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ANNOTATION

The main goal to master’s thesis is fish behaviour performed in response to a trawl
gear during sampling of water bodies” pelagial. Fish behaviour in the trawl mouth has been
especially considered. Closer attention is given to the vertical echosounder which was used
to collect data for the practical part of the thesis. In the later parts main abiotic and biotic
factors impacting fish behaviour in proximity of a trawl gear are discussed.

The practical part of the thesis is referring about survey conduced in the two Czech
freshwater reservoirs — Zelivka and Rimov (2009 and 2011). It was focused on reactions
performed in the vertical direction. The footrope served as a referential point so that
reactions of fish in response to a gear could be evaluated. We found out positions of fish in
the vertical direction, their velocity, slope, size, etc. as was dependent on fish distribution
during day and night time as well as on the main abiotic factors (temperature, visibility or

oxygen stratification).
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ANOTACE

Piedkladana prace by méla Ctenafe blize sezndmit s chovanim ryb, které tito
zivocichové vykazuji vici vleénym sitim béhem vzorkovani pelagialu vodnich téles.
chovani jsou uvedeny na piikladech z mezinarodnich vyzkumu v teoretické casti. Jsou zde
rovnéz piiblizeny z&kladni techniky, pouzivané pii studiu chovani ryb ve vztahu k vleénym
sitim.

Praktickou ¢asti je dvoulety vyzkum (2009 a 2011) chovani ryb na ¢eskych tdolnich
nadrzich Zelivka a Rimov ve vztahu k tralovym sitim. Chovani ryb v usti pelagického tralu
bylo monitorovano prostfednictvim vertikalniho sonaru SIMRAD EK 60 o frekvenci 38
kHz. Pfedmétem vyzkumu bylo studium reakci jednotlivych ryb se zaméfenim na vertikalni
sloZku jejich pohybu. Zjistovali jsme rozdily mezi denni a no¢ni aktivitou ryb, rychlost a
sklon ve vodnim sloupci, pfimocarost trajektorie pohybu, souvislost mezi velikosti ryb a
jejich rychlosti, a v neposledni fadé také vliv abiotickych faktord, které unikové chovani
podstatné ovliviiuji. Znalost tohoto typu chovani pomiize vypovédét o selektivité zatizend,
kterou je vhodné znat pro efektivni prizkum zdejSich nadrzi. Stejné tak uZzitecné jsou nové

informace o vlastnim chovani ryb, které jsou pfinosem nejen pro ekologii.

Kli¢ova slova: tralova sit’, chovani ryb, vertikalni sonar, SED echogram, pelagial






Uvod do teoretické &asti

Studium chovéni rybovitych obratlovet v jejich pfirozeném prostiedi neni snadnou
zalezitosti. Divodem naroc¢nosti byva potieba specidlniho technického vybaveni pro vyzkum
rozsadhlych vodnich prostorti, v nichz ryby sledujeme a také znacnd citlivost téchto
zivocicht, jsou-li vystaveni mimo akvatické podminky. V poslednich letech pfibylo mnoho
praci, které se zabyvaji chovanim ryb, ackoliv pon¢kud méné z nich se vénuje jejich reakcim
ve vztahu K lovnym prostiedkim (tralové ¢i tenatové sit¢); (Main a Sangster, 1983;
Schmidt et al., 2005, Winger, et al., 2004, Robertis, et al., 2006). V¢tSina pozorovani
pochazi z moiskych vyzkumii, kde je chovani ryb intenzivnéji prostudovano. V poslednich
letech se objevuji i1 prace ze sladkovodniho prostiedi (Jiiza a Kubecka, 2007; Rakowitz, et
al. 2012; Schmidt, 2005).

K prvnim poznatkim o chovani ryb ve vztahu k tralovym sitim pfispéli Glass a
Wardle (1995b), ktefi sledovali divoka hejna makrel obecnych v laboratorni nadrzi
(Abeerden). Zjistili, ze zbarveni sité¢ a jeji celkové provedeni jsou dulezitym optickym
stimulem pro smyslové receptory ryb. Wardle (1993) si v8§iml, Ze bentické ryby na traly
reaguji zcela odliSné, nez tomu je u pelagickych druht. Platysi, jazykové ¢i kambaly
zachovavaji velmi kratké unikové vzdalenosti vici tralim a nékdy na né nereaguji témet
vibec. Kim a Wardle (2003) a Glass a Wardle (1989), ktefi pomoci optickych kamer
pozorovali divoké tresky za rtiznych svételnych podminek, rozlisili optomotorické a eratické
reakce u hejnovych a solitérné se pohybujicich ryb u Gsti tralu. Poukazali na rozdily mezi
koordinovanym plavanim hejn za dobrych svételnych podminek a chaotickymi, smérové
nepiedvidatelnymi reakcemi ryb solitérnich ¢i hejn, kterd ve tmé ztratila soudrznost. Reakce
ryb v uasti tralové sité jsou druhové specifické (Piasente, et al., 2004; Winger, et al., 2004;
Main a Sangster, 1983) a zavisi na typu pouzitého lovného zafizeni. I zde si vSak lze
v§imnout urcitych spolecnych projevi, které ryby v usti vykazuji. Davno pted tim, nez ryby
vstoupi do ,.trasy* tralu, zafizeni sly$i az na vzdalenost n¢kolika kilometrti (Winger, et al.,
2010). Hlavnimi smysly, které se uplatiiuji pfi reakcich viéi vleénym sitim, je zrak, sluch a
vjemy postranni ¢arou (Bleckmann, 1993). K silngjsim Uhybnym manévrim vSak dochazi
az po kontaktu s rozpérnymi deskami a vle¢nymi lany, které jsou pro ryby optickymi a
akustickymi stimuly a z hlediska lovct maji zvitata navadét pokud mozno do trasy tralu.
Teprve Vv usti, kde hrozi bezprostedni stfetnuti se siti, se ryby musi rychle rozhodovat, jak

zareaguji. A pravé zde lze pozorovat nejvyssi diverzitu reakci, které se 1isi u hejn a



jednotlived, pelagickych a bentickych druhtl, v zavislosti na velikosti jedinci, rychlosti tahu,
denni dobé, okolni teploté a mnoha dalSich faktorech.

Podstata studia pravé tohoto typu chovani spocivd zejména v moZznosti prispet k
efektivnéj§imu vzorkovani (védecké ticely, management vodnich téles), ale také k poznani
vlastniho chovéani ryb vici lovnym prosttedktim. Porozuméni reakcim ryb v blizkosti trali je
nezbytné pii lovu komerénich druht (Ryer, 2008; Godg, et al., 1999), na které je po staleti
kladen zna¢ny tlak. Jediné znalost chovani ryb v blizkosti tralovych siti umozni lovit
efektivng, ale tak, aby rybi populace zistaly zachovany. Druhova specifita reakci mutze
vypovidat o pravdépodobnosti uloveni jednotlivych druht tralem (selektivita).

Tralovani je invazivni metoda, umoziujici studovat rybi spolecenstva nejen
v moiském prostiedi (Jiza, 2011; Schmidt, et al., 2009). Traly se jevi jako efektivni
nastroje pro vzorkovani ryb tdolnich nadrzi (Kubecka, et al., 2010). Hlavni pfednosti tralti
je schopnost prolovit rozsahlé vodni objemy béhem kratkych Casovych intervali. Lze
pomoci nich také provadét napt. metody zpétného odchytu (tzv. ,,Mark-recapture®), které
pomahaji pfi zjistovani velikosti populaci rybich obsadek (Hayes, et al., 1999). Za urcitych
podminek, jakymi je krat$i doba jednotlivych tahii, optimalni rychlost tahu a nizsi
koncentrace ulovku, miZeme piipadné ziskat jedince zivé. Ulovky z traldi lze porovnavat
S jinymi aktivnimi ¢i pasivnimi vyzkumnymi prostfedky (Olin a Malinen, 2003; Schmidt,
et al., 2005). Negativni strankou pouziti trali je potieba znaénych fyzickych a finan¢nich
nakladt na jejich obsluhu (vyssi pocet ¢lenti posadky, drahd plavidla, spotfeba nafty apod.);
(Kubecka, et al., 2010), zavislost na velikosti prostoru ¢i negativni vliv na prostiedi
(bentické traly mohou mit destruktivni u€inky na faunu dna).

Soucasné s traly jsou zavadény také neinvazivni vyzkumné metody, jako jsou
sonarova Ci opticka zatfizeni (Graham, et al., 2004). Na naSich udolnich nadrzich se
uplatiiuji zejména horizontalni a vertikalni sonary, nebot’ optické kamery, z divodu nizké
viditelnosti pod vodni hladinou, maji omezené pouziti. Pfednosti sonart je, Ze vysilané
akustické viny, které se od odrazené¢ho objektu vraci ve formé ozvény (echa), funguji za
jakékoliv viditelnosti, ryby pfi monitorovani nerusi, monitoruji vodni sloupec v témét plném
rozsahu (Scalabrin a Boucher, 2009), ¢ehoz se vyuziva jak pro mapovani terénu dna tak pii
vyhodnocovani dat (napf. poloha dolni Zin¢). Sonary mohou byt zabudovany bud’to pfimo
v kylu lodi (Simmonds a Maclennan, 2005), na ptidi nebo se upeviiuji na horni Zini tralu,
pfipadné jsou za lodi vle€eny na specidlnich vlecnych télesech.

Nasledujici kapitoly pojednavaji o tom, jak Ize chovani ryb, které se dostaly do

kontaktu s pelagickym tralem, studovat a jak ho vyhodnocovat na zakladé ziskanych



sonarovych tudaji. Pfiblizuji chovani ryb v usti tralové sité, které se stalo stéZzejnim

pfedmétem této prace.

Cil préce

Cilem této prace je zaméfit se na reakce ryb, které tito zivoCichové vykazuji vuéi
vle¢nym sitim. Ve své teoretické ¢asti podava piehled o chovani ryb v blizkosti tralové sité.
Vychazi z mezinarodnich vyzkumu uskute¢nénych na mofi, jezerech i sladkovodnich nadrzi.
V neposledni fadé jsou zminény zakladni faktory, které podstatné ovliviiuji unikové chovani
ryb.

Piedmétem praktické Casti jsou vysledky z dvouletého vyzkumu (2009 a 2011) na
tidolnich nadrzich Rimov a Zelivka, kde bylo studovano chovéani ryb v Usti pelagického
tralu. Monitorovacim zafizenim se stal vertikdlni sonar SIMRAD EK 60 (=38 kHz)
ptipevnény K horni zini pelagického tralu. O kazdém jedinci Vv trase tralu bylo zjistovano
nasledujici: 1) poloha ve vodnim sloupci vici dolni Zini béhem dne a noci (vertikalni
distribuce), 2) sklon vuci vysila¢i v zavislosti na denni dobé a poloze vici dolni Zini, 3)
zavislost rychlosti plavani na velikosti ryb, které se pfimo vyhybaly tralu 4) zavislost
Unikového chovani ryb na denni dobé& a nékterych abiotickych faktorech (svételna, teplotni a
kyslikova stratifikace).

Ptinosem prace by mé&lo byt zjiSténi toho, jak zdejsi ryby reaguji na lovné zatizeni za
mistnich podminek, coZ je zvlasté dilezité pti posuzovani selektivity tralu. Vody pelagialu
naSich nadrzi, kde mnohé druhy travi podstatnou ¢ast zivota, jsou dosud malo
prostudovanymi oblastmi. K efektivnimu vzorkovani tralem je nezbytné znat jeho ucinnost,

a tudizZ i reakce, které ryby vykazuji.



Literarni reSerse

Praktické ¢asti prace piedchazi literarni reSerSe. Sestava ze tiéi kapitol, v nichz je
popsano chovani ryb v blizkosti tralové sit€. Nechybi hlavni faktory toto chovani ovliviujici.
Cilem reSerse bylo shrnout dosavadni poznatky ziskané o chovani ryb viéi vle¢nym sitim.
Uvedeny jsou priklady jednotlivych studii autorti, ktefi se zabyvali danou problematikou na
mofi, jezerech i1 v laboratornim prostiedi. Posledni kapitola je souhrnem a zaroven uvodem

pro praktickou cast.

1. Chovani ryb v blizkosti vle¢né sité

Chovanim ryb v blizkosti vle¢né sité¢ se zabyvali autofi mnohych praci, pfesto se
jedna o dosud mélo prostudovanou oblast biologie. Nejvice informaci pochazi z vyzkumi
na mofti ¢i moiskych laboratofi, které byvaji zaméfeny na komeréné lovené druhy (Robertis
a Wilson, 2006; Main a Sangster, 1983; Piasente, et al., 2004; Godg, et al., 1999). Méné
informaci mame ze sladkovodniho prosttedi, kde tralové sité teprve nachazeji své uplatnéni.

Chovéanim ryb v blizkosti a po kontaktu s vle¢nymi sitémi je tieba se zabyvat hned
z n€kolika ditvodli. V prvni fad€ nés zajima Gc¢innost, s jakou sit’ vzorkuje. Znalost reakci ryb
pomuze zefektivnit prizkum pelagialu vodnich téles (Pyanov, 1992; 1993). Pokud ryby
nékde nejsou ¢i se vyhybaji tralu, je vhodné o tom védét, jinak ziskame nespravné vysledky
0 hojnostech ¢i druhovém slozeni (Mason, 2005; Djemali, et al., 2008; Axenrot, et al.,
2004). V neposledni tadé ziskdme noveé informace o smyslovém vnimani obratlovcl ve
vodnim prostiedi viéi ,,neznamym* objektlim, které mohou pro ryby piedstavovat podobnou
hrozbu, jako pii setkani s predatory (Glass a Wardle, 1995b).

Z hlediska typl reakei vici tralu rozezndvame nékolik zon, kde 1ze pozorovat urcité
typy chovéani. Davno pfed tim, nez se ryby dostanou do kontaktu s vlecnou siti, reaguji na
hluk bliziciho se tralu a jeho souéasti (Ona a Godg, 1990). Slysi’ hluk tralovych lodi,
nizkofrekvenéni zvuky lodnich trupl (pfevazné mezi 10 — 10000 Hz), pohybujicich se na
hladin¢ (Winger, et al., 2010). Vnimaji vibrace lodnich Sroubt, hluk zavazi, rozpérnych
desek a fetézii. Ryby vnimaji zvuky prostiednictvim vnitinitho ucha, které se nachazi v

blizkosti sttedniho mozku (mezencephalon) a také dalekohmatnym organem, postranni ¢arou

! Tresky (Gadus morhua) jsou schopné zaznamenat tral az na vzdalenost 3 km.



(linea lateralis). Vnitinim uchem ryby vnimaji zejména vyssi frekvence, zatimco proudovy
organ je citlivéjsi vici niz§im frekvencim. Experimentalné bylo zjisténo, ze podle
anatomické stavby zvukového aparatu a schopnosti 1épe vnimat tlakovou ¢i frekvencéni
slozku, lze ryby rozd¢lit na sluchové specialisty a generalisty (Hawkins, 1993; Amoser a
Ladich, 2005; Yan, et al., 2010). Specialisté vnimaji zvuky s $ir§im rozpétim frekvenci (az
do 3000 Hz), ale nizsi intenzitou. Generalisté vnimaji frekvence v uzs§im rozpéti (max. do
1500 Hz), zato o vyss$i intenzité. Mezi specialisty naSich vod patii naptiklad ryby z Celedi
sumcovitych (Siluridae) ¢i kaprovitych (Cyprinidae). Ke generalistim nalezi okounoviti
(Percidae) ¢i lososoviti (Salmonidae). Zajimavé vsak je, Ze ne vSechny hluky vnimaji ryby
negativné (Fredn, et al., 1993). Existuji dokonce piipady, kdy byly ryby lodnimi vibracemi
ptitahovany (Rested, et al., 2006). V soucasnosti je nicméné snaha omezit hluk rybatskych
lodi (Robertis, et al., 2010). Autofi se zabyvali testovanim hlu¢nosti dvou riznych
rybaiskych lodi. Béhem akustickych studii tresek pestrych (Teragra chalcograma)
v Beringové mofti zjistili, Ze ryby obzvlast negativné reaguji na nizkofrekvenéni zvuky
vyvolané zrychlenim ¢éstic pii pohybu lodniho trupu vodou.

Tralova sit’ je konstruovana tak, aby jejimi optickymi signaly byli Zivocichové
nasmérovani do jejiho usti. Prvni objekty, s nimiz se ryby v trase tralu obvykle setkaji, jsou
rozpérné desky. Ryby v jejich tésné blizkosti pfedvadéji tzv. ,,fountain® manévr (Winger, et
al.,, 2010), ktery je zalozen na optomotorické reakci (Fréon, et al. 1993) vuc¢i pevnym
predmétim?®. Ryby maji tendenci, pokud se vyhybaji n&jakému objektu, zachovavat vigi
nému stalou polohu. V dasledku toho jsou nékteré ryby pii vyhybani se s deskou
,»odklonény* do trasy tralu, zatimco jiné ho zcela minou. Zvlasté¢ nazorny je manévr u
hejnovych druhii. Ryby v oblasti rozpérnych desek dosud tral nevidi, ¢emuz u bentickych
tral pfispivaji zvifena oblaka materialu dna. , Nahanéci efekt maji také tazna lana mezi
rozpérnymi deskami a tralem (Misund, et al., 2002). Zvlasté u solitérnich druhl je proto
vhodné tato lana prodlouzit minimalné o 20 m. Kdyz zvitata dorazi do té€sné blizkosti Usti,
nastava nutnost rychlého rozhodnuti, jak zareagovat. Prave v této zon¢ se obvykle setkavame
s nejvyssi diverzitou reakci, které byvaji druhové i individualné charakteristické (Piasente,
et al., 2004; Winger, et al., 2004; Main a Sangster, 1983). Ackoliv kvantifikovat tinikové
chovani neni snadné, nékteré spolené rysy rozpoznat 1ze. Ryby, které se dostaly do Usti

tralu, mohou vykazovat pasivni ¢i aktivni chovani. Mlze nastat, Ze na sit’ nereaguji vilbec a

2 Cini tak prostfednictvim zachovani fixni pozice objektu na sitnici, ktery minimalng jednim okem neustéle
pozoruji. Casto timto zptisobem miji i potapéce.



nékdy s ni dokonce koliduji. V ptipadé, Ze reaguji, miizeme pozorovat dva typy reakci (Kim
a Wardle, 2003). V prvni fadé se jedna o jiz zminéné optomotorické chovani, kdy se ryby
oto¢i do sméru tahu a zacnou tral doprovazet. Tyto reakce jsou lépe predvidatelné. Druhym
typem reakci jsou eratické — chaotické, obtizné¢ piedvidatelné. V prostoru Gsti i u
koordinovaného hejna piechdzi diive ¢i pozdéji optomotorické chovani na eratické. Na
urovni jedince je mozné chovani v Gsti tralu ptirovnat k antipreda¢nimu chovani (Kelley a
Magurran, 2006), které se tyka reak¢nich prahd (Winger, et al., 2010). Kazdy Zivocich,
zjisti-li piitomnost predatora, musi vcas rozhodnout, dokdy setrvat na stanovisti (s
pred¢asnym unikem jsou spojené ztraty potravnich a jinych moznosti) a kdy nejpozdéji zacit
prchat (s pozdnim tunikem je spojeno riziko smrti). Re$enim je tedy optimalni unikova
vzdélenost, kterou lze definovat jako rovnovdhu mezi naklady vynalozenymi pro
pokrac¢ovani v dosavadni akci a naklady spojenymi s Unikem (vydej energie). Pravé na
podobném principu je zaloZena i tinikova reakce ryb v blizkosti tralu.

Sitovina, jeji tvar a kontrast, je ¢asti tralu, na kterou je pfi jeho konstrukei nutné brat
ohled. Na rozdil od taznych lan ¢i rozpérnych desek by méla byt sitovina pro ryby co
nejméné kontrastni viuéi prostiedi (He a Pol, 2010; Kim a Wardle, 1998), aby ryby
neodrazovala. Zrak ryb je velmi dobfe vyvinut a dilezité se podili pfi unikovych reakcich.
Neékteré druhy disponuji dokonce tetrachromatickym vidénim (4. typ Cipkt vnima UV
svétlo) a hlubinné ryby vidi az 100 x Iépe, nez ¢lovék (Arimoto, et al., 2010). Kontrast je
klicovym prvkem pro vnimani pfedmétl. Bylo zjisténo, Ze obecné ryby vnimaji 1épe svétlé
objekty na tmavém prostiedi, nebot’ tyCinky sitnice jsou citlivéj$i na svétlo nez Cipky.
Vzhledem Kk tomu, Ze do vétsich hloubek pronikaji predev§im modré a zelené slozky
viditelné ¢asti elektromagnetického spektra (Kalff, 2002), se za vhodné povazuje zejména
oranzové ¢i zelené zbarveni sitoviny.

Ryby v prostoru Usti se pokud mozno vyhybaji kontaktu s panely sité. Velka oka
prednich oddila pelagickych tralti byvaji vétsi, nez je velikost ryb, a piesto nemusi snizovat
ucinnost tralu. Ryby se vétSinou nesnazi proplout skrz né¢. Jak ukazuji laboratorni pokusy
Ozbilgina a Glasse (2004), ryby jsou vici novym objektim, s nimiz se poprvé setkaji,
nedavéfivé. Autofi studovali reakce tresek (Melanogrammus aeglefinus) o délce okolo 30
cm, které byly umistény v nadrZi ptepazené siti o riiznych velikostech ok. Ryby byly pfedem
trénované na ziskani potravy metodou klasického podminovani. Bazén byl uprostied
pfepazen siti s ¢tvercovymi oky (velikost 200 mm). Ryby byly motivovany k proplouvani
sitovinou prostiednictvim potravni odmény. Béhem prvnich péti pokust se zvifata odmitala

k siti ptiblizit, teprve po ¢trnactém opakovani proplula polovina ryb a pii tficatém propluli



vSichni jedinci. Jakmile védci zménili velikost ok, situace se opakovala. Obdobny pokus
Vv laboratornich i terénnich podminkach uskutec¢nili s hejnem makrel Glass a Wardle
(1995h), kteti pozorovali odmitavy postoj téchto ryb vaéi ,.Cernému” tunelu (simulace
koncového sbérného vaku tralu), ktery se makreldm patrné jevil jako oteviena tlama
predatora. Vliv velikosti ok sitoviny na selektivitu tralu je pfedmétem mnoha praci.
Piasente, et al., 2004; uvadi, Ze zvétSenim ok piednich ¢asti panelti o 10 mm (z 90 na 100
mm) muze selektivita stoupnout az o 30 %. Obdobné zaznamenal v nasich podminkach
Riha, et al., 2012. Selektivita tralu podstatng ovliviiuje velikost Glovku (Engas a Godg,
1989). Zatimco snahou komer¢niho rybolovu je selektivitu zvySovat a omezit tak nezadouci
vedlejsi tlovek (,,by-catch®), tralovani pro védecké ucely naopak, pro potieby efektivniho
vzorkovani rybich obsadek, vyzaduje nizkou selektivitu. Pro zvySovani selektivity se
pouZivaji nejriizngjsi selektivni zatizeni®*, jako jsou modifikované oddily panel koncového
vaku ¢i pfi¢né rosty (Valdemarsen a Suuronen, 2001; Graham, 2010). Ty umoziuji
propluti pfili§ malym jedincim a druhtim, které netvofi cileny tlovek (kytovei, Zraloci,
moiské Zelvy). Pro vzorkovani evropskych nadrzi pouzivame obvykle traly, z nichz kazdy

disponuje nékolika riznymi velikostmi ok sitoviny.

1.1. Variabilita unikovych reakci

S nejruznéj$imi typy reakci se setkavame béhem pelagického i bentického tralovani.
O tom, jak miize byt chovani vici tralu variabilni, pojednavaji ptiklady z nésledujicich praci.
Main a Sangster (1983) pozorovali hejno tresek (velikost az 40 cm), jak se chova pfi
tralovani. Ackoliv se jedna o hejnovy druh, nebyla pozorovana ani reakce vici rozpérnym
deskam ani doprovézeni tralu. Ryby se pohybovaly rychlosti tahu (1,5 m.s™) v trase tralu
mezi oddily hornich a spodnich taznych lan (,,briddles*) a rozpérnymi deskami asi pul
druhého metru nade dnem. Jakmile se tresky piiblizily tésné k siti, nadepluly dolni Zini a
pohybovaly se v blizkosti sitoviny. Svoji pfitomnosti patrné ovliviiovaly nové piichozi
jedince, nebot’ tito se diive otaceli do sméru tahu. Je znamo, Ze nékteré rychle se pohybujici

pelagické druhy (kranasi, tundci, makrely) ptfedvadéji v prostoru tralu tzv. ,cruising

* Odkaz na zdroj citace: <http://www.fao.org/docrep/008/y6981e/y6981e09.htm>
* Odkaz na zdroj citace:<http://www.eurocbc.org/page127.html>
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behaviour®, kdy rychle vpluji do prostoru tralu a zase jej opusti. Dosahuji pfi tom vysSich
rychlosti nez samotny tral (Winger, et al., 2010).

Jinym ptikladem je chovani bentickych druht, jako jsou platysi, kambaly, d’asi apod.
(Ryer, 2008). Nejedna se o vytrvalé plavce, ktefi zaujimaji jinou strategii inikovych reakci.
Obvykle nehybné spocivaji na motském dné¢ a na tral reaguji az v jeho bezprostiedni
blizkosti. Né&kdy nereaguji vibec. Antipredaéni chovéani téchto ryb totiz spociva
v maskovacim zbarveni a velmi kratkych dnikovych vzdalenostech. Platysi a kambaly
vstupuji do tralu obvykle tésné nade dnem a na tral zaéinaji reagovat az v posledni chvili,
Casto po kontaktu se spodnim taznym lanem ¢i se spodni zini (Winger et al., 2004). Platysi
a kambaly vici zadnim oddilim taznych lan reaguji jinak nez vétSina ryb. Vyrusené ryby
vyrazeji kolmo k lantim nezavisle na vzdalenosti od usti. U téchto ryb byly pozorovany dva
rozdilné typy plavani pti unikové reakci, které jsou, pravdépodobné, velikostné zavislé.
Ryby mensi nez 30 cm vétSinou od piekazky odplouvaji s pravidelnou frekvenci ocasnich
uderti, zatimco vétsi jedinci preferuji chovani ,klouzavého letu”. Tésné pred prekazkou
vyrazi vpted a urCitou vzdalenost ,.klouZou* vodnim sloupcem nez se opé€t usadi na dné.

Ve vodach Australie byly studovany reakce 10 druhli ryb vici pelagickému tralu
(Piasente, et al., 2004). Sledovacim zafizenim byla opticka kamera a hloubka tralovani se
pohybovala od 90 — 650 m. Autofi béhem dne pozorovali rozmanité typy reakci v riznych
ro¢nich obdobich. Treskovnici novozélandsti (Macruronus novaezelandiae) pasivné
odpocivali na dné ¢i ve vodnim sloupci. Po kontaktu s tralem byly pozorovany kratké
narazové vypady a snaha uniknout ,kiidly* tralu ¢i sitovinou horniho panelu. Po 10s
kfizovanim tsti tralu se obvykle nechéavali pohltit. Zcela jinak se chovala hejna zplostélct
indickych (Neoplatycephalus richardsoni - Platycephalidae), ktefi na tral reagovali
V horizontalnim sméru a doprovazeli ho okolo 60 s. Prudké vypady stiidalo klouzavé
plavani, a jakmile se zplostélci unavili, vstupovali t€sné nade dnem do prostoru sité. Po
kratkém odpocinku v koncovém vaku se jeSt¢ pokouseli uniknout, coz casto vedlo ke
kontaktu s hornim panelem. Aktivné se v prostoru tralu chovaly také jedinci druhu Rexea
solandri (Gempylidae), ktefi se drzeli pii hornim panelu tralu a snazili se jim piipadné
uniknout. Nejéastéjsim typem reakci v Usti a v prostoru tralu bylo kratké prudké vyrazeni
smérem vpred rychlosti vyssi, nez byla rychlost tahu. Chovani ryb odrazi ptednosti habitat
jednotlivych druhti (Fredn, et al., 1993). Podle toho se ryby zdrzovaly spiSe vV hornim ¢i
dolnim prostoru tralu. Ve Frednové praci se setkavame Spomérné Castymi pokusy ryb
proplout skrz sitovinu a to dokonce i v koncovém vaku, kde jsou moznosti tniku snizené

(mala oka sitoviny).



Z uvedeného vyplyva, Ze ryby vici tralu predvadéji nékolik typ reakci, z nichz
nejcastéjs$i jsou nasledujici: 1) Pelagické druhy vstupuji do prostoru Gsti ptevazné v jeho
horni az stfedni ¢asti. Plavou rychlosti, pfi které tral uréitou dobu doprovazi, nez se unavi a
nechaji se pohltit. Ojedinéle se mohou pokouset uniknout sitovinou horniho panelu. Castéji
vSak byly pozorovany reakce v horizontalnim ¢i vertikalnim sméru (Pyanov, 1992;
Rakowitz, et al. 2012); (Obr. 1). 2) Pokud se jedna o zvlast¢ vykonné plavce, jsou
znamy piipady, kdy vpluji do tralu a opét jej opusti, je-li rychlost tahu pfili§ nizka. 3)
Naopak, druhy bentické, ¢i zdrzujici se v blizkosti dna, do prostoru Usti vstupuji tésné nade
dnem. Casto odpoéivaji na spodnim panelu s ob&asnymi prudkymi vypady do riznych
sméri. Bentické druhy predvadéji typické ,.klouzavé plavani, pii némz se stiidaveé usazuji
na dné€. Mohou se pokouset uniknout pod dolni Zini tralu ¢i sméfuji kolmo na spodni oddily
taznych lan a dolni ziné (Winger et al., 2004). Vycerpané ryby, které se nechaly pohltit, se
jesté v koncovém vaku mohou pokusit o unik. Vzhledem ke zna¢nym turbulentnim proudiim

a Castym kolizim s ostatnimi jedinci je takovych jedinct jen malo.



1.2. Tral v roli predatora

Z hlediska chovani ryb pfti tralovani lze pohlizet na pohybujici se tral podobné jako
na pfiblizujiciho se predatora. Stejné¢ jako u ostatnich obratlovet i u ryb hraje uceni dilezitou
roli. Ackoliv byla schopnost uc¢eni u ryb v minulosti odmitana, dnes se s ni setkavame v
riznych pracich. Prehled podava naptiklad Brown, et al., 2006. Ryby maji schopnost
sd€lovat si informace a aktivné Si je mezi sebou piedavat. Pti studiu jejich reakci vaci
tralovym sitim ¢i jingym lovnym prostfedkim je nezbytné zohlednit n¢kolik riznych faktort,
jako je antipreda¢ni a socidlni chovani ryb, typy loveckych strategii a reakce na n¢, smysl
pro orientaci, chovani mezi jedinci svého a ciziho druhu ¢i jejich vzajemnou spolupraci.

U ryb se vyvinulo mnoho zpisobu, jak se vyhnout pfimému stfetu s predatorem a
usetfit tak energetické vydaje spojené s Unikovym chovanim (Winger, et al., 2010). Ryby
zvlasté citlivé reaguji na pachy (kairomony - poplasné latky odpadnich produkti)
vylucované svymi piirozenymi nepiateli, aktivn¢ se t€émto pachim vyhybaji a varuji pred
nimi vlastni piislusniky druhu (Browa a Chiverse, 2006)°. Ackoliv je patrné, 7e chemické
podnéty jsou klicovym antipreda¢nim ,,spoustééem® (Kelley a Magurran, 2006), celkovy
vjem predatora si jedinci fadné vstipi az po optickém kontaktu s nim. Naptiklad nezkuSeni
jedinci (Gobiusculus flavescens) negativné reagovali na pach tresky az poté, co ji osobné
vidé€li a spojili si pach s optickym vjemem. Ryby se zvlasté obavaji ryb s proporéné velkou
tlamou a o¢ima. Pravé zde lze pozorovat paralelu s optickym vjemem tralové sité¢ (Glass a
Wardle, 1995 b), kterou mohou ryby vnimat jako hrozbu.

Schopnost zapamatovat si trasy pii migracich na trdlisté ¢i zimovisté a jejich nauceni
se od starSich generaci v hejnu byla pozorovana u mnoha hejnovych druhi ryb (Odling-
Smee, et al., 2006). NaruSeni komunikace mezi mladSimi kohortami a zbytkem hejna
(absence star$ich ro¢nikt) miva negativni vliv na migra¢ni vzorce (Fernd, et al, 2006). U
cejna velkého (Abramis brama) bylo pozorovano, Ze v souvislosti s negativni zkuSenosti
(opakované setkani s tralem) dochédzi k vyhybani se siti, snaz§imu uniku z tralu a pfi
opakovaném tralovani i k pfesouvani do jiné oblasti (Pyanov (1992, 1993). Ryby, které
ptezily kontakt se siti, maji vySsi Sanci se ji v budoucnosti vyhnout a taktéz ovlivnit chovani
nové¢ piichozich jedinct (Pyanov, 1993; Fréon, et al., 1993). U jedinct zijicich v hejnech
bylo prokézano rychlejsi pfedavani informaci o blizicim se nebezpeéi a schopnosti naucit se

na né reagovat, nez je tomu v ptipadé¢ paru ¢i jednotlivet (Alfieri a Dugatkin, 2006).

® Jako piiklad autofi uvadgji korusky, jez se silng vyhybaly okouniim krmenym pravé koruskami, zatimco
okountm, kterym byla podavana jina strava, korusky téméf nevénovaly pozornost.
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2. Faktory ovliviiujici inikové chovani ryb

Existuje mnoho faktort, které ovliviiuji chovani ryb ve vztahu k vle¢nym sitim. Mezi
zékladni abiotické vlivy patii svételné podminky, denni doba, teplota prostiedi, hloubka,
doba a rychlost tahu, v neposledni fadé také konstrukce tralu (plocha tsti, délka taznych lan,
hlu¢nost); (Itaya, et al., 2007; Jiza a Kubecka, 2007). Biotické faktory zahrnuji diurnalni
¢i anudalni aktivitu ryb, jejich momentalni ,,vyladéni®, fyziologickou kondici ¢i hejnové

chovani.

Okolni viditelnost

Svételné podminky pod vodni hladinou jsou Gasto limitujici®. Na mofi viditelnost
kolis4 v fadech desitek az stovek metri.”® Ve sladkovodnim prostiedi (turbidita, eutrofie) je
viditelnost ¢asto omezena jen na nékolik desitek centimetrti (Kalff, 2002). Zatimco za dobré
viditelnosti na mofi jsou ryby schopny tralové sité¢ odhalit jiz ze 40m vzdalenosti, v noci,
v téze oblasti, tral nemusi vidét vibec. Mnozstvi okolniho svétla podstatné ovliviuje
chovéani ryb (Olla, et al., 2000). V podminkach se snizenou viditelnosti jsou hejna
sitovinou a ostatnimi soucastmi. Vliv svételnych podminek na reakce ryb velmi zavisi na
prostiedi, kde je tralovani provozovano. Zajimavou praci provadéli Jamieson, et al. 2006,
ktefi zjistovali svételné podminky v riznych hloubkach a vyvozovali mozné reakce ryb
v riznych svételnych podminkach. Pro detekci svételnosti prostfedi byla pouzita ISIT
kamera citlivd na modré svétlo, které ryby dobie vnimaji. Bylo zjiSténo, ze se zasadné& 1i8i
podminky pro vizualni vniméni tralti v zavislosti na tom, zda jde o fotickou® & afotickou

zonu. Ryby, vyskytujici se ve fotické vrstvé vodniho sloupce, jsou pfizpusobeny k vnimani

® Odkaz na zdroj citace: <http://hyperphysics.phy-astr.gsu.edu/hbase/chemical/watabs.html>.

v

Kraterového jezera, kde byl Sechiho disk pozorovan jesté v hloubkdch 50 m. Hranice afotické zony byva
dosazeno v asi 500 m.

® Odkaz na zdroj citace: <http://www.eoearth.org/article/Secchi_disk>

% Fotickou zénou rozumime hloubkovou vrstvu, kam jesté pronika zbytkové svétlo z hladiny vyuZitelné pro
fotosyntézu. V moiském prostiedi se nachazi v ptiblizné 250 m. V rAmci riznych prostredi je vSak velmi
variabilni.
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zbytkového svétla z hladiny a vnimaji tral jinak, neZ batypelagické druhy'®. Svételné
podminky hraji pfi tralovani dulezitou roli jakoz jeden z hlavnich faktort ovliviiujici reakce
ryb. Také u ryb zdejSich nadrzi je patrny vztah mezi aktivitou a svételnymi podminkami
prostiedi. Behem dne, za vyssi okolni viditelnosti'?, ryby vykazuji vyssi aktivitu a zdrzuji se
V tésn&jsich agregacich. P¥i tralovani za dne bylo pozorovéno vice Gnikovych reakci®? ve
srovnani s noci, kdy je naopak vykazovana nizka aktivita a ryby na tral téméf reaguji. V noci
se ryby zdrzuji pfevazné v hornich vrstvach vodniho sloupce, pfi¢emz jejich agregace jsou

[ 24

(Rakowitz, et al., 2012).

Doba a rychlost tahu, velikost Usti tralu

Velikost jedince a rychlost plavani jsou dilezitymi faktory, je-li posuzovana G¢innost
tralu. Obvykle se rychlost tahu pohybuje od 3 — 6 uzli (cca 5, 5 — 9 km.h™) p#i namoinim
tralovani. Ve sladkovodnim prostfedi byvé tato rychlost podstatné nizsi, asi do 5 km.h™
(Mason, et al., 2005; Olin a Malinen, 2003). Hejno mize tral doprovazet pouze urcitou
dobu, nez se ryby unavi a jsou pohlceny do koncového vaku. Vyssich rychlosti je potieba
dosdhnout pti lovu rychlych pelagickych druht jako jsou tunéci, kranasi, pelamidy, tresky
nebo makrely. Je-li rychlost nedostate¢na, ryby prostor sité opusti. I tak hejno vydrzi
s tralem plavat jen nékolik minut. Zavisi ptitom na jejich fyziologické vytrvalosti. Zatimco
velké ryby pred tralem dosahuji max. rychlosti okolo 3 m.s™, kterou udrzuji az 15 min, malé
ryby vynaloZi na dosazeni stejné rychlosti mnohem vice Gsili. Vydrzi plavat jen n¢kolik
desitek vtefin, nez vycCerpaji zdsoby glykogenu ve svalech. U ryb, jejichZz velikost se
pohybuje mezi 15 — 25 cm je délko — rychlostni zavislost zvlasté patrnéd (Breen et al., 2004).
Na pohyb ryb, jakozto poikilotermnich zivoc¢ichl, ma znacny vliv teplota prostiedi, ktera

omezuje svalovou &innost™®. Plati, Ze na kazdych 10 °C se rutinni migra¢ni rychlost ryby

% O batypelagickych rybach se predpokladalo, Ze u nich zrak nehraje velkou roli. Pesto bylo zjisténo, Ze
citlivé reaguji na bioluminiscenci, ktera je jedinym svételnym zdrojem v jejich prostfedi a zachyti i minimum
pfitomnych fotonli na vzdalenosti az nckolika desitek metrd. Tral byl ve vétsi hloubce po nasviceni patrné
kontrastné;jsi.

! piikladem mohou byt hodnoty prihlednosti nam&fené v srpnu roku 2009 a 2011 na vodnich nadrzich Rimov
a Zelivka. Pohybovaly se piiblizné mezi 1-2 m (Rimov 2011) a az 3,5 m (Zelivka 2009).

12 ptikladem jsou udaje z vodni nadrze Zelivka (2009), kde bylo pozorovéno celkem 33 unikovych reakci,
z toho pouze 4 byly nocni.

B3 Vyjimku tvofi n&které makrelovité ryby a paryby (Lamnidae, Mobulidae, Alopidae), u nichz se vyvinula
Casteéna heterotermie (Graham a Dickson, 2004), coz jim pomaha se 1épe vyrovnat se zm&nami prostiedi.
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ptiblizné zdvojnasobi. Naptiklad sled’ obecny (Clupea harengus) o velikosti 25 cm urazi za
vtefinu 1 m pfi 14 C°, zatimco pfi 4 C° to je sotva 0,5 m.

Pii vysokych ¢i pfili$ nizkych rychlostech béhem tralovani hrozi poSkozeni zafizeni a
snizeni efektivity lovu. Zatimco optimalni rychlosti plavani mnohych druhli ryb jsou
pomérné dobie znamé, podstatné méné toho vime o prahovych hodnotich (,,tresholds®)
pohybu (Breen, et al., 2004). Je znamo, ze se ryby po ur¢itém ¢ase unavi a smétuji do téla
tralu, kde se vSak jest¢ mohou pokusit o Unik. Udrzuji si tedy urcité energetické rezervy.
Ryby vyuzivaji pfi béZznych rychlostech pohybu bilou svalovinu (Thurman a Trujillo,
2005), zatimco pro maximalni vykon pfebiraji jeji funkci ¢ervena svalova vlakna bohatd na
myoglobin (Graham a Dickson, 2004). Maximalni ,,udrzitelna“ rychlost je dana prahovou
hodnotou aerobniho metabolismu. Piikladem mohou byt tresky jednoskvrnné
(Melanogammus aeglefinus), u kterych byla pokusné stanovovana maximalni udrzitelna
rychlost. Ryby byly pfed méfenim rozdéleny do skupin podle velikosti pro minimalizaci
vlivu délky'. Po dobu 200 min byly pii konstantni rychlosti stimulovany k plavani
cirkularni nadrzi, dokud se zcela nevycerpaly (Breen, et al. 2004). Uvniti jednotlivych
skupin byly nalezeny rozdily ve vytrvalosti jednotlivcl. Pro 16cm tresky byla naméfena
,hrani¢ni rychlost 38 cm.s™, zatimco pro 40cm ryby 62 cm.s™. Malé ryby viak mély
poméme¢ veétsi  vydrz oproti  velkym jedincim, coz pravdépodobné souvisi
S hydrodynamickym odporem (ten se zvySuje s rostouci velikosti t€la). Maximalni mozna
rychlost, kterou vydrzely 40cm tresky plavat po dobu 15 min, byla 0,9 m.s™'! Podle Itayay,
et al., 2007 se krom¢ rychlosti tahu na téinnosti tralu také podili velikost plochy usti tralu.
Ve svém pozorovani autor pouzil tfi traly o stejné velikosti ok sitoviny (plochy usti: 4, 12 a
16 m%). Zatimco nejvetsi z nich chytal vétsi jedince, ktefi méli Sirsi velikostni spektrum, do
malého tralu se chytaly pouze malé ryby. Uinnost lovu mezi velkym a malym tralem se

prikazné nelisila, zato byly pozorovany zavislosti na velikosti ulovenych jedinct.

Jejich tepenna krev se ke svalim dostava ptedehiata diky specifickému — protiproudému uspofadani cév a
ptitomnosti vysokého podilu cervené svaloviny. Krev vracejici se ze svalil ohfiva ptichozi tepennou krev, coz
minimalizuje tepelné ztraty. Tyto ryby udrzuji az o 10 °C vys3i télesnou teplotu (nikoliv viak pohybem) oproti
okolni vode.

1 Jedinci o velikosti 16 cm na stejnou vzdalenost vykonaji vice ocasnich iidert nez ryby 40cm.
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Vliv hejnového chovani

Kromé zvukovych ¢i optickych signalt ovliviiuje reakce ryb v Usti tralu také hejnové
chovani (Fernd, et al., 2006; Gerlotto, 1996; Pitcher a Parish, 1993). Ac¢koliv maji ryby
ve vétsich hejnech ¢i stisnénych prostorech nizsi pozadavky na ,,0sobni prostor®, bylo
prokazano, Ze jsou velmi citlivé na rozestupy v hejnu (Karpenko, et al., 1997). A pokud je
piekroCena urCitd mez, vyvola ,prerybnéni“ paniku jako pravé v prostoru tralu. Védci
provadéli akvarijni pokusy s cejny, ploticemi a ouklejemi. Nejprve byly ryby pozorovény v
klidu. Védci tim ale neziskali hodnotu ,,prahovych rozestupt“ ryb. Pokud bylo hejno
50hlavé, udrzovali jednotlivei mensi rozestupy (0,26 m) nez V piipadé, pokud jich byla
polovina (30 cm). Jakmile byly ryby vystaveny tralu, ktery je nutil se shlukovat na omezené
Casti nadrze, pozbyly svého minimalniho prostoru a zacaly panikafit. Jakkoliv na pocatku
odmitaly proplout sitovinou, pfi poklesu rozestupii na 0,05 m tak z nouze Cinily. Toto
chovani lze rovnéZz pozorovat pii skute¢ném tralovani. Kdyz se ryby dostanou do usti,
shluknou se, ale jesté si drzi urcity prostor pro manévrovani. Poté, co se dostanou do téla
tralu, chovani zméni. Stisnény prostor v suzujicim se téle tralu a zvySujici se pocty noveé

T ST VP — 15,1
prichozich jedinci zpiisobi po piekrogeni kritické hodnoty rozestupu eratické reakce.'>*°

Denni, nocni a sezonni aktivita

Diurnalni ¢i anualni aktivita souvisi s vyskytem ryb v ur¢itém prostoru vodniho
sloupce, coz ovliviiuje velikost lovku pii tralovani a dobu vhodnou pro vzorkovani. Nejen
u moiskych ryb, ale rovnéz u ryb evropskych sladkovodnich nadrzi, se setkavame se
znaénymi rozdily mezi denni a no¢ni aktivitou (Prchalova et al., 2010). Z hlediska migra¢ni
aktivity ryb naSich nadrzi 1ze rozpoznat dva hlavni vrcholy, a to pfi svitani a za soumraku.
Naopak, pokud se jedna napiiklad o potravni aktivitu, jsou ryby v pelagialu aktivni béhem

dne. V noci je aktivita nizka, ryby volné postavaji v hornich vrstvach vodniho sloupce.

> Mezni hodnoty pro rozestupy se lisi v riznych castech tralu a jsou zndmé pro rtizné druhy (cejni, plotice,
sardinky, makrely, kranasi, oukleje). Koeficient ,,t€snosti* je roven soucinu hustoty hejna (pocet jedincti na 1
m®) a tfeti mocning praim&ré vzdalenosti mezi jedinci. Vyjadfuje hodnotu rozestupu, ktera se pro oblast usti
pohybuje mezi 4,7 (pro cejna) a 9 (pro ouklej). To odpovida béznému rozestupu v migrujicich hejnech téchto
ryb. V kritické oblasti, kde ryby zac¢inaji panikafit, tato hodnota rovna dvéma u vétSiny druht. Tj. pro 20cm
(SL) cejna velkého je limitujici zhruba 6cm vzdalenost (Karpenko, et al., 1997).
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Jedinci v hejnech zaujimaji vétsi rozestupy (Godg a Valdemarsen, 1993). V noci je obvykle
nejvhodnéjsi obdobi pro jejich vzorkovani vle¢nou siti a akustické monitorovani pomoci
sonaru (Drastik et al., 2009; Djemali et al., 2008).

3. Souhrn teoretické ¢asti

Tralovani je efektivni metoda, kterou je mozné obsédhnout rozsahlé vodni objemy za
kratky Cas a Ize ji porovnavat s ostatnimi metodami vzorkovéani (Olin a Malinen, 2003;
Schmidt, et al., 2005; Mason, et al., 2005). Prvni studie chovani ryb v souvislosti
s vlenymi sitémi byly provadény pro potieby komeréniho namoiniho rybolovu, pro ktery
bylo tralovani doménou mnoho desetileti (Hayes, et al., 1999)'". Proto se nejéastdji
setkdvame s pracemi pojedndvajicimi o treskach, sledich, makrelach, platysech a jinych
frekventované lovenych druzich (Main a Sangster, 1989).

Ryby mohou vi¢i tralim vykazovat vysokou diverzitu reakci (Piasente, et al., 2004).
Selektivita a ucinnost pouZivanych trald a souvisejici reakce lovenych ryb na né jsou
zakladni faktory ovliviiujici odhady rybich spolecenstev v pelagidlu mofi, jezer 1 vodnich
nadrzi. Zpisoby reakce na tral jsou druhové i velikostné specifické a zalezi na mnoha
riznych faktorech (denni doba, bentické ¢i pelagické druhy ryb, fyziologicky stav, predchozi
zkuSenost, hloubka atd.). Pro analyzu reakci vici tralové siti je nutné znat biologii a ekologii
ryb, které jsou cilem lovu (Fernd, et al., 2006). Rybi chovani vuéi siti mize byt obdobné
jako vuci predatorim a pozorované reakce jsou druhové specifické. Klicovym faktorem pro
unikovou reakci jsou opticko-akustické podnéty z prostiedi (Kelley a Magurran, 2006).
Nez se ryby dostanou do Usti tralu, slysi hluk bliziciho se zatizeni (Hawkins, 1993; Amoser
a Ladich, 2005). Za dobrych podminek viditelnosti se mohou tralu vyhnout jiz stovky metra
pfedem. Vizualni kontakt ma pii kontaktu s vleCnymi sit€émi zasadni vliv. Pokud se ryby
dostanou do prostoru pted usti, musi rychle reagovat. Pfed¢asné opusténi stanovisté¢ muze
znamenat energetické ztraty, pozdni naopak riziko smrti. Snahou je volit kompromis mezi
obéma mozZnostmi neboli hledat optimalni Unikovou vzdéalenost. Obvyklé chovani,

predvadéné v Gsti tralu, je plavani ve sméru tahu (Kim a Wardle, 2003), kdy ryby zaujmou

7 Tralové sit& jsou na mofi uzivany od pocatki 19. stoleti, atkoliv jejich historie je znama jiz od roku 1376,
kdy byl tdajné pouzit prvni benticky tral. Jednalo se patrné o skotsky ,.beam trawl®, typ tézkého bentického
tralu s pevnym ramem zvany ,,Wondyrchoum*. Odkaz na zdroj citace:

< http://www.aquaticcommunity.com/news/lib/305>
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fixni polohu viici sitovin€ a mezi sebou v hejnu. Jakmile se unavi, vysttidaji koordinované
plavani prudké, smérové nepiedvidatelné, eratické reakce. Nakonec jednotlivci sméfuji do
koncového vaku. S odlisnymi reakcemi se zde setkavame u bentickych a pelagickych druhu.
Vétsina ryb s tralem vydrzi plavat jen omezenou dobu, nez vycCerpaji energetické zasoby.
V koncovém vaku jiz vétSinou nemaji dostatek sil, aby piekonaly turbulence a napor
ostatnich jedinct a vratily se k Usti. | tak jsou popsany ptipady, kdy se o to ryby pokusily.
Pokud se ryby opakované v kratSich intervalech setkaji s tralem, dokazou se mu
naucit efektivné vyhybat a negativni zkuSenost si mohou pamatovat az po dobu jednoho
roku. Jsou znamy piipady, ze stacilo jediné tralovani aby pii druhém poklesl pocet

chycenych ryb (Fredn, 1993; Pyanov, 1992, 1993).
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Prakticka ¢ast je zpracovana ve formé rukopisu pro odborny ¢asopis.

Fish behaviour in response to a pelagic trawl

footrope

Z. Sajdlova®”, J. Kubetka®®, V. Drastik®, M. Riha®

a) Biology Centre , Institute of Hydobiology, Academy of Sciences of the Czech Republic, Na Sadkach 7, 370
05 Ceské Budéjovice, Czech Republic

b) Faculty of Biological Sciences, University of South bohemia, Branisovska 31, 370 05 Ceské Budéjovice,
Czech Republic

Abstract

The main aim of this study was to analyze fish behaviour in response to a surface
paired trawl in two temperate reservoirs with respect to its efficiency. SIMRAD EK 60 (38
kHz) split-beam echosounder attached to the headrope was used for monitoring of fish
behaviour in a trawl mouth. Fish were monitored during both day and night. We analyzed
fish velocities and directions of swimming (in vertical plane), their size distribution as well
as relationship between behaviour and water transparency, temperature and oxygen
stratification. Significant differences between day and night distributions were found out.
While in day time fish were more active and more avoidance reactions were observed, at
night, fish have tend to stay standstill in a water column with no obvious reactions. A higher
probability that fish occur in a trawl path was at night. During day time larger individuals
were observed in the trawl path, in contrary to night time when smaller fish prevailed. More
avoidance reactions were observed during day time in both reservoirs. During strong
avoidance reactions fish dove up to 3 m below the footrope. Also complexity (tortuosity) of
a fish motion was evaluated. However, significant results were obtained only in some cases.
Dependence between fish size and velocity was only slightly significant, partly due to low

number of observations.
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4. Introduction

Fish behaviour in response to the active fishing gear has been studied by many
authors worldwide and is known mainly in marine commercially hunted species (Piasente,
et al., 2004; Main and Sangster, 1983; Olla et al., 2000; Winger et al., 2004). However,
the same does not pay in freshwater ecosystems where observations of this behaviour are
quite rare (Rakowitz, et al, 2012; Schmidt, et al., 2005) and fish reactions have been poorly
understood. It is known that fish behaviour performed in proximity of the active fishing gear
is often species specific and influenced by many abiotic and biotic factors (Winger, et al.,
2010). Therefore, it is usually difficult to generalize it. Differences are found in benthic and
pelagic species as well (Ryer, 2008). In solitaire individuals, avoidance reactions are usually
more eratic and disorganized than it is in case of shoaling fishes. Fish are highly dependent
on their sensory perception and stimuli responses (Glass and Wardle, 1995b; Hawkins,
1993). They can hear approaching trawl well hundreds of meters away and as they are
getting closer, sense of vision is used for detection (Guthrie and Munz, 1993; Arimoto et
al., 2010; Glass and Wardle, 1989). Fish responses to a trawl gear are similar to anti-
predator behaviour. Basically, we can describe it as a “trade-off” between costs of settling
vs. costs of fleeing where the optimal escape distance is found out (Winger, et al., 2010).
Fish are careful with unknown objects in their environment (Ozbilgin and Glass, 2004) and
learning plays an important role in their life. In some heavily fished grounds and especially
after frequent meetings with trawls, fish were observed to avoid these dangerous habitats
several weeks or months later (Pyanov, 1992, 1993; Fredn, 1993).

The extended knowledge about fish behaviour in response to a trawl gear is needed
for quantitative sampling of fish communities in lakes and reservoirs (Kubecka, et al.
2009). Information about fish positions and activities is crucial for estimates of the sampling
gear efficiency. Also, new knowledge about fish behaviour is beneficial not only in biology
but also ecology or behavioural studies.
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The main goals and assumptions of this work were following: 1) to find out fish
distribution in a water column to evaluate time more suitable for trawling; 2) to find out
slope of fish trajectory in a water column which can predict vertical motion of fish. 3) to
check whether avoidance depends on fish size; 4) to summarize connections between fish

behaviour and main abiotic factors.

5. Materials and methods

5.1. General characteristics of studied areas

The survey was conduced at the two temperate reservoirs, Zelivka and Rimov in
2009 and 2011. Zelivka is located in the central Bohemia (49°43°32""N; 15°05"20""E).With
its surface area of 14,3 km? mean depth of 17 m and volume of 250 mil. m® it belongs to the
largest reservoirs in the Czech Republic. Rimov is located in southern Bohemia
(48°51°00""N; 14°29°30"'E), surface area of 210 ha, mean depth of 16 m and volume of 33
mil. m®. Both reservoirs are canyon-shaped and well stratified as for the temperature,
dissolved gasses etc. Summer thermocline usually extends in 3-5m depth. Water
transparency is low, usually not exceeding 3 m. Under local geographical conditions Zelivka
and Rimov possess dimictic character with mixing water strata in spring and autumn. Water
bodies of this type are also typical for longitudinal gradient sharing common features of both
lakes and rivers. Although they are not the only species found there a common bream
(Abramis brama), a roach (Rutillus rutillus) and a bleak (Alburnus alburnus) are among
most frequently caught fishes in Zelivka and Rimov (Prchalova et al., 2008; Vasek et al.,
2004). Highest abundance is found in tributary zone where shallow, warm, nutrient and

oxygen-rich waters occur.
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5.2. Experimental design

Our study was conducted during summer period of August in 2009 and 2011. A pair
boat pelagic trawling was carried out to sample pelagial of both reservoirs. Trawlers
powered by inboard engines of 47 and 153 kW respectively were used and their velocity
during the tows reached 4-5 km/h.

Surface trawl parameters were following: full body length (mouth-codend) was 38 m,
vertical mouth opening was about 8 m, effective horizontal mouth opening was 10 m,
sweeps” length was 50 m and mesh sizes (knot to knot) were 80, 40, 20 mm (main body) and
10 mm (codend). For further details, see Riha, et al., 2012. To maintain optimal geometry in
the tow, two weights — 2 x 80 kg were connected to the footrope. The depth of a footrope
was about 8 m during tows in Zelivka and between 6 - 7 m in Rimov where lighter weights
were used. Because of fish in Czech reservoirs inhabit mostly surface layers above the
thermocline the headrope with floaters and buoys were towed at the surface during all
trawling operations. With respect to uneven bottom depth of the reservoirs, two small
supporting boats were used to control depth of the footrope and to monitor GPS position of a
trawl mouth (Fig. 1).

Two types of trawls were used in Rimov 2011; one with big meshes (Big Meshed
Trawl - BMT) and one with smaller meshes (Small Meshed Trawl - SMT). The later one was
used only at night to test the activity of small-size fish (bleak and +1 individuals of roach
and bream). The hydroacoustic recordings from two different trwalings were analyzed
separately. Hauls from years 2009 and 2011 (Rimov) were pooled together as the same type
of trawl was used.

Abiotic factors such as ambient temperature, water transparency (Secchi disk was
used; Kalff, 2002) and oxygen stratification were measured by YSI 556 MPS probe at
several localities in both dams where trawling was conduced. Examples from Zelivka and
Rimov are shown in Fig. 5.

SIMRAD EK 60 split-beam echosounder operated on frequency of 38 kHz.
Composite transducer with nominal beam angle of 12 deg. was fixed to the central part of
headrope and used to observe the volume in the trawl mouth. A sailboard 3 m long served as
a floater and carried the transducer. Both echosounder and computer were placed in the
supporting boat. The system calibration was done according to the Foote, et al., 1987. The
lowest size threshold in the acoustic data was set — 54 dB because recognition of the smallest

targets was difficult and might be inaccurate. The ping rate was between 4,5 ping per sec.
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and 8 pings per sec. In total 5 vessels took part of the operation; two trawlers, two supporting

boats and the “catch inspection” boat, where fish from the codend were concentrated,

measured and identified into species. Main overview of hauls is shown in Tab. 1.

Table 1: General characteristics of hauls.

total time (h) of total
total number of  total number of  acoustics medium towing  medium tow sampled
DAY hauls NIGHT hauls observation velocity (km/h)  duration (min)  area (ha)
Zelivka
2009 9 7 6 4 37,4 70,3
Rimov
2009 6 9 4,5 4,5 18 26,5
Rimov
2011 23 19 7,5 4 10 38,5
P 38 35 18 - - 135,3

Fig. 1. “Scheme of @ midwater trawl”. 1 - sweeps, 2 - upper briddle, 3 - lower briddle, 4 -

buoy, 5 — weight (chains or concrete-iron blocks), 6 — supporting boat, 7- four -panel trawl

body, 8 — footrope, 9 — vertical sonar, 10 and 11 — buoy connected with codend, 12 —

codend.
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5.3. Fish behaviour evaluation

To evaluate reactions of single fish in a trawl path, it was necessary to measure their
depths in the water column. The footrope was used to classify fish depth in proximity of the
trawl gear. Three categories of fish were recognized: fish above the footrope (“A - above”),
fish under the footrope (“U - under”) and fish avoiding the footrope (“E - escaping”). The
first category included fish in a trawl path which occurred in 0 - 6 (8) m depth which were
probably captured at the cod-end, the second category included fish deeper than the position
of the footrope - 6 (8) up to 15 m which were not caught. The third category included fish
that registered approaching trawl and escaped from its proximity (Fig. 2. - 3.). Only vertical
motion of fish was evaluated.

We used method of manual tracking which combines single target detections (SED)
of fish targets into tracks. A minimal count of three consecutive echoes was set to make one
track. Fish size is shown in target strengths (TS: -dB) scale in our results.

The acoustic beam is a relatively narrow cone which covers only a particular volume
of the trawl mouth. Thus, not all the fish present in the hauls were seen on the echogram.
Abundances of recorded fish were weighted by the conical beam morphology in order to
correct different sampling volume in different ranges. That means that fish numbers in
different depths were recalculated proportionally according to the insonified area in the same
depths.

Track slope was used for fish behaviour description. It allowed to distinguish whether
fish descended (positive slope), ascended (negative slope) or stayed (close to zero slope) in
the same depth. Slope was defined as a ratio AR/An where AR is distance (m) between first
and last echoes of the target and An is number of all echoes in the track (Drastik a
Kubetka, 2005). Range of + 1 cm . ping™ was considered as zero slope and indicated the
fish which did not ascend or descend. It should be noticed that for size distribution only
horizontal parts of the tracks were used to avoid wrong results due to differences in tilt angle
(the angle between the longitudinal plane of a target and incident sound wave).

Tortuosity is a ratio between a straight trajectory (between two points at time A and
B) and total length of the track calculated as sum of all distances between consecutive
echoes (Fig. 4). In this case, all three dimensions (X, y, z) were considered for calculation.
Fish that were swimming more straight have values close to “1” and fish with more complex
trajectory had values close to “0”. Fish with more complex motion were supposed to have

stronger reaction to an approaching trawl gear (they probably got frightened and performed
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avoidance reaction) compared to those which did not respond. Tortuosity between 0 — 0.5
was indicated as complex trajectories (C), 0.5 — 1 indicated straight trajectories (S);
(Rakowitz, et al., 2012). Besides tortuosity, fish activity in a trawl path was observed. Fish
avoiding footrope were considered as “avoiding” while fish with no obvious reaction were

considered as “not avoiding”.
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Fig. 4. “Tortuosity of a fish track”; (“Z” on the “y” axis
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5. 4. Statistical analysis

Groups of nonparametric tests from Generalized Linear (GLZ) and General Linear
models (GLM) families were applied for our data analysis (Statistica 10; Statsoft Inc., 2011).
The most often used types of tests were GLZ Type 3, GLZ Type 1, GLM Tukey test and
Wald statistics. In total 15 different relationships were statistically tested to evaluate fish

behaviour.

6. Results
6.1. Fish position towards the footrope — day and night distribution

In total 1911 fish were tracked. Significant differences were found in fish distribution
during day and night in all cases y°= 712,38; d.f.= 2; p<0.001 (Zelivka 2009)/ y*= 77,15;
d.f=1; p<0.001 (Rimov 2009 and 2011). In Zelivka there were less observations above the
footrope at day while large amount at night. In both reservoirs fish migrated towards a
surface at night while more fish occurred under the footrope at day and vice versa at night as
shown in Fig. 6, 7. In Rimov 2009 not so big differences were observed between day and
night depth distributions. A water transparency and different depth of the epilimnium might
contribute to this difference between the reservoirs. Especially in Zelivka, higher probability
that fish occurred in the trawls” path was night (Fig. 8).

6.2. Fish size distribution and species composition

According to trawl catches, most dominant species were cyprinids as is a bream
(Abramis brama), a roach (Rutilus rutilus) and a bleak (Alburnus alburnus). However, also
asp (Aspias aspias), pike-perch (Stizostedion lucioperca) or catfisch (Silurus glanis) were
present in some hauls.

Although it would seem there were hardly any fish in a trawl path at day, larger
individuals which agregate at shoals are present in this time. In contrary, there were more
smaller fish dispersed in upper watter column at night. See size distributions for comparison
Fig. 9 — 11. In Zelivka small bleak and roach (about 100 mm) dominated in upper water

column at night while larger individuals of bream (about 300 mm) prevailed at day. In
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Rimov 2009 breams and bleak dominated at night and day as well. They possessed three
main peeks of sizes at night and similarly at day when lower proportion of smallest fish was
present. In Rimov 2011 observations from two types of trawls are available. In big meshed
trawl (BMT) at night fish had one dominant peak in size distribution (fish about 100 mm
prevailed). Similar observation is available from small meshed trawl (SMT) where,
interestingly, also some larger fish occurred. Comparison between fish acoustics sizes (sonar
measurements) and directly measured fish sizes (trawl catches) were done. Note, that the

size composition shown in the graphs includes only fish which occurred in a trawl path.

6.3. Track slope and fish avoidance behaviour

Swimming directions (slopes) towards the transducer above and under the footrope
(the depth of the footrope was between 6 — 8 m) did not statistically differ between day and
night. The results, with the only exception, have shown no differences. y* = 3,16; d.f.= 2; p=
0.16 (day)/ y*= 2,92; d.f= 2; p= 0.23 (night); (Zelivka 2009)/ y* = 1,73; d.f.= 1; p= 0.42
(day)/ % = 44,74; d.f.= 2; p<0.001 (night); (Rimov 2009 and 2011). Most observations in all
the cases were at zero slopes indicating no reaction. The distributions are not symmetric due
to some individuals with bigger slopes that apparently dove under the footrope. These
individuals were more common at day records (Zelivka). The slope differences between day
and night are shown in Fig. 12. The slope of fish did not differ whether fish were above or
below the footrope.

Fish activity was analyzed in response to a trawl gear. Main attention was given to the
individuals that tried to avoid the trawl directly. These were fish that certainly were not
caught in the trawl. Most avoidance reactions (29 in total) were observed during day
trawling in Zelivka 2009 where fish apparently perceived trawl well and dove up to 3 m
below it to escape. y° = 55,52; d.f.= 1; p< 0.001 (GLZ Type 3 test). In Rimov 2009 and 2011,
very slight significance was found. y* = 15,47; d.f.= 1; p< 0.001 (GLZ Type 3 test ) but Wald
statistics test was insignificant (p= 0.99) due to low number of observations. Only one fish
avoiding footrope was observed in small meshed trawl so that it could not be statistically
tested.

If day and night avoidance behaviour was compared far less reactions were present at
night when visibility is low and “burst” diving seemed to be rather a consequence of

disturbance in motionless fish which got into a physical contact with the footrope. In Rimov
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where visibility was lower (about 2 m) during day than in Zelivka (up to 5 m), only a few

“avoidances” were registered.
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6.4. Fish tortuosity

Measuring tortuosity is a way to evaluate complexity of a fish movement.
Relationships between tortuosity (a dependent variable) and the footrope position (factor
against which dependent variable was tested) at day and night (additive variable) were found
out. At day tortuosity with respect to the footrope position differed significantly only in
Zelivka; ¥* = 57, 06; d.f.= 2; p< 0.001); while for Rimov it was insignificant y* = 1,95; d.f.=
1; p= 0.16. At night tortuosity with respect to the footrope position differed significantly
only in Zelivka; ¥* = 5, 26; d.f.= 1; p< 0.001). These results correspond with day and night
avoidance behaviour. The biggest tortuosity can be supposed in fish directly avoiding the
footrope. Such fish were mostly observed in Zelivka at day and some of them also at night
while in Rimov there were fewer observations of avoidances at day and nearly no at night if

compared to Zelivka.

6.5. Fish velocity

Velocities of fish during a vertical movement ranged between 0 — 0,35 m.s™. Higher
values belonged to the fish directly avoiding the footrope. The distribution was highly
asymmetric with most fish having low vertical velocity and few individuals with high
velocity (Fig. 13). In general, there were differences between velocities at day and night in
both dams. y* = 325,55; d.f=1; p< 0.001 (Zelivka 2009), x* = 93,07; d.f.= 1; p< 0.001
(Rimov 09 and 11). Dependence between fish position towards the footrope and their
velocities were also found out y* = 316,38; d.f.= 2; p< 0.001 in Zelivka 2009 and y* = 81,68;
d.f.=2; p< 0.001 in Rimov 2009 and 2011; (Fig. 14). Besides that, dependence between the
sizes of the fish avoiding footrope and their velocities were tested as it is common that
bigger fish can swim faster than small individuals (larger body proportions, higher
endurance etc.). Unfortunately, low number of observations allowed results to be
significantly different only in Zelivka (F1,3= 4,69; p= 0.038); (Fig. 15). In Rimov 2009 and
2011 no significant result was obtain (F; g= 0,58; p= 0.446). In small meshed trawl (2011) it

was not possible to test statistics due low number of observations.
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9. Discussion

Fish behaviour of 2221 tracked fish was analyzed in the two Czech reservoirs, Zelivka
and Rimov during summer term 2009 and 2011. Fish distribution in a water column, size
distribution, slope, velocities and avoidance behaviour with respect to the trawl gear were
considered. Significant patterns of fish behaviour in respect to approaching trawl were
distinguished and compared with fish behaviour recorded during mobile hydroacoustic
survey.

The vertical distribution of fish in a water column differed between day and night and
it belongs to the most important factors influencing trawl efficiency. Higher attention was
given to the layer from surface to 6-8 m deep as in this layer fish approached the trawl mouth
and eventually got caught. In general, at day fish performed more aggregative behaviour
meantime at night they stayed standstill and more evenly dispersed in a water column. Fish
from both reservoirs spend night mostly in upper water strata, which is in concordance in
some another observations (Axenrot, et al., 2004). Interestingly, despite low temperature
and low oxygen concentration, fish were sometimes observed at greater depths below 12 m.
They usually inhabit warm well mixed upper strata above thermocline (3-4 m) in summer.
Nevertheless, Pyanov, 1992 and 1993 gives us evidence that common bream were observed
in similar depths during trawling. If vertical distribution between Zelivka and Rimov is
compared apparent differences can be seen. In Zelivka, more individuals were detected
below the trawl at day which corresponds well with conditions of deeper epilimnion and
better visibility at Zelivka which reached up to 5 meters. In Rimov visibility was low
reaching 0,5 - 2 m and thus day/night difference in depth distribution is rather poor.

Besides directly caught and measured fish onboard of the catch inspection boat sonar
data were used to find fish size distribution. Fish target strength (TS) depends on many
factors as is a tilt angle, fish slope, shape of a swim bladder (Zhao, et al., 2008; Horn,
2009; Simmonds a MacLennan, 2005) and reflectivity of other tissues. Although a
conversion between the TS and length units is well known for some marine commercially
hunted species (Foote, 1989) for local species and for 38 kHz echosounder it will be
available in near future. It was not possible to directly compare size distributions from
hydroacoustic records and direct catches because of the lack of appropriate TS-length
relationship for reservoir fish. Size distribution of catches points out gear selectivity. At
night fish from Zelivka and Rimov had tend to create two or more peaks with small

individuals abundant in upper water column (bleaks). These fish avoided sonar detection as
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they occupied strata close to the water level so they had a higher probability to be captured
in the trawl in this time. From testing trawl gear efficiency in local reservoirs it is known
(Riha, et al., 2012) that the big meshed trawl has tend to underestimate small fish if
compared to another type of active sampling devices (purse seine). In reality we can thus
suppose higher proportion of smaller individuals present in a trawl path. The small meshed
trawl with its smaller dimensions is used for sampling young fish (1+). However, also larger
breams were present in some hauls which again points out low activity and poor reactions
towards the trawl gear at night. In Rimov 2009 night size distribution showed more
continuous character while in Rimov 2011 and Zelivka fish about 100 mm and 300 mm were
present. At day in both reservoirs larger fish dominated trawl path though some proportion
of smaller individuals also occurred. That larger fish occupy pelagial at day time rather than
night time probably corresponds with inshore-offshore diurnal migrations (Vasek, et. al.,
2006).

A trawl gear is constructed so that it attracts fish by optical and acoustic signals,
directly to the pathway (otter boards, bridles); (Fréon, et al. 1993; Misund, et al., 2002;
Winger, et al., 2010). A trawl mouth is usually the last “zone” where fish can decide
whether to persist or escape. Many types of coordinated and eratic reactions are known to
take place in a trawl mouth (Rakowitz, et al., 2012). The distribution of the velocities
between day and night was highly asymmetric with most fish having low vertical velocity
and few individuals with high velocity. Higher rate of avoidance reactions in our data were
observed during a day (2= 39 in both reservoirs) when fish have better opportunities for
trawl detection. Escaping fish reached up to 0,35 m.s™ and sinked about 3 m below the trawl.
This was comparable with some other observations (Pyanov, 1993; Piasente, et al., 2004).
In contrast to our day observations, only 5 avoidance reactions were recognized at night, as
they were rather a consequence of a sudden collision with the approaching trawl. If we
compare avoidance intensity between two studied reservoirs, less avoidance reactions were
observed in Rimov.

A vertical direction of swimming in fish can be described by track slope (Drastik and
Kubecka, 2005). Nearly no significant relationships in slopes with respect to the depth
distribution were obtained. However, some differences were found in slope between day and
night if effect of fish depth was neglected. At day, in both dams, there were more
observations of positive slope values. At night values stayed closer to zero confirming low
movement activity of fish. In every case the slope in avoiding fish was positive so no

individual tried to escape by swimming above the footrope.
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Tortuosity describes complexity of fish motion (Rakowitz, 2010; Johnson and
Morsund, 2000). The most significant results were observed in Zelivka where relationship
between day, night tortuosity and the fish depth was found out. Generally more complex
behaviour was observed in fish directly avoiding the footrope. In such individuals complex
trajectories, as a consequence of anti-predator behaviour, were supposed. However, both
types of tracks — straight and tortuous were found in both categories of fish - avoiding and
with no obvious reaction towards a trawl gear. The relationship between straight and
tortuous motion does not have to be related only to the escape reactions.

Relationships between the fish sizes and fish velocities have been mentioned by many
authors (Breen, et al., 2004; Main and Sangster, 1983; Videler and He, 2010). Fish rarely
exceed their threshold velocities, and tend to maintain the energetic reserves (Breen, et al.,
2004). Knowledge about the fish velocities is important with respect to optimal tow velocity.
Larger fish with respect to their higher physiological endurance are able to reach higher
velocities. Among the highest velocities reported for fish swimming in a trawl mouth are
about 2 m.s™ for a few minutes (Main and Sangster, 1983). In our results significant
dependence between the fish size and velocity was found for avoiding fish in Zelivka where
most probably larger breams performed strongest reactions.

Finally, for fish behaviour in response to trawl gear and its sampling potential
following was summarized. Depth and diurnal distribution influences size of catches at day
and night significantly. They are among most important factors impacting trawl efficiency in
local water bodies. Slope does not probably have an important influence on trawl selectivity
as very small differences were found out between day and night and in response to a trawl
gear. Tortuosity was found rather unimportant as a factor influencing trawl efficiency but it
is a useful tool for judging complexity of fish motion. Avoidance behaviour in vertical
direction is important but, due to relatively low proportion of fish avoiding footrope, it is
probable that such individuals do not seriously affect trawl efficiency in local reservoirs.
Abiotic factors, especially water transparency and temperature influence fish behaviour

importantly and should be taken on account during trawling operations.
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Obr. 1. Prikliad vertikalni unikové reakce na dvourozmérném
echogramu. Zndazornuje rybu, ktera podplouva dolni zZini tralu. Za

povsimnuti stoji hloubkovy rozdil, ktery ryba pri utéku vykonala.
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