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Annotation

The avoidance reactions of fish with respect to shevey vessel were studied during
horizontal acoustic applications in two lakes and teservoirs. Three methods were used to
assess the avoidance reaction of fish: (1) compas$ fish biomass in different distances, (2)
determination of fish direction vector and (3) direbservation of fish behaviour in front of
moving vessel.
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Introduction

Hydroacoustic has been proven a valuable methfidhirstock assessment in both freshwater
and marine environment (Horppila et al., 1996; Matand Schulz, 2002; Wanzenbdck et al.,
2003; Mueller & Horn, 2004; Simmonds & MacLennafp3). Hearing serves as main sense
used by fishes for reception of sounds in surrougainvironment (i.e. predator detection).
Generally, fish are capable to hear sounds of &#eqgies of hundreds to thousands kHz (Barus
& Oliva, 1995; Boklach, 1989; Simmonds & MacLenna?05). Common scientific
echosounders usually use frequencies in range d{H¥6to 1 Mhz and are inaudible for
majority of fish. Although, some species of familjosinae and Clupeidae were reported to
be capable of hearing ultrasounds of frequencieange of 100-140 kHz (Popper & Carlson,
1998; Kumagai et al., 1999).

Main source of noise emitted by a running vesselthe vibration of the hull (vibration of
diesel engine) and the propeller (Boklach, 1989 €mitted noise frequencies are in range
easily sensible by fish and are audible on greatadces (several kilometers) in water
environment. The intensity of emitted noise depeoshe construction of vessel and the
engine power. It is also dependent on the speede(maise in faster speeds). It is obvious
that acoustic surveys need to be performed by isssesilent as possible (Mitson, 1989).
Acoustic noise doesn’t spread uniformly from thesed (Urick, 1975). Usually, the noise is
emitted to both sides of the vessel while the amefaont of the vessel is noiseless (Soria et
al., 1996; Volpatti et al., 2002).

In close ranges, fish could detect survey vesselsisual stimuli and initiate avoidance
behaviour. Most acoustic surveys are performedndunight by various reasons, thus visual
stimulation isn’t usually big problem. Although slar avoidance reaction of could be evoked
by deck lights, which could make fish to swim teder layers (Lévénez et al., 1990).
Avoidance behaviour of fish was repeatedly obsemedarine environment applying mostly
to schools of commercially valuable species (i.aechovies, herrings, mackerels, cods).
Modeling of avoidance behaviour resulted in “dowvkeve of avoidance model” or “fountain
model” (Soria et al., 1996; Volpatti et al., 200Zhis model suggests two waves of fish
avoidance in different ranges — first horizontabigance to both sides of the vessel and later
vertical avoidance reaction in the close range.idamace behaviour was also shown to change
the shape of fish schools and possibly bias thenags estimation of fish in such schools.
Lower densities of fish in front of the vessel weesised by fish movements to deeper layers
(Misund, 1990 and Olsen, 1990). Fish schools oleseia depth up to 200 m reacted to
approaching vessel by swimming further to the deégpgers. Fish schools in depths 200 —
500 m didn’t show any avoidance reaction (Ona & &atP90). Either horizontal or vertical
avoidance reactions were connected with increaswignming speed of fish. Avoidance
behaviour with in marine environment is especigligblematic when it affects significantly
the effectiveness and selectivity of commerciantiag (Wardle, 1986; Ona & Godg, 1990).
Avoidance behaviour of fish in freshwaters was mieds studied. Big schools aren’'t so
common in freshwaters and individual behaviour plagportant role. Also smaller vessels
and weaker engines are in use caused much lesssivgeavoidance reaction of fish in

1



freshwaters. For above reasons, avoidance behainotreshwaters is usually neglected.
Although fish reactions to survey boat were regbue to 20 m and escaping fish showed
bigger target strength (TS, Mous a Kemper, 1996).

Generally, avoidance behaviour of fish could infloe the estimates of hydroacoustic surveys
in three ways: first, avoiding fish don’t have t® éven recorded if it swims far away from the
insonified area; second, although recorded, demsity biomass could be underestimated or
overestimated by horizontal and vertical avoidame®/ements of fish; third, avoiding fish
usually exposes the less reflective body part ¢otthnsducer (tail or head aspect) which bias
the TS measurements.

Presented paper evaluates avoidance behavioureshviater fish in inland lakes and
reservoirs. Three approaches were used assesshhaehaivour in front of surveying boat:
(1) comparison of acoustic biomass in differentatises from the boat, (2) evaluation of fish
echogram vectors (slopes) in different distancemfthe boat and (3) direct observation of
fish in front of approaching boat.
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Abstract

The avoidance reactions of fish with respect to a survey vessel were studied during horizontal acoustic applications of a Simrad
EY500 split-beam echosounder (120 kHz) in two lakes (Wallersee, Balaton) and two reservaksR@rbv). Three methods
were used to assess the avoidance reaction of fish to the survey vessel: (1) comparison of acoustically detected fish biomass
at different distances, (2) determination of the fish direction vector (echogram slope) with respect to the transducer and (3)
direct acoustic observation of fish behaviour in front of the moving vessel. Comparing acoustic biomass in order to demonstrate
avoidance reactions is limited. All fish were divided in two groups according to the slope of their movement: with a positive
value of slope (fish swimming away from the transducer) and with a negative slope (fish swimming towards the transducer). Fish
avoidance caused higher slope values. Most avoidance behaviour was found with small fish (target strenrgd®, dis 2 cm)
at distances under 10 m. Only in the clear lake Wallersee were some indications of avoidance up to a distance of 15m from the
survey boat. There were no significant indications of fish avoidance in the Czech reservoirs. Much less avoidance behaviour was
found with fish larger than TS>40 dB. At distances over 10 m, the avoidance of small boats (5-6 m long, 15-25 HP two-stroke
engine) appears not to be a serious problem in shallow waters.
© 2004 Elsevier B.V. All rights reserved.
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Unikové reakce ryb zetetelem na girzkumnou la’ byly studovany hem horizontalniho
prizkumu ¥deckym echolotem Simrad EY500 (120 kHz) ve dvowelezh (Wallersee,
Balaton) a ve dvou nadrzich (OrliRjmov). Tii metody byly pouZity pro posouzeni rybich
anikovych reakci na fizkumnou l@ (1) porovnani akusticky detekované rybi biomasy
v riznych vzdalenostech, (2) stanoveni rybich veékt¢echogramovy sklon) vzhledem
k vysilati a (3) @imé akustické pozorovani rybigal jedouci lodi. Porovnani akustické
biomasy je p studiu unikovych reakci omezeno. VSechny rybyybsdzdileny do dvou
skupin podle sklonu pohybu: s pozitivhim sklonergb& plave srem od vysilde) a

s negativnim sklonem (ryba plave &em k vysil&i). VétSina Unikového chovani byla
pozorovana u malych ryb (odrazova sila, TS < —402#Bcm) ve vzdalenosti do 10 m. Jen
v prihledném jezie Wallersee byly pozorovany naznaky unikového chovaz do
vzdélenosti 15 m od pekumné lodi. Zadné znamky rybiho Gnikového chovaebyly
pozorovany Weskych nadrzich. Mnohem mgmtensivni unikové chovani bylo pozorovano
u ryb wtSich nez TS > —40 dB. Ve vzdalenosteétsich nez 10 m se rybi unikové reakce
pied malou pkzkumnou lodi (5-6 m délka, 15-25 HP dvoutaktni mpte@zdaji byt vaznym
problémem v rlkych vodach.
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