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Most· fishing : genrs are inherentlynoisy. As a:net is tewed 'through.'
tho miter,: vortex shedding and other' hydrod.yru:l.mic; ef'fects generate lew.·· "
frequency s omds, uhile' the mechnnico.l· parts .bang ,or ra.ttle: together.:.. " :

'·For bottom f'ishing geo.rs"noize also arises fromcontact \lith the sea-bod~.:
The t~ing'vessel itself is very, noisy; l'1ith the propeller,:f'orming~ä,':~:, "
particularly.paverful·seund·swrce.··. :;.: ','" ,.' 'o.'~':': .. ' I " ",

• .•.. '. r. . . ".,.., ••.. ;' • ". . . 0"

. The noise generated may have ccnside~ble ~racticai'sigrufica.nce: : .. :
It i3 \lell' established (Ha'ITkins & Chapmnn,: 1970) that commercia.lly important
species' of': finh can" detcct nnl'reaot~,tolO>l;level SoUnds,over the frequency
ro.nge 30-500 'Hz, 'aild that they may detect, the noise: of' fishing vessels'öi.ier:

.considerable disto.nces.: Indeed,:the.ef'ficieney of' f'ishing gears appears.,',
to bc as much inf'luenced by such behaviouml resPonses as by,' purely eÄgin-':;
eeri.Iig "c ons idera.tions • . '. " ... ,.:.;:. . .., .., :

- ". ".' '.' . ... :.: ",," ,.'.'.' .. ". . ~.' .,' ~. _,.. .. .'. ~ '. :. . , .. .-,. ; ;. ~', i , . '. ..... ".
This paper desoribes: equipment. developed f'or. investigation of' the, .....

acoustic fieldsgencrated.by, fishing gearsj and especially.?y the 'otter: . -:'
trawl and its ·ta.7ing· vessel. " The system i5 :oo.sedon a large spätial', ärray":
of hydrophones laid cn the .sea-bed,~\lhich can· provide information mt' tlie-, , '.'
location of' the f'ishing gear in addition to monitoring the noise field •. ' .
The techniques employed' are of general application, . and. c euld \lell be
applied' to .the· study of' other rishing methods.· Further; eur. prelimiilary ..
experience3 with 'the hydrophone array. s~gest .that itmay .be of vi:l.1ue 'for :."
the accurate '.tracki.ng ,of' .other undernater. sourid sources " such as f'ish fitted
withacoustic .. tags •.. ·: '.:; ".:' ,...."-: .~ .. " ',., ,', ... '.... , ..... :',

'" - -. ,
J .,'.. .. ," ;' '. : • ,,'.. .. '._ i .: '", ..

. Two ship.s are required to make n~ise~en.su·rements ·on. the otter trawl.:
The first t0\7S the gear under ,test, Md contains a.logger fm::recording. ""'~
dnta on the physical characteristics of the gear. The second is an arichored
und silent listening.vessel, ccntaining,the·signa.l canditioning and. sound,
recording equipment, end is joined to thehydrophone array bY·cables ..· -'~, .. :'''

: ,.:: :: ..... :" ;:" ;~,;: ~ .. :- I ~.. ~ ~:_: : ... ; ... : ".: : :,:: ~ • '., 'l ,....~ .'. '" . ,~, :.'. '.: :. ....
The"hydrophones and· recordil'lg, equipment:. ') . . ;'., _..

•
.: ~~~ ~~in'·elci~~~t:s·. ~f·.the·; ~~~1::d~~~c'tion ..~ci~p~~e'~·siri~('sYs·te6:·~e· ..

ShOiTn'in Figure 1:.· ,.' .,.' ::: :. :':;.:, " :'.:, " .. ' : ,'.:':<
, ~ ~ .' I i. • k .~

.': Th~ ~~;;.~.• ~~~'i~t'~ ~~f' "u~' tO'20;~~;~~;'t~~h;a:roPh~d~s~~: ea~h' inciüdiAg'.::·
a f'ixed'gain preamplifier next to,;the, receiving ele::ment~., Simil1e 10\1 ,cost'­
instruments;' joined 'to lighmeight:cables, :.are emPloyed s inee; an.mage .ta ... :.,
.thehydrophone ~array .during .trauling ,mustbe expected.and ~llooed'for.'··;·..
The hydrophones aro each mounted uithin a simple tetrahedral frame, to raise
them clear of' tho sea-bed, ond are individu,'1lly joined to ma.xiIIium cabl'e' ,
lengths of 2,000 metres ~ Tho' hydrophones·,are ·laid .:trom a smll launch, .
and the cables taken to a"buoyedline~'stretchedbeti1eenwo anchored'" ..
dahns :,-: ~Eachcable iste:rminated'by 0. \1ater~resistß.nt' connector. ,The ..

. cable~end.s are· connected 'to. the listening ship :by an .umbilical·o~d,:w!tich
-cän'be'cast'overboardin anemergeney•.. ",' ,... . ..;~. .,:.~,!, : •..';'~
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The oonneoting cables ho.ve f'our c Cros, WO f'or signnJ. o.nl WO f'or
pOl7cr. It has not been f'ound ncoesso.ry to ho.ve an overall screon on the
cable provided the system is bo.lo.nced and the f'oll07ing anplif'ier has 0.

dif'ferential input uith good common mode rejooticn. The wido-band eloctrioal
noise ci cntributed by a submerged 1 ~OOO mlength. ef co.ble has been neo.sured,
and found te be well belm that from the hydroIhene preamplifier, and belcw
that equivalent to ambient'sea;noise'at~the:f'requenoiesef interest.

The hydrephone signals are fed te the tape recorder inputs via 0. bank
of variable gain lem-noise amplif'iers, 17hich ron be adjusted manually.
Feurteen tape reoorder ohannels aro available and a jaok-plug seiecto'r
panel is provided so that·the most·usef'ul.'hydrophoncs can rcadily·be.
oenneoted. :A mierophone, fer an o:rol,eommentary, a:VHF.radio link,with
the ta7ing ves:'lel, ·arid. a crystal :eontrollcd timer' (giving an .uccurately.. '"
knOl'lnSeries.'of ·timing pulses) are also eonneoted·to the recorder.·. A'moriitor
f'acili~ is·pr6videdso.that·any:input to·the.rccorder,:or any reoorded .
signal, can be routed to any one of four separate·outputs,·formonitoring.:·
on an oso;lloso~pe or l~udspeaker. "

The f'requericy range of intercstf'ar the' a'roiysi's ~~: trawl: ~~i'se' , ..
extends f'rom·1 Hz to 5kHz.' A frequemy. modulated' (FM) mpe recorder., "-
channel isused to :reo6rd' the ,noise' and. provides: a good signal; to noise . _
ratio·and. good 100 f'requeroy perforina.noe~~'Horrever~ thenetheds used to ,..
locate: the f'ishing gear require the 'recorded f'requer.cy. ral'ße' to' extend .to ',:
higher frequencies than is possible with FM. Direot reo erd, (DR)' channels:.:.:
have the necessary high f'requency response, but are not as good as F}.i
channels in s:ign8.l to noise ratio:and'lcm f'requeroy pcrf'.armnoe •. ·. These
conf'lioting requiremcnts are met by·oonnecting each hydrophone in' parallel
to' ene high frequeroy amplifier~ ·and. one lcw ,frequeroy·amplifier .. : The .. ":.
former arives a DRchannel of'. tho rec'order,-and' the'latter,'an FU channel•.

~ .I..~. ,_ ' •• '. • Jt, ~., .". ~\J ,(: •

The frequemy performnce a·nd. fidolityofrecarding depends'upon tapo _
speed. The'higher the s'pced the better•. 'A limit'is'set to this,.hovlever,
by the ·plaY1.ng time of' the tape ;"'which must last long enough .to cover a .':':'.
'complete' cx:permental too. Typically,. 'f'ar a playing time 01' 60 minutes, ,'.:;
an FU chnunel can cover the f'requeroy ro.nee 0-5 kHz while 0. DR ,channel. . ..
extends from 50 Hz to at least 50 k..lfz. Thus 811 noise frequeroies of'
interest are reoorded on an FM channel;'l1ith goodoverlap forextrapola­
tion·t.o higher f'requeneies uswg a DR·channel.: .. ' ..; '.' .... ',., ,," ,

, . ' ."~•• 0 .' , '. • 4 4, '. o' 4' ": '. • • _ .....

Location 01' the 'hydrophone positions'·' : .: .' . c,::. J .; •
..: ~."'" ,

Though the hydrophones are roch laid uith the aid 01' the listening
vessel's rad1lr, it is essential tMt;thß.~geometrY.'o~~~e·~o.FI'O-Y.should'.be .
preoisely knoon•. The relative positions of' the hydrophönes·l...re··theref'öre· - .
determined before:n run with the\truwl by:using'a synchrenised:pinger~

This instrument emits high amplitude acoustic pulses at a.well-def'ined
frequeney and pulse rate. It is louered to the sea-bed at various points
around tho arroy,' arid: the .differ~noes in '. the: time' of arrival of': the .pul::les
o.t thc d:U'fcrent hydiophones used to 'compute the array:geoI:letry~·~·Ue:have "
found' tllat this ~'o:peration.i5 most reo.dily ·pcrf'ernied.by. taving~the 'pinger .. ;
aro~d'the: a:-ray, at (l.' ~~tance ,of'.1 ~~~O, m: or more :from .the centre,·.u~ing...­
a snnll launoh. .... . .', ,... '::'. . .. '. .. '..

.0 ,"

...

•

Location'of thetowed fishinp; gearrelative.to·the array .
• .' J. l.

. " .... ' ..... . ..
' •• .'. .. • • ., : • ,,: J • : "

. It 'is also"imp~rtant duri~g:e6.ch tav,·of. the:gear to determine .th~,··.· ~
position of the'ship 'am gear relative to the ·array•. :This)is.to permit: '..:
later looation of the various sound sourceswithin thc gear. ,.The ;P9si,t:Lc,>ml
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information i8 again obtaincd using.:a,synchroni:md pinger, which in this
ease i.s attaehed to the gear at a suitable point (gcncrally the· centra of:.: :',
th h dlin) '. .' .e ea e.' . . !' , •. . .' ;, ' '. .'., ".'. • .,''''''''. . . .' . - ~ .,. '. . ... . ... ~ " . .......

. ~

. - .1'

.: "

Determination of gear geametry

The pinger pulses are ~o~~~t;e'd'at .~ relat'ively hiS'li ~~~~e~~y": .
~20 kHz); rthieh is well a.bove the f'requerny range of interest for noise
analysis. Though at this frequerny some in terf'ering noise is gerera.ted
by thegear, tbe effects of this are minimised by feeding the tape recorder
output through a.band-pa.ss filter eentred at 20 kHz. The pinger pulses
are therefore msily distinguished, and can be fed to 0. diseriminator for
timing purposes.

" . '" . ~ .. ,,'

Gear geometr.y, eg vertical netmouthopening, horizontal netmouth
opening, distance betrleen the otterboards, \1arp angles (decJination,
divergence an:l heel). '. .

~- ~', - . . ;. " ' . . .. " . \ ~ . .

A number of instruments are attaehed to the ge'a; to measure °it::;'" physical :
characteristies (UacLennan, 1969). .The pv.rameters which can be meo.sured .
include: - ., . ..,.

1 ••
2., Taving loads, eg in the headline a.nd gt:'oundrope legs, fore an:l aft of

an otterboard, at the ship.

4.

Otterboard parameters, eg angles of pitoh, heel and. a ttac k.

Ship parameters, eg ta"ling speed, engina RPr~, propeller thrust.

It is hoped that i twill be possible to correlate measurcd physical
charaeteristies of 0. trawl gear rtith the type of noise it produces .. In
this 'i1ay i t m.ay be possible to isolate spccifie faetors in gear design
proeedures which, through the sensitivity of fish to gaar noise, may affeet
catching efficieney. .

'. ,
\

•
The results of preliminary investigations

Hydrophone arrays have non been laid ani operated from an anchored
vessel on a number of occasions. These experiments have provided informa­
tion on the level of ambient noise in the sea, end have als 0 permi ttedthe
further refinelJent of the listening and. ree ording system. More rccently
an array has been laid from the research vessol "Clupea" on a sandy bottom
at a depth cf 40 fm in the Aroroy Firth area, and ree ordings made of the noise
genero.ted by an otter trawl t0\7ed by the research vessel "Explorer". The
geometr.y of the gear was monitored throughout each of t'VIO t01ing runSe On
one run, the tra'ill passed directly ovar the array, striking one of the
hydrophones. Good noise rec ordings were obtained from the experiments and
indicate that the noise generated by the particular type of trawl used was
substarrliial. Signifieant c cmponents of the noiso can be assigned to differ­
ent parts of the gear including the boards, bobbins and headline floats.

The amlysis of these trawl noise reeordings will proceed in a number
of ways. By presenting the amlysis in the form of a plot of 'isobars ' of
sound pressure around the gcar i t may be possible to obtain some idea of
herding efficiency. Comparisons cf .dll'ferent designs can thon be made. It
may also be feasible to correla.te the signals from several hydrophones to
locate speeific sourees of noise.
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We propos e initi.aD.y to per:f'orm these anaJ.yses by computer. This
requires date. in a digital form for analysis. by program. A fast ADe is .
required for this l but relatively limited resolution (8 bits or more) is
likely to be suf'ficient. A suitable interface 1s at present being completedA
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