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Anotace

Stievlicka vychodni (Pseudorasbora parva) je nepivodnim asijskym druhem, ktery
v prib¢hu 20. stoleti kolonizoval téméf cely evropsky kontinent a je hodnocen vyrazné
negativné (prostorova a potravni konkurence, mozné zavledeni i $ifeni stavajicich a
novych chorob a paraziti) jak ve volnych vodach tak v akvakultufe. Cilem této prace
proto bylo (1) monitorovat predaéni chovani dravych druhii ryb ve vztahu k tomuto
neptivodnimu druhu v typickém biotopu jeho vyskytu u nés.

Vysledky studie dokladuji silny predacni tlak na strevli¢ku, kterd byla velikostné
nejdostupnéjsi a dominantni kofisti candata (Sander lucioperca) i okouna (Perca
Sluviatilis) v pribéhu celého roku. Sledovany modifikovany habitat - rybni¢ni stoka -
byl potvrzen také jako “rezervoarovy” biotop umoziujici preziti a nasledné potencialni
Sifeni nejen strevlicky, ale rovnéZ nékterych dalsich nepivodnich invaznich druhii jako
napi. karase stfibtitého (Carrassius gibelio). Populace stfevlicky vychodni mize tedy
byt predaci velmi vyrazné limitovana a tato okolnost by méla byt brana v potaz rovnéz
vrybafském mamagementu - napf. rybnicnich stok - jako u¢inné eradikacni &
kontrolni opatieni.

V ptipadé rybniéni akvakultury, byla tato skutetnost studovéna také (2)
v rybni¢nich podminkéch, a navic vyuzita k produkénim aéelim — k ziskani takového
nasadového materialu nékterych dravych ryb, (0+ candéta; O+ okouna), ktery je po
kvantitativni ale predevs§im kvalitativni strance okamzite pouzitelny v ramci
biomanipula¢nich opatieni a predstavuje tak dilezity krok v boji s timto nezadoucim

rybim druhem.




Annotation

Topmouth gudgeon (Pseudorasbora parva), a non-native fish species from Asia origin,
has rapidly spread throughout the whole European region during last decades of the 20"
century and it is already considered as a successful invader with a high negative impact
(spatial and feeding competition, spread of diseases and/or parasites) upon native fish
communities and aquaculture. Thus, the main objective of the thesis was (1) to reveal a
potential of piscivorous fishes feeding behaviour towards this alien species in its typical
biotop in the Czech Republic.

A strong predation on this non-native cyprinid was documented throughout the
whole year and topmouth gudgeon was found to be the best size available prey and was
a dominant prey species in the diet of present piscivorous fishes (pikeperch, Sander
lucioperca; perch Perca fluviatilis). Moreover, a modified semi-natural habitat - the
pond canal was found to be an important reservoir site of persistent occurrence and high
potential for spreading not only in topmouth gudgeon but also in some other undesirable
alien fishes like e.g. Prussian carp (Carrassius gibelio). An observed strong piscivory
towards the alien topmouth gudgeons; therefore, might obviously limit its spread and/or
establishment and this phenomenon should be taken into account as a possible
beneficial treatment for its eradication and/or control in fisheries management.

The experiments with topmouth gudgeon supplied as a prey food fish were focused
(2) on its practical utilization in pond cultivation of some predatory species (0+
pikeperch and 0+ perch). The production of high quantity piscivorous fish in an
appropriate size, which might constitute a potential for a rapid biomanipulation effect,

thus seems to be a critical point of this non-native alien fish control.
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Predacni chovani dravych ryb ve vztahu k nepuvodni
stievlicce vychodni, Pseudorasbora parva (Temminck &
Schlegel, 1842)

(Dusledky pro rybaisky management a akvakulturu)

Uvod

Neptivodni druhy jsou Casto zmitiovanou pfi¢inou snizovani druhové biodiverzity (napf.
Pimm 1991; Gido & Brown 1999; Skelton 2000; Arthur & Subasinghe 2002; Cambray
2003; Maezono & Miyashita 2004). Introdukované druhy obecné mohou zapricinit
zmény ve slozeni spoleCenstev i jejich funkci (Vitousek 1990; Lodge 1993; Cambray &
Pister 2000) predeviim v disledku biotickych interakei jako jsou napf. kompetice Ci
predace (Lodge 1993; Gido & Brown 1999), potencionalni geneticke ovlivilovani
(Gharrett 1994; Viola & Schuck 1995; Arthur & Subasinghe 2002), abiotickou
disturbanci (Gido & Brown 1999) ¢i rozsifovanim nemoci a parazitii (Bachman 1984;
Viola & Schuck 1995) zvlasté jedna-li se o druhy exotické, které v piipad¢ jejich
expanzivniho rozsifeni byly a jsou oznafovéany také za jednu z pfic¢in ve vztahu k
snizovani vyskytu endemickych sladkovodnich druhti (napf. Maezono & Miyashita

2004) po celém svete.

Pocatkem 60. let byl do Evropy zavlecen nejpravdépodobnéji spolu s importy
plidku bylozravych ryb — amura bilého (Ctenopharyngodon idella), tolstolobika bilého
(Hypophthalmichthys molitrix) a tolstolobce pestrého (Aristichthys nobilis) 1 drobny
cyprinid, stfevlicka vychodni (Pseudorasbora parva Temminck & Schlegel, 1842)
(Banarescu 1964), v anglické jazyce oznaCovan jako “topmouth gudgeon” (napt. Copp
et al. 2005), “japanese minnow” (napf. Maekawa et al. 1996), “stone moroko” (Asaeda
et al. 2005) & “false dace” (Park & Park 2006). Tento druh patifci do Celed¢
kaprovitych (Cyprinidae), je jednim ze tii druhG rodu Pseudorasbora (California
Academy of Sciences, catalog of fishes), jehoz plvodni areal vyskytu zahrnuje
jihovychodni Asii - jihoasijskou ¢ast byval¢ho Sovétského svazu, Mongolsko, Cinu,
Koreu a Japonsko (napf. Katano & Maekawa 1997; Xi et al. 2001).

Poprvé byl jeji vyskyt v Evropé 7jitén v Rumunsku, kam byla zavle¢ena spolecné

s dovozem rostlinozravych druhl ryb z Ciny (Banarescu 1964). Od roku 1963 byl jeji
vyskyt registrovan také v Madarsku, vroce 1975 v Bulharsku, dale pak v byvale
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Jugoslavii (KneZzevic et al. 1981), v Rakousku (Weber 1984), Némecku (Arnold 1985) a
postupné v dalsich evropskych zemich (Bianco 1988; Domaniewski & Wheeler, 1996;
Economidis et al. 2000; Caiola & Sostoa 2002; Cakic et al. 2004). Registrovana byla ale
také v Africe (Perdices & Doadrio 1992), asijské ¢asti Turecka (Wildekamp et al.
1997) ¢i Iranu (Coad & Abdoli 1993).

Na nasem byvalém uzemi (CSSR) byla stievlicka vychodni poprve registrovana
dne 15. Gervna 1974 v periodicky zaplavovaném mrtvém rameni feky Tisy u obce Velké
Trakany (Zithan & Hol¢ik 1976). Pocatkem 80. let byla pravdépodobné z Mad'arska
zavletena byvalymi zdvody Statniho rybafstvi s rychlenym plidkem amura a
tolstolobika bilého na Moravu a do Cech (Barus et al. 1995). Jankovsky (1982), Sebela
& Wohlgemuth (1984) ji uvadeji jiz z cel¢ ftady lokalit Moravy a Cech
(Jindfichohradecko, Hlubocko, Pohofelicko, Hodoninsko). V Evrop¢ kolonizovala(je)
rozmanité typy stojatych i tekoucich vod s vyjimkou pstruhového a lipanového pasma,
respektive obecné usekl s vyssi rychlosti proudu. Nejpocetnéjsi populace vSak vytvari
ve vytaznicich a mengich rybnicich (Adamek et al., 1996) a jeji vyskyt (alespon v CR)
se zda byt do urcité miry zavisly na rybni¢ni akvakultufe (Adamek, Jurajda - osobni
sdelent).

A&koliv vyskyt neptivodnich druhii ve volnych vodach maze byt (a v nékterych
piipadech tomu tak zcela urcité je) vysledkem mnoha procesii vcetné pfirozené
kolonizace nového habitatu (Copp et al. 2005), v pfipadé prvotniho vyskytu stievlicky
na Evropském kontinentu lze hovofit jako o introdukci sensu stricto (Richardson et al.
2000) - pfesunu organismu ¢lovékem do arealu, do kterého by se sam nikdy nedostal.
Tato introdukce byla zcela necilena a jak bylo jiz zminéno vyse, zpusobena sektorem
akvakultury (Banarescu 1964; RIFCH 1990). Welcomme (1988) uvadi akvakulturu jako
pfi¢inu introdukei ve vice nez 40% viech piipadd. Kromé legalnich introdukci cilenych
napf. pro ucely sportovniho a komer¢niho rybolovu (obohaceni chovanych ¢i lovenych
druhi) ¢i ekologického managementu (icelove rybi obsadky), mize byt vSak vyskyt
Subasinghe 2002, Beyer 2004). Do soucasnosti byla vénovana pozornost introdukcim
piedev$im ve vztahu jejich vlivu na akvakulturu (Burke et al. 1986, Arthur &
Subasinghe 2002, Maezono & Miyashita 2003, 2004), ackoliv je zfetelné rovnéz opacné
piisobeni - vliv samotné akvakultury na spolegenstva volné zijicich ryb (napf. Viola &

Schuck 1995, Bergensen & Anderson 1997, Arthur & Subasinghe 2002).




Rybni¢ni akvakultura piedstavuje nejenom v podminkach Ceské republiky hlavni sektor !
spojeny s aktivitami jako je transport a introdukce vodnich sivoticht (RIFHV 1990).
7 tohoto pohledu tedy mohou rybni¢ni stoky a kanaly rybni¢nich soustav hrat
vyznamnou ulohu ve vztahu k netmyslnym (re)introdukcim a ovliviiovat tak nejenom
yivocichy zamérné a komeréné chované (rybnicni akvakulturu), ale také zijici v
piirozeném piilehlém ekosystému s vyznamnymi potencionélm’mi ekonomickymi a

biologickymi dopady.

Cilem kapitoly 1 proto byl (1) odhad slozeni a sezonni dynamika rybiho
spolecenstva ¢lovékem vyrazné modifikovaného habitatu  — rybni¢nich stok -
propojujiciho rybni¢ni akvakulturu s pfilehlym piirozenym biotopem, (2) poukazat na

potencialni vlivy a to jednak na samotnou akvakulturu, tak na ryby Zijici ve volnosti a

pokusit se adresovat, v $iréim kontextu, otazky a potieby dalSiho vyzkumu.

Strevlicka se ve 20. stoleti rapidné rozsifila témet na celém evropském kontinentu
(Zitflan & Holgik 1976; Bianco 1988: Anhelt 1989; Gozlan et al. 2002; Beyer 2004)
k demuz ji dopomohly nekteré (nékdy zcela druhové specifick€) rysy jeji (1)
reproduk¢ni biologie jako jsou: davkovy vytér, ochrana jiker samcem (Wohlgemuth
1980; Sebela & Wohlgemuth 1984), vysoka pohyblivost larev bezprostiedné po
vykuleni, témef nepretrzity vyter (Katano & Maekawa 1997; Asahina et al. 1990) -
v nasich podminkach v savislosti na teploté vody od mésice dubna az do konce zafi
(Musil, Adéamek — nepublikovana data), (2) velka tolerance vagi podminkdm prostiedi -
rezistence na kyslikoveé deficity, intoxikanty a néktera anestetika, teplotni tolerance
(Rosecchi et al. 1993; Adamek et al. 1995; Musil et al. 2003; Allen et al. 2000) a 3)
zna¢na potravni prizpusobivost (Xie et al. 2000; Wolfram-Wais et al. 1999; Hliwa et al.
2002) — typicky omnivor (viezravec) velmi flexibilni k nabidce prostredi, fakultativni
parazitismus (Trombickij & Kachovskij 1987), ktery byl rybéiskou praxi registrovan
jako vykusovani kuze a svaloviny u trznich ryb oslabenych napt. sadkovanim -
Libosvarsky et al. (1990) popsali anatomicko — morfologickou adaptaci pysku
stievli¢cky na tento zplisob VYyZivy. Expanzivni charakter jejiho Sifeni u nas by dale
umocnén (1) pievozy komeréné chovanych 1yb mezi zavody byvalého Statniho
rybaistvi, v poslednich letech rovnéz (2) cileny transport jako potravni ryby pro drave
druhy ryb, zejména candata obecného (Sander lucioperca) (kapitola 3) a (3) jeii

pouzivani sportovnimi rybaii jako néstrazni rybky (Adamek et al. 1996).
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Za expanzi tohoto druhu obecné tedy stoji pfedevsim jeji (1) unikova schopnost
z akvakultury kam byla prvotné introdukovana (Beyer 2004; kapitola 1) a odkud miize
za pithodnych podminek (2) nasledné dale migrovat a kolonizovat tak nové habitaty
(tento zplisob Sifeni je povazovén za zvla§té vyznamny, Anhelt, — osobni sd€leni) a jeji

(3) transport (cileny ¢i necileny).

Ackoliv je nejenom v Evropé stfevli¢ka v soucasné dob& povazovana za druh vysoce
invazivni (Welcomme 1992; Rosecchi e al. 2001; Copp et al. 2005), pohled na jeji
“invazivnost” se v podminkach Ceské republiky za¢ina postupné ménit. Na Gzemi CR
se z pivodné ostivkovitého vyskytu, ktery uvadéji Barus et al. (1995) brzy stal
viceméné souvisly vyskyt béZzného druhu v abundanci srovnatelné s ostatnimi drobnymi
kaprovitymi rybami (Adamek et al. 1996) ukazujici na expanzivni charakter prvotni
kolonizace novych lokalit, avak z vyvoje situace v posledni dobé je ziejmé, ze se
vyskyt tohoto druhu jiZ vyrazng stabilizoval (Adamek & Koufil 1996) a je ve velké mife
vazany na rybni¢ni akvakulturu (Adamek, Jurajda — osobni sdéleni).

Uspésnost preziti kazdého druhu vnovém (invadovaném) prostiedi je obecné
vysledkem fady intereakci mezi néz patii také predace — interakce s pivodnimi ¢i
neptivodnimi predatory (Ross 1991; Lodge 1993; Gido & Brown 1999). Z tohoto
pohledu je vyznamné, Ze se tento druh nasel v potravé nékterych ptivodnich piscivord
(candata) (Banarescu 1964; Adamek et al. 1996) a lze se tedy logicky domnivat, Ze
vyskyt (i abundance) stfevlicky muze byt vyznamné limitovan predaci. Znalost
potravniho chovani predatord miZe tedy byt nasledné vyuzita k realizaci hlavnich krokt
v boji s nezadoucimi organismy jako je jejich eradikace a kontrola (Wittenberg & Cock
2001).

Preda¢ni chovani na stievli¢ku vychodni bylo proto studovano v (1) laboratornich
podminkach - u okounka pstruhového (Micropterus salmoides), u okouna (Perca
Sfluviatilis), $tiky (Esox lucius) a sumce (Silurus glanis) (Adamek a kol., 1996, 1999,
2000; Musil & Adamek 2004), ale (2) naprosty nedostatek informaci doposud mame z
lokalit, kde se tento druh potencialné vyskytuje (Adamek et al. 1996) a to jednak z (1)
modifikovanych biotopti povazovanych podle Adamka et al. (1996) za hlavni lokality
vyskytu strevli¢ky, tak (2) z vlastni rybni¢ni akvakultury.
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Monitoring rybiho spolecenstva v typickém biotopu vyskytu tohoto neptivodniho druhu \
- rybni¢nich stokach na Jizni Moravé (Pohotelicko), byla tedy unikétni pfilezitost

smonitorovat roli stievlicky v potravé dravych ryb (kapitola 2).

Moznost vyuziti strevlicky jako potravni ryby pfi odchovu nékterych dravych ryb (0+
candata a okouna) byla nasledné studovana také v podminkach rybni¢ni akvakultury
(kapitola 3 a 4) ato (1) diky vzristajicim podmétim z rybatské praxe, ktera zacala tuto
skute¢nost vyuzivat k produkénim i biomanipula¢nim uceliim (k jeji likvidaci), ale (2)
predev$im z vlastni nutnosti, ze ackoliv byla tato moznost jiz v minulosti zminéna na
prikladu candata obecného (Banarescu 1964; Adamek et al. 1996; Steffens et al. 1990),
vlastni odchov candata v jeho kriticke etapé ontogeneze — piechodu na piscivorni

zpuisob Zivota, nebyl do doby nedavno minulé uspokojivé popsan vibec.

Cilem Kapitoly 3 tedy bylo detailng popsat a zrevidovat nékteré zpusoby odchovu
vétiho (podzimniho) plidku candata s vyuzitim stfevlicky vychodni jako potravni ryby.
7a timto ucelem byla do dvou rybnikil (A) nasazena stievlicka jiz pred zacatkem (2
mésice) vlastniho odchovu rotka candata. Zde byl piedpoklad, ze sttevlicka bude
vyznamné indukovat ranny ptrechod na piscivorii tim, Ze (1) bude sama dostupnou
kofisti a (2) jako zooplanktivor (P.parva) bude vyznamné ovlivitovat velikostni 1
druhové slozeni spolecenstva zooplanktonu a tim urychli nastup piscivorie candata.
V ostatnich rybnicich byl naproti tomu tradi¢ni piipravou rybnika (Verreth 1984;
Steffens et al. 1996) maximalizovan rozvoj hrubého zooplanktonu, ktery byl pred
nasazenim rychleného plidku candata jesté dodatedné inokulovan (Daphnia sp.). Dalsi
experimentalni variantou bylo pravidelné prisazovani potravni ryby (B) a jako kontrola
(C) pak slouzily rybniky, kam se potravni ryba nenasazovala. Testovano bylo vlastni
tasovani indukované piscivorie véetné efektivity métené celkovym prezitim, rastem a

ckonomickou kalkulaci jednotlivych zplsobt odchovu.

V kapitole 4 byla ovéfovana moznost piscivorie (ve vztahu ke stievlidce) u dalsiho

potencialniho druhu — 0+ okouna fi¢niho (Perca fluviatilis).

Cile studie byly zaméfeny na (1) dulezité faktory vlastni ontogeneze piscivorie 0+

okouna — studif jeho ristového potencialu pii raznych krmnych racionech a vlivu typu

(druhu) kofisti (zooplankton, potravni ryba) v laboratornich podminkach. Soudasti byl
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rovnéZz rybnicni experiment, ktery mél odhadnout ekologické disledky piechodu ze
zooplanktivorie na piscivorii a to na individualnim i popula¢nim (v ramci jedné vékova

kategorie 0+ ) stupni véetné biomelioraéniho vlivu na populaci stievlicky vychodni.

Vysledky

Kapitola I — Sezénni dynamika rybiho spoleenstva v rybniéni stoce

Dynamika a slozeni rybiho spolegenstva sledovana v priibéhu roku 2003 v rybniénich
stokach na Jizni Moravé odhalila potencialné mozné ovliviiovani Jak ryb chovanych
v akvakultufe tak opacné - ryb Zijicich v prilehlém pfirozeném biotopu. Druhové
diversita ryb v takto vyrazné modifikovaném biotopu byla vyznamné ovliviiovana
aktivitami spojenymi s obhospodatovanim rybnikd (zvlast¢ uniky ryb v dobé loveni),
coZ bylo demonstrovano zvysenym vyskytem komeréné chovanych druhd v zavislosti
na casovém sledu vypousténi jednotlivych prilehlych rybnikil. Nejvyznamngjsim
kritériem ovliviujicim dynamiku rybiho spolecenstva byla “sezénnost” (r = -0.71, p <
0.001). Vjarnim obdobi dominovaly v ichtyofauné piedevsim ryby puvodem
z akvakultury (komer&né chované) piedevSim  Cyprinus carpio). Rovnéz byl vsak
dokumentovan vyskyt nékolika druht pivodem =z pfilehlého prirozeného habitatu
(ouklej obecna, Alburnus alburnus, Jelec tloudt’, Leuciscus cephalus a plotice obecna,
Rutilus rutilus).

Rybnicni stoka slouzila jako reservoarovéa lokalita umoZiiujici preziti a potencionalni
nasledné Sifeni nékterych neptavodnich invaznich druhi jako je stfevlicka vychodni

(P.parva) a karas stibiity (Carrasius auratus).

Kapitola IT — Asijsky eyprinid strevli¢ka vychodni, Pseudorasbora parva
dominovala v potravé dravych ryb

Vrybni¢ni stoce cca. 40km od Brna (Ceské republika) bylo béhem roéni studie
dokumentovano preda¢ni chovani ve vztahu k nepivodnimu cyprinidu, Pseudorasbora

parva. Dva kaprovité druhy (Pseudorasbora parva - a  Rutilus rutilus) byly
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identifikovany v potravé 23 piscivori patficich ke tfem pivodnim rybim druhtim (Perca
Sfuviatilis, Sander lucioperca, and Esox lucius). Relativni podetnost ryb se v potravni
nabidce v prib&hu roku ménila s dominanci stievlicky vychodni v jarnim obdobi a
naslednou prevahou plotice obecné. Naproti tomu, stievlicka byla velikostné

dostupnéjsi (P<0.001) a dominantni kofist{ v pribéhu celého roku.

Kapitola III — Produkece podzimniho plidku candata obecného, Sander
lucioperca (L.) v rybniéni akvakultufe — efekt indukované piscivorie

Tti zplisoby monokulturniho odchovu 0+ candata (Sander lucioperca 1) na rocka — (A)
odchov candata spole¢né s adultni stfevlickou vychodni (P.parva) jako potravni rybou,
(B) pravidelné pfisazovani juvenilni sttevlicky v priibéhu odchovu a (C) odchov bez
potravni ryby, byly porovnavany pfi pouZiti shodné vstupni hustoty obsadky (12. 10°
ind.ha™).

Z vysledkl vyplyva, 7e rany prechod na piscivorii mél pozitivni vliv na rist a findlni
biomasu (P < 0.05). PteZiti se béhem 4 mési¢niho odchovu pohybovalo na trovni 55%,
ale vyznamné pokleslo v ptipadé absence potravnich ryb az na 6.9%. Candét piesel na
dravy zplisob Zivota pouze &astednd - maximalng 40% vSech sledovanych individui.
Ristové rozdily nepiscivornich a piscivornich jedincl zplsobily vyrazné zmény ve
velikostnim  slozeni obsadky 0+ candata (eji diverzifikace) a jeho nerovnomérné
(pozitivné $ikmé) rozdéleni s disledky vzniku kanibalismu. Pouziti 100 kg.ha™ adultni
stievlicky jako vstupni biomasy potravni ryby poskytovalo vhodnou potravni zakladnu
po celé obdobi odchovu. Produkce vétsiho 0+ candata zalo¥ena na zakladé¢ pravidelného
pfisazovani potravnich ryb je limitovana nepfetrzitym prisazovanim a zvysenymi
ckonomickymi naklady spojenymi s manipulaci, dopravou véetné mzdovych

prostredkd.
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Kapitola IV — Potencial piscivorie 0+ okouna ¥i¢niho (Perca fluviatilis
L.) — laboratorni studie ristovych moZznosti versus rybnicni
experiment

Juvenilni okoun (SL = 37.2 + 1.1 mm) byl pouzit v sérii laboratornich experiment,
Kkteré méli za cil odhalit ristové moznosti pfi prechodu z planktivorie na piscivorii
(kofist - Pseudorasbora parva, SL, = 14 + 2 mm, n = 181). Rust 0+ okouna byl
signifikatné¢ zavisly na mnozstvi (vysi racionu) potravy a typu (druhu) kofisti
(zooplankton x rybi kofist). V prvni sérii experimenttl, kde byl okoun krmen kombinaci
zooplanktonu a potravnich ryb, byl nejrychlejsi rast (P<0.05) pozorovan v akvériich
s experimentélni densitou predatora: kofisti (PPR) — 1:4, krmeny vysokym mnozstvim
zooplanktonu (0.54 + 0.16 mm.den™). Naproti tomu v densité 1:1 (PPR) se relativni
rychlost riistu pohybovala od 0.18 + 0.13 (malé mnozstvi zooplanktonu) do 023+0.13
mm.den” (vysoka davka zooplanktonu) a byla prokazatelné niZ8i nez v densité 1:4.
Okoun predujici pouze na zooplankton byl pak charakteristicky nejmensi dosaZenou
rychlosti riistu (0.12 £ 0.12 mala davka zooplanktonu, 0.18 £ 0.10mm.den”' velka davka
zooplanktonu). Mimé rozdily v dosazené délce téla v zavislosti na predkladaném
mnoZstvi zooplanktonu byly pozorovany ve viech experimentech. Délka tela 0+
okouna se zvysila behem 30 experimentalnich dni z ptivodnich 37.2mm na 41.74 £
3.34mm.den” v pripadé planktivorné se Zivicich jedincti, respektive na 43.47 £ 4.00mm
(1:1) a 51.55 +£ 4.82mm.den” (1:4) v piipadé okounu piscivornich. Délka t&la
piscivornich okount byla vzdy signifikantng vyssi (P<0.01) a maximalni délkovy
piirastek byl téméf dvojnasobny ve srovnani se zooplanktivornimi okouny. Densita
predatora neovliviiovala rust.

Piscivorie 0+ okouna byla prokdzana v souvislosti s vyskytem dostupnych
potravnich ryb v terénnim i laboratornim sledovéani. Dostupnost potravnich ryb je tedy
povazovana za hlavni predpoklad k prechodu na dravy zpusob zivota. V souvislosti
s piscivorii a jejim vlivu na intrakohortni dynamiku 0+ okouna byly nalezeny dva
hlavni procesy: rozdilny rast piscivornich a nepiscivornich jedincl — vyvoj velikostni
rozriznénosti a vznik bimodality ve velikostnim sloZeni okouna a 2) velikostné-
selektivni mortalita. Piscivorie 0+ okouna tedy signifikantné negativné ovliviiovala
velikostni strukturu tohoto vékového ro¢niku diky kanibalismu. Nejvétsi sledovani
jedinci dosahli délky t€la (SL) 158mm. Potencial piscivorie 0+ okouna by proto nem¢l

byt nadale ptehliZen.
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Zavérem
(vyznamné aspekty pro rybafsky management a akvakulturu)

7a velice charakteristickou lokalitu vyskytu stievlitky povazuje Addmek et al. (1996)
stoky a kanaly rybni¢nich soustav, v nichz byva casto jedinym, zato vSak velmi
pocetnym druhem, schopnym pfezit nepiiznivé podminky hlavné v letnim a zimnim
obdobi.

Vysledkem Kkapitoly 1 - ovéfeny vyskyt stfevlicky na tomto biotopu, dale
podporuje hypotézu o jeji vazanosti na rybnicni akvakulturu. Nicméné rybni¢ni stoka
byla nalezena jako “rezervoarova” lokalita, ktera muZe piispivat k (re)introdukcim
nezadoucich rybich druhd obecné. Pozornost by tedy méla byt sméfovana rovnézZ na
signifikantni ptitomnost (1) druhi piivodem z akvakultury a opacné (2) vyskytu volné
Zijicich druht imigrujicich do modifikovanych habitati s potencialem ovlivnéni ryb
chovanych v akvakultuie.

Z tohoto pohledu tedy mohou rybniéni stoky a kanaly rybni¢nich soustav hrat
vyznamnou tlohu ve vztahu k neimyslnym (re)introdukeim a ovliviiovat tak nejenom
Zivotichy zamérné a komeréné chované (rybnicni akvakulturu), ale také zijici v
piirozeném piilehlém ekosystému s vyznamnymi potencionalnimi ekonomickymi a
biologickymi dopady. Pro akvakulturu samotnou znamena vyskyt takovychto druht
zvysené riziko v podob& ekonomickych ztrat (napf. potravni kompetici, Sifenim
nemoci..). V piipadé stfevlicky je dobfe znama jeji tispé$na potravni kompetice s celou
fadou komerené chovanych druhi (Kozlov 1974) a bylo dokumentovéno, Ze vyskyt
tohoto druhu v polykultufe kapra miZe sniZit jeho hektarovy vynos az o 50kg.ha’
(Adamek & Sukop 2000; Oberle 2003). Za zvlaste nebezpecné, v piipad¢ introdukce
jakéhokoli neptivodniho druhu (miZe se vSak jednat i o ptvodni druh pochézejici
z jiného prostiedi) je oznacovano riziko spojené se zavleCenim novych nebo stavajicich
nemoci a paraziti. Tento aspekt se jevi v pfipadé strevlicky jako velice alarmujici,
protoZe jeji unikovou schopnosti a naslednou rekolonizaci (Beyer 2004) dochazi ke
kontaktu mezi akvakulturnimi i z volnych vod pochazejicimi rybami. Navic studie
Gozlana (2005) demonstrovala prenos nebezpecného rhabdoviru prave timto druhem.
V nasich podminkéch studoval parazitofaunu stfevlicky Adamek et al. (1996) rovnéz v

rybniéni stoce v Jaroslavicich na Pohotelicku, jehoz vysledky také potvrdily, ze se
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sttevlicka muZe uplatiovat jako vyznamny rezervoar puvodct invaznich chorob
vyvolanych cizopasniky s nevyhranénou hostitelskou specifi¢nosti.

Clovekem modifikované habitaty jako jsou rtzné spojovaci stoky a kanaly jsou
obecné povazovany za velice typicke cesty §ifeni mnoha neptvodnich druhi (Gido &
Brown 1999; Mills et al. 1993; Beyer 2004). V piipadé stevlicky byla jeji disperze
touto cestou zachycena napiiklad ve Francii (Rosecchi et al. 1993) a na britskych
ostrovech (Beyer 2004), ale ackoli je “prirozena” (re)kolonizace povazovana za jednu
poproudového monitoringu od mista jejiho ohniskového vyskytu (rybich farem) to tak
zcela patrné nebylo a jeji vyskyt byl dokumentovan jako zcela roztrouseny a misty 1
sporadicky (Beyer 2004). To je zcela v souhlasu s predokladanym vyvojem situace
iifeni tohoto “invazniho” druhu v Ceské republice, kde je navic jeho vyskyt mnohem
pravdépodobnéji zavisly na transportu ryb (cileném i necileném). Souhlasné vsak
z nékterych difvéji stievlickou hojné osidlenych lokalit (Pohofelicko, jizni Morava)
dokonce tento druh postupn& ustupuje a nékde jiz také zcela vymizel (Sutovsky,
Olganec - Rybnikafstvi Pohortelice a.s. - osobni sdéleni). Jaké pri€iny tedy zplisobuji
jeho vyraznou limitaci, kdyZ je tento druh tak dobfe “invazné > (reprodukéng, potravne)
vybaven?

Kapitola 2 dokladuje, ze stfevlicka Zijici ve svém typickém biotopu - rybni¢nich
stokéch, je pod neustalym predacnim tlakem ze strany candata, okouna, ale zji$téna byla
i u Stiky obecné (Musil & Adamek in press). Difve byla tloha stievlicky jako kofisti
draved Casto zpochybiiovana (Lisev 1950; Kozlov 1974), jelikoz ji zminéni autofi
nalézali v potravé dravych ryb jen vzacné. Kozlov (1974) to vysvétluje pievaznym
vyskytem v mélkovodnich partiich a porostech vegetace pii biehu. V porovnani s témito
vysledky na vyznamnost stievlicky jako potravni slozky nékterych dravych ryb
(predevsim okouna, candata) poukazovaly jiZ laboratorni studie Adamka et al. (1996;
1999: 2000), ktery ji registroval v potravé candata ve stejném biotopu. Vysledky
kapitoly 2 navic zfetelné ukazuji, Ze stievlicka byla vyrazné velikostné nejdostupnéjsi
(P<0.001) kofisti a dominovala v potravé viech vySetfovanych dravych druhi v
pritb&hu celého roku.

Z nastinénych skutetnosti tedy jednoznacné vyplyvé4, Ze populace stievlicky
vychodni mize byt predaci velmi vyrazné limitovana a tato okolnost by meéla byt brana

v potaz nejen v piipadé vlastni rybni¢ni akvakultury - uplatnénim dravych ryb ve
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skladbé  polykulturnich obsadek - (zminéno nize) ale rovnéZ v rybaiském
mamagementu - napf. rybni¢nich stok - jako G¢inné eradikacni ¢i kontrolni opatteni.

V rybni¢ni akvakultufe samotné je konzumace stievlicky candatem, ale napriklad 1
okounem jiz zndma a misty také extenzivné vyuzivana. Z tohoto pohledu je na ni take
nahlizeno a hodnoceni jejiho vlivu v akvakultufe je vyrazné zavislé na stupni chovu
dravych ryb (pfedevSim candata ale i okouna), kdy v absenci podilu dravych ryb
dochazi k vyrazné expanzi tohoto druhu a tak ke zvySenych ztratam (potravni
kompetice s hlavnimi chovanymi druhy, v€etné ostatnich rizik pro obsadky) a naopak,
postupnému poklesu ¢i vymizeni z lokalit, ve kterych je chovu dravych druht vénovéana
nalezita pozornost (Musil & Koufil 2006). Vyrazna “biomeliora¢ni schopnost” dravych
ryb (predac¢ni tlak na drobné kaprovité¢ ryby) je vSak vyznamné pozitivnim jevem
obecné a soucasn¢ jednim z biomanipulacnich opatfeni jak v akvakulture tak ve
volnych vodach.

Limitujicim predpokladem je vSak v soucasné dobé také dostatek a kvalita
nasadového materialu dravych ryb, ktery predev§im v navaznosti na vlastni intenzifikaci
v chovu kapra a s tim spojeném nedostatku vhodnych rybnic¢nich ploch a zhorSeni
nekterych chemicko-fyzikéalnich parametrii rybni¢niho prostredi, neni uspokojivy.

V ptipadé¢ candata je v naSich podminkach celkova produkce nasadového
materialu a to jak k produk¢énim tGceliim (v rybni¢ni akvakultufe v polykulturni obsadce
s kaprem) tak jako nasadového materialu do volnych vod, realizovana prozatim
vyhradné¢ v rybni¢ni akvakultufe. Extenzivné — spolecné s hlavni chovanou rybou
(kaprem) v polykulturni obsadce nebo intenzivné odchovem rychleného plidku ¢i rocka
v monokultufe ve vytaznicich mensi velikosti. Zdkladnim poZadavkem je, aby vlastni
pladek do podzimu dosadhl alespori 10 cm, tedy minimalni celkové délky zajiStujici
nizké ztraty béhem prezimovani (Buijse & Houthuijzen 1992; Steffens et al. 1996;
Hilge & Steffens 1996). Toho je mozné dosdhnout pouze odpovidajici potravni
zakladnou beéhem odchovu (velky zooplankton, fytofilni makrozoobentos, pozdéji
ryby), coz je v pripadé jeho extenzivniho chovu pomérné tézké zajistit pravé diky
vyziracimu tlaku hlavni chované ryby (vétSinou kapr). Dalsi uskali jeho chovu
v polykultufe pak ¢ini predev§im kyslikové poméry a stim spojeny vhodny vybér
moznych rybnikl a v neposledni fadé vlastni technika vylovu, kde musi byt plidek
candata z diivodu jeho znacné citlivosti k jakékoli manipulaci sloven vzdy jako prvni.
Tato metoda je tedy zdkonité¢ spjata se znacnou nevyrovnanosti v produkci jak po

kvantitativni tak kvalitativni strance a nelze ji tedy kategorizovat jako metodu prili§
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“efektivni (Musil 2006; Musil & Koufil 2006). Sumarné je problematika odchovu
nasadového materialu candata obecného, doplnéna o nové technologické postupy véetné
fizené reprodukce, piehledné popsana Musilem & Koutilem (2006). Jednou
z nejefektivngjich metod produkce O+ candata vibec, se zda byt pravé jeho
monokulturni odchov na rogka spoleéné se strevlickou vychodni, ktera muze byt (1)
candatem velmi vyhodné produkéné zhodnocena. Navic, (2) takto ziskany kvalitni
nasadovy material tohoto piscivora mize byt nasledn& pouzit pro jeji vyraznou limitaci
a patfi mezi jedno z nejefektivngjSich opatfeni v boji stimto neptivodnim druhem
nejenom v akvakultufe.

Cilem Kkapitoly 3 proto bylo detailn¢ popsat a propracovat metodu odchovu
takového nasadového materialu candata, ktery bude mit diky svému predacnimu tlaku
okamzity biomanipula¢ni efekt.

Testovéany proto byly tii zpisoby monokulturniho odchovu 0+ candata na rocka
(odchov B je praxi jiz vyuZivan - Klime§ & Koufil 2003, ale doposud chybél jeho
uspokojivy detailni popis) — (A) odchov candata spole¢né s adultni stievlickou vychodni
(P.parva) jako potravni rybou, (B) pravidelné pfisazovani juvenilni stievlicky
v priibéhu odchovu a (C) odchov bez potravni ryby, a to ve vztahu k jeho riistu, preziti a

odhadu nakladi spojenych s odchovem. Z vysledkil této studie je patrné, Ze:

(1) Efektivni odchov candata na rocka (podzimni plidek) mize byt realizovan pouze za
piitomnosti potravni ryby.

(2) Ranny (¢asny) prechod na piscivorii mél signifikantné pozitivni vliv na rist a
celkovou hmotnostni produkci.

(3) Piechod na piscivorii signifikantné pozitivné ovliviiuje celkové preziti a vice versa,
preziti dramaticky kleslo az na 6.9% v piipadé nepiitomnosti potravni ryby (C).

(4) Prechod na piscivorii zptisobuje vyrazné zmény ve velikostnim sloZeni obsadky 0+
candata (jeji diverzifikace). Pfi vlastnim odchovu musi byt brany v Givahu mozne
disledky — vznik kanibalismu, v pfipadé Ze nastanou nevhodné potravni podminky
— nedostatek ¢i preruseni piisunu potravnich ryb.

(5) Pouziti 100 kg.ha" adultni stevlicky jako vstupni biomasy potravni ryby se jevi
v pripadé odchovu 0+ candata jako mimofadné (&inné. Tato biomasa poskytovala
vhodnou potravni zédkladnu po celé obdobi odchovu (zvlaste  z davoda

reproduké&niho potencidlu stfevlicky ale i velikostni dostupnosti adulti pozdé&ji).
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(6) MozZnosti produkce vétstho 0+ candata zaloZené na zdklade pravidelného
pfisazovani potravnich ryb jsou limitovany nepfetrzitym pfisazovanim a zvySenymi
ckonomickymi naklady spojenymi s manipulaci, dopravou véetné mzdovych

prostredki.

Schopnost predace ve vztahu ke stfevlicce vychodni a souCasné  moznosti
monokulturniho chovu byly nasledné studovany také na dal§im potencidlné piscivornim
druhu a to okounu fi¢nim. RovnéZ v jeho potravé se stievlicka Castéji vyskytovala
(kapitola 2) a jiz v pilotnim experimentu Musila a Adamka (2003) byl tento druh 2+
okounem  dokonce preferovan pted  perlinem ostrobtichym  (Scardinius
erythrophthalmus). Cilem kapitoly 4, bylo otestovat moZnost piscivorie u 0+ okouna a
jak je zvysledkd této studie patrné, schopnost pfechodu na dravy zplsob Zivota,
simulovany pfisazenim stievlicky, mizZe byt vyuZit dokonce jiz béhem prvniho roku
zivota (0+ okouna). Navic, se piscivorie 0+ okouna zd4 byti pravidelné se vyskytujicim
a Cast€jSim fenoménem neZ je vieobecné piedpokladano. Tato ontogenetickd potravni
zmena je doprovazena vyraznymi zménami ve velikostnim intrakohortnim slozeni 0+
okouna a byla nalezena v souvislosti s vyskytem dostupnych potravnich ryb (jejich
velikostni dostupnosti a jejich abundanci). Vyskyt bimodality velikostniho sloZeni 0+
okouna, zptisobené vyrazné rozdilnym ristovym tempem piscivornich a nepiscivornich
(zooplanktivornich a bentivornich) jedinci, se zda byt pravidelné se vyskytujicim jevem

tak jak je tomu znamo u vé&tsiny dalsich piscivornich druh.

Piscivorie vyznamné ovliviiovala intrakohortni dynamiku 0+ okouna. Ackoli je tato
potravni zména vyhodou individualni, na populaéni (resp. intrakohortni urovni) vyrazné
negativn¢ ovliviiovala velikostni sloZeni (strukturu) 0+ okouna v dasledku velikostne-
selektivni mortality - kanibalismem.

Piscivorie u 0+ okouna mtze vyznamné ovliviiovat dynamiku rybich spole¢enstev
(Jeho strukturalizaci) efektivni predaci na 0+ ryby a proto by s ni mélo byt po¢itano
rovnéz pii kvantifikaci mortality zpiisobované predaci (napf. Mehner et al. 1996). V této
studii byla dokumentovéna tspésna redukce nepivodniho nezadouciho druhu (P.
parva). Prechod na dravy zpilisob Zivota ma u 0+ okouna vyznamné dopady také na
akvakulturu a to jeho biomelioraéni schopnosti v pfipadé vyskytu stievlicky vychodni
JiZ v prvém roce Zivota. V ptipadé kdy je cilené monokulturné chovan, plati pro jeho

chov podobné zasady jako napt. pro candata.
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Nejvétsi chyceni 0+ jedinci, jejichz vék byl presné determinovan, dosahli na konci
mésice zari délky téla (SL) az 158mm. Rustovy potencial piscivorniho 0+ okouna by

proto nemél byt podceiiovan.

Ackoli nebylo v moznostech autora béhem tak to kratkého obdobi zcela zodpovedét
Sirokou problematiku tykajici se predaéniho chovani dravych ryb na tento nepiivodni
druh (napf. sestavovani ucelovych obsadek, ovéfeni a znalost biomelioracni schopnosti
starich vékovych ro¢nikd dravych druhi ryb atp.) predpoklad Adamka et al. (1996), ze
miZe byt tento druh predaci velmi vyrazné limitovén, je z vysledki jednotlivych studii
(kapitola 2, 3 a 4) pomérn¢ jasné patrny. Navic, mize byt akvakulturou stievlicka 1
velice vyhodné vyuZita k produkénim Geeloim — ziskani kvalitniho nasadoveho
materialu nékterych dravych ryb (0+ candata a okouna), coz bylo v pifpad¢ candata jiz
metodicky uspokojivé zpracovéano také pro sirokou rybatskou praxi (Musil 20006; Musil

& Kouiil 2006). Dostatek nasadového materialu dravych ryb jak po kvantitativni, ale

vvvvvv

také kvalitativni strance je prvnim a nejdalezite)sim krokem v boji s timto nezadoucim
rybim invaznim druhem. Snahou autora v piistim letech proto bude predevsim zavedeni
pozorovanych skute¢nosti do rybarské praxe CR, v&etné dalsiho zlepSovani jiz zde

nastinénych metod a pozorovanych skutecnosti.
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Abstract. The annual dynamics of fish assemblage in a pond connecting canal of South
Moravian pond aquaculture facility was studied to reveal potential assemblage effects
on pond stocks and vice versa. The species richness of fish assemblage and seasonal
dynamics of its development were predominantly dependent upon the fish stock of
interconnected ponds (particularly due to escapees during the period of pond harvesting)
which contributed to a considerable increase of commercial fish species occurrence.
Using a seasonal parameter, season proved to have a major impact on fish assemblage
dynamics (r = -0.71, p < 0.001). Spring samples were dominated by commercial fishes
of aquaculture origin (mainly Cyprinus carpio). Occurrence of several fish species
originating from the wild (bleak, Alburnus alburnus, chub, Leuciscus cephalus and
roach, Rutilus rutilus) was also reported.

The pond canal was found to be an important reservoir site of persistant survival and
potential subsequent spreading of some undesirable alien fishes like topmouth gudgeon
(Pseudorasbora parva) and Gibel carp (Carrasius auratus). Moreover, more attention
should be paid to potential negative impacts of all fishes of aquaculture origin upon the
natural ecosystem and to adverse effects due to the immigration of wild fish into
aquaculture pond farming units.

Key words: fish assemblage, pond canal, species richness, seasonal dynamics, alien
species

Introduction

Losses in aquatic biodiversity caused by species invasions have been often reported
(e.g. Pimm 1991, Gido and Brown 1999, Skelton 2000, Arthur and Subasinghe 2002,
Cambray 2003, Maezono and Miyashita 2004). Introduced species may have a
responsibility for major changes in community structure and ecosystem function
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(Vitousek 1990, Lodge 1993, Cambray and Pister 2000, Stoffels and Humphries 2003)
due to biotic interactions such as competition and predation (Lodge 1993, Gido and
Brown 1999), potential genetic impacts (Gharrett 1994, Viola and Schuck 1995, Arthur
and Subasinghe 2002), abiotic disturbances (Moyle 1986, Gido and Brown 1999), and
the spread of diseases (Bachman 1984, Viola and Schuck 1995) especially in case of
exotic and/or alien species which also have been identified as a main cause for decline
of endemic species (e.g. Stoffels and Humphries 2003, Maezono and Miyashita 2004) in
freshwater fishes worldwide when they have expanded.

According to Welcomme (1988), aquaculture is quoted for more than 40% of all
reasons of introductions. Besides legal introductions to enhance recreational and
commercial fisheries including ecological management, accidental escapees from fish
farms were several times mentioned as a cause of occurrence of non-native species in
the wild (Artur and Subasinghe 2002, Beyer 2004).

Until now, the concern regarding introductions and transfers of aquatic animals has
been focused mainly on their impacts on aquaculture (Burke et al. 1986, Arthur and
Subasinghe 2002, Maezono and Miyashita 2003, 2004), however, obvious impacts of
aquaculture upon wild fishes populations have been reported many times (see e.g. Viola
and Schuck 1995, Bergensen and Anderson 1997, Arthur and Subasinghe 2002).

In the Czech Republic, fish pond farming constituted a major aquaculture sector
associated with transfers and introductions of aquatic animals. Thus, pond connecting
canals and drainages in fish pond farming systems, opened to natural water ecosystems,
can play an important role in accidental fish introductions and impact on both the
aquaculture farming units and natural water ecosystems with remarkable consequences
in potential adverse economic and biological losses.

Therefore, the purposes of this study were to evaluate (1) pond canal fishes assemblage
composition and its seasonal pattern, (2) to reveal its potential impacts upon aquaculture
and wild fishes species, and to try to address, in a broad context, questions and needs for
future research.

Material and methods

Study area

The pond canal under study is a part of the fish farm Velky Dvir (Pohoielice Fisheries
Co.) drainage supplied by outlets from four carp ongrowing ponds, located in pond
aquaculture area in the South Moravia region of the Czech Republic (Figure 1). Fish
farm operates in diverse pond fish species cultivation and provided complete
information about pond stock composition (stocking density, biomass) and all fish-
farming proccesses in the interconnected ponds throughout the whole year period, thus
enabling to compare this data with data recorded in the pond canal under study. In all
these ponds, fish were harvested in April within fourteen-day period. One- and two-
year-old carp, reared in polyculture together with herbivorous fish of the identical age
category, comprised majority of fish yields ranging between 300 to 1000 kg.ha™' of total
biomass. Later on, three ponds were managed as a nursery for production of early
advanced and autumnal fry of carp and herbivorous fish (stocking densities ranged
between 200 to 500 thousand ind.ha™') with a little adition of three-year-old tench. Carp
broodfish were stocked in the density of 120 ind.ha” in one pond separately with
primary aim of natural spawning in combination with production of market fish. In
early May, fertilized eggs of pikeperch (nets) were introduced into this pond together
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with prey fish (rudd, Scardinius erythrophthalmus) and koi carp (Cyprinus carpio var.
kot) spawners.

Figure 1. Location of fish farm in the Czech Republic. In the right site of the figure is
given detailed map of samplings sites (¢ 1 —4) under study.

Data collection

The fish assemblage in a pond canal was monitored monthly from January 2003 until
December 2003 between 10 a.m. and 2 p.m. The monitoring of basic environmental
parameters such as temperature (° C), dissolved oxygen (mg.l™), pH, conductivity
(uS.cm™) and transparency (cm) including habitat description as depth (cm) and canal
bed width (m) was conducted at the same time as fish samplings (Table 1).

Four representative localities were sampled using electroshocking gear (Smith & Root,
300-400 V, 50 Hz) for 10 s interval as a point abundance sampling (Copp and Pefidz
1988). The effort was targeted to (1) capture as many species as possible and (2) capture
of fish individuals in a proportion to their relative occurrence on the study point.
Therefore, data were considered as the CPUE units.

In the field, all captured fishes were identified to species, counted and measured (TL) to
nearest Imm, and released back. Ornamental fishes (koi carp and golden ide, Leuciscus
idus var. orfus), were assumed as pristine fish species.

Data analysis

Fish assemblage was analyzed as the species richness - the number of species present
including information on the relative species density (Wooton 1998) expressed as the
species dominance (see Table 2). We estimated the seasonal dynamics in fish
assemblage as changes in fish species composition throughout the whole year of
observation.

Season was deﬁned using the parameter “relative spring like” (RSL). It was calculated
by deﬁnmg the 2" May, as the most spring like day, with the relative value of RSL = 1
and the 3" November, as the least spring like day, with RSL = 0. Thus our parameter
follows a seasonal sinus curve.
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Gradient analysis

Species that occurred in less than one percent of the dominance in samples were
excluded from analysis as rare species (in terms of occurrence) since they might
seriously bias the outcome of ordination analysis. We assumed that species composition
and fish community structure should differ considerably between samples from
different dates. Thus season should be important for the structure of the analysed
community. To summarise these differences we performed a Detrended
Correspondence Analysis (DCA), which ordinates the sampling sites based on fish
abundance (software package: CANOCO for WINDOWS). If RSL affects fishes
distribution, the DCA scores of samples should show a gradual pattern and this pattern
should be significantly correlated with RSL.

Finally, all fish species were separated into the “categories* with respect to their (1)
regional importance as aquaculture species (commercial, prey, conservation and alien
species) and wild fishes, and (2) status using the [TUCN conservation categories and
criteria (including their regional status - Adamek and Koutil 1996) (Table 3). Taking
into consideration their origin (stocking data), their potential impacts upon pond
aquaculture as well as upon natural ecosystems (as escapees) are disccussed.

Results
Fish assemblage

In the pond canal, overall 17 species from 3 families (Esocidae, Cyprinidae and
Percidae) were registred throughout the anual observation period. Their numbers ranged
from 2 in September to 12 in July (mean = 6, SD = 2.86). Species richness including
individual species dominance of all captured fishes is presented in the Table 2.

Commercial fishes (see Table 2 and 3) such as common carp, tench, Tinca tinca, grass
carp, Ctenopharyngodon idella, and some piscivourous species such as pike, Esox
lucius, asp, Aspius aspius and zander, Sander lucioperca ranged in dominance from 0.3
to 78.1 in April and September respectively. Only in March, no commercial fishes were
captured. Species richness was highest in July when the fish assemblage was
represented by seven commercial species. Common carp was the dominant fish species
in the assemblage since April until August when its occurrence started to decline. All
registered carp were identified as 0+ to 3-year-old fish in the size range from 37 mm to
394 mm (n =321, 95.3 % fish <150 mm). Tench were captured between May to August
in the size range from 96 to 220 mm (n = 6). Piscivorous fishes were recorded only
occasionally and all of them belonged to 0+ fish (size range - asp 120 -134 mm, n = 4,
zander 101 - 126 mm, n =4, and pike 218 mm, n=1).

Prey fishes  such as roach, Rutilus rutilus, rudd, Scardinius erythrophthalmus, and
common bream, Abramis brama dominance ranged from 5.6 to 99.7 in April and
September respectively. Prey fish species were not registered in March only but since
September, they dominated with more than 90 % (roach) until the end of observation
period in a wide size range (roach from 74 to196 mm, n = 936, rudd from 124 to 142
mm, n = 2, and common bream from 118 to 440 mm, n = 4).

Protected fish species category was represented by ide only, Leuciscus idus, which
recorded in April and between September and December. Its dominance ranged from
0.5 t0 9.5 in November and May respectively in the size range from 90 to 200 mm (n =
20).
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Altogether four exotic species were found in a pond canal. Out of these, only two (grass
carp and silver carp, Hypophthalmichthys molitrix) are considered as commercial fishes.
They occurred only occasionally (see Table 2 and 3) in 0+ and 2-year-old categories in
size range from 111 to 124 mm (n = 2), and 132 to 180 mm (n = 5) respectively. Two
alien species (topmouth gudgeon, Pseudorasbora parva, and gibel carp, Carassius
auratus were also recorded in the pond canal. Topmouth gudgeon occurred regularly
during the whole observation period except for September with the dominance ranging
from 2.4 to 38.6 in a wide size range (from 10 to 110 mm, n = 101). Gibel carp was
registered only occasionally (Table 2) with dominance ranging from 1.4 to 4.1 % in size
range from 58 to 182 mm (n = 11). Coarse fish dominated particularly during the first 3
month of the study with dominance ranging from 53.9 to 62.5 % in January and March
respectively. Since April, the occurrence of coarse fish in the canal rapidly declined
(Table 2). The dominant species was bleak, Alburnus alburnus, in the size range from
72 to 150 mm (n = 48) with dominance ranging from 0.5 to 50 % except for May. Since
August, bleak did not occurr. Gudgeon, Gobio gobio (104 mm, n = 1) and chub,
Leuciscus cephalus (90 -120 mm, n = 5) occurred only sporadically in January and June
respectively.

Seasonal dynamics

DCA analysis illustrates a clear gradual change of the fish assemblage along the first
DCA axis (Figure 2). The first axis explained 37 % of the total variance. The scores of
this axis are significantly correlated with our seasonal parameter RSL (r = - 0.71, p<
0.001). Thus season proved to have a major impact on the sampled fish communities.
Consequently low DCA 1 scores correspond with very spring like sampling dates
(Figure 3). The spring like community is mainly dominated by species classified as
commercial fishes from aquaculture (e.g. carp and tench). With season progression,
native species like roach and bleak got more important (Figure 3).
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Figure 2. Ordination of the samples by Detrended Correspondence Analysis (DCA)
based on the 42 fish samples. The distribution for the sampling locations and the fish
species on the first factorial plain is given. The first canonical axis (DCA 1) is
significantly correlated (r = -0,71) with the RSL. Thus the distribution along DCA 1 is
interpreted as a seasonal gradient.
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Figure 3. Relationship between season (RSL) and fish community expressed as DCA
scores. The insert shows the wave formed pattern of RSL throughout the year.

Discussion

A significant proportion of the entire fish assemblage was formed by commercial
species (mostly carp) which were of aquaculture origin (pond escapees). Their
occurrence corresponds to pond stocking data and timing of pond harvesting. On the
contrary, during the first three months of the study, coarse fish such as bleak dominated
and seemed to be a facultative canal inhabitant.

Overall four exotic species, introduced into the Czech Republic from Asia, have been
recorded in the pond canal of South Moravia region. Two of them - silver carp and grass
carp — comprise a regular part of pond stocks and are considered as commercially
important. They have been introduced from South-East Asia already in 1970’s (Adamek
and Koutil 1996). The potential impact of grass carp, feeding on aquatic plants, on the
natural ecosystem is not easily predictable (Pipalova 2003). Its impact upon
"ichthyoeutrophication" processes resulting in the development of green algal
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phytoplankton after macrophytes reduction is classified as an adverse phenomenon
(Adamek 1993). On the contrary, as a markedly positive feature, well — designed grass
carp management may result in erradication of macrophytes providing a suitable
spawning habitat and shelters for phytophilous cyprinids, and thus can be applied for
the control of their expansion (Adamek and Koufil 1996). Silver carp, feeding on
phytoplankton, is also known to filter efficiently crustaceoplankton with entire
consequences in "ichthyoeutrophication” associated with small cyprinids expansion
(Adamek and Spittler 1984).

Thus potential impacts of both herbivorous fishes are controversial. The pond canal was
also found to be an important reservoir site of persistant survival of two undesirable
alien fish - topmouth gudgeon and gibel carp - very probably originating from
aquaculture ponds. This small cyprinid, native to Southeast Asia, is already a successful
invader (Welcomme 1992, Adamek et al. 1997, Rosecchi 2001) spread throughout
Europe as reported from many countries (Zitnan and Hol¢ik 1976, Arnold 1985, Cakic
1987, Bianco 1988, Anhelt 1989, Gozlan 2002, Beyer 2004 and others). In pond
aquaculture, topmouth gudgeon is considered as highly undesirable species mainly due
to food competition with commercial fishes feeding on zooplankton and zoobenthos
such as carp. As one of the entire consequences, a significant reduction of carp yields
was reported (Oberle 2003). However, on the contrary to this fact, it seems to be a
highly suitable prey for some piscivorous fishes (Adamek and Opacak 2005) and its
illegal introductions as a prey fish are getting still more frequent feature in zander and
perch pond culture. Gibel carp, another food competitor is under Czech conditions
known to occur as gynogenetic females mating with other cyprinids and thus reducing
their spawning success (Peiiaz and Koke$ 1981), however also males have already been
reported (Luskova 2004).

The fish assemblage was analyzed with respect to its effect as a potential reservoir site
of subsequent fishes spreading. The pond canal was found to be an extremely important
area where both aquaculture originated fishes and coarse fishes were recorded.
Although our study was designed to describe the seasonal dynamics in pond canal fish
assemblage, more attention should be paid to quantify fish escapees from ponds and
finally from the entire fish farm to the wild. The presented study provides data about
considerable impact of pond canal fish assemblage upon aquaculture and natural
ecosystem management and pointing out some further research needs.

Conclusions

The pond canal is an important site of the fish-pond farming facility which may
contribute to introductions of undesirable fishes species.

In pond aquaculture, accidental introductions of alien species can obviously cause the
risk of economic losses (e.g. feeding competition, spread of diseases) and typical pond
canals can play an important role mainly as a reservoir biotope for consequent fish
spreading to both aquaculture and natural ecosystems. Therefore, treatments such as
erradication (Wittenberg et al. 2001) and control of fish community in the pond canal
should be an important part of the fish-pond farm management.
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Running Title: Pseudorasbora parva in the diet of piscivorous fishes

Abstract: Predation on non-native cyprinid, Pseudorasbora parva, was reported during
annual study in a small connecting canal about 40 km south of Brno, Czech Republic.
Two cyprinid fish species (Pseudorasbora parva, and Rutilus rutilus) were identified in
the diet of 23 piscivores belonging to three native fishes (Perca fluviatilis, Sander
lucioperca, and Esox lucius). In environment, relative abundance of prey fishes changed
seasonally dominated by topmouth gudgeon in spring and continuously increasing roach
incidence. In contrast, topmouth gudgeon was found to be_more sized-available prey
(P<0.001) and was the most_ dominant prey species in the diet of all piscivorous fishes
the whole season throughout. Strong piscivory towards this alien might be beneficial for
its eradication or control to support ecological integrity in natural and modified
seminatural habitats.

Key words: non-native cyprinid (Pseudorasbora parva), available prey fish,
piscivorous fishes diet, pond system connecting canal

Introduction
The South-east Asian cyprinid topmouth gudgeon Pseudorasbora parva (Temninck et
Schlegel, 1842) has rapidly spread during last decades of 20"™ century and its occurence
has been reported from many countries the whole european region troughout (ZITNAN &
HoLCiK, 1976; BIANCO, 1988; ANHELT, 1989; GOZLAN et al., 2002; BEYER, 2004). In
Europe, the topmouth gudgeon colonised various types of still and running waters
except of trout and grayling zones but typically high abundance occurs in nursing ponds
and connecting canals of pond aquacultural facilities where it often forms very
numerous populations (ADAMEK & SIDDIQUI, 1997; ROSECCHI et al., 2001). Its biology
shows such traits as physiological tolerance, short generation time, high reproductive
potential, feeding flexibility and parental care (ADAMEK & SIDDIQUI, 1997; KATANO &
MAEKAWA, 1997; ROSECCHI et al., 2001) thus successfull traits for any species invasion
and therefore, it is classified like a successful invader (WELCOMME, 1992; ROSECCHI et
al., 2001). Chance of survival in any invaded environment may be strongly affected by
predation (RoSS, 1991; LODGE, 1993; GIDO & BROWN, 1999). There is surprisingly lack
of any data available despite its use as a prey fish for pikeperch cultivation in ponds in
central Europe was several times mentioned.

The monitoring of fish populations in a small connecting canal with regular
occurence of topmouth gudgeon (ADAMEK & SIDDIQUI, 1997, MUSIL et al., in press) was
a unique opportunity to look in situ for its role in the diet of piscivorous fishes.
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Material and methods

Study site

Study site is a man-made pond connecting drainage situated in fish facility about 40 km
south of Brno, Czech Republic. Fish assemblage in this semi-natural habitat strongly
depends upon pond farming proccess (fish stocking and harvesting) and it is dominated
by commercial fishes. The pond canal was found to be an important reservoir of
persistant survival of alien fish like topmouth gudgeon originating from pond
aquaculture units (MUSIL et al., in press).

All potentially (obligatory and facultative) piscivorous fishes were collected
monthly from January trough December using electrofishing in an effort to collect as
many fishes as possible and additional fishing was done as 10s point abundance
sampling (CoPp & PENAZ, 1988) in four representative sites to capture prey species in
proportion to their relative abundance. In the field, all captured fishes were identified to
species, counted and measured (L7) to the nearest 1mm, and except for piscivorous
species were released back. Piscivores were killed and after measuring their total length
(L7) stomach contents were analysed by percent-composition-by-weight approach. Prey
fishes were indentified and measured using a binocular miscroscope. Vertebrae
diameter (Vp, mm) was used for reconstruction of partly digested prey following
ADAMEK et al. (2003) to estimate total length by calculation using relationship derived
for prey collected from the study habitat (Pseudorasbora parva, Ly = 60.787 Vp +
12.385, n — 35, Ly range: 34-84 mm). Data set were based only on analysis of stomachs
containing fish.

Results and discussion

From overall 81 fishes captured belonging to three native species, 23 were found to be
piscivorous (Perca fluviatilis L., 1785, Ly < 130mm, 5.6%, n — 54; Ly>130mm, 55.6%,
n - 18; Sander lucioperca L., 1785 - 75%, n - 8; and Esox lucius L., 1785 - 100%, n - 1).
A total of 14 perch stomachs (L7 range: 103-186 mm) were analysed (Tab. I).
Piscivorous perch fed almost exclusively on fish (98.5% of the proportion of food
biomass) and the invertebrate diet mainly consisted of copepods, Corixa sp. (Ly <
130mm ) and terestric insect (L7 >130mm) made up <2%. Two prey fish species were
identified in their diet. Pseudorasbora parva was the most important prey eaten
numerically and in terms of biomass, whereas roach Rutilus rutilus (L., 1785) found
only in November diet was not frequently consumed and account for approximatelly
15% of the total biomass consumed by perch. Pikeperch (L; range: 85-126 mm) and
pike (L7: 218mm) were found to feed only on fish and topmouth gudgeon was 100% of
their diet. Fifty per cent of pikeperch stomachs were empty. Median length of prey
fishes was 56 mm Ly corresponding to 0.4 median of prey predator ratio (PPR) for
perch, and 48 mm Ly for pikeperch (0.41 median of PPR). Mean + S.D. numbers of prey
fishes per stomach were 1.4 + 1.1; 1.7 + 0.6 for perch and pikeperch respectively.
Relative abundance of prey fishes changed seasonally dominated by topmouth gudgeon
in spring and continuously increasing roach incidence (Fig. 1). Median length of
Pseudorabora parva varied between 52 — 82mm (L7 range: 30-110 mm) and pair-wise

month than roach (median range: 94-136mm; L range: 77-196 mm).
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Fig. 1. Monthly abundance and size distribution of forage fish (open_bars —
Pseudorasbora parva, dark bars - Rutilus rutilus) found in the diet of piscivores. Mean
number of catch per 10 s electrofishing is given above the box (box-plots show median,
quartiles, maximum and minimum values). Asterisk indicates significance (P<0.001)
that topmouth gudgeon L, was lower than roach using pair wise comparison (t-test) for
each month (Apr, df =27; Jul, df = 11; Aug, df =47; and Nov, df = 197)
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In the present study, topmouth gudgeon has found to be the most important prey
species in the diet of all analyzed piscivores (perch, pikeperch, and pike). Observed prey
sizes of these gape-limited predators (BYSTROM et al., 1998; MITTELBACH & PERSONN,
1998) do_not vary between a known prey size ranges (MITTELBACH & PERSONN, 1998;
DORNER & WAGNER, 2003), but the increase to their upper limit was documented. This
may be due to prey fish availability (see Fig. 1), their size distribution and density
respectively and therefore, observed species-selective predation appeared to be mainly
because topmouth gudgeon size availability. On the other hand, there is a lack of
information available because of low number
of analyzed individuals makes serious difficulties to register any predation pattern (e.g.
size-specific differences in feeding capacities, interspecific and seasonal diet dynamics)
in more detail. Curiously any of topmouth gudgeon juvenile was not captured or found
in the diet of piscivores. This may be due to indirect effect of predation on reproduction
(WOoOTON, 1998) or more probably just simply a bias caused by analyzed number of
predators making not clear that all population was at risk of predation.

Pseudorasbora parva is considered as highly undesirable species (1) in
aquaculture mainly due to feeding competition in a case of coexistence with commercial
fishes. Moreover, (2) potential decrease in european fish biodiversity caused by
infectious pathogen carried by this species exists (GOZLAN et al., 2005; PINDER et al.,
2005). This study clearly showed strong piscivory to this alien which might be
benificial for its eradication or control to support the ecological integrity in natural and
modified seminatural habitats like extensive fish ponds.
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Abstract

Three monoculture techniques of pond production of larger autumn pikeperch (Sander
lucioperca L.) fingerlings — (A) cultivation together with broodstock of prey fish
(Pseudorasbora parva Schlegel and Temminck), (B) regular prey fish supply and (C)
culture without prey fish, were compared using one advanced fry stocking density
(12.10° ind.ha™). The results suggest that early switch to piscivory had a positive effect
on growth performance and on final mass (P < 0.05). The survival during the 4-month
rearing period did not significantly influenced by the timing of piscivory reached about
55%, but dramatically decreased in an complete absence of prey fish up to 6.9 %.
Pikeperch schifted to immediate piscivory partially at maximum ratio of 40% from the
all sampled individuals. Differential growth of non-piscivorous and piscivorous
pikeperch caused a broadending and a positive skewness in the cohort size distribution
with consequences in the onset of intracohort cannibalism. Used initial prey fish
biomass of 100 kg.ha' provided a sufficient forage base for the whole ongrowing
period. Cultivation, using the method based on the regularly prey fish stocking is
limited by continuity of prey fish supply and increase in the economical cost related to
manipulation, transfer and labor cost must be expected.

Keywords: Sander lucioperca, larger autumn fingerlings, pond monoculture, induced
piscivory, prey fish (P.parva), growth performance
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Introduction

Pikeperch is a widespread valuable recreational and commercial fish species (FAO
1984; Lappalainen, Dérer & Wysujack 2003). Recently, pikeperch have been used, to
a greater extent, as a useful biomanipulation tool to reduce the number of primary
zooplanktivorous fish species, mainly small cyprinids (Van Densen & Grimm 1988;
Dorner, Wagner & Benndof 1999; Mehner, Kasprzak, Wysujack, Laude & Koschel
2001). Characteristics for the species are large natural fluctuation in year-class strengths
and yields (Buijse & Houthuijzen 1992; Lappalainen & Lehtonen 1995). This is also the
main reason for new introductions to lakes and together with its high market value also
icreasing of cultivation interest (Kestemont & Mélard 2000).

Pikeperch culture has been accoplished for many decades in several European
countries (e.g. Finland, Germany, Austria, Poland, and Czech republic) and until the
present, the most common way of its cultivation is a pond culture. Fingerling rearing of
pikeperch is aimed, first of all, to produce advanced fry for further stocking pruposes
(Steffens, Geldhauser, Gerstner & Hilge 1996) although several authors have noted that
the value of stocking small pikeperch fingerlings traditionally categorized as advanced
fry might be limited or doubtful for enhancing the population in waters in which
piscivorous species already occurs (Steffens 1986; Steffens, Van Densen & Grimm
1988; Geldhauser, Gerstner & Hilge 1996) due to predation and often its limited food
sources utilization. Corespondingly, significant increase in mortality of smaller 0+
pikeperch was several times documented (e.g. Buijse & Houthuijzen 1992; van Densen,
Ligvoet & Roozen 1996). Therefore, for increase in efficiency of stocking, production
of larger for stocking more suited 0+ pikeperch is needed. Several authors have been
noted possible and/or locally used methods of larger autumn fingerling production
(Zakes & Szczerbowski 1995; Hilge & Steffens 1996; Steffens, Geldhauser, Gerstner &
Hilge 1996). Generally, there are two methods currently applied. At first, the traditional
polyculture in carp ponds. Unfortunately, high densities of fish in a ponds increase
feeding pressure on the food sources and subsequent reduction of natural food might
cause a pikeperch starvation that typically occurs at the end of summer. Therefore, this
method causes that quantitative and/or qualitative fingerling yield is highly variable
from year to year and it is often classified as not satisfied. (Hilge & Steffens 1996).
More intensive and appropriate method seems to be application of monoculture
techniques allowing a higher degree of production control.

In pond aquaculture, the effectiveness of the continued rapid growth of O+ pikeperch
known in advanced fry production over the first growing season is recomended only
providing them with prey fish of appropriate size (Steffens, Geldhauser, Gerstner &
Hilge 1996). Surprisingly until date, there is still lack of valuable data providing
informations related to special requirments of 0+ pikeperch dealing with its
monoculture techniques in ponds more in detail.

Therefore, the aims of this study are to test (1) an effect of early switch to piscivory
and (2) to compare and describe more “effective” possibilities of larger pikeperch
monoculture techniques. To test (1) an effectiveness of early piscivory in 0 age
pikeperch fingerlings, a small multiple spawner — topmouth gudgeon, Pseudorasbora
parva (Temminck & Schlegel) was used as a prey fish. In the cental European countries,
this non-native cyprinid is frequently used in this regard (Steffens, Geldhauser, Gerstner
& Hilge 1996). Therefore, two ponds were stocked with prey fish already on 19 May
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(A) — two month before the experiments began to support the development of sufficient
available forage base. We hypothesized, that zooplanktivorous cyprinid might cause
carlier switch to pikeperch piscivory due to (1) its availability as prey itself and (2)
because of its size selective feeding causing a significant reduction of zooplankton
simulating a timing of piscivorous phase. Contrary, other ponds were prepared
following a traditional way using a organic fertilizers (Verreth, 1984, Steffens et al.,
1996), and additional stocking of large cladocerans (Daphnia sp.) was done after ponds
were flooded suggesting to maximize the development of large zooplankton community
as a food source. Finally, in two of these four ponds, prey fish were regularly monthly
stocked (B), and in last two ponds, pikeperch was allowed to feed only on invertebrate
prey community (C).

Materials and methods

EXPERIMENTAL SETUP

The experiments were carried out from June to October in 2005 in six 0.08 ha drainable
ponds (20 x 40 m, average depth 1.1 m) at the experimental facility of South Bohemia
University, RIFCH in Vodnany, the Czech Republic. Advanced pikeperch fingerlings
originated from pond monoculture rearing were used in all experiments aimed for
production of larger autumn 0 age pikeperch. Fingerlings were 48 days post hatch.
Initial body lenghts (SL) and weights were 31£3.05 mm and 0.427+0.13 g. Mean
condition factor [K = weight in g x 100/ (standart lenght in cm)’] of the fingerlings was
1.3840.12. On 23 June, all fish were stocked in one density of 12.10° ind.ha” and reared
for 4 months period. Three monoculture techniques — (A) cultivation together with
broodstock of prey fish, (B) regular prey fish supply and (C) culture without prey fish,
were tested using two replicates per treatment. In early April, initial biomass of 100
kg.ha cyprinid multiple spawner (sex ratio: 1:1.5, SL — 51.02 + 6.77) was stocked into
the treatment A and into two separated ponds aimed for later catching purposes (prey
fish supply for the treatment B). One additional pond was stocked with the identical
biomass of prey fish as reference to study the development of topmouth gudgeon
community (1) in the absence of predator and (2) without effect of regularly removal of
juveniles. In the treatment B, prey fish juveniles caught by triplicate seining in separated
prey fish ponds, were introduced into the pikeperch culture the first time on 2 August.
This procedure was repeated monthly.

The basic physical and chemical parameters of ponds environment (surface area,
water depth, temperature, oxygen, pH, phosphorus) were measured paralelly with fish
community monitoring only the water temperature and oxygen content were at the
beginning of experiments measured daily and water chemistry analysed in laboratory
latter. Their description is given in Table 1. The experimental treatment C was decided
to exclude from the experiment due to extreme values of oxygen content (<1.0 mg.1")
monitored in one of this duplicate and subsequent unsufficiant sample collection in the
second one. Therefore, only indirect estimation of survival, final mass and abundance in
replicate in the treatment C can be disscussed.

SAMPLING COLLECTION AND MEASURING
Fish were sampled monthly from July to September between 9 a.m. and 2 p.m. using a

fine beach seine net (10 x 3 m, a bar mesh-size of 2 mm). At least 3 sampling points
were randomly selected. Therefore, density of juvenile pikeperch such as prey fish, was
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estimated by a modified Point abundance sampling. In the field, all fish were sorted by
species on deck and abundance, individual body length (Lf) and weight (W) were
recorded to the nearest 1mm, 0.001 g respectively. Sub-samples were taken from seine
and immediately frozen for later determination of stomach analysis.

Table 1. Environmental characteristics (mean + SD) of ponds. Asterisks (*) indicate non
sample.

July August September October
Surface area (ha) 0.16 0.16 0.16 0.16
Water depth (cm) 100.0 (12.99) 101.5 (13.63) 109.3 (15.48) *
Mean water temperature (°C) ~ 22.6 (2.01) 21.8(2.61) 15.6 (2.38) 12.8
(1.77)
Oxygen content (mg.1™") 7.7 (2.78) 6.9 (1.33) 5.5 (0.96) 8.8
(0.35)
pH 8.0 (1.12) 7.3 (0.26) 8.1 (0.9) 8.0
(0.99)
Total phosphorus (mg.1™") ¥ 0.1 (0.01) % *

Laboratory methods
In the laboratory, prey organisms of the stomach contents were identified to order,
family or species and where it was possible about 10 individuals of each invertebrate
prey category, were measured (Ly) to the nearest Imm. Prey fish were indentified and
measured using a binocular miscroscope. Vertebrae diameter (¥p, mm) was used for
reconstruction of partly digested prey following Adamek, Kortan, Lepi¢ & Andreji
(2003) to estimate total length using lenght — weight relationship (Pseudorasbora
parva, Ly = 60787 Vp + 12385, n — 35, Ly range: 34-84 mm) (Musil & Adamek in
press). Predation on prey fish community was studied from material collected at the
same time as pikeperch monitoring, when their length-frequency distribution and
relative abundance (expressed as CPUE units), were used over time and consequently,
the stomach contents of predators were visualized. Finally, size-related feeding of 0+
pikeperch was then compared with one way ANCOVA. Diet composition was
expressed by percent-composition-by-weight approach. To estimate the rate of piscivory
and cannibalism, each individual was checked for fish prey presence in their stomachs.
The diet of O+ pikeperch was demonstrated using a graphical method of the stomach
content data (Amundsen, Gabler & Staldvik, 1996), weighted by the frequency of
occurrence (F; — the share of predators in which prey i occurs from all predators with
filled digestive tract) and prey-specific abundance (P; — percentage a prey i comprises of
all prey items in only those predators in which prey i occurs). This method enables to
easily explore the prey importance. Prey taxa close to 1% occurrence and 1% abundance
are negligible in the diet, conversely prey species approaching the upper right corner
(100% occurrence and 100% abundance) are considered as the most important. Points
close to 1% occurrence and 100% abundance are considered as a specialization on
certain prey taxa by some predators, points close to 100% occurrence and 1%
abundance indicate generalized diet of most predators. Data set were based only on
analysis of stomach containing food.

To compare the growth performance between the different treatments used, Main
effects ANOVA was used from lenght frequency data. Additionally, relative growth rate
(RGR) of 0+ pikeperch was calculated according to formula:
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TL; - TLo
GR =

t

where TL, and TL, represent aritmetical means of pikeperch total lenghts in mm of all
0+ pikeperch of two consecutive sampling dates and t is a time duration.

Results

0+ pikeperch

Three methods of 0+ pikeperch production in pond monoculture were compared. They
significantly differed particularly in final 0+ pikeperch survival, final mass production
and labor cost calculated for individual method used (see Table 2).

The effect of shift to piscivory was tested using different timing of this diet
transition between treatments A and B. Earlier timing of switch towards piscivorous
feeding mode significantly positively affected growth pattern in 0+ pikeperch and had
an important consequences (considered bellow) for intracohort structure dynamic.

Growth

The growth performance of 0+ pikeperch could be followed from June to October 26.
Significant differences in body lenghts between 0+ pikeperch originated from different
treatments and over time were found (Main effects ANOVA; treatment — F = 20.8; P <
0.001; date — F = 50,82; P < 0.001). 0+ pikeperch grew faster in a treatment A the whole
observation period (Fig.1) and dramatical differences between compared treatments
were recorded since the first sample was done (sampling dates — pair-wise comparisons
from July to October; Tukey test; d.f. 17, 57, 28, 1138; P <0.001).

Fig. 1. Growth of 0+ pikeperch between the two different treatments weighted by its
body lenght. 240 !
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On 16 July, the most rapid differences in growth were observed between 0+ pikeperch
cultured in treatment A with relative high growth rate of 1.50mm.day™ (A) and mean
body lenght of 63.22 + 7.35mm, contrary to ones from treatment B — with 0.99 mm per
day, SL 51.60 + 3.1mm respectively. Later on, the growth rates had decreased to 0.70
(A) and 0.66 mm.day™' (B) showing similarity in growth pattern of 0+ pikeperch in both
followed treatments. From 16 September to 26 October, relatively higher growth rates
were observed in treatment B - 0.56, 0.29 mm.day™ compare to A with 0.36 to 0.05 mm
per day. The body lenght and the wet body mass of 0+ pikeperch increased from 31.12
+ 3.05 to 94.24 + 18.19 mm, and 0.43 + 0.13 to 10.90 + 12 g for treatment A, and
reached the size of 89.10 £ 16.18
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mm and final body mass of 9.22 + 10.99 g in the treatment B between 23 June and 26
October.

Because of relative environmental conditions similarity (see Table 1), the lenght
frequency distribution (LF) of 0+ pikeperch in a compared treatments with combination
of diet analysis might good illustrate the observed variation in the size development
(Fig. 2).

Fig. 2. 0+ pikeperch LF distribution — (A) indicates a 0+ pikeperch with broodstock of
prey fish and (B) indicates the regular sized- prey fish supply
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In a treatment A, at the beginning with firstly positively skewed distribution, slight
bimodality development was recorded already on 16 July (kurtosis = -0.42; P < 0.28 )
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until 15 August. One month later, LF distributions was again positively skewed
although separated cohorts development was suggested. In a treatment B, however,
significant bimodality was developed from August (kurtosis = - 0.9; P < 0.001) to
September (kurtosis = - 0.63; P < 0.001). Finally, at the end of observation on 26
October, when all the individuals (ny = 1144; ng = 501) were measured, positively
skewed distributions were registred again in both treatments.

Diet composition

A total of 200 pikeperch stomachs (L range: 58-197 mm) were analysed. Empty
stomachs were recorded between July and October with higher frequency in the
beginning and at the end of experiment compared all sampling dates (see Table 3).

Table 3. Numbers of stomachs examined, the proportion of empty stomachs, rates of
piscivory and cannibalism of 0+ pikeperch. (A) — indicates a treatment where prey fish
community already occured in the beginning of experiment versus (B) — where prey fish
were_monthly stocked.

Date No. of stomach empty stomachs piscivory cannibalism
examined
(N) (o) (Vo) (“o)
16 July A 19 21.1 15.8 0.0
B 10 10.0 0.0 0.0
15 August A 22 0.0 36.4 4.6
B 10 10.0 10.0 0.0
16 September A 11 9.1 7.3 9.1
B 7 0.0 429 0.0
26 October A 81 6.2 20.9 3.7
B 40 30.0 37.5 2.5

On 16 July, significant differences between the diet of pikeperch cultured in various
treatments were reported. In the treatment A, pikeperch fed mainly on fish (63.9 %) and
the invertebrate diet consisted of ephemeropterans dominated by Cloen dipterum made
up 29.7 % of the proportion of food biomass. Whereas the diet of pikeperch cultured in
a treatment B was dominated mainly by cladocerans (Simocephalus sp., 51.5 %), and
ephemeropterans (Cloen dipterum, 32.3 %) both representing important prey items in
terms of biomass and population feeding specialization (feeding strategy). Terestric
insect (6.6 %) was eaten only individually. Other insect prey, like chironomids (0.9 %)
and  Chaoborus sp. larvae (5.8 %) were consumed with relatively low specific
abundance and medium occurrence, thus eaten by about half of population. Cladoceran
prey, mainly Daphnia sp. (1.7 %), was fed only occasionally by some predators with
less impotance in the diet.

One month latter — on 15 August, the diet was already dominated by prey fish in both
treatments (A -62.6%; B — 45.3%) although prey fish represented prey item eaten only
by some predators more individuals feeding specialization. Two prey fish species were
identified in the diet, therefore intra-cohort cannibalism was reported (Table 2).
Similarly, insect larvae, Chaoborus sp. (4.5 %), and crustaceans, Diaptomidae (5.4 %)
in the treatment A and Cyclopidae (treatment B — 10.5 %), were more important
idividually eaten preys. Contrary, other invertebrate prey, ephemeropterans larvae and
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pupae, Cloen dipterum accounted for 26.8 (A) and 25.6 % (B) of the overall diet, has
been eaten occasionally by most predators. Additionall invertebrate prey of less
importance (rare) were in the treatment A cladocerans, mainly Simocephalus sp. (0.8 %)
and Daphnia sp. (0.9 %), and copepods, Diaptomidae (5.4 %) in the treatment B

respectively.
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On 16 September, only slight differences were observed in the pikeperch diet
between treatments. Fish was still the most important prey in terms of biomass (A,
49.2%, B, 60.1 % ), but decreasing in rate of piscivorous pikeperch was found in the
treatment A. Contraversaly, strong piscivory was reported in the treatment B (Table 2).
Corixidae (A — 16.8, B — 6.4 %), and in case of treatment A also cladocerans
(Simocephalus sp.,13.6 %), were important prey organisms eaten by some predators.
Other insect larvae and pupae (Chaoborus sp. — A — 10.4, B -22.2 %, chironomids — A -
1.6, B - 10.0 %, and Cloen dipterum (2.0 %) only in the treatment A) were consumed by
most of predators even at a low prey specific abundance indicating a more generalized
type of prey (feeding strategy).

In October, in the last sampling date, the proportion of fish in pikeperch diet reached
its maximum (A — 72.3; B — 85.6) with slighter decreasing in rate of piscivorous
pikeperch in both treatments. Most of predators still continued to intensively feed on
larger invertebrate prey such as Cloen dipterum (A -17.7; B — 8.1) and Chaoborus sp.
larvae (A — 7.9; B - 4.1). Other preys like chironomids (A — 0.4; B -0.4) and
cladocerans (A — 1.7; B -1.7) were eaten more individually with less importance (sce
Fig. 3 and 4).

Fig.4. Contribution of individual prey taxa in the diet of 0+ perch (A) broodstock of
prey fish, (B) regular prey fish stocking.
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Size-related feeding

Pikeperch body length (TL) was significantly (P < 0.01) related to gape width (Fig. 5).
Piscivorous pikeperch ranged from 85 to 195 mm Lt. Prey fish ranged from 22 to
100mm (mean + SD = 31.3+30.2) and was found significantly higher (ANOVA, P <
0.01) in a treatment A only in October. Prey fish Lt was significantly (ANCOVA, P <
0.01) positively and linearly related with pikeperch gape width (Fig.6). Therefore, since
predator gape width is derived directly from its Lt, positively and linearly pattern is
identical for both relationships.

Prey-predator ratios (PPR) decreased with increasing predator size. The maximum prey
size ratio was 0.51 (minimum = 0.24, mean + SD = 0.32 + 0.31). The only one for
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reconstructure possible pikeperch who was consumed by conspecific of 195mm Lt was
100 mm Lt.

Fig. 5. 0+ pikeperch body length-gape width relationship.
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Mean £+ S.D. numbers of prey fishes per stomach was 1'1 + 03. In case of invertebrate
prey, rate of increase of prey lenght with predator size was much smaller (0.9) than for
prey fish being 5.8. The feeding strategy of juvenile pikeperch might be best
characterised by positive selection of larger and larger invertebrate preys until the
predator Lt reached about 150mm. Larger individuals exclusively fed on fish prey only

(Fig. 6).

Fig.6. Maximum prey sizes found in the stomachs of 0+ pikeperch. Maximum prey size
to predator mouth width are shown for prey fish and most important prey invertebrate
taxa separately. Mean mouth width of predator is indicated according to relationship
given in Fig.5.
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Prey fish

In a separate two prey fish ponds (one for prey fish cultivation and additional removal
of juveniles for the treatment B and second as control), most prey juveniles were caught
at the beginning of stocking in August with an estimated average biomass of 1.75 +
1.07kg per sampling point (n-3). Thus, total of 2.95kg biomass (abundance — 32 628
ind.) of juveniles could be stocked into the treatment B (per one pond). Already one
month later, only 1.8 kg of total biomass of prey fish were caught (abundance — 27 149
ind.; CPUE - 0.9 + 0.62kg; n-4) with stocking of 0.9kg biomass of prey fish per each
pond (B) only. Therefore, on 3 October, total biomass of 9.5kg (abundance — 17 181
ind.) were harvested and then stocked into the treatment B. In a control pond, biomass
of 331 kg.ha™ was harvested, contrary to biomass 119kg.ha™ , harvested in pond with
regular removing of juveniles. Removal of juveniles, thus, was found to strongly affect
final biomass yield of prey fish rather than its lenght frequency distribution (see Fig.8).

Fig.7. Predation 0+ pikeperch on prey fish community (LF distibution). (1) indicates a
situation in prey fish LF distributions and (2) shows prey sizes eaten.
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In a treatment A, estimated average biomass ranged from 1.66kg (abundance — 30 981
ind.) per sampling point at the beginning of experiment, but dramatically decreased
already at first sapling date on 19 July to 0.03kg (abundance 55 ind.). Latter on, average
biomass ranged from 0.02 (10 ind.) to 0.06kg (57 ind.) between August and September.
In the treatment B, average biomass of 0.02 (34 ind.) were registred on 15 August with
increasing tendency until 119 individuals with biomass of 0.074kg catched on 16
September. At the end of experiment, only biomass of 1.3kg of prey fish variyng in total
lenght from 40 to 92mm (mean + SD; 71.62 + 13.69mm), were harvested compare to
treatment B with 3.52kg of biomass, where fish ranged from 23 to 86mm (mean + SD;
46.8 £ 12.48mm).

44%

Prey fish
N = 550

3 October

29%

15% |

0%

40 60 80 100

Fig.8. The LF distribution in the control pond at the end of experiment — without
predator.

Discussion

The pikeperch is known to be a “specialist piscivore” passing trough two ontogenetic
diet shifts during its juvenile stage (Persson & Bronmark 2002; Specziar 2005). Many
field studies in freshwater have shown that juveniles first feed on small zooplanktonic
preys and schift towards to larger macroinvertebrates until they reach the size to became
piscivorous (e.g. Collette, Ali, Hokanson, Nagiec, Smirnov, Thorpe, Weatherley &
Willemsen 1977; Buijse & Houthuijzen 1992; Sutela & Hyvirinen 2002; Specziar
2005). Piscivorous feeding mode requires high growth rate (Buijse & Houthuijzen
1992; van Densen, Ligtvoet & Roozen 1996; Persson & Bronmark 2002) and thus also
individual advantage because of mortality due to starvation and predation on
conspecifics are a size-dependent processes (Juaness 1994; Persson & Bronmark 2002).
These ontogenetic diet shifts are therefore assumed to be critical periods in a pikeperch
life history both at individual and population level with direct and indirect consequences
on year class strenght (e.g. Buijse & Houthuijzen 1992; van Densen, Ligtvoet & Roozen
1996; Persson & Bronmark 2002).

In the present study, juveniles of pikeperch (38mm of SL) originated from pond
aquaculture (advanced fry) schitched to immediate piscivorous feeding mode in relation
to prey fish availability. As previous studies from freshwaters have been shown,
pikeperch may directly switch from planktivory to piscivory even much early at size
about 20-25mm (e.g. van Densen 1985). Generally, the timing of switch to piscivory is
assumed to be dependent mainly on suitable abiotic and biotic conditions,
predominantly on availability of potential prey fish (e.g. Buijse & Houthuijzen 1992,
Hartman & Margraf 1992; Olson 1996; Post 2003). However, this shift may be in
freshwaters often retarded by the shortage of potential prey fish (Frankiewicz,

64




Dabrowski & Zalewski 1996; Mehner, Schultz, Bauer, Herbst, Voigt & Benndorf 1996;
Specziar 2005), in aquaculture, as was demonstrated by this study, controled timing of
this ontogenetic diet shift seems to be highly profitable and easy to realize.

The diet transition towards piscivory, however, was not found completed as the
proportion of piscivorous individuals remained relatively low (c. 10 - 40%). Partial
switch to piscivory in 0+ pikeperch was reported from many localities, i.e. in Suléjow
Reservoir (Frankiewicz, Dabrowski, Martyniak & Zalewski 1999), lake Balaton
(Specziar 2005) and others (i.e. Buijse & Houthuijzen 1992; Sutela & Hyvirinen 2002).
It was shown that differences in feeding pattern within cohort are associated with
differences in spatial distribution influenced by predator habitat choice. In the littoral
zone, where available prey fish occured, pikeperch become piscivorous at high rate of
individuals and at very small size. Conspecifics that occupied the open water with much
lower availability of prey fish, were forced to feed on zooplankton (Collette, Ali,
Hokanson, Nagiec, Smirnov, Thorpe, Weatherley & Willemsen 1977; Buijse &
Houthuijzen 1992; Sutela & Hyvérinen 2002; Specziar 2005) or later on, additionally
moved from pelagic to litoral zone when pikeperch achieving about 50-70 mm TL
(Frankiewicz, Dabrowski & Zalewski 1996). Unfortunately, neither any of these
predator behavioral responses such as migration to more profitable habitat which
obviously contributing to the onset of piscivory in freshwaters, can clearly explain
observed low level of piscivory in our case study because of area-limited pond
enviroment (10m x 10m x 1m) with relatively high abundance of available prey
especially at the beginning of experiment (treatment A).

What was the reason of observed high variation in feeding pattern? It was found that
the rate of piscivores had increasing tendency just only in habit with monthly prey fish
supply. CPUE data (abundance, size distribution) of prey fish suggest that this was very
probably because of discontinous feeding in a treatment where pikeperch was cultured
together with prey fish adults. Initial 0+ pikeperch variation in size distribution with
subsequent strong predation could simply lead to a rapid decreasing in cyprinid
juveniles population with an overall reduction of adults spawning activity as a result of
anti-predator behaviour response (Wooton 1998). Larger piscivorous pikeperch
continued to feed on limited population of juveniles and macrozoobentic animals but
due to its individual size advantage and especially topmouth gudgeon size-availability
already started to feed also on its adults. Whereas smaller individuals were gape-limited
and thus had to consume only available macroinvertebrates mainly emphemeropterans,
chironomids and water boatmen troughout the ongrowing season and smaller fish was
eaten only occasionally. Moreover, faster growing piscivores could quickly outgrowth
their conspecifics. According to optimal foraging strategy (Schoener 1971), generally,
in a situation when the preffered prey is not abundant, a predator shifts towards less
profitable, but available food. In accordance with that, differences in feeding pattern and
their subsequent consequences in the rapid increase of the pikeperch size heterogenity
was related to the observed onset of cannibalism when the decline in prey abundance
was firstly recorded even at relatively low level. Similar situation, the onset of
cannibalism, was also registered in a treatment with regularly prey fish stocking but
only at the end of September caused by rapid decline in prey density. In contrast, partial
schitch to piscivory at the time of initial pikeperch stocking when prey availability
(density and size) was relatively high, can be more hardly predicted. In accordance with
previous studies, we expect that switch to piscivory is prey-density and predator-size
dependent proccess (e.g Hartman & Margraf 1992; Olson 1996; Persson & Brénmark
2002; Post 2003). Variation in cohort size distribution at the time of pikeperch stocking
was still uniform and one possible explanation, therefore, might be predator-size and/or
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predator behavioral response (Werner & Mittelbach 1981). If the individual predator
achieve even little size and/or prey characteristics learning advantage, can more
effective search and ingest the prey.

Because of piscivorous feeding mode requires high growth rate (Buijse &
Houthuijzen 1992; van Densen, Ligtvoet & Roozen 1996; Persson & Brénmark 2002),
the main goal of this study was to test an effectiveness of early schitch to piscivory by
the different timing of prey fish availability. 0+ pikeperch growth rate was during the
first month period significantly higher with prey fish and vice versa. Moreover, the
importance of early schitch to piscivory is underlined by the fact that the growth was
higher troughout the whole ongrowing season although the rate of piscivores had
reversal tendency due to food resource limitations considered above. This suggests in a
good accordance with former studies from freshwaters (Buijse & Houthuijzen 1992; van
Densen, Ligvoet & Roozen 1996) that pikeperch piscivory has a positive effect on
growth rate. According to Zakes & Szerbowski (1995), autumn pikeperch fry reared in
pond conditions attained a mean TL of 108mm and weight of 8.14 g. Similarlly,
Steffens, Geldhauser, Gerstner & Hilge (1996) were shown that autumn pikeperch often
attaining total body length from 60 to 10 mm. In contrast with that, pikeperch cultivated
using a coexistence with a small multiple spawner cyprinid (P. parva) as prey in this
study, achieved a mean TL over 125mm (70 to 230mm) and body weight varying
between 16.2 to 20.0 g depending on the treatment used. For example, similar results
were obtained when the pikeperch was as advanced fry weaned to artificial diet reared
for four month period (end of October) in comparible climate conditions in Poland
(Zakes & Szerbowski 1995).

Ontogenetic diet shift towards piscivory followed by differential growth of
nonpiscivorous and piscivorous individuals, favour the development of variation in the
cohort size distribution (van Densen 1985; Buijse & Houthuijzen 1992; van Densen,
Ligvoet & Roozen 1996; Frankiewicz, Dabrowski, Martyniak & Zalewski 1999;
Persson & Bronmark 2002; this study) and often resulting in an bimodality which is a
common phenomenon characterizing many piscivorous fish species (e.g. DeAngelis &
Coutant 1982; Mittelbach & Persson 1998). However, in 0+ pikeperch was bimodality
shown from many freshwaters (van Densen 1985; Buijse & Houthuijzen 1992; van
Densen, Ligvoet & Roozen 1996; Frankiewicz, Dabrowski, Martyniak & Zalewski
1999), except this study, was never documented in aquaculture even it is well known to
affect the intracohort structure dynamic due to mortality caused by cannibalism (e.g.
Buijse & Houthuijzen 1992; Frankiewicz, Dabrowski, Martyniak & Zalewski 1999). In
contrary, based on present results, consequences of early diet shift towards piscivory
were found to increase 0+ pikeperch survival and vice versa in a total absence of prey
fish troughout the first season, survival of 0+ pikeperch at the end of experiment
declined close to 5% only. This suggests significant costs, e.g. low survival associated
with failure to reach the piscivorous stage during the first season (van Densen 1985;
Buijse & Houthuijzen 1992; van Densen, Ligvoet & Roozen 1996; this study).
Accordingly, Persson & Bronmark (2002) from laboratory feeding experiment suggest
for O+ pikeperch a narrow scope for planktivory, rendering support the general view of
pikeperch being a specialist piscivore (Keast 1985; Mittelbach & Persson 1998).
Moreover, highly size-selective feeding pattern - larger individuals reaching about 150
mm TL fed exclusively on fish, further support to the view of high pikeperch diet
specialization (piscivory).

Although pikeperch is well known as a useful biomanipulation tool (i.e. van Densen
& Grimm 1988; Dérner, Wagner & Benndorf 1999), in many european waters its
populations are with increasing tendency under high pressure of harvest by sport
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angling (i.e. Specziar 2005) and/or especially in the northern countries by regularly
catching for commercial proposes (see i.e. Colby & Lehtonen 1994). Natural
reproduction together with widely applied stocking programme are thus of importance
for stabil maintenance of its populations. Pikeperch is commonly stocked as advanced
fry (4-6 cm) and/or one-summer-old pikeperch. Stocking of both juveniles categories is
from some point of view contraversial, and often deals with scientists criticism. Several
authors have been mentioned that the value of stocking of advanced fry may be limited
or doubtfull (Steffens 1986; Van Densen & Grimm 1988; Geldhauser, Gerstner & Hilge
1996), whereas others (Raat 1990; Sutela & Hyvirinen 2002) supporting this procedure
with suggestion that pikeperch left in ponds grew slower than ones earlier stocked.
Stocking of larger one summer old pikeperch, however, can be generally beneficial
especially in cases when pikeperch might be preyed upon others piscivorous fish which
already form a part of fish assemblages in receiving waters (Deelder & Willemsen
1964) or if its immediate effect of piscivory in “top-down” control (biomanipulation) is
expected. Negative classification of one summer old pikeperch fingerlings reared in
ponds derived from frequently cited fact that O+ pikeperch retards the growth rate by
some authors (Forsman, Salminen & Virtanen 1985; Sutela & Hyvirinen 2002) seems
to be according to our results more likely a neglection of special food requirments — diet
transition towards piscivory - of this piscivore by unsufficient fish food supply (biomass
and size availability of prey fish) during the ongrowing season.

Conclusion

In this study, three monoculture techniques of pond production of larger autumn
pikeperch fingerlings — (A) pikeperch cultivation together with broodstock of prey fish
(P. parva), (B) regular prey fish addition and (C) culture without prey fish, were tested
with relation to O+ pikeperch growth, survival, and estimated rearing expenses.

(1) Production of larger pikeperch fingerlings (autumn fry) might be realized by
providing them with available prey fish only.

(2) Early timing of switch to piscivory had a positive effect on final mass and
growth.

(3) Diet transition towards piscivory significantly positively affect the final 0+
pikeperch survival and vice versa, survival dramatically decreased in an
complete absence of prey fish up to 6.9 %.

(4) Piscivorous feeding mode caused a higher size heterogenity in the O+ pikeperch
size distribution. Possible consequences in the onset of intracohort cannibalism
should be taken into account if unfavourable feeding conditions - prey fish
discontinuity — prevailed.

(5) Use of 100 kg.ha™" biomass of non-native cyprinid (P. parva) adults as prey fish
appears to be highly beneficial by providing a sufficient forage base for the
whole 0+ pikeperch ongrowing period (particularly due to reproduction potential
and size-availability even adult later in the rearing).

(6) Possibility to cultivate the larger 0+ pikeperch using the method based on the
regular prey fish addition (stocking) is limited by continuity of prey fish supply
and increase in the economical cost related to manipulation, transfer and labor
cost should be expected.
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Abstract

Juveniles of perch (SL = 37.2 + 1.1 mm) were used (1) in series of laboratory
experiments to reveal a growth response in 0+ perch when switch from feeding on
zooplankton to fish prey (Pseudorasbora parva, SL = 14 £ 2 mm, n = 181). Growth
performance of O+ perch significantly depended on food levels and on prey type
(zooplankton versus prey fish). In the first series of experiments, where perch were fed
on combination of zooplankton and prey fish food the significantly highest growth rate
(P<0.05) were observed in the aquaria with predator-prey density (PPR) of 1:4, fed on
high amount of zooplankton (0.54 + 0.16 mm.day™"). In comparison, the relative growth
rate of perch at 1:1 PPR experiments ranging from 0.18 + 0.13 for LAZF to 0.23 £ 0.13
mm.day” for LAZF, was significantly lower than one at a ratio of 1:4. The perch fed
only on zooplankton, resulting in lowest growth rates (0.12 + 0.12 for LAZF to 0.18 +
0.10 mm.day’ for HAZF). Slight differences in relation to different amount of
zooplankton food (LAZF x HAZF) were found in all experiments. The SL of perch
increased significantly in all experiments within 30 days from initial 37.2 mm to a 41.74
+ 3.34 mm for non-piscivorous, and 43.47 £ 4.00 mm (1:1), 51.55 + 4.82 mm (1:4) for
piscivorous perch respectively. SL of piscivorous perch was always significantly higher
(P<0.01) and at maximum growth rate piscivorous perch reached the size increase as
twice as higher than zooplanktivorous one. Predator density was not found to affect the
growth rate.

Either in the field or laboratory experiments, 0+ perch piscivory was coincided
with availability of prey fish only which is suggested to be the main prerequisite in the
onset of piscivory. Two main proccesess driven by piscivory were found in relation to
the intracohort structure dynamic: 1) differential growth of piscivorous and
nonpiscivorous individuals - development of rapid variation in the cohort size
distribution resulting in occurence of bimodality, and 2) size selective mortality.
Therefore, 0+ perch piscivory significantly negatively affected the intracohort structure
due to predation on conspecifics. The largest piscivorous individuals reached a body
size (SL) of 158mm. Therefore, 0+ perch piscivory should not be neglected.

Keywords: perch (Perca fluviatilis); food resource use; growth; piscivory; size-related
feeding; cohort dynamics
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Introduction

Eurasian perch (Perca fluviatilis L.) typically undergo three major ontogenetic niche
shifts over their life. At first, perch feed on pelagic zooplankton (e.g. Wang & Eckman
1994). At 30-80mm of total length, perch schift to macroinvertebrates and finally often
shift to piscivory at a size varying between 130 to 180mm (Thorpe 1977; Craig 1978;
Persson 1988; Persson & Greenberg 1990; Persson et al. 2000). In general, therefore,
zooplankton and macroinvertebrates are assumed to be the main food sources of perch
in their first year of life and older perch might switch to piscivory. Contrary to our
general knowledge, the first documentation that 0+ perch is able to become piscivorous
much early is derived from laboratory experiments by Brabrand (1995). In his study
was reported that even a difference of 24 h in hatching produced a two-peak size
distribution, in which the intracohort variation was large enough to create the potential
for intensive cannibalism. Correspondingly, in a few field studies, 0+ perch has been
previously found to prey upon perch larvae and/or smaller cyprinids (Smyly 1952, Ilina
1973, Spanovskaya & Grygorash 1977, Thiel 1989).

Generally, the ontogenetic niche shifts (sensu Werner & Gilliam 1984) are often
manifest as shifts in habitat use (Diehl & Ek16v 1995) and/or diet with increasing body
size (e.g. Werner & Gilliam 1984, Mittelbach 1986, Olson, 1996, Post, 2003) which
generate complex interactions and dynamics within communities (Werner & Gilliam
1984; Polis et al. 1989; Olson et al. 1995; Persson et al. 1996; Post 2003). The diet shift
towards piscivory often initiates an increase in growth rate that typically translates into
larger size and greater survival troughout life for specialist piscivores (Keast 1985,
Buijse & Houthuijzen 1992, Olson et al. 1995, Mittelbach & Persson 1998). This
ontogenetic niche shift help maximize fitness by reducing competition with conspecifics
trough intraspecific resourse segregation (Werner & Gilliam 1984), by minimizing
predation risk through habitat shifts (Persson et al. 1996), and maximizing growth
through dietary shifts (e.g. Shelton et al. 1979, Olson 1996, Post 2003). Larger
individuals are typically less vulnerable to predation (e.g. Post et al. 1998) and have
greater energy reserves to survive periods of starvation (Buijse & Houthuijzen 1992,
Post et al. 1998, Post 2003). However, perch belong to the most common fish species in
meso and eutrophic water bodies troughout Europe (e.g. Persson et al. 1991),
interestingly, perch piscivory — early or later in life have been aim only in several
extensive studies (Brabrand 1995; Mehner et al. 1996; Borcherding et al. 2000; Persson
et al. 2000; Brabrand 2001; Beeck et al. 2002; Radke & Gauptisch 2004; Svanbick R.
& Persson 2004), and it is still not so well explained. Generally, O+ fish often represents
the dominant age group in many fish communities (Wooton 1998). Therefore,
especially growth of O+ fish in their first year of life should be an important factor
regulating competetive interactions within fish communities and the recruitment of
adults. As mentioned above, it is a critical to understand the role of O+ fish in
freshwaters, particularly species such as potential piscivores because they might
strongly affect the structure and dynamics of fish communities with implications for
food-web structure (Mehner et al. 1996, 1998).

In order to better understand the piscivory in perch, our study interest was focused
on (1) important factors in the onset of 0+ perch piscivory - a study of growth response
to different feeding level (zooplanktonic, fish prey) and prey type (zooplankton versus
fish prey) under laboratory experimental conditions, and a manipulative field
experiment (the whole growing season) was carried out (2) to answer what are
ecological consequences of this diet transition at the individual and intracohort levels.
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Material and methods

Laboratory experiments
Juvenile perch (37.2 + 1.1 mm standard length (SL), 1.1 + 0.3 g wet mass) caught in

June 2005 with a beach seine net (10 x 3 m, length x width, mesh size - 2 mm) in

the nearby experimental fish pond (identical locality as field experiment were

done) were used for series of laboratory experiments. Fish were kept in experimental

aquaria (40L) and fed twice daily on live and/or frozen zooplankton at libitum for two

weeks prior the experiments. Water temperature was maintained at 24.5°C (+ 1°C ) and
the dissolved oxygen concentration was kept at saturation in all experiments. To
minimize handling stress for juvenile perch, only a sub-sample of perch was measured
to nearest 1 mm of standard length (SL) and weighted to the 0.01 g at the beginning of
experiments. Later on, the total wet mass per aquaria was calculated from the derived
length-weight relationship. The perch housed in 40 L aquaria was divided into two
densities of 40 and 10 individuals per aquarium, respectively (each of density in eight
aquaria). In four aquaria of each predator density, prey fish (P. parva, SL = 14 £ 2 mm,
n = 181) were put together with perch in a density of 40 preys (perch: prey fish ratios -
1:1, 1:4), and four of each eight aquaria were fed with a high amount of zooplankton
food (HAZF), and four with a low amount of zooplankton food (LAZF). Other eight
aquaria (four aquaria in each of predator density) were fed with combination of
zooplankton amount only (HAZF x LAZF). This series of experiments lasted for 30
days. All fish were counted twice daily. At the end of experiments, all perch were

measured and weighted.

Field experiment
Free swimming perch larvae still with rest of oil globule (14-17 days post hatch) at 8 to

11 mm of standart length (SL) were stocked into two experimental ponds on April 27 in
afternoon hours in one density of 120.10% ind. ha™.

In the first one, the only perch was cultivated throughout the experiment. In contrast, a
total mass of 40 kg.ha™ cyprinid multiple spawner (P. parva) (sex ratio (male : female)
1: 1,3, SL - 62+7.9mm) was introduced into the second pond in June. Perch stock was
sampled monthly from May until the end of September by triplicate seining (10 x 3 m,
length x width, mesh size - 2 mm) between 10 am. and 6 p.m. In the field,
abundance and length of perch and of its potential prey fish were recorded. All fish were
sorted by species on deck and individual body length (SL) was measured to the nearest
Imm.
Relative abundance and size-distribution of fish was recorded paralelly with fish
sampling and sub-samples were taken from the seine and immediately preserved in 4 %
formalin for diet analysis. In the laboratory, prey organisms of the stomach contents
were identified into the family and/or species level and number of prey was counted.
Moreover, proportion of each prey category was assessed by indirect volumetric
estimation (Hyslop 1980).

Data analysis

To reveal the statistical differences in 0+ perch growth performance, the t-test for paired
samples using STAT software 6.0. version was used to compare the significant
differences for standart lenght and weight as well as calculated growth rates.
Consequently, two factor ANOVA was used for statistical determination of different
experimental factors (experiment 1: predator-prey density x amount of zooplankton;
experiment 2: perch densities x amount of zooplankton).
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Results

Laboratory experiments

Growth performance of 0+ perch depended on food levels (LAZF x HAZF; 1:1 x 1:4
PPR) and on prey type (zooplankton versus prey fish). Predator density was not found
to affect the growth rate. In the first series of experiments, where perch were fed on
combination of zooplankton and prey fish food (Fig.1), the significantly highest growth
rate (P<0.05) were observed in the aquaria with predator-prey density of 1:4, fed on
HAZF (0.54 £ 0.16 for HAZF, and 0.43 + 0.14 mm.day" for LAZF respectively). In
comparison, the relative growth rate of perch at 1:1 predator-prey ratio experiments
ranging from 0.18 + 0.13 for LAZF to 0.23 + 0.13 mm.day' for LAZF, was
significantly lower than one at a ratio of 1:4. High statistical difference (F=122.78,
P<10°) was found between used predator-prey ratios (1:1, 1:4).

Fig. 1. Standard lenght (mean + SD, mm) of piscivorous 0+ perch at the end of
experiment. Two perch densities (1 and 0.25L™") were fed with either a “low amount of
zooplankton” or a “high amount of zooplankton” and exposed to 1:1 and 1:4 predator-
prey ratio respectively.
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In experiments with perch feeding only on zooplankton food (Fig. 2), there were no
significant differences between experimental predator densities (F=0.23, P<0.63) and
thus growth rates were calculated as mean values for both perch densities and separately
only for different zooplankton levels (F=5.50, P<0.02). The relative growth rates ranged
from 0.12 £ 0.12 for LAZF t0 0.18 + 0.10 mm.day”' for HAZF.

Fig. 2. Standard lenght (mean + SD, mm) of non-piscivorous 0+ perch at the end of
experiment. Two perch densities (1 and 0.25L") were fed only on “low and high
amount of zooplankton”.
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Slight differences in relation to different amount of zooplankton food were found
in all experiments. The SL of perch increased significantly in all experiments within 30
days from initial 37.2 mm to a 41.74 + 3.34 mm for non-piscivorous, and 43.47 + 4.00
mm (1:1), 51.55 + 4.82 mm (1:4) for piscivorous perch respectively. Piscivorous perch
at the predator prey ratio of 1:4, after 30 days reached the lenght from a minimum of
41.00 mm to a maximum of 61.00 mm thus about two times higher compare to non-
piscivorous perch ranging between 33.00 to 55.00 mm. Moreover, SL of piscivorous
perch was always significantly higher than other experimental groups (P<0.01) and
showed notable higher variation in size distribution. In all experiments, tendencies in

change of lenght were also valid for weight.

Field experiment
Over the study period, two distinct phases in cohort structuring and dynamics could be

discerned with respect to potential of 0+ perch piscivory between treatments. In the
absence of prey fish, high numbers of 0+ perch (41 000 individuals.ha™'; 130.31 kg.ha™)
was harvested at the end of experiment in September. Conversely, in the treatment
where on 17 July was additionally stocked cyprinid multiple spawner, the density of 0+
perch was very low (14 000 individuals.ha™; 95.59 kg.ha). This change in cohort
structure over the first season was associated with changes in feeding mode from
planktivory and benthivory towards piscivory trough different growth rates and thus
different cohort size distribution development that will be considered below.

Growth of 0+ perch
The mean SL of perch increased from about 25 - 38mm in June to about 6.62 + 7.08mm

(in environment inhabited together with small cyprinid P. parva), 3.67 £ 0.95mm (only
perch) in September respectively. In both environments, growth was substantially
higher until the end of July. Later on, this growth pattern was observed in a locality
inhabited by perch and prey fish only. Conversely, in the only perch cohort, growth was

drastically depressed (see Fig. 3).
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Fig. 3. Growth rates of 0+ perch. (1) perch only (open), and (2) perch and prey fish
(cross).
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The length frequency (LF) distribution of 0+ perch during the first growing season very
well illustrated the observed variation in the cohort development (Fig. 4). In the
environment cohabited by prey fish, LF distribution changed dramatically troughout the
year. The onset of piscivory supported by prey fish availability resulting from firtsly
unimodal to positively skewed cohort size distribution. Consequently, at the end of
season (12 September), LF distribution became ultimately bimodal (see Fig. 4).
Moreover, 0+ fast growing piscivores eating mainly prey fish (P.parva), reached the
size between 70 to 158mm, whereas nonpiscivores reached the body size only about 40
to 68mm. Contraversely, in environment with the only perch, LF distribution developed
from unimodal to negatively skewed, although few large cannibalistic individuals were
reported (see text below).

Fig. 4. Length frequency distribution and mean sizes (SD) of 0+ perch. (1) perch only,
and (2) perch and prey fish.
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Diet

A total of 262 0+ perch stomachs were examined. Empty stomachs were recorded only
occasionally over July to September with higher proportion at the end of season, but
were omitted from diet analysis. The ontogenetic diet shifts were markedly different
under various environmental (feeding) conditions. In the only perch cohort, 0+ fish fed
mainly on macroinvertebrates (e.g. chironomid pupae and larvae, ephemeropterans,
dragon flies and others) and on zooplankton (cladocerans and copepods). Between 25
July and 24 August, very few larger (> 70 mm SL) piscivorous individuals eaten

conspecifics (cannibalism), were reported (see Fig. 5 and 6). From the middle of
September onwards, perch did not consume fish.

Fig. 5. The diet of 0+ perch. The fish were grouped into two size categories: small and
large. (1) perch only, (2) perch and prey fish.
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In contrast, the onset of piscivory in 0+ perch simulated by available sized prey fish,
was reported almost immediately after prey fish stocking. From the end of June until the
end of September increasing trend in piscivory was notable. The diet of larger
individuals was comprised almost exclusively from fish with higher rate of cannibalism
later in the season. Diet of nonpiscivorous (and early piscivores) individuals was similar
to the only perch cohort, although proportion of macroinvertebrates in the diet of
smaller perch was relatively lower. However, higher occurence of macroinvertebrates
(mainly chironomids and dragon flies) was reported in the diet of larger perch feeding at
the early piscivory stage also on zooplankton, fish and macroinvertebrates. 0+ perch
piscivory was found to be strongly related to the predator body size.

Fig. 6. Contribution of prey items in the diet of 0+ perch (1) perch only, (2) perch and
prey fish.
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Discussion

In the present study, we have analyzed the potential and ecological consequences of
piscivory in 0+ perch on the intracohort structure and dynamics during the first summer
season of life.

However, eurasian perch is generally not assumed to be either piscivorous during
the first year of life (Thorpe 1977, Craig 1978, Persson, 1988, Persson & Greenberg
1990, Persson et al., 2000) or true “specialist” piscivore (Mittelbach & Persson 1998),
piscivourous 0+ perch was found in several water bodies (Smyly 1952, Ilina 1973,
Spanovskaya & Grygorash 1977, Thiel 1989, Mehner et al., 1996, Beeck et al. 2002).
Moreover, in laboratory experiments was demonstrated by Brabrand (1995) that a
difference of 24 h in the hatching of 0+ perch produced a two-peak size distribution, in
which the intracohort variation was large enough to create potential for intensive
cannibalism. Unfortunately, the link between an intracohort cannibalism and/or the
ontogenetic diet switch towards the piscivory later in life is still unclear (Brabrand
2001), recently Beeck et al. (2002) demonstrated on the example of Lake Speldrop that
this diet transition might have very similar pattern such as known for other true
piscivorous fish species (see e.g. McIntyre et al. 1987; Buijse & Houthuijzen 1992; van
Densen, Ligvoet & Roozen 1996; Frankiewicz, Dabrowski, Martyniak & Zalewski
1999; Post 2003).

According to what it is known for true piscivores (see e.g. Buijse & Houthuijzen
1992, Van Densen et al. 1996), we have similarly found that two processes have a major
role in the intracohort structure dynamic during the first year of life. At first (1)
differential growth between piscivorous and nonpiscivorous individuals, and subsequent
(2) size — selective mortality of the smaller nonpiscivores.

Generally, growth of 0+ fish depends on environmetal conditions such as water
temperature, prey type (Werner & Gilliam 1984), prey size (Jackson et al. 1992), prey
density (Mathias & Li 1982) or a combination of these factors (Mittelbach 1981, Stahl
& Stein 1994). Accordingly, our laboratory results suggest that growth of 0+ perch was
influenced mainly by prey type and prey density. In relation to the zooplankton food,
only negligible differences between the used amount of zooplankton (LAZF x HAZF)
was registered. In comparison, accelerated growth was observed immediatelly when the
perch was exposed together with prey fish and during relatively short period (30 days),
perch reached the size increase as twice as higher than zooplanktivorous one.
Nevertheless, the maximum growth rate observed in the first part of this study
(laboratory experiment), might not fully correspond to the maximum growth potential
of O+ perch (it was not aim of the study). For example, Borcherding et al. (2000)
considered even 14 bream larvae per perch and day to be an ad libitum prey level.
Comparable consumtion rates on fish larvae of perch between 10.5 to 20.7mm body size
were estimated in laboratory experiments also by Brabrand (1995). However,
differences in body size of predator and prey among these studies make the comparisons
difficult, all the results in good accordance demonstrate a rapid increase in growth when
fish switch from feeding on zooplankton and/or zoobenthos to piscivory (Buijse &
Houthuijzen 1992; Brabrand 1995; Borcherding et al. 2000; this study). Increasing
growth rates when O+ perch became piscivorous, were also observed in the field by
Mehner et al. (1996), Beeck et al. (2002), and second part of this paper (field study). A
total lenght of perch > 100mm in the first year of life has been documented only in few
studies - for perch feeding on mysids (Houthuijzen et al. 1993), for perch of aquaculture
origin (Thorpe 1977) and recently from Lake Speldrop (Beeck et al. 2002). In Lake
Spedrop (Germany), 0+ perch reached at the end of growing season TL about 125mm
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with high degree of piscivory (Beeck et al. 2002). In the present study, under simulated
feeding conditions (availability of fish prey), 0+ piscivorous perch reached a mean body
size (SL) even about 128mm. Moreover, for the first time, we reported even 0+
individuals about 158mm of body size (SL) which might well document the growth
potential in O+ perch. In contrast, nonpiscivorous individuals reached the size only
about 49mm.

According to previous studies related to ontogeny of piscivory (e.g. Buijse &

Houthuijzen 1992; Olson 1996; Post 2003), the present results either from laboratory
and/or field experiments suggest that the onset of piscivory in 0+ perch dramatically
coincided with prey fish availability. In laboratory, we did not find any relationship
between zooplankton food level and diet transition to piscivory. Similarly, in the
absence of prey fish in the field experiment, 0+ perch switched from feeding on
zooplankton rather on invertebrates, but larger individuals were piscivorous
(cannibalistic). In contrast, Mehner et al. (1996) found as a main prerequisite for this
ontogenetic diet shift in Bautzen reservoir also the decline of larger zooplankton.
Possible explanation seems to be unlikely food resourse limitation. Generally, variation
in the timing of the switch to piscivory within individuals originated from the same
cohort, where gape-size and hatching size are invariant, is related to interaction among
the relative hatching dates of predator and prey, differences in growth rates during
carlier ontogenetic stages, and the availability of appropriately sized fish prey (e.g.
Olson 1996, Post 2003). Therefore, based on the results of Brabrand (1995), 0+ perch
has a potential for variation in the intracohort size distribution even very early in life
which is continuously favoured by size-selective feeding pattern (e.g. Mehner et al.
1996; Persson & Brénmark 2002). Individual size advantage give the potential to prey
on food not available to inter and intraspecific competitors, e.g. due to gape-size
limitations (Hartmann 1986; Tonn 1992). When this size advantage is large enough in
relation to the predator-prey ratio (suggested difference about 50% of predator length -
van Densen 1985; Brabrand 1995), 0+ perch might depending on prey availability,
become piscivorous. Thus, theoretically, rate of piscivory is available prey fish-density
dependent proccess and considering the results of Beeck, 0+ perch piscivory might be
much regular phenomenon than it is expected.

As mentioned above, ontogenetic diet shift towards piscivory followed by
differential growth of nonpiscivorous and piscivorous individuals, favour the rapid
development of variation in the cohort size distribution. The variation in size
distribution among fish from the same cohort and especially development of bimodality
is well known feature which has been previously documented for many specialist (true)
piscivores (sensu Keast 1985) such as pikeperch (e.g. Buijse & Houthuijzen 1992, Van
Densen et al. 1996; Frankiewicz et al. 1999), walley (Stizostedion vitreum Mitchill;
Meclntyre et al. 1987), yellow perch (Perca flavescens Mitchill; Post & Prankevicius
1987) or largemouth bass (Micropterus salmoides Lacepede; Post 2003). For eurasian
perch, however, existence of this phenomenon was recently for the first time
documented by Beeck et al. (2002) and in the field experiment of this study. Over the
study period, two distinct phases in cohort structuring and dynamics were observed with
respect to O+ perch piscivory. When fish as prey was not available, only few individuals
switched to piscivory (cannibalism). Conversely, induced piscivory by addition of
available prey fish in the experimental field treatment, caused immediately a high rate
of piscivorous individuals who strongly affect the intracohort dynamics due to
subsequent cannibalism. Beeck et al. (2002) observed a similar 0+ perch intracohort
dynamic in Lake Speldrop, where small perch cohort disappeared at the end of season.
It was suggested that this was probably caused by inter and intraspecific competition for
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food resulting in smaller perch starvation. Accordingly to our results, however, Beeck et
al. (2002) also supposed the possibility that a cause of observed size-dependent perch
mortality might be a result of cannibalism.

The ontogenetic diet shift towards piscivory initiates an increase in growth rate that
typically translates into larger size and greater survival troughout life (Keast 1985,
Buijse & Houthuijzen 1992, Olson et al. 1995, Mittelbach & Persson 1998) because e.g.
larger individuals are typically less vulnerable to predation (e.g. Post et al. 1998) and
have greater energy reserves to survive periods of starvation (Buijse & Houthuijzen
1992, Post et al. 1998, Post 2003). However, general suggestion that early diet shift
towards piscivory characterize strong year class (van Densen 1985; Buijse &
Houthuijzen 1992; Persson & Bronmark 2002) seems to be true rather for specialist
piscivores than for perch for the following reason: Although this ontogenetic niche shift
help maximize fitness by reducing competition with conspecifics trough intraspecific
resourse segregation (Werner & Gilliam 1984), by minimizing predation risk through
habitat shifts (Werner et al. 1983), and maximizing growth through dietary shifts (Aggu
and Elliot 1975, Shelton et al. 1979, Olson 1996, Post 2003), based on our results, we
assumed that diet shift to piscivory in 0+ perch greatly negatively affect the intracohort
dynamics due to size-selective mortality caused by predation on conspecifics
(cannibalism) and thus should be suggested as advatage at indivudual level rather than
intracohort level.

There is apparent different situation in early life histories, the diet switch to piscivory
trades-off between perch and specialist piscivores such as pikeperch probably driven
from differences in the dietary species-specific requirements but also their foraging
abilities. However, piscivory in 0+ pikeperch was similarly found to affect the
intracohort dynamics (see e.g. Frankiewicz et al. 1999; Persson & Bronmark 2002), for
pikeperch, the diet transition to piscivory is essencial for maintenance the high growth
rate and if do not so, resulting in a rapid decrease in condition and high mortality rates
(Buijse & Houthuijzen 1992). Contrary, this may not be neceseraly true for
nonpiscivorous feeding 0+ perch. Perch, contrary to pikeperch, is able to efficiently
forage on zooplankton and macrozoobenthos (Thorpe 1977, Craig 1978, Persson, 1988,
Persson & Greenberg 1990, Persson et al., 2000; Wahlstrém et al. 2000) and thus show
a higher feeding plasticity level (Svanbick & Persson 2004). Moreover, perch can often
prey on non-fish prey even as adult (under not so well explained circumstances) which
the pikeperch may do not so. We hypothesize that the key to understand piscivory
pattern among the different oportunistic (e.g. perch) or specialits piscivores but
especially in perch more in detail, must be the knowledge of perch diet transition pattern
also from backwards directions — diet shifts between individual feeding modes. This
should be our future research interest.

Conclusion

Piscivory in 0+ perch seems to be a regular and more common phenomenon than it is
generally expected. This diet transition is favoured by the increase in the cohort size
distribution and coincide with the availability of prey fish (its size and density).
Therefore, the development of bimodality in the cohort size distribution caused by great
differences in growth rates between piscivorous and nonpiscivorous individuals might
be regularlly occured such as known for many other piscivores.
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0+ perch piscivory rapidly affect intracohort structure dynamic. Although this diet
transition is advantage for individual fish, negatively affect the intracohort structure due
to size-selective mortality by cannibalism.

0+ perch piscivory might affect the structure of fish communities by efficient
predation on O+ fish and therefore must be included into calculation of fish mortality
due to predation (see also Mehner et al. 1996). Moreover, in the present study, 0+
piscivorous perch successfully reduced even highly undesirable non-native fish species
used as prey (Pseudorasbora parva). Consequently, the diet transition towards
piscivory has important implications for aquaculture.

The largest piscivorous individuals exactly age determinated caught at the end of
September reached a body size (SL) of 158mm. The growth potential of 0+ piscivorous
individuals, therefore, should not be neglected.
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Uvod

Candat obecny (Sander lucioperca 1..) patii mezi vyznamné druhy ichtyofauny
volnych vod Evropy (Craig, 2000; Lappalainen et al., 2003), navic z hlediska
sportovniho rybolovu druhy vysoce cenéné. V podminkach Ceské republiky dosahuji
jeho tlovky sportovnimi rybati v dlouhodobém priméru okolo 150 tun roéné (BroZova,
2005), coz predstavuje z pohledu vylovku ostatnich dravych druhii druhé misto za
Stikou.

Za vyznamné pozitivni je zastoupeni candata v rybich spolecenstvech povazovano
predevsim diky jeho biomeliora¢ni schopnosti - predacnim tlaku na drobné kaprovité
ryby a tim zlepSeni kvalitativnich parametrti vody. Proto je jeho nasazovani do
volnych vod jednim z dil¢ich biomanipula¢nich opatfeni (Van Densen a Grimm,
1988; Dorner et al., 1999; Mehner et al., 2001).

Pro vybornou kvalitu masa patii i na nasem trhu mezi nejecenngjsi a tudiz
nejdrazsi druhy ryb a zdjem o jeho chov je datovén jiZ od stfedovéku (Steffens et al.,
1996; Craig, 2000; Lappalainen et al., 2003). Chov candata byl a je doménou zemi
sttedni Evropy (Némecko, Rakousko, Polsko a Ceské republika) a Finska. Do
soucasnosti je nejbézngji praktikovan jeho chov v rybni¢ni akvakulture (Steffens et al..
1996). Podle Schiperclausse (1961) se candat uplatiiuje v polykulturni obsadce s
kaprem:

1. eliminaci nezadoucich rybich druht
produkei vysoce cenéného masa a doplitkové ryby pro spotiebitele

3. produkci nasadového materialu do volnych vod (biomanipulace, sportovni
rybolov)

Obecné informace o biologii a chovu candata publikovali napt. Berka a
Hamackova (1980); Wojda et al. (1994); Schlumpergerger a Proteau (1996); Steffens et
al. (1996) a Lappalainen et al. (2003).

V Ceském rybnikéistvi byl pravdépodobné poprvé extenzivné chovan jiz roku
1784, v polykultufe s kaprem (Susta, 1997). V soucasné dobé se u nas jeho extenzivni
produkce v rybnicich pohybuje okolo 50 tun (Brozovd, 2005) s nevyraznym podilem
pouhych 0,2 % celkové produkce &eské akvakultury a to i piesto, Ze je u né¢ho
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dlouhodobé zajisténa vysoka cena v tuzemsku i zahrani¢i. Neddvno byly zahajeny
studie sméfujici také k produkci candata v kontrolovanych podminkéach intenzivnich
chovli (Malison et al., 1990; Zakes, 1999; Johnson a Rudacill, 2003, Kestemont et al.,
2003; Gielen et al., 2003 a Ljunggren et al., 2003). V n¢kterych zemich je jiz candat
v intenzivni akvakultufe chovan (Polsko, Francie, Belgie). U nas se této problematice
vénuji na MZLU Brno s cilem zavedeni intenzivni akvakultury do Ceské rybaiské praxe
(Baranek et al., 2005). BohuZel viak zatim nejsou uspokojivé vyfeSeny nékteré zasadni
otazky piedevsim v odchovu larev jako napf. nutnost aplikace zivé potravy z divodu
nedostateéného stupné vyvoje traviciho ustroji, nenapliiovani plynového méchyfte a jiné.
Jinou otazkou jsou pak piedevsim kvalitativni vlastnosti takto odchovanych jedinct a
jejich prevod na prirozenou potravu v piipade, kdy by mélo dojit k jejich pouziti jako
nasadového materialu.

Semi-extenzivni systémy Intenzivni systémy

Uméla dieta

Prirozend potrava
Larvy

Odkrmeny
pladek

Rychleny

plidek
Trzni ryba \/

Obr. 1. Alternativni systémy chovu candata (Ljunggren, 2002)

Limitujicim predpokladem rustu produkce candata je obecné v soucasné dobg,
mimo vlastni intenzifikaci v chovu kapra a s tim spojeném nedostatku vhodnych
rybni¢nich ploch a zhorSeni nékterych chemicko-fyzikalnich parametrd rybni¢niho
prostiedi, také nedostatek nasadového materialu. Celkova produkce ndsadového
materialu candata a to jak k produkénim ucelim (v rybni¢ni akvakultuie v polykulturni
obsaddce s kaprem) tak jako nasadového materidlu do volnych vod, je v naSich
podminkéach realizovana prozatim vyhradné v rybniéni akvakultufe. Extenzivné —
spole¢né s hlavni chovanou rybou (kaprem) v polykulturni obsadce nebo intenzivné
odchovem rychleného plidku v monokultufe ve vytaznicich mensi velikosti. V
soucasné dobé bohuzel nevyplyva zadna povinnost evidovat produkci ndsadového
materidlu po kvantitativni ani po kvalitativni strance (jednotlivé kategorie — jikra,
vackovy plidek, rychleny pladek, podzimni plidek — ro¢ek; metoda odchovu). Proto je
odhad urovné chovu candéta u nas pomérn¢ komlikovany.

Cilem této metodiky proto bylo zrevidovat (kriticky zhodnotit) a popsat u nds
Castéji praktikované metody odchovu ndsadového materidlu canddta v rybni¢ni
akvakulture se zietelem k jejich efektivité vyjadiené kvantitou (% preziti), ale i kvalitou
(dosazena velikost plidku) odchovavaného plidku vcetné popisu jeho potravnich
narokli béhem odchovu. Soucasné je problematika doplnéna nejnovéjsimi poznatky jeho
odchovu véetné rizené reprodukce k celkové lepsi informovanosti rybaiské praxe a tedy
potencidlné moznému (1) zvySeni produkce a (2) zlepSeni chovu této uslechtilé ryby.

1. Rizena reprodukce

Candat dospiva v naSich klimatickych podminkach ve véku 3-4 roky, vyjimecné
ve véku 2 roky. Mlic¢aci dospivaji zpravidla diive (Krupauer a Pekaf, 1967; Bastl,
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1965). K reprodukei se pouzivaji generaéni ryby o hmotnosti v rozpéti priblizné 1 — 4
kg. Absolutni plodnost jikernacek je velmi zavisla na délce a hmotnosti ryb. S vétsi
délkou a hmotnosti ryb se vyrazné zvySuje mnozstvi jiker. Nebyla ale nalezena 7adn4
zavislost mezi relativni plodnosti a délkou ryby. Podle zjisténi zahrani¢nich autort
existuje vyznamna zavislost mezi poc¢atkem vytéru ryb a zemépisnou vyskou, pro nase
podminky neni tato informace pfili§ podstatna. Vytér v naSich klimatickych
podminkach probihé od konce dubna do za¢atku Cervna pfi teploté 5 — 12, vyjimeéné az
16 °C, nejcastéji ale pii teplotach 8-10 °C (Krupauer a Pekaf, 1967; Bastl, 1965). I u
skupiny stejné starych ryb spole¢né odchovavanych ve stejnych teplotnich a potravnich
podminkach se vyskytuje relativné dlouhé vytérové obdobi v délce 2 — 5 tydni. Rovnéz
existuje vyznamna zavislost délky inkubaé¢ni doby na teploté vody (podrobnosti uvadi
Lappalainen et al., 2003).

Pro uspéSnou reprodukei je potieba generaéni ryby pro dosazeni dobré kondice
chovat v dobrych potravnich podminkach. Zpravidla se chovaji spole¢né s obsadkou
nasadového nebo trzniho kapra pii niz$i intenzit¢ produkce v dostate¢né hlubokych
rybnicich s pfitokem, piispivajicim k udrzeni odpovidajicich kyslikovych podminek, s
dostatkem potravnich (krmnych) ryb.

Vlastni proces reprodukce candata 1ze zabezpeCovat v zdsadé tiemi rliznymi,
piipadné riizné¢ modifikovanymi metodami:

1. Pfirozeny vytér v rybnicich bez hormondlni stimulace ovulace
2. Poloumély vytér na hnizda s nebo bez hormonalni stimulace ovulace
3. Umély vytér s hormonalni stimulaci ovulace

Ptirozeny vytér bez hormonalni stimulace ovulace je sice nejjednodussi, ale také
nejméné spolehlivou metodou. Spociva ve vysazeni genera¢nich ryb obojiho pohlavi
v poméru 1:1 do vhodného, spise mensiho, rybnika do velikosti nejvice nékolika ha bud’
s fidsi obsadkou kapra (K, nebo K;), nebo bez obsadky jinych druhii ryb. Generaéni
ryby se vysazuji na jafe pied vytérem, hormonalni stimulace se neprovadi. Vytérové
podlozky se zpravidla neinstaluji. Vylov rybnika se provadi zpravidla na podzim,
pripadn¢ az na jate. Vyhodné je, pokud je ta moZnost, provadét odlov plidku candata
pod hrazi (odd€lené od generacnich ryb a obsadky kapra, piipadné dalsich druhd ryb.
které¢ se vylovi klasickym zptisobem v lovisti). Dosahované vysledky jsou znaéné
kolisavé. Odhad uspésnosti vytéru a prognéza mnozstvi odchovaného plidku jsou velmi
nejisté (Koutil a Hamackova, 2005).

Poloumély vytér na hnizda s nebo bez hormonadlni stimulace ovulace Ize provadét v
celé¢ fadé rliznych modifikaci (Koutil a Hamackovd, 2005). Ty spoéivaji jednak v
materialu, zn€hoz jsou zhotoveny vytérové podlozky (dfive se pouzivaly téméf
vyhradn¢ ostiicové kofeny, v souasnosti byly vétinou nahrazeny rznymi plastovymi
rohozemi a kartaci), jednak v umisténi vytérovych podlozek (manipulaéni rybnik s
tvrdym dnem, zemni nebo betonova sadka s tvrdym dnem, klece zavésené zpravidla v
baterii v jezefe, idolni nadrzi ¢&i rybnice, piipadné betonové nebo plastové nadrze
umisténé v hale). Vytér candata na hnizda v sadkach, ktery je u nés nejvice rozsiten, je
podle svého zakladatele nazyvan Sustovou metodou. Metoda vytéru candata na hnizda
(Ruuhijérvi a Hyvirrinen, 1996) v klecich je podle svého ptivodu nazyvana §védskou
metodou (u nds se pouziva jen vyjime¢né, je uspé$né praktikovana napf. ve Finsku a v
Polsku). Posledné uvedend modifikace poloumélého vytéru v nadrzich umisténych v
hale se obvykle soucasné kombinuje s teplotni manipulaci, spo¢ivajici v zavedeni
pritoku vody o vyssi teploté vody, umoziiujici jednak uspiSeni a sou¢asné synchronizaci
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terminu ovulace a vlastniho vytéru pomoci ptitoku vody o regulované teploté (10-15
°C). Drive se tento zplsob pouzival bez pouziti hormonalni stimulace, v sou¢asnosti je
Casto praktikovana stimulace a synchronizace vytéru pomoci injekéniho podani
exogennich hormondlnich pfipravkt jikernac¢kam. U mli¢akl je stimulace pomoci
exogennich hormonii zbytecnd, vytiraji se pomérné spolehlivé bez jejiho pouZiti.
Podrobnosti pouziti hormonalni stimulace jsou uvedeny samostatné v dalsi ¢asti
metodiky.

Umély vytér je nové ovéfend a do praxe zavadéna metoda Ffizené reprodukce
candata. Candat patii mezi posledni u nas chované druhy hospodaisky vyznamnych ryb,
u nichz byla tato metoda v posledni dob& ovéfena. Podminkou jejiho uplatnéni je
pouziti hormonalni stimulace jikernacek, moznost oddéleného umisténi ryb podle
pohlavi v menSich skupinach (po cca 5 — 10 kusech) v dobfe slovitelnych a
napustitelnych nadrzich (zpravidla umisténych v hale) a pokud mozno regulovatelni
teplota vody (v rozpéti 10 — 15 °C) a v neposledni fadé moznost inkubace jiker v
Zugskych lahvich a separace a pfechovavani vykuleného plidku v kolibkach pied jejich
expedici z lihné. Metoda umélého vytéru u candata je prozatim realizovana jen
v omezeném rozsahu na nékolika pracovistich v nékolika malo zemich. Piedstavuje
perspektivni zplisob fizeného rozmnozovani tohoto druhu ryby.

Hormonalni indukce ovulace nejprve pii poloumélém, pozd&ji pii umélém
vytéru byla spésné odzkousena s nékolika riznymi piipravky (Kouiil a Hamackova,
2005). Nejprve byla ovéfena ucinnost Siroce roz§ifeného pouziti extraktu kapii
hypofyzy a s Ucinnou latkou gonadotropinem (GtH). Tento zplsob je pouzivan v
Mad’arsku Ceské republice, Némecku aj. Ovéfena ucinna davka kapii hypofyzy je 3 — 4
mg.kg'. Pouziva se jednorazova injekéni aplikace do hibetni svaloviny nebo podkozné
do jamky pod prsni ploutev po predchozi homogenizaci ve fyziologickém roztoku.
Podéani ve dvou dil¢ich davkach nezvySuje ucinnost a je s ohledem na nadbyte¢nou
manipulaci s genera¢nimi rybami zbyte¢né. V Polsku je tspésné pouzivana metoda
zalozend na jednordzové injekéni aplikaci humanniho choriogonadotropinu (HCG) v
davce 400 IU (mezinarodnich jednotek) na 1 kg hmotnosti jikernacek (Zakes, Demska-
Zakes, 1999). Uvadi se, ze HCG muze Gspésné indukovat ovulaci i u méné zralych
jikernacek. ZkuSenosti s pouzivanim této metody v Ceské republice nejsou.

V souvislosti se vSeobecnou snahou o nahradu kapti hypofyzy pomoci
syntetickych hormont s cilem zptesnit davkovani a nepouzivat Zivocisné produkty k
oSetfovani zvifat byla opakované uspé$né ovéfena metoda jednorazové injekéni
aplikace funkénich analogi spoustécich hormont gonadotropinu, piedevsim ué¢inné
litky Lecirelin /(D-Tle)® ProNHEt” mGnRH/. Tato latka je soucasti pripravku
Supergestran, jez je distribuovan prosttednictvim Iékéren jako registrovany preparat pro
synchronizaci fije u nékterych teplokrevnych hospodatskych zvirat. Pri pokusech bylo
ZJlsteno Zze optimalni davka pro vyvolani ovulace je 20 — 50 pg.kg™. Nizg davky (10
ng. kg se ukazaly jak nedostate¢né G¢inné, vyssi davky (100 pg. kg™) naopak nemély
Jiz vliv na zvySeni G¢innosti (vy$$i % vytfenych jikernadek, resp. vyssi relativni
pracovni plodnost) (Koutil a Hamackova, 2005).

Byly realizovany i experimenty s kombinovanym preparatem madarské
provenience Ovopel (obsahujici funkéni analog GnRH a dopaminergni inhibitor).
Dosazené vysledky byly v nékterych pfipadech pozitivni, v jinych vyrazné horsi, nez pti
pouZiti prepardtu Supergestran. Proto nelze pouZiti tohoto piipravku prozatim pro
indukci ovulace jikernacek candata jednozna¢né doporucit (Koutil a Haméackova, 2005).

U zralych jikernaCek v odpovidajici kondici lze pfi pouZiti vySe uvedenych
davek preparatu Supergestran dosahnout 80 — 100 % vytfenych jikernacek pfi relativni
hmotnosti vyttenych jiker 12 — 15 %, coz ptedstavuje pracovni plodnost 150 — 250 tis.
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ks jiker na 1 kg hmotnosti jikernac¢ek pred vytérem. Barva vytfenych jiker je Zlutozelena
az sedozelena. Primérna individualni hmotnost jedné vytiené jikry dosahuje 0,65 mg, z
toho vychazi pfepocet mnoZstvi suchych jiker v 1 kg, ktery ¢ini 1,54 mil. kusi. Pi
teplot¢ 11,5 °C dochazi k ovulaci za 65 - 70 °D, tj. za 6 — 7 dnt. Nizsi teplota termin
dosazeni ovulace (interval latence) prodluzuje, vyssi teplota jej zkracuje. Po dosazeni
spodni hranice nastupu ovulace je nutné ve 2 — 3 hodinovych intervalech provadet
kontrolu skute¢ného dosaZeni ovulace u jednotlivych jikernagek (posouzenim stavu
pohlavni papily a lehkym tlakem na brisn{ krajinu). Pokud je papila zfetelné prokrvena
a vystoupld, 1ze ovulaci v blizké dobé& o¢ekavat. Pokud dochazi pii stisku b¥igni krajiny
k vytoku jiker z pohlavni papily, neprodlené nasleduje provedeni vlastniho umélého
vytéru. Umely vytér se provadi zasadné v anestézii. K anestézii genera¢nich candati pii
teploté vody 10-15 °C Ize doporugit aplikaci hiebi¢kového oleje v koncentraci 0,03-0,04
mLI" pfi délce expozice 3-5 min. Anestézii generaénich candétii je vhodné provadét
nejen pred vlastnim umélym vytérem, ale pred viemi manipulacemi s genera¢nimi
rybami, kde je to jen moZné. To znamend i pied tiidénim generaCnich ryb, injikaci
hormonalnich pfipravkii a kontrolou dosaZeni ovulace (Kouiil a Haméckova, 2005).
Vlastni umély vytér se provadi podobné jako u jinych druht ryb. Vzhledem k vysoké
citlivosti pokozky generacnich ryb k mechanickému poskozeni je vhodnéjsi provadét
vytér jiker a odbér spermatu postupné ménénym piiméfenym tlakem dlani a prsti na
Setrn¢ osuSenou bfisni krajinu, nez prili§ intenzivné a s vétsi frekvenci opakovat masaz
brisni krajiny. Nejvhodné&jsim zpsobem vytéru mlicaki candata je odbér spermatu do
suchych injekénich strikacek o objemu 5-10 ml pii poloze bfichem nahoru (Obr. 2). Po
odbéru spermatu se bezprosttedné provadi osemenéni jiker. Obvykle se pouziva poméru
pohlavi 1:1, pticemz se jikry kazdé¢ jikernacky osemenuji spermatem, pokud mozno,
nejméné tfech mlicaka (tzv. sperma kazdého mlicaka se pouzije na jikry od tfech
Jikernacek). Po osemenéni a Setrném zamichani pohlavnich produktd suchou stérkou se
jikry zaliji vodou (na 100 g jiker cca 25-50 ml vody) a opét zamichaji stérkou. Poté se
nechaji stat po dobu cca. 3 min a nasleduje jejich odlepkovéni.

Pii umélém vytéru se jikry pred nasazenim do inkubacnich lahvi odlepkovavaji v
suspenzi jilu nebo talku. Pomérné spolehlivou metodou je také pouziti mléka, kdy se ke
vzniklé suspenzi pridava jeste talek ¢i jil. K inkubaci se osvédéila voda o teploté 15-18
°C. Vykuleny plidek z inkubacnich lahvi se pieplavuje do nize umisténych kolibek z
jemné sitoviny (Uhelon) o velikosti o¢ek 0.3 mm a poté expeduje na vysazeni do
rybnikl. Za spésné lze povazovat ziskani 60 — 80 % kust vykuleného plidku z
nasazenych jiker.

Metodu umélého vytéru lze za predpokladu splnéni uvedenych pozadavki a
podminek povazovat za velmi Gsp&$nou a plné doporudit pro vyuziti, predevs§im v
zavedenych rybich lihnich pro kapra a dal$i teplomilné druhy ryb.
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Obr.2. Umély vytér candata obecného - vytér jikernacky a odbér mli¢i u samce

2. Produkce nasadového materialu

Celkova produkce nasadového materialu candata a to jak k produkénim udeléim,
tak jako nasadového materialu do volnych vod, je v naSich podminkach realizovana
pfedevS§im odchovem rychleného pludku ve vytaznicich mensi velikosti a &aste¢né
odchovem rocka ¢i dvouletého candata v polykultute s kaprem.

2.1. Odchov rychleného plidku v monokulture

Tato metoda odchovu je patrné nejrozsitenéjsi a vysoce efektivni zpiisob
produkce ndsadového materidlu candata ve stfedni Evropé (Steffens, 1960; Verreth,
1984; Hilge a Steffens, 1996; Ruuhijdrvi a Hyvarinen, 1996). Do predem piipravenych
rybniki s cilem optimalizace potravni zakladny (Verreth, 1984), jsou nasazovana hnizda
s oplozenymi candatimi jikrami (Steffens, 1960; Klime§ a Koutil, 2003) nebo v
posledni dobé jiz i rozplavany plidek (Musil, Lepi¢ - nepublikovano). K odchovu se
doporucuji pouzit predevsim zimované rybniky, pfedem vyhnojené kompostem nebo
vyzralou chlévskou mrvou (Klime§ a Koufil, 2003). DilezZitou prevenci ztrat plidku
beéhem odchovu je dokonalé utésnéni vypusti rybnika proti tiniku véckového plidku,
jakoz i utésnéni sit pii odlovu idealné do beden pod hrazi (obr. 3.) (Klime$ a Koutil,
2003; Kouril a Hamackova, 2005). Hnizda s oplozenymi jikrami je nejvhodnéjsi
odebirat z vytérovych sadek a vysazovat do rybniki po uplynuti dvou tietin inkuba&ni
doby. Vysazend hnizda s jikrami candata je pro ochranu pied $ktdci vhodné piekryvat
siti nebo pletivem a umistovat je v blizkosti pfitoku vody do rybnika. Je-li to mozZné, je
v pribéhu odchovu vhodné priibézné piipoustét vodu s obsahem zooplanktonu vhodné
velikosti z vySe polozeného rybnika s odchovavanym rychlenym plidkem candata
(Klimes a Koufil, 2003).

Charakteristika odchovaného plidku

Délka odchovu se v zavislosti na teplotnich i potravnich podminkach pohybuje v
rozmezi 1,5 az 2,5 mésice. V naSich podminkach se tedy plidek lovi vétSinou v pribghu
meésice Cervna aZ prvni poloviny cervence, kdy jiz dosahuje celkové délky téla (TL)
mezi 35 - 40 mm (Klimes a Koutil, 2003; Koutil a Haméackova, 2005). Hektarovy vynos
(produkee) rychleného canddta je zna¢né variabilni, ovlivnény jak abiotickymi
(predevsim teplota vody) tak biotickymi faktory (dostatek potravy). V praméru se viak
pohybuje okolo 50 000 — 150 000 ks (Steffens et al., 1996; Klime$ a Kouiil, 2003).
Obsadka rychlen¢ho plidku je charakteristickd svoji velikostni vyrovnanosti (oproti
chovu roc¢ka). Praktickym voditkem k ukon&eni odchovu je sledovani abundance
hrubého (pfedevsim dafniového) zooplanktonu, ktery signalizuje potravni podminky pro
obsadku. V ptipad¢ jeho vymizeni se doporucuje plidek urychlené slovit. V opaéném
piipad€ se jiz nevyhneme zvySenym ztratdm vlivem kanibalismu (Klime§ a Koufil,
2003). Za urcitych podminek, kdy neni mozna realizace vylovu, lze jeho termin
kratkodobé oddalit pfisazenim dostatetné biomasy velkého dafniového zooplanktonu,
jak se to osvédtilo na experimentalnim pokusnictvi VURH JU Vodnany. V Polsku se
nékdy lovi rychleny plidek jiz ve velikosti okolo 20 - 30 mm s cilem vét§iho kusového
vylovku, ktery dosahuje az 500 000 ks.ha™ (Szkudlarek a Zakes, 2002). Tento plidek je
pak zvlast¢ vyhodny napf. k postupnému pievadéni na umélou dietu v intenzivnich
chovech (Zakes, 1999; Ljunggren, 2002; Ljunggren et al., 2003).
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Potravni ndroky béhem odchovu

Ackoli je candat v dospélosti typickym karnivornim top-predatorem (Persson a
Brénmark, 2002), nez se tak vsak stane, prochazi v priibéhu svého ontogenetického
vyvoje né€kolika potravné vyznamnymi etapami a to prechodem na exogenni a
piscivorni zpisob Zivota (Mittelbach a Persson, 1998, Persson a Brénmark, 2002).
Kritickym faktorem zasadn& ovliviiujicim riist a pfezivani rybiho plidku obecné je
zajisténi dostatku pfirozené potravy, zejména v okamziku prechodu na exogenni zpiisob
vyzivy. To bezezbytku plati i pro candata zv1as§te proto, Ze piechod na exogenni zpiisob
vyzivy probiha jiz v pomérné malé velikosti (cca 6 - 8 mm SL) (Bastl, 1978; Ljunggren
2002; Musil a Peterka, 2005). V této dobg jsou larvy v zavislosti na teploté obvykle ve
veku 3 - 4 dny a maji jiz zcela funkéni Ustni otvor (zfetelné profiznuta usta) uzptsobeny
k zahdjeni pfijmu prvni potravy. Tou jim jsou obvykle nauplia a kopepoditova stadia
klanonozet (Ljunggren, 2002; Musil a Peterka, 2005). Ackoli je dostatedné zajisténi
pfirozené potravy v okamziku prechodu na exogenni zplsob vyZivy tradicné
realizovdno postupnym napousténim rybniki v krat$im ¢asovém intervalu s cilem
maximalniho rozvoje viinikd (Verreth, 1984; Verreth a Kleyn, 1987; Klimes a Koufil,
2003), ktefi jsou Casto povazovani za vyznamnou potravni slozku larev candéta
(Coussement, 1978), podle poslednich zkusenosti (Ljunggren, 2002; Peterka a Musil, in
prep.) se vifnici v potravé larev vyskytuji pouze pii snizené nabidce hlavni potravni
slozky a tou jsou nauplia a kopepoditové stddia klanonozct (Kovalev, 1976; Steffens
1960; Belyy, 1972; Verreth, 1984), i mensi perloocky (Ljunggren, 2002, Musil a
Peterka, 2005; Peterka a Musil, in prep.). Ranné potravé larev candata byla vénovéna na
JU VURH samostana srovnavaci studie vychézejici z faktu, Zze fizenym napousténim
rybniki Ize ovliviiovat druhovou i velikostni skladbu zooplanktonu. V podminkach
s dominantnim vifnikovym zooplanktonem jsme pozorovali na za¢atku experimentu
vyrazn€ pomalej8i rist larev ve srovnani s drobn&j$im “dafniovym” zooplanktonem a
tento rozdil, ackoli pozdgji s pomalejsi tendenci, pietrval az do ukonéeni experimentu —
lovenim rychleného pliidku. Rozdilné potravni podminky nemély prokazatelny vliv na
mortalitu larev, ale naopak vyrazny vliv na kvalitativni parametry larev (délka t&la a
jejich hmotnost) (Peterka a Musil, in prep.). Jedna z hlavnich pficin, je ziejmé vlastni
potravni mechanismus - potravni velikostni selektivita je ucandita velmi vyrazné
vyvinuta (Verreth, 1984; Persson a Bronmark, 2002). Pozdgji se pladek Zivi piedeviim
vetsimi zastupei zooplanktonu jako jsou perloocky, vznésivky a jiz od délky t&la nad 15
mm dominuji v potravé velei zastupci véetné vyznamnéjsiho zastoupeni bentickych
organismil jako napf. larvy a kukly pakomart (Smisek, 1962; Berka a Hamackova,
1980; Steffens et al., 1996; Peterka et al., 2003; Musil a Peterka, 2005).

2.2. Odchov rychleného plidku candata na ro¢ka (podzimni plidek)

Produkce relativn¢ malého rychleného plidku, nemusi vzdy reflektovat na
pozadovanou poptavku trhu. V severskych zemich jako je Svédsko, Finsko, ale napf. 1
Némecko je v rad€ piipadi poptavka po plidku podzimnim — tedy lovenym koncem
vegetaCni sezony v prvnim roce zivota nebo na jafe v roce nasledujicim (Steffens et al.,
1996; Wysujack et al., 2002). Dtivodem je samoziejmé predné jeho velikost. Candat zde
byva velice Casto nasazovan v ramci biomanipula¢nich opatteni jako piirozeny regulétor
pusobici svym predacénim tlakem predevim na dominantni pltidkova spolecenstva ryb.
Nasazovani rychleného plidku candata do lokalit, kam je kazdym rokem pfisazovano
znacné mnozstvi dravych ryb jako candat, Stika, ale i n&které ostatni druhy, nemusi byt
pak vZdy efektivni (Anwand, 1968; Steffens et al., 1996).
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Obr.3. Loveni rychleného plidku candata pod hréaz (experimentalni pokusnictvi VURH
JU Vodnany)

K zachovani relativné rychlého riistového tempa béhem odchovu podzimniho
pladku, musi byt v pribéhu odchovu ro¢ka ptisazena vhodna potravni ryba (Steffens et
al., 1996). V opatném piipadé dojde naopak k vyrazné riistové retardaci doprovazené
pozd€ji i snizenim kondice jedince (Buijse a Houthuijzen, 1992), silnému vyskytu
kanibalismu a celkové negativnimu vysledku odchovu (Musil a Peterka, 2005; Musil et
al., odesléno do tisku). V zasadé se jevi jako mozné tfi nasledujici postupy:

1. Odchov spolecné s potravni rybou (resp. prisazeni rychleného plidku do
rybnika nasazeném potravni rybou)

Cilem této metody je optimalni vyuziti reprodukéni schopnosti potravni ryby a
vytvoreni okamzité potravni zékladny pro rychly prechod na dravy zptisob Zivota jiz na
zaCatku chovu. Tato metoda poskytuje pii znalosti idealniho druhu potravni ryby (jeji
reprodukéni biologie) a predevsim jeji u¢inné vstupni biomasy velmi pozitivni vysledky
(Musil et al., in prep.). Pfedné je cely odchov dobie organizacné zvladnutelny,
nevyZzadujici zvySené ¢asové naklady oproti metodam nasledujicim. Obecnym voditkem
by me¢lo byt, ze efektivni biomasa potravni ryby je takova, Ze pfi vlastnim ukonceni
odchovu lovime stale ur¢ité mnozstvi velikostné dostupnych potravnich ryb. Idealnim
druhem, pouZivanym k tomuto ucelu je nepivodni druh — strevlicka vychodni
(Pseudorasbora parva) charakteristickd svym davkovym vytérem — v naSich
podminkach se vytira obvykle 4 — 5x. Dalsi jeji vyhodou je 1 vlastni velikost adultnich
ryb, které se stdvaji dominantni slozkou potravy pozdgji v zavislosti na ristu obsadky
candata. Tento rybi druh je tedy velikostné idedlné dostupnou kofisti nejen pro candata.
Uspésné byla tato metoda odzkousena pfi nasazeni 100 kg.ha™' genera¢ni stievlicky cca
1,5 mésice pfed vlastnim odchovem candata a to bez pfisazovani po celou dobu
odchovu ukonéeném v podzimnim terminu (Musil et al., odesléano do tisku).

2. Pfisazovdni potravni ryby vhodné velikosti k obsddce canddta v pritbéhu
odchovu

Tato metoda je zalozena na kontinualnim ptisazovani potravnich ryb vhodné
velikosti (Musil et al., odeslano do tisku) &i ryb generacnich v priibéhu chovu (Klimes a
Kouril, 2003). Zde je pak moznost chovat potravni ryby v samostatnych rybnicich,
odkud jsou odlovovany a nésledné pfisazovany k candatu (viz. odstavec 3) nebo
pravdépodobné v praxi ¢ast&jsi forma — piisazovani je realizovano napf. po loveni nebo
letnich kyslikovych deficitech aktivnim odlovem, kdy jsou ryby snadno k dispozici
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2.3. Produkce plidku candata v polykultuie

Ackoli se tato metoda nejevi z produkéniho pohledu (produkce na jednotku
plochy) jako pfili§ efektivni, intenzifikace v chovu kapra a s tim spojena limitace chovu
n€kterych dopliikovych druhd ryb ma za nasledek, 7e v eském rybnikéfstvi je tato
metoda stale hojn€ pouZivana. V zasadé jde o (1) pfisazovani generaCnich ryb s
oCekdvanym naslednym vytérem, (2) nasazeni hnizd s oplozenymi jikrami ¢&i
rozplavaného plidku nebo (3) prisazeni plidku rychleného. Zakladnim poZzadavkem
vsak je, aby vlastni pliidek do podzimu dos4hl alespoii 10 cm, tedy minimalni celkové
délky zajistujici nizké ztraty béhem prezimovani (Steffens et al., 1996; Hilge a Steffens,
1996). Toho je moZné dosdhnout pouze odpovidajici potravni zdkladnou béhem
odchovu (velky zooplankton, fytofilni makrozoobentos, pozd¢ji potravné dostupné
ryby), coZ je v piipadé vyziraciho tlaku hlavni chované ryby (kapr) pomérné tézké
zajistit. Dal3i uskali pak ¢ini pfedev§im kyslikové poméry a s tim spojeny vhodny vybér
moznych rybnikii a v neposledni fad& vlastni technika vylovu, kde musi byt pladek
candata sloven vzdy jako prvni. Vyhodné je v tomto piipadé vyuZiti jeho poproudové
no¢ni migrace (Steffens et al., 1996; Hilge a Steffens, 1996). V ptipadé, ze miZeme
roCka candata v rybnice komorovat, miZeme lovit odchovany pladek az v jarnim
terminu ¢i lovit dvouletého candata dosahujiciho az 600 g (Berka a Hamackova, 1980)
na podzim. V tomto piipadé je viak tieba dbat zvysené pozornosti na zajisténi
dostate¢ného mnoZstvi potravnich ryb a na jate (nejlépe nékolikrat v prubéhu odchovu)
je v dostatecné biomase a dostupné velikosti podle potieby opét dosadit. Plati zde
pravidlo, Ze rlst je zavisly na mnoZstvi dostupné potravy, takZe hustota obsadky
candata v rybnicich zavisi mimo jiné na hustoté (biomase a abundanci) potravnich ryb.
Metoda odchovu plidku candata v polykultuie je viak zakonité spjata se zna¢nou
nevyrovnanosti v produkci jak po kvantitativni tak kvalitativni strance a nelze ji tedy
kategorizovat jako metodu “intenzivni*.

Zde je vSak nutné upozornit na vyjimku a to takto sestavené (ucelové) obsadky
sumyslem tlumeni ¢i uplné redukce neZadoucich rybich druht a to jednak (1)
pivodnich (napf. plotice, perlin), ale pfedeviim neptivodnich (typickym piedstavitelem
- stfevlicka vychodni), které v soudasnosti piisobi v rybniénim chovu kapra obrovské
ztraty (v Némecku jsou jiz dokumentovény ztraty v produkci kapra az o 50 kg.ha™,
Oberle, 2003). Ackoli nebyla této problematice doposud vénovana nalezita pozornost, v
ptipad¢ biologické kontroly populaci stfevlicky by se mél pfisazovat nejlépe rocek,
pokud neni k dispozici tak alespont vétsi (4 - 5 cm) rychleny pliidek, ktery je schopny
okamZit€ po vysazeni pfechodu na dravy zpisob Zivota. Experimentalné byla tspésné
otestovana vyrazna biomelioracni schopnost rychleného plidku candata 4 -5 cm,
biomasa — 12 tis. ks.ha™ ) schopnd limitovat obsadku stfevli¢ky v biomase 100 kg ha’!
(Musil et al., odeslano do tisku).

3. Potravni ryby

Candat se vprvnim roce Zivota miZe Zivit pouze zooplanktonimi a
fytobentickymi zivogichy nebo muize prejit na dravy zplisob Zivota. Zdkladem jeho
Uspésného chovu je viak rychly prechod na piscivorni zplsob zZivota doprovazeny
vyrazn¢ rychlej$im rlstovym tempem, zajisténim dostatecného mnozstvi velikostné
dostupnych ryb slouzici jako kofist v priibéhu celého odchovu. Za maximalni velikostné
dostupnou délku potravni ryby je mozné povaZovat pfiblizné 50 % délky predatora,
ackoli je tento Udaj pouze orientadni, znainé zavisly napf. na druhu kofisti (jeji
anatomicko-morfometrické charakteristice, energetickém obsahu, snadnosti uloveni
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dravcem a jiné). Publikovanych vysledkl shrnujicich odchov candita s pouzitim
potravnich ryb neni mnoho a v pfevazné mite jsou dostupné pouze idaje z volnych vod.
Paradoxné vSak spravny vybér potravni ryby a jeji mnozstvi hraji kliCovou roli v
uspéchu celého odchovu. Jak jiz bylo zminéno vySe, optimdlni druh potravni ryb je
takovy, ktery je svym reprodukénim potencidlem (nejlépe s mnohondsobnym vytérem)
schopny plidku candata ptipravit dostate¢nou a dostupnou potravni zékladnu. Mozné je
v tomto sméru pouziti plotice obecné, perlina ostrobtichého, cejna obecného (Raat,
1990) ¢i nekterych dalSich kaprovitych ryb. V praxi se stava, Ze je candétu prisazovan 1
plidek hlavnich, pfipadné vedlejsich chovanych ryb (kapr, lin, tolstolobik) v ptipade, ze
jsou v nadbytku. Velice vhodnou a experimentalné odzkouSenou potravni rybou je
stievli¢ka vychodni (Musil, Peterka, 2005; Musil et al., odeslano do tisku).

V posledni dobé vSak dochazi vlivem zvySeného podili dravych druht
v obsddce na néckterych plvodné stievlickou hojné osidlenych lokalitach (napf.
Pohotelicko) k jejimu postupnému poklesu (Musil a Adamek — nepublikovano) a
rybnikafstvim vénujici zvySenou pozornost dravym rybam vyvstava otdzka zajiSténi
dostate¢ného mnozstvi vhodné potravni ryby. V této souvislosti je na VURH JU
experimentalné provadén také samostatny chov stfevlicky vychodni. Prozatimni
vysledky dosazené biomasy potravni ryby pfi 6 mési¢nim odchovu ukazuje obr. 4.
Z ného je patrné, ze cilova biomasa slovené potravni ryby neni pfili§ ovlivnéna vstupni
biomasou nasazované generaéni ryby predev§im v dusledku néasledné potravni
kompetice a pravdépodobnému ovlivnéni (sniZeni) reprodukce. Nastinény postup
(oddéleny chov) umoziiuje kontrolovanou produkei potravni ryby reagujici na potravné
naro¢néjsi intenzivni monokulturni odchov candata (ale i jinych dravych ryb — napf.
okouna) s moznosti odlovu potiebné biomasy ¢i pouze uréité velikostni kategorie
potravni ryby v pribehu sezény v zavislosti na dynamice vyvoje obsadky candata.
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Obr.4. Reprodukéni potencial >1+ stfevlicky vychodni v rybni¢nich podminkach —
v monokultufe na Vodniansku v letech 2002-2005.
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