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ABSTRACT.
. • One of the most importnnt souroos of errors in hydroacousUc

stook as~essment i9 relatod to the stability of tho mcosuring
systom parameters durlng years of itsexploltation. As an cx
amplo~ observ.ations on bydroncoustio sensi tivi ties of the e-·

· oboBounuer and onllbrnting hydrophono of r.v. "prorcsor Sicd
leo/ci" durinEf 12 yoars of i ts exploi tation :are shown. On the· .
basis ot.those data; ,regression lines·of scnaitivities roduc
tion bave been'oalculated 'and disoussed. Conclusslons on how
to minimlze .the error "rolated to stabili ty of tho system pa-

'rameters ·are,enolosed.
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· INTUOliUCTlON,
Tho flsheri~s researoh vessel"Pr~fe~orSiftdleokl" / 90m I

· was b~ilt in 1972 rit Gdadsk Shipyard tor the Son Flshorio~

lnst1 tute ';MlR/ln Gdynia. The 've~s~l was equippeu wi th s11.l- .

RfD s~ientif~~ bydroncoustl0 sys~om, wlt~tbo main task to
cstimateflsh rcsourccs~ Tho system consl8ted. ~f EK 38.EK 50;

BK 120 sounder~, SU-2. 51(-120 sonars, .QU WC!1 integr~tor and
h~drophone monitor unlt and calibration' instrument set. In ','
the most'cf oases EK '38 'with na~row beum (5~50x 50)t~ansd'u-;

.', • " '.' <'

oer was applied tor stock assessment. As tho, standard tor,
o'al~bration pu~poges l~ydrophono .tC 32,. produood by'Atlantio

"nes'oaroh ,Corporation.· was uso'd t111 the presenttlmo. The '1n
.. t~nt10n :Of 1.bis paper 1s to dotermine possibleerr~rs o~ blo
,mass assessment, estiwated aposteriori, after a long pcr10d
". . . ~,.'. . . , . . . .". - .
·'otexploitutlon.As ,the main subjeots for disous~lori Instru-
~~e~tal oonstarit,~~ EK ~8 s~undo~ andhydroph~ne s~nsiti~li~'

::_.~er~~o~~ervOd.ConClusions:should 'holp in exploitation ~f"
.: ,~ h~d~C?aoous.tiO systems tor oV~lunting' tho' biomass .'of living .

..... '.' ...- I.

": ii-esourö-os.-ot-~tho- scn~",,.. .'

funk-haas
Neuer Stempel



MATEUIALS ANn" IHSCUSSION

Final rosult·ot ealibrating proeeduro of hydroacoustic systcm'ia

elosely c~nncoted witti abcidental und systcmatic condltions du

ring the mcasuromcnts.
Aceidental factorsare eaused by propagation sit~ation, corroot
setting of'hydrophonc on acoustioal aXis,power ~upplylng, roguln-'

tion of mousuring instruments and personal charnctoristics of. r'OB-'

ponsible stafr.
.'Systematic orrors follow tho instrument.standards ohungcs,cspccial-. . .

ly trunsmlttingund,reoolving response of the hydrophone •. If the

hyd1'oacous tic ,system. cullbration p1'ooedure in rculized by hyurCljlllO

no, ins trulU.cntal cons tant of the echosoundor is exp1'essed In t'hc
tollowingway: •
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sn = VR

II:[U
:::.:u -

... SL =
Cu -+. d)

CM + S)
+ 20 log r] + [Uout -S -UhYd~"~ 20 logr]=-
... Uout -Uhydr + 40 log r - d li.1

where:

sn - system instrumental oonstant
vn - voltage response
SL - sou1'co lovel

U - hydrophone transmitting
voltage response

S bydrophone rcceiving
voltage response

Uout output voltage of sounder.
receiver

[dD/1 V]
[dD/I 'v/pPa]
[dB// ,ll})u]

WU// ,uPa/vJ
Gml/ 'v/}lpaJ

[dD/IVI
Uh drtransmi tting hyurO}lhone

. y Val tage during SL meUDuremcllt ldu// v]
,U .. - receivlng hydrophono _

val tage during vn mcasurement [dB/I vJ
. r·· - distanco.trunsduoer-hydrophone r m ]

d extension cnble attenuatlon (dB]

TJl0tactor:(M + s) eharacterizcs hydrophone calibratlng propert10s .
. '. , .

hav1ng a d1rect 1nfluencoonealibration results.nnd on b10mass .
es.t1mates finally.: . ' . " .

IIYdroPhone. LC 32. 1nstallod aboard r.v. "Protesor Siedleokl" was: ca
11brated by SnIIlAD' at I10Ttenin yORTB 1971,197'2,1978, und .1983.

In this. tl.apor ,parame't,e.FS.~M:;'. S, idetcrmined-, 'f~r~8-~Ji~';:"aro~ako'il~~:~'-;~-'
unde~account~ ..
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Dtftoronoo of oll +' S p~lnts / betwoon int ttal' and present vl\lues/
b

ware approxirnated by 2'(~gres810n 11no IFig.'1! type y=, ax und
" 2

tho ourve equation was aa. tollows Ir , .,. i/r

.A (S +- 1.1)= -(1.913x~0-4 t 3_?1.3) ',/ 2. /
tJ'

t - nurober of years of exploitation
, • ' ; 1; ,: ,) .

J,>uring 12 yaars of exploitation of the vessel,hydropho,no Rummurl-,
~ed sensitivit.y (S. +- Ü)doct:eased .bY 3.3 dB. neduc-t1Ö~ of son-

. '. " • ' '!J \ ~.. f } n~.

01t1vity "as vory oMa11 /1000 thon 0.1 -dB per year/ during first
~ ~.; ~. ~.

5~ years of explol tat10n -' and i t haa bogun to incroaso rapidly
attorward8. crosoing 0.6 dB per year .after 10 yoar~'~' F'~~"tlie,sa-

, , ' " ',' ':, ~.',

mo.poriod /Fig.2/ thc relative error ot b10maos e9tl~ate, causod
by hydrophono sonsit1vity lossos/ 1r It was not reo~ii~rated
in betw~~n/ was'ap~roXimated trom /2.1. The bias,over'~i~ ~nusing

. . .'. .".. ......

oystematic error of biomaso eotimate, appearo ofter 5 yoars since
tbo Doment of its 1nstallation.The error i9 increaslng quickly
and after 11 yaars 18 10 t1mos hlghor.
Ir wo oomp~re hydrophone'~onstantat ,120 Wlz during tho same po~

'rio~, reduct,lon or sens! t1 vi ty lWS much higher betlfoon 1972 und
19B3 ond·i t roaohed Ä (S ... u) :a.. -32.3 dD ~

, . .
It 1s ouppoaed, thot tho hydrophone oonstant 19 mostly roodulatcd
bycha,nges of propart1es of neoprene sheath, covcring thc piczo
elootr10 ccramlcs. Strong decrea91ng of oens1tlvity after ,ti yoars

, , ,

or exploitotion aliminate tho pos8ibillty of using the hydrophonc. '

as a standard tor onllbratlon.
nl'rr-erent"'problem- 10 oonlloo tod wi th oohosounderc·ons tant'~-boing-'tht.

'~~~" of lt~~e~o·i~ing ~nd:transmltt1n~ aonsitlvi'~~'~S"-If"tho echo

ooundor i9 oallbratod during orulso8. the instrumental constant
ohange 10 meuGurod und.it haa no .dlreot 1ntluence on blomass

, ostimatlon.' Dut 1f the dritt of eohosouncJor parameters 19 ·higli'

~inouih:oalibr~t~onorror sbould' 1norease. and eohosoundor do
toctlonlovol 10 booorn1ng not oomparablo wlth prev10us surveys,'
oarr1edout' dur1ng tew oonooq~ent yoars. As an examplo of 8tnb111
ty 10' shriwn t~~ diagram of instrumental oonstant for EK 39 soundor
IF11;.3/. Tho ourve presontod in tbo figura 1s caloulated as thp.
regression I1ne,a9 1t was done tor hydrophono_Th~ ourvo rou~esslon

<J '

lino equation /rw
~ Q.96 /was;

/ 3.·1
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..\ ·Eqt~ti·~n·~~as·:· '~b'~se:~~ri~~iih'ratioi1 ~~s~ii'~','f b~i~i1'~~e~~'ge'd' for.·
.' ..every~ye~r~::·wi ib' tiüi~~'V~~i~tion.;t~·i,'·hY:d,~~ph~ne,~~~,~änt,.täken ·un- ...:. ,"

d~n; oon81d~r8tion 11 p~s tu.r~ori", .::.:::: ,... ..... , . , ;:

·'. '._ 'Atte~ '0j';riö·d~l·"~ipioit~fi;;n19I2::i983:T-t~~~~~=dtc;~f..·\-
i ~ ..~-~_. _ 4., • ~ ,.. ". . ..

was rewound, by' snmAD ,an~.,tbe lnstru~ental oonstant. IU1S, incroa-
Bed '3d'B;' over the' ie~!i,'from1912~ I't. mean's.; uif:'t. deo'r'~8S:lng of
lnstrumental'oonstant of ~EK 38' oouid be 8ssoo1ated'wlth the

·'ohanges ,'ot' p'ara'met~rs .~i: tr8nsdu~e~s Dt~8tiy. >." .'
ROd~otion:'ot.'ins'tr~m~nial.o~nstänt ,tor ~.EK :38 was ,s'tronger ·than

· toi.'· Jiyd~ophorie ·/Flg·,,4/."aiui· t~t~l dif:ter~noe:,~tt1Jr the s~m~ period
'. '.' .,.' , ." " . .' , . .. I . . , '

ot ,explolta~ion was,' twotlmos higheT, over1 dD. The.- trans.duc~r·

was '1n~t~'1Ie'd 'inside the t~nk of' st8biliZod'· platiorm' anel it seoms
· t'o. b'e profitabi~ ,:;. be~8use fo'r ~ther:huli~mounted·transducors ob
.,served .sensltl~it·y· re~~oi1~n '~8~' ~uch hlgh~r lover 10.dD'./.\
.' St~ong (leor~ase. '" ~'.of. 'system sensi tiVi ty, ~ppo~rs after 8, years of
.e~~i01iation snd 81~oe:th~t moment ·the ~h~ng~ ~~'~igger th~n 1da·

:', p~r ;"e~'r~ It ba~··a· strong Intluenoe' .o~ bio·ma8il.·~stlma·te error
.. ~ .arid'1n·oo~~e~u~noe···ori:deteo'ion Q~~d~~io~s'/~~gn~l t~n~ise

· ~atio I; ., '.' '. . :~ '. .
•• •• 1 ,"
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CONCLUSIONS.·· .:.
, .' '.~

:obs,ervat-.t'o~s "ba~e.d on)ong period oi exploi t.at10n of hydro·acousti.~
" ,. . ., • '. ~ _ • • '. '. -L'" ..' .' • •

stook'sssessment' system and o'allbrattrig' liydrophone parameters .·at
3ft idiz' ~ah ··b'c·: ti~~)"ly .suwned ':'up,ln tOllo~1n~ '1 te~s i:. .

". .'. " :.-"' .- . ." . __ ._.:.."1'", .. ,' '. ~ .. '" .. ' .'"
.;.~: .~.Uy.drophon~.s.on~1:tlvlt1~s ·,~.mablta1n·~·; good 's.tabillty·'during·.
• • • • • •• ..' • I" -. • • • .' .... • ~'. '\ •

: . ..' first· 15. years ot explol tat10n I relative. biomass !..estimation ....
'. :.'..~e~~~r:w~8.·e.v~lu8tod·assm~ll~r ih~~'.I5~ i.· .> .... ~... .: ., ..' .'

" ', .. ' "',,: . '. .. \ -' ,. , . .

:: .:..·2~.~~,s8e8 ..·~·~t 'hYdroPhori~ :Sens·it1yit.les "~n dB' duri~g·.ne~t :perlod':' ~
.. ..". 'ot 'explo1t'atton a~elnoreasing'~ith tho"tun~ilon~t4 and .....,

... '" ". ". I' • •••• • • • • ' •• '

.: 'c.<· .... t.iie. 'hYd~oph'one Dan"not bo' tre~ted '8a a~y' kind :ot standard·· .
...... : :tor oalibratlon~ ,.... ,......... '.'.:-.' .' , .

· ',:~' .: ~.' .-~., \ , ',"\ ": ~.) ' '. -. . :".~ ; .' '. . ',",

;'.:> .~.•~~ .1':l~eooIJUll8nde.d '. t~:' .1nstal,l .8 ne" hydrophoneevorY: 4: 'years
.. ' , ' ... -. .' .' .... . . . .... ....." "

.......:, durt.~g yess.8!··:'fI olass repair and '1.0 reoalibrate i t: alter. , ...".:'<2 y~ars. cf . eXllIoi iQt1on·~· '. ...:. '.: . '.' . , '. ":", ,."

... ' '. ,4'. L~'ss:~~ '.' in .t'r~ns d~~~r ~ons.~ t'iv~ ti e~' ara 8 tronger ...1.h~~" ·~or. bY·~:.. :', ,

,: .' : ,"d~Op~o'~~,~: but. ··.tb·Or .h~v.o· ~o '~ny:- d1reo't: 1ntluonoe:pn~bi~~as8;...... .
7}.':·estlanate.it ;thp ca11bratlon:ö·:t-·-tho system 1s cörried Olrr;~:~,~-'

. . '.;'.' '. .... .' ... :: ... ' ... -.: ... .', .... .':.': . '. ..' ;.. I: .. . .' . ..' ::'.. ' .' ... .
~ : .. '

. ; '
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,': " .. :~ci:llirilfQrot t'ranSduoers' parameters has, negat1ve.lnflu'ence:
.' .' ".' • '- <-;- ----.• , .," ','6 '. ," .",,' :. ',. -: ....:.:.-- .. ':'. :"'. ',.: -... " '. '.", .:~ ....." " •

,.': . ;ön=':eehosounder deteotion level and 1~: Is suggested 'to'·replace
. t'~an~ducer8 every 8 years of expi01 tati,on / everY: ~eoond 4 years"
,'elsss repair of the v~ssel/.· .. ' .. ,.....' ,', .' .' ." :' ".,..

, .: ,- ....,.,;"...' - "." - . .' "..... ..... ' '. . ' " ' .".. ~ '.' . .

.':',~ ,-5~--~Igure,ä~ Ol-:;'tii~.~ ti'-m~".8tab1;a.1"ty, ör: hytlro4cöustro paramc3- '\-_._-------'------- --."" . --- ~--_.~ ._,.. _.-, .. - ,--_.- - -_.._-;--.-

:ters',oan beused :ror=est1.·Dlatllin,~ot-.sYstein'ooefflo1ents 'and eva-··
l~ation~~f~e~~li~~atlönres~lts~

.' , ..' .. lt 'ls : Importan'i. to. par atte~tlon ,on, blgohang~s of. hydroacoustlc
" '~efl8:i tlvl ty" ai ~hlgh'er':rrequencfesaß(ftotake 1t under con~idara-.

tlon when~d~~iSi~n o~o~oosing8ystem.:r~~~~e~CY·iS/dlscussed.
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1

Flg.1. Regression lines presentlng reduot1on of sensltlvlty of
hydrophone LO 32 between years 1971-1983.
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IJ(S.M)= j 3.913
• -(t~973·,Ö~t· )

.6ldBper yearJ
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Fig.2. Relative biomass estimation bias "related to calibrating
hy drophone ·'Senst tt Vi ty reduct-ion.
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Fig.3. Regression lines present.ina reduction of sensi tivi ty, 0' .
" EK 3B echo8Qunder betweeri'.years 1912-19B3,~ßelativebio"as"

esttllation bias related to reduot10n' of' the system senaH- .
t1vity. '
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Fig.4. Comparison ot acoustlcal stability dur1ng 12 years 01 explo
itation 01 the echosounder and the hydrophone andthe oon
sequenoeof 1t on biomass estimation error.


