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Introductlon T . ‘

Mos’c f:..,hlng gears are 1nherent1y noisy.; As a. net is toved through- b
the water,” vortex shedding and other hydrodynamic, effec-hs generate low.
frequency sounds, while the mechanical parts bang-or rattle. together.

"“For bottom flshlng gears, noise also arises from contact with the sea-bed..

The taring vessel itself is very noisy, wn,th the. proueller f‘orm.ng a it
partlcularly poverful 'sound-source. - i vl oa sl oo T
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The n01se generated nay have omglderable ract:_ca.l s1gnif1cance.
It is well'established (Hawlkins & Chapman,: 1970) that commercially. important
species of ' fish can”detect and react to low.level sounds.over the frequency
range 30-500 Hz; and that they nay detect. the noise.of. f‘io}ung vessels over.

.considerable distances.’' Indeed,:the.efficiency of f‘lshs.ng gears appears.

to be as much influenced by such behav:n_ouml responses as by purely engln-":
eering oons:.deratlons. I T S T N P

ThlS paper descrlbes eqmpment developed for. 1nvestlgatn.on of the
acoustic fields generated.by.fishing gears; and especinlly by the otter
trawl and its. taring vessel. -. The system is based on a large spo.tlal arra.y
of hydrophones laid cn the.sea-bed,- which can. provide. information on the .
location of the fishing gear in acld:.tlon to monitoring the noise field,
The techniques employed are of general application, and could well be
a.pplied to .the study of other fishing methods. Further, our. prellmmury
experiences with :the hydrophone array suggest that it may be of value ‘for *
the accurate ‘tracking .of . other undemater_ .,ound source.;, such as fish fltted
with acoustlc tags...'. TUE et e SR IO S _

- Two ships are requ:.red to make n01se measurements -on. the otter trawl
The first tows the gear under test, and contalns a logger for. record:mg
dota on the physical characterl.,t:.cs of the gear. The second is an anchored.
and silent listening vessel, containing . the signal conditioning and sound
recording equipment and is Jo:.ned to the hydrophone array by cableo. R
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The’ hydrophones and reoorcl:mg equlpment Coe e o L f:
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The méin elements of‘ ‘the ulgnal detectlon and process:n.ng system are '
shovn’ 1nFigure1 e ‘n-.;--:, P PR - :’-
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The array cms1sts of up to 20 sepa.ra.te hydrophones, each 1nclud1ng
a f:xed ‘gain preampln.fler next to. the recelvn.ng element S:unple o, cost

\...

The - hydrophones are each mounted within a s:.mple tetrahedra.l ﬁ‘ame to z:alse
then clear of the sea-bed, and are individually joined to max imum cable )
lengths of 2,000 metres. .The hydrophones-are laid from.a small launch

and the cables taken to a buoyed line, stretched’ between two anchored "
dahns . -Each’ cable is terminated by a water-resistant connector. .The-

_cable “ends are-connected to: the listening shlp by an. umblllcal cord,uwh'ich_

.

-can'be cast-overboard in an-emergency.. [ ... - oo e R



The connecting cables have four cares, two for signal and two for
pover. It has not been found necessary to have an overall screen on the
cable provided the system is balanced and the following amplifier has a
differential input with good common mode rejection. The wide-band electrical
noise cmtributed by a submerged 1,000 m length of cable has been measured,
and found to be well belaor that f‘rom the hydrorhone preamplifier, and belcw
that equivalent to ambient sea:noise at.the frequencies of interest.

The hydrophone signals are fed to the tape recorder inputs via a bank
of variable gain low-noise amplifiers, which can be adjusted manually.
Fourteen tape recorder channels are available and a jack-plug selector
penel is provided so that the most useful ‘hydrophones can readily ‘be.
connected. “A microphone, for an oral. rcommentary, &:VHF.radio link, with
the taung vessel, -and a crystal:controlled timer (giving an.accurately, -
known ‘series’ of tim.ng pulses) ‘are also connectéd -to the recorder.- A: monltor
facility is prov:z.ded s0.that any input to' the recorder,:or any recorded
signal, can be routed to any one of four separate outputs; for menitoring..
on an oscilloscope or loudspeaker.

The i‘requency range of n.nterest fcr the amlys1s of trawl noise
extends from-1 Hz to 5 XHz. A f'requency nodulated  (FM) tape recarder . -
channel is used to reccrd the noise and. provides a good signal:to noise - Lo
ratio and good low. frequency performance. ' However, the methods used to © .. ..
locate’ the fishing gear: requlre the recorded frequercy. range to extend to ...
higher frequencies than is possible with FM. Direct recard (DR)' channels..
have the necessary high frequency response, but are not as good as FM
channels in signal to noise ratio and low frequercy perfamnce, - , These
conflicting requirements are met by connecting each hydrophone in perallel .
to' one high frequercy amplifier; and one low.frequercy amplifier.: The = .-
former drives a DR channel of‘ the recorder, and the 1atter an FII channel

The frequency performance a.nd fldcllty of rec crdn.ng depends upon tapc
speed. The higher the spced the better,. A limit is’'set to this, however, A
by the playing time of the tape - which must last long enough to cover a .

‘complete "experimental tow, Typically, for a playing time of 60 mlnutes,

an FU channel can cover the frequency range 0-5 kHz while a DR .channel  :i-.
extends from 50 Hz to at least 50 kHz. Thus all noise frequencies of
interest are recorded on an FN channel; with good overlap for extrapola-
t:.on to higher :E‘requencies usuxg a DR cha.nnel : Lo
Locatlon of the- hydrcphone pos:.tlons ST SN .-;.:'J. FI

Though the hydrcphone.; are oach 13.1(1 with the a.1d of the llstemng
vessel's radar, it is essential that.the geometry of:the array. should:be
precisely known. . The relative pos:.tlons of the hydroPhoneu are therefore -
determined beflore 'a run with the ‘trawl by:using-a synchronised:pinger.
This instrument emits high ampli‘tude acoustic pulses at a.well-defined
frequercy and pulse rate. It is lowered to the sea-bed at various points
around' the array, and- the differences in'the:time’ of arrival of.the .pulses
at the different hydrophones used to compute the array.geonetry.: We have .
found that ‘this operation.is most readily’ performed by . taoving the: pinger o
around the’ array, at a dlstance of‘1 OOO m'or more f‘rom the centre, usn.ng
a smll launch o - L L
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Lccatlon of the tov'ed fishlnp gaar relatlve to the arm;g S ; ) ‘
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It is alsc 1mportant dur.mg each tcw of the gear to determne the
position of the-ship and gear relative to the array. :This,is to permt
later location of the various sound sources within the gear, - The, pos:.tlonal



information is again obtained using.a synchronised pinger, which in this.
case is at‘cached to the gear at a’suitable point (genera.]ly the centre of; -
theheadl:me) C o Pt Do

The pinger pulses are moduluted at e. rela.t:.vely hlgh i‘requency
{20 KHz), which is well cbove the frequercy range of interest for noise
analysis. Though at this frequemcy some interfering noise is gernerated
by the ‘gear, the effects of this are minimised by feeding the tape recorder
output through a .band-pass filter centred at 20 klz. The pinger pulses
are therefore easily dlstlngulshed and can be fed to a discriminator for
timing purposes. .

Determination of‘ gear geometrv

A number of 1nstruments are attached to the gear to measure 1*:., phys:.cal
characteristics (hacLennan, 1969) The pe.rameters v.rh:.ch can be measured
: :mclude-- . - R : Sl T

1. Gear geometry, eg ver’clcal netmouth opening, horizontal netmouth
opening, distance between the otterboards warp angles (dec]inatlon,
divergence and heel). e :

2.. Toving loads, eg in the headline and groundrope legs, fore and af't of
an otterboard, at the ship.

3. Otterboard parameters, eg angles of pitch, heel and attack, \
L. Ship parameters, eg toving speed, engine RPif, propeller thrust. AN

It is hoped that it will be possible to correlate measured physical N
characteristics of a trawl gear with the type of noise it produces. In \
this way it may be possible to isolate specific factors in gear design
procedures which, through the sensitivity of fish to gear noise, may affect \
catching efficiency.

The results of preliminary investigations

Hydrophonse arrays have now been laid and operated from an anchored
vessel on & number of occasions. These experiments have provided informa-
tion on the level of ambient noise in the sea, and have also permitted the
further refineuwent of the listening and recording system. MNore recently
an array has been laid from the research vessel "Clupea" on a sandy bottom
at & depth of 40 fn in the Moray Firth area, and recordings made of the noise
generated by an otter trawl towed by the research vessel "Explorer". The
geometry of the gear was monitored throughout each of iwo taving runs. On
one run, the trawl passed directly over the array, striking one of the
hydrophones. Good noise recardings were obtained from the experiments and
indicate that the noise generated by the particular type of trawl used was
swstantial, Significant ccmponents of the noise can be assigned to differ-
ent parts of the gear including the boards, bobbins and headline floats.

The amlysis of these trawl noise recordings will proceed in a number
of ways. By presenting the analysis in the form of a plot of 'iscbars' of
sound pressure around the gear it may be possible to obtain some idea of
herding efficiency. Comparisons of different designs can then be made. It
may also be feasible to correlate the signals from several hydrophones to
locate specific sources of noise.



We propose initially to perform these amalyses by computer. This -
requires data in a digital form for analysis by program. A fast ADC is .
required for this, but relatively limited resclution (8 bits or more) is . .
likely to be sufficient., A suitable interface is at present being completed.
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FIG.1. RECORDING AND 31GNAL CONDITIONING FROM A HYDROPHONE ARRAY




