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1. UVOD

Herbivorie sladkovodnich ryb je fyziologicky podraima jejich nuténimi
pozadavky, morfologickym a fugkim uzpisobenim zazivaciho traktu
a potravni nabidkou obyvaného biotopu. Stikberbivorni druhy konzumuji
rostlinnou potravu za#mné. Druhy vyskytujici se v Ceské republice
a konzumujici cévnaté rostliny jsou mepdni amur bilyCtenopharyngodon
idella (Valenciennes 1844) a na Uzer@R pavodni perlin ostrotichy
Scardinius erythropthalmud.. 1758). Do herbivorie jéazena také konzumace
fytoplanktonu. VCeské republice je timto konzumentem fytoplanktonu
dle Krupauera (1989) népodni tolstolobik bilyHypophthalmichthys molitrix
(Valenciennes 1844). Tyto druhy se ak#@ivpodileji na modelaci rostlinnych
spole&enstev ve stojatych i tekoucich vodach, coz lzezitypri uplatreni
biomanipulace — ndp vyuZiti biomeliorgniho efektu amura bilého v siin
zarostlych urdlych vodnich kanalech (Adamek & Koktdk 1982). Naopak,
n¢které dive propagované efekty, jakymi je rigpad vyuziti tolstolobika
bilého pro delové rybdské hospodani, se nesetkaly s tshhem. Snaha éa
v podstat opany nasledek, tolstolobik sice vyvinul potravni tia&k zelendasy
a sinice, na druhé strarvSak ve vylodenych exkrementech vzé&p dotoval
vodni akumulaci volnym fosforem, vyuZzitelnym protredizaci, ktera vyustila
v nasledny ogtovny nezadouci nastias a sinic (Zhou a kol. 2011).

DalSi zmhovany druh, perlin ostretlehy, je spiSe indiferentnim druhem.
Nekonzumuje celé stélky rostlin, ale pouze jejidrifprni ¢asti. Jeho vyskyt
v biotopu mu pisuzuje uéité indikativni vlastnosti, je jednim z drhuréujici
dobry ekologicky potencial a ekologicky stav vodnitivaru (Borovec 2013).

Rostlinny materiadl je také detekovan u rybich drulkteré jsou
omnivorni, nebo dokonce karnivorni, a u nichZ jgagaalni traveni této slozky
potravy dosti pravégpodobr fyziologicky vyloweno (Farrell 2011). V @b¢hu

osm let trvajici biomanipulace na vodarenské nad#amry, situované



naCeskomoravské vrchovin byly v Zaludcich okoungéniho Perca fluviatilis
L. 1758 nalezenyasti terestrické vegetace. Podobriypad byl zjiSén také
v fece Metuji pobliz obce Brazec v pottapstruha obecnéh8almo truttal.
1758. Zde se vSak jednalo o akvatické druhy rastlin

Predlozena disertmi prace ma objasnitékteré gFiciny herbivorie, popsat
jeji urcité typy, moznosti vyuziti v praxi a vliv na biote@pto konkréta:
 ptijimani rostlin karnivornimi druhy — okounetitnim a pstruhem obecnym
* biomanipulaci v urlych vodnich utvarech s vyuzitim herbivorie — arbily

 vliv herbivorniho druhu na cévnaté rostliny — pedstroliichy



2. TEORETICKA CAST
2.1 Herbivorie ryb

Herbivorie ryb je konzumace rostlinné potravy. Jegojsna
s fyziologickym, morfologickym a enzymatickym ugmbenim traviciho traktu
bylozravych rybich drulh Adaptace je vysledkem dlouhodobého ewniho
vyvoje, ekosystémovych zm a vyvoje potravnich strategii. Potravu
bylozravych ryb tvéi fytoplankton,fasy a cévnaté rostlinycgtne jejich ¢asti,
jakymi jsou nap. plody (Gerking 1994).

Ve swtovych vodach se vyskytuje 4¢ledi byloZzravych kostnatych ryb,
z nichz 21c¢eledi jsou ryby sladkovodni. Z skych ryb jsou velmi znami
konzumentifas ploskozubci (Scaridae), ze sladkovodni¢ktaré bylozravé
amazonskeé tetr§eledi Characidae (Gerking 1994).

V Ceské republice jsou typicky herbivorni druhy dleupauera (1989)
amur bily, tolstolobec pestridypophthalmichthys nobiligRichardson 1844)
a tolstolobik bily. Tolstolobec pestry neni typickgrbivor, protoze konzumuje
jak fytoplankton, tak zooplankton (Cremer & Smittman 1980), tolstolobik
bily konzumuje fytoplankton (Yao a kol. 2016) a pstudium konsumpce
cévnatych rostlin nema zadny vyznam.

Mezi herbivornimi druhy popisovanymi v odborné yaibgické literatiie
se stale casgji setkdvame s perlinem ostiadhym, nebd casti vodnich

makrofyt tvai podstatnowast jeho potravy (Tomec a kol. 2003).
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2.2 Fyziologie traveni

Zazivaci trakt bylozravych kaprovitych ryb (Cypdake) vykazuje uité
odliSnosti oproti zazivacimu traktu ostatnich druyb. Je bez zaludku a travici
trubice ma odliSnou strukturu.i8vo z&ina roz&ienoucasti, nazvanou bulbus
intestinalis. Stevni stna je sloZzena ze&itvrstev: serdzni, myozni a mukozni.
Histologicky je epitel sliznice jednovrstevny a abgje mukosektmi buiky
a enterocyty. ProtoZe bulbus intestinalis netyje kyselinu chlorovodikovou,
traveni probih& v neutralnim az bazickém gemtit(Gerking 1994).

Traveni proteifi a lipida probiha podobhjako u omnivornich druhryb
(kapr obecny -Cyprinus carpioL. 1758). Spektrum enzyimhydrolyzujicich
proteiny je pomrné Siroké. Jedna se zejména o trypsiny, chymotripsiny
karboxypeptidazy a elastazy. Trypsin je véewt aktivovan enterokinazou.
Konetneho produktu $peni bilkovin je dosazeno préstinictvim aktivity

s

dipeptidazy Z hlediska metabolismu lipid jsou nejdlezitéjSi frakci
triacylglyceroly, tvdici majoritni ¢ast této slozky v potrav Po emulgaci jsou
hydrolyzovany pankreatickou lipdzou, jejimz protakim je kolipaza. Relativni
stravitelnost lipid zavisi na jejich fivodu, délce jejichiettzce a stupni
nenasycenosti (Dwék a kol. 2014).

N s

Porekud slozigjSi situace je u bylozravych ryb s metabolismem
sacharid, zejména celulézy. Donedavna bylo povaZzovano zaizZmb
predstavitelné &inné traveni této potravni slozky bylozravymi rybajesel

a kol. 1986). Nkteré vyzkumy vSak ukazuji, Ze diky kolonizaci tchwoustavy
celulolytickymi bakteriemi je pro tyto druhy ryb logza stravitelna (Das &

Tripathi 1991)
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2.3 ByloZravé druhy ryb vCeské republice
2.3.1 Amur bilyCtenopharyngodon idell@/alenciennes 1844)

Actinopterygii > Cypriniformes > Cyprinidae > Sqiaddarbinae

Amur bily (obr. 1) ma valcovit&lo, hlava je sedre velka s prostornymi
sty polospodniho postaveni. Supiny jsou velké aigkii. Dorista obvykle
do délky 80-100 cm a hmotnosti 6-10 kg vyjime do délky 130 cm a
hmotnosti 20 kg. Ploutevni vzorec je: D IIl 7, A8, P 11 17, V1l 8 (Barus &
Oliva 1995)

Zakladni zbarveni amura je zlatisté afibsité. Hibet ma amur bily
olivové zeleny, boky jsou stlejSi. Bricho je s¢tlé barvy, kkdy se slabym
ZlutoSedym odstinem. V juvenilnim stadiu je amuiSsps¥tlejSi. Q&I maji
duhovku se zlatavym naddechem (Krupauer 1989). Rohldospiva amur bily
v rozmezi 3-11 let.

Juvenilni jedinci amura bilého (cca 80 mm) konzudmagjména
zooplankton -Cladocera, Rotatoriaand Copepodasbirany z vodnich rostlin
(Adadmek & Sanh, 1977). Makrozoobentos neni vyaawliviovan (Terrell
1975).

Adultni amur bily je typicky herbivorni druh (Kruper 1989). Napklad
amur bily starSi dvou let konzumoval v kandalech tiRmaiské zavlaZovaci
soustavy Myriophyllum aquaticum, Potamogeton pectinatuSichhornia
crassipesa Lemna sp.(Catarino a kol. 1997)Masser (2002) zjistil, Zze diky
potravni preferenci rostlinného materidlu dokaze uranbily efektivré
kontrolovat invazivni rozvoj vodnich makrofyt. Pdmhy biomelior&ni efekt
byl zaznamenan Kokdakem (1972). Kiambi & Zdinak (1980) popsali vodni
makrofyta jako dominantriast potravy s konsumpim koeficientem dle Iljina
(1966) v rozmezi hodnot 12-57.
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Obr. 1 — Amur bily, 600 mm celkové délky (foto guto

2.3.2 Perlin ostraichy Scardinius erythropthalmud. 1758)

Actinopterygii > Cypriniformes > Cyprinidae > Lescinae

Perlin ostrolichy (obr. 2) ma& vysoké, ze stran zptbsttelo, hlavu

s malymi Usty terminalniho postaveni. Supiny jsgllaidni, pongrng velké.
V dok& reprodukce maji samci vyraznodedi vyrdzku. Daiksta obvykle
dodélky 35 cm a hmotnosti 0,30 — 0,35 kg vygme do délky 40 cm
a hmotnosti 1,3 kg. Ploutevni vzorec je: D Il — TH9, A Ill 10-12, VI, 8,
P 1, 15 (Barus$ & Oliva, 1995)

Perlini jsou zlatosibrit¢ zabarveni, fbet je tma¥ modry az nazelenaly.
Bricho je bilé az Zlutobilé. Duhovka oka je Zluta riiga & Oliva, 1995).
Pohlavré dospiva perlin v rozmezi 2-3 let.

Perlin ostrolichy, je typickym zastupcem kaprovitych ryb stogtywod
(Wolnicki et al. 2009), fedevSim &h, které se vyzraji zvySenou mirou
zaristani ponegenou mikkou vegetaci. Potravu subadultniho perlinafitvo
pievazre rasy (Tomec et al. 2003), adultni perlin konzumugdkau neErou
cévnaté rostliny, které roztihuje svymi pozerakovymi zuby (Barus & Oliva
1995). Rijem rostlinné potravy aipvaha této slozky i ZivociSné potray
stoupa s ndistajici teplotou vody (Véikova et al. 2016). ProtozZe je perlin také

z hlediska rozmnozovani fytofilni druhfguistavuji vodni Gtvary, siénzarostlé
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akvatickou vegetaci, optimalni priedi pro jeho populace (Baru$s & Oliva
1995).
Pritomnost perlina véthto vodach tak indikuje dobry ekologicky stav

stojatych vod (Borovec 2013).

Obr. 2 — Perlin ostrofichy, 350 mm celkové délky (foto lvanaikejva)

2.4 DalSi studované druhy ryb
2.4.1 Okourti¢ni Perca fluviatilisL.

Actinopterygii > Perciformes > Percidae > Percinae

Okoun fi¢ni (obr. 3) ma fetenovité &lo, hlava je dedre velka
s prostornymi Usty terminalniho postaveni. Supisguj drobné, ktenoidni.
Dorista obvykle do délky 20-30 cm a hmotnosti 0,25 fgmecné do délky
50 cm a hmotnosti 3 kg. Ploutevni vzorec je: )X — XVI, D, | — Il 12-16,
Al 7 - 10 (Barus & Oliva 1995)

Z&akladni zbarveni okouné&cniho je Zlutozelené a Sedé s mosaznym
leskem. Na bocichéta ma okoun 5-9 tmavychripnych prulii. Mladi okouni

mivaji boky s modrofialovym leskem.iiBho je bilé. @i maji oranzovou

14



duhovku (Svatora 1986). Pohlaviospiva okoun v rozmezi 1-4 let (samci
diive).

Okoun z&in& od svoji délkyda cca 15 cm preferovat ryby jako potravu.
Tato potravni slozka je jako dominantiist potravy u &Sich okoud uvadna
Teschem (1955) a Makarovou (1983). Jedna sezérdruhy kaprovitych ryb,
ale také mladSi rmiky vlastniho druhu. RHek okouna se @Ze podilet
na objemu potravy doslych jedindi az 89 % hmotnostniho podilu (Thorpe
1974). Dle Hergenradera & Haslera (1966) je ok¢akg hejnova ryba, schopen
zformovat skupinu, ktera lovi potravu organizo¥anV této skupig je
ustanovena furthi hierarchie ve smyslu organizaénnosti @i naharni
potravy. Drobné ryby, které tyviopotravu okouna, jsou uzény do smyky a
nasledd konzumovany. V ramci furéhosti skupiny lze do hejna okoumpustit
pouze rkolik jedinai. VétSi hejno okout vykazuje mensi soudrznost.

Krome ryb v této dob konzumuje vodni bezobratlé a zooplankton (Dyk
1952, Peterka & Maha 2011). Juvenilni okouni jsou té&fmvzdy vyhradnimi
konzumenty zooplanktonu (Adamek a kol. 2004, Kriatdica kol. 2008).
Herbivorie okoundi¢niho nebyla dosud popséana.

Obr. 3 — Okour¥i¢ni, 400 mm celkové délky (foto lvanaMilava)
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2.4.2 Pstruh obecryalmo truttal.. 1758

Actinopterygii > Clupeiformes > Salmonidae > Salnmare

Pstruh obecny (obr. 4) maietenovité &lo, hlava je sedre velka
s prostornymi Gsty terminalniho postaveni. Supispuj drobné cykloidni.
Dorista obvykle do délky 30-45 cm a hmotnosti 0,25 80kg vyjime&ne
do délky 60 cm a hmotnosti 3 kg. Ploutevni vzoeedj Il — IV(V) 8-12, A ll —
IV7-10,P1,8-14,VI-1l,7-10 (Barus &i(h 1995)

Zakladni zbarveni pstruha obecného je ZluédBns mosazn zelenym
leskem. Na the& ma pstruh temné a&rné skvrnky, na bocich podél postranni
cary jsou skvrnky karminav ¢ervené s bilymi okraji. Hbetni ploutev je
ponerné boha# teckovana, ocasni ploutev az na vyjimkyckevana neni.
Bricho je bilé. @i maji zZlutohrgdou duhovku (Spurny 1998). Pohl&vospiva
pstruh obecny v rozmezi 2—4 let (samidvd).

Mladsi jedinci pstruha obecného se Zivi zejménanirad bezobratlymi
(Montori a kol. 2005). Mezi tyto organismy pazejména chrostici, poSvatky,
jepice a dvoukdli (Teixeira & Cortes 2006).

StarSi pstruzi fzchazeji postugnna konzumaci ryb a kory§Kaeding &
Kaya 1978, Jensen a kol. 2004). V zavislosti gaove kohort a vyvoji
potravni zakladny se sloZeni potravynmsezoni (Tucek 1955, Kokes 1982).
Podobr jako v gipad okounafti¢éniho nebyla herbivorie pstruha obecného

formy potani doposud popsana.

Obr. 4 — Pstruh obecny, 400 mm celkové délky éator)
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2.5 Konkrétni pripady studia herbivorie ryb

Fenomén nahodné herbivorie okoun&niho jsme zaznamenali
pii ichtyologickém péizkumu (Zapletal 2013) vodarenské nadrze Hamry @pr.
situované naece Chrudimce pobliz ¢ata Hlinska. Rostlinna matrice tu byla
nalezena v gibéhu analyz potravy tzv. doprovodnych déutyb. Ryby zde byly
loveny v nadrzi o vodni ploSe 42,3 ha, amérnou hloubkou 2 m a zasobnim

prostorem 1,206 mil. n

150551-E

49°4352.E

pfitok - feka Chrudimka

Obr. 5 — Vodarenska nadrz Hamry (foto Povodi Laiétni podnik)

V potrav okounafi¢niho byly nalezenycasti trav roduAlopecurus
V prvni studii proto bylo objagmo, co niize byt gicinou této neobvyklé
konzumace rostlin.

DalSi neobvykly fipad konzumace rostlin pstruhem obecnym byl &;jist
v fece Metuji pobliz resta Nachod. V Zaludcich ryb byly nalezemgti rostlin,
které tvdily majoritni &ast zazitiny. Reka Metuje sievazmi lotickym
charakterem a délce toku 77,2 km je ve sveé ddsii silré zarostla cévnatymi
vodnimi rostlinami. Jedna se zejména o lakuSnikyvayy Batrachium fluitans
(Lammens 1910) ktery twib dominantni¢ast potravy pstruhobecnych v roce

2016. Druha studieffspela k objasgni mechanismu této neobvyklé konzumace
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rostlin pstruhy obecnymi (Zapletal 2016).

Statni podnik Povodi Labe prowhdilouhodold biomanipul&ni zasah
amurem bilym na Opatovickém kanalu a Malém labskéhonu (obr. 6). Jedna
se oumla vodni dila #Hzend za &elem napajeni rybéinich soustav.
Opatovicky kanal je dlouhy 34,5 km, gonérnd Stka koryta je 15 m
a dlouhodoby pmeérny pritok se pohybuje v rozmezi 1-3%s Maly labsky
nahon je mensi, je dlouhy 0,8 kmjaperna Stka koryta je 9 m a dlouhodoby

pramérny pritok je 1 ni/s.

Obr. 6 — Opatovicky kanél — Opatovice nad Labemojléaly labsky nahon —
Hradec Kralové vpravo (fot@'esky rybésky svaz)

Oba urglé kanaly maji miré loticky charakter s bahnitym dnem.
Vzhledem k této své vlastnosti jsou tyto lokalitystaveny enormnimu zastu
submersnimi a emersnimi makrofyty, zejména lak@nikvzplyvavym
Batrachium fluitans lakusnikem okrouhlynBatrachium circinatum(Sibthorp
1796) a zblochanem vodninGlyceria maxima (Hartmann, 1919). iRs
biomeliora&ni zasah spravce tok/Sak k uspokojivéemu wgSeni situace nedoslo,
prestoze porosty vodnich makrofyt bylyed zasahem sinzapojeny (obr. 7)

a v sodasnosti jsou obvySe uvedend teni prakticky bez makrofyt.iRiny
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a disledky tohoto jevutesi teti studie.
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Obr. 7 — Prostorova distribuce vodnich makrofythdyena jako pokryvnost v %

prred vyzkumem — Opatovicky kanal vlevo, Maly lab&kpn vpravo

Problematika konzumace zvl&sthrargnych vodnich rostlin perlinem
ostrolfichym bylafeSena vetvrté studii, provedené na mrtvém raméeky
Orlice zvaném Pekelska jezera (obr. 8). Jedna kkalitu s vodni plochou
o rozloze 0,4 ha a maximalni hloubkou 2 m, nachéizeg ve vychodnéasti
arealu ndsta Hradce Kralové. V celé lokaibyl zaznamenan paimné hojré
zastoupeny rdest ostrolistitamogeton acutifoliusink, 1824).

Vlastni akumulace tohoto ramene je svym ekologitistatutem typem
karasového jezera s velmi dobrym ekologickym patdem z hlediska vyvoje
vodnich makrofyt (Borovec 2013). Tato skirtest, spolu se subdominantnim

vyskytem perlina vtéto lokadif byla zasadnim rozhodujicim kritériem
pii sestavovani experimentu.
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Obr. 8 — Pekelska jezera (foto autor)
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Clanek 1
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L., MARES, J., (2016): Consumption of plant materizy perch Perca
fluviatilis). Folia Zoologica65(2): 95 - 97. ISSN 0139-7893.

Stri¥ny obsah:

V pribéhu biomanipulénich opateni na vodarenské nadrzi Hamry bylo
zjisténo, ze normal& piscivorni adultni okoutiicni konzumuje v jarnim obdobi
Ulomky makrofyt jako dominantni sloZzku potravy. Mafyta tvaila
gravimetricky 54 %, frekvence vyskytu této sloZzkgebdokonce 90 %. Shodou
okolnosti byly v obsahu Zalullknalezeny také jikry ryb. Jakkoliv je traveni
okouna ficniho adaptovano natipem ZivaiiSné potravy, rostliny zde byly
ochotreé prijimany spolu s fisedlymi jikrami. Ryby tak @ jiz ndhodnou nebo
zantrnou konzumaci obou slozek mohly profitovat z jejgpoléného vyskytu

v lokalit¢. KaZzdopada se jednalo o prvni popsanyipad, kdy byla rostlinna

slozka spolu sisedlou slozkou ziv&iSnou fFijata v takoveém mnozstvi.
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Abstract. While removing fish during reservoir biomanipulation, it was noted that the diet of normally piscivorous 5+ to 7+ perch was
dominated by macrophyte fragments. with fish eggs sub-dominant. To the best of our knowledge, macrophytes have not previously been
reported as a food item in perch. Here, we briefly discuss this finding and its significance for perch diet studies.

Key words: dietary preference. diet breadth. biomanipulation. accidental feeding

Introduction

While 0+ perch (Perca fluviatilis) feed almost exclusively
on zooplankton (Adamek et al. 2004, Kratochvil et al
2008). juvemle fish (1+) usually switch to other feeding
strategies (Persson & Greenberg 1990), with a shift to
piscivory/benthivory at 100-150 mm standard length (SL)
(Jacobsen et al. 2002) and almost obligatory piscivorous
feeding habits at >155 mm SL (Horpilla et al. 2000). In
addition to predation on other fish species, perch are also
known to consume fish eggs and several studies have
examined this feeding behaviour m more detail Zick
et al. (2006}, for example, reported up to 168 eggs (67
% of digestive tract content) in one perch at Grundlsee
(Austria). As far as we are aware, however, there have
been no previous reports of macrophytes as a significant
dietary item m normally piscivorous perch. During an
ongomg biomanipulation project to mmprove drinking
water quality at a reservoir mn the Czech Republic (Furajda
et al. 2014), we observed a surprisingly high percentage
of macrophyte fragments m the digestive tracts of adult
perch m spring. In this short note, we assess the degree
to which macrophytes are consumed by perch m the
reservorr and discuss 1ts possible significance.

Material and Methods
This study was carried out at the Hamry drinking water
reservoilr (49°43'52" N, 15°55'1" E; elevation 603 m

* Corresponding Author
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asl) in the Bohemian-Moravian highlands of the
Czech Republic. About half of the 42 ha reservoir’s
shoreline comprises bankside meadows with a low
slope and littoral macrophytes that are flooded during
higher spring water levels. The rest of the shoreline
comprises coniferous forest with steep to vertical
gravel banks with limited or absent vegetation. The
inlet area is shallow with soft sediment and a thick
layer of detritus from decaying flooded vegetation
and littoral macrophyte beds (principally reed canary
grass, Phalaris arundinacea).

During an ongomg biomanmipulation experiment
(Jurajda et al. 2014). roach, bream and perch were
removed using a 100 m beach seme (max. depth 4 m,
mesh 20 mm) and Nordic gillnets in spring (May) and
late summnier (August and September) of 2012. Of the
fish caught. 33 were perch aged 5+ to 7+. These were
taken for diet analysis as part of the biomamipulation
experiment to assess predation rates on small
cyprinids. All fish were weighed to the nearest 0.1
g and measured to the nearest 1 mm using digital
callipers. Number, mean SL and mean total biomass
(WT) of the perch were relatively balanced between
spring and summer—spring n =20, mean SL.213 (162-
273), mean WT 189 (65-342); summer n = 13, mean
SL 219 (175-300), mean WT 204 (99-525). After
measuring, the fish were dissected and the digestive



tract contents preserved in 4 % formaldehyde for later
analysis in the laboratory.

A modified gravimetric method was used to determine
diet composition. Mucus and nuneral particles
were removed from the sample and discarded. All
macrophytes and detritus were then separated out
from other taxa under a 40* magnification bmocular
microscope and determuned under a 40-450x
magnification microscope. Data are presented as
relative percentage biomass (% W: Hyslop 1980) and
frequency of occurrence (% FO; Pivnicka 1981).

All aspects of this study were carried out in accordance
with Czech regulations regarding animal care and
protection.

Table 1. Relative percentage biomass (% W) and frequency of
occurrence (% FO) of main dietary components in the diet of perch

collected from the Hamry Reservoir in spring and summer of 2012;
spring = May, summer = Aug/Sep.

Spring Spring  Summer Summer
% W % FO Y% W % FO
Zooplankton
Cladocera 0.09 5.00 1.76 2857
Invertebrates
Asfacus astacus = = 144 1429
Ephemeroptera 0.16 10.00 - -
Trichoptera 047 10.00 320 1429
Diptera 1.04 20.00 - -
Total Invert. 1.76 45.00 6.40 57.14
Fish 1501 15.00 93.60 5714
Fish eggs 28.44 75.00 - -
Macrophyte 53.89 20.00 - -

Results and Discussion

While all fish sampled in spring (20) had food m
their digestive fracts, six of the 13 fish sampled
m summer had empty digestive tracts. There was
a clear difference in perch diet between spring and
summer (Table 1), with summer diet comprised
almost entirely of fish and spring diet dominated by
macrophytes (4lopecurus sp.) and fish eggs. There
was no difference in the quantity of detritus, plankton
or aquatic invertebrates taken between spring and
summer. These results should be treated with some
caution, however, as both the relatively high number
of fish with empty tracts in summer and the low
number of 5+ to 7+ fish caught overall mean that
the data could be easily skewed by outliers. Overall,
spring perch ate approximately the same number/
biomass of fish as summer perch, the only difference
being that summer perch diet was restricted almost

solely to fish while spring perch diet included a large
quantity of macrophytes and fish eggs. Hence, while
the data intuitively suggest diet switching i perch
between spring and summer. 1.e. switching to a more
profitable (in this case stationary) prey source (fish
eggs) for a limited time when their absolute density 1s
high (see Stephens & Krebs 1986), it would be more
correct to talk of a widening of the diet spectrum in
spring to include fish eggs, and possibly macrophytes.
In this sense, the inclusion of eggs and vegetation into
perch diet is still of mterest.

Fish eggs have occasionally been reported as an
important perch dietary item (Zick et al. 2006), their
consumption being related to availability during the
spring spawning season. To the best of the authors’
knowledge, however, macrophytes have not been
reported as a significant food item in perch diet.
Though fragments of vegetation have frequently
been noted. they tend to be found at low frequencies
and are usually assumed fo have been accidentally
consumed, either when preying on aquatic msects or
as part of the previous meal of fish prey (Adamek &
Sukop 2001, Adamek et al. 2006). As many fish eggs
were still attached to fragments of littoral vegetation
when removed from the gut, much of the macrophyte
would appear to have been taken accidentally. Note,
however, that macrophytes were found at higher
levels than fish eggs, both by % W and % FO (Table
1). Whether this plant material was actively grazed
upon as a separate preferred dietary item. however,
or taken accidentally during non-specific grazing for
eggs, cannot be judged. Similarly, the degree to which
plant material 1s consumed accidentally when preying
on aquatic insects or as part of a fish’s previous meal
15 also unknown. The fact that macrophytes were
absent from the diet in summer, when perch returned
to an almost exclusively piscivorous diet, suggests
that plant consumption 1s strongly associated with egg
consumption.

As the perch digestive system 1s specialised toward
animal nutrition, 1t is not clear whether the fish gains
any nutritional benefit from consuming macrophytes.
Indeed, it 1s possible that large-scale macrophyte
consumption (accidental or otherwise) may impact
on perch body condition by limiting the presumed
profitability of egg predation. For example, fish could
potentially reach satiation and cease to feed before
reaching a critical energy level, or energy used to
digest low-benefit macrophyte material may outweigh
any energy gained by eating more profitable fish eggs.
In conclusion, our data support the concept of a
widening of perch diet in spring in the Hamry
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Reservorr to take advantage of a seasonal increase
m an easily obtained and profitable prey source (fish
eggs). As a result. submerged aquatic macrophytes,
whether by accident or intentionally. also become a
part of the diet. Further studies are needed to assess
whether this pattern is general in large perch or the
result of indrvidual specialisation, and to fully assess

the implications of such behaviour on perch body
condition.
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Clanek 2

Recenzované periodikum
ZAPLETAL, T., (2016): Aquatic plants in the diet of the browaut (Salmo

trutta morphafario L.). Acta Musei Reginaehradecen86(1,2): 93 - 95. ISSN
0231-9616.

Struny obsah:

Analyzou obsahu Zaludkpstruhi obecnych ulovenych ngece Metuji pobliz
Nachoda bylo zji#ho, Ze ryby hoj& konzumovaly rostlinny material. Uk&zalo
se, Ze zbytky lakusniku vzplyvavého i v dubnu a kétnu dominantnicast
potravy, a to jak gravimetricky, tak i frekvenciskytu. Sodasti potravy bylo

v tomto obdobi také velké mnoZstvi bezobratlydedpvsim larev much¥ek

a jepic. Vcervnu, kdy dochazelo k maturacitigedlych juvenilnich stadii
bezobratlych, rostlinna matrice postdpa potravy mizela. Jednalo se tak
pravdépodobré o datasny gijem rostlin. Podob# jako v pilotni studii jde

0 prvni popsanyifpad takového jevu.
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Aquatic plants in the diet of the brown trout
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Vodni rostliny v potravé pstruha obecného formy potoéni
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Abstract: Brown trout (Salme frufta m. farie L) is a camivorous fish species foraging on aquatic mvertebrates and small fish. To my knowledge, aquatic plants
have not been reported as a dominant food 1tem I found plants m the diet of the brown trout m the Metuje niver (Czech Repubhe) and the aim of this paper 15

to quantify and explain this unusual foragmg behaviour Trouts were

caught cuming Apnl-Tune 2016 and ten fish monthly were anatysed. Trouts consumed the

nver water-crowfoot, Batrachium fluitars Lam . wiich made a domunant part of the diet (on average 49% of weight of the stomach content, and 73% frequency
ameng indrviduals) and the amount of plants n the diet decreased as the season progressed. Otherwise frequent aquatic imvertebrates and small fish were found
to be subdomimant part of the diet. T snggest that aquatic plants were eaten unintentionally with aquatic msects. particularly larvae of the black flies (Sinmliidae),

attached on them.

Key words: diet preference, food, foraging behaviour, herbivory, stomach content

INTRODUCTION

Brown trout (Salme trutta morpha fario L.) is the
typical fish species of mountam and sub-mountain streams.
Stoneflies (Plecoptera). mayfiies (Ephemeroptera). true flies
{Dnptera) and caddisflies (Tnchoptera) make a common part
of its diet (MONTORI et al. 2005, TEIXEIRA & CORIES
2006). Moreover. older brown trouts consume small fish and
crayfish (KAEDING & KAYA 1978, JENSEN et al. 2004).
Apart from the role of fish age. the diet composition changes
seasonally. depending on prey base composition (TUCEK
1955. DYK 1956. KOKES 1982). Conditionally. brown trout
can be an opportumistic feeder with more general food habats,
or a specialized feeder on aquatic mvertebrates (DYE 1956,
OSCOZ et al 2005, BELICA 2007).

I found no previous reports of aquatic plants as an im-
portant dietary item 1n the carmverous brown trout. During
the research of diet composition of trout from the Metuje
river a surprisingly high proportion of river water-crowfoot
(Barrachium fluitans Lam.) was found in the stomach content
of adult brown trout 1n spring period. Here I analyse the
degree to which aquatic plants are consumed and provide the
possible explanation of this phenomenon.

MATERIAL AND METHODS

This study was carnied out on the Metuje river near the vil-
lage of Brazec (Nachod district. the Czech Republic). where
the 500 m stretch of the river was angled upstream starting
from 50°39°6.08" N, 16°16°1.85E. The river has a high
proportion of streams and 1ts water surface 1s substantially
covered by aquatic plants, domunated with river water-crow-
foot. Batrachium fluitans Lam. (Figure 1).

Adult trouts were continuously captured by the members
of the Czech Anglers Union during April-June 2016. Thirty
studied adult trouts (ten individuals monthly) aged five

to eight years were 1n the sinular condition. 228400 mm
of standard length. The fish were killed, weighed to the
nearest 0.1 g (total weight, Wt) and measured to the nearest
1 mm (standard length SL) using digstal callipers (Table 1)
The fish were then dissected and the stomach contents preser-
ved 1 4% formaldehyde for later analysis.

il s

Fig. 1. Memyje river in BraZec (Nached District, Czech Republic),
24th May 2016 Photo by T Zapletal

Obr. 1. Reka Metuje v BraZci fokres Nachod), 24. kvéma 2016.
Foite I Zapletal

A modified gravimetric method was used to determine
diet composition (HYSLOP 1980). All items were separated
and determined under a binocular nmicroscope. magnifica-
tion 40 and 40-450=_ respectively. The relative weight of
dietary ttem “1” (Wi, 1n %) was expressed as percentage
proportion between weight of a particular food component
and the sum of weights of all food compoenents; frequency
of occurrence (FOL 1n %) 1s the number of individuals conta-
ning a particular dietary component 1n the stomach relative
to number of all individuals. The index of preponderance
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Tab. 1. Number and biomerrical data of examined brown trouts caught in the Menuje river in April-June 2016.
Explanation: 5L — siandard length (cm), Wt — fotal weight (g).
Tab. 1. Pocet a biometricka data hodnocenyeh psoruli obecnych formy potocni = feky Menije v dubnu aZ cervmu 2016,
Tysvétliviy: SL— délka téla fem), Wt — celkeva hmotnost (g).

April / Duben May / Kvéten June / Cerven
No. of fish / Poéet ryb 10 10 10
SL (mean = 5D} 2322+193 2806 +54.2 3034+349
SL {mmn-max) 228-283 235402 273400
Wt (mean = 5D) 21394735 3189+ 209.9 4267+ 1856
Wt (nun-—max) 155-299 169-832 264-810

Tab. 2. Dief composition of the brown frouts canght in the Menije river in April-fune 2016. Explanation: Wi (%a) — relarive weight, FOI (%) — frequency

of occurrence among individuals, IPi (%) — index of preponderance.

Tab. 2 Sloeni powravy hodnocenych pstrubil obecnyeh formy potodni = Feky Menife v dubmu af fervau 2016, Tisvétliviy: Wi (%o} — hmomosini podil,

FQi (%) — frekvence vyskytu mezi jedinci, IP (%) — index prevahy.
April / Duben

Wi FOi

IP

Jumne / Cerven

May / Kvéten

FOi Wi

Aguatic plants / Vodni rostliny
Batrachium fluitans 64.1 20 712 576 20 71.2 50 5
Fish / Ryby 115 50 7.1 18.0 20 3.6 2 30
Aquatic insects / Vodni bezobratli
Diptera: Simulidae B3 70 74 53 50 4.1 93 60 10.5
Ephemeroptera 10.7 80 10.6 98 60 9.1 22 30 1.2
Terrestrial insects | Suchozemsky hmyz 3.2 60 37 03 70 100 395 70 518

(IP1. in %) according to NATARATJAN & JHINGRAN (1961)
was used to assess the “importance™ of dietary ttem “1” and
it was calculated using the equation (for explanations see the
text above):

IPi = (Wi* FOi) / (EW* FOi) x 100

Statistical comparisons of relative weight of aquatic plants
(%) 1 the food of fish in three particular months (Apnil, May
and June) were undertaken vsing one-way ANOVA with post
hoc Tukey HSD test. Tests were performed in STATISTICA
6. All aspects of this study were carried out 1n accordance
with Czech law regarding ammal care and protection.

REsSULTS AND DISCUSSION

All sampled fish had stomachs filled with food. The
overall relative weight of the niver water—crowfoot 1n the food
was found to be 48.6%. bemng the highest 1n April and May
(64.1 and 57.6%, respectively) and then decreasing in June
(24.0 %; ANOVA: F;,; =4.9. P = 0.02). Terrestrial insects
(W =18.0%_ FO = 66.7%. IP= 21 8%), fish (W = 18.2%,
FO = 33.3% IP= 8.9%) and aquatic invertebrates (W =7.7%.
FO = 58.3%, IP = 7.2%) were found to be subdominant
(Table 2).

To my knowledge. aquatic plants have not been previ-
ously reported as a dominant food item. Typically, benthic
invertebrates compose the major proportion of trout’s diet
(DYK 1956, NEVEU 1980, MONTORI et al. 2005, TEIXEIRA
& CORTES 2006, BELICA 2007). Small fish are recedent
part of the diet (BARUS & OLIVA 1995, KAEDING &
KAYA 1978, JENSEN et al. 2004). Dipters (Simulidae) are
described as an important diet item by BARUS & OLIVA
(1995).

Black flies may have been attached to a river water-crow-
foot (phenomenon described by OOSTERBROEK 2006)
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and brown trouts probably consumed plant material only
unmtentionally when preving on the black flies (i.e., foraging
on plants was not motivated by nutnitional and physiological
requirements). The fact that macrophyte proportion in the
diet decreased in June, when brown trout returned fo an
almost exclusive diet, aquatic invertebrates and fish, strongly
suggests, that plant consumption was associated with black
flies consumption Herbivory 1s physiologically impossible in
the brown trout (BARUS & OLIVA 1995). The digestive tract
of this species 1s not adapted to digest the herbivorous food
(SPURNY 1998). However, the similar case of “herbivory”
1n carmivorous fish was described in the European perch,
Peica fluviatilis L. (ZAPLETAL et al. 2016). Terrestrial macro-
phytes (dlopecurus sp.) with fish eggs were found there

SOUHRN

V pritbéhu obdobi duben—&erven 2016 byla provedena
analyza potravy pstruha obecného formy potocai (Salmo
frutta m_ fario L) z Gseku feky Menye pod méstem Nachod.
Pii sportovnim rybolovu bylo pritbémé odloveno 30 jedinct
(10 mésicné) a potrava v zaludcich byla hodnocena gravime-
trickou metodou. Diivodem byl nezvykly nalez rostlinného
materialu v potravé pstruha. Jednalo se o lakusnik vzplyvavy
(Batrachiian fluitans Lam ) a tento matenial ¢mil dommantni
cast potravy (celkové 49 %. piicemz relativni hmotnost
v potravé klesala béhem sezony). V dosavadni ichtyologicke
literatufe nebyl podobny pripad doposud zaznamenan.

Soucasti potravy bylo také velké mnozstvi vodnich
bezobratlych, pfedeviim larev muchniéek (Simuliidae)
a jepic (Ephemeroptera) nalezenych v piirozeném biotopu
hlavné v porostech lakuéniku vzplyvavého. Makrofyta byla
pijimana rybanu pravdépodobné jen jako balastni slozka
potravy spolecné s piisedlymu bezobratlymi Vodni rostliny
diky tomm tvofily v potravé dominantni podil. V éervou, kdy
doslo k maturaci piisedlych bezobratlych a jejich mizeni
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z porostl vodnich rostlin, konzumace makrofyt vyznamné
poklesla a potrava 1z odpovidala typickému kamivornimu
zpiisobu ob#ivy. Herbivorie pstruha obecného formy potoéni
je fyziologicky vyloucena, protoze jeho zazivaciho trakt neni
prizptisoben na efektivni vyuZziti rostlinné potravy. Podobné
chovani bylo popsano u okouna fiéniho (Perca fluviatilis L)),
ktery pi1 lovo konzumoval zatopenou suchozemskou vegetaci
spolu s piisedlymu jikranu.
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Clanek 3
Clanek ve sborniku z konference indexovany ve WoS

ZAPLETAL, T. , ANDREAS, M., (2016): Biomanipulating effect ofags carp

(Ctenopharyngodon idell&/al.) in artificial water channeldMendelnet 2016:
364-367. ISBN 978 — 80 — 7509 — 443 — 8.

Striiny obsah:

Dva untle vytvorené vodni kandly v minulosti sdnzarfistaly vodnimi
makrofyty. K redukci &chto makrofyt byl v ramci biomanipulace vysazovan
amur bily. Vysazovani amiu skute&né¢ konzumovali rostlinny material
ve vyznamném mnoZstvi. Zaravev letech 1998-2015 doSlo kibazre
silnému Ustupu vodnich makrofyt. Kauzalni spojitoszi Ubytkem vodnich
makrofyt a fisobenim amura bilého vSak nebylo mozno zcédsp dolozit,
protoZze na uUbytku makrofyt se podilely také intenzipovodr v pribéhu
sledovaného obdobi.iésto Ize konstatovat, Zze vysazovanim amura bilého |

mozné dosahnout alespsast&ného biomelioréniho efektu.
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BIOMANIPULATING EFFECT OF GRASS CARP
(CTENOPHARYNGODON IDELLA VAL.) IN ARTIFICIAL
WATER CHANNELS
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Abstract: The grass carp (Ctenopharyngodon idella Val.) is an important species used to control invasive
aquatic macrophytes in many parts the world. In this study, we assess the diet of grass carp introduced
to two artificial channels overgrown with aquatic vegetation. We examined forty 7+ to 9+ carp (517—
814 mm standard length) sampled in the summers of 1998 and 2015. Aquatic vegetation was the
dominant dietary item, with insects, fruit and vegetable remains (stones of Prunus sp., potato remains)
and detritus a minor part of the diet. Aquatic plant biomass declined significantly at the study sites after
carp were introduced, with coverage reduced from 65-70% of the water’s surface in summer 1998 to
10% in summer 2015.

Key words: overgrown channels, aquatic vegetation, biomanipulation, carp, fish diet

INTRODUCTION

The herbivorous grass carp (Ctenopharyngodon idella Val.) has become an important species in
many types of water body around the world due to its potential biomelioratory effect against invasive
aquatic macrophytes (Adémek and Kokordak 1982, Krupauer 1989). In general, its successful
acclimatisation is only really limited by a mean temperature isotherm of around 5 °C (Opuszynski 1969,
Carter et al. 1992). Grass carp are relatively well known to fish farmers in the Czech Republic (Krupauer
1967), having been introduced into Czech fish ponds in 1961 to provide biotechnological control of
aquatic weeds and, at the same time, to increase fish production (Adamek et al. 1996, Kubti and Lusk
1962). Today, grass carp are an important element of fish pond stock. In some cases, however, the
species can cause significant limnological changes to pond ecosystems due to its dietary preference for
aquatic plants (Pipalova et al. 2009).

Between 1995 and 1998, around 1500 adult grass carp were stocked into two artificial channels
(i.c. approx. 214 each year) in order to clear them of weed growth, the channels having become
overgrown with aquatic plants in the early 1990s (Zapletal and Lohnisky 2015). Since then, the
accumulation of plant production in the channels has decreased dramatically.

Here, we assess whether feeding activity of grass carp was directly responsible for the decrease
in agquatic plant biomass in the artificial channels. Secondly, we evaluate whether grass carp diet
composition changed between 1998, when stocking ceased, and 2015, following the reduction in aquatic
plant biomass.

MATERIAL AND METHODS
Study site

This study was carried out along two artificial channels, the Opatovicky channel near the village
of Opatovice nad Labem and the Maly labsky millrace near the town of Hradec Kralové, both in eastern
Bohemia, Czech Republic. In each case, a 100m stretch of channel was fished upstream (method below)
starting from 50°8'38.4 N, 15°47'28.1 E for the Opatovicky channel and 50°23'45.6"N, 15°82'42.0"E
for the Maly labsky millrace. Before stocking, both channels were covered by a dense growth of

contiguous riparian vegetation, with the surface community dominated by river water—crowfoot
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(Batrachium fluitans Lam.), fan—leaved water—crowfoot (Batrachium circinatum Sibth.) and variegated
red sweet—grass (Glveeria maxima Hartm.)-all taxa described according to Danihelka et al. (2012).

Percentage coverage of aquatic vegetation was evaluated in the second half of June in 1998, 2001,
2004, 2007, 2010, 2013 and 2015 (A three—year period was chosen as changes year—to—year were non—
significant). At each site, Aquatic vegetation was sampled from 11 x 1 m’sites along the same 100 m
stretch used for fishing and relative percentage coverage evaluated. The final result is an average of the
11 values (all methods according to Grulich and Vydrova 2006).

Fish sampling and analysis

A total of forty 7+ to 9+ carp (517—814 mm standard length [SL], 1300—5066 g total weight [TW])
were collected by means of electrofishing and angling, ten specimens at each site each year (i.ec.
Opatovicky 1998 and 2015, Maly labsky 1998 and 2015). After weighing (TW: nearest 0.1 g) and
measuring (SL; nearest 1 mm), each fish humanely sacrificed and the gut contents removed and
preserved in 4% formaldehyde for later laboratory analysis. Each sample was observed under a 40450
x magnification binocular microscope and the remains separated into taxa. Unidentified plant remains
were registered as “macrophyte fragments” only. Diet composition is presented as relative percentage
biomass (%Wi; Hyslop 1980) and index of preponderance (IP; Natarajan and Thingran 1961). Statistical
relevance (P < 0.05) was assessed using one way ANOVA (Dohnal 1999) with post-hoc Tukey tests
using the software provided in Microsoft® EXCEL 2010.

All aspects of this study were carried out in accordance with Czech regulations regarding animal
welfare and protection.

RESULTS AND DISCUSSION

Aquatic vegetation coverage

In 1998, approximately 70% of the Opatovicky channel was covered in river water—crowfoot
(70%), fan—leaved water—crowfoot (20%) and variegated red sweet—grass (10%). At the Maly labsky
millrace, on the other hand, fan—leaved water—crowfoot only covered approximately 65% of the water’s
surface. These figures only dropped after 2006, following severe flooding (Q = 100). In 2015, seventeen
years later, aquatic vegetation cover had been reduced to just 9% on the Opatovicky channel and 11%
on the Maly labsky millrace, with fan-leaved water crowfoot the dominant species at both sites
(Figure 1). Coverage in all years after 2006 was significantly lower than those before 2006 (ANOVA,
all P < 0.05). This would suggest that grass carp had not been able to reduce macrophyte coverage in
the channels prior to 2006. After large—scale scouring of the channels following flooding in 2006,
however, the carp were able to prevent macrophytes from proliferating and covering the channels’
surface once more.

Diet composition and biomanipulation effect

Macrophyte fragments; undeterminable parts of river water—crowfoot, red sweet—grass and
remains of terrestrial vegetation; dominated in grass carp diet at both localities, both at the start and end
of the study (Opatovicky channel, TP 1998 = 33.8, 2015 = 66.7; Maly labsky millrace, IP 1998 = 53.7,
2015=70.0). Water—crowfoot was sub—dominant in 1998 (Opatovicky, IP =28.2; Maly labsky millrace,
IP = 34.3), but was recedent 17—years later (Figure 2). Red sweet—grass was only found in one case in
the Opatovicky channel in 1998 and has not been observed since in either study area. Fruit and vegetable
remains (including stones of Prunus sp. and potato peelings from houschold/garden waste) and
filamentous algae and aquatic invertebrates (intake associated with consumption of macrophytes; see
also Pipalova 2009) were only recorded as recedent (IP < 10.0; Figure 2). While the relative percentage
of identifiable remains changed between 1998 and 2015, there was no significant difference (P> 0.05)
in the overall mean level of macrophytes eaten between the two periods (i.e. Opatovicky channel 1998
=T70% 2015 = 69%, Maly labsky millrace 1998 = 82%, 2015 = 79%)

Herbivory in grass carp is a well-known and widely—deseribed phenomenon. Catarino et al.
(1997), for example, noted that grass carp in a large Portuguese irrigation system fed primarily on the
dominant species of parrot feather watermilfoil (Myriophyllum aquaticum), fennel pondweed (Stuckenia
pectinate) and duckweed (Lemna sp.). Similar results were obtained at localities in the USA by Masser
(2002). As such, grass carp are successful generalist feeders that can vary their feeding behaviour and
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years

dietary choices depending upon the aquatic plant species available. Our own results clearly demonstrate,
however, that while grass carp diet consisted almost entirely of the dominant aquatic plant species, they
were unable to reduce aquatic biomass to any great degree until flooding apparently reduced aquatic
biomass in the channels to between 55 and 60% of its former level. From then on, they were able to
control any further growth to such an extent that the channels remain largely clear of plant growth to
this day. In doing so. they played an important role in maintaining water discharge in these shallow
artificial channels.

Figure 1 Aquatic plant coverage at the Opatovicky channel (white) and the Maly labsky millrace (grey)
benveen 1998 and 2015
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Figure 2 Diet composition of grass carp in 1998 and 2015, relative percentage biomass total food intake
(Wi) and index of preponderance (IP)
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CONCLUSION

At the stocking densities used in this study, grass carp in previously overgrown artificial channels
in the Czech Republic did not have any clear bio—meliorating effect in overgrown channels until after
flooding had reduced aquatic plant biomass by around 60%. Since then, the carp have proved highly
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effective at controlling plant biomass in these channels, thereby playing an important role in maintaining
water discharge. Future biomanipulation studies using grass carp. therefore, should either, use higher
stocking densities, remove the bulk of plant material prior to stocking or stock carp during winter when
the plant material has died back.
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Clanek 4
Periodikum s impakt faktorem — 0,5 v tisku

ZAPLETAL, T., ANDREAS, M., ADAMEK, Z., SPAEK, J., MIKL, L.,
MARES, J., (2019): Endangered aquatic macrophyteghe diet of rudd
(Scardinius erythrophthalmud~olia Zoologica68(1): XX - XX.

Striiny obsah:

Mrtva ramenaiek jsou specifické vodni Utvary, ve kterych se yysje velké
mnozstvi vodnich makrofyt. Jednim ézhito makrofyt je rdest ostrolisty.
Zarover se zde vyskytuje perlin ostiothy, ktery mize byt konzumentem
téchto rostlin. ProtoZze rdest ostrolisty je z¥lashrartnym druhem, byl
proveden pkzkum, jakou roli sehrava tato rostlina v potrgerlina.

Byla zde provedena jak potravni analyza in-sitk, $pecializovany klecovy
experiment. V jedné z kleci byla ponechati@opena sukcese vodnich rostlin,
ve druhé kleci byly rostliny mechanickystény. Navic byly provedeny nutmi
analyzy ijaté rostlinné potravy.

Vysledky prokézaly, ze perlin osthiathy piijima rdest ostrolisty zaénn¢ a
ve vyznamném mnoZstvi.fifaty rdest ostrolisty je vyznamnym potravnim
zdrojem také vikledku gisedlych bezobratlyjch a perifytonu. Stim také
koresponduji vysledky klecového experimentu. Stytesto neprokazala zadny
devastujici vliv perlina ostrolistého na porostylaZ¢ chrargnych rostlin.
Fytocenologické pizkumy poukazaly na skuteost, Ze perlin a rdest ostrolisty
se mohou vedle sebe vyskytovat a oba z toho moawie profitovat.
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Abstract. Oxbow lakes are specialised standing water botagsaften support unique macrophyte and animal comnities.
Between 2015 and 2016, we assessed the diet coiposit adult rudd $cardinius erythrophthalmyisn one such
macrophyte-rich lake. Over 2016, we also under@aderies of feeding behaviour tests under artifdamditions, the aim
being to assess whether adult rudd represent at ttoréhe endangered sharp-leaved pondweth(nogeton acutifoligsin
total, we examined 100 digestive tracts of ruddiiieg under natural conditions and 100 from ruddliieg under artificial
conditions. Our results show thatR) acutifoliusis deliberately consumed by rudd, and ii) pondwegzkriphyton and
invertebrates were the dominant dietary componientse diet. A reluctance to consume cleafedhcutifoliussuggests a
link with periphyton and invertebrate consumpti@vhile rudd clearly consum@. acutifolius we found no evidence of any
negative impact on either pondweed developmenhdhe macrophyte community as a whole.

Key words: herbivorous fish, diet composition, oxbow lak@etamogeton acutifoliyseeding habits

Introduction

Oxbow lakes are a distinctive form of shallow siagdvaterbody, formed when a wide meander from
the main stem of a river is cut off. Such lakesvimte optimal conditions for submerged macrophytes,
with high nutrient availability, plenty of light dnwarm water temperatures. As such, many of these
lakes support uniqgue macrophyte and animal commsnibften including endangered macrophyte
species. The sharp-leaved pondweldtgmogeton acutifoligss typically found in mesotrophic to
mid-eutrophic lentic habitats along lowland rivéesy. oxbow lakes), but has shown a recent decline,
possibly due to the increasing occurrence of lorygrperiod leading to a drop in water levels and
increased eutrophication. The species is currentduded in the European Red List data book for
vascular plants as an endangered species andsisifild as endangered in the Czech Republic
according to Red List of Protected Species (Dakéhet al. 2012).

The rudd,Scardinius erythrophthalmuss a widespread European cyprinid species fonndast still

or slow-flowing freshwaters (Wolnicki et al. 200®)s rudd are phytophilic and spawn on soft aquatic
macrophytes, they are usually associated with adntr&lbmerged vegetation (Hicks 2003). Rudd fry
consume unicellular algae and phytoplankton andcsvwio zooplankton and small chironomids when
they reach ca. 10 mm standard length (SL) (Ken&eBitzmaurice 1974). Older rudd (> 149 mm SL)
may also consume chironomids; however, the grgzer of their diet consists of soft submerged
macrophytes (Barus & Oliva 1995, Tomec et al. 2008 predominance of different food categories
in the diet depends strongly on season (Nurmineralet2003), with rudd usually preferring
zooplankton and small invertebrates in spring antdran, with macrophytes and algae increasing in
importance in summer (Garcia-Berthou & Moreno-An2€I90, Vefikova et al. 2016).

As rudd commonly occupy the same habitaPaacutifolius they could theoretically pose a threat to
this endangered species (Guinan et al. 2015),refitiheugh grazing to the plant or through other, as
yet unidentified, impacts. To the best of our kneage, such interactions have yet to be examined in
the native habitat of both species. The aim of #higly, therefore, was to assess whether rudd is a
significant consumer oP. acutifoliusin small, shallow macrophyte-rich oxbow lakes, avitether
they have any impact on macrophyte-rich aquatitesys as a whole.

* Corresponding Author
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Material and Methods

Study area

This study was undertaken in a shallow (max. d@pth) 0.4 ha oxbow lake associated with the River
Orlice (the Elbe River basin), situated near thentef Hradec Krélové in north-eastern Bohemia,
Czech Republic (50°134" N, 15°5382" E, altitude 230.5 m a.s.l.; Fig. 1).
The locality is situated within the Pekelska jezZsedure Park and the alluvial wetlands are ar#figi
flooded at least once each five years. While thaows come under the control of the Czech Anglers
Union, no fish had been stocked in the oxbows toleast five years before this study. The most
common species in the oxbows are cyprinids, withcien carp Carassius carassiysand rudd
(Scardinius erythrophthalmysisually dominant. Common car@y{prinus carpid also occur rarely
due to earlier stocking efforts.
The aquatic macrophyte community in the oxbow isn@ated by hornworth Geratophyllum
demersum Eurasian watermilfoil Nlyriophyllum spicatury) P. acutifolius and water crowfoot
(Batrachium trichophyllum

15°52'9.824"E

N
Hradec Kralové
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N.2¥0'2S.21 .08

HRADEC KRALOVE

Fig. 1. Plan of the oxbow study area in the Pekelska jezera Nature Park, with monitoring and experimental sites indicated. A + B
= beach seining sites, I-IV aquatic macrophyte monitoring sites, 1-3 experimental cages.

Macrophyte sampling

For the purposes of this study, submerged aquaitraphytes were sampled manually along a 15 m
stretch at four littoral sites (Fig. 1) in Aprilude, August, October and December of 2015 and 2016,
based on the methods of Grulich & Vydrova (2006)r Brganisational reasons, monitoring was
undertaken each two months at the same time asristitoring. Macrophytes were determined to
species level and expressed as relative frequewey the study stretch. These values were then
expressed gravimetrically and used to determirevislindex of electivity (see below).

Fish sampling

Rudd sampling was performed in April, June, Aug@sttober and December of 2015 and 2016 using
a 20 m 2 cm mesh beach seine along both long b@ngs 1). All fish caught were identified to
species, measured to the nearest 1 mm (SL) andespatber than rudd released back to the oxbow
alive.

Fish caught in 2015 were used for dietary anal{Hd® individuals), while those in 2016 were used
for a field test of feeding preference under auidfi conditions (100 individuals). All rudd in the
feeding experiment were >180 mm SL and aged fiarsyer older, this being the dominant category
in the oxbow, i.e. the main potential threat toragbged macrophytes (Barus & Oliva 1995, Tomec et
al. 2003). In addition, we captured and examineds@b-adult rudd < 180 mm SL in June 2015,
though this cohort was not expected to consume opagtes. Immediately after capture, all fish were
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euthanised with an overdose of clove oil, placquhsaely into laboratory zip-lock bags and kept on
ice in a cooler box until examined in the laborat@raraborelli et al. 2010, Mikl et al. 2017).

Diet analysis: 2015

Rudd were weighed to the nearest 0.1 g and thethirsl of the digestive tract removed and weighed
to the nearest 0.001 g. The final two thirds of th# were not examined due_to excessive food
digestion (Vgllestad 1985). The gut was again waighfter removal of ingested food, the difference
being considered the mass of food. Gut contente irezen for further analysis. Fish with empty

digestive tracts were noted and excluded from @&sréimalysis.

Nutritional analysis

Protein, lipid and ash content were analysed irmota determine the basic biochemical composition
of P. acutifoliusand filamentous algae, protein being quantifiethgugshe Kjeldahl method, lipids
using extraction with trichloroethylene and asheassd following incineration in a muffle furnace at
525 °C for six hours (see Tomec et al. 2003). Whtleer macrophyte species may also contribute
significantly to the diet, we concentrate Bnacutifoliusonly as a) we are specifically interested in the
value of this particular species as a food itend By previous studies have already determined the
nutritional value ofP. crispus(Shaltout et al. 2016) an@. demersun(Esteves & Suzuki 2010,
Laining et al. 2016).

Field experiment: 2016

Three 2 M(2 x 1 x 1 m) 20 mm mesh cages were placed orafteelottom and stabilised with iron
rods. All three cages covered an area of submeargeztophytes of similar density and composition
(including P. acutifoliug to that under natural pond conditions. The maaytgs in cage 3 were
cleaned of invertebrates and algae using a sothboash and pressurised water. Rudd were only
stocked (or restocked) in the cage after full seditation of solid particles to the bottom. While
recolonisation is, to some extent, inevitable dyrihe exposure period, we expect no bias toward
colonisation from previously cleaned invertebrates.

Twenty rudd of > 180 mm SL were stocked in twolad tages and the third cage (Group 1 — no fish;
control) contained submerged macrophytes only (Ejg.In one of the two stocked cages, the
macrophytes were left in their natural state (Gr@upvhile those in the second cage were regularly
cleaned of epiphytic organisms (Group 3). Betwegril/and December 2016, the rudd were removed
from both stocked cages each month and replacdd28itnew individuals of the same size cohort.
The removed rudd were euthanised with an overdbstowe oil, placed separately into laboratory
zZip-lock bags and kept on ice in a cool box utildratory processing. Each fish was measured to the
nearest 1 mm SL and weighed to the nearest 0.hgglit contents in the first third of the digestive
tract were removed and weighed to the nearest @0Dietary composition was determined as set out
below.

Data analysis: 2015-2016

A modification of the gravimetric method (Hyslop8) was used to analyse food content in the
laboratory. The bulk of the sample consisted ofatigunacrophytes and these were separated from
determinable taxa under a binocular microscopeertebrate taxa were determined to the lowest
taxonomic level by examining identifiable remairesg( chironomid head capsules and chitinous
remains (carapace, exopodites, post-abdomens) aafootrans under a 40-450x magnification
binocular microscopeSimocephalussp., for example, were determined using the reoact®n
method of Orlova-Bienkowskaya (2001). The propeortmf total food intake represented by each
category was evaluated by the indirect method afilkdg2016), using the following formula:

%m = (m/m) x 100
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wherem is the weight of a particular food component ands the weight of all food components
combined. This value was then combined with fregyesf occurrence and expressed as the index of
preponderance (IP) according to Natarajan & Jhim{t861):

%IP =100 x (n x FO)/Z(m x FQ))

where m is the weight percentage of a particular food congmt and FQis the frequency of
occurrence of that food component (Piéka 1981). The degree of selectivity for all dietasms
found in rudd digestive tracts was evaluated ubitay’s index of electivity (E; Ivlev 1961):

%E = ¢i —n)/(ri +n)

wherer; is the relative abundance of prey itein the gut anah is the relative abundance of the same
prey item in the environment. Prey items in theimmment were expressed gravimetricallynasA
value of E = 0 means a patrticular food item wagnaik direct relation to its availability, -1 < E<
0.01 indicates avoidance (consumed less than eeghé@m estimates in the environment) and 0.01 <
E < 1 represents preference (consumed more thaetExpfrom estimates in the environment). The
index of electivity was evaluated in 2015 only nder to assess the diet preferences of free-lifigig

In 2016, the same site was used for the caged iexgeis.

Statistical evaluation

Differences between macrophyte and dietary groopspared during field observation and during the
cage experiment were evaluated using one-way ANQ@R A 0.05) with post-hoc Tukey-tests. All
analyses were performed using the R software packag.5.1 — R Core Team 2018 (Crawley 2007).

Results

Macrophyte composition

From April to December in both 2015 and 2018, demersumdominated in the macrophyte
community (32.7 %), followed blp. acutifolius(13.1 %) andM. spicatum(16.6 %) (Fig. 2.) BothP.
crispus (8.6 %) andB. trichophyllum(9 %) were recedent. Surface water macrophyterageewas
72.5 % in 2015 and 80 % in 2016, with no significdifference in the overall proportion &f.
acutifolius observed in 2015 and 201€ & 0.05). By December 2015, howevé?, acutifolius
abundance had decreased to 5 %, and it was nad fatuall in December 2016 (Fig. 2). Likewisg,
crispuswas down to 10 % in December 2015 and was notdfenrDecember 2016. In both cases,
these represent standard seasonal successionakdenler the winter period.

LR LR

60

'l BN B

20

m il mn I n =

2015 = 2016 = 2015 2016 = 2015 | 2016 | 2015 | 2016

Relative frequency [%]

Jun Aug Oct Dec
W Potamogeton crispus O Potamogeton acutifolius O Ceratophyllum demersum
0O Batrachium trichophyllum m Myriophyllum spicatum

43



Fig. 2. Temporal variation in macrophyte composition over 2015 and 2016 at the oxbow study site in the Pekelska jezera Nature
Park.

Diet composition

Three items dominated the diet of adult rudd unddural conditionsP. acutifolius(%lIP = 35.7 +
8.3), filamentous algae (%IP = 31.9 + 32.4) &drispus(%lP = 21.1 + 16.7). These were followed
by C. demersun{%IP = 16.7 + 15.8) and detritus (%IP = 11.4 +)9v&ith B. trichophyllum(%IP =
6.0 £ 2.1) and aquatic invertebrates (mainly cloroids andSimocephalusp.; %IP = 1.8 + 1.4)
recedent (Table 1Potamogeton acutifoliusvas observed in June, August and October 2015 only
being replaced b¢. demersunm October 2015.

Over the whole sampling season, rudd consumedfisigmily moreP. acutifoliusandP. crispusthan
all other dietary items togethd? & 0.05), with no significant difference between theantities ofP.
acutifoliusandP. crispustaken P > 0.05). The mean index of electivity value foracutifoliuswas
0.25 and 0.36 forP. crispus (Fig. 3), suggesting intentional consumption oésth food items
(December [winter] values excluded). Mean valugsCfodemersun{0.46) andB. trichophyllum(—
0.30) indicated avoidance of these food items.
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Fig. 3. Ivlev's index of electivity for macrophytes at the oxbow study site in the Pekelska jezera Nature Park (2015 only).

Field experiment

Macrophyte community development was similar intatee cages (Group 1 — control, Group 2 —
uncleaned, Group 3 — cleaned) over the whole exwt, with no significant difference in the
guantity ofP. acutifoliusavailablethroughout P > 0.05). Rudd dietary composition, however, showed
significant differences between the stocked cagesblés 2 and 3), with invertebrates (%IP =
uncleaned 32.5 + 26.6, cleaned 54.2 + 20.7) amituke{%IP = uncleaned 31.8 + 8.6, cleaned 42.2 +
17.8) dominant items in the cage with cleaned n@gytes (Group 3), and all macrophyte species and
filamentous algae recedent (Tables 1-3). In théeamed cage (Group &, acutifolius(%IP = 19.0 £
4.2),P. crispus(%lIP = 15.7 £ 7.3) and filamentous algae (%IP A 126.7) were all important dietary
items, with all other items recedent. Fish consursigghificantly more macrophytes (includirigy
acutifoliug in the uncleaned cagé < 0.05); with significantly lessR < 0.05) P. acutifolius
remaining Fig. 4; (Tables 1-3).
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Fig. 4. Consumption of P. acutifolius by free-living rudd in 2015 (Food) and in the experimental cages 2016 (Cage 2 —

uncleaned, Cage 3 — cleaned). Boxplots = quartiles (Q1, median and Q3), whiskers = maximum, dots = outliers.

Table 1. Index of preponderance (IP) of main food items under natural conditions. SL = standard length (mm), Wt = total weight

(9), SD = standard deviation.

Apr 201¢ Jun 201 Aug 201t Oct 201! Dec 201! Mear
Potamogeton crisp! - 34.¢ 40.1 8.€ 0.6 21.1
Potamogeton acutifolit - 37.€ 44.¢ 24.7% - 35.7
Ceratophyllum demerst - 13t 3.2 43.2 6.7 16.7
Batrachium trichophyllui - 8.2 6.2 3.2 - 6.C
Filamentous algs 74.C 3.3 1.4 12.2 68.5 31.¢
Aquatic invertebrate 3.¢ 0.€ 0.t 2.3 - 1.8
Detritus 22.1 1.¢c 3.€ 5.€ 23.¢ 114
n fish 20 20 20 20 20
n fish with no fooc 4 0 0 0 2
SL (SD; 2144 (18.7 271.5(13.€ 292.3(19.8 297.0(12.1 2925 (14.t
Wt (SD) 280.9 (92.5  469.6 (55.4 369.3(23.C 338.2(55.¢ 312.6(50.7

Table 2. Index of preponderance (IP) of main food items in experimental Cage 2 — uncleaned macrophytes. SL = standard
length (mm), Wt = total weight (g), SD = standard deviation.

Apr 201¢ Jun 201 Aug 201¢ Oct 201¢ Dec 201( Mear
Potamogeton crisp! - 22.1 18.€ 5.€ - 15.7
Potamogeton acutifolil - 21kt 22.% 13.1 - 19.C
Ceratcphyllum demersu - 2.8 5.4 4.¢ - 4.4
Batrachium trichophyllui - 0.2 0.t 0.4 - 0.4
Filamentous algs 21.t 6.€ 17.2 11.€ 3.1 12.1
Aquatic invertebrate 46.2 12.t 6.€ 19.C 78.% 32.t
Detritus 32.2 33t 29.C 45.4 18.€ 31.¢
n fish 2C 20 2C 20 20
n fish with no foo 12 3 0 0 12
SL (SD; 220.4 (24.5 292.5 (9.7 289.9 (11.7 298.9 (11.7 226.0 (31.€
Wt (SD) 288.5 (106.1 437.6 (54.€ 38¢.63 (64.3 323.1 (43.€ 260.5 (98.¢
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Table 3. Index of preponderance (IP) of main food items in experimental Cage 3 — cleaned macrophytes. SL = standard length
(mm), Wt = total weight (g), SD = standard deviation.

Apr 201¢ Jun 201 Aug 201¢ Oct 201t Dec 201/ Mear
Potamoceton crispu - 0.4 0.7 1.7 - 0.¢
Potamogeton acutifolit - 0.t 0.€ 6.€ - 2.€
Ceratophyllum demerst - 0.2 0.1 0.2 - 0.2
Batrachium trichophyllui - 0.1 0.1 0.C - 0.1
Filamentous algs 2.1 0.¢ 1.7 2.8 - 1.€
Aquatic invertebrate 80.1 59.¢ 37.C 24.1 7C 54z
Detritus 17.€ 38.2 59.¢ 65.( 30 42.2
n fish 2C 2C 20 20 20
n fish with no foo 15 4 7 13 19
SL (SD; 211.9 (20.7 285.4 (11.€ 278.5 (10.C 278.5 (10.C 219.0 (35.€
Wt (SD) 240.2 (68.3 390.9 (49.€ 298.8 (46.1 285.0 (47.¢€ 249.9 (108.C

Nutritional content

Nutritional analysis indicated only slight diffeics between cleaned and uncleaRedcutifolius
with fat at 7.3 % and 7.1 %, respectively and prosg¢ 12 % and 13.5 %, respectively (Table 4). In
comparison, filamentous algae contained a muchrignaportion of fat (2.9 %) and protein (8.7 %)
(Table 4).

Table 4. Nutritional analysis of P. acutifolius and filamentous algae in the experimental cages (Cage 2 — uncleaned, Cage 3 —
cleaned).

Paramete Unit Uncleane P. acutifolius Cleanel P. acutifolius Filamentous algs
Proteir % 12 13t 8.7

Fai % 7.1 7.2 29

Ash % 34.1 24.¢ 31.€
Discussion

In this study, we investigated the potential infloe of rudd orP. acutifolius an endangered aquatic
macrophyte, in a shallow oxbow lake. Conditionshimitthe oxbow lake (small area and a relatively
low rudd density [max. 500 ind./locality, or 0.12%./n¥]) limited our experiment somewhat by
preventing us undertaking the field experiment aletary analysis in the same year. Further,
significant changes occurred in the 2017 plant fisildcommunity (attributable to a particularly hard
winter over 2016/2017) and this prevented us ualary replicates of the experiment under similar
conditions. Despite this, we strongly believe that study truly reflected natural conditions insthi
oxbow lake and, as such, the conclusions can biedpp similar habitats along many waterbodies
throughout Europe. It should also be noted that ymah the organisms taken as food were
unidentifiable due to different stages of digestaord the absence of more durable body parts (e.g.
Rotifera, Cnidaria, Oligochaeta). Such organismglcatill represent important dietary items and
their absence in the total identified prey may h#&esl an impact on the relative quantities of
macrophytes and invertebrates in the dietary aisalidevertheless, we feel the relative proportions
are generally accurate and certainly allow compasgdetween samples. Finally, while the density of
fish in the cage experiments was higher than thdhé oxbow itself (10 ind./frvs. 0.125 ind./r),

and hence there may have been density dependaattsnpf observed diet, the fact that a significant
proportion ofP. acutifoliusremained in the cage at the end of each experahemt would tend
supported our findings, i.e. that rudd, even atiebly high densities, were not having a significa
impact onP. acutifolius

Dietary analysis indicated that rudd deliberatebpsumed submerged macrophytes throughout the
year, as also noted by Losos et al. (1980), Pi€j84) and Garcia-Berthou & Moreno-Amich (2000).
On the other hand, Tomec et al. (2003) noted tndd from Lake Vrana (Croatia) mainly consumed
algae, with macroinvertebrates (e.g. chironomidsl dmichoptera larvae) always forming an
accompanying but important part of the diet andrserigent macrophytes only representing a minor
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proportion. Several other authors have also recbmield diet as including macroinvertebrates,
especially gammarids, Asellus and trichopterandarfe.g. Martyniak et al. 1996, Garcia-Berthou &
Moreno-Amich 2000). Our own data confirm that matrytes are indeed taken alongside algae and
macroinvertebrates at significant levels; howewar,suggest that further studies are needed tdyclari
the relative importance of the three food typesuitid diet and the specific roles played by différen
macroinvertebrate taxa in different environmenis seasons.

There are several reasons wWhyacutifoliusmay have been consumed at the level observedsn th
study. Our results showed that some macrophytdespatthe study site were consumed more or less
often by rudd than their availability would suggaathile C. demersunwas the dominant species at
the study site, for example, its proportion in thet was very low, whilé/. spicatumwhich was also
abundant, was not consumed at all. In these casesiggest that the species were avoided due to the
shape of the plant, deposition of inorganic sulzstam the cell walls (Stanka@v& Pajevi 2001) and
presence of aromatic oils (Wang et al. 2015). Imgarison, both pondweed species were frequently
consumed by rudd, probably due to the relative radis®f inorganic substances and the presence of
partially decomposed and soft peripheral parts. piogportion ofP. crispusin the diet decreased
strongly over autumn, probably reflecting the efhdhe P. crispusgrowing season. Our comparative
experiments indicated that rudd consunfedacutifoliussignificantly more often when confronted
with macrophytes covered with algae and macroiebeates. As algae also represent a significant
source of nutrition (Table 4), it is likely thatetHish increase their intake &f. acutifolius(either
accidentally or intentionally) while feeding on thlgae attached to the plant’s surface. Interdsting
we noted a significant difference between fish fegdaturally (i.e. outside the cages) and those
feeding in Cage 2 (uncleaned), possibly as a reswliffering feeding behaviour due to an increased
relative fish density in the enclosed space ana@emestricted potential diet. Further studies wdé
needed to clarify this observation. In comparismacroinvertebrates dominated the diet in Cage 3
(cleaned), despite the macrophytes being regutdéebned of periphyton/algae. Owing to its upturned
mouth (which allows it to feed at the water's sageaor on the underside of leaves), the rudd is
morphologically ill-adapted to feeding on the baottsubstrate (EkI6v & Hamrin 1989). As such, we
assume that the fish were forced to support consampf incoming phytophilous invertebrates with
those from bottom habitats due to the temporanermd®s of a periphyton/algal community on the
macrophyte surface.

We suggest that the leaves of some aquatic platsding P. acutifolius may become an attractive
food source, or are taken more often accidentaiythey gradually decompose and soften, partigularl
when covered in periphyton/algae and invertebrates.our case, increased consumption of
filamentous algae may have a similar cause, beikent from the oxbow bottom at the same time as
invertebrates. Periphyton and benthic filamentdgaeain standing waters are commonly inhabited by
ciliates, rotifers, cnidarians, small oligochaetasyal stages of Chironomidae, Trichoptera, Mallus
and small cladocerans (Lodge 1990, Ravera & Ja®@1)l Such items represent a more profitable
food source for rudd than macrophytes alone (Ldfg0, Ravera & Jamet 1991), and are found in
the diet more often at times when there are notigimonacrophytes (e.g. in April and December).

Our study showed that rudd consumed a significalaintity of P. acutifolius and that macrophyte
consumption increased when the leaves were coverpdriphyton, algae and invertebrates. When
regularly cleaned, macrophytes were only consundahalevels, suggesting th&. acutifoliusmay

not always have been the primary target of the rddpite the relatively high levels of consumption
there appeared to be no negative impact ofPtheeutifoliuspopulation, as also indicated by the long-
term co-existence of the two species in the oxbow.
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4. ZAVER

Cilem disertani prace bylo vyhodnotitiit rizné typy pijmu rostlinné
potravy sladkovodnimi rybami @eské republice. Krotnzodpowzeni otazek
pro praktické vyuziti a otestovani hypoté#lmil posunout o &o dale Urovie
znalosti ve ¥dnim oboru aplikovana ekologie ryb.

Prijem rostlinné potravy dravymi rybami byl dosud métnamy a
popsany jev. Také v naSentigact se jednalo o nahodné nélezy rostlin
v Zaludcich ryb p prazkumu, ktery nal primarrg jiny cil. Ffinos zjiséni, ze
okoun fiéni a pstruh obecny mohou, za jistych okolnosti damirg,
konzumovat rostliny, sgiva zejména ve zji8hi priciny, pra¢ tomu tak je.
V obou gipadech byla konzumace rostlin spojendisymem ZivéisSné slozky.
Hypotéza ,Takzvana ‘herbivorie’ karnivornich diuhryb je zmisobena
nadhodnou konzumaci rostlinné hmoty, kter4 je poomdrici pro pisedlé
ZivociSné komponenty, s kterymi je pak poZzirana“ vSakuiie byt fijata pro
jeji obtiznou pitkaznost.

Biomeliorani Cinek amura bilého je jiz potmé znamy a byl dostateé
popsan. Provedena studieélen proto spiSe a¥it na praktickém fpadu
vyuzitelnost metody pro spravce tokuieBtoze amur bily prokazatéln
konzumoval cévnaté rostliny, na jejich postupnémizgni v unélych vodnich
tocich participovalo viceiniteli (povodr, zastigni toku apod.). Hypotézu
.Potravni aktivita amura bilého ma za néasledekkazné sniZzeni @etnosti
vodnich makrofyt v urlych vodnich kanélech” proto nebylo mozr§mout.

Studiem potravnich vztéh mezi perlinem ostréglchym a rdestem
ostrolistym bylo zji&no, Ze ryby sice tuto zvlaStchrarénou rostlinu
konzumuji, ale nikterak neomezuji jeji rozvoj v akekych systémech.
Konzumace cévnatych rostlin v konsekvenciisg@dlych organisiin byla

prokazana. Hypotézu ,Perlin ostialny konzumuje vodni cévnaté rostliny
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v souvislosti s jejich pokrytim viaknitymiasami a neomezuje rozvoj zviast

chraréného rdestu ostrolistého” I1ze prothjmout.
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