1943).In warmer sites there was an
even sharper drop in species richness, starting from around 20°C,
probably caused by a lack of thermophilous/high temperature-
tolerant species, which were represented only by E. octoculata,
G. complanata and H. stagnalis in our data (Madsen, 1963). Thus,
species that prefer simultaneously a higher water current and tem-
perature would appear to be very rare.

There is good ecological support for a unimodal response of
species richness in lenitic sites along the mean annual tempera-
ture (Fig. 3c). Low temperatures are not favourable to most of the
species: a negative correlation with altitude in stagnant waters has
been reported for some leech species in British lakes (Young and
Ironmonger, 1981). In contrast, higher mean annual temperatures,
which were reached in the South Moravian sampling sites, are asso-
ciated with the negative influence of organic pollution (caused by
agricultural land-use in the surroundings). Similar limits can also
shape the response of leech density along mean annual tempera-
ture, which expressed a significant unimodal pattern in both types
of waterbodies (Fig. 3d).

As reported previously by Koperski (2006), intensity of fish pre-
dation is another important controller of leech assemblages; this
was not examined in detail in our study. We designed the present
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study to achieve a rather large and representative data set of vari-
ous freshwater bodies, which presented difficulties to obtain exact
data on fish stock for all the lotic and lenitic sites. Thus, we were
only able to estimate fish densities in the field (on a six-grade scale
from 0, no fish, to 5, high abundance of fish). Using these rather
coarse-scale estimates we were not able to determine any signifi-
cant relationships between leech assemblages and fish densities.

Habitat requirements and preferences of study species

Most of the central European leech species are often reported as
being rather generalist (Sawyer, 1974; KoSel, 1988, 1989; Neubert
and Nesemann, 1999). Despite the common occurrence of most of
the study species in both types of habitats, there were several sta-
tistical preferences of some species for one habitat or the other.
We observed that four species, E. vilnensis, G. complanata, H. stag-
nalis and T. tessulatum, significantly preferred only one type of site,
although they are able to inhabit either (Elliott and Mann, 1979;
Neubert and Nesemann, 1999). These preferences have already
beenreported by Koperski (2006) for the former two species (which
prefer lotic habitats) and by Bennike (1943) for the latter two
species (which prefer lenitic habitats), but without an exact sta-
tistical evaluation. The rare species Dina lineata and Erpobdella
testacea were found only in lotic habitats, though they are reported
elsewhere predominantly from lenitic habitats (Elliott and Mann,
1979). This was probably linked to the presence of suitable meso-
habitats in the study streams (e.g. muddy bottoms or shallow
banks) and favourable water chemistry. The choice of study sites
could be another possible explanation of this deviance from its
known habitat requirements. However, this seems of low impor-
tance, as the observed habitat preferences of frequent species are
in good agreement with those previously reported. For example,
the common species E. octoculata and H. stagnalis were dominant
in both lotic and lenitic habitats, as is generally known. These two
species are the most dominant and frequent leech species in the
Czech Republic (KoSel, 1988) and Europe (Elliott and Mann, 1979;
Neubert and Nesemann, 1999).

We did not find any significant differences in total abundance
between lotic and lenitic sites, but significantly higher numbers of
species were recorded in lotic habitats. In contrast to this result,
Koperski (2006) recorded a higher diversity in lakes and a lower
diversity in rivers and ponds. As there are no natural lakes present
in our sampling area, it is difficult to compare these results. It is
likely that large and natural lakes can offer a combination of suit-
able microhabitats and conditions characteristic of both lotic and
lenitic habitats. They also possess a unique combination of ecolog-
ical parameters: they are able to provide high prey availability, but
without having a high trophic status. Thus, in order to achieve a bet-
ter understanding of the processes driving local species richness, a
perspective for further research would be to study a broader variety
of water types, from springs and marches to large natural lakes.
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Abstract: Deep knowledge of the ecology of aquatic invertebrate species has always been essential background
for water quality assessment and leeches (Clitellata: Hirudinida), which are at the top of the benthic invertebrate
food chain, are hence a group of principal importance. To study the biological and habitat requirements of free-
living leeches, 109 sites of running and stagnant water were sampled in the Czech Republic, between 2007 and
2010. The morphological characteristics of the sampling site, chemical parameters of the water and climatic data
were available for each site. Leeches were collected by hand, counted and identified. In total, seventeen species
of genera Alboglossiphonia, Glossiphonia, Helobdella, Hemiclepsis, Theromyzon, Piscicola, Haemopis, Hirudo,
Dina and Erpobdella were recorded. Environmental and species data were used in the analyses. The optima of
twelve environmental variables for nine common species were compared using boxplots. The structure of the leech
data set was recognised by cluster analysis, where eurytopic species formed a distinct group, well separated from
all other species, which was further subdivided according to their ecology. Predictive models designed for seven of
the leech species, revealed significant variables, which determined species occurrence and the extent of the effect
of these variables. The most frequent significant variables were the type of habitat (lotic or lenitic) and the mean

annual temperature.

Key words: Hirudinida, cluster analysis, species optima, predictive models.

Introduction

Most of the Central European leech species are
adapted to lower water quality, and above all to higher
trophy, from beta-mesosaprobic to alpha-mesosapro-
bic (water saprobity by Kolkwitz & Marsson 1909).
In such waters, hundreds of individuals of common
species, e.g., Erpobdella octoculata or Helobdella
stagnalis, inhabit one sampling site (Schonborn 1985,
Kutschera 2003). Hirudinida can therefore serve as
good indicators of organic pollution (Sladecek &
Kosel 1984, Koperski 2005). Despite broad and sys-
tematic research into this group, the ecology of some

of the rare species is poorly known. The life strategy
and life cycles of the common species are the most-
studied areas of leech biology (Mann 1957a, Mann
1957b, Elliott 1973, Learner & Potter 1974, Davies
& Reynoldson 1976, Maltby & Calow 1986a, Maltby
& Calow 1986b, Mason & Sayers 2005). Co-exist-
ence or competition of related species in one family
(Calow & Riley 1982, Milne & Calow 1990) or in
one genus (Dall 1983, Schenkova et al. 2007) are fur-
ther well-known research topics. In such studies, not
only rare, but also less abundant common species are
seldom covered and therefore their ecology on a large
scale is only partly known.
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There are only a few ecological studies based in
the field, which summarise the response of Hirudi-
nida species to various environmental variables on
a larger scale (Bennike 1943, Mann 1955, Elliott &
Mann 1979, Sladecek & Kosel 1984, Kosel 1988,
Kosel 1989, Koperski 2006, Moser et al. 2006); un-
fortunately, these mostly refer to relatively small geo-
graphical areas. Focusing solely on stagnant (Young &
Ironmonger 1981, Spelling & Young 1987) or running
water (Grosser et al. 2001, Koperski 2005, Koperski
2010) is a further limitation. Predictors of species
richness and composition of the leech assemblages
were revealed within a large-scale study on freshwater
leeches (Kubova et al. 2013), however, there was no
inclusion of species ecology.

To fill the gap in knowledge concerning the eco-
logical demands of leech species, we focused on leech
assemblages across the Czech Republic (Central Eu-
rope). Twenty-four species from five families have
been reported in this territory: ten in the family Glos-
siphoniidae, four in the Piscicolidae, seven in the Er-
pobdellidae, one in the Haemopidae, and one in the
Hirudinidae (Schenkova et al. 2009). The main object
of our study was therefore to evaluate the responses
of leeches to various physical, chemical and morpho-
logical variables covering the lotic and lenitic habitats
and mutually compare their responses between lotic
and lenitic environments. To include the whole range
of selected variables, we extended our study sites be-
yond the commonly sampled pool, to include those
where leeches do not usually occur, such as brooks at a
higher altitude. Appropriate mesohabitats were chosen
to cover the whole spectrum of preferences of free-
living species. Using such a data set, we were able to
evaluate the response of single species to the gradient
of environmental variables.

Our main targets were (1) to evaluate ecological
valences in various environmental parameters for se-
lected species and (2) to test the response of species in
lotic and in lenitic habitats separately.

Material and methods

Study area

Leeches were sampled from April to June in 2007-2010 in
109 sites from running (51) and stagnant (58) water; each
site was sampled once. With respect to leech occurrence, four
areas were selected: the Bohemian Uplands Protected Land-
scape Area, the Zd'arské vrchy Hills (the Bohemian-Moravian
Highlands), the Namést' nad Oslavou territory (the Bohe-
mian—Moravian Highlands) and the South Moravian Lowlands
(Fig. 1). These represented the main types of landscapes in the

Czech Republic that are rich in water bodies and covered the
main environmental gradients, as well as the gradients of lati-
tude and longitude.

Field sampling and laboratory procedure

Within each area, sites were selected to sample the whole
gradient of altitude, stream width in running water, the total
area in stagnant water, depth, substratum composition, and the
composition and amount of the littoral/riparian vegetation. The
majority of water bodies in the study area (960-1,440km?)
were sampled. At first, the type of habitat was determined at
each sampling site as categorical variable: lotic, i.e. water with
at least slow current (brooks, streams), and lenitic, i.c. wa-
ter with absence of current (ponds, reservoirs). At each site,
10m of shoreline was chosen for sampling. This sampling
line included the different mesohabitats available at the site
(Kubova & Schenkova 2012). The amount of littoral/riparian
vegetation was estimated as a percentage of shoreline covered
by macrophytes within the selected sampling line. Leeches
were collected manually according to the hand-collecting
method (Elliott & Mann 1979, Kosel 1988). The coarse sub-
stratum, macrophytes, wood and different submerged objects
were checked. We collected leeches for 30 min at each site, to
standardise sampling time (Kubova & Schenkova 2012). Live
leeches were transported from the field to the laboratory, where
they were narcotised by a gradually increasing concentration of
ethanol to a final level of 70 % and, after their death, the mucus
was removed from their bodies. Leeches were then transferred
onto paper saturated with 4 % formaldehyde to strengthen their
bodies (Kosel 1988) and stored in 4% formaldehyde. They
were identified according to Neubert & Nesemann (1999) and
Grosser & Nesemann (2004). The abundances of adult leeches
only were used for all statistic analyses.

The GPS position was directly measured in the field and
used to obtain the altitude and the climatic conditions (i.e.,
mean annual temperature, mean January and July temperatures
and the annual precipitation) based on Tolasz (2007), in the
ArcGIS 8.3 program (ESRI 2003). The pH, conductivity, dis-
solved oxygen and water temperature were measured in situ by
portable instruments (WTW Multi 340 i/SET) twice-weekly at
each site, and the mean values were used in analyses, to reduce
the effect of short-term excesses. The concentration of nitrates,
ammonium and orthophosphates, total carbon and total nitro-
gen were evaluated in the laboratory from water samples. The
percentage of the canopy above the whole water body (lenitic
habitats) or above the sampling river stretch (lotic habitats) was
estimated in the field. The percentage of shoreline with littoral/
riparian vegetation was also estimated in the field.

Substrate composition was estimated as a percentage of
particle size categories in the field and converted on the phi
scale (Hynes 1970, Gordon et al. 1992); phi values were then
used for the respective statistic analyses.

The quantity of all benthic macroinvertebrates was re-
corded, to obtain information concerning food availability.
Samples of the benthos were collected by three-minute kick-
sampling using a hand net with 250 um mesh size. All habitats
were sampled proportionally. The number of individuals from
the total macrozoobenthos, Oligochaeta (sensu oligochaetous
Clitellata; Erséus 2005), Mollusca, Ephemeroptera, Plecoptera,
Trichoptera and Chironomidae were counted and entered the
analyses; the other very low abundant taxa were excluded from
further evaluation.
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Fig. 1. Map of the Czech Republic, showing all sampled sites.

Data analyses

Cluster analysis was used to arrange leech species into groups
of similar ecological requirements. After data (abundances of
all species) standardisation, Ward’s method with Manhattan
distances as the linking method was used to get the most objec-
tive results.

Ecological preferences for leech species recorded at eight
and more sites were visualised using box plots. Box plots for
eight leech species and 12 selected environmental variables
were constructed, based on the originally measured values,
weighted by the abundance of each species at particular sites.
The median, minimum and maximum values and the upper and
lower quartile were depicted as box plots. The original values
were shown on the x-axis.

Predictive generalised linear models (GLM) based on an
assumed relationship between the mean response variable and
the linear combination of the explanatory variables was used
to determine the explanatory variables that were significant for
species with eight and more records. All variables were entered
into the analysis in linear and quadratic shape, the interactions
between variables were not included into the model formulae.
As all climatic variables (temperatures and precipitation) were
strongly correlated (Spearman’s rank correlations rs >0.795, p
<0.001), only mean annual temperature was used in the analy-

sis. For testing diet preferences, the total abundance of macro-
zoobenthos and numbers of Oligochaeta, Mollusca, Ephemer-
optera, Plecoptera, Trichoptera and Chironomidae entered the
analysis stepwise. Two models were computed for each spe-
cies: one model based on the Poisson (quasipoisson in the case
of over-dispersion in the data) distribution, recommended for
the abundance data, and another model with logarithmic dis-
tributions. Poisson models were tested by the Chi-squared test
at the p=0.05 significance level, quasipoisson models by the
F-test and logarithmic models by the #-test at the same signifi-
cance level. The accuracy of final models was checked using
the distribution of residuals and Cook’s distances. In the case
when both models for one species complied with both criteria,
Akaike’s information criterion (AIC) and the number of param-
eters were the deciding factors (Guisan & Zimmermann 2000).
Seven final models complied with all the criteria.

Based on the predictive models, graphs with selected leech
species and mean annual temperature were constructed. The
original discontinuous data were used to predict continuous se-
quences within the observed range in the models, which were
depicted separately for lotic and lenitic habitats in the respec-
tive graphs.

Species and environmental data were analysed using the
statistics program Statistica (StatSoft Inc. 2001) and program
R, version 2.10.1 (R development core team 2010).
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Results
Species composition

Overall, 4,547 individuals of 17 leech species were
found (Table 1). The maximum number of leeches
(295) was found at the stagnant water site in the Bo-
hemian Uplands, and the maximum abundance of one
species (208 specimens) was recorded for Helobdella
stagnalis. We counted the total abundance and fre-
quency of each species in lotic and lenitic habitats,
both separately and together (Table 1).

The structure of the leech data set was revealed
using cluster analysis, which divided the whole as-
semblage into two main clusters (Fig.2). The first
cluster (A) was composed of eight more or less com-
mon species, which were recorded at ten or more sites.
Erpobdella octoculata, which was found at 71.6 % of
the observed sites (Table 1) was the last species to join
the cluster (Fig. 2). The remaining species of cluster A
formed two subgroups. The first group included three

species (E. vilnensis, Glossiphonia complanata and
G. concolor), which inhabited both lotic and lenitic
habitats, but preferred habitats where the mean annual
temperature did not exceed the mean values of the ob-
served range. The second subgroup included four com-
mon stagnant water species. Two of these, Theromyzon
tessulatum and Hemiclepsis marginata, were almost
absent in lotic habitats and preferred less organically
polluted sites, whereas two other rather eurytopic spe-
cies, Alboglossiphonia heteroclita and H. stagnalis,
inhabited similar, but more polluted sites in both lotic
and lenitic habitats. The second cluster (B) included
nine species, formed again from the two smaller sub-
groups. The first of these included free-living species
of genus Alboglossiphonia: A.striata and A. hyalina,
and the parasitic Piscicola geometra. Both species of
the genus Alboglossiphonia are quite rare in the Czech
Republic and prefer similar lenitic mesohabitats with
macrophytes. Piscicola geometra was not rare, but
with the sampling method used, their numbers should

Ward's method
Manhattan distance

ErpOcto
ErpViln

GloComp
GloConc
HelStag ,

|_
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HemMarg
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DinLine
HirMedi
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AlbStri
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Fig. 2. Cluster analysis diagram for all leech species with displayed link distances. Species abbreviations: AlbHete — Alboglos-
siphonia heteroclita, AlbHyal — Alboglossiphonia hyalina, AlbStri — Alboglossiphonia striata, DinLine — Dina lineata, ErpOcto
— Erpobdella octoculata, ErpTest — Erpobdella testacea, ExpViln — Erpobdella vilnensis, GloComp — Glossiphonia complanata,
GloConc — Glossiphonia concolor, GloNebu — Glossiphonia nebulosa, HaeSang — Haemopis sanguisuga, HelStag — Helobdella
stagnalis, HemMarg — Hemiclepsis marginata, PisGeom — Piscicola geometra, PisHara — Piscicola haranti, TheTess — Theromyzon

tessulatum.



Tolerance, optimum ranges and ecological requirements of free-living leech species 171

9°LT ST 6 I 6t 6 LOT I 9LE 0Ts (ST6T “ZoIMAINSIT) SisuaUjia vjjopqod.y

0 0 0 0 61 I I I 60 I (zz81 “Ausiaeg) vaovysay vjjapqodiy

618 97 49! I 6CS 61 Sel I 91L 58T (8SL1 ‘snovuur) p1pIN20320 DljAPqOdIT

0 0 0 0 61 I I I 60 I (PLLY TSN Q) vpwaul] puiq

L1 41 4! 4! 0 0 0 0 60 41 8GLT ‘SNORUUIT SYDUIDIPIUL OPILIE]

9'8 I 0T I 61 I I I S¢S 0€ (86L1 ‘snoeuur) vansmsuns sidowavy]

0 0 0 0 61 I I I 60 I 0961 ‘Kuref pun.avy vjoo19s1d

11 I 4 I 61 4 4 4 €L 44 (8SL1 ‘snaeuur) n.4Jauioas jod1osidg

8¢ I 9 I 6'S € ¢ I 70T 9% (PLLT TOIMIN "d Q) wnp[nssa) uozAuiody |
vy 4 4 I 86 I I I 9'9C 66 (PLLT “OIMIA o "O) vivutsivut S1sdojorudf]

€09 L 80¢ I 'Sy S 43 I €S YLL (8SL1 ‘snoeuury) sypusnis vjjapqolfy

a3 ST 4 I 8L 4 ST I $'s €€ ¥961 ‘oqres| vsojnqau pruoydissorn

€01 ST L I 8L S S ! 6 1€ (8881 “Ayyedy) .Loj0ou0d viuoydissorn
v'Te € 4 I Ty 14 €€ I Tlg 881 (8SL1 ‘snoeuury) vipup)duios v1uoydissoln

s I ¢ I 61 € € € L€ 8 (8881 Ayyedy) vypris viuoydissojsoqry

L1 4 z z 6¢ 4 z 4 LT 9 (PLLT “WIMIN d Q) putpvdy viuoydissoi3oqry
v S 29 I 86 4 81 I S91 97T (19L1 ‘snoeuury) vy1j20.42}2y v1UOYdISSOISOq]Y

(59318 dNIUd] (sa1s dpo[ (9318 30
JO 94) 3UALINIIO JO 2/) dUILINII0 9/) UILINII0 s[enpialput

Jo Aduanbauay ugIpow  Xewl uru Jo Kouanbaay uBIpowW  Xewl uru Jo Aduanbauay u sa19adg

ST ETHCY |

sye)Iqey oo

‘K1oreredas pap10oal o1oMm SIB}IqRY OIIUS] PUE O1jO] Ul
sa10ads Jo (se1oads yora JO 90ULINI0 PIM SIS JO 9Feiuaiad oy se pake[dsip) sarouanboiy pue seouepunqe :sas Jurpdwes [[& Je sa10ads Jo sorouonbaly pue soouepunge (8107 *| d|gel



172 Nela Kubova and Jana Schenkova

@) (b)

Erpobdella octoculata ! !
Erpobdella vilnensis } }
Glossiphonia complanata } l
Glossiphonia concolor . }
Alboglossiphonia heteroclita
Helobdella stagnalis
Hemiclepsis marginata } }
Theromyzon tessulatum }

Piscicola geometra } }

6 7 8 g 10 100 300 500 700
mean annual temperature °C altitude ma.s. L
© (d)
Erpobdella octoculata t I
Erpobdella vilnensis } }
Glossiphonia complanata ! !
Glossiphonia concolor ! !
Alboglossiphonia heteroclita  —— }
Helobdella stagnalis f !
Hemiclepsis marginata ———— :
Theromyzon tessulatum + }
Piscicola geometra ——  —
10 15 20 25 30 6 -4 -2 0 2 4 6 8
water temperature °C phi

©) (F)

L
T

Erpobdella octoculata
Erpobdella vilnensis

Glossiphonia complanata ;
Glossiphonia concolor
Alboglossiphonia heteroclita {
Helobdella stagnalis '
Hemiclepsis marginata ;
Theromyzon tessulatum !

Piscicola geometra L I
[T NATH - 1 1 11 1 11 ]

20 40 60 80 100 O 20 40 60 80 100
canopy % vegetation %

T

Fig. 3. Environmental preferences for species with more than eight records and selected variables. Displayed values are weighted
by the abundance of a particular species. — min, max (except the outlying values), — 25 %-75 %, | median. Tick marks pointing
upwards indicate the distribution of measured data.

have been underestimated when taking into consid-  pis sanguisuga, both of which prefer colder habitats,
eration its parasitic life. The second subgroup included  and four other species that are very rare in the Czech
one rare species, G. nebulosa, and the species Haemo-  Republic and were found only once during sampling.



Tolerance, optimum ranges and ecological requirements of free-living leech species 173

9 ()

Erpobdella octoculata

Erpobdella vilnensis

—_—t—
Glossiphonia complanata ————
e
|

Glossiphonia concolor

Alboglossiphonia heteroclita
Helobdella stagnalis
Hemiclepsis marginata

Theromyzon tessulatum
Piscicola geometra

'_|_|,|_]_|‘_|,|,|,I|,|_|_-F|,|Illllllllllll. Il y ',|,|,|,|,|,|,|,|IJJI1II! 11 ! l!III 1 ! 1 !
0 5 10 15 20 25 00 02 04 06 08 10

dissolved oxygen  mg/L PO,*> mg/L

(i)
Erpobdella octoculata .
Erpobdella vilnensis }
Glossiphonia complanata i
Glossiphonia concolor }
Alboglossiphonia heteroclita :
Helobdella stagnalis ;
Hemiclepsis marginata —_——t
Theromyzon tessulatum }
Piscicola geometra ——

Erpobdella octoculata . —p
Erpobdella vilnensis . !
Glossiphonia complanata ' ]
Glossiphonia concolor ! !
Alboglossiphonia heteroclita — }
Helobdella stagnalis } -
Hemiclepsis marginata } }
Theromyzon tessulatum - ¢

Piscicola geometra } ——————
| LT TL T T TN O T T ] L LR L T N
0O 5 10 15 20 25 30 35 O 1 2 3 4

NO, mg/L NH,* mg/L

4

Fig. 3. Continued.

Species environmental optima able variables, but only those where species responses
were different from each other were presented.
For the visualisation of the differences between the The mean annual temperature and altitude (Fig. 3a,

environmental optima of particular species, box plots  b) represent the climatic variables. The thermophil-
were used (Fig. 3). These were prepared for all avail-  ous species (4. heteroclita and H. stagnalis) preferred
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warmer sites at lower altitudes, whereas G. compla-
nata and Theromyzon tessulatum had an optimum in
colder sites at higher altitudes. Other species are rather
eurytopic and the climatic variables were not limiting
for these.

Water temperature, substratum, canopy and vegeta-
tion (Fig. 3c—f) are variables that characterise the type
of habitat. Water temperature was the most fluctuating
variable. The optimum of single species is connected
to their affinity to the habitat type (lotic, lenitic) and
partly to altitude. The substratum composition repre-
sented by the phi value was also related to the habitat
type. Most of the leech species preferred a coarse sub-
stratum; only the parasitic Hemiclepsis marginata and
T tessulatum preferred sites with a fine substratum.
The canopy and vegetation represented the macro-
phytes above and inside the water body, respectively.
The canopy had an influence on the stability of the wa-
ter temperature and was usually higher in lotic habitats
in contrast to water vegetation (macrophytes), which
was more abundant in lenitic habitats. The parasitic
species preferred sites with a higher percentage of
vegetation.

Among the chemical variables, dissolved oxygen
(Fig.3g) is a variable that changes considerably in its
dependence on time, microhabitat, or water flow. All
the species, with the exception of A. heteroclita and
P. geometra had an optimum of dissolved oxygen of
about 10mg 1!,

The amount of phosphates (Fig.3h) represented
the trophy of observed habitats and most of the species
preferred the mean concentrations. Erpobdella viln-
ensis and two small species, H. stagnalis and mainly
A.heteroclita, were very tolerant and had optima at a
high concentration of phosphates. For this chemical
variable, we noted the highest range of species optima.
The species optima did not strongly differ according
to total carbon and ammonium ion concentrations,
contrary to total nitrogen and nitrates, higher values
of which were limiting for A. heteroclita, H. stagna-
lis and P. geometra (Fig.3i-1). Theromyzon tessula-
tum only preferred very low concentration of nitrates
(Fig. 3k).

Predictive models

The most parsimonious predictive models for seven
selected leech species (A. heteroclita, G. complanata,
H. stagnalis, Hemiclepsis marginata, T tessulatum,
E. octoculata and E. vilnensis) were computed (Table
2). Final models were computed from the Poisson or
quasipoisson distributions, and in quasipoisson, the

dispersion parameter was noted. Variables significant
for species distribution (p <0.05) were selected from
all variables and the type of species response was re-
corded (Table 2). The categorical variable, type of
habitat (lotic or lenitic), was significant for all selected
species and those habitat types for which the abun-
dance of each species was predicted to be higher is
shown in Table 2. Only G. complanata and E. vilnensis
preferred lotic habitats. For both of these species, the
mean annual temperature and ammonium ions were
the most decisive variables, together with the substra-
tum composition for G. complanata. All other species
were more abundant in lenitic habitats and the signifi-
cant variables were more diversified. In addition to the
mean annual temperature, we noted the importance of
substratum composition and water chemical param-
eters.

Species response curves to mean annual
temperature

Mean annual temperature was significant in the major-
ity of predictive models; hence, the response curves
of three common species (E. octoculata, E.vilnen-
sis, G. complanata) to this variable were constructed
(Fig.4). The significant effect of mean annual tem-
perature was expressed for lotic and lenitic habitats
separately, to allow better comparison both within and
between species.

For two out of three dominant species (E. octocu-
lata and E. vilnensis), mean annual temperature was
significant for both linear and quadratic shapes in both,
lotic and lenitic habitats. These models were used for
creating species response curves and their quadratic
shapes were visualized (Fig. 4). Erpobdella octoculata
was more frequently recorded in lenitic habitats and
it had a lower temperature optimum in lenitic then in
lotic habitats. The temperature optimum of E. vilnen-
sis in both habitats was similar, although this species
preferred lotic habitats. In contrast to two previous
species, quadratic shape of mean annual temperature
for Glossiphonia complanata was significant only in
lotic habitats (Fig.4). G.complanata was less abun-
dant than two previous species and preferred colder
sites in lotic habitats.

Response curves were not produced for the other
species, because of their relatively low abundances
and/or small numbers of records, which were further
reduced by division between the two habitat types.
The input data for creating predicted sequences were
weak and curves had a low predictive effect.
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Fig. 4. Significant curves (p <0.05) of the common species response to the mean annual temperature, based on the quadratic predic-
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Discussion

Factors determining leech assemblage
composition

In this study, 17 out of 24 species reported from the
Czech Republic (Schenkova et al. 2009) were found.
The type of habitat (lotic/lenitic) was an important
determinant of leech occurrence (Table 2); generally,
we recorded higher abundances (of common species)
and lower total species diversity in lenitic than in lotic
habitats. Conversely, out of the total of seventeen spe-
cies found, sixteen were present in lotic habitats, with
only Hirudo medicinalis being absent, and only four-
teen were present in lenitic habitats.

The cluster analysis identified two main clusters
with eight common species in cluster A and nine less
common and rather rare species in cluster B (Fig. 2).
Such a division suggests species grouping according
to two main leech life strategies: broad ecological
valences for one part of leech species, where habitat
preferences of a particular species are rather a quanti-
tative function (Sawyer 1974), and alternatively, more
specific ecological requirements for another group of
leech species with special habitat preferences that en-
able them to inhabit only a few suitable sites with a
certain combination of environmental characteristics.
The habitat requirement of seven out of eight species
from cluster A with the exception of G. concolor, were
described using predictor modelling (Table 2).

Habitat preferences of common leech species
(cluster A)

Erpobdella octoculata is the most common Central
European leech, although its occurrence was restricted

in hard water (Mann 1955). We found it at various site
types from clean brooks to eutrophic ponds. This spe-
cies is tolerant to the complete range of water qual-
ity and chemical conditions (Elliott 1973, Elliott &
Mann 1979, Grosser et al. 2001) and has even been
considered a low water-quality indicator (Sladecek &
Kosel 1984, Koperski 2005). We recorded the highest
abundances in water with sufficient, but not an over-
abundance, of organic matter, which provided enough
available diet (indirectly via benthic invertebrates
feeding on it and later serving as a prey). A suitable al-
titude with an optimum of 300—500 m a.s.l. in predic-
tive models, substituted by a mean annual temperature
with an optimum of about 7 °C in stagnant and 8 °C in
running water, respectively, was another crucial con-
dition for the occurrence of E. octoculata. A negative
correlation with the canopy in this model showed that
it preferred unshadowed waters, which created slightly
higher temperatures.

The most abundant and frequent running water
species, E. vilnensis, is common in Central European
running water (KosSel 1989, Neubert & Nessemann
1999, Koperski 2006). At the intermediate altitudes,
E. vilnensis was syntopic with E.octoculata, how-
ever, E.vilnensis was almost absent from the south-
ern Moravian territory (lower altitudes), where both
lotic and lenitic habitats had higher temperatures and
were more productive. On the contrary, E. vilnensis
was more frequent and abundant than E. octoculata at
higher altitudes. A surprising result was the tolerance
of E.vilnensis to high concentrations of all analysed
chemical variables. Considering its preference for
higher altitudes and lotic habitats, which are usually
less affected by chemical pollution, these results were
not expected. Van Haaren (2004) only indicated a spo-
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radic occurrence of E. vilnesis in lowland brooks and
ditches, but the high tolerance of E. vilnensis to chemi-
cal pollution has not been so far discovered. Erpob-
della octoculata and E. vilnensis niche portioning is
probably controlled by temperature, which rather than
chemical conditions, regulates differences in their life
cycles (Schenkova et al. 2007).

Glossiphonia complanata is an evenly distributed
species in all types of water bodies: lakes, ponds,
marshes and running water (Bennike 1943). We re-
corded G.complanata in both habitat types, with a
preference for lotic habitats. This species was syntopic
with G. concolor and G. complanata, which, however,
did not reach the same abundance. We found that
G.complanata preferably inhabited water at higher
altitudes and water with a sufficient amount of phos-
phates. These preferences, together with tolerance to
a higher amount of nitrates and ammonium ions, also
reported by Grosser et al. (2001) and Koperski (2005),
enabled this species to colonise habitats with a high
supply of both oxygen and organic matter. Organic
matter was also essential for the occurrence of mol-
luscs, the main component of its diet (Elliott & Mann
1979, Neubert & Nesseman 1999).

Infrequent records of G.concolor confirmed its
previously reported preference for stagnant water or
slowly running water from lowlands to moderate el-
evations (Kosel 1989, Neubert & Nessemann 1999,
Koperski 2006, Schenkova et al. 2009). Unfortunately,
its ecological requirements have not yet been statisti-
cally evaluated, also based on insufficient frequencies
in previous studies. New information concerning its
ecological valences was the unusual combination of
preference for habitats with a coarse substratum, typi-
cal for the genus Glossiphonia, and the high percent-
age of canopy and littoral/riparian vegetation. Its pref-
erence for shore covered with vegetation, separated its
optimum habitat from the other congeners, G. compla-
nata and G. nebulosa.

Theromyzon tessulatum was almost absent from
lotic habitats. Its preferred sites were ponds with
abundant water birds. Its chemical preferences (e.g.,
the amount of oxygen, phosphates or total nitrogen)
and saprobe status did not considerably differ from
those reported from the Czech Republic (Kosel 1989)
and Germany (Grosser et al. 2001). Similar to Mann
(1955), we recorded distinct behaviour in different
size categories: small individuals were almost exclu-
sively attached to the vegetation, whereas large, adult
specimens were also found on the underside of stones.
Such a strategy enables young leeches to more eas-
ily attach to birds for feeding and consequently grow

to mature size. Adult leeches that do not feed but are
breeding (Mann 1955), are safer under the stones
(Sawyer 1986).

Hemiclepsis marginata is a species that strongly
prefers lenitic habitats, often weedy ponds (Mann
1955, van Haaren 2004). We usually found H. margi-
nata on submerged vegetation, most often in eutrophic
ponds with a muddy bottom, higher water temperature
and sufficient fish stock. We recorded the importance
of fine substratum and nitrates in the predictive model.
In contrast to species with similar habitat preferences,
such as H.stagnalis or A. heteroclita, Hemiclepsis
marginata did not prefer high concentrations of chem-
ical variables, especially phosphates. An unexpected
finding was that this species was not abundant at the
southernmost sites (with the highest mean annual tem-
peratures) and at sites at the lowest altitudes with the
richest fish stocks. Higher values of chemical param-
eters were probably limiting at these habitats. Such
ecological valence might be the cause of its recent
classification among high quality indicator species
(Koperski 2005).

The most common species of the family Glossi-
phoniidae was H. stagnalis. The ecological status of
this species is still rather ambivalent. It occurs in heav-
ily organically polluted waters and is considered as
an indirect indicator of such conditions (Mann 1955,
Sladecek & Kosel 1984, van Haaren 2004), whereas
in Poland, it belongs to a group of species that indi-
cates high quality water (Koperski 2005). The expla-
nation might be due to its tolerance of high content
of phosphates on the one hand, and to limiting total
nitrogen and nitrates on the other (this study, Grosser
et al. 2001). The latter limitation might cause an un-
desirable increase in nutrients without any positive ef-
fect on habitat conditions or the amount of available
diet, which is one of the most important parameters for
the occurrence of H. stagnalis (Elliott & Mann 1979,
Sawyer 1986).

Alboglossiphonia heteroclita is a eurytopic species
that often inhabits eutrophic sites with a high amount
of phosphates, a muddy bottom and a low amount
of oxygen (Mann 1955, Schenkova et al. 2009), i.e.,
habitats which provide sufficient food, particularly
oligochaetes, chironomids and molluscs. The impor-
tance of phosphates was confirmed by the predictive
model, which explained a high percentage of the vari-
ance. The tolerance of 4. heteroclita to water pollution
was much higher, and its oxygen requirements lower,
than those recorded in Germany (Grosser et al. 2001).
This discrepancy might be caused by differences in the
sampled habitat types; lotic habitats sampled in Sax-
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ony (Germany) might not be polluted to a similarly
high level as some of the lenitic habitats (fish ponds)
included in our study. As a species that prefers lenitic
habitats (Mann 1955, Kosel 1989, Koperski 2006),
A. heteroclita cannot be evaluated on the basis of lotic
habitats only and the indication value and saprobe
optimum of A. heteroclita should be re-evaluated to
a-mesosaprobity, according to Kosel (1989).

Habitat preferences of less common and rare
leech species (cluster B)

Alboglossiphonia striata and A. hyalina have not been
frequently reported from the Czech Republic (Schen-
kova et al. 2009). In this study, only a few specimens
were recorded, and therefore, it was impossible to bet-
ter describe their ecology.

Piscicola geometra is a common species in Central
Europe: the small number of specimens recorded in
this study was due to the sampling method used. Mann
(1955), who used a similar sampling method for stag-
nant as well as running water, also reported P. geome-
tra as a comparatively rare leech. The small number
of our records might also have led to its positioning in
the cluster analysis near to the rare species A. striata
and 4. hyalina, however, with a different ecology. Pis-
cicola geometra spends most of its life attached to its
fish host, and is therefore more frequently found dur-
ing fish catches. Water quality was not a limiting fac-
tor for the occurrence of this leech, but recorded num-
bers were probably underestimated in comparison to
its actual numbers (Grosser et al. 2001). In spite of few
records, our results were similar to those in Grosser’s
study (Grosser et al. 2001).

The remaining six species within cluster B were all
very rare during sampling. A small number of records
of G.nebulosa in lotic habitats and an even smaller
number in lenitic habitats, with the exception of the
dominance of 25 specimens at one site, enabled us to
calculate predictive models and visualise box plots.

Due to its semi-aquatic lifestyle, Haemopis san-
guisuga was usually found on the edge of water or
on the shore during sampling: the most typical hab-
itat was a pond with soft shores at higher altitudes.
Haemopis sanguisuga was always found as a single
specimen per site, except in one case, where 20 copu-
lating individuals at one site were found. Haemopis
sanguisuga was predominantly found in lenitic habi-
tats, not only during this sampling but also in previ-
ous studies (Schenkova et al. 2009, and unpublished
data). Concerning its altitude preferences, we recorded
this species preferentially at higher altitudes, similar

to findings by Kosel (1982), rather than in lowlands
(Neubert & Nessemann 1999, Koperski 2006).

Piscicola haranti is a species only recently reported
from the Czech Republic (Schenkova et al. 2009).
Three existing records are now supplemented by one
new record from this study. Since these records belong
to different river basins (Morava and Labe Rivers), the
distribution of P. haranti is probably wider; imprecise
determinations and confusion with P. geometra have
previously lowered its numbers.

Hirudo medicinalis is a critically endangered leech
species in the Czech Republic (Schenkova & Kosel
2005). The small populations are mostly weak and
mutually isolated by various barriers. One site with a
rather large population of H. medicinalis was included
in our sampling site set, but from this single record,
even general requirements could not be calculated.
Hirudo medicinalis populations were depleted by col-
lecting for medicinal purposes in the 19th century, and
later by the deterioration in water quality as a conse-
quence of industrial development at the beginning of
the twentieth century. Changes in the agricultural land-
scape, such as the draining of pools, led to a decrease
in the number of amphibians, which are hosts for juve-
nile leeches and H. medicinalis populations never re-
covered from these dramatic changes. Currently, even
though water quality has improved and amphibians
are more numerous, the availability of suitable habi-
tats, irrespective of problems of leech dispersion, is
still too low (Elliott & Kutschera 2011).

Dina lineata and Erpobdella testacea from the
family Erpobdellidae are further species that are not
commonly found in the Czech Republic. Similar to
Haemopis sanguisuga, Dina lineata is the second spe-
cies that is almost amphibian and it inhabits mostly
shallow littoral areas or soft banks and is scarce in
the Czech Republic. Erpobdella testacea should be
expected in stagnant water (Neubert & Nessemann
1999), but our record from running water shows that
its distribution should not be solely associated with
this habitat type.

A few leech species whose occurrence could be ex-
pected within the study area remained completely un-
discovered from various reasons. Caspiobdella fade-
jewi (Epshtein, 1961) from the family Piscicolidae
and Erpobdella nigricollis (Brandes, 1900) from the
family Erpobdellidae are relatively frequent, but both
inhabit rather large rivers with slow current (Schen-
kova et al. 2009) which were not included in the sam-
pling. Absence of Piscicola fasciata Kollar, 1842 and
Piscicola respirans Troschel, 1850 (family Piscicoli-
dae) was probably caused by sampling method inap-
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propriate to their collection (they live attached to the
fish host) and their relative rarity. Trocheta cylindrica
Orley, 1886 (family Erpobdellidae) was also not re-
corded, as it is an infrequent species with semiaquatic
life. Nevertheless, gaining information about habitat
preferences of these species is a challenging task for
further research.

Conclusions

The results of this study show the fundamental im-
portance of the type of habitat (lotic versus lenitic).
Box plots visualising the preferred ranges of twelve
physico-chemical variables of nine medium-frequent
to frequent species, enabled a comparison between the
species ecological requirements. Predictive models
based on linear regression were produced for Erpob-
della octoculata, Erpobdella vilnensis, Glossiphonia
complanata, Helobdella stagnalis, Alboglossiphonia
heteroclita, Hemiclepsis marginata and Theromyzon
tessulatum. For each of the evaluated species, certain
morphological and also chemical variables were rel-
evant. For future surveys of the ecological demands
of rare species, special sampling that focuses on their
preferred habitats will be required.
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