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1 Uvod

Sumec velky (Silurus glanis L.) se z pozice nejvétsi sladkovodni ryby Evropy (Copp et al., 2009)
tésil pozornosti odbornikd i laické verejnosti vidy. Kromé abnormadlniho vzrlstu, kdy nejvétsi
jedinci tohoto druhu dosahuji délky az 5 m a hmotnosti pfes 300 kg (Berg, 1949), podporuji
tajuplnost a medialni atraktivitu druhu kupfikladu i kusé informace o nélezu lidskych ostatki
v utrobdch sumcti (Gudger, 1945) ¢i schopnost druhu efektné lovit ,na sousi“ vodni ptaky
pomoci techniky ,beaching”, kdy v pobteznich partiich lovici jedinec opousti vétsi ¢asti téla
vodni prostredi (Cucherousset et al., 2012). Sumec velky je vSak predevsim duleZity druh
sladkovodniho rybarstvi s rocni produkci v Evropé pres 2000 t (Linhart et al., 2002), jehoz
maso je mimoradné cenéno pro svou kvalitu (Copp et al., 2009) a sumec se diky svym
rastovym moznostem i vyhlasené bojovnosti tési téz znacné pozornosti sportovnich rybar

(Carol et al., 2007; Alp et al., 2010).

Z pohledu ekologického se jednd o neobvykle kontroverzni druh. Plvodni aredl
rozsifeni druhu zahrnuje stfedni a vychodni Evropu a zapadni Asii, druh byl ovSem zavlecen i
do ¢asti jizni a zapadni Evropy (Krieg et al., 2000; Carol et al., 2007, 2009; Martino et al.,
2011). V &sti pavodniho aredlu — napf. ve Svédsku, Dansku, Finsku ¢i na nékterych lokalitach
v Recku je sumec ohroZzen a mizi (Nathanson, 1987, 1995; Froese et Pauly 2014) pfi¢emi
v Recku je misty paradoxné vytlatovan endemickym sumcem Aristotelovym (S. aristotelis)
(Economidis et al., 2000). Na uzemi, kam byl sumec velky nové zavlecen, je vSak hodnocen
jako invazivni druh s moZznym negativnim dopadem na plvodni, ¢asto ohrozené, druhy ryb
(Carol, 2007; Copp et al., 2009; Bevacqua et al., 2011; Martino et al., 2011). Sumec se tak
jesSté vice dostdva do popredi zajmu a jako obzvlasté cenné se jevi informace o chovani
druhu v pfirodnim prostfedi jak v aredlu plvodnim (napf. z dlvodu jeho ochrany na mistech,
kde je ohrozen), tak v souvislosti s lepSim pochopenim chovani druhu v nové osidleném
prostiedi jihozapadni Evropy, vyhodnocenim rizik a pfipadnou aplikaci poznatkl k eliminaci

¢i alespon zpomaleni Sifeni druhu tam, kde je nezadouci.

Zatimco védecka literatura zamérena na aspekty souvisejici s produkénim rybarstvim

a odchovem sumce v umélych podminkach je pomérné rozsahla, publikace zamérené na



chovéni druhu v pfirodé jsou pomérné vzacné (Copp et al., 2009). Dlvody lze spatfovat
predevsim v nesnadném odlovu a sledovani druhu v pfirozeném prostiedi (Carol et al.,

2007).

Metody sledovani ryb v pfirozeném prostredi zahrnuji napftiklad vizudlni pozorovani,
automatické detektory prichodu ryb na rybich prechodech, hydroakustické metody Ci
zpétné odlovy znacenych ryb (Lucas et Baras, 2000). Vyjmenované metody jsou vsak pro
ziskani informaci o chovani druhu v pfirozeném prostfedi pouZitelné zpravidla jen omezené a
zpravidla neumoznuji dlouhodobé a presné kontinualni sledovani konkrétnich individui,
které je pro zodpovézeni fady duleZitych otdzek (rozsah migrace, velikosti domovskych
okrsk(l, sezénni a denni zmény v aktivité) ¢asto potfebné. Metodou, kterd vsak dlouhodobé a
mnohdy i relativné presné sledovani individui umoziiuje, je telemetrie (Priede et Swift, 1992;

Winter, 1996; Brigger et Booth, 2003).

Telemetrie se vyuZiva pro monitoring vodnich obratlovc( od 50. let minulého stoleti
(Trefethen, 1956) a od té doby pocet praci telemetrii vyuZivajicich neustdle nartsta (Baras,
1991; Cooke et al., 2011). Principem fungovani telemetrie je oznaceni sledovanych individui
pomoci miniaturnich vysila¢li a jejich nasledné sledovani bud pfimo v terénu za pomoci
raznych pfrijimacl, anebo, v pripadé satelitni telemetrie, ziskavani dat o poloze jedincl
pomoci satelitnich druzic (Priede et Swift, 1992). Pfes nepopiratelné vyhody telemetrie i tato
metoda ma mnoha uskali. Kromé schopnosti nékterych druh( ryb se aktivné zbavovat
implantovanych vysilacl (Christholm et Hubert, 1985; Ivasauskas et al., 2012; Danék et
Kalous, 2013) je nezbytné i provérovat, zda nedochazi samotnym oznacenim sledovaného
jedince vysilackou k neptiznivému ovlivnéni, které by mohlo mit za nasledek nepfirozené
chovani (Knights et Lasee, 1996; Brigger et Booth, 2003; Holbrook et al., 2012). P¥i sledovani
ryb je obecné prijimanym doporucenim, aby vysilacka nevazila vice jak 2 % hmotnosti
sledovaného jedince (Winter, 1996). JelikoZ je vSak reakce na implantaci vysilacl druhové
specificka (Jepsen et al., 2002), je vidy doporucitelné proveéfit vliv vysila¢l na sledované ryby

experimentem v kontrolovanych podminkach.

Do soucasné doby bylo publikovano jen velmi omezené mnoistvi praci zabyvajici se
telemetrickym sledovdanim sumce velkého v pfirozeném prostredi a vSechny studie jsou

velmi recentniho data (Carol et al., 2007; Slavik et al., 2007, 2014; Slavik et Horky, 2009,



2012; Brevé et al., 2014). Napadna je absence udaji o chovani mladsich juvenilnich jedinc(

(pod 0,8 kg hmotnosti) a nedostatek udajli o chovani v prostredi stojatych vod.

Naplni této disertacni prace je pravé zhodnoceni chovani juvenilnich sumcl
v prostfedi stojatych vod (aluviadlni tané) a rovnéZ ovéreni vlivu implantace vysilacl na
(Rehdkova-Petrd et al., 2012) vznikly diky U&asti na telemetrické terénni praxi vJV Asii.
Kromé pfrihlédnuti k formalnim ndroklm na disertacni praci bylo divodem pro zarazeni
tohoto clanku i spolecnd metodika ,trackingu” ze stalych zamérovacich bodd pomoci
radiotelemetrie, i to, Ze tato praxe probihajici pod Projektem Tarsius

(www.tarsiusproject.org), byla pfimou soucasti doktorského studia.



2 Prehled o soucasném stavu problematiky

2.1 Telemetrie ajeji vyuziti

Telemetrie, tedy vyuziti elektronickych znacek pro sledovani zvifat, je povazovana za jednu
z nejdllezitéjSich metod studia chovani Zivocichll v pfirozeném prostfedi a jejich migraci
(Ropert-Coudert et Wilson, 2005). Telemetrie v SirSim slova smyslu zahrnuje pouZiti vysilac
(,transmitters“) odpovidacli (,transponders”), pripadné i ,loggerd”, tedy elektronickych
znacek ukladajicich informace do vnitfni paméti. Telemetrie umoznuje rychlou, dlouhodobou
moznost identifikace a zjisténi pozice sledovanych zvifat, ¢asto i na velkou vzdalenost a
pritom s vysokou ¢asovou a prostorovou presnosti (Lucas et Baras, 2000). Prvni telemetrické
studie z padesatych let (Trefethen, 1956) byly vzhledem k vysoké cené vysilacl a jejich
znacné velikosti omezené na velké a z hospodarského hlediska dllezité druhy. Rozvoj
technickych mozZnosti v poslednich desetiletich umoZnil nebyvaly nardst poctu
telemetrickych studii (Cooke et al., 2013) a obrovsky pokrok ve vyvoji novych specifickych
elektronickych znacek, které umoznuji sledovani sirokého spektra Zivocichl suchozemskych,
|étajicich, motskych, sladkovodnich a dokonce i podzemnich (Zuri et Terkel, 1996). Zatimco i
nékolikakilogramové satelitni znacky umoznuji dlouhodobé sledovani kytovct ¢i chobotnatcl
(napf. Mate, 1997; Venkataraman et al., 2005) existuji i miniaturni aktivni vysilace, s jejichz
pomoci je mozné sledovat dokonce i vétsi druhy hmyzu, kupfikladu brouky (Hedin et Ranius,

2002), vazky (Wikelski et al., 2006) ¢i samotarské véely (Wikelski et al., 2010).

Loggery v zakladnim provedeni je tfeba na konci sledovani ziskat zpét (napfiklad
zpétnym odlovem sledovaného jedince) nebot data se ukladaji uvnitf zafizeni, naopak
vyhodou vysilacd a odpovidacu je to, Ze informace vysilaji a data jsou tedy zaznamenavany a

ukladany ,vné” sledovaného individua bez nutnosti ziskat elektronickou znacku zpét.

Odpovidace (,transponders”) vysilaji svij signal jako odpovéd na signal pfijimaciho
zafizeni. Pasivni odpovidace nemaiji vlastni zdroj energie (baterii). Pfikladem jsou napftiklad
elektronické znacky typu Passive Integrated Tag (PIT) (Cooke et al., 2013). Vyhodou PIT je
extrémni Zivotnost, ktera neni zavisla na omezené kapacité vlastni baterie. U vysilace typu
PIT dochazi k vysilani signalu pfi dostate¢nému priblizenim (maximdalné desitky cm)
k detekénimu zafizeni, které doda PIT vysilaci energii pro vyslani signalu pomoci indukce.

Ztohoto dlvodu jsou vyuZivany PIT pouze tam, kde je zajisténa dostatecna blizkost



sledovanych jedincl k detekénimu zatizeni, naptiklad v rybich pfechodech (Aarestrup et al.,
2003). Aktivnich odpovidace, napriklad systém Dutch NEDAP Trail, maji vlastni zdroj energie
(baterie), coz umoznuje vétsi silu signdlu a detekci sledovanych individui na vétsi vzdalenost,

fadové v jednotkach metra.

Jakmile je potfebné detekovat pozici sledovaného zvifete na vétsi vzdalenost, je tfreba
pouziti aktivnich wvysilach (,transmitters”), které jsou vidy vybaveny vlastnim zdrojem
energie a vysilaji bez ohledu na pfitomnost ¢i nepfitomnost detekéniho zafizeni. Pro
sledovani rybovitych obratlovcl jsou vyuzivany aktivni vysilace trech zakladnich typa:

satelitni vysilace, akustické vysilace a radiovysilace.

2.1.1 Satelitni telemetrie
Pti satelitni telemetrii je detekovan signal vysilach pomoci druZic systému Argos nebo

Iridium. Pro samotnou lokalizaci sledovanych individui tedy neni tfeba byt v blizkosti
sledovaného zvirete, informace o pozici sledovanych jedincd jsou zpracovavany v pozemnich
druzicovych centrech a dostupné napf. pomoci internetu. MoZnost detekce pozice
sledovaného zvifete je ovSem omezena na dobu, kdy jsou druZice nad sledovanym
individuem, k ¢emuz dochazi kuptikladu v pfipadé systému Argos na rovniku jen 6x za den,
v oblastech blize k poldm pak castéji - aZz 28x (Eckert et Stewart, 2001). Pocet preletli nad
konkrétni oblasti je pevné dan specifickou stdlou drahou letu druzic. Metoda v zakladnim
provedeni je pouZitelna pouze pro Zivocichy vyskytujici se na nezaclonéném prostoru. Vodni
sloupec signal tlumi, proto metodu v zakladnim provedeni nelze pfimo detekovat pozice
zvitat zdrzujicich se ve vodnim sloupci ¢i u dna. Nevyhodou je znacnd velikost vysilacl
vazicich nékolik desitek grami i velkd nepresnost urceni pozice. U vodnich Zivocicha je
satelitni telemetrie vyuZivana kuprikladu u kytovcl (Mate, 1998), tucnakl (Stokes et
Boersma, 1999), morskych Zelv (Bentivegna, 2002) ¢i ploutvonozcl (Stewart et al., 1989),
z rybovitych obratlovcl naptiklad u nékterych druh( Zralokd, ktefi se ¢asto vyskytuji tésné
pod hladinou (Eckert et Stewart, 2001). U Zivoc¢ichim Zijicich ve vodnim sloupci, napfiklad
ryb, se pouzivaji satelitni vysilace typu Pop-up (Block et al., 1998; Wilson et al., 2005;
Erickson et al., 2011). Znacka Pop-up po externim prichyceni na rybu dokaze diky svételnym
senzorlim zaznamendvat vychod a zdpad slunce a na zakladé toho urcit pfibliznou

rovnobézku i polednik kde se jedinec nachazi. Tyto informace spolecné s dalSimi daty ze



senzorl (detektor hloubky, aj.) v sobé ukladd. V predem naprogramovany ¢as se znacka ze

sledovaného zZivocicha sama uvolni, vyplave na hladinu a odesle nasbirana data pres druZice.

2.1.2 AkKusticka telemetrie
Pri akustické telemetrii vysilaji vysilace zvukové pulzy (zpravidla 30-300 kHz), které jsou

zachytavany pomoci smérového hydrofonu, pfipadné pomoci systému stabilnich bdji
schopnych detekce signalu (Lucas et Baras, 2000; Cooke et al., 2013). Zvuk se vyborné Sifi ve
vodnim prostfedi a metoda je urcéena zejména pro praci ve sladkych vodach s vysokou
konduktivitou, ve vétSich hloubkach ¢i v marinnim prostfedi. Komplikaci pfi vyuZiti
akustickych metod je ruseni akustickych signal( zvuky, které se pfirozené ve vodnim
prostfedi vyskytuji a také casté odrazy zvukovych signdl( (ozvény) znesnadiujici urceni
spravného sméru, odkud signal prichazi. Pfi aktivnim lokalizovani je potifeba mit hydrofon
ponofeny ve vodé, coz zpravidla vyZzaduje pouziti plavidla a zna¢né omezuje moznosti
sledovani ze brehu. Zajimavou alternativou k aktivnimu sledovani pomoci smérového
hydrofonu je systém vSesmérovych detekcnich bdji (Hawkins, 1974; Heupel et al., 2006),
které umi automaticky detekovat a zaznamendvat polohu sledovaného jedince ve 3D
prostoru. Pfi Clenitosti dna &i pfi vyskytu vétSiho mnozstvi vodni vegetace vsak dochazi
k ozvéndm ¢i Utlumu signdlu v takové mite, Ze je mnohdy metoda nepouZitelna (Carol et al.,
2007). Akustické vysilace jsou téz energeticky narocnéjsi, nez vysilace radiotelemetrické
radiotelemetrie. Nejmensi akustické vysilate L-ATM-1,416 (Lotek Engineering Inc., New
market, Ontario, Kanada) dosahuji hmotnosti 0,28 g. Akustickd telemetrie je tudiz dobre

vyuzitelnd i u velmi malych Zivocichd.

2.1.3 Radiotelemetrie
Tretim zakladnim typem aktivnich vysilacl jsou ty, které vysilaji signdly v radiovém spektru

(zpravidla 30-170 MHz). Signal je zachycovdn pomoci smérové Yagi antény, pfipadné
sloZitéjsSimi automatickymi systémy (Lucas et Baras, 2000; Cooke et al., 2013). Vyhodou
metody je zpravidla mensi ruseni signalu, i to, Ze radiové viny prostupuji rozhrani vzduch -
voda a umoZiuji monitoring vodnich Zivocichli ze bfehu bez nutnosti mit pfijimaci zafizeni
ponofené pod vodou. PouZitelné jsou pro sledovani v rliznorodém prostiedi, neumoziuji
vsak sledovani Zivocichl zdrZujicich se ve vodnim sloupci morské vody a pfi pouZiti ve

sladkych vodach je rozhodujici kombinace hloubky a konduktivity vody (Velle et al., 1979). Za
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riskantni jsou povazovany vodivosti nad 500 puS cm™® & hloubky nad 5m (Lucas et Baras,
2000). Vysilace pro radiotelemetrii jsou dvou typl. Prvnim typem jsou ,Beeper
transmitters”. Vysilaji jednoduché pulzy, kazdy vysila¢ na své specifické frekvenci a pro
hledani jednotlivych individui je nezbytné na pfijimaci preladovat na konkrétni frekvence
jednotlivych vysila¢ek. Druhym typem jsou , Coded transmitters”, kde jsou vysilace odliseny
specifickou sekvenci pulzli, kterou umi automaticky dekdédovat specialni pfrijimac. Tato
metoda umoziuje za pomoci jediného pfijimade bez nutnosti preladovani frekvenci
monitorovat signdl vSech sledovanych individui. Radiotelemetrie je energeticky nejméné
naroc¢nou a zaroven i nejlevnéjsi metodou z téch, které vyuzivaji aktivni vysilace. Je vhodna i
pro sledovani velmi drobnych Zivocichl, nebot nejmensi aktivni radiovysilate se svou

hmotnosti dostavaji pod 0,2 g (Naef-Daenzer et al., 2005).

2.1.4 Senzory a programovani vysilaci
Soucasné vysilaée mohou byt vybaveny rozlicnymi senzory, které mohou monitorovat

prostiedi v bezprostfednim okoli Zivocicha pripadné jeho aktivitu ¢i fyziologické procesy.
Mezi béiné pouZivanymi senzory jsou napftiklad: teplotni senzor, detektor hloubky,
pohybovy senzor, detektor mortality ¢i EMG senzor, s jehoZz pomoci lze zjistit energetickou
spotfebu jedince (Cooke et al., 2004). Vysila¢ pak kromé své identifikace vysila kédované i
implantace a samoziejmé téz vyssi cena. PFi volbé zda vyuZit senzorové Ci klasické vysilace je

tedy tfeba vidy zvazit, nakolik jsou informace ze senzor(i v konkrétnim typu studie pfinosné.

DulezZitou volitelnou funkci vysilacd, predevsim pfi monitoringu malych individui, je
programovatelnost, kdy vysilac vysila a kdy ne. Hmotnost vysilace je az z 80 % tvorena vahou
baterii (Winter, 1996). Drobné vysilace nesou malé baterie s malou kapacitou, a tudiz u
nejmensich vysilac¢l kapacita baterie staci jen na nékolik dni provozu (Wikelski et al., 2010).
Zvlasté pri pouziti malych vysilac¢l je tedy zapotiebi, aby funkéni doba vysilace byla co
nejefektivnéji vyuzita. Vysilade lIze tedy zpravidla pfi vyrobé nastavit tak, aby vysilaly pouze
vty dny a hodiny, kdy je planovan sbér dat. Pfi dlouhodobych sledovanich je napfiklad
mozné vysilace nastavit tak, aby vysilaly signdl jen jeden den v tydnu (napf. Danék et al.,

2014).
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2.1.5 Zpusob prichyceni vysilacu
V pfipadé rybovitych obratlovcl jsou pouzivany tfi zakladni zpUsoby prichyceni vysilace:

vnéjsi prichyceni na télo (napt. Greenstreet et Morgan, 1989; Wilson et al., 2005), vloZeni
vysilaCe do trdviciho traktu (napf. Lucas et Johnstone, 1990; Jepsen et al.,, 2001) i
chirurgicka implantace (napr. Carol et al., 2007; Slavik et al., 2007). Vné&jsi prichyceni je
vyuZivano pomérné zfidka, nebot z pohledu nepfiznivého ovlivnéni sledovaného individua je
nejrizikovéjsi. Vysila¢ je daleko od tézisté ryby, coz mlze nepfiznivé ovliviiovat zplsob
plavani ryby, miZe dochazet k mechanickému poskozeni tkani v misté jeho pfichyceni a pfi
pohybu ryby v prostredi s prekazkami k odtrzeni vysilace ze sledovaného jedince (Bridger et
Booth, 2003). Metoda je tak vyuzivdna jen tehdy, kdy ostatni zplsoby oznaceni jedince
nejsou mozné (napf. pfi satelitni telemetrii ¢i u ryb smalou bfisni dutinou, napf.
Pleurinectiformes (Bridger et Booth, 2003). VloZeni vysilace do traviciho traktu je vyuZivano
pfi kratkodobych studiich. Vyhodou je malé ovlivnéni sledovanych jedinc bezprostfedné po
naznaceni. Nevyhodou je vsak zpravidla kratkodobost takovéhoto naznaceni, kdy napfiklad
pstruzi duhovi jsou schopni vysilace vloZzené do traviciho traktu vydavit az v 80 % pripadu
béhem 14 denniho sledovaciho obdobi (Mellas et Haynes, 1985). Pro provadéni
dlouhodobych studii je metoda nevhodna i proto, Ze muize negativné ovlivnit pfijem potravy
sledovanym jedincem a tim v dlouhodobéjsim horizontu i jeho kondici (Armstrong et
Rawlings, 1993). Nejcastéji pouzivanou metodou znackovani ryb pomoci elektronickych
znacek je chirurgicka implantace, jejiz vyhodou je umisténi vysilace blizko tézisté ryby (tedy
zpravidla minimalni ovlivnéni plavani), nejmensi riziko odpoutani vysilate od sledovaného

individua i neblokovani traviciho traktu (Bridger et Booth, 2003).

2.1.6 Vliv vysilact na sledované ryby
Nutnym predpokladem k reprezentativnosti dat ziskanych pomoci telemetrie je, aby

samotné znaceni jedince nezplsobovalo vyrazné abnormality v chovani sledovaného jedince.
Kromé zpUsobu pfichyceni vysilace na télo ZivoCicha hraje zdsadni roli i objem a hmotnost
vysilaCe ku vaze téla sledovaného jedince. Obecné je pfijimano tzv. ,2% pravidlo®, tedy ze
vysila¢ by nemél pfesahovat 2 % hmotnosti sledovaného individua (Winter, 1996). JelikozZ je
vsak ovlivnéni vysilacem silné druhové specifické (Jepsen et al., 2002), je vhodné vidy, pokud
je to mozné, ovérit vliv konkrétniho typu vysilace na jedince konkrétniho druhu v daném

velikostnim rozmezi. Brown et al. (1999) napfiklad pouZili vysilaCe o velikosti 6 — 12 %
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hmotnosti u juvenilnich pstruhd duhovych (Oncorhynchus mykiss), pfiéemz schopnost

plavani u takto oznacenych jedincd nebyla nikterak ovlivnéna.

2.1.7 Vypuzovani vysilaca
Chirurgicka implantace zajistuje nejmensi riziko nechténého odpoutani vysila¢e od sledované

ryby, prfesto k nému dochazi. K odpoutani vysilacky samoziejmé muize dochdzet v souvislosti
s mortalitou individua, napfiklad pti predaci. Tehdy stdle funkcni vysila¢é mUze nadale
fungovat vtéle predatora a poskytovat tak matouci informace o chovani pulvodné
naznageného jedince (viz napf. Rehdkova-Petr(i et al., 2012). Vysila¢ téZ mize z nazna¢eného
jedince vypadnout skrze Spatné zahojenou ranu, predevsim v obdobi bezprostiedné po
implantaci. Existuji vSak i mechanizmy, jimiz se znaceni jedinci vysilacl (¢i jinych cizorodych
predmétl) aktivné zbavuji. VysilaCe mohou byt aktivné vypuzovany tfremi zpUsoby: skrze
misto voperovani, skrze nedotéenou télni sténu a vypuzenim skrze travici trakt (Bridger et
Booth, 2003). Schopnost vysilate vypuzovat je druhové specificka, zatimco u nékterych
druhl je vypuzovani ¢asté, u jinych pozorovano nebylo (Jepsen et al., 2002). Prozatim byla
schopnost vypuzovat vysilate potvrzena u pstruha duhového (Oncorhynchus mykiss)
(Christholm et Hubert, 1985; Ivasauskas et al., 2012), lososa obecného (Salmo salar) (Moore
et al.,, 1990), sumecka velkého (/ctalurus furcatus) (Holbrook et al., 2012), sumecka
teckovaného (Ictalurus punctatus) (Summerfelt et Mosier, 1984; Marty et Summerfelt,
1986), kerickovce egyptského (Heterobranchus longifilis) (Baras et Westerloppe, 1999),
amura bilého (Ctenopharyngodon idella) (Schramm et Black, 1984) a slunecnice obecné
(Lepomis macrochirus) (Knights et Lasee, 1996). Z dosavadnich publikaci je zfejmé, Ze
zejména u zastupcu Celedi Salmonidae a zastupcl radu Siluriformes je vhodné schopnost

konkrétniho druhu vypuzovat vysilace ovéfit.

2.2 Sumec velky (Silurus glanis L.)

2.2.1 Zakladni informace o druhu

Sumec velky je pfislusnikem radu Siluriformes, Celedi Siluridae, pficemzZ tato Celed je
reprezentovana v Evropé dvéma druhy — sumcem velkym (Silurus glanis) a sumcem
Aristotelovym (S. aristotelis) (Kottelat et Freyhof, 2007). Sumec velky je trfeti nevétsi
sladkovodni rybou svéta a je nejvétsi ryze sladkovodni rybou evropského kontinentu (Stone,

2007). Jedna se o dlouhovéky druh dozZivajici se v pfirodé az 80 let a dorlstajici bézné 80 kg
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(Kottelat et Freyhof, 2007), na nékterych lokalitach i vétsi velikosti, uddvané maximum je 500
cm a vaha 306 kg (Berg, 1949). Sumec je dravym druhem schopnym lovit rGznorodou
potravu zahrnujici bezobratlé, ryby, ale i teplokrevné obratlovce, napfiklad ondatry, ¢i vodni
ptaky (Copp et al., 2009). Zd3 se, Ze je druhem pomérné oportunistickym (Stolyarov, 1985) a
prilezitostné dokaze vyuzivat i atypické zdroje potravy, naskytne-li se vhodna prilezitost. Ve
Francii byly na fece Tarn zdokumentovany cetné a mnohdy uUspésné pokusy sumct o lov
holub pfilétajicich se ke brehu feky napit (Cucherousset et al., 2012). Na vétsiné lokalit vsak
pfevazuji v potravé sumcl ryby, zvlasté pak druhy celedi Cyprinidae (Copp et al., 2009).
Sumec zpravidla lovi ryby mensich rozmér(, nez by bylo ocekavatelné u stejné velkych jinych
predatorli, napriklad Stiky obecné (Esox lucius) ¢i candata obecného (Sander luciopecra)

(Slavik et al, 2007).

Pfi lovu kofisti se silné uplatriuji chutové a ¢ichové senzory, sluch a vnimani pohybu
kofisti pomoci postranni ¢ary. Tyto smysly nahrazuji u sumce ponékud redukovany zrak a
umoznuji mu uspésné lovit kofist v kalnych vodach, ¢i dokonce v absolutni tmé (Pohlmann et

al., 2001).

Sumec je teplomilny druh s fyziologickym optimem 25 -27 °C (Copp et al., 2009), co se
tyCe kyslikovych podminek, je pomérné nenarocny. Jako spodni limit byva uvadéna
koncentrace kysliku 3 — 3,5 mg.I" (Mihalik, 1995), Massabuau et Forgue (1995) dokonce

uvadi schopnost druhu pre¢kavat dlouhodobé koncentrace kysliku 1,5 mg.I™.

Sumec velky je fytofilni druh vytirajici své jikry v obdobi dubna az ¢ervna, samec
vytfené jikry hlidd az do vykuleni plidku (Kottelat et Freyhof, 2007). Pohlavni dospélost
nastava u sumce velkého ve stafi 2 — 3 roky, nékdy i pozdéji. Alp et al. (2004) uvadi, Ze samci
dospivaji pri délce 830 mm a vaze 3,7 kg, samice pti délce 860 mm a vaze 4,4 kg. Orlova
(1989) oproti tomu udava, Ze k dospélosti dochdzi uz u ryb v rozmezi 57 — 66 cm a vaze 1,3 —
2,3 kg a rovnéz u dalSich autorl lze najit informaci o dospivani i u mensich jedincd, napf.
Kottelat et Freyhof (2007) uvadi dospivani u 1-2 kg ryb a Koufil et al. (1981) udavaji nejmensi
zjisténou hmotnost pohlavné zralé samice 2 kg. Obecné lze tedy predpokladat urcitou
variabilitu v hraniéni délce a vaze u dospivajicich ryb, patrné i v souvislosti s rozdilnou

rychlosti rlstu na rdznych lokalitadch. Jedince mensi nez 1 kg Ize na zakladé zndmych udaju
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povaZovat za juvenilni ryby, ryby nad 4,4 kg za dospélé. V ostatnich pripadech muize byt

zarazeni juvenilni/dospéla ryba problematické.

2.2.2 Puvodni areal rozsiieni a introdukce
PUvodni areal rozsifeni sumce zahrnuje stfedni a vychodni c¢ast Evropy a zapadni Asii.

Zapadni hranici pfirozeného rozsifeni tvofi feka Ryn (Copp et al., 2009), ale druh byl
introdukovdn do mnoha zemi zdpadni a jizni Evropy, napf. do Velké Britanie, Italie, Francie,
Spanélska, Portugalska, kde mUGZe predstavovat hrozbu pro mistni ekosystémy a druhy
(Carol, 2007; Copp et al., 2009; Bevacqua et al., 2011; Martino et al., 2011) (Obrazek 1). Ve
Spanélsku byla napfiklad z endemickych druhd v potravé sumce siln&ji zastoupena parma
Graelsova (Luciobarbus graellsii) (Carol, 2007), v mistech introdukce je téZ zkouman vliv
sumce na uhore fi¢niho (Anguilla anguilla) (Martino et al., 2011). Vliv introdukovaného
sumce na plvodni druhy je vsak jesté treba dlikladnéji provéfit (Coop et al., 2009). Naopak
vseverni Evropé (napf. ve Svédsku), kde se sumec plivodné vyskytoval, je ohrozen
klimatickymi zménami i Ubytkem vhodnych habitatld (Nathanson, 1987, 1995). Danské a

finské populace jsou dokonce uvadény jako vyhynulé (Copp et al., 2009).

S~

Obrazek 1: Rozsifeni sumce velkého (Silurus glanis L.) v Evropé a Turecku. Pdvodni aredl vyznacen Sedé,
mista introdukce Cervené. (Podle Kottelat et Freyhof, 2007 a Copp et al., 2009)

2.2.3 Ekologie a etologie druhu v piirozeném prostiedi
Sumec byva zpravidla povaZovan za druh s nocni aktivitou (Boujard, 1995; Carol et al., 2007)

a plidek vykazuje vidy negativni fototaxi (Copp et al., 2009). Studie Slavika et al. (2007) vsak

ukazala, Ze v prabéhu zimy a jarniho obdobi maji sumci aktivitu prfevazné denni. RovnéZ na
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individudlni drovni mize dochazet k rozdiliim, kdy ¢ast ryb vykazuje jiny typ chovani, nez je
na dané lokalité typické (Slavik et Horky, 2012). Dosavadni prace zabyvajici se sledovanim
sumcl v pfirozeném prostredi se vSak zabyvaji pouze rybami nad 0,8 kg a udaje o chovani
mensich jedincld chybi. Obecné Ize ocekdvat odliSné chovani mensich juvenilnich ryb, které
mohou preferovat nocni aktivitu z ddvodu nizsiho predacniho tlaku (Fraser et al., 1993;
Heggenes et al., 1993). Zarovenl sumci pfi noc¢ni aktivité poskytuje vyhodu jeho specificka
kombinace vyvinutych smysll (¢ich, hmat, sluch, vnimani hydrodynamickych viem pomoci

postranni ¢ary), které vyborné nahrazuji Spatny zrak.

Sumec byva povazovan za samotarsky stanovistni druh vykazujici teritoridlni chovani
(Slavik et Horky, 2009). Jedinci mivaji stalé odpocinkové misto (,resting place”), kde se
dlouhodobé zdrzuji, predevsim béhem dne a odtud se vydavaji za potravou, pricemz pohyb
miva charakter kratkodobych presunli (paprséité vicéi poloze odpocinkového mista)
nasledovanych delSimi obdobimi neaktivity (Carol et al., 2007). | pfes uvadénou teritorialitu
vsak byly pozorovany i pfipady shlukovani sumcu. Cucherousset et al. (2012) zaznamenal
shlukovani v souvislosti s lovem potravy. Boulétreau et al. (2011) zaznamenali shluky az 44
dospélych jedincl (ryby ve velikostnim rozmezi 120 - 210 cm) v fece Rhéné. Dlivod tohoto

chovéni je vSak neznamy.

V prabéhu roku dochazi k sezonnim zménam v chovani sumce. Slavik et al. (2007)
zaznamenali nejvétsi aktivitu sumci v letnim obdobi. V ostatnich ro¢nich obdobich byla
aktivita pomérné nizka. Obecné byva aktivita ryb, stejné jako u jinych poikilotermnich
organismi, pozitivné korelovana s teplotou (Ultsch, 1989). Navic sumec je vyslovené
teplomilnym druhem (Copp et al., 2009). Jelikoz juvenilni ryby jsou obecné citlivéjsi
k environmentalnim extrémUim (Sogard, 1997), lze oCekavat, Ze u nich negativni ovlivnéni

nizkymi zimnimi teplotami bude jesté vyraznéjsi, nez u dospélcu.

Sumec velky obyva vétsi toky ale i stojaté vody, prehradni nadrze ¢i aluvialni tané.
Mel¢i teplé stojaté vody silné zarostlé submersni i emerzni vegetaci jsou preferovanym
habitatem (Copp et al., 2009). V rlznych prostfedich se pfitom muze chovani ryb lisit
naptiklad v souvislosti s riznou rychlosti proudéni ¢i pratoku (Slavik et al., 2007) &i vlivem
rozdilné turbidity (Utne-Palm, 2002). U mélkych eutrofickych jezer a tlni téZ mlzZe dochdazet

ke kyslikovym deficitiim, které mohou chovani ryb ovlivnit, kupfikladu indukovat migrace
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(Lucas et Baras, 2001; Bauer et Schlott, 2006). V souvislosti s moznym odliSnym chovanim
sumce v rlznych typech prostredi je tak obzvlasté napadna absence praci zamérenych na

chovani druhu v prosttedi stojatych vod.

2.2.4 Pouzitelnost telemetrie pii sledovani sumce velkého v prirozeném prostiredi
Satelitni telemetrie v sou€asnosti dostupnych variantach se nezda byt efektivné pouZitelna

pro sledovani ryb v uzavienych vnitrozemskych vodach. Svymi specifiky (naptiklad jen velmi
pfiblizné urceni polohy individua) je zatim vhodna spiSe pro studium dlouhych migraci ryb,
predevsim v morském prostfedi a jen pro velké jedince schopné nést velky externé
prichyceny vysila¢. Akusticka telemetrie i radiotelemetrie s pouzitim implantovanych vysilacu
jsou naopak pro telemetrii sumce dobfe vyuZitelné. Pokud to kombinace nepfilis velké
hloubky a nizsi vodivosti dovoluje, je nejidealnéjsi pouZiti radiotelemetrie, kterd je
nejlevnéjSim pfistupem a zdroven nejpohodInéjsi z hlediska pouzivaného zamérovaciho

zafizeni a nizkého ruseni signalu.

Radiotelemetrie pro sledovani sumcl byla vyuzita ve studii Slavika et al. (2007), ktera
se zabyvala dennimi a sezénnimi zménami chovani dospélct a juvenilnich ryb ve velikostnim
rozmezi 0,81 kg — 2,6 kg v fece Berounce. Prace Slavika et Horkého (2009, 2012) v fi¢nim
prostfedi pomoci radiovysilacli s EMG senzory sledovaly spotfebu energie pfi interakci
dospélych ryb v ramci domovskych okrski a dualismus ve spotfebé energie v ramci 24h
cyklu. Studie Slavika et al. (2014) pak porovnavala spotfebu energie sumce v rliznych mistech
domovského okrsku a v souvislosti s velikosti domovského okrsku. Také v této praci bylo

analyzovano chovani dospélct v ficnim prostredi.

Akustickd telemetrie je vyuzZitelna v pripadé velké hloubky ¢i pfilis vysoké vodivosti
vody na lokalité. Byla vyuzita v pracich Carola et al. (2007) a v praci Brevé et al. (2014), ktery
akustickou telemetrii doplnil jesté pouzitim aktivnich odpovidacli. Prace Brevé et al. (2014)
se zabyvala chovanim a stanovistnimi preferencemi dospélych sumcti v fece Meuse. Carol et
al. (2007) sledoval aktivitu a stanovistni preference 5 dospélych sumcl pomoci
automatického systému trech detekénich boji (fungujicich jako vSesmérovy hydrofon).
Presto, Ze tato prace probihala v pfehradni nadrzi, habitat mél podle samotného autora

spise ficni charakter (mélka nadrz na rece s velkym pratokem).
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3 Védecké hypotézy a cile prace

V soucasné dobé chybi informace o chovani mensich juvenilnich sumcl v pfirozeném
prostfedi, chybi rovnéz informace o chovani druhu ve stojatych vodach. Lze pfitom océekdval,
Ze mladsi juvenilni ryby budou mit odlisSné chovani, nez ryby dospélé. Vhodnou metodou pro
zjisténi chovani ryb v pfirozeném prostiedi jsou rGzné telemetrické metody, zejména
radiotelemetrie, avSak pred jejim pouZzitim je tfeba ovéfit pouZitelnost vybraného pfistupu
na konkrétnim typu lokality i vliv samotného znaceni telemetrickymi vysila¢i na sledovany
druh, nebot samotné pfichyceni vysilate ¢i jeho implantace, mlze ovlivnit chovani

sledovanych individui.

Hypotéza 1: PouZitim telemetrie nedochazi k signifikantnimu ovlivnéni sledovaného
individua samotnym procesem implantace vysilace (pro konkrétni velikost ryb, typ vysilaci a

zpusob implantace specifikovanych nize v metodice).

Hypotéza 2: Pfi telemetrii miZe u sumce velkého dochdzet k aktivhimu vypuzovani

vysilacek z téla.

Hypotéza 3: U juvenilnich sumcl nebude dochazet k sezénnimu prechodu z noc¢ni na
denni aktivitu (absence dualismu v denni aktivité). Juvenilni sumci budou i v zimnim a jarnim

obdobi aktivnéjsi v noci.

Hypotéza 4: Pohybova aktivita ryb, prostorovy posun odpocinkového mista i velikost

domovského okrsku jsou silné pozitivné korelovany s teplotou.

Hypotéza 5: Kyslikovy deficit indukuje u sumce velkého signifikantni zvySeni

pohybové aktivity a migraci do kyslikovych refugii.
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Hlavnimi cili této disertacni prace je tedy:

1) Ovéreni vlivu implantace vysilac¢li na sumce velkého.

2) Ovéreni schopnosti sumce velkého aktivné vypuzovat implantované vysilace.

3) Analyza chovani juvenilniho sumce velkého v prostfedi aluvidlni tlné v pribéhu

24h cyklu a v pribéhu vSech rocnich obdobi s pouzitim telemetrie.

19



4 Material a metody

4.1 Vlivimplantace na sledované ryby - pokus v kontrolovanych podminkach

V pfipadé ovéreni vlivu telemetrie na sledované jedince je optimalnim pfistupem provedeni
pokusu v kontrolovanych podminkach. Vzhledem k omezenym prostorovym moZnostem na
pracovisti a obtizné ¢asové synchronizaci s dalSimi vyzkumnymi aktivitami byla provedena
spiSe mensi pilotni studie s mensSim mnoiZstvim individui. VyuZita byla tfi 2401 akvaria
v objektu Demonstraénich a pokusnych staji CZU. Pro zamysleny zplisob testovani byly jako

nejvhodnéjsi vyhodnoceny ryby z intenzivniho chovu v recirkulaénich systémech, kde jsou

vevys

Pokusné ryby byly ziskany z intenzivniho chovu v recirkulac¢nim systému na oteplené
vodeé firmy Jaroslav Svarc (Velka Bystfice, CR). Ryby velikosti (primér +SD) 236,5 + 21,2 g byly
privezeny do Demonstraénich a pokusnych staji CZU v Gnoru 2011. Od pdvodné zamysleného
designu pokusu, ktery pocital se skupinkami 5 ryb drzenych v jednotlivych akvariich (3
akvdria po 5 rybach, celkem 15 ryb, 10 ryb s chirurgicky implantovanym vysilacem, 5 ryb
kontrola) muselo byt upusténo kvlli zaznamenané vzajemné agresivité ryb. Pfestoze ryby
byly v pdvodnim akvakulturnim chovu drieny pohromadé ve vysokych obsadkach, po
prevozu a rozdéleni do pokusnych skupin doslo ke zpretrhani hierarchickych vazeb a nové
vzniklé silné agonistické chovani mezi jednotlivci bylo problémem, ktery mohl zkomplikovat

interpretaci ptipadnych rozdild mezi jednotlivymi skupinami ryb.

Operativné tedy bylo pristoupeno k rozdéleni jednotlivych akvarii pomoci plastovych
prepazek vidy na 4 oddily (kazdy s plochou dna 62 x 20 cm), pficemzZ v kazdém oddilu byla
vidy jen jedna ryba. Kazdy oddil byl vybaven ukrytem v podobé neprihledné plastové
trubky. Do kazdého akvaria byli umisténi 4 jedinci — vidy 2 oznaceni vysilatem a 2 jedinci

kontrolni bez implantace (Obrazek 2).

V novych podminkach byly ryby mésic aklimatizovany a preuceny na krmeni kousky
hovéziho srdce, které z hlediska snadné odstranitelnosti nespotfebovaného krmiva z akvarii

bylo vhodnéjsim krmivem, nez v akvakulturnim chovu pouzivané granulované krmivo.
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Obrazek 2: Prostfedi pokusu v kontrolovanych podminkach: A) celkovy pohled, B) detail. (Foto: Tomas

Danék)

Dne 7. bfezna 2011 byla u 6 ryb provedena implantace presnych maket vysilace MST-
930 (4 g ve vzduchu, 9,5 x 26 mm). Makety byly dodany pfimo vyrobcem skutecnych vysilact
MST-930 (Lotek Engineering Inc., New market, Ontario, Kanada). Implantace byla provedena
pod celkovou anestézii (0,2 mlI™" 2-phenoxy-ethanol). Provedeni implantaci véetné
medikace a pouzitého Siciho materidlu je detailné popsano v ¢lancich Darlka et Kalouse

(2013) a Kalouse et al. (2014) prilozenych v druhé a treti ptiloze.

JelikoZ v pfirozeném prostfedi nesnadnost uloveni potravy limituje miru nasyceni ryb,
nebyly béhem experimentu ryby krmeny ad libitum, ale pouze 2x tydné davkou rovnajici se

vidy 3 % jejich aktudlni individudlni télesné vahy.

Sledovani probihalo po dobu 75 dni, ryby byly pravidelné vazeny a zjistovana jejich
specificka rychlost ristu (SGR) potitana dle vzorce: SGR (%den™) = 100 [(Ln WF - LnWI) AT Y],
AT = experimentdlni perioda (dny), WF = finalni individuaini télesna vaha, WI = pocatecni
individudlni télesna vaha (Stejskal et al., 2009). Sledovdna byla pfipadna mortalita, pfipadné

napadné zmény chovani a vypuzovani vysilacek.

Data byla testovana pomoci zobecnénych linedrnich modeld (GLM) pomoci R
statistical software (R Development Core Team, 2012). Podrobnosti statistické analyzy dat

jsou uvedeny v ¢lanku ve druhé priloze.
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4.2 Sledovani juvenilniho sumce velkého v prirozeném prostredi
Samotnému provedeni sledovani za pomoci telemetrie predchazela dikladnd analyza
vhodnych lokalit. Aby byla studie proveditelna, bylo potieba najit lokalitu splfiujici nasledujici

kritéria:

1) stojatd voda, optimalné aluvidlni tan s pfitomnosti sledovaného druhu

2) v co nejptirodnéjsim stavu, s co nejmensim ovlivnénim ¢lovékem

3) lokalita, kterd bude uzaviena (nepropojend s tokem) a kde tudiz nebude hrozit
unik ryb a jejich dlouha migrace majici za nasledek nemoznost monitorovat
odlehlé jedince

4) lokalita optimalni velikosti, dostatecné velka, aby zde byl poZadovany pocet
sledovanych individui, ale pfitom nepfilis rozlehla, aby bylo mozné ji nejlépe
v tfihodinovych intervalech celou obsahnout a lokalizovat vzdy vSechna sledovana
individua.

5) prednostné vodni plocha protahlého tvaru s malou Siti cca do 40 m (umoznujici
snadné priblizeni ke sledovanym rybam na malou vzddalenost zarucujici presnost
zaméreni)

6) optimalné vodni plocha, kde kombinace hloubky a vodivosti umozni pouziti

radiotelemetrie.

Jako nejlepsi z provérovanych lokalit byla vybrana Bysicka tan v k. 4. Lysa nad Labem. Pres
vysokou vodivost (az 850 pS.cm™) se experimentdlné povedlo prokazat zaméfitelnost
radiovysilacd umisténych na libovolném misté dna. PouZitelnosti radiotelemetrie silné
napomohla mala hloubka tané, dosahujici maximalné 2,3 m. Tin je soucasti pfirodni
reservace Hrbackovy tliné, nepropojend s fekou, optimalni velikosti i tvaru (pfiblizné 1 km

dlouha a 40 m Siroka).

Pivodné zamysleny design pokusu pocital s cca dvouletym sledovanim 24 juvenilnich
jedincli. Pro telemetrické sledovani byla jako nejpfihodnéjsi z financniho i praktického
pohledu vyhodnocena metoda kdédované radiotelemetrie s pouZitim chirurgicky
implantovanych vysilacek bez pridatnych senzord. Bylo vyuZito vysilacek MST-930 (Lotek

Engineering Inc., New market, Ontario, Kanada) o vdze 4 g, rozmérech 9.5 x 26 mm a
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vybavenych 24 cm dlouhou externi dratovou anténou (Obrazek 3). U vysilacek bylo zvoleno
programovani 1dayON/6daysOFF, tedy 24h provozu nasledovanych vidy 6 dny v neaktivnim
stavu. Toto nastaveni mélo dle vyrobce zajistit Zivotnost vysilacek cca 438 dni pfi
dvouvtefinovém rozestupu jednotlivych pulzi (bez programovani by byla Zivotnost vysilaca

pouze 117 dni).

Obrazek 3: A) Vysila¢ MST-930 (Lotek Engineering Inc., New market, Ontario, Kanada) a B) jeho implantace.

(Foto: Tomas Danék a Miloslav Petrtyl)

Prvnich 19 jedincd bylo odloveno, oznaceno vysilaci a vypusténo v fijnu 2010. V pribéhu
sledovani v Unoru 2011 byla zjiSténa zdvada na vysilacich, kterd ovlivnila dalsi sledovani.
Vysilate az do uUnora 2011 pracovaly vsouladu spoZadovanym programovanim
(1dayON/6daysOFF), bohuzel chyba v programovani (na strané vyrobce vysilach) zpUsobila
od Unora 2011 asynchronni funkénost jednotlivych vysilaéli se zcela nepredvidatelnymi
ON/OFF periodami (viz Danék et al., 2014). Vyrobce poskytl v rdmci uznané reklamace 24
nahradnich funkcénich vysilacd. Od cervence 2011 do dubna 2012 byly tedy odloveny a
naznaceny na lokalité dalsi ryby, jimiz byly doplfiovany stavy sledovanych jedinct na lokalité.
V souctu bylo provedeno 87 diurndlnich (24 h) sledovani pomoci telemetrie. Celkové bylo
sledovano 45 jedincd ve vahovém rozmezi 203 az 1150 g (primér 358.5g, SD 216.5g) o
délce téla 285-552 mm (primér 378 mm, SD 51.1 mm).
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Vyzkum probihal na zakladé projektu pokusu (¢. 6/2010) schvaleného Ministerstvem
Skolstvi, mladeZe a télovychovy (povoleni ¢. 22103/2010-30). Prace na lokalité, ktera je
soucasti prirodni reservace Hrbackovy tliné a soudasti soustavy chranénych uzemi
evropského vyznamu NATURA 2000, byla povolena na zdkladé rozhodnuti (¢.
SZ_114123/2010/KUSK-3) vydaného Krajskym uradem Stfedoceského kraje, Odborem

Zivotniho prostiedi a zemédélstvi.

Determinace pozice sledovanych jedincli vterénu byla provdadéna pomoci tzv.
ytrackingu“ pfimo vterénu s vyuzZitim triangulace, kdy probihda zaméfeni azimutu
nejsilnéjsiho signdlu sledovaného jedince minimdalné ze dvou zaméfovacich bodu tak, aby
v optimalnim pfipadé azimuty zaméreni sviraly uhel mezi 50 a 120° (Winter, 1996). Pfi
triangulaci byl vyuZivan prijima¢ SRX 400A/W5XS vybaveny Yagi anténou F 140-3FB (Lotek
Engineering Inc., Newmarket, Ontario, Canada). Pozice vSech sledovanych jedinci byla

zjistovana kazdé 3 hodiny.

Pro presnost determinace pozice sledovaného jedince pfi triangulaci hraje zasadni
roli to, jak presné je urcena pozice bod, z nichZ je zamérovano. K zjisténi vlastni pozice byva
zpravidla pouZivano GPS zafizeni a v pfipadé studii na velkém Uzemi bez jasnych orientacnich
bodl je to také viceméné jedind moznost. Nevyhodou tohoto pfristupu je vsak nepfesnost
uréeni vlastni pozice, kterd se u bézné dostupnych GPS zafizeni pohybuje okolo 3 — 5 m
v otevieném terénu a vyrazné stoupd pti zaclonéni vegetaci ¢i pti deStivém pocasi. Tato
nepresnost v uréeni vlastni zamérovaci pozice se nasledné promita do znacné nepresného
uréeni pozice sledovaného individua. V pfipadé, Ze sledovani probihd na mensi uzaviené
lokalité, je tedy velkou vyhodou pouzit stalych zamérovacich bodu, u nichz je jejich pozice

dopredu determinovdna. Pro vytvoreni pfesné sité zamérovacich bodl bylo vyuZito:

1) podrobnych ortofotomap s jasné viditelnymi strukturami (jednotlivé ketre, kameny,
spadlé kmeny, rohy budov, atd.)

2) dlouhodobé primérovanych GPS bod(, kde dochazi k presnosti urceni pozice
v fadech desitek cm

3) dvé vySe zminéné metody poskytly zakladni sit, ktera byla doplnéna dalSimi
vmezefenymi zamérovacimi body, jejichz pozice byla determinovana vzdalenosti

(méfeno pasmem) a azimutem (méreno buzolou) od bodU zakladni sité.
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Soustava stdlych zamérovacich bod( byla vyznacena na ketich, stromech a dfevénych kulech
pomoci mechanického Stitkovace Dymo Omega (Dymo Corporation, Sint-Niklaas, Belgie),
Stitky byly k pevnému podkladu ptichyceny pomoci sponkovacky. Stitek vidy nesl &iselné
oznaceni uddvajici vzdalenost konkrétniho bodu od severozdpadniho cipu tliné (mérenou
pasmem po brehové linii). Rozestup jednotlivych znacek v terénu byl 2 — 4 m, ¢imZ byla

zajisténa determinace vlastni pozice pfi zamérovani s viceméné absolutni presnosti.

Dalsim podstatnym aspektem ovliviujici presnost zaméreni, je vzdalenost od
sledovaného zvirete. Vzhledem k tomu, Ze nami zvolend tlin méla Sifi do 40 m a dobre
pristupné oba dva brehy, z nichz bylo mozno zamérovat, vzdalenost sledovanych ryb byla
zpravidla do 20 m a vzhledem k tomu, Ze juvenilni sumci preferovali predevsim pribfezni
partie (podemleté brehy, kofeny), bylo dokonce zpravidla moZné sledované jedince
zamérovat ze vzddlenosti pouhych nékolika metrd. V nasem konkrétnim pfipadé tak bylo
mozno urcit pozici sledovaného individua zpravidla s lepsi presnosti nez 1 m (Danék et al.,

2014). Charakter lokality je patrny z Obrazku 4.

Obrazek 4: Bysicka tun. A) Elektrolov juvenilnich sumct velkych (Silurus glanis L.), B) radiotelemetrické

sledovani pomoci smérové Yagi antény. (Foto: Miloslav Petrtyl)

V prabéhu sledovani byly téZz zaznamenavany environmentalni proménné (teplota
vody, koncentrace rozpusténého kysliku, svételna intenzita, prahlednost vody). Zpusob

méreni téchto proménnych je detailné popsdn v pfiloZzenych publikacich.
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Pohybova aktivita ,Movement” byla uréena jako zména pozice sledovaného jedince
(m) za ttihodinovy interval. Pro sledovana individua byla vidy stanovena pozice
odpocinkového mista ,resting place” (viz Danék et al., 2014). Proménnad , Relocation” pak
udavala tydenni presun téchto odpocinkovych mist v ramci tliné a slouZila pro hodnoceni
stanovistni stalosti. Dale byl stanoven 24h domovsky okrsek ,,Home range” metodou MCP
(Minimum Convex Polygon). Pro analyzu prostorovych dat bylo vyuzito programu Quantum
GIS (ver. 1.6.0. “Copiap0o”); azimuty byly v mapové vrstvé vynaseny za pomoci pluginu

“Tarsius” (www.tarsiusproject.org/download).

Do analyzy vlivu kyslikovych deficitli na chovani sumce byla zahrnuta data z obdobi 2.
listopadu 2010 — 1. Unora 2011. Do studie analyzujici sezénni rozdily v aktivité v prlibéhu
denniho cyklu byla zahrnuta vsechna data (2. listopadu 2010 — 20. listopadu 2012)

s vyjimkou dat z obdobi vyskytu kyslikového deficitu (21. prosince — 28. prosince 2010).

Data byla analyzovana pomoci linedrnich smisenych modell (LMM) s vyuZitim SAS
software package (SAS Institute Inc., version 9.2). Podrobnosti statistickych analyz jsou

detailné uvedeny ve studiich ve Ctvrté a paté pfiloze.

26


http://www.tarsiusproject.org/download

5 Vysledky a diskuze
Disertacni prace je sloZzend ze 4 publikovanych praci a jednoho rukopisu pfipraveného
k odeslani. Dvé publikované prace byly uverejnény ve védeckém Casopise s impakt faktorem,

ostatni prace v recenzovanych ¢asopisech bez impakt faktoru.

Prvni prace se zabyvd zajimavym pfipadem predace zaznamenanym v pribéhu zahraniéni
praxe, ktera predchdzela vlastnimu vyzkumu. PouZitim radiotelemetrie byla prokazana
predace na nartounu filipinském (Tarsius syrichta) varanem skvrnitym (Varanus salvator). Je
znamo jen velmi malo pfimych doklad(i o predaci na tomto druhu v pfirozeném prostiedi
(Neri-Arboleda et al., 2002) a informace je zajimava i s ohledem na obvykle casové i
prostorové oddéleni nik, kdy varan je pozemnim dennim predatorem, zatimco nartouni jsou
stromovi a aktivuji vnoci. Clanek rovnéi poukazuje i na urdité obecné nebezpeti
telemetrickych metod - v pfipadé Ze dojde k predaci na sledovaném druhu, mize byt i
nékolik dni sledovan pohyb predatora namisto plvodné naznaceného druhu a sledujici
osoba se to v mnoha pfipadech nemusi viibec dozvédét. V pripadé vyznamnych abnormalit
v individudlnim chovani telemetrii sledovaného jedince je tedy vhodné, pokud je to mozné,
situaci provéfit, napfiklad dohledanim zvifete vterénu a vizualni kontrolou jedince.

Podrobnosti jsou rozebrany v ¢lanku pfilozeném v prvni priloze.

Druhd prace byla zamérena na ovéreni vlivu implantace vysilace na sledované juvenilni
sumce. K vyhodnoceni vlivu znaceni na ryby byva bézné pouzivana analyza rlstu (Martin et
al., 1995; Lacroix et al., 2004; Cooke et al.,, 2011) a rovnéz v nasem pripadé byla analyza
rastu vyuZita. Béhem nasi studie nebyla zaznamendna Zadna mortalita vysilackou
oznacenych jedincl. Prestoze v priméru byla specifickd rychlost rdstu (SGR) kontrolnich
neznacenych ryb vy3$i (0.38 + 0.12 % den™), ne? u ryb oznacenych vysilatem (0.26 + 0.11 %
den™), rozdily nebyly signifikantni a trend rlistu byl velmi podobny u kontrolni i oznatené
skupiny juvenilnich sumca. Pti rlstovych studiich v kontrolovanych podminkach byvaji ryby
Casto krmeny ,ad libitum“ (Bogut et al., 2002; Linhart et al.,, 2002; Weimer et al., 2006;

Hopko et al., 2010; Kaeming et al., 2011; Montoya et al., 2012). Takovéto podminky vsak

27



v pfirodé béiné nejsou a studie tak mohou byt vysledky takovych studii poznamenany
artefaktem umélého prostredi, kde sledovani jedinci nejsou nuceni aktivné potravu hledat a
lovit (Cooke et al., 2011). V pripadé nasi studie byly ryby krmeny omezenou krmnou dévkou,
kterd lépe imituje stav v ptirodé. | pres tyto tvrdsi podminky vSak nedochdzelo k Zadnym
mortalitam, ryby vykazovaly rlst a byly implantaci jen minimalné ovlivnény. Ristovy trend se
nelisil mezi naznadenymi a kontrolnimi rybami. Nahlé zmény v rychlosti rlstu u oznacenych
ryb mohou byt spojeny se zménami chovani, pfipadné vyznamné zmény by tedy indikovaly
nebezpeci, Ze v pripadé pouziti telemetrie vterénnim vyzkumu nebudou data odrazet
skutecnost, ale nepfirozeny stav vyvolany znacenim (Bégout Anras et al., 2003; Bridger et
Booth, 2003). Presto, Ze pocet sledovanych ryb byl pomérné nizky, na zakladé vysledk( Ize
predpokladat, Zze znacenim juvenilnich sumcl vyse specifikovanymi vysilackami nedochazi
k Zadnému vétSimu ovlivnéni sledovanych jedincl. Zajimavym zjisténim byl kratkodoby
pokles hmotnosti na za¢atku experimentu, ktery nastal jak u ryb znacenych, tak u kontrolni
skupiny. Pokles hmotnosti byl dokonce prekvapivé u kontrolni skupiny vétsi, nez u znacenych
ryb. JelikoZ znacené a neznacené ryby sdilely v akvariu stejnou vodu, predpokladame, Ze
pozorovany Ukaz mohl byt zplsoben feromony z poranénych ryb, které mohly vyvolat
stresové reakce a souvisejici ztratu vahy i u neznacenych ryb (Pfeiffer, 1977; Stensmyr et
Maderspacher, 2012). V pribéhu experimentu doslo k vypuzeni vysilac¢e u jednoho individua,
cozZ je rozebrano v samostatné publikaci. Podrobnosti ohledné vlivu implantace na sledovand

individua jsou rozebrany v ¢lanku pFilozeném v druhé pfiloze.

Treti Clanek se zabyva zjiSténou schopnosti sumce aktivné vypudit vysilacku z téla ven.
Vypuzeni vysilate bylo pozorovano vramci pokusu vakvdriich v Demonstracnich a
pokusnych stajich CZU a doslo k nému u jednoho jedince 37. den po implantaci. Vysila¢ byl
vypuzen skrz télni sténu, a sice na jiném misté, nez kudy byl do téla voperovan. Nejednalo se
tedy o vypadnuti vysilaée skrz Spatné zhojenou ranu, ale o aktivni proces, kdy je vysila¢
obalen tkani tvofenou myofibroblasty a nasledné vypuzen (viz. Marty et Summerfeld, 1986).
Schopnost druh(l vypuzovat vysilace je druhové specifickd, zatimco nékteré druhy vypuzuji
vysilace c¢asto, u jinych druh( zaznamenana nebyla (Jepsen et al., 2002). U ryb zfadu
Siluriformes byla schopnost vypuzovdani vysilacl potvrzena zatim u sumecka velkého

(Ictalurus furcatus), sumecka teckovaného (/ctalurus punctatus) a kefickovce egyptského
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(Heterobranchus longifilis) (Summerfelt et Mosier, 1984; Marty et Summerfelt, 1986; Baras
et Westerloppe 1999; Holbrook et al., 2012). Nase pozorovani je pak prvnim jasnym

dokladem, Ze i sumec velky se dokdze implantované vysilace aktivné vypudit ze svého téla.

Zjistény poznatek je dullezity ze dvou dlvodd — vprvé radé — vprabéhu
dlouhodobych telemetrickych studii, zvlasté jsou li provadény na juvenilnich exemplafich
ryb, ¢asto dochazi k situaci, kdy ndhle ustane pohyb sledovaného individua, ¢i je dokonce
pfimo nalezena samotna funkéni vysilatka na dné (zpravidla po delSim obdobi ndpadné
neaktivity sledovaného zvirete). Pokud by druh nebyl schopen vypuzovat vysilacky, byl by
takovy pfipad pomérné jasnym dikazem mortality sledovaného individua. Takto je vsak pfi
interpretaci takové situace tfeba uvaZovat i moznost, Ze se jednalo o vypuzeni vysilaCe a
jedinec stale Zije. Pokud tedy neni nalezen kadaver sledovaného jedince, nemusi se jednat o
mortalitu. Pri delSim obdobi sledovani je u druhl vypuzujicich vysilacky potfeba také pocitat
s postupnym Ubytkem ,funkénich” ryb (funkénich z pohledu telemetrie). Je tedy vhodné
zacinat s patficné vyssim poctem jedinc(, nezZ je pro zdarny pribéh studie tfeba. Rovnéi je
pfi telemetrii vhodné povaZovat za relevantni data pouze do posledniho prokazatelného
pohybu individua. Pokud je na konci sledovani dlouhodobéjsi obdobi, kdy je jedinec
neaktivni, mUZe to byt zplsobeno pravé situaci, Ze vysila¢ se v tu dobu jiZ nachazi mimo

znacenou rybu. Podrobnosti jsou rozebrany v ¢lanku pfilozeném v treti pfiloze.

Ve Ctvrtém Clanku je testovan vliv kyslikového deficitu na pohybovou aktivitu (,,movement®)
a tydenni posun odpocinkového mista (,relocation”) sumce. Prostiedi mélkych zarostlych
stojatych vod v mirném podnebném pasu byva ndchylné ke vzniku kyslikovych deficit( (Fast,
1994). Casté jsou kyslikové deficity v zimnim obdobi, vznikajici zpravidla kombinaci brzkého
zamrznuti vodni plochy a snéhové pokryvky, kterd zamezuje prichodu slunecniho zareni do
vody. Vys$si mnoizstvi tlejici organické hmoty z podzimniho opadu listi v kombinaci se
zamezenou fotosyntézou a nemoznosti difuze plynu skrze zamrzlou vodni hladinu mohou mit
za nasledek extrémni snizeni mnoiZstvi ve vodé rozpusténého kysliku (Fast, 1994), a
v zavaznych pripadech pak dochazi i k hromadnym dhynim vodnich Zivocichl, predevsim
ryb. Tyto uhyny byvaji oznacovany jako ,winterkill“ (Ellis et Stefan, 1989; Danylchuk et Tonn,

2006). Na sledované lokalité doslo ke kyslikovému deficitu vySe zminénym mechanizmem.
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TGn zamrzla jiz 30. listopadu 2010 a o tyden pozdéji jiz byl led pokryty silnou vrstvou snéhu.
Nasledné doslo k poklesu mnozstvi rozpusténého kysliku, kdy 21. prosince 2010 byly

zaznamenény koncentrace pouze okolo 1,3 mg.I™.

Kyslikové deficity mohou kromé mortalit zplsobovat i zmény chovani, napf. zvyseni
pohybové aktivity a migrace (Lucas et Baras, 2001; Bauer et Schlott, 2006). Sumec je
teplomilnym druhem a v zimnim obdobi je zpravidla aktivita mald (Slavik et al., 2007),
v pfipadé juvenilnich jedincl témér Zadna (viz niZe). V souladu s tim byly pocatkem prosince
v obdobi predchazejicim kyslikovém deficitu nami sledovani jedinci neaktivni. Dne 21.
prosince vsak byla zaznamendna extrémni aktivita ryb. Kromé samotného zvySeni pohybové
aktivity a znacnych prostorovych posund odpocinkovych mist jednotlivych individui doslo i ke
zméné typu prostorového rozmisténi jedincl. Zatimco pred kyslikovym deficitem bylo
rozmisténi ryb v ramci tiné nahodné, po kyslikovém deficitu byly ryby nahlouceny ve dvou
malych refugiich. Jedno z téchto mist bylo u drobného nezamrzlého pfitoku okysli¢ené vody,
druhé refugium bylo na misté, kde zfejmé vlivem vyvéru spodniho pramene pfirozené

nezamrzala vodni hladina a byla zde tak umozZnéna difuze kysliku ze vzduchu.

PfestoZe v rdmci ochrannych opatfeni provadénych cleny mistni rybarské organizace
byly na lokalité profezavany velké diry (cca 5x10 m) do ledu, coZ je bézind praxe v ramci
ochrany proti zimnim kyslikovym deficitim (Fast, 1994), ukazuje se, takovato opatreni
nemusi mit vidy Zadany efekt. Ani jedna ze sledovanych ryb se nezdrZovala v blizkosti
prosekavanych dér. Pfedpokladame, Ze hlavnim divodem byla nizka frekvence prosekavani
(cca 1x za 14 dni), kdy dochazelo rychle k opétovnému zamrzani a tim padem k vykyvim
koncentraci kysliku u dér. VSechny ryby se tak vyskytovaly v pfirozenych refugiich, kde byly

kyslikové poméry stabilnéjsi a kde bylo kysliku vZdy nejvice.

Copp et al. (2009) uvadi pro sumce jako limitni koncentraci kysliku 3 — 3,5 mg.I"}, nage
pozorovani vsak ukazuje, Ze i hodnoty okolo 2,4 mg.l'1 jsou pro sumce dlouhodobé snesitelné
a nevyvolaly z24dnou zménu chovani. Teprve hodnoty v rozmezi 1,3 - 2,4 mg.I™ iniciovaly
reakci ryb. Tato zjisténi jsou v souladu se zjisténimi Massabuau et Forgue (1995), ktefi uvadi
schopnost sumce snaset dlouhodobé nizké koncentrace kysliku az po 1,5 mg.l’l, kratkodobé i
hodnoty nizsi. Také v nasem pfipadé sumci prezivali a vykazovali pohybovou aktivitu pfi

koncentraci kysliku 1,3 mg.I™.
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Pfesto, Ze tydenni presuny (,relocation“) ryb v pribéhu kyslikového deficitu
neprobihaly na pfilis dlouhé vzdalenosti (vzhledem k velikosti lokality se jednalo maximalné
o stovky metr(), zasahovaly tyto presuny daleko za hranice plvodnich domovskych okrski
ryb a byly ¢asové synchronizované. Tyto presuny tak Ize povazovat za migrace, konkrétné
migrace typu ,refuge migration” (Lucas et Baras, 2001). Z pohledu toho, Ze sumec velky je
v mnoha zemich povaZovan za invazivni druh, je tedy vhodné zd(iraznit, Ze kyslikové deficity
mohou stimulovat sumce k migrovani a kolonizaci novych mist. Podrobnosti jsou rozebrany v

Clanku pfilozeném v Ctvrté priloze.

Posledni prace se zabyva sezénnimi rozdily v aktivité v prlibéhu denniho cyklu u juvenilnich
sumcl. Prestoze u dospélych sumcll dochazi k dualismu v aktivité, kdy v zimé a na jare jsou
sumci nejaktivnéjsi ve dne (Slavik et al., 2007), u nami pozorovanych juvenilnich ryb
(prdmérna vaha 358,5 g) ktomuto dualismu nedochazelo a ryby mély vyhradné nocni a
soumracnou aktivitu, celorocné. U ryb, ostatné jako i u jinych obratlovci, ma aktivita
vétSinou pravidelny rad a zpravidla je primarné tizena stfidanim dne a noci (Reebs, 2002).
V rdmci 24h cyklu mohou mit Zivocichové aktivitu denni, soumracnou ¢i nocni (Thorpe, 1978)
a typ aktivity je zpravidla charakteristicky vZdy pro konkrétni druh. Nicméné i v ramci druhu
mUzZe existovat urcita variabilita v typu aktivity. Preference svétla ¢i tmy se mohou meénit
v zavislosti na véku a socidlnim postaveni jedincl, kdy mensi jedinci zamérné vyuzivaji jinou
denni dobu, aby se vyhnuly vnitrodruhové agresivité ze strany dominantnich jedincu
(Alanara et al., 2001; Brannas, 2008). Ryby téZ mohou pfizplsobit svou aktivitu s ohledem na
nebezpecdi predace, napfiklad u lososovitych ryb byl v zimnim obdobi zaznamenan v dasledku
predace posun zdenni na no¢ni aktivitu (Fraser et al., 1993; Heggenes et al., 1993).
V neposledni fadé mohou aktivitu ovliviiovat i parametry prostfedi — napf. zakal vody (Utne-
Palm, 2002) a v kontrolovanych podminkach byl u sumce zjistén vliv rozdilné dostupnosti

potravy v prlibéhu 24h cyklu (Bolliet et al., 2001).

Predpokladame, Ze juvenilni sumci preferovali nocni aktivitu kvili nebezpeci predace.
Sumec ma velmi vyvinuty cich, sluch, hmat i vnimani pomoci postranni ¢ary, coz mu

poskytuje vyhodu pfi lovu v noci, kdy dokaze presné sledovat a lovit kofist i v Uplné tmé
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(Pohlmann et al., 2001). Sumec ma vsak velmi redukovany zrak, ktery maze byt béhem dne z
pohledu predace limitujicim faktorem. Znaénym predacnim rizikem mohou byt kupftikladu
rybozravi ptaci, které nelze bez dobre vyvinutého zraku efektivné detekovat. Zatimco dospéli
sumci jsou pro naprostou vétSinu potencidlnich preddator( pfiliS velkou kofisti, predace
napriklad volavkou popelavou (Ardea cinerea) ¢i kormoranem velkym (Phalacrocorax carbo)
- oba dva druhy se na lokalité hojné vyskytuji - je pro juvenilni sumce okolo 350 g velmi

redlna (Cook, 1978; Suter, 1997).

PrestoZze data o pozici dospélych sumcd na lokalité kdispozici nemame,
nepredpokldadame, Ze by dospélci méli vliv na aktivitu juvenilnich ryb v rdmci denniho cyklu.
Obecné lze predpokladat, Ze juvenilni ryby a dospélci vyuzivaji rozdilné prostredi (Mahon et
Port, 1985; Harvey et Stewart, 1991) a drivéjsi studie Slavika et al. (2007) v souladu s timto

prokdzala, Ze juvenilni sumci a dospélci jsou v pfirodnim prostfedi prostorové oddéleni.

Prestoze Slavik et al. (2007) pozoroval u vétsich sumcd aktivitu i v zimnim obdobi (i
kdyZz v omezené mire), juvenilni ryby v naSem pripadé byly v zimnim obdobi zcela neaktivni.
U studenokrevnych Zivocichl, a tedy i u ryb, byva aktivita zpravidla pozitivné korelovana
s teplotou, a tudiz v mirném pdasu byva v zimé obecné nizka (Ultsch, 1989). Navic teplotni
optimum pro metabolismus sumce je velmi vysoké, okolo 27 °C (Copp et al., 2009). Jelikoz
juvenilni jedinci jsou obecné citlivéjsi k extrémnim hodnotdm environmentalnich
proménnych (Sogard, 1997), pfredpokladame, Ze silné suboptimalni teploty v zimnim obdobi
tlumily aktivitu juvenilnich jedincd jesté silnéji, nez jak tomu byva u dospélych ryb. Data
zaroven ukazuji na silnou pozitivni korelaci mezi teplotou a velikosti tydennich presun
(,relocation”) i velikosti domovskych okrsk, coz je plné vsouladu svySe zminénou

teplomilnosti druhu.

Nebyl prokdzan vliv miry prihlednosti vody ani vliv mnozZstvi rozpusténého kysliku (v
rozmezi 2,4 — 16,3 mg.l'l). Obecné zakal vody mlze mit na aktivitu ryb vliv, nebot snizuje
viditelnost, ¢imZ znevyhodrniuje denni predatory orientujici se zrakem (De Robertis et al.,
2003). Zejména v fekach, je vysoka turbidita spojena s vysokymi pratoky (v souvislosti s erozi
bfehl a splachy zemédélské pudy). Za vysokych vodnich stavd zejména v teplych obdobich
roku mlZe byt bohatsi potravni nabidka (splach bezobratlych) a u druh, které se neorientuji

primarné zrakem, se tak mlzZe aktivita doCasné zvysit (Tesh, 1977; Slavik et al., 2007). V
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pfipadé nasi lokality vsak byly zmény prihlednosti vody sezénniho charakteru (vegetacni
zakal vteplych mésicich roku) a tudiz nizkd prihlednost vody nebyla nijak spojena
s kratkodobé hojnéjsi potravni nabidkou. Rovnéz absence vlivu kysliku ve vySe uvedeném
rozmezi neni prekvapiva. Sumec ma krev s vysokym obsahem hemoglobinu 30 — 35 % (Copp
et al., 2009), coZz umoznuje druhu tolerovat i nizké koncentrace kysliku ve vodé. Kratkodobé
dokaZe sumec preiit i koncentrace vrozmezi 1-1,5mg.l" (Massabuau et Forgue, 1995).
Teprve koncentrace rozpusténého kysliku v intervalu 1,3 - 2,4 mg.l'1 vyvoldvaji u sumce
zmény chovani spocivajici v nartstu pohybové aktivity a migracim spojenym s vyhledavanim

refugii (Danék et al., 2014). Podrobnosti jsou rozebrany v rukopise prilozeném v paté pfriloze.
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6 Zavéry a doporuceni pro pouZziti poznatkii v praxi

1) Implantaci telemetrickych vysilacd nedochazi k vyznamnému ovlivnéni sledovanych
sumcl (za podminek specifikovanych v metodice). Data ziskanad v ramci terénniho
pozorovani lze povaZovat za relevantni a jen minimdlné ovlivnéna samotnou

implantaci vysilacu.

2) Sumec velky se dokaZze aktivné zbavovat implantovanych vysilacld, a sice jejich

aktivnim vypuzenim za skrze sténu télni.

3) U juvenilnich sumct na rozdil od dospélcli nedochazi k dualismu ve vyuziti dne a noci.

Juvenilni sumci vykazuji vidy nocni aktivitu.

4) Pohybova aktivita, velikost domovského okrsku i intenzita tydennich presun( je u

sumce silné pozitivné korelovdna s teplotou.

5) Kyslikové deficity zplsobuji do¢asné nahlé zvyseni aktivity a migrace do refugii.

Prace potvrdila dobrou pouzZitelnost radiovysilacd MST-930 pro sledovani mladych
nova cenna zjisténi o jejich chovani v pfirozeném prostredi. Vysledky mimo jiné odhalily, Ze
opatfeni provadénd rybarskymi organizacemi za ucelem ochrany rybi obsadky v dobach
zimnich kyslikovych deficitll (prorezavani dér v ledu) nemusi mit vidy pozitivni efekt, nebot
zde jsou koncentrace kysliku zavislé na frekvenci profezavani. Ryby mohou radéji vyuZivat
prirozend refugia, napriklad v podobé pritokd, kde nedochazi k periodickym vykyvim

koncentraci kysliku.
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Pfi kyslikovych deficitech dochazi k migracim a shlukovani ryb v refugiich. Prahova
hodnota koncentrace kysliku zplsobujici vySe zminéné zmény chovani je mezi 1,3 - 2,4 mg.I’
1. vysledky naznacuji mozné riziko indukovéni migraci a kolonizace novych mist v souvislosti
s kyslikovymi deficity, coz je informace zajimavd naptiklad v souvislosti s invazivnim
chovanim sumce v zadpadni a jizni Evropé. Kyslikové deficity mohou zpUsobit shromazdovani
pavodné rozptylenych sumcl do prostorové velmi omezenych refugii. Pokud jsou tato
refugia zjiSténa, mohou byt vyuzita napfiklad pfi cilené eliminaci druhu. Prace identifikovala
rozdily v chovani juvenilnich sumcl oproti chovani dospélctl, pticemz dlvody rozdila Ize
spatfovat v odliSném riziku predace u jednotlivych velikostnich skupin i ve vétsi
choulostivosti juvenilnich jedincd k extrémUm prostredi. V rdmci budouciho dalsiho vyzkumu
se jako velmi vhodna se jevi analyza stanovistnich preferenci juvenilnich sumcl v pfirodnim
prostfedi, nebot tyto aspekty chovani zatim dikladné studovany nebyly. Data na tento typ
studie jsou jiz nashromazdéna a jejich nasledna analyza bude dalSim krokem. Vérime, ze
nami ziskané poznatky pomohou k lepsimu pochopeni chovani druhu v pfirozeném prostredi
a umozni pripadné snazsi regulaci druhu, at uz na mistech, kde je ho potreba eliminovat,

nebo naopak kde je Zadouci vyskyt sumce velkého podpofit.
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Abstract Little is known about predation on the Philippine
tarsier. Only one other case of predation, probably by a cat,
has previously been reported. In our study, we present two
events of predation, one on a female tarsier by a water monitor
lizard, another on an infant tarsier by an unknown predator.
We also describe the behaviour of the tarsier mother after
losing her infant. Our observations extend current knowledge
about predation pressure on the Philippine tarsier.
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Introduction

The Philippine tarsier (Tarsius syrichta) belongs to a little
studied primate species; in particular its behaviour, ecology

M. Rehakova-Petrii (54)

Decin Zoo, Pastyiska sténa,
Zizkova 15,

405 02 Décin, Czech Republic
e-mail: tarsiusproject@gmail.com

M. Rehakova-Petrti

Department of Zoology, Faculty of Science,
Charles University in Prague,

Vini¢na 7,

128 44 Praha, Czech Republic

L. Peske
Slezska 43,
130 00 Prague 3, Czech Republic

T. Danék

Department of Zoology and Fisheries, Faculty of Agrobiology.
Food and Natural Resources,

Czech University of Life Sciences Prague,

165 21 Praha 6-Suchdol, Czech Republic

and population status remain insufficiently described.
Several studies focused on the behavioural ecology of
tarsiers and predation experiments were done by Gursky
(2002a, b, 2003a, b, 2005a, b). Predation events were
recorded predominantly in the spectral tarsier (Tarsius
spectrum) in Sulawesi. To date, on record, there has been
one predation event by a python (Gursky 2002b), one
confirmed and one probable event of avian predation
(Gursky 1998, 2005b). Also, Gursky (2002a, b, 2005b)
has noted numerous instances of alarm calling and mobbing
in the presence of civets, snakes, birds of prey and monitor
lizards.

Little is known about predation on the Philippine tarsier
but it would be reasonable to assume that similar predators
can be predicted for the Philippine tarsier. Jachowski and
Pizzaras (2005) include feral cats among their predators.
Also Neri-Arboleda et al. (2002) recorded one animal
probably predated by a cat. No other events of predation
were recorded. In this report, we present two instances of
predation that were experienced during several months of
radio-telemetry study of the Philippine tarsiers.

Methods

The observation of the Philippine tarsier (I. syrichta
fraterculus) was conducted in Bohol Island, Philippines. It
is a landscape built of karst, narrow ravines and steep stony
slopes with numerous cracked rocks covered by secondary
forest. From March to July 2009, we conducted radio-
telemetry in The Philippine Tarsier Sanctuary in Corella,
Bohol (9°41’ N, 123°57" E) (elevation 100—200 m) where
four adult animals were fitted with radio collars and
tracked. One infant was born to a radio-collared mother
and was observed. From February 2010 to December 2010,
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ten adult tarsiers were radio-tracked in Forest Academic
Research Area, Bilar, Bohol (9°44’ N, 124°06’ E) (eleva-
tion 220-380 m). The tarsiers were radio-collared with
3.5-5.5 g transmitters and monitored at night using Icom
R20 radio receiver and three-element Yagi antennas.

Results

During our study at the Bilar locality, one case of predation
with a known predator was recorded. The first tarsier was
caught and radio-collared in this locality on 7th February
2010. It was a female (95 g). We tracked her most nights
from dusk to dawn and located her during the day at her
two sleeping sites. On 20th February, she was at one of
these sites during the early morning (06:00), but during the
afternoon location check, we detected the signal 100 m
farther up a hill in a rocky area within her home range,
which had not previously been recorded as a rest site. This
appeared to be the first occurrence of a larger translocation
during daylight; however, the low strength signal then
disappeared. We received a very weak signal around 22:00
and it was not detected again during the following days and
nights. The whole area, including the known home range
and its surroundings, had been carefully surveyed so this
irregular data indicated an extraordinary occurrence. The
signal was detected again on the morning of the 23rd
February in the home range area of the studied female, in a
roughly similar proximity from where it had last been
monitored. At midday, we investigated the steep slope and
found the signal coming from a fissure in a cracked rock.
This could indicate predation by a reptile (we found a small
piece of reptile skin) or carnivorous mammal. It may also
indicate natural behaviour as the tarsiers use small caves,
holes, fissures or even burrows to hide, especially when
they are scared (repeated personal observation). We decided
to monitor the signal the following evening but we were
unable to find it again. The cracked rock was without a
signal at this time and we found reptile faeces there. The
signal was once again detected the following night around
21:00. We located the signal far from the known home
range of this animal (about 500 m from centre of the home
range area). Later in the night, a signal led us to a larger
rock wall where, in a small cave, the tail of a reptile was
spotted. A water monitor lizard (Varanus salvator) of total
body and tail length of | m was captured and we were able
to confirm that the signal was coming from its interior. We
took it home and gave it edible oil to speed up the collar
release. On the moming of the 26th February, the still
active radio collar was vomited along with the remains of
tarsier hair. The lizard was released on the same day.

The other reported case of predation was recorded at the
Corella locality on 4th June 2009. A tarsier baby was born
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to a radio-collared female on 30th April 2009 which we
continued to observe for several nights. We observed the
mother and the baby for the whole night on 3—4th June
until 06:00 when they settled down on their sleeping site
less than 0.5 m above ground. Before the next night’s
activity, at 17:15, the mother was found resting in the same
place but was alone. When she awoke, she started to look
around and call the baby with loud calls and chirping, calls
that had been used previously in communication with the
offspring (Rehdkova-Petrii et. al. in prep.). She continued
this behaviour throughout the whole night and spent most
of the time in close proximity to the sleeping site. A similar
scenario continued for the next two nights until the female
became calm. No signs of a specific predator were detected.

Discussion

Predation pressure is an important factor influencing
behavioural ecology of a species. Primates can offset
predation risk in numerous ways, including modifying
group size with crypsis being an anti-predation strategy.
Cryptic small group strategy is expected to predominate in
nocturnal species and is predicted for solitary individuals
(van Schaik 1983; Terborgh and Janson 1986; Clutton-
Brock and Harvey 1977; Stanford 2002).

A rather more obvious and striking specialization of
some small nocturnal primates than cprypsis is their
proclivity for leaping. Crompton and Sellers (2007)
suggested that rather than crypsis, leaping is actually the
primary predator avoidance device in prosimian primates
classed as solitary foragers.

Tarsiers are vigilant, quick moving during nights, and
are very specialized leapers (Crompton and Sellers 2007).
They are probably more vulnerable during daylight. They
usually sleep 1-2 m above ground, but we also observed
that they can sleep in vegetation directly on the ground,
especially during hot days.

Tarsiers occupy a specific biotope. Being under preda-
tion pressure from two directions (terrestrial predators like
cats, lizards, snakes from ground and larger owls and birds
of prey from the air) they are predominantly forced to hide
in lower vegetation layers in secondary forests of Bohol.
Species that were identified in Bohol as potential predators
on the ground include the water monitor (V. salvator),
various snake species [e.g. reticulated python (Python
reticulatus), Philippine cobra (Naja philippinensis), red-
tailed green ratsnake (Gonyosoma oxycephela), Philippine
pitviper (Trimeresurus flavomaculatus)], cat (Felis catus),
Philippine palm civet (Paradoxurus hermaphroditus phil-
ippinensis) and from the air it could be mainly all Accipiter
species [besra (Accipiter virgatus), Chinese goshawk
(Accipiter solensis), crested goshawk (Accipiter trivirga-
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tus)] and grey-faced buzzard (Butastur indicus) as well as
probably Philippine hawk-owl (Ninox philippensis) at
night. The role of the ubiquitous and in canopy permanent-
ly very active coucals [lesser coucal (Centropus bengalensi)
and black-faced coucal (Centropus melanops)] is not clear.
They can, at the very least, disturb adult tarsiers and also
directly threaten young animals (but preliminary experi-
ments recording dummy tarsiers were negative—in a total
30 h of exposure). We have no data about predator
abundance in either of the localities we monitored.

To date, only three cases of predation were detected in
spectral tarsier (python and bird) (Gursky 1998, 2002b,
2005b) and only one event in the Philippine tarsier (authors
suggest cat as predator) (Neri-Arboleda et al. 2002). No
predation event caused by a monitor lizard has previously
been recorded. However, Gursky (2005b) has noted an
alarm calling and mobbing in the presence of monitor
lizards. Water monitors (V. salvator) are carnivorous lizards
who feed on a variety of live prey. We assume that the
tarsier female was captured and killed by the lizard during
the daytime when she was sleeping low in a shrub. A
lizard’s translocations, and especially movements into deep
caves when digesting can explain the intermittent disap-
pearance of the signal. Lizards of a given size (1 m
including tail) can readily climb trees, and given that the
average position of sleeping sites of the Philippine
tarsier is less than 2 m (personal observation; Dagosto et
al. 2001; Jachowski and Pizzaras 2005), the tarsier can be
suitable prey for them.

In the case of the predator’s attack on the 1-month-old
tarsier baby, we have not detected the predator or any signs
that may help us to identify it. As the mother and baby were
observed while going to sleep at their sleeping sites but
they were not found in the evening, we know that it
disappeared during the day when tarsiers sleep and do not
move much, and due to the fact that the place was carefully
searched by observers and the tarsier’s mother itself, we can
conclude that it is not a case of natural infant mortality (i.e.
an infant falling) but rather a case of predation.

Unfortunately, since we did not observe the predator’s
attack, we cannot report any behaviour of the tarsiers in any
of these cases. We are only able to report the behaviour of
the mother who lost its infant. The mother was found in
exactly the same place as left in the morming. We can only
assume that either she did not notice the predator attack
while she was sleeping, which is improbable as we would
expect at least an alarm call to be given by the baby, as
reported from the spectral tarsier in presence of predator
model (Gursky 2003b), or she remained in the same place
to try to look for the baby as she did following night and
morning as well.

Van Schaik and van Hooff (1983) suggested that some
primates may be solitary because there is no predation

pressure on them, and a solitary social organization is the
optimal response to other selection pressures, such as
intense feeding competition. Several studies have clearly
demonstrated that smaller solitary primates are subject to
intense predation, primarily by raptors, but also by viverrids
and snakes (Goodman et al. 1993; Rasoloarison et al. 1995;
Wright and Martin 1995). Cheney and Wrangham (1987)
give a predation rate of 15% for lesser bush babies (Galago
senegalensis), and Goodman et al. (1993) suggest a
predation rate of 25% for mouse lemurs (Microcebus
murinus).

Based on our study, we cannot estimate the predation
pressure, but from the 15 tarsiers studied (14 radio-collared
and one offspring) two were attacked and killed by a
predator. During our study, one more radio-collared tarsier
was found dead and partially eaten which could indicate a
predation, but could not be proven and counted as a
predator attack. We do not expect that these described cases
of predation might be caused by the radio collar itself. First,
the tarsier baby was not radio-collared and the mother was
collared before she gave birth. Secondly, the radio collar of
the predated female weighed only 3.5 g which was less than
4% of the body weight of the female and should not have
any adverse effect on the animal (Gursky 1998). We believe
that our reports of two predation events contribute to a
mosaic of current knowledge about the Philippine tarsier
and its biology.
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IMPACT OF TELEMETRY TRANSMITTER IMPLANTATION
ON GROWTH OF JUVENILE EUROPEAN CATFISH"

L. Kalous, T. Danék, O. Kopecky, M. Petrtyl

Czech University of Life Sciences Prague, Faculty of Agriculture, Food and Natural
Resources, Prague, Czech Republic

In the present study, we aimed to evaluate the effects of intraperitoneal tagging with dummy transmitters on growth of ju-
venile European catfish (Sifurus glanis L.) within a period of 75 days kept in indoor condition. The initial mass of juveniles
(mean + SD) was 236.5 + 21.2 g. We compared growth by analysing specific growth rate (SGR) and the slopes of the growth
curves between control individuals and those of experimentally tagged (n = 6 per group). Body mass was increased in both
control and experimentally tagged fish. There was no significant difference in SGR between tagged and untagged fish;
0.26 = 0.11 % day™ vs. 0.38 + 0.12 % day! respectively. These results suggest that the telemetry studies of juvenile European

catfish to be relevant and unbiased.

SGR, intraperitoneal tagging, ichthyology, fish, Silurus glanis

INTRODUCTION

Telemetry is a useful method for both field and
laboratory studies, which provides researchers with
a valuable approach to consider spatial and temporal
distribution of a particular individual. Identification
of individual with telemetry technique help us with
better understating of moving activity, home range and
habitat preferences as well as physiological information
that could not be obtained easily by another approach
(Baras,1991;Jadot etal., 2005).

Surgical tag attachment has become the most
popular and efficient for long term telemetry stud-
ies (Lucas, Baras, 2000; Bégout Anras et
al., 2003). However, the transmitter attachment may
influence various life functions of the fish (Lewis,
Muntz,1984;Mellas, Haynes, 1985). Moreover,
the impact of implantation seems to differ among spe-
cies; exhibiting a species-dependent effect (Bridger,
Booth, 2003). Therefore, it is recommendable to
examine the impact of transmitter implantation, par-
ticularly when there is a complete confidence in the
results of telemetry studies. The potential negative
effects of telemetry remain unclear for a number of
species in which telemetric data are available.

European catfish (Silurus glanis L.) received high
consideration to be studied by a telemetry, because
its at top concerns for aquaculture and recreational
fisheries (Linhart et al, 2002; Arlinghaus et

al. 2007; Copp etal., 2009). In addition, this fish is
known as an invasive species in many countries hav-
ing an impact on native biota (Martino etal 2011,
Bevacqua etal. 2011; Copp etal. 2007). For better
understanding of the biology of European catfish, it
is therefore critical to determine the potential risks of
its introduction to a new environment (Co pp etal.,
2007). Overall, information obtained from telemetry
on European catfish might be helpful in these issues.
Although former studies have used telemetry approach
in the European catfish (Carol etal. 2007; Slavik
etal, 2007,2011;Slavik, Horky,2012), but none
of them evaluated the impact(s) of radio-transmitter
implantations on its life. The present study was con-
ducted to investigate medium-term effect of internal
tagging on growth of juvenile European catfish under
restricted feeding.

MATHERIALS AND METHODS

Animals and housing

The individuals used in the experiment originated
from hatchery-reared European catfish (1-year old),
obtained from the indoor rearing facility of the aqua-
culture farm of Jaroslav Svarc, Velkd Bystiice (Czech
Republic) in February 2011, Three aquaria (4 240 L)

* Supported by the Ministry of Education, Youth and Sports of the Czech Republic (S grant) and partially by the Internal Grant Agency
of the Czech University of Life Sciences Prague (CIGA), Project No. 20132016.
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were divided into four equal compartments by plastic
perforated partitions. After transportation one indi-
vidual was placed into each compartment (bottom area
20 x 62 cm) equipped with non-transparent plastic tube
as shelter. Fish were acclimated for over one month.
Aquaria were equipped with a filters and aerators.
Cleaning and partial water exchange was provided
once per week. Water temperature was maintained
at 22°C. Water was supplied from tap water from the
city of Prague, and the infrastructure was deemed to
be pathogen-free.

Experimental design

Fish were reared and manipulated following the
Animal Protection Law of the Czech Republic and
corresponding EU legislation. Experimental proto-
col was issued by Animal Care and Use Committee
of the Czech University of Life Sciences Prague
and approved by the Ministry of Education, Youth
and Sports of the Czech Republic under Permit No.
22103/2010-30.

Prior starting the implantation, the fish were
fasted for four days. On March 7 (day 0; DO) fish
were weighted (mean mass + standard deviation:
236.5g+21.2;n=12) and randomly divided into two
groups of 6 individuals each. Fish in a first group were
tagged with dummy radio transmitters MST - 930, 4 g
in air, 9.5 x 26 mm (Lotek Engineering Inc., New
market, Ontario, Canada) while the fish in a second
group stayed untagged. Starting weights of catfish
were identical between groups (t = 0.96, P = 0.36)
as well as their division into experimental aquaria
(t=-0.25, P=0.81). The feeding of fish was started
24 hours after surgery, day D1 of the experiment. The
fish were fed by a piece of raw beef heart twice a week
with dose of 3 % of the individual body weight per
feeding. The feed dose was rounded up to the nearest
gram. Remaining feed, if any, was removed from the
aquaria 24 hours after feeding.

Surgery and weighing

Each individual was anaesthetised in a solution
of 0.2 mL1"" 2-phenoxy-ethanol before the surgery.
Dummy radio transmitters were implanted into
the fish body through the lateral incision of about
1 cm long. The wound were closed with two sepa-
rate stitches using sterile braided absorbable suture
(Ethicon Coated Vicryl W9113, Johnson & Johnson,
St. Stevens Woluwe, Belgium). The local antiseptic
solution (iodised polyvidone - “Alfadin’) with penicil-
lin antibiotics (‘Norocilin LA”) and antihemorrhagic
agent (P-Aminomethylbenzoic acid — ‘PAMBA”) were
applied to the wounds and the fish were transferred
back into aquaria.

The fish were checked every day through the ex-
periment with the observations made on the external
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lesion and healing of the tagging wounds. The weigh-
ing at precision to nearest gram took place on days:
D4, D21, D34, D39, D47, D55, D70, and D75. The
experiment was ended on June 21 (day D75), when
the fish were deeply anaesthetised until death; the
final weigh was recorded.

Data analysis

Specific growth rates were calculated using the
formula: SGR (%day™') = 100 [(Ln WF - LnWI) AT -]
with AT = experimental period (days) and WF and
WI = final and initial individual body weight (Stejskal
et al, 2009).

Differences in final weight (based on SGR) of
catfish were determined using GLM with tagged/
untagged fish and initial weight of individual as a
continuous variable. Trends in growth rates (based on
specific mass weights of all individuals) were tested
using GLM on longitudinal data with fixed factors:
tagged /untagged as categorical variable and day of
weighing as continual variable. The best fitting linear
model was chosen by comparison of marginal model
(weight~tag*day) with more complex models includ-
ing: autoregressive correlation structure (corCAR1)
and heteroscedasticity (varldent) in time and also
between tagged and untagged individuals (Crawley
2007, Pekar, Brabec, 2012).

Models were compared using Akaike’s informa-
tion criterion (AIC). Statistical significance was set
at o= 0.05. Tests were computed using Im and nlme
functions of R statistical software, verison 2.15.1 (R
Development Core Team, 2012)

RESULTS

No mortality was observed among the juveniles
of European catfish during the experiment period.

The calculated SGR was 0.26 + 0.11 % day-! for
tagged fish and 0.38 = 0.12 % day™' for untagged
fish. The SGR was not connected with any of studied
factors (Table 1) therefore only main factor — tagged/
untagged was considered in the subsequent analysis
of growth trends.

Based on best fitting and most parsimonious lin-
ear model, it seems that the implantation of dummy
transmitter did not significantly influence the growth
of fish during the period of the experiment (Table.
2). This finding is visible also from the growth curve
(Fig. 1). Average daily gain of fish derived from the
model was estimated to be 0.82 g (+ 0.26 SE) and
1.16 g (£ 0.19 SE) for tagged and untagged fish, re-
spectively. Series of measurements of same individual
exhibit strong autocorrelation (Phi = 0.993) as well
as reversible heteroscedasticity (8 = - 0.007) over the
time (days) of experiment. However heteroscedascity
was not different between the experimental groups.

SCIENTIA AGRICULTURAE BOHEMICA, 45, 2014 (2): 93-97

54




Table 1. Influence of factors on the SGR of studied juvenile Euro-
pean catfish from the GLM model

Table 2. Components from best fitting and most parsimonious GLM
model on longitudinal data on trends in growth of studied juvenile

Approximately 21 days post-implantation, the
incision wound got completely healed although small
inflammation stayed in place where the antenna passed
through the body wall. One fish expelled the tag by D37.

DISCUSSION

Analysis of growth is a common parameter to evalu-
ate tagging procedure and its effects on fish (Martin
et al., 1995; Cooke etal, 2011, Lacroix etal.,
2004). The growth could be based on measurement of
length or mass since mass measurement seems to be
more sensitive index of medium-term growth analysis
(Bégout Arnas et al., 2003).

Growth studies conducted under controlled con-
dition are characterized by ad libitum or “optimal”
feeding dose (Bogut etal., 2002; Linhart etal.,
2002; Weimer etal., 2006; Hopko et al., 2010;
Kaeming etal, 2011; Montoya et al., 2012).
Such conditions are not common in the wild since the
fish in experiment are not forced to search for food
(Cooke etal., 2011). There is also an assumption
that fish of different origin than from the locality
where they are tracked after release, faced new en-
vironment, which may affect their feeding activity
(Gomez-Laplaza,Morgan, 2003). Restricted
feeding should therefore better imitate condition in
the wild. However in these more stringent conditions
our results showed that juveniles of European catfish
lived and grew after surgically tag implantation and
they were minimally affected. Although the mean SGR

dr F P European catfish
Initial weight 1 0.61 0.45 df ¥ P
Implantation 1 1.83 0.21 Implantation 1 0.36 0.55
Day 1 57.36 <0.001
Implantation x day 1 1.64 0.20

of untagged fish (0.38 = 0.12 % day™') was higher
than that of the tagged fish (0.26 £ 0.11 % day™!), but
observed difference was not significant statistically.
Also the growth trends were similar between groups.
This finding is important because when “tagged fish”
substantially reduce the growth rate, they may also
change the behaviour and the telemetry data then may
not be representative (Bégout Anras etal.,2003;
Bridger, Booth, 2003).

Despite of small sample size, we conclude that
our trial justifies the usage of intraperitoneal tagging,
which do not severely affect the growth of juvenile
European catfish.

A known disadvantage to surgical implantation of
tag is the potential of their lost (Schramm, Black,
1984; Baras, Westerloppe, 1999; Bridger,
Booth,2003). We recorded one expulsion of a dummy
transmitter in halfway through the experiment. This
special event with description of mechanisms was
published by Danék, Kalous (2013). This fish
stayed in the tagged group since the object of the
study was focused on impact of the implantation. It
has been also reported that fish expelling their tags
showed specific growth not different from those keep-
ing their tags (Jepsen etal.,, 2008).

At the beginning of the experiment, a trend toward
decrease in body weight was observed in both groups.
This could be related to the recovery from the surgery
in the group of tagged fish (Bridger, Booth,
2003; Robertson etal., 2003). Surprisingly the

320

Fig. 1. The average mass of European
catfish throughout the experiment

(D0-D75) with confidence interval
for the tagged group (black squares)
and untagged group (open circles).
Tagging was done on April 7, 2011

o o VR

and weighing was performed on days
indicated on the X-axis. Duration of
experiment was 75 days (D0-D75).

D34 D39

D47

SCIENTIA AGRICULTURAE BOHEMICA, 45, 2014 (2): 93-97

D55 D70 D75

95

55




decrease in body weight was higher in the group of
untagged fish. It is place to speculate that this could
be resulted from an influence caused by the presence
of pheromones from injured fish since tagged and
untagged fish shared the same water (P feiffer,
1977; Stensmyr, Maderspacher, 2012). It
is also possible that tagged fish tried to save energy
for healing process by lower movement activity but
the untagged fish ranged without restriction leading
also to loss of weight. However, the growth returned
between D4 — D21 and stayed more or less stable till
the end of the experiment (Fig. 1).

CONCLUSIONS

Although we cannot conclusively claim that there
exists no effect on fish growth after intraperitoneal
implantation of transmitters (< 2% ratio of tag mass
in the air to fish mass in the air), we assume a pos-
sible effect as negligible. Based on presented data we
consider the telemetry studies of European catfish
(Silurus glanis) to be relevant and unbiased.
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Abstract. The effect of radio transmitters implanted in juvenile European catfish — Silurus glanis Linnaeus, 1758
(Siluriformes: Siluridae) — was studied under controlled conditions. A dummy transmitter was expelled from one
individual during an experiment. It was expelled 37 days after implantation from a different place in the body wall
from that in which it was implanted. This finding clearly suggests that not every non-moving transmitter in a field
study indicates the death of the fish in which it was implanted.

Key words. Ichthyology, expulsion, telemetry, transmitter, European catfish, encapsulation.

INTRODUCTION

Biotelemetry is increasingly being used to study animal behaviour, including that of fish, in their
natural environment (Cooke et al. 2011). For the purpose of tracking fish, there are three main
ways of positioning a transmitter in or on a fish. These are: 1) it can be attached externally, which
is not often used, ii) inserted intragastrically or iii) implanted surgically, which is the preferred
option (Bridger & Booth 2003). Despite many advantages, surgical implantation has a number of
disadvantages: the necessary anaesthesia, impact of implantation on the behaviour of fish during
the post-surgical healing process and the implantation wound may become infected (Jepsen et
al. 2002, Bridger & Booth 2003). A little known complication is the ability of some species to
expel implanted transmitters.

There are three ways in which a transmitter is expelled; through the incision, through an intact
part of the body wall and via the intestine. The ability to expel a transmitter is considered to be
species-dependent. While in some species it has never been recorded there are other species for
which there are many records (Jepsen et al. 2002). The expulsion of transmitters has been recorded
for the following species: rainbow trout — Oncorhynchus mykiss Walbaum, 1792 (Salmonidae)
(Ivasauskas et al. 2012, Christholm & Hubert 1985), Atlantic salmon — Salmo salar Linnaeus, 1758
(Salmonidae) (Moore et al. 1990), blue catfish — Ictalurus furcatus Valenciennes, 1840 (Ictaluri-
dae) (Holbrook et al. 2012), channel catfish — lctalurus punctatus Rafinesque, 1818 (Ictaluridae)
(Summerfelt & Mosier 1984, Marty & Summerfelt 1986), vundu — Heterobranchus longifilis
Valenciennes, 1840 (Clariidae) (Baras and Westerloppe 1999), grass carp — Ctenopharyngodon
idella Valenciennes, 1844 (Cyprinidae) (Schramm & Black 1984) and bluegill — Lepomis macro-
chirus Rafinesque, 1819 (Centrarchidae) (Knights & Lasee 1996).

The expulsion via the incision often happens shortly after surgery and it is disputable if it is
an active biological process (Baras & Westerloppe 1999, Schramm & Black 1984). Expulsion
within a few days of implantation may indicate that the wound did not heal and as a consequen-
ce the transmitter simply fell out of an open wound. During a biological expulsion, there is an
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active proliferation of fibro-granulation tissue containing myo-fibroblasts that are forcing the
transmitter through a route of least resistance (Marty & Summerfelt 1986). Expulsion via the
intestine is recorded for rainbow trout and catfish of the genera lctalurus and Heterobranchus
(Christholm & Hubert 1985, Marty & Summerfelt 1986, Baras & Westerloppe 1999). The last
route is expulsion of the transmitter through an intact part of the body wall, which is recorded for,
e.g. Atlantic salmon (Moore et al. 1990). Here we report the first expulsion of a dummy transmitter
by European catfish (Sifurus glanis).

MATERIAL AND METHODS

The expulsion of a transmitter was observed during a study in which the effect of implanting a transmitter on the growth
and behaviour of fish was monitored. The fish used in the experiment were hatchery reared age-1 European catfish
obtained from the indoor rearing facilities of the aquaculture farm of Jaroslav Svarc, Velka Bystfice (Czech Republic).
This study was carried out at the Czech University of Life Sciences, Prague, in spring 2011. During the experiment the
fish were kept indoors in three 240 | aquaria. The fish were separated from one another by perforated plastic partitions.
The fish were fed pieces of raw beef heart, the water temperature maintained at 22°C and oxygen concentration never
dropped below 7 mg.I"". Altogether 12 individuals (weight 185-257g, standart length 282-322 mm) were included into
the experiment, of which 6 were tagged with dummy transmitters MST-930, which weighed 4 g in air, were 9,526 mm in
size, coated with a biologically inert polyethylene layer and equipped with 24 cm polyethylen-coated wire antenna (Lotek
Engineering Inc., New market, Ontario, Canada). Fish were anaesthetised in a solution of 0.2 m|.I"" 2-phenoxy-ethanol.
An antiseptic solution (iodised polyvidone,”“Alfadin™), a penicillin antibiotic (*Norocilin LA™} and an anti-hemorrhagic
agent (P-Aminomethylbenzoic acid — “PAMBA™) was applied to the wound. The wound was closed by two separate
stitches of a sterile braided absorbable suture (Ethicon Coated Vicryl W9113, Johnson & Johnson, St. Stevens Woluwe,
Belgium). The dummy transmitter was implanted on 7 April 2011.

place of expulsion
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Fig.1. The expulsion of a telemetry transmitter from the body of a juvenile European catfish (Silurus glanis). The ellipses
indicate the area of skin above left pelvic fin through which the transmitter was inserted had healed over whereas the slit
in the area of skin through which the transmitter was expelled is still open.
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Fig. 2. A transmitter encapsulated in myo-fibroblast tissue dissected from a juvenile European catfish (Sifurus glanis).

RESULTS

Approximately 21 days post-implantation the incisions through which the transmitters were
implanted had completely healed. The transmitter was seen being expelled from one of the fish
through an intact part of its body wall on 13 May 2011, which was 37 days after implantation.
The individual was caught immediately and the place of expulsion was photographed (Fig.1)
after which the fish was released back into the aquarium. There were no health problems or ob-
vious changes in behaviour prior to and after the expulsion. Three days after the transmitter was
expelled, on 16 May 2011, the wound had closed and healed. The fish was alive and healthy at
the end of the monitoring period.

This study was terminated on 21 June (76 days after implantation) and no other expulsions of
transmitters from fish were recorded during this experiment. During the autopsy that was done
on the fish at the end of the study, the encapsulation of the dummy transmitters in myo-fibroblast
tissue was recorded in all cases (Fig. 2). This tissue is probably involved in the active biological
expelling of foreign material as was previously noted by Marty & Summerfeld (1986).

Our finding clearly demonstrates that in the case of European catfish, the expulsion of trans-
mitters is possible and therefore it is advisable to be careful when interpreting telemetry results,
especially when they indicate that an individual has ceased moving. The above observation indicates
that not every non-moving transmitter in a field study must represent the death of a tracked fish.
Based on our observations, it could also be due a living individual expelling a transmitter.
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ABSTRACT
Key-words: European catfish (Silurus glanis L.) is a large predatory fish native to an ex-
invasive species, tensive area in Europe. It has been introduced to its western and southern
Silurus glanis, parts, where it is considered an invasive species with a negative impact on
winter, native fishes. European catfish is a territorial species exhibiting site fidelity.
behaviour, Cold water in winter usually leads catfish to exhibit notably low activity.
hypoxia Nevertheless, our telemetric study on 19 juvenile individuals of S. glanis

provides information on their unexpected high activity and displacement
in winter. Our data reveal that these behavioural changes were caused by
oxygen deficiency. Our data also indicate that oxygen deficits may induce
migrations of this species.

RESUME

Bouger ou mourir : changement de comportement du silure glane (Silurus glanis L.) causé
par un manque d’oxygene

Mots-clés : Le silure glane (Silurus glanis L.) est un grand poisson prédateur indigéne a une
espéces vaste aire en Europe. Il a été introduit dans les parties occidentales et méridio-
envahissantes, nales de cette aire, ou il est considéré comme une espece envahissante ayant un
Silurus glanis, impact négatif sur les poissons indigénes. Le silure glane est une espéce territo-
hiver, riale présentant une fidélité au site. L'eau froide en hiver entraine généralement le

comportement, sﬂurg glane a presgntgi_ notalmn?elnt une faible agtlwte. Neanmoms, no_tre étude té-
[émétrique sur 19 individus juvéniles de S. glanis fournit des informations sur leur

hypoxie activité élevée inattendue et leur déplacement en hiver. Nos données révélent que
ces changements de comportement ont été causés par un manque d’oxygene.
Nos données indiquent également que les déficits d’oxygéne peuvent provoquer
des migrations de cette espece.

INTRODUCTION

In fish, like in other poikilothermic organisms, the metabolic rate correlates with water temper-
ature; the activity of fish in the temperate zone therefore usually decreases in winter (Ultsch,
1989). This low physiological activity may result in higher predation by homoeothermic preda-
tors such as birds or mammals (Stewart et al., 2005; Dekar et al., 2010). However, there is a
more serious threat affecting the fish stock during winter in some localities; namely, oxygen
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deficiency. This is common in shallow eutrophic lakes with prolonged ice and snow cover,
which greatly reduces oxygen absorption and generation. Insufficient water inflow and ac-
cumulation of decomposing organic matter, e.g. leaf litter from trees, are also factors that
contribute to reducing dissolved oxygen (hereafter DO) in the water column (Fast, 1994). The
most serious manifestations of oxygen deficiency can occasionally cause fish mortality events
known as winterkills (Ellis and Stefan, 1989; Danylchuk and Tonn, 2006). Changes in fish be-
haviour may also occur, such as changes in activity; however, these changes are difficult to
detect without appropriate techniques such as telemetry (Bauer and Schlott, 2006). Protective
measures are commonly taken to prevent oxygen deficiency, including snow removal, cutting
holes in ice and artificial aeration (Fast, 1994). However, the evaluation of such actions in nat-
ural habitats may be complicated without parallel monitoring of DO levels and because some
of these actions in some cases may only increase the local chemical consumption of oxygen
(e.g. by detritus decomposition), while DO in the water column does not increase significantly
(Ellis and Stefan, 1989).

The European catfish (Silurus glanis L.) is a common inhabitant of rivers, old oxbows and
shallow alluvial lakes in the Eurasian temperate zone. Although S. glanis is native to mainland
Europe, reaching the Rhine River in the west, it has also been introduced into a number of
countries in southern and western Europe, and its possible predation and competitive impact
on native species is being increasingly studied and discussed (Copp et al., 2009; Bevacqua
et al., 2011; Martino et al., 2011). The European catfish exhibits site fidelity and utilises a
stable ‘resting place’ (Carol et al., 2007). It has a physiological optimum above 25 °C (Copp
et al., 2009). In the temperate zone, cold water in winter leads European catfish to exhibit
notably low activity (Lelek et al., 1964; Slavik et al., 2007).

This paper presents data on a phenomenon accidentally observed during a long-term study,
which was originally carried out to examine seasonal changes in the activity of European cat-
fish. We found a conspicuous increase in the movement and relocation of European catfish
in winter and tested our hypothesis that these behavioural changes were induced by oxy-
gen deficiency. We further discuss the inefficiency of winterkill protection management at the
locality. Although our data are limited and represent only one season, they provide valuable
new information about catfish winter behaviour.

MATERIALS AND METHODS
>LOCALITY

The study area (Figure 1) is an old disconnected oxbow lake of the river Elbe situated in
Central Bohemia (Czech Republic, GPS 50°10'48.005”N, 14°47'32.713"E). This lake was for-
merly part of the river Elbe but has been isolated since around 1930, when the river was
channelised. The lake has one small inflow and no outflow. From November to March ice and
snow may occur. The extent of the ice cover is directly dependent on weather conditions.
During ice cover periods, ice holes approximately 5 x 10 m in size are cut by members of
the local anglers’ organisation. Holes are cut irregularly about twice a month. The lake repre-
sents a highly valuable natural habitat that is part of the “Hrbackovy tliné” natural reserve and
also part of the European Ecological Network Natura 2000. The maximum depth of the lake
reaches 2.3 m. The field work was authorised by the Regional Office of the Central Bohemia
Region, Department of Environment and Agriculture (permit No. 114123/2010/KUSK-3).

>FISH TAGGING

A total of 19 juvenile European catfish in the weight and size ranges of 203-285 g (stan-
dard length 340-388 mm) were caught at the study site by electrofishing (650 V, 4 A, pulsed
D.C.) between 7th October and 9th October 2010. The fish were temporarily kept in cages
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Figure 1
Position of the study site in the European context (black cross in circle).

immersed in the lake. On 10th October 2010 they were equipped with radio transmitters MST-
930, 4 gin air, 9.5 x 26 mm, 24-cm external whip antenna (Lotek Engineering Inc., Newmarket,
Ontario, Canada). The radio transmitters were surgically implanted into the peritoneal cavity
through a lateral incision situated circa 1 cm above the pelvic fin. The whip antenna was ar-
ranged to exit the body through the incision which was closed by two separate stitches using
sterile, braided, absorbable suture (Ethicon Coated Vicryl W9113, Johnson & Johnson, St.
Stevens Woluwe, Belgium). The mass of the transmitter never exceeded 2% of the fish body
mass in air (Winter, 1996). In order to prolong the functioning of the transmitters, which were
quite small and had a low battery capacity, they were programmed to only emit a signal one
day per week (ON for 1 day/ OFF for 6 days). The programming extended the calculated bat-
tery life to 438 days (the original battery life of unprogrammed transmitters is 117 days). After
1st February, however, the transmitters started to work erratically with unpredictable on and
off periods because of an error in the programming caused by the manufacturer. The surgery
was performed under 2-phenoxy-ethanol (0.2 ml-L~") anaesthesia. The Animal Use Protocol
(No. 6/2010) issued by the Czech University of Life Sciences in Prague was approved by the
Ministry of Education, Youth and Sports of the Czech Republic (permit No. 22103/2010-30).

>FISH TRACKING

The catfish were released on 10th October 2010. The first three weeks of their activity were
not analysed due to the possible impact of the implantation on the fish’s spatial and tempo-
ral activity (Bridger and Boath, 2003). The tracking therefore started on 2nd November. The
last data analysed were from 1st February. The fish were tracked on a weekly basis, always
for a 24-h period. Fish positions during the 24-h cycle were determined by triangulation at
eight subsequent three-hour intervals. A radio receiver SRX 400A/W5XS and a three-element
Yagi antenna F 140-3FB (Lotek Engineering Inc., Newmarket, Ontario, Canada) were used for
tracking. The accuracy of the fish position determination was estimated to be +1 m according
to a calibration procedure repeatedly performed with a tag located on the lake bed (n = 100;
mean = 0.74 m; min = 0 m; max = 3.2 m).
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Figure 2

Map of resting places of juvenile European catfish (Silurus glanis) in BysSicka oxbow lake. A — Situation in
the period from 2nd November to 14th December 2010 (before oxygen deficiency) B — Situation in the
period from 28th December 2010 to 1st February 2011 (after oxygen deficiency).

Within the periods, the change in resting places (relocations) was minimal. All the fish that successfully
survived winter were assembled in two small areas with oxygen levels no lower than 2.2 mg-L~'. Two
individuals which did not move to these two sites died. The southern part of the oxbow is not depicted
because it is shallow, muddy and not inhabited by fish. C — Spatial distribution of DO values on the day
when DO minimum values were detected (21st December 2010). D — Spatial distribution of temperatures
on the day when DO minimum values were detected (21st December 2010).

>ABIOTIC VARIABLES

Dissolved oxygen (DO) (mg-L~') and water temperature (°C) were measured during each track-
ing day at dawn. Prior to the study, the spatial variability of DO in the lake was repetitively
investigated using ten randomly chosen points (three investigations in three different weeks).
Because the spatial variability was low and differences in DO at the points were no greater
than 0.2 mg-L~', we decided to use one stable reference point, which was situated in the
central part of the lake (see Figure 2), two metres from the bank. As the lake is very shallow,
we measured temperature and DO at a single point of the water column. European catfish is
a benthic fish, so the values were measured approximately 10 cm above the bottom using the
multimeters Multi 3420 WTW (WTW Wissenschaftlich-Technische Werkstatten GmbH, Weil-
heim, Germany) and Gryf 464 (GRYF HB, spol. s r.o., Havlickuv Brod, Czech Republic). After
the unexpected increase in activity and after the relocation of fish, which was detected dur-
ing tracking on 21st December 2010, the change in DO level was assumed to be a possible
cause. From 21st December 2010, DO levels were also recorded: (1) at the two places where
the fish moved to; and (2) near three holes in the ice, which were cut by members of a local an-
glers’ organisation irregularly circa twice a month using a chainsaw (see Figure 2). During the
DO deficiency period (21st December 2010), the low spatial variability of DO at other places
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was once more proved using ten randomly chosen points (see Figure 2C). The presence of
ice cover and snow was also monitored.

>SURVIVAL DETERMINATION

A fish was pronounced dead when either its carcass was found or when its transmitter was
found on the bank. A fish was considered alive until the last measurable position shift of the
individual.

> DATA ANALYSES

Fish positions were plotted on a map using Quantum GIS (ver. 1.6.0. “Copiapo”); azimuths
were plotted with the plugin “Tarsius” (www.tarsiusproject.org/download). “Resting place”
was defined as a restricted area of 2 x 2 m at maximum where fish spend daytime (at least
three subsequent three-hour intervals, of which at least two were during daytime). “Move-
ment” was defined as the sum total of the distance (m) each individual moved during the 24-h
monitoring period. “Relocation” was defined as the distance (m) between the centre of each
resting place of each individual between two successive weeks. “Home range” (HR) was de-
termined as a MCP (minimum convex polygon) of the fish position during a 24-h period using
the Home Range Analysis plugin for Quantum GIS. The boundary value for DO conditions
was used according to Massabuau and Forgue (1995), who state that European catfish can
tolerate DO values higher than 1.5 mg-L™" in the long term, values lower than 1.5 mg-L™" be-
ing critical. We used this criterion to distinguish between sufficient (higher than 1.5 mg-L™7)
and deficient (lower than 1.5 mg-L~") DO conditions throughout the study period. Values of
individual fish relocation, movement and HR were matched with the DO value at the refer-
ence point, except the situation when an individual reached a DO refuge (10 m at maximum
from the centre of the refuge). DO refuges were defined as two places where the fish moved
to on/after 21st December 2010 (see Figure 2B). Levels of DO at these refuges were obvi-
ously different from the common conditions represented by the reference point (Figure 2C,
Figure 3). If an individual reached a DO refuge area, its relocation, movement and HR value
were matched with the DO value measured in the centre of the refuge area.

> STATISTICAL ANALYSES

The statistical analyses were performed using the SAS software package (SAS Institute Inc.,
version 9.2, www.sas.com). The data were logqp_transformed to meet normality and/or ho-
moscedasticity requirements when needed.

The influence of DO conditions on catfish relocation and movement was analysed using a
linear mixed model (LMM) with random factors (PROC MIXED). The random factors were used
to account for repeated measurements collected for the same experimental units (individual
fish) across the duration of the experiment. The significance of the explanatory variable “DO
level” (i.e., a fixed effect) in the particular model was assessed using an F-test. Least-squares
means (LSM), henceforth referred to as “adjusted means”, were computed for each significant
class explanatory variable. Differences between the classes were tested with a t-test and a
Tukey-Kramer adjustment for multiple comparisons. The degrees of freedom were calculated
using the Kenward-Roger method (Kenward and Roger, 1997).

RESULTS
>FISH TRACKING

In the period between 2nd November and 14th December 2010, fish had generally stable
resting places (Figure 2A) and stable HR of 9 m? maximum (mean 0.2 m?, S.D. 0.9 m?). Within
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Figure 3

Average relocation of European catfish between two successive weeks and values of water tempera-
ture and dissolved oxygen in the period from 2nd November 2010 to 1st February 2011. Value of the
relocation is presented as the mean with a confidence interval of all specimens on each day.
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24-h cycles, the movement of fish was usually minimal with a maximum of 18 m-day~' (mean
0.74 m-day™!, S.D. 2.09 m-day~'). On 21st December 2010, large relocation of almost all
individuals was detected, and six individuals displayed considerable activity during the 24-h
cycle with values of movement up to 259 m-day™' (mean 35.21 m.day~', S.D. 67.26). The
extent of average relocation during the whole period from 2nd November 2010 to 1st February
2011 is shown in Figure 3. Finally, 17 of the fish occupied two very restricted areas (Figure 2B),
and only two individuals stayed out of these areas, in places with deficient DO levels. After
4th January, all the relocations and movements ceased again. The values and variability of
relocation, movement and HR among individuals are summarised in Table I.

>ENVIRONMENTAL VARIABLES

The lake was covered with ice from 30th November, and as early as 7th December also with
an additional layer of snow at least 5 cm thick. Ice covered the lake until 1st February, with
only partial thawing at the banks during periods from 11th to 18th January and 25th January
to 1st February. The DO and temperature conditions in the lake are shown in Figure 3. The DO
minimum occurred on 21st December 2010 with a DO concentration of 1.3 mg-L~'. The values
at the holes cut by angler volunteers were slightly higher (the minimum DO was detected on
21st December 2010 with a DO concentration of 1.6 mg-L~"). At the two places to which
the fish moved, the DO concentrations were highest (the minimum DO was detected on 21st
December 2010 with a DO concentration of 2.2 mg-L~"). Spatial distribution of DO minimum
values is shown in Figure 2C; temperatures during the same period are shown in Figure 2D.

>IMPACT OF DO DEFICIENCY ON EUROPEAN CATFISH BEHAVIOUR

The extent of relocations, movements and HR is summarised in Table I. The relocation of
individuals depended on the DO concentration and was significantly higher when fish were
exposed to deficient DO values under 1.5 mg-L~" (Fy 109 = 74.37, P < 0.0001; Tukey-Kramer
Adj. P < 0.0001; Figure 4A). Movement increased in the deficient DO conditions as well
(F1214 = 26.48, P < 0.0001; Tukey-Kramer Adj. P < 0.0001; Figure 4B).

In cases of DO deficiency, the fish left their previous resting places and HR, and simul-
taneously relocated to two restricted places with the most favourable DO conditions (see
Figure 2B and Figure 2C). This demonstrates that the increase in the movement and relocation
was motivated by searching for higher DO levels. When fish reached DO refuges, relocations
and movements ceased. The catfish remained at these sites after DO levels had recovered in
the whole lake.

The two individuals that stayed in the places with deficient DO levels died. The transmitter
of one individual with remains of the fish carcass was picked up by a scuba diver from the
lake in the spring. The transmitter (still operating) of the other fish was found on the bank, five
metres inland. All the other fish continued to display movements after 1st February and were
therefore assumed to have survived.

DISCUSSION

Although information concerning the behaviour of European catfish in the natural environment
is highly limited, this species is assumed to have a physiological optimum of 25-27 °C, when
its activity is at its peak (Copp et al., 2009). In cold water during winter time, the activity of
European catfish is minimal (Slavik et al., 2007; Copp et al., 2009). However, our telemetry
study revealed the possibility of short-term high activity in winter in response to sub-optimal
and/or potentially lethal environmental variables.

Based on the measurements of environmental variables, we hypothesised that the initial stim-
ulus, which initiated movement as well as relocation, could have been DO deficiency. Our re-
sults support our hypothesis and show that the temporal activity and also spatial distribution
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Figure 4

European catfish relocations (A) and movements (B) under oxygen-deficient and oxygen-sufficient con-
dition. Values are adjusted means + S.E. of log10-transformed data. Oxygen deficiency was defined as
the situation when fish were exposed to oxygen concentrations lower than 1.5 mg-L™".

of individuals was affected by low oxygen levels. Despite the fact that relocations in our case
were not long-distance, the monitored relocations were synchronised and stretched far be-
yond the borders of the initial HR of individuals. In a certain way, these relocations can be
understood as a “refuge migration” sensu Lucas and Baras (2001). We assume that DO de-
ficiency was caused by the combination of the accumulation of decomposing autumn leaf
litter and the presence of a total and permanent ice cover with snow early in the winter. The
snow layer restricts photosynthesis below the ice. This mentioned combination of factors is
the typical initiator of winterkill in this type of habitat (Fast, 1994; Lucas and Baras, 2001).

Copp et al. (2009) stated that the DO concentration limit for the European catfish is
3-3.5 mg-L~'. However, our data prove that, at least during winter, values of DO of up to
2.4 mg-L-" were endurable in the long term. Values ranging from 1.3 to 2.4 mg-L™" initiated
the great activity and relocation of fish to areas with favourable DO conditions. Our findings
are in agreement with Massabuau and Forgue (1995), who state the ability of European cat-
fish to tolerate DO concentrations of up to 1.5 mg-L~" in the long term. Values between 1 and
1.5 mg-L~" are said by these authors to be critical; nevertheless, they point out that catfish
can sustain these conditions for 24 h. Fish in our study also survived and exhibited movement
under conditions with DO concentrations of 1.3 mg-L~".

A successive increase in aggregation associated with the relocation of the fish to areas with
better DO conditions was also observed. European catfish exhibit site fidelity, and they could
also be considered a territorial species, which is associated with their solitary behaviour (Carol
et al., 2007; Slavik and Horky, 2009). Nevertheless, some information regarding the aggrega-
tion of adult European catfish in a very restricted area does exist. Boulétreau et al. (2011)
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observed such a phenomenon in the Rhone River, but the cause of their behaviour was
unclear, and no juveniles participated. Recently, some temporary catfish aggregations con-
nected to their predatory behaviour have also been observed (Cucherousset et al., 2012).

In our case, the tracked individuals displayed site fidelity at first. Each individual had its stable
resting place, and the HR was minimal, which could have been bolstered by the low tempera-
ture (Slavik et al., 2007). Later on, a large aggregation of fish in two restricted areas took place.
This behaviour was forced by DO conditions in the beginning, but the fish stayed aggregated
even after the DO deficiency disappeared and DO rose up to 4.0 mg-L.

A large aggregation of fish brings many additional aspects, including the formation of bio-
geochemical hotspots (places where nutrient release by animals exceeds the need of primary
producers) (Boulétreau et al., 2011) or facilitation of spread of disease (Arneberg et al., 1998;
Ogut et al., 2005). We hypothesise that the reason why the fish stayed aggregated and why
they did not move back to their previous HR is connected to low temperature, which could
inhibit the activity of fish.

Preventive actions taken by members of the local anglers’ organisation, including cutting
holes in the ice, may not contribute to mitigation of DO deficiency. Ice hole cutting is a com-
mon practice of fish stock protection in shallow, ice-covered water bodies (Fast, 1994). How-
ever, in our study, not a single monitored individual stayed near the holes. This is most likely
related to unstable DO conditions in these places, where DO fluctuates based on ice cutting
frequency. Natural tributary inflows appear to provide better DO refuge areas during ice cover
periods than man-made ice holes. Although the inflow was cold, it remained without ice cover
and well oxygenated. Fourteen tracked individuals stayed near the tributary inflow, and one of
them even migrated through the stream connection to a nearby pool. Three other individuals
stayed near a naturally unfrozen part of the lake surface where diffusion of oxygen into the
water from the air was possible. At these two sites, the DO values were highest during the
DO-deficient period. This shows the importance of these types of places for fish survival at
similar localities. Where catfish are invasive, such areas of high aggregation could be targeted
by population control measures. Considering the potential invasiveness of European catfish
in its introduced range, there is a need to accent DO deficits as a possible factor which may
induce migration and colonisation of new areas.
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Abstract — Dualism in activity has been described in many fish species including larger
individuals of European catfish (Silurus glanis) which may switch their activity from nocturnal
to diurnal in winter and spring. During our multiannual telemetry study, we investigated
seasonal changes in diel activity in 45 juvenile European catfish (mean weight 358.5 g) in an
oxbow lake. These juveniles exhibited no dualism in movement, and the fish were strictly
nocturnal without any period of diurnal activity. During winter, the juvenile catfish were
completely inactive throughout the 24 h cycle. We presume that these behavioural patterns
of juvenile fish are connected with their avoidance of predators and lower tolerance of
juveniles to temperature extremes. We also investigated the impact of temperature,
dissolved oxygen levels and water clarity on fish movement, relocation of resting places and

home range size.

Key words: radio telemetry, diel rhythm, still water, movement, dualism, Siluriformes
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Introduction

In fish, like in other vertebrates, behavioural and physiological processes are rhythmical, and
the light-dark (L-D) cycle is considered as the primary synchronizer (Reebs 2002). How
animals react to the L-D cycle usually depends on the species and its diel activity rhythm,
which may be diurnal, crepuscular or nocturnal (Thorpe 1978). The diel activity rhythm may,
however, also differ within species, depending on the age or social rank of the individual;
subdominant individuals, for example, use other periods of the day than dominant
individuals to avoid intraspecific aggressiveness (Brannds 2008; Alanara et al. 2001; David et
al. 2006). Preferences to light or dark may also switch in different seasons, when individuals
completely change their activity period, for example, to reduce the risk of predation
(Valdimarsson et al. 1997; Fraser et al. 1993; Heggenes et al. 1993; Riehle & Griffith 1993).
Moreover, fish activity may be influenced by temporal changes in food availability (Bolliet et
al. 2001) or changes of environmental parameters, for example, turbidity (Utne-Palm 2002).
All these aspects result in high intraspecific variation in diel activity and disparity among age

or social groups, in different seasons and/or habitats.

The European catfish (Silurus glanis) is considered a nocturnal species (Boujard 1995;
Carol et al. 2007) with light-sensitive larvae (Copp et al. 2009), but a multiannual field study
showed that the diel activity of this species may differ across seasons; in winter and spring,
the maximum activity was observed during the day (Slavik et al. 2007). However, recently
published studies on catfish activity in nature are focused on adults and individuals over 0.8
kg, and present no data on smaller juveniles. Small individuals may behave differently
because they are more impacted by predation (Nilsson & Bronmark 2000; Paine 1976).
Nocturnal activity, especially in winter may be the optimal strategy to minimize predation
risk (Fraser et al. 1993; Heggenes et al.1993). The European catfish lives primarily in deep
lowland rivers and rich, weedy lakes, exhibiting site fidelity and utilizing stable resting places
(Carol et al. 2007). The species has limited eyesight but well developed non-visual sensors
(eg. feelers, taste organs, Weber’s apparatus, lateral line), which allow it to accurately track
the swim path of its prey even in complete darkness (Pohlmann et al. 2001). Although the
preferred habitat of S. glanis are still waters (Copp et al. 2009), studies on its behaviour in

this habitat are lacking.
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The aim of our study is to evaluate the diel activity of juvenile European catfish over
different seasons in an oxbow lake. We presumed nocturnal activity of juveniles during the
whole year because it should give them an advantage of effective foraging (profiting from
their well developed non-visual senses) while being exposed to lower predation pressure. In
this study, we also examined the impact of water clarity, temperature and dissolved oxygen

on catfish movement, relocation of resting places and size of home ranges.

Methods
Study site

The study was undertaken at the BySicka oxbow lake situated in Central Bohemia, Czech
Republic (50°10'48.005"N, 14°47'32.713"E; Fig. 1). It was formerly part of the river Elbe but
has been disconnected since around 1930, when the river was channelized. The BySicka
oxbow lake represents a highly valuable natural habitat that is part of the “Hrbackovy tané”
natural reserve and also the European Ecological Network Natura 2000. The field work was
authorized by the Regional Office of the Central Bohemia Region, Department of
Environment and Agriculture (permit No. 114123/2010/KUSK-3). The lake is ca 1 km long, 40
m wide at maximum, and its depth reaches 2.3 m. According to a recent ichthyological
survey (Danék unpublished data), the fish stock consists of: Cyprinus carpio, Scardinius
erythrophthalmus, Rutilus rutilus, Esox lucius, Sander lucioperca, Blicca bjoerkna, Tinca tinca,
Anguilla anguilla, Abramis brama, Ctenopharyngodon idella, Aspius aspius, Perca fluviatilis,
Gymnocephalus cernuus, Hypophthalmichthys molitrix, Alburnus alburnus, Leuciscus idus,

Squalius cephalus, Rhodeus amarus, Ameiurus nebulosus, Carassius gibelio and Silurus glanis.

Fish trapping and tagging

A total of 45 juvenile European catfish were tracked from 2" November 2010 to 20"
November 2012. First 19 individuals were caught at the study site by electrofishing (650 V, 4
A, pulsed D.C.) between 7" October and 9" October 2010. The fish were equipped with
radio transmitters and released to the locality on 10™ October 2010. Additional 26

individuals were successively caught using fishing rods, tagged and released in the period of
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July 2011 - April 2012. The fish weighed between 203 and 1150g (mean 358.5g,
SD 216.5 g). Their standard length was 285-552 mm (mean 378 mm, SD 51.1 mm).

The fish were equipped with radio transmitters MST-930, 4 g in air, 9.5 x 26 mm,
24 cm external whip antenna (Lotek Engineering Inc., New market, Ontario, Canada). The
radio transmitters were surgically implanted into the peritoneal cavity through a lateral
incision situated ca 1 cm above the pelvic fin. The surgery was performed under 2-phenoxy-
ethanol (0.2 ml-I"") anaesthesia. The incision was closed by two separate stitches using
sterile braided absorbable suture (Ethicon Coated Vicryl W9113, Johnson & Johnson, St.
Stevens Woluwe, Belgium). The mass of the transmitter never exceeded 2% of the fish body
mass in air. Based on a previous study (Kalous et al. 2014), the implantation of transmitters
of this size is assumed not to affect the catfish significantly. To prolong the functioning of the
transmitters, which were quite small and had a low battery capacity, they were programmed
to only emit a signal on one day of the week (ON for 1 day/ OFF for 6 days). The
programming extended the calculated battery life to 438 days (the original battery life of
unprogrammed transmitters is 117 days). The Animal Use Protocol (No. 6/2010) issued by
the Czech University of Life Sciences in Prague was approved by the Ministry of Education,

Youth and Sports of the Czech Republic (permit No. 22103/2010-30).

Fish tracking

The fish were tracked on a weekly basis, always for a 24-hour period. Fish positions during
the 24 h cycle were determined by triangulation at eight subsequent three-hour intervals. A
radio receiver SRX 400A/W5XS equipped with a three-element Yagi antenna F 140-3FB
(Lotek Engineering Inc., New market, Ontario, Canada) were used for tracking. Prior to the
study, the whole bank of the Bysicka lake was marked with stable landscape marks
positioned on trees, shrubs or wooden pegs with marks spaced 2— 4 m from each other. The
number on each mark determined the distance in meters from the northwest corner of the
lake. This system of stable landscape marks allowed us to quickly determine our position
with high accuracy without using GPS during the tracking. The accuracy of the fish position
determination was estimated to be + 1 m according to a calibration procedure repeatedly

performed with a tag located on the lake bed (Danék et al. 2014).
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Abiotic variables

Dissolved oxygen (mg-1™") and water temperature (°C) were measured on each tracking day
at dawn using multimeters Multi 3420 WTW (WTW Wissenschaftlich-Technische
Werkstatten GmbH, Weilheim, Germany) and Gryf 464 (GRYF HB, s.r.o., Havlick(v Brod,
Czech Republic). The European catfish is a benthic fish, so the values were measured at a
stable reference point approximately 10 cm above the bottom in the central part of the lake.
Water clarity was determined as Secchi depth (cm) measured with a Secchi disk (20 cm in
diameter). Light intensity (Ix) was measured with a photometer PU 550 (Metra Blansko a.s.,
Blansko, Czech Republic). The course of water temperature, dissolved oxygen and Secchi

depth at the reference point during the study is shown in Fig 2.

Data analyses

Two individuals died after being affected by an oxygen deficiency event (for more
information, see Danék et al. 2014). The carcass of one other fish was found in May 2012
(cause of death unknown). In several cases, the operating transmitter was found on the lake
bed, but this could be due a living individual expelling the transmitter (Danék & Kalous

2013). Fish positions were plotted in a map using Quantum GIS (ver. 1.6.0. “Copiapo”);

azimuths were plotted with the plugin “Tarsius” (www.tarsiusproject.org/download). The
term “resting place” was defined as a restricted area of less than 2 x 2 m where fish dwell
during daytime (for at least three subsequent three-hour intervals, of which at least two
were during daytime; see Danék et al. 2014). “Movement” was defined as the distance (m)
each individual moved during the 3 h interval. “Relocation” was defined as the distance (m)
between the centres of each resting place of each individual between two successive weeks.
“Home range” (HR) was determined as the minimum convex polygon (MCP) of the fish
position during a 24 h period using the Home Range Analysis plugin for Quantum GIS.
Although size usually influences catfish behaviour (e.g. Slavik & Horky, 2012), it was not our
target variable, as we were interested in analysing behaviour independent of fish size. Thus,
to ensure that movement, relocation and home range were independent of fish size, we
corrected these variables by dividing them by the weight of the individual fish (Aarestrup et
al., 2005). In further analyses, we only used values corrected for fish weight. A fish was
considered alive until its last measurable position shift. Data from the period of 14"

December 2010 — 28" December 2010 were excluded from the analyses because of the
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occurrence of oxygen deficiency in this period, which seriously affected fish behaviour. This
special event was analysed in a separate study (Danék et al. 2014). Data samples were
grouped into seasons: spring (215 March to 20™ June), summer (21°' June to 20"
September), autumn (21°° September to 20" December) and winter (21° December to 20"
March) according to Slavik et al. (2007). Four “light intervals” were defined within the 24 h

cycle: dusk and dawn (light intensity 1-500 Ix), night (< 1 Ix) and day (> 500 Ix).

Statistical analyses

The statistical analyses were performed using the SAS software package (SAS Institute Inc.,
version 9.2, www.sas.com). The data were tested whether they meet normality
requirements before analyses. The catfish movements, home range and relocation were
analysed using a separate linear mixed models (LMM) with random factors (PROC MIXED).
The random factors were used to account for repeated measures collected for the same
experimental units (individual fish) across the duration of the experiment. The significance of
each exploratory variable (i.e., fixed effect, including their interactions) in the particular
model was assessed using an F-test in which we sequentially dropped the least significant
effect, beginning with the full model (backward selection procedure). Least-squares means
(LSM), henceforth referred to as ‘adjusted means’, were computed for each significant class
exploratory variable. Differences between the classes were tested with a t-test. We used a
Tukey—Kramer adjustment for multiple comparisons. Associations between the dependent
variables and other continuous variables were estimated by fitting a random factor model
using PROC MIXED as described by Tao et al. (2002). With this random coefficient model, we
calculated the predicted values for the dependent variables and plotted them against the
continuous variables by using the predicted regression lines. The degrees of freedom were

calculated using the Kenward-Roger method (Kenward & Roger, 1997).

Results

A total of 6352 valid positions of fish were obtained during the study period. The observed

behavioural variables varied in the following manner: movement ranged from 0 to 583 m
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(mean 14.93 m, SD 51.51 m), home range size from 0 to 19850 m? (mean 1341 m2, SD 2908

m?) and relocation from 0 to 567 m (mean 40.3 m SD 95.0 m).

Movement of catfish reached its highest values in spring and summer (Tukey—Kramer
Adj. P < 0.05), while activity during autumn and particularly winter was minimal
(F2,5094=42.18, P<0.0001; Fig. 3). Fish generally showed nocturnal and crepuscular activity
(F2,6312=65.39, P<0.0001; Fig. 4). This pattern evolved across seasons (Fg30s=22.06, P<0.0001;
Fig. 5) from strictly nocturnal and crepuscular activity in spring and summer (Tukey—Kramer
Adj. P < 0.05; Fig. 5 a, b), through a similar trend with non-significant differences in autumn
(Tukey—Kramer Adj. P > 0.05; Fig. 5 c), to inactivity with no trends during the 24 h cycle in
winter (Tukey—Kramer Adj. P > 0.05; Fig. 5 d). The average value of movement in winter was
only 0.036 m. In spring and autumn, values reached 18.11 m and 3.49 m, respectively. The

highest movement average occurred in summer, reaching 30.85 m

Relocation (F144,=23.16, P<0.0001; Fig. 6 a) and home range size (F132:=99.42,
P<0.0001; Fig. 6 b) increased with water temperature. The impact of the other
environmental variables tested (water clarity and dissolved oxygen in a given range) on

catfish behaviour was not proved.

Discussion

The results show that juveniles are most active in spring and summer and that they are
inactive during winter. Slavik et al. (2007) observed activity of European catfish even during
winter, but the extent of this activity was low, as movement was positively correlated with
temperature and therefore generally low in winter. Some other authors suggest that in
winter time catfish may be completely inactive and “hibernate” in deep holes, dens and
crevices in the bed (Lelek et al. 1964). The metabolism and activity of fish, as of other
poikilotherms, usually positively correlate with temperature (Ultsch 1989). The optimal
temperature for the metabolism of the European catfish is 25-27°C (Copp et al. 2009).
Moreover, smaller individuals are usually more sensitive to environmental extremes (Sogard
1997), and suboptimal temperatures may therefore inhibit their activity more seriously than
that of adults. All this is in agreement with winter inactivity of juveniles observed in the

current study. Home range size and relocation decreased with decreasing temperature (Figs
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5 and 6), and movement ceased in the winter, when water temperatures were notably low,
around 4°C (Fig. 2). However, in cases of danger posed, for example, by oxygen deficit, the

activity of catfish in winter may temporarily increase (Danék et al. 2014).

In our study, juveniles exhibited nocturnal and crepuscular activity during spring,
summer and autumn. Slavik et al. (2007) showed that the activity of adults may have a
dualistic nature. In winter and spring, they recorded maximum movements of catfish during
the day. Other studies (Carol et al. 2007, Boujard 1995) indicate that catfish are
preferentially nocturnal; this can be altered by food availability in controlled conditions
(Bolliet et al. 2001) or by temporary presence of specific prey in nature (Cucherousset et al.
2012). The strictly nocturnal activity of juvenile catfish may be influenced by two factors:
better foraging conditions and lower predation risk. European catfish use non-visual senses
for prey detection and tracking (Pohlmann et al. 2001), which is advantageous when foraging
in waters with high turbidity or in low-light conditions (dusk, dawn, night). As the eyesight of
S. glanis is strongly limited, they may face higher predation risk in daytime. During the day,
catfish may be more threatened by predation from the banks or the air, for example, by
piscivorous birds, because these predators are especially hard to detect without well
developed eyesight. Piscivorous birds present at the locality are the Great Cormorant
(Phalacrocorax carbo) and the Grey Heron (Ardea cinerea) for which catfish weighing around
350 g are suitable prey (Suter 1997; Cook 1978). Previous studies revealed possible
conspecific agonistic behaviour among European catfish (Slavik & Horky 2009; Slavik et al.
2011). Although we have no data on the position of adults at our locality, we assume that
adults have no impact on the diel activity of juveniles because juvenile and adult catfish are

spatially segregated in nature (Slavik et al. 2007).

We did not detect any significant impact of water clarity or dissolved oxygen (within
the range of 2.4-16.3 mg-1™") on catfish movement, HR size or relocation. Water clarity may
generally affect activity and prey consumption of fish, especially in piscivorous species, as
prey is hardly visible for predators in more turbid environments (De Robertis et al. 2003).
European catfish, however, use nonvisual senses to track their prey, so they may be
unaffected by low water clarity. In rivers, high turbidity is usually connected with high water
levels/flows. In these conditions, prey accessibility (eg. insects and earthworms) may be

increased. These better foraging conditions may increase the activity of nonvisual predatos,
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particularly eels and European catfish (Tesch 1977, Slavik et al. 2007). However, changes in
water clarity at our study site were seasonal in character, depending on algal development,
so these changes were not related to temporarily better foraging conditions for catfish.
Neither dissolved oxygen concentrations within the given range had any impact on catfish
behaviour. On the contrary, in our previous work (Danék et al. 2014), we revealed a high
impact of dissolved oxygen concentrations within the range of 1.3-2.4 mg-I"", which initiated
strong movement and relocation of individuals to oxygen refuges. The blood of European
catfish contains 30-35% haemoglobin, which helps the fish balance out different oxygen
condition including low oxygen levels. It is reasonable to assume that the concentration of

oxygen only plays a role when the minimum threshold value is reached.

We conclude that, in temperate oxbow lakes, juvenile catfish are generally nocturnal
with an inactive winter period. We assume that this behaviour is associated with favourable

foraging and physiological conditions and low predation pressure.
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