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Introduction

In summer 1964 it was possible to make recordi of ng 89 (HERING 1044),

From these circumstances there were induced investigali ns =beul 4he POSEL

of influencing herring shoals by sound.

Statements about scund production and influencing commercial fish oy sound are

directly important to the fishing technics . It is not cnly possibl

the sound producing species ace ulchTy, but also They czn 374

acoustical substitutes be atiracted or scared.

The investigations were made on herring, spawnling in auiuwmn in the Greiiswalder
Bodden (Isle of Riige n Baltic Sea). The experimental fish wus caiched by baskeiZe!

They were enclecsed in a net aguarium, 4 x 4 m large and avout 2,5 m deep. The

o

sound transmlssion was made with some underwater loudspeaieis, of

cal power (about 5 W electrical power consumption),

The originzl problem tended to test the reactic

with regard to the whistles of her
).

experiments (HERING 1364). However,
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of the enclosed fish, pfobably due to the ineufficient quality of récordings;
It was neéessary,to use technical sound structurés;'Initialiy such patterns of
stimuli were provided for contro#anly; Fish is able to hegr within the range .
of thelr cupaczty of hearing any given sound vtimulus, but only responds such.
stiwull which have a direct biologic al glgnlflcatlon For instance a pure sine

toune of 100 c.p.g. hag small or no informatiocn content for a fish. It is not to
be expected that such a tone causes definite pattern of behav1ou:. For instance
the negative results of the experiments by EURNER and MOORE (1953) and MOORE i
and NEWMAN (1956) also might attributed to tﬂla cirsumstance, However, our
experiments ‘demonstrated that also technical sound stiructures can influence
the behaviour of herringi TQis fact is corresponding fo the observations in %ii
commercial fisheries. - o o
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Primary reaciions on acoustical stimuli ‘ -

~

Reactions on acoustical stimuli could observed only; when more than 100 herrings
(in our experiments.ab&ut 150 - 200 fish) were enclosed in the net aquarium;
When the heriings are ﬁbt'influehced, they wefétequally digtributed in the whole
net *1”ar‘um or in a part of it. They were gwlmmlng confubedly, formlng no shoal;
‘but only a not compact group. :

Acoug *ib 1 stimuli caused a more or less significant'aggregating and forming of
a whkoal. This aggregating tendence was in course of time more and more hazy. .
was no more demonstrable dmrlng the last experlments. The aCOHSthdl stimuli
caused not cnly aggre@atlng, but also typical taxes. The fish is responding to
vigorous acoustical gtlﬂull, by tu»nxng off. as quick as lightning from
the sound source ("Turning on the place") and swimming in to the range of less
apo:ﬁtgc invensivies ("Swimmihg away@); When the fish-is swimming.away,‘simﬁi—

tunesus aggregating always occurs.. - - _ . S

Several _weaker’ acoustical stimuli sum up in their effect and result

a4

An the sane reactions as ons v1goroa stimulug,.



A special sir uctu”e of the escape reaction in the t two pnwuee "Tarning" and
"Swimming away" appeers by a slow sequence of weaker utimuli, The £ i r st
we ak stimlus stops the movement of the fish swimning srsund in
‘field; The firvt medimm= s ¢ r on g stimxlus cause V

of the movenm ent, bul also a(clear turning away from the souud sourece, The
second weak or medium sirong stimulus. 15 based bn the reaevion; producad
by the first stimulus. The stimulus tends direct to swimming away from the

sound source and leads to an aggregating;

Both phases of the taxis can be decreased or prevented by additional ncises,

An escaping shoal of fish showe no further taxes on gound precessss., The zhoszl

)

preaerves the once chosen direction of movemen even when it is swimming

directly in to a very intensive sonic fleld.

¢

Sound frequency and structures of rhythn

3

The-intensity of the scaring effect is dependent on the structures of freyuensy
and rhythm of the scaring sound process, when it is measured as a free scared

"room around the sound source.

The investigaﬁéd Sound processes are shown in Fig; 1. The motivgiien oh noises’
was very different durlng the 1nd1v1dual experlmenuu; In order to compsre all

the elngle measurements, together the scaring effect of the 103 c.piz. tone in
any'experlment was equated with one. On thle basis the relastive seering degree
of any noises was calculated., 273 single measarement were taken as a basis

for the calculatlons.

The relative scaring graduations of all the sound struciures, whicd are nct

assembled, are shown in Fig. 1. Four statements are possible

1. The scaring effect is dependent on the time behaviour. Pure @=ine tones, ahlth

" are disconnected rhythmievally, can scare much stronger ihan czoatinuous sine
tones (Fige 1). (The differene is really greater than sconrding teé the here

informed values, because in our experiments the contlnaot~ Tones were Dr esanted

2]

e s . ) ~ v as i
always beginning immediatly. The scaring effect was estimzled also in the

moment of switching--on).



Uncontinucusly ‘interrupted noises (speaking, puffing to a microphon membrane)

are scaring stronger. than the continucusly interrupted noises described above.

2, The scaring effect is dependent. on the frequency. A contlnuous 100 C.y.S-
tone for instance is scaring stronger than a continuous 7. OOO c.p.s. tone.
3. The component frequency of the scaring effect can cover the component rhybhm.
A continuously transmitted noise of a merine engine even can scare a little

stronger than-the suame noise, when-it was interrupted rhyuhm1ca11y.

The human speaking and that noise originated by puffing on a microphone ' .
menbrane are most‘efficient for scaring. It seems that a wide band width of
the noise (so when puffing) would increase the scaring effect, compared to
the change of frequency (so when speaking); which would eféect,scaring
decre"sév (puffing is more efficient than speaking., A sequence of tones -
100 ¢, s./ 320 c.p.u; is scaring less than a sequence of 100 c.p.s. /rest

in the same rhythm).

Acoustical scaring stop

The scaring stop by acoustical additional °timuli, as described above, was

complete in the first days of experiments only. In the later experiments
descrilbed here the scaring t‘r.op mostly could not be clearly ncticed by the .
observerf However, the ca;culatlon of the relative scaring graduations makes

e

obvious the scaring decrease by addidtional poises alsc in these ewxperiments
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For the reduc*icn of the scaring effect always conitinuously transmitied sine

tones were ubed The statemenits are as follows:

1.

34

A scaring sine tone of low fre quepcy (100 <. p.m., inters

.

it
by tones of a highes frequency. The scezring ﬂacieﬂse is o
2

- Y

rum lies under 5.000 c.n.s. {Fig,
R £ \

The scaring effect of a sound process with wide band width (noise of marine

engine) can be decresased by sine tones, too.

The optimum of the scaring decrease lies here near or under 100 c.p.s. The

"ecovering” also tskes place when the noises wi th wlde band width are inter- .

rupred; o : - _ -

——t

The dependiénce of frequency of the relative.scaring decrease im curreni for

~all experiments (Fig; 3); The variation of the values is clear; when the

variety of the "dovered" noises and the small numbers of measurements will
be taken into consideration. Because of these circumstaznces the Fig. 3 can

shou s tendence only; bﬁt this is very clear.

The descrlbed here results are founded -on p“ealmlndry e;perlmeﬁt~ of limited

exient Therefore some factors could not be measured'

1.

2.

The samll voTame of the net aguarium caused the escaping shkoal to swinm back :

in to the scaring room resulting in abs ol tely and relatively unexactly messyu-

red scaring range».
rd

It was inmpossible to <~eparatel}, measure the coefficients "taxigh, Yescape®

~

and Yswimming back in_to the sdaringirange". These ctatements, which are

»

very important for the commercial fishery, must be made in later experim nte,

Even the Ymotivation" of the herrings could not be measured., The experiw atal

fish were spawning herrings and spent herrings,

The experiments will be continued,
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relative =
scaring
‘graduation

Pusten auf eine Mikrophonmembran ‘
puffing to a microphon membran T y

menschliche Sprache
humane speaking

1 Kurz 100 ¢,p.S. 2 : 41 short

400 Hz 2 : :

100 Hz 1 : 2 Kurz 100 c.p.s. 1 : 2 short

100 Hz 1 ¢ 1 Kurz\1do.c;p;s;'1 : 1 short ; .
400 Hz : 320 Hz = 2: 1 Kurz/ 100 c. p 8., 320 c. Pels = 2 1 Nhowt

Schlffsgerausch kontinuierllch/ noise of shlpeng*ne continuous
100 Hz 1 ¢ 1 lang/ 100 c.p.s. 1 ¢ 1 long .
Schiffsgerdusch 1 : 1/ noise of ship engine 1 : 1

\V

400 Hz kontinuierlich
100 c,p.s. continuous

. 7 kHz konbtinuierlich

7 kc.p.s. continuous

Fig; 1
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