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Fig. 1. Frequency distributions of standard length and body weight of material fish (Maurolicus

muelleri) used in swimbladder measurements.
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Fig. 2. Dissected swimbladder from the material
fish.
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Fig. 3.

Major axis—minor one relation of the
swimbladder, to examine validity of ap—
plying to the Strasberg’s criterion.

Note : The points under the solid line
(3 : 1 relation) could be regarded as sphere.
The dash lines (2 : 1 and 1 : 1 relations)
were added for reference.
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Predicted frequency responses for mate—
rial fish with a 3.12— or 1.73 mm— equi—
valent radius swimbladder at the depths
of 50 and 250m.

— + —: Equivalent radius ¢=3.12 mm.
—: Equivalent radius ¢=1.73 mm.
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I A XLV TH b,

ZITC, EEFEADVDOBLE ) AT 4 v 7 DEZIER
FROEFREAMRIIBWC, EZWE,ISETHE 1D
BEEAICBITAERELNVESL, ¥F—4y MIETHE
TOEEIEL%® TL, ¥—7 v PAML Y Z2Z TS ETH
1E, BRI OZEENSTI— LNVEL I,

EL=SL—2TL+TS (2—6)

THREN S,

ZITC, EREEMBICBIAERM ) 4 X% NL & ¢
e, BEMS (VAR SFEBRIZEENS720, NLIZ
EZWERROIRIIMERISS DI 221§ 5,

L72%35C, #3474 AL~VIZNL—DI &7 0, %<
WRBETIZBITH SN (SN) 1

SN=SL—2TL+TS— (NL—DI) 2-7

LB,

22T, BEDHERIHE ST T —E5EARELR /A
ADOHPHH HHERTHMT 5 2 LB L %25 (RER
1984) o = DYEFINTRE 2 iR/ DEZ Wasim T D SN b %,
BHLEWEDT &y, T3—0 SN 2SZ ol L &
WEZ BBl TWAHEE, ¥=F7y FeRAMTAHI L EL
Bo L7285 T, FHEHUZ

DT=SL—2TL+TS— (NL—DI) (2—8)

LEEIND,

L L, BIBO L) I, EEEYEROEEN 2EHI%
BABGEE, =7y FOBEMATHA TR, /35 2
— & OMFHEDIEEIZH 5,

LA T, BR» L0 — % BIFRORERIZER
L&) egiid, RIELEWELD S SN k& < il
WS, BEPLORSIII—% /4 XX ) SEERAT A2
LiITERY, 2612, EEWRHIEE Z 5541, +5
R&E7% SN L TOMENEEL2mE 25,

ZIT, SN By F—AREX T A (Bfkoo
=) WDV TERNIRATEREING (i - BE, 1983),
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SN=SL—40 log R—2aR—AT+TS+DI—NL
(2—9)
ZZTC, RIZADEE, o IRIURERE AT
IITERE, AR, REEREONTH 5,

F-EMLFEENE LTCOAREE UL, KA TR
FTIEHTE D,

SN=SL—20 log R—2a R—AT+TSs+DI—NL
(2—10)
Z T, TSsIBHEDOTS &£75,

2.3.2 {ESW¥EF (SNE)

BIECHRN/- L B EEMEEREYEZ HHEL, /
A RN FT AT I LD T2bH SN IEE WK
ELEBPEN) IO TEEL 2 b, SN % LIF 57
DI, BEHNERRETNELVDIITH S, Ll
Hie EIFE RT3 A XL~Ws&El ey, £/
FrET—Ta rABEL, FERNOEE REROY
— L8 Y — Y DEAL I EOWTIRAIEBORETIOEKT 251
2§ e %% (Urick, 1979),

Tk (1969) (L ABHEME ORI L E 2 ROl E I,
Tibb, EXERHTICBIIAAE,SOTI—LiEF
DEEE L DO SN AT R L 72 A L) L EESEER
RL72e THUIR/ADBFELTT, 520N/ EEORE
12\ B B OS2 BT E 5 &9 2B, &EE
BEETHLENIEZFTHD, HE - BR1988)I1ZZD
E2FHE L DERESE, KEEFHEED- OO AR
DFEIFERHEOMICL, B, HELVOY, Rk
7, g, 2OV ARORED OO ER L7z
IO DIFETIEME & DEETED O OUIGTHTRED 5
Wi, FrEAEROBRSTHEOME R B NT\W5, 22T,
AIFFETIETT DO FEICED TR AZEOILIEH & B AR
EX 27y OFEREO-OOBERERICOWTE
BEITHIZ L E LI EHICEONKERZEE B
(1988) DULAREE A L CIRRE L7z,

K (@2—10) TRENIZY F—FERE, FEEHT S
BB E LTERTEARE RS,

SL=SN+20 log R+2aR+AT—TSs—DI+NL
(2—11)
ZI°T, SL=170.8+10 log WA+DI (dB/ x2Pa/m)

ThAHOT, T2 (WA :watt) (TFT 5 & LCER
ThE

10 log WA=SN+20 log R+2aR+AT—TSg

—2DI+NL—170.8 (2—12)
L b,
BEED TS #TSs& UL
TSs=TS+10 log N (2—13)

2T, NIZBAEL ) ORORKTH L,

O (1969) I3 OEFES L OBEORSHESE Lp &, &
W OBIZE b2 > THRATSHE LT, ROEMRT
R~L7%

Lp=-—10 logf +Lo (2—14)
Z2T, Lold 1kHz I2B1F 5 FEHEEDETH 5,

REHBELp &% —% v PA LY A TS EDERIZLp
=—TS THHENT,

TS=10 logf +TSo (2—15)
LEENDL, TIT, TSolZ1kHZ IZBITAHT -4 v F X
ML YT ADETH Bo WEDFIATIE, ZDIFEALD
MEREIZLDLDEEZLNLEDT, AT=q & LTH
N4 o720 WEWEE ¢ 12DV, BB LTo
AR EN T B,

q=20f " (2—16)

Z DEFRIZ220 b o BURAROANE RS SR 2 IR B O Y N
ZEEL, 11/ v PORELZBESIZESONZLDOTH S
(P, 1969)s /4 X LU NL 12D\ TCH3,

NL=SPL+10 log Af
ZZT, SPL

(2—17)

A ZADANRT PV LAY
(dB/ 2 Pa/Hz)

Af D ZEROWE (Hz)

TFEEN Mitson, 1983), /A4 AD A2 hL L~L SPL
EREROEHIBAS 13, THENKATRENS,
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SPL=SPLo—18 logf (2—18)
Af= By (TR, 1969) (2—19)
Z I, SPLo: 1kHzIZBITH ) f XD ANRY
PV LUV (dB/ pPa/Hz)
B ZEROTHIEICET A8

L7255 T, #@2—17),(2—18) BLU@2—19) LD

NL=SPLo—18 logf +10 logf +10 logB (2—20)

&b, ZIT,

K=SN-+20 log R+TSo+10 log N+SPLo
. +10 log #—2D1—170.8 (2—21)
&g,
10 log WA=2 af—18 logf +20f #*+K  (2—22)
LEEINS,

I, FEHET (WA) 2B/ 2D L) RN E
kO B720IIE, R @—22) IS THUT L, DO
E%E 0 LT kv, IRIEZFERE « 13, Francois and
Garrison (1982b) DR ZFH /2, T 2T, Kik EE,
pH DREIZDOWTIE, F 27 Y ORBOFIGEEIEE
2200m &E 2, HANED Z OFEEIIBITAEREDTY
BMET 5 272, $72bb, 5 S =34, KIET=2C, pH
=7.0 & L7

WEZZTC, R(2—22) ZENEES OMEKE LTS TA
L,

[ 2 (10log WA) (2—23)

of ]f=f(min):0

Ebe LAL, Q=233 S (um W2V TIFET 2D
T, R=X (f (mim) EBTIE, BTER LIS (min P
fRAaskd o s (FH, 1969), £2°T, ZORR% Fig.5
IR L7720 COEDHIEER OEYZENIT AIBE0D, &
BRI BRSO NG, 2F 1, Kdb
NS SRR ICB I AP DI a—-E /4 X
EDSN ISERE L BEAEFRE W) 2 EITRE, TIT,
SEDFETROIRE L BAEBOBERYERT, AN
(1969) DB L 0 k> 7= L BFEOBREIET
RL7ze TOREY, SREIOFEPLF 27 TV HEH

1.0
0.8
g o0sf
- L
5 oul
0
Q -
0.2 +
0 1 1 ' L T SR S T N N R R}
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FREQUENCY (kHz)
Fig. 5. Estimation of depth depending change of

the most effective frequency, with which -
the target can be detected with the mini—
mum acoustic power.

Dashed lines indicate the result of Nishi—
mura’s diagram.

ERELTVWLEEZ 5NH150-250m TR ZillET 554
121, 50—100kHz FASSN e\ ARICT B2 EATE B
BREEEF CHAH I Lo,
23.3 B =

F 2 ) Ty EEIZERIZIZ502 5250m DI FE
LTAEBLTEY, HEEZIZIFE0m D L iFhllE
FCEFETS (P, 1971), AIE T, ZOAERENEEIC
BELC, BEEOEHERERICBIT ARIURE, 8L
BRI DFTRE, S OIRBMEICBIT ARkICE
DLRIEEER L0, FEEFEICET 5 BEREEICOW
TRETT %o

PEHFEICOWTIEINE TIZE L DR 2 S Tn
Bo MEKIZ X BIRIGRFIZ S EDRED 72 2> TR
BUFBEELERTH L LIER I TS (HiE 1985),
TERD HFEH ENT E7-IUEFERS @ (dB/km) DEER
A (B z21E, Murphy et al., 1958) EENEE DA DEET
FEENTWALYD, T—F—I2L 5> TRFEFIZHEELRT
HEHY, BEETIZZOEEFBOTREL LD, FEE
HEEICRELZFEIEZELSELZI L bh s
(Shirakihara et al., 1986), IEFFTl%, Francois and Gar—
rison (1982a ; 1982b) DXAHZOFT L, BIEMNTH L L E
AN TW5E, ZONTRRIGEERE « #1555, KR,
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BEE, pH BLUBEEEOBECELTEY, FTLESL
KIBDEENKE L, TOEHRIIERETIEEICREN
(5, 1990), L2 L, oL, KBNOZEIZE LR
IUREERE @ 2K, TEFEIOEGHICHE S AEED
RWIEAR, ITNOOWIEIZIEEICHEEE 725 (Foote,
1981) 6

% Z°C, Francois and Garrison OR,(2—24) &, FEkE
DEBTHE ENBICERNZ: Murphy ef al. (1958) DEERT
(2—25)

— Alplflfz ! A2P2f2f2

- F24r? ' f2Hf2 +A3P3fz (dB/km)
(2—24)
f oW
f1,fz TR EBREE~ 7R T A DFEFIENE
%
Py, Py, Py [ KEDOHIIEIE
A, Az Ay DUKIRES DHICE s TROBNEE
%
a =235 0 00033> (4B/km) (2—25)

T 7000472

ZHE L7 (Fig.6),

CORIZEARETE 27 ) TV AR T 5KEE30—250m
DERETETHH30mE L250mB 2B 53D, KiEB
L O pH OFHIIER Z 12 Francois and Garrison D3\,
IZRAL, 20 2RB0ORIUEERBDOFSME L Murphy et
al. DEEETE S NIRIUREREE L 02+ FEEOH
BE LTELEZDDTH S, Francois and Garrison DT
L BRIEFERE « DML, ER01982) Ik 5FE D=
30m, T=25C, S=33, pH=8.3, #& D=250m,T=
2C, S=34.5, pH=7.0%FHWTRD7 >,

DD G, BUEENE 2B o TRRENSKRE (R
BT EDODB, FEIZI00kHz IEIZEEIEEEDIEMT 5
B EZR LT 5, BIUHERK « id 1km 2B 5HEE
(dB) & LTEENDDT, 250m DFEFIZHBTI00kHz T
130.33dB, 50kHz Tl30.05dB DEE WV Z &2 5, L
72535 T, BEBROEEIIH - TE, INEY 2GR E
¥ @ DFFEIZ L BIEEBRZE T /PE (T 57201214100kHz
LT OREST 2EETHAIENEETH L EEZ SN,

RIZ, BEABRISTTHHFEBEICOWTIE, HE
(1962), Davis (1973), Foote (1978), AF:5 (1983), z=E
(1985), Furusawa et al. (1984) 7z &% { OfZeE 5L

10
8_.
=t
X
~ 6
m
-D -
3 [
<
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e

40 50
FREQUENCY (kHz)

Fig. 6. Frequency depending change of the dif—
ference in absorption coefficient between
those calculated by using Francois and
Garrison’s formula (Eq. 2—24) and those
by Murphy et al.’s one (Eq. 2—25)

AHEPEVETOBTEREIIOWTHIE LT 5, A
(1983) 1ZEE T V- BEENENERLIT, AFICLD
BFEREIMEREZZ SN T L D A/NENT EEHREL
72 7z, i (1990) ABHREOREEIFEIIRE
%L, —ROBEIZAHEEIERTE L LHEL T
Bo Larl, RRIEE L-BHECRESMICSRBIZSHRT
BEBZEIIOWTIEIHIERET L LIERL VWD, 22
T, WBRETHEF 27 ) IVIZOWTEETLE, Fav
VIVIIEREMS 4 emBEL, FEEITNEL, RICBEL
Tk LThH FEDERI TR OEMRIN L2 11
TERTEE L 4 ecm? B E RV, E51Z, Fav U
B LT 2RE AR OMFEEELHRE (SV 1E) % —50dB 72
BLEZ, Fa7)IVDT—7y ANV YT AING
7147 (Diaphus sp.) DFNTH5H(TS=—60dB, =EF
85, 1985) LRETHE, 1mPlll0h515REBEDSH
L% b, TNHLDZT LMD, Faw )y aHENEE
(1990) D ) FRIZHEEE L7 T B L I3 E X DUEE R
{, BERBEICEHLUMRCERT2LERRWEELD
N7z

BUEIZ & 0 EER A& LARBIC L AFEER, A
HATHE I L7225 CTEMT 5 (Novarini and Bruno,
1982) 4%, FRBIHETORENTEIIKRE L, FEBME
12HBBEZWRIIC OB EZESIT 5,

RIEWFITDWT, Novarini and Bruno (1982) IZ5EERH
IR EIT, FIEREISTT 2 BRSNS REL, &
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BIC L EEE A B, BIUBRZIESEOBEL
LCHEL SORDPTHEZEERIVKET 5 mISHREL T
H BIEA T, JEGEIOm/s PUTF D44C0.3dB, Ei#Eldm/s
DOPATIE1AB DEEIHHZ L ER LI LI25T,
B27K 5 m BT ROFEMIER ST bESZNER VT
FE10m/s LT D&M T CHEEREYEMT 55121,
FIRHEICE UBICEE T LB h R O,
72, Faw )TV ARIGEE, 10m ROKEMTICIZ)
FEALTHWRWI Ehh, EFHRTrE(RETHLE
A7 ¢, KEMMETORIBOFHEI L HREFIZOVTI,
HHIEBBT HUEDNRWEEZ BN,

2.3.4 JNJVRIF

INEID R 2 e T AL, VOV AIBRELS T A
S, RO REEF A L3459 2 CHRFH LS, 4
BEdSEdhF ) TV IdALE LTHANL-0, A
L LCHBER T HUEE L, Lot C, Hffra—¢
LCTRa Rz a— L LRy ) ZVAREEHIS
BIBEOBIE 727 OV AR O TRET L7z,

Urick (1979) 34 L & VWMEDT &/ OV ATRORRE
(2—26) TR L7

DT=5 log (d&f/7) (2—26)
ZIT, Af VAT LOEIE (He)
T 9L AIE (sec)
d RHEE

I THBAROBERIHL T AT —E5%, TEL
) A ZOHp BEEEICHH T A7-0121E, L EWEZ
BRAENRMEL TAHILDPLETH D, TD/2DIZE, 739V
AMEZELT B ED, ZEROTFBIRET T HLEID
bo F77, Faw)IVIEDSL & L GERLZEE LTH
NBID, 74 ZLOUHFETIR ) AR R 72 5 R
ELTHIEDWFT LY, DFY, VOLREEELL, #E
MAEZRELTHIENLELEZ bNL, —F, /IR
E%E < T 5 LBEMOSfMREELm LT 52, BIES%
ZEIET A DI, ZERBEOFIRIEE LTS /- ONE
A ZHHEAIL, ZOREREREMERHEIVNE (2B, I
LNZ LY, BHEBICERLCWwLF 2y Ty Ak
el L-BERAICIBVLTE, 2OV RERECT S L
D, LA A XLV OFEHFENT IVAREEL &
LHISEETHLEEZ SN/ Tabb, EEEEEC
H72oTiE, BEKELIVL LAV AEEREL TEHEAE

B

FEOH VLT D EEZ BN,
235 £ &

Besk, HEEAEYICRE Lo B EHELARORIZEIC30kHz BL
TRV Z 0% D 572 (Pieper, 1979 ;
Kinzer, 1970)o LA L, BETIE 75> 27 b v O5FRHE
FEOFHNI30kHz Y EDOEEEFRSHAVS NS L) Ik
1), Fisher and Squier (1975), Kaye (1978), Greenblatt
(1982) i, 88kHz i & AV CEBEEHEVE DB ZTT -
TWh, 72, EIEETIR200kHz 7 COSEFELEN &
nTwsn (ZJ)115,1984) , Beamish (1971), Pieper (1979)
13102kHz ZFVICA + 7 348 (euphausiids) D537 &
F& % EH L, Sameoto (1976) i DSL @ % ¥ 7 I 48
(euphausiids) 12x) L C120kHz %%z 72 s HEEE s & b
~NTW5b, F7-, Holliday and Pieper (1980) (XififaEkE
FVEAWALZLIZEY, 5—10mm ¥4 X0 T~
Z7 v OFEFHINZB W TIE5074 5500k Hz 758 1F 72 B4
HCTHHEWRE L, ZDLHIL, 7907 P rOEER
SHl % NS, REYIIE LB RN O 72 0 DR
BOEEIZERIDONSL L) 12 - TE LrL, A3
A7 ERY P YRR LIERECOVTE, £S5
RGeS ST\,

A 703y b i3, HECENZ L) IEEDOE
BOMG L 7 52 L IEIERETCIERR T, SRR
E LW SRR AIERDFEEA VD LTS
e Land, EEEENENC ERRBTENICL VES
BT Ry ML AEENLFRIEETH 5,
NSO D, B 70T by OFIREFHHIC
B0 TRBENFEIRDBELCNLEEZOHND,

LA L, BEREONSEE LR CNIDEYTH
HTE, EEELTWLIZLIZLBHIRDFE, BHOE
BIRENRENR L, sHllERT 510H7- > THEHFEE
DREEADZ . L7205 C, AT LRSI 5
B EOIIEDFE, SN LOKRT, SEORE, HIE
L2 RIGRF RS o |2 X AHEBEDOHEINZ L, BFRED
SIS TTERICE L, NRAOSHERICEELLE
W RET L, EERERE LI L TBLE
5B 5,

DX BEEIOHBETHLF Y ) Y ORI
B RET TNV ERACLZ LIZE DVRET L7 JORER,
HEOEHE~ A 7037 b rENSE LEENEHIT B
LT B EEREICE UL, RO E A 72 A60kHz L
EAEHANGE L5 EHBR L 72,
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T/, F 2T )TV OGAEREITHIE L7 R s
DEEE, VF—HERE D LB L, ZORE, SN
a2 L& 5720121350 —100kHz &, 250 m TN Y
ZRHAS B35E1213100kHz AR BB LTV AH I L% 5
72

EbIl, BEOEBFEEINFENF 27 )Ly 5 ids s
BGEITE, TES RN ERS « OREIC L s
B5 7212, 100kHz DT OB AEE L2 & 28
23 N7z,

7OV AMEDREESTIE, F2v YTV, dCNIDE
Yo BH, DSL & L ORFEIIE~ A W RSB %R
LTERBL TS0, NEVAEPLEREE VS LY,
O LATEAGRE Y KRE L TE, /4 LV OBEEHHEN
THNVAEZ B CTE B IBRR W EREAE L Twb &
Zz 5Nz,

DEomMRZEE LM% Fig. 7\ 5RY, EISERT S
PR X D B O TR % 60kHz 128558 L, TR
R e OWEMBEICETNLEBELHLLT 5720 LR%
100kHz &RE5E L7zo HRE150—250m DAEYERAI D SN Hlz
DWTIE, Z OREECHISASRE 2 BB IS A - T
bo INLDOZEDL, BRBEAEYI 7037 D
FavVIVERGE LwBRERIE B L LB
213, 60—100kHz #5725 b8 L 72 Blisch o 2 LAt
S E Nz,
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Fig. 7. The diagram shewing a clue for choosing
the effective frequency (deduced from the
previous two figures).

2.4 EHRIY AT L4
241 PAFLOBE

RBETE CICBHL T L2 e B L UREL R T 2, &HF
FIZBWTE, Fa v )Ty OBFEHED 7= OSHIFE
WHh L LC88kHz # EETHI L L LT,

Fig. 82AMIFEIC /=5 HI S 2 7 A OHEEREL FQ—
SORIFIEATESL L OVEFIUFER L L TH FQ—60EIE
EAFHE (EMN) 070y 25 (YT 46ThHB, K
AT LADFERRE bV 2 B FQ—S0RIFHE AL, SSkHz
&£ 200kHz O 2 BEDRIFR & = 0 —FE58h SHEL S T
BY, AMEEDEENEFN2KW TH b, 72, FQ—60HE
DI EEUI88kHz T, HEHIIL 1kW TH B, AHFFEIC
BWTIE, 88kHz TIERLNT— 4% % E I EHENT L7,

KL AT LdFESTJ5 (Lahore and Lytle, 1970) 12 X
LEBAERETHL, COFRBTI-—DIR L F— %
EL, ZORCEINLAHLI—E5 2 HEHREHRR
(Urick, 1979) IZEDWCEE, BHL, AOBELRD
BHNTH B, L7 TC, & - ERBILEEICHHT 5
Fa7)ZVOFHINT LB L2 AR EE 2 S s,
ZEENTABIOLOTI—EB1ZF T TVG (Time
varied gain) 7 ¥ 712 & o UEBREOHTE L 2724,
2EN, RIZVAT LEBROFEEI TONS, &2 TE
LNBPIEHELEE LRRECTH 555, FEHHE, KF
HEADTEFZAT) S LIS XY, FIHREHELRE SV
HEND, ZZTHELNG SV ED, BEEHEDEE
ERBIEMEN) LD, LW -T, BERAELE
BT BHIHl-oTiE, T, ZOVATFLOBRY, ST
B/87 A= 2L, BVWIBE L EEID P H Bk R
NBHZEEb, 22T, RETHRHIY 25 L DEIEIC
DNTI5,

2.4.2 A7 LOEIE

AT FQ—608 B L U FQ—50BIEHE Ak o
BUEIZDWTIE, FQ—50BIASKEERSERBFRFBAIRIEA (&
b UE603 b ) IZEMENTW AL, RS FTEERS
AT 5 720 BRI EERAEERANEEIT 2 > TV AHDS
Z 2T, 19894 7THI0H (FQ—60%), 19894E10H 24 H
(FQ—50%) 1247 5 7281 % 7R ¥ BIE I Johannesson and
Mitson (1985) DAFUZLBkFiEE< S 707 4 > % H
WTHT 572, $72, FQ—50RIDRZIEERIAMEICEM S N
TWB72D, #RIC MY 20H DA, BT IFKTEE
W LA UER L7ARITF L 2 B LAt C, KpE#E<
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Fig. 8. Block diagram of measurement system
(Furuno FQ—50, FQ—60).

4707+ v IFEICEZIERTE 1 mOESEHIREL
72

(i) SRIEREES X USEE LV

SEEEE (SE) LWLV (SL) OEIEEEORE %
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SL=20 log (V1x/2+/2) +SE (2—28)

ZZC, SL:#%EL~UL(B)

(i)  SHERE

ZUWREE (ME) (okiEEw A 707 5 Y EERELT
<4 7 WhEBLse (1,3,5V), EZERETERIN-:
BERT VI A Vv EBLIZOL, VT T r4vEL
THIE L72 BIEEEDORE % Fig.9(b) II7RT,

ME iz X Wi Sh, HlImEER% Table 21377,
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ME=20 log (Vp.amp/Vpx) +SES—Gp  (2—29)
ZZT, Veawe - TUT VY THIEE (Veop)
Vex Kb Afruzrv(Fuds ¥
—)DERY— 7 BEE (Vp-p)
SES I KHTA U7+ DR
(dB)
Gp P FYT T4 (dB)

(i)  JEMAMERIE

BEZ W ORMERROEIE IHTER () EEkiE
EEM BV TITbNZ, - OEBKEOE
Fig. 10IZ7RT & BN Th b, ZOEEBIIHMNELRSESE %
BEEL, EZEY ¥ W00, Fa 7 s v ahEEET
BT LICL o TIBAMZHET A EATE S (g,
1990) o FEMAFEDEHIICH 725 TiE, REBHLERD FQ—
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Fig. 9. Calibration of measurement system.
(a) Source level. (b) Receiving sensitivity.
(c) Amplifier gain.

Table 1. Results of calibration of average transmitting sensitivity, and source level for the

transducer used.

a) Quantitative echo sounder, FQ—50 Type, equipped on Tenyo—maru.

Transmitter
output Average
power range Vrx Ve MES SE SE SL
A 7.5 0.03 —111.6 63.6 73.9
B 43.0 0.23 —111.6 66.2 89.0
8KHz 150.0 0.8 —111.6 6.1 0% 99.9
D 960.0 4.90 —111.6 65.8 116.0
A 7.2 0.084 —115.3 76.6 85.3
B 27.0 0.35 —115.3 77.6 96.8
200 kHz o 040  1.30 -115.3  77.2 72 108.5
D 540.0 6.70 —115.3 77.2 122.8
b) Quantitative echo sounder, FQ—60 Type.
Transmitter
output Average
power range Vrx Vmic MES SE SE SL
A 225 0.85 —111.6 63.14 101.57
88kHz B 420 1.70 —111.6 63.74 63.56 106.99
C 745 3.04 —111.6 63.81 111.97
Note Vix : Transducer transmitting voltage (Vp.p)

Vmic : Hydrophone output voltage (Vp.p)

MES  : Hydrophone receiving sensitivity (0 dB; 1 V/1 gbar)

SE : Transmitting sensitivity (0 dB; 1 V/1 gbar)
SL : Source level (dB)
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507 & MR DR 2 LT\ b FQ—60ZL ARk D
EZW T AV TUT o720 Fig 1LIFHEEZWRETH 5
88kHz OIRIAUFENERBRIERER &, RITRT IR
b (0) DEEGRFUZ L o TREHEMEL DB R L T 5,
CORER, FIMANT0° p5HE 1 Y uM T TlRmE T
HL Tz L 5T, AFEICBWTIRIFIZEREE
FRALTHELIABZWEEZ LN,

[b(8)=2512)/2

Z= (2mxa/A) sind

(2—30)

(iv)  ZEFE

Ky AT AGEERAFEORETCHNHDT, EHE
DEBEDLORSTT I —2RWET BGEIR, ATEFIE
MUY, LEWMEUTIZR 720 TH52 0% b, LI
Do, 0L BRI 5 70 ER (7 v
FR—=F) 12X, HOLLOATEHEST DD, LS
W% 1T v 2R, bbb, FBEH—16dBTIFT
FRATAREDFREZEZDLEND D, LPL, F27
YV AHEOEEMEIL—S0dB EETHLLEZOLNLD
T, Ty7T A=Y ORETHIHIETELEEZDONIZ,

ZZT, 1(2) cELITEE IRy VK HIEEEY Fig. 9 IIRT L) ICREL, VT 774
a I ERZIRIEOFLE v, BXU, BETVTTA v ERFHIL /2, FQ—60E! &
A LRE FQ—50EIDT YT 7542, TvTia—% 0dB DY
0 famA AT, FNFN49.7dB, 49.1dB, AT ¥ 774 VIEHA
L 3100dB TH 5770
Table 2. Results of calibration of receiving sensitivity for the transducer used.
Vex ATT Ve.amp SES GP ME  Avereee
1 0 dB 1.70 37.6 49.1 —82.1
10 dB 0.54 37.6 39.2 —82.2
88 Kz 3 10 dB 0.70 37.6 39.2 —81.7 —82.0
20 dB 0.54 37.6 29.2 —81.7
5 10 dB 2.585 37.6 39.2 —82.5
20 dB 0.68 37.6 29.2 —81.9
1 10 dB 1.30 44.9 39.8 —82.4
20 dB 0.40 44.9 29.8 —82.7
3 10 dB 3.80 44.9 39.8 —82.6 —82.5
200 kcHz 20 a8 1.20 4.9 298  —82.7
4.2 10 dB 5.50 44.9 39.8 —82.4
20 dB 1.75 44.9 29.8 —82.7
A
Vex ATT Ve.amp SES GP ME Vl\fgge
1 0 dB 3.3 37.6 52.0 —79.23
10 dB 1.05 37.6 42.05 —79.23
88 kil 10 dB 3.1 37.6 42.05 —79.37 —79.198
“ 20 dB 0.94 37.6 31.6 —79.28
5 10 dB 5.4 37.6 42.05 —78.98
20 dB 1.6 37.6 31.6 —79.10
Note Vpx . Projector transmitting voltage (Vp.p)
ATT . Attenuator (dB)
Vp.amp - Pre amplifier output voltage (Vp.p)
SES . Hydrophone transmitting sensitivity (0 dB; 1 V/1 g bar)
GP . Amplifier gain (dB)
ME . Transducer receiving sensitivity (0 dB; 1 V/1 pbar)
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Motor
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Im \\\
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Hydrophone

S

Fig. 10. Measurement system for directivity pat—
tern of the transducer used (Cited and
reformed from Sasakura, 1990).

Transducer

Calculated
------ Measured

201ogD (#) (dB)

80

6 (deg)

Fig. 11. Comparison between the measured direc—
tivity and theoretically calculated one of
88kHz transducer used.

2.4.3 YAFLOBELFERGX

VAT LEBIEIER T 5 O3B A OS5 - £
RRITHIE L7z B 2B ED N OHsRdD B b, T v
T A= DERAFESFD—DOTh b, FIHS (19%6) i
AT VIREERIC L A EEEFOBIIEE LT v T
F— Y DFERIIOV TR Z T o T 5, Thbhi%
ZWE AR REI NV BIHEIZIE, FHIMESH%aR1 L
TLEIBENWIDHDHEN) HDTH b,

CITEEBESITMM L2V TEHIITE A SVELE T »
Th— 5 OHEE (ATT) OBRTRD L0, HE* 12
BT 21T > T %,

TIVT v T EEROESEEED i3

Ep=SL+ME+ (EG—ATT) +SV—20 log R—2aR
+m1%%}+w1%w (2—31)
TEINA,
Z ZCEG 13EEER 7 (1 ~Ch b, Ep IZTVG 7 7~
DATIGME LT
Ep<—15 (2—32)
TRIFUIR 5%y (FQ—S0EIDRERTH & OEHNE) .
L7245 C, K@—31)BLOHK(2-32) LY

SV<—(SL+ME) — (EG—ATT) +20 log R+2aR
~10 1ogf%§~——1o log T—15 (2—33)
L) SVIELIERER & DBIMRE, ATT 2852 —% &L
TRDDZEDPTED, APFERTIEIZOFETEML, %
DFER% Fig. 121TR L7ze ZOED 5, b LIEE20mD &
2 AHIZ—40dB DIEF R AL Liz6, 20dB LLED
ATT TRIFIE, REMEBSRIMT A &b, LIzaS
>C, WE30—250m DILEFIZHA T 5, —50dB DEHE
BECREYA 7047 by OFHIRARY 27 4 FFAWT
EXDHEE, 4739 LrUBS0dB HHI L EE
ANET v 74 —% %10—20dB OHFTHEHT 5 DA5EY)
ERETH B EDhh o1,

SV (dB)

-100 [ R Lo 1111
10 100 500

DEPTH (m)

Fig. 12. The level of attenuator to escape from
saturation in relation to volume back—
scattering strength (SV) at various
depths.

FLE (1985)



104 it

A=y FZML 2T Z(TS) DAEIE

w
[
i

FEY AT 2L DMHEEY OEFEFMOHED, K
Bl LCHMAS (HfEro-) 2L 3ra—-5EARK
L, BE (ABIa-) 2HRLTHESARD 2D
FAZENTED, 7Y, 7, TADLHITKETH
BEEMRCGAE, BT %5RlT Ao —5HE
DERTHED, Fav)I VDL, WITKEMO
IBIER DO - YERBIZEREIZAA L, Lad, DAL
JEVy (L, 1971 ; Gjpsaeter, 1978) MR ETAH LI %
BEREOHER, BEIOSORETANVE-2ESTS
BOHAEDSEL CnWAEEZ LN,

BAOHROELEE SR ONDERIE, ARFAOME
KR BB OREHRE O & LTI & N A HIEEELE
B (SV) Thbhb, LizhoT, SV ZAHEBTEICERL,
CEEEEMMEIT D 720121, WS EDEEONETRETH
57—y PANLYTZ(TS) #HILZRIFUIE B2,

FITAETIE, BEY AT LAV EREEF 27
VLY OEFREFMETIMERLLT, Fav)TvoO
EIFESHM T3 2 ERAEREE L Ll CEY) 2 Bk
BEOEEEE B8kHz) HAWVWT, BEH#HEOEELR
A=V T 7 s ¥ —=ThHbF 2y TV DFYTS »EE
HILZSRD 72,

—7F, EBOTEFEIC BN THEE - BHSE2 N
B EDOFIGEEIENTHEEZ bND, LD 5T,
CDEBRIZE o5 TR TS OBASEH TR 57018
i, FRICED S TS OELEIZOWTHBRE LzITn
X767 REE TS ORMRTBANICT H720I121%, F
HABEOBEEBWTENLD TS 2 EEHIYT 5 HikL
HSRMIRO B FEDSH B, T TRBEED—D L LT,
AL DL LR HENTERED S SEED TS %
BEEHEICL D3k, R EOBRICOWTHRET LI,

3.2 BBEEHRTE

FAV 73RN 19884E 8 A IT/KEE K EMSR B IEHEAL (BB
b $41990.17 ) 7S, FRBRBEEEELEE CHE Fa— )L
ICEDIREL, S%DFRILT) VKBRTEHELZDDT
H5bo

FI4E10 A 1 ORI/ (BoRKIERI25m) 1250
T TS DUEEIT o720 TDOEBRERE Y Fig . 131TR T, Z

— T~ (T
= Uw\_° ]y
T == Transducer "'21'%&]"
Atn] T
-(,: ] :Q‘ 21,5 cm
627.5 cm Rt R
/ t-17cm=
90 cm
45 cm
225 cm «— Target / T
J' 90 cm
)|

Fig. 13. Configuration of experimental target
strength measurement.

OEIGETEHIC2EDFRP A —+ (E&5.73m, &
1.90mBLUEZ4.9m, 181.45m) ZEMEL, EZHeE
ZARE TR 1 mISBEEEZREHMICEZETESLLHIC
BB, $77, IEORBOF 27 TV % EAZWERIC
TR, AEEZEDITRVE)ICT I ARESBLUR
ERICB U SRRETIRELY Ty e Ll =7
v b EETERROMERET. 175 m e L, BMEDOLERE TEE
F =2y v h5 17OV ARG (90em) BEL T, HEE— A
DEEIY =7y POBRLMI—HTH L IIEEL ¥
—y FOREE, ENPLIERIRBT O S5,
BRBICBII ARSI — 24 5758 (]1000E > 2) 5
DF—% 1L a—%— (TEAC #R—61) ZIWKL7 Lo
L, EEOEEIL ARSI —DEE (HiTh) ZED
7O EFREDWEIZB VA Z ENFNTE-FE T — 5 I13&
BERMICIOVTH 1 5H (200 7)) Tholz, HE
AR, HEESREFQ—60 (FURESskHz, H7J 1kW)
T, BRI A7 2070y 2 54X T T4, BLU, EB
B0 EATEORERFig. UIRT, F—7 v b 50
FEBENHER, BAEBEIIBVWTZOY -7 BLE
FAMNL - VBEA AT AL ORI T EELTERIS
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ECHO SOUNDER DATA RECORDER PC 9801
Fa-60 TEAC R-61 OSCILLOSCOPE = ==o V2
TRANSDUCER
-t -
L Y
$
]
TARGET Operating condition of
the echo sounder Furuno FQ-60

Frequency 88 khz

Pulse duration 0.6 ms

Gain constant 77.0 dB

TVG 20 log R

Attenuator 10 dB

Fig. 14. Block diagram of data acquisition and processing system.
Lol b, BBERT X5 LA DEIEIZ Johannesson and
Mi -1 ) N 2z Om .
itson (1985) DHRIC L Bk~ 4 a7 + v % T (Om) zf f b2(6, ¢)sin 0.d 9d
0 0 (3_1)

WTIT 572

—75, HRE TS & OBRETRNL72DIZ5H L -,
B2 BB L HANBIFHOMENIER L2 D LA L
TH5bo PESHES FIRISHERE SN T30 2 EE
LR LREDOFHI 1T 5720 b, EAGHE % EH LIEOE
BLEEL /7 FAEACTGHILZ D TH L, BEEC
L5 TSHIES LRI W23 27 ) 2V OKE -
BEMRE, ZNZFNFig.15(2), OITRT,

3.3 BRHE
3.3.1 EREEHO%E

ABIFEOFHIN TS — 7y M2 E— o E#hEdl s L7
—EDIRNEFIIFRE L7272012, BRIy -7y
MBS B 3 O OS5 DSR2z
Bl lzBDT, ZORAMERTY (2) #RKOBLE
»HsH (Fig.16)o

M A Z RO B T,

TIRENS (ZF, 1985),

72720, b(60, )RR, Om 13 Y — AEOm
B 28 S OFEARE UT, FEALV) Th
bo  $FEMN (X —YEFE) CTRERAEE LTIy
253 (3—1) i,

P (6m) =27rf:m b2(@)sin 6d 6 (3-2)
LEIND,

T, =4y NEERE L7220y AFEEA 613
XWDT, 0S0<0' OHPFTH(F)=1.0LA%ED, L
7-h55T, 7 (3—2) 16 (8)=1.0%AL, ZAEAQI
B bfEmEERE RO D &,

T(§)=2x(1—cos@’) (3-3)
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Fig. 15. Frequency distributions of standard length and body weight of material fish (Maurolicus
muelleri) used in target strength measurement (a) and swimbladder measurement (b).

LFFTZEDTEDL (Burczynski, 1982),

EIT, EZEBRPODY =7y M HFHEA G
(6'=1.185X107rad) X W3t (3—3) #F\, fgfE
Bo(0)=4.41X10"* 2572,

3.3.2 BEXICLD TSOHE

F=F L a—=F— YA TNLFEEFITATERD
TVG FED T Fu % 5 VT THERT — 71k E s,
L72255C, ZOMEPFEGREL—HLTWHILEHH
P UDERR L CBLALENH S, £2TC, ERIZFEHR L
RO TVG B2 3~ (Fig.17) 0 T DFEE20 log R 12
BIF BRI OWTIE 3mEUE, 40 log R DIERIZDOWT
137.5m LRT TVG #EAYERIIHEE L TV 5 2 L a%hh
o7z (72721, RIZHEEE) . L7zd%oTC, AEBRCHEHELA
20 log R @ TVG FHEIZKIET 175mD ¥ —4 v M LT
TAIEREICHIENR 2 SN2 bDEEZ S5/,

SEOFERTIE, SHREREI LN 55 M3 DR L
ToEET— 5 OFT, FHIMREISERIIICEE LT A

15 (92008 27) OF—F BTS2 ZD%D
TEREEzRVEVFLD0E Y 745 %, HEEHIRE
(BEWETICY —7 v MOFET HIREE) IS8 &% ER
BN N HFIEEEMEY & Lize ZOFHEEEVE Y
F—HEROR 3—4) IZRAL SV Z3Rkodiz, 72721,
INSHSVDIL, =4y FElr - FUABEATEE,
BLU, ¥ 77 ADHDBGEDBIEHELEE = ZhZh
SVn(dB), SVo(dB) &5 5,

SVn=20 logV—RI1+ATT—10 log¥

crT
—10 log —5—+2aR

3 38—4)

SVn @ =47y bEHES (B 77 2%RY) BEDE
PLAFEY ) ORTEERELIERE (dB)
R1 !SL (Y—=ZAL™N)V) +ME (ZHEE) +BEG (1
12274 >)  (dB)
V I EHUEEME (dB);(0 dB=1V)
T iRmEMEER  (steradian)
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¢ 1E®R  (m/s)

DSV ANE  (sec)

CIRIGREERRS, (dB/km)
EZERS Y =7y T TOEEE
(dB)

T
a
R
ATT. 7y TH—%

INHESNERZR 3—5) IRAL, HERBRW:
RRBEIZBITB SV 2RO,
SVn SVo

SV=10 log (10 ©® —10 1°)

(3-5)

ZZT, SV EEHEEE L (B/m®) L OBBRERD 1 KE
JERE L TR,
SV=a; log p+ ao (3—6)
aq - EYRERER
ao . EHIETIRLY) O TS ITHET S

B, AEEEe (B/m®) 33X G-7) 1ok ko, Fig. 16. Diagram
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TRANSDUCER

R e

z

of measuring the equivalent

beam angle.
. N R . Distance from sound source.
L= T /2R*w 3=7) 0m, @m : Solid angle and plane angle
to the equivalent beam angle.
¥7z, T Leroy (1969) ORI X DKo, TUILREER 2007 Solid angle and plane angle
FEZWRRE 7 =7y O TIURERICIZE ALE ¢ > Sound velocity.
B b BT D DR T T - Pulse duration.
7 . Targets.
f, ¢ :Angles of sound beam ex—

3.3.3 BOBRFHEMEROMESE

NS BEIROBRFTEELETHERE 0 3R 5121%, HIRDE
E TNl R 3 T = R s L = 3: 0 = (0] A A )
WOHRET L CB L LEDH D, ZDEMBEL 72 5 OISR
JCRWEE ke (=27xa/ ) DETH D,

Weston (1967) B & UF Andreeva (1964) DEFILRAT
13, ERTEER ko SR E VA, SENWTERE 8T
FHMHEREOMUE (6/ra?=4) L2575, BRENREICSE
WTIETEDNRE L (6 /7a*=1) %25 Z & % Johnson
(1977a; 1977b) IR LT\ 5,

—7%, Anderson (1950) 1, ka=0.42LFTs/ra’=1,
bbb BRI & RMEOMHEEISE L R b L

AMPLIFIER GAIN (dB)

IV AN B |

pressed in cartesian coor—
dinates system.

PR S B A

ZR LT 5, SEIOFHAENES L, 88kHz TdhHDTE
RICE R ka 130.647251.158 72 1), S EIOFHIITES
N72ka 130.4% L > TWH I L bR D, LIz, &
e Cid, Anderson (1950) DEFNIZET X ¢/ ra?=1
& U CHRFTHETER o 23kd7z,

4 6 810

50 100 500

DEPTH (m)

Characteristics of TVG function. 1.
@ - O : Measured.

: Theoretical.
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—F, TS IBAHENERET AT, ROLHITEKTS
ESTED (Urick, 1979),

TS=10 log o/4n (3-8

22T, A (2-2) TRO/-EFEEa O ETD
DT RIITERE %5k, Zhzi 3—8) IfLAL TS
#E%{E%Ekbf:o

3.4 #ER
3.4.1 BEAICLS TS ORIE

Fig 18124 =% v I+ (Fav UL VEE OFFHER
FITA ORI —TEEFIRT 5, (1) ZBBEEREEA
ELDTHY, (M) 3 77 ADREEZFEL-LOTH
Bo alTFEARME, bIXEEOM, clINBEEE, XTI
D, e TR ET ZNFIURL T 5, BllEREIZBIT
5 SV EZNZNOY -7 BEEOFEER (3—4), 3
=S5 ITHRA L TRz, BONIHERF Table 3 I1TRT,
SRIDUEHRER T Y —7 v NEEDT/ND 9 BROBED
(SVn—SVo) #%9.4dB T& HIFHME, $-_C10dB Ll LT
HBHI LD, SNHIZRIFTHY, ZhsORIEEIZEE
BWABWEEZObND, 22T, RlETESN-F—%
I NTHY, BAARL) 0BEe (B/m®) 1I8EL
T2Fao ) TVEEL SV EOBRE Fig. 1917 T, X
DENIZBEEICZBITS SV OEMETH Y, EIESV
DEAMEOTEITN T A ENREMR K3—9) 2HL, B
ZENFFREZI0 & U CRD 7 AFRFREIERIC L 5 BIRER
(SV =10 log p—65.0) #/RLTC\5b, ZORITRT LS
12 SV DERMEII A EEABEINT 5 125 > CHEAR I
My AEmMERLCEY, ZOEGEREEERIT 1%904E
BKECHEEL o7

SV (dB) =8.99 log p—61.5 (3-9)
(r=0.996, n=6)

bbb, K B—6) IIBIbaiLaols, FNEN8.99L
—61.5TH5% LHfEE SN

3.4.2 BOEGTHEMEBROKESE

EOHEMYAE ¢ OFHAMENEAST.73—3.12mm TH 5 &
25, BoNEMERER (3—8) A LEEMKICD
WTD TS HZEEZ ROz, ZDFERE LN~ TS HiEHEIE

(D

Fig. 18. Examples of oscillogram in target
strength measurement with ( I ) and
without target fish (Il ). a: Oscillation
line, b: upper frame, c: target, d: lower
frame, e: lake bottom.

—56.27°5—61.3dB T, ZNOZEE)FIZ5.1dB T, FHEIE
—58.14dB & 72 5720 BHN TS HEEMWB) L EEL
(cm) DEIR% Fig.20127R Y. BMEETEICL DRD/Z TS
WEBEEFE 1) OXEEEOBFRTRITEFERIE 1 %7Kk
BETEHEE o7z (R3-10), ZORICHITHERIE TS
HEHEOFRITTT AEARRYFEMR (H3—10) 2RLTH
D, BEEAEE (m) @ 2FETHRELLZ lem B YD TS
Fbb TS e OEMEFEMR R3—12) ZRL T 5,

TS =17.4 log L—69.6 (3—10)
(r=0.452, n=46)
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Table 3. Volume backscattering strength measured.
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Number

of Density Svn ™! SVo™? Sy *3
Ind. /m® B
Target fish (Ind. /m’) (dB) (dB) (dB)

0 — _— —43.9 —_—
9 895 —34.3 —— —34.9
18 1789 —31.8 —— —32.1
36 3579 —29.5 e —29.6
54 5368 —28.3 —_ —28.4
72 7158 —26.7 — —26.8
90 8947 —25.6 —_— —25.6

%1, %2 : Volume backscattering sterngth with and without target fish, respectively.

SVn SVo

%3 :SV=101log (10 10 —10 10)

&
-2 F /
-28 b
_53 -
30 | N=46
g
2L ~
=
=
o
=
-3 | E
w
—
w
PP . 2
<<
8 10 20 60 80 100 200 =
®
DENSITY (Individuals/m® X10%) —62
A ] 1
Fig. 19. Regression of volume backscattering 4.0 42

strength (SV) on density with the esti—

mated relation ( ) and the theoretical

4.6 4.8 5.0

STANDARD LENGTH (cm)

Fig. 20. Standard length—target strength rela—
tion, to examine the possibility of ex—
tending to the Furusawa’s proposal
(TS=20 log L+C ; ------ ) to small fish,
with estimated regression line (——).

Note : TS--Target strength : L--stan—
dard length ; C--constant.
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3.4.3 BESRIEGE & DIILBHRE

A HROEGE L 20 HERERIC LB E, T
Y TBRERICBITBEELE (2 2 TR a) ofms—
BTV ATHY, LIdSEREOEEIEBHTE L5
&, BEME SV LAREE L LOMIZIE

SV=10 log p+TS (3—11)

TRENLERRAIHILT S (Urick, 1979),

7o, FRE TS LOBRICOVWTIE, TS OEIREL
DITT 2RICHBIT L Z Lo o—fBIRATEIND

(HE, 1989:1990),

TS=20 log L+TSen (3—12)

Table 4. Statistical examination of possibility to
proposal.

(a) Urick’s volume backscattering theory

ZZT, TSeidcm BACHRD LIAERRL IIBIFAHE
1L TS TH 2, ,

I TELNIERIIONT, TN DERT 1R
BWRATELDPE) T AL20, BEERIZIVESK
7oA L RENRER R3—-9) &, BERMEICL ko oh
72 TS HEEME L R & OER 1 RERN K3—-10) %, *
NENOEHREER R3—11LR3-12) & HEMEEIT
o7z @RI - B, 1976) ZOWERERE Table 4 (a),
(b) 1 TRT, ZOFER, BEERIC L VES N EERE
L RRERETESROBRRME DB, 5 BDKETEEL
0, G- OEIFREIEF (1) DENEE L 2w
EVIRERERIC R o7 L L, EURREE BHOER 5
BT TR OB TR I NS DR DEIZFE TRV E
RENTZ,

T/, X (3—10) & (3—12) DILEHMETIE, HiE

apply the Urick’s theory and the Furusawa's

Present result

(Present result)—(Theoretical equation)

Equation  Constant Regression Degree of

coefficient  freedom
ao a1 F F ¢ 13 af
—61.5 8.99 667.28** 4.265 —0.385 —2.89* 4

Present result L y=ailogx+ag

Theoretiaal equation :y=10 logx—65.0

(b) Furusawa’s proposal

x . Density of target fish (ind./m?)

v : Volume backscattering strength (dB)
** Significant at 0.01 level

* . Significant at 0.05 level

Present result

(Present result)—(Theoretical equation)

Equation Constant Regression Degree of

coefficient  freedom
ao a1 F F ¢ ¢ ar
—69.6 17.4 11.859* 0.225 —0.525 —0.418 44

Present result - y=ailogx+ap

Theoretical equation :y=20 logt—71.2

x - Standard length (cm)
y « Target strength (dB)
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SR OMRREB0E DEIL, 5%DOKETEEL I
b%ﬂT,*JWUI/&bH%_®ﬁ%iEé®f(ﬁ3
—12) LIEF—FHLTWB I 0 Dh o7

3.5 ZBELRE

F o) TV RFEFHNOMNR E LCdED TMNITH
h, Lad, #- wEb%ﬁtb,igtiiwﬁﬁfTs
HEEATH Z LD ICHETH S, T D7z, FHED L
I rhiEBAE A 70 b O TS ICET AHZRIE
BEAERENTELT, bIFPIEFES (1985) 71
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Fig. 21.

Locations of midwater trawling.

O : Daytime, @ : night, @ : twilight.
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The transect lines for DSL observation.
— : In meso scale survey.
~~~~~~ : In small scale survey.

Table 5. The outline of surveys.

Date Major subject Area
July 29-31. 1986 Mid-water Trawl, XBT, Nansen cast  North-East to West of Oki Islands
July 26-29. 1987 Mid-water Trawl, CTD, XBT West of Oki Islands

July 31-Aug. 1. 1988 DSL observation
Aug. 2-Aug. 3. 1988
Aug. 2-Aug. 3. 1989
Aug. 3. 1989

Nov. 18. 1989

DSL observation

Mid-water Trawl, CTD, XBT

Mid-water Trawl, XBT, Nansen cast
Mid-water Trawl, CTD, XBT

North of Oki Islands
North of Oki Islands
North of Oki Islands
North—East of Oki Islands
North—East of Oki Islands

Tk (GHEREFQ—60) T, AR X7 20BIER
Johannesson and Mitson (1985) DF I & )k iEE<
A 7075 YERACTUT o7, BB Y AT L2OBIELTE
TE%EE%R Table 6 1I7R7,
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Table 6. Control setting of quantitative echo
sounder and integrator (Furuno FQ —
60, FQ —510) during acoustic surveys
in 1988 and 1989.
1988 1989
Frequency 88 kHz 88 kHz
Pulse duration 1.8 ms 1.8 ms
Equivalent beam width ~ 0.019 0.019

Absorption coefficient 25.4 dB/km 25.4 dB/km

Gain constant 83.9 82.8
TVG 20 logR 20logR
Threshold 0dB 0dB

Sound velocity 1500m/s
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Fig. 23. An example of echogram in DSL observation. Vertical curves, so—called vertical distribu—
tion ones, indicate vertical profiles of volume backscattering strength (SV) at 1 minute in—

tervals.
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Fig. 24. Net plan of midwater trawl and inner
net attached.
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Fig. 25. Time depending vertical variation of acoustical scattering layer observed in the meso scale
survey (July 31—Aug.1, 1989).
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Fig. 26. Time depending vertical variation of acoustical scattering layer observed in small scale
survey (Aug.2—Aug.3, 1988).
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Table 7. Catch by respective towings of midwater trawl.
Sampling Catch (kg/0.5 hours)
- . 0SC T S
N Depth Mauwvolicus Th“ﬁ:zaco Enop lomft.t his é;;fomgﬁzs pztj%ﬁti Other
0. Date Hour range . - chunit .
(m) muelleri questus [SHIKAWA (STEIND- STEENSTRUP ~ Species
(GUONTHER) ACHNER)
1 July 29,86 20:12-20:32 55-64 11.25 7.35 0.3
2 29 21:30-22:02  30-60 204.2 3.15
3 30 13:15-13:45 125-150 *1
4 30 14:20-14:55 150-206 2.14 0.15
5 30 19:12-19:45  27-65 60.3
6 30 20:15-20:53  50-60 0.81 2.2
7 31 08:47-09:55 179-189 31.8
8 July 26,87 16:47-17:16 140-150 0.73
9 26 19:53-20:23 110-130 75 5 *2
10 26 21:17-21:44  40-50 0.2
11 27 10:15-10:45 167-177 0.25
12 27 13:28-13:51 70-85
13 27 14:36-15:00  90-100 *3
14 28 04:10-04:40  40-50 17.5 1.1
15 28 05:29-06:00 130-145 0.73 1.65 0.48
16 28 08:51-09:51 170-195 0.25
17 29 08:52-09:30 147-157 3.79
18 Aug. 2,88 09:45-10:15 209-219 5.8 0.3 0.4
19 2 11:39-12:10 134-146
20 2 13:09-13:40 137-148
21 3 22.03-22:35 97-112 8.34 49.22
22 3 23:25-23:55  45-52 18.1
23 Aug 3,89 09:59-10:42 198-208 0.84
24 3 13:02-13:42 208-223 8.55
25 3 18:45-19:05 113-123 40.2
26  Nov. 18 07:49-08:24 115-140 %4
27 18 09:11-10:09 211-221 2.28
Note: 1 Two Trachurus japonicus and a siphonophor.
*2 Two individuals.
*3 15.27 kg of siphonophor per 0.5 hours towing.
%4 An individual of Etrumeus teres.
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ZR LTV 5, BMEORER, F 271 T VH%66. 2kgtiiE S
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(Etrumeus teves) 1BOBRDEHHEN, F27) TV idh
SN o7,

(3) &, 19874F 7 H26 H19BFEED HEHA £ 72 DSL %5
S L LT19:534 52012303053, R 7AERZR LT
Wb, 7 T NF (Thamnaconus modestus) T5kg, 7N%
IN% (Arctoscopus japonicus) 5 kg, *+F 7 3 (Euphausia
pacifica) , AN A A F (Todarodes pacificus) ASEABIEEL
EESN729T, Fav ) i3 E SN -72,

Pk, REWLZEROBILR L, oD



118

50 —

100 -

150

o
husz}

HOUR

100 - 2

150 +

DEPTH (m)

200

250

300

Fig. 27. Catch per half hour of target species by midwater trawl for DSLs detected at various
layers in various hours.
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Fig. 30. Catch in daytime (a)—, twilight (b)—and night (c)—trawling in respect of depth and temperature.
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Different continuity and peak values of SV between the towings with and without catch of

target species (SV---taken at 0.1 mile intervals).
For the towings No.10 and 13, all the echoes are lower than —80 dB in SV. For the tow—

ing No.1, only a part of echoes was recorded.

D: Daytime towings, Tp: twilight (dusk) ones, Tx: twilight (dawn) ones, N: night ones.

@® : Continuously recorded echoes, X

. isolated ones (Subscripts show data frequency.

Here, subscript is omitted in case of single value.).
[ A ]: Catch exclusively of target species, [ B |: target species and other ones, [ C |: traget
species not caught (whether other species was caught or not was not dealt.).
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Fig. 32. Map of Hibiki—Nada showing the location

of acoustic experiment area ().
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Fig. 33. Schematic diagram of the fisheries training ship “Tenyo—maru”, showing position of trans—
ducers and vertical gyrocompass.
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EEHANBLOT v 75— 2FREL 72, F#Ei CTD &l

5.2.4 BRI
PHBONT =5 % b LIk, tiRI7

Table 8. Principal dimension of “Tenyo—maru”
in the acoustic survey.

Length (Registered) 52.7 (m)
Breadth  (Registered) 10.4 (m)
Depth (Registered) 6.44 (m)
Fore draft 2.58 (m)
After draft 5.14 (m)
Trim 2.56 (m)
Gross tonnage 603 (ton)
Displacement 1145.05 (ton)

Table 9. Operating condition of the echo sounder
Furuno FQ-50.

Frequency 88 kHz 200 kHz
Pulse duration 1.2ms 1.2ms
Equivalent beam width 0.019 0.007
Absorption coefficient 25.4 dB/km 50.4 dB/km
Gain constant 58.4 dB 66.6 dB
TVG 20 log R 20 log R
Attenuator 20 dB 20 dB
Threshold 0dB 0dB
Sound velocity 1522m/s

0
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Fig. 34. The course of the vessel relative to the direction of the wind. The bold arrows show the

wind direction.
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Fig. 35. Block diagram of data acquisition and processing system.
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Fig. 36. Example display of echo reflection level Y
from an acoustically stable seabed. 42' seabed
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Fig. 37. Principle of measuring the incident angle to
seabed. The arrow shows the axis of echo
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amination of echo reflection levels, ship’s
motions, and incident angle. Sampled
echo levels (voltage) were indicated as
surface scattering strength (dB).
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Fig. 39. Power spectra of ship’s motions and incident angle in wave scale 3 at bow sea and follow sea.
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Fig. 40. Power spectra of echo reflection levels
from an acoustically stable seabed at
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Fig. 42. Power contribution of ship’s motions and incident angle (input variables) to echo reflection
level from an acoustically stable seabed (output variable) of 200kHz (a) and 88kHz (b).
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Fig. 43. Contribution of each input variable to power spectra of echo reflection levels from an
acoustically stable seabed of 200kHz (a) and 88kHz (b).
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Fig. 44. Change, with progress of examination, of volume backscattering strength from an acousti—
cally stable seabed.
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L, ZNnTH ZOERFRI SV EORHERE LTE+
DRABELIZEZ SN,

ZI2T, INT TR BIF7-8REESF T, SV IE
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GO THIBEIHLETENE, JVEANTHE, 2
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BE, (4) 1REL 2REZEZIGETH L, DEDOZ
LEFEDDERDEH 2B,
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(1) X344

(2) X3X4, x3%%y

(3) X354, £3%4°

(4)  x3x4, 23°x4, %3545 5324

72721, xg AR xg o EUAE

Z T, WIEEOEY S  TIXERFEROFEHE ML &
{2 bho LL, LR WETEREEANE LT 20 THL,
INOOWEETHEATADIET Ly, (1)205(4)I1
RLHIEED ) b, HEOD WD (1) TH b, (2)
BT 10 2 5725, 200kHz & 88kHz DRERICE T S
F.® AIC (An information criterion) & & BIZTFASB, L
2L, () DAL (1) IZHA~TT200kHZ B LT AIC A5k
Whe L7ho T, HHIEHEQ) #HVW-HIERT SV ERLE
A& L7z 200kHz 12DW T (5 —11), 88kHz 2D
T 6-12) I2FZ2ho SV MIER%ERT, Table 10
TR TR BOMDO TEIZ DR RS,

(a)
23 b a
[=
>
27 |-
0.4
z
':_r“ 0.6 |-
g |
-0,8}
’ o
1 ] 1 1 ] 1
2 6 10
SHIP SPEED (knots)
Fig. 47.

y=—23.7—0.97x2+0.39% 3—0.039% 3>—3.99x 4
+1.05¢424+0.32¢ 32 4—0.014x 2%,  (5—11)

y=—0.385—0.083x ,10.086x 3—0.0072x 52—0.174x 4
+0.071x4°—0.049x 5—0.0087x 3¢ 4 +0.0019% 5% 4
(5—12)

Fig.47 (b) 133X 6—11), (5—12) Z Fi\»C Fig.47 (a) £ [H
HROETE L LR TH D, RIC, Fig.481F Table 10(2)
DTEDOERYFA CHATEIR (degrees) 22 7-BED
SV ERTEEL, MLT AEHE (Z—2 (AF) ZLnFE
¥)SVE) % Fig.47 L FROFHEIZL 5Tk, 7oy b
L72dDTH 5, Fig.47 & Fig. 48120V T EHIE - FHLC
Lro—, €y, EEOZELENMRYT AL, 200kHz b
8kHz & HIZ67058 7 v FDIFEIL, SV EORED
Bl nbkZz 5Nnb, F77, Fig 48 TIRAMAN0° ELCHi
ME, Tbbh, BEFSAESVERD A SR, 200kHz Tl

SV (dB)

-27 |-

log (-14-SV)

SHIP SPEED (knots)

Comparison between observed values (symbols) and calculated value (lines) for 200kHz

(upper) and 88kHz (lower). For each wind direction, SV are plotted against ship’s speed.
Calculated values were obtained from the regression equation, using the partial regression
coefficients in the top line (1) and those in the bottom line (2) for each frequency shown in

Table 10—(2).

@ —— 0°(Head); [J ——, 45°(Bow); O — » —, 90°(Beam);
A — - — 135°(Quarter); & ——, 180°(Follow); B, (Drifting).
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SV (dB)
T

log (-14-8V)

0 90 180

Wind direction relative to the vessel (deg)

Fig. 48. Comparison between observed values
(symbols) and calculated values (lines)
for 200kHz (upper) and 88kHz (lower).
For each ship’s speed, SV are plotted
against wind directions. Calculated values
were obtained from the regression equa—
tion, using the partial regression coeffi—
cients in the bottom line for each fre—
quency shown in Table 10—(2).

@ —— 2 knots ; [] - .4 knots ; O
— + — 6 knots, & ——, 8 knots ; &
— - —, 10 knots;

B —--— 12 knots.

2R BF I HMED B B E 51T, AEATO° £180° 12D
WTiE, 88kHz DHFE, MEICKEZEVIRD 57275
200kHz CTH& 0° FEIDH ASHES D 2 MEAZR L7, L
2L, 88kHz D10/ v F&12/ v MZ2WTIE, 90° XDk
FIRAHELT BIZONT SV EXF LT AEmEZRL

2o SNHDOI LS, HRIZ6 258/ v bABBTA
ZELIMERNTHHEEZOND, LrL, BHIZD
WCIRES, MBI L D B AERMTE TR R A Z
LSO H o720

5.4.4 £ &

La—LAUVOREL R &Y EE X OB HERE
([, 1969 ; HiE - HE S, 1983) RS 1 (Stanton,
1982), SIADEZE (Dalen and Lovik, 1981 ; Berg et al.,
1982 : Novarini and Bruno, 1982) &\ o 7zREEIZDWTC,
BERNCR U DIEH B25, EBROFHIO % 2 THEERI,
LA b AR OB & YR E CELT A ERICOWTR
S LFRERIEA S NR V. SO, REMITEIZS
HDOHEELRELNIITEI EDPWETH ALY, T I TIE600
MoBEIZ Y = ba—UiREGINCE D, AnE, R, AR
D& REEME, BEEHE (Ky T, T—)) PEE
IO B SV EICRIZTEEIIOWT, ERESHT
ERAWTERET L7,

R DZEA LA SV I AT T EENL, MEREICET S
e (T, 1969; HiE - E¥F5, 1983) 2L BbE, —f
IZAEDENE & ITHEIEMT 5 &£ SN T05E, L
L, 4EOEHIERED SRz SV EME T, B &
STEFE A28, 200kHz, 88kHz DWEWE BT
6/ v eS8y MIBA (ThbbEESBA ZRT
ERE 72570 DT ERD, HR3IIBITBRENIZL
LEEHRAETIE, 6/ v bE 8/ v MIBIFAFHUARE
THoEEZbND, TOILIE, BSWEIFIRELS
HRRAS 3 LITOBETIE, RS / v bULECHEEEHA
WEETH DI ENFREND, Thbb, B5N/ERIHE
BAEBREIIBIT AIRRRED—D DR E D EEZ
b5Nb,

—7F, SHEDZALASSV BICG 2 A8, EMETL
ICFNENEL » HERERL, EEFERICE 2KET,
BUAIAS0° & W RTAD, BADPTEOEEIEZLRD, Lad
ZFIUTAERE EE T A% CRAN LB R L T, £
7=, BUEASSV 125 2 52T, 200kHz, 88kHz T3,
ZOEEESEE, B, C—AEOERENDIZDORE ER
LA DD Do AFFETIE, EvFoTkEWEELS D4
T, WEEE DIREIIRE (, R, BERFICEETDH
5770 TOEAES 7y NUTIIREZRET UL, —a—
LARVOREER12/ v DL EITH~NT200kHz THY
2.8dB, 88kHz THJ 2.7dB, ZNENHMIF 5 £A5TE,
SHUCE o TRELBEF— 7 2 BAIENTED, T
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Thb, WEWERRIEZ BB EE S L 2 LT

SR, TNITED L) T a— L IVORED 7 1) B
THIENTEDLI LIRS, LA 5T, B5N-ER
MR, B A ARG D 72D DB R I8 2 B
bDEEZ LN,

JGEATK & UL SV EEAT 52 Lid, 88kHz @
EORXO22THARMENTEY, FiEDOE LD
3AEZ C DFHIZTD S L2 X DR L Tw LEN S
5o

Uk, 600 y#2% -2 bo—ViRICERKE N
200kHz & 88kHz DIFET 2 — 244 A ATEHEREDBIE
Mo, PRGOSV BEICFITTHEIC O W EMN
AN EAWCER 2T 072, CORER, SV HEOLE)IZ
AR B & OV %520 B H ISR BRDH Y, RS
BEBLTIa— L VOEBREEICEEL TWAZ LS
Dirolze ARIFETIE, WL 3 ICBIT AR, <512,
SR T LSBT D ROEARR L M HTEE 218 H Z LT E 2,

ZO LI, ERBSITICL 5 TESND SV ERHITER
13, FAEMICL o CTENENELR DL DD, —FEDWRLD
L ETITONATEREIZBNT, FBLANT—DHE
DA, BB RAFE LD 2185 7-DIZERTH B
EEZOND, TDIIH, BEEWEICLER SV HOH
e LCHIAT 22 L 3T, BELHEEZED
(e AN AVASEND YL S AV (W
&tk L DFERANRIBH LT L0123, BonEE
ROIEIEE S HIFHE LABETT AUEDIH A,

F6E TENREFEOEA

6.1 #

BEGKPEETZOREIZE b 2 WERIRRE DML
REERIZIE L L7z EBRENTORFEIZOWTIESY — 7 b
A ML ZA(TS) OEGHIRE %12 Log  OfZEs 2
ENTW5 (Love, 1977; FIS, 1982: 25, 1985 ; Foote
and Ona, 1985; Foote, 1985 ; Furusawa, 1983), L7°L,
BIFEFHHICOWCTO N SHERIFRORE L, EBO
FAETHIBITARRE L OMIZIZE 7L OREIE SN
TWb, Dby, Jim, EEORSELZE &0,
BEOREFMDOEAC L § 79 SV EOEENN T HHIE
DRFEIE, WI ETHRRIBHCHTENHEL SN Ty
272 TITHIEIIBWT, SV EIFHESLMEOE(LIC &
S TRESEELZIIBIEZWOMNIT LT, FOLEMPT,

]

BENTEER A CEWEE CERE T T 5701213,
FOEEREATE SN SV EEAELGOEIIE LT
WIESTAUENH D L 2R L

KETR, FTEREIIBNTESND SV EIZTLE
BWHEEZEOREMT 2 BWTHL T 5, XkiZ, 4
% ETALT BRRAESEIE L CEWIBE CHIEEY ko
be EHIT, WIESNTHBEDOBHWSVEL S &I, A%
TAZUART M DF 7)Y OBRGFEZFHI L EBK
HREHB %R T,

6.2 M¥HIUEIATE
6.2.1 # #

Fig 49\ TRT & B, 1989411 A10H 2511 12H O/,
IKEERESRAFEMRIEI (78 b 245603 - ») 12 & b (R,
BRI BT 5200 m EEEAHT I REER © i%E Lat
WEIT 5720 FEFOMEE, FEAIE LTIZIFI0/ v M
RELIA, SHRDI=D—ER8 / v MIL7z

REEHITT /o Ila— 2 %% L, BiEEEOTHE
L DEFETEI D I2EKR Line 1—24& L7z, BHIZFL2 7Y
Y DFFD LN EE 2 HNB200mEEERHEDOFHIE £ £
T 5720 Thhb, 77, BEEERIIBIILREERT Z
NENFER LB TR L TER L

BRI RE088kHz (H12kW) DFtEAER (F
BESHFQ—508) #H\ V572 1L—%— (FQ—

510) DREFEIXT v 742 —520dB, L &\VME0IB, FESEM

120.2% AV, FEHHFIFI0—200m (55 1 /8A10—20m D
10miE, LT id20miB) THo, DL HICLTKFERM
0.2%4 )b, $REHME0m (72751, F1BIZ10m) J&iZ
BffA vy a2 (DA v Ya) OFHEEHEEE SV
H) 255N 5, 72720, F2) TV AEREIV0mLIEIZ
borl iy, F—FLa—F— (FMEE) UL -F
BESEEELTSVIELRDI, ZOBEDS YT 7L
— % —DFEIF L ZVMHEIOIB TH b, 2B, AEIZBLT
BHAEEHEICIET— 4 & LCREICEE & SV i
FEHW, SIUEEAETRLAZEIICS BET—41C
DWCIHEREHIFNCED S 570 Th b,

6.2.2 EiFAE

RIEIZBWT, SVIEOHIEMEYEXZTERNLHIE
EERERESITEFAVCCRET L, 208, BREH B¢
BEH) L L CHEECKRE)H—LEZ bNbiRy ik
B E LTEDOHEIEICT 5 SVIETHW, LiL, £
BOBEFRE CIIFHEHEITIBIC D25 720, EE, &
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Fig. 49. The transect lines of the acoustic survey off Oki Islands. Solid lines indicate
the daytime survey, and dashed ones are night one.

EDORSEREN—E L I3E 2L, BEPENE LS
FEERWDZ ENTER, —F, HHHD ORREHER
BIZBWC, REHNIEST HEMNZEN L ESA v ¥
2D SVETH>Td, REFHOEICL >TEETS
EF T FOEENET Z RVWHT S L ICk 5 TSV EICR
I FTRESLGOEELHNDL I LN TE D, 22T, KET
FRRAESRGOBELISE L HIEEE KD 5720, BHIZE
BELT, @PICBOTRENIES T 5 AN
»0, WEHFIEED X 9 2R EL ST e nig
Ay a b Lz SVEICER L, 22T, L
% EORBELRGOEAIZ L AT T — L NVADFEDRIE
FBAA v allDSVEIZEL(EE2RITTEEZLD
Nb, LaL, MMEETOE 1EIIOWCLESZIEE T
IZBITHEEREMAY 4 X, & 51z, Bk X AFRia%
LORE M ZT 50, E1BIOMHBE NS SV E
RIS L GEYI TR WAL H L EE LN
bo L7AoT, FIFETIE, E2BH»HEI0B T THOSV

fE% BRI OE S & L7z,

ZZCHE L7z SV iEE BRYEE L L, RiEDON(G—12)
THY ANS N/ AV EEREFEREICL S
BEREST 21T o720 S CELONERFRICESEE
BRE B DRELEGOBIIIL b2 ) WIEEE KD,
B, ST L 2 BEME, BRI, WEHEPIEoNn
72205 & DRGEH T — ¥ %, HAERIHETA LD
WL 77, fEIZOWTIE, 0.2 A4 VT EDSY
EDR/MENTE SN & EDEE T,

6.2.3 BFEEHERE

BHEEOHEREL LT, E1EBTIEEMRA v all
BUILSVIEZRD, E2ERL LTZDA v 2 AR
FRERK L OBYE LIS L TR Em 2D B 2 ERFE ORI AL
HHERNEH G, Thbb, FIERETIEIEMLRA Yy 20
PIGIERELEE SV ) %3ke, B2BERETCIIFELET
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Fig. 50. Frequency distributions of standard length and body weight of Maurolicus muelleri
captured in survey area by midwater trawling.

BoN/Fay) TV OBPIEEIZESX, Fav)1y
FInEHALNAERX v 212lEm= 1, ZNLHND R v T a2
WiEm=0%5%2, R(6—1IZ&LosTKFERMA FEHDOF
IERERGELAE Sa (1) £3kD7z (FA - 14K, 1988),

Sa(i)=10 logS m-sv(ij) R(irj)  (6=1)
j=1

SV(ij)
72721, sv(i,j)=10 10

22T, sw(i,j) & R(i,j)EENFN i BFEHOESELIC
B % j FE OB OFREHELSE L BOWET, » IZBOHK
Thb, LIzh5T, i EEOBAEREEREL Y 12815
FHEFFEE S (1) B/m) RXick hskoons,

Sa(i)—TS
nf(i)=10 10 (6-2)

RIZ, | FHOBEMEREERYS ) OEEBHE na(i)
(g/m) i, TOMIZIREYDFHEEW Q) ¥ HI L
WL hskowons (H6—3), ATEHICBITATEHES
TEENa L, (6 —4)I12Lhkor,

na(i)=nf(i)w (6-3)

Ta= (3na()/k 6~
=1 kIT=5%

E5I2, ZOMEICETIVIEEIC BT 5 EM OREEREE
SEFELAHI LI NVIFENIRONS,

Q=na$ (6—5)

%8B, Fav)IVOFHREDL, FE T -V THRE
ENEADME (1.769) FHVZ, FE FE—LTEDS
Ni2F 29) TV OBEE LKEDEE S % Fig. 501089

6.3 #& R
6.3.1 HRZEHOHH

KHFgeCI, FESERE0.2vA NV E LTWAT-®, KFE
HIE0.2= A )V, $REHM20m (72721, #1Ei1Z10m)
LICEAL A v ¥ 2 OFREREEE SV (i) 7935
N, 1ANTEDBFEDA v o (LITF, 7uy 2z
W) DRDPPLIFEL 2585 1 BEERVZIZIZEEOH
BEMGLEZ OND SVERHMETAZE L LI, 22T,
Fig SUCBEERER LA A v ¥ 2 TLITB LN SV E%
IHERTRLIZ, SORIZ52D7ay 7 DFlzR LT
Who BUTR L7z & ) IKIEATEDEE OBEFATEIC 22 5
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An example of the echogram and corresponding digital output of volume backscattering

strength (SV) from quantitative echo sounder FQ—50. Arrows indicate the portion cau—
sing extraordinary values in digital output (marked with square) due to overlapping of the
bottom lock with one of the integration layer boundaries.

CEEH BB AR IS L2 <Y, BEEITERWED
HNhb, £85I, 170y 7 OHIIBITS SVIEDSHi%
FRDDIITT v 7 TEICBITH SV EOHEESH &R
L7:(Fig.52) & CEWMED SV EIZEHOFHEIZL -
TEETAHD, TNHDSVERIEZEE LTHWwAZ L
BETEZRV, L7225 T, BWEHE %5 SVEEZRD S
7290213, FERAERSOWEEHIFIEEED & 5 252 FE
RIAX, E5IT, EMHERTEY BWETRITUE
b\, 2T, AFETIE, ERIGERTAEEICK
VMERELY BRv7 SV EDR/MEE BIEE L7z
LAL, ZoOf/MER BRER LT 57-OI0I3FERD &
B EMACELY) H SN B METIEAR 5T, 56122
BRDOWEE T ELEND D, DR LFEZLTIC
HAB, ZIT, 19ANTEDTH Y7 WSHEDRA v
2) o 1EATOHME SN R/MEDKERIIT — 5 %

Fig.53127R T ZOEDS b0 5L )1, KM IZHE L
ToB/MEICIE, RIS SV EDN D HREGF 2
OB LR T ATNTNE, £2T, Ihb 28
D7 — 5 M #4T o 72550 % Fig 54ITR T, &5 1 BRED
ML, BREFVELTHEER SIGERTEFITEN
EDBRETH b, ZOEEHEIIOWTUTTNTHEMAIEE
WX THYBRE, ZNoIChbsR/MEZH L7
DEFETHLY B\ 72fE% Fig. S4ICXEIT/R L 72,

KT, 52 BRBEDOMBELL, M D7D IZEOR/ME
LEZDLIENTERWVMEORETH S, Thbb, &/
fEE LTE) ARBRTYH, ZOR v 2 IZEYDL DR
52 B ETREFOHEED-OELNS SV EIZIELW
B/MEE AT IENTERY, T2 T, EEOBME
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Fig. 52. Frequency distribution of SV (the mean volume backscattering strength) in each
integration cell of 1 mile width observed in respective blocks shown in Fig. 51.

X : The values marked with square in Fig. 51.
@ : SV values adopted as the minimum one in respective 1 mile blocks.
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Fig. 53. Time series variation of minimum values of SV in each block of 1 mile width. SV
used here were denoted to be those within respective depth zones (20 —40m, 40 —60m
and so on to 180 —200m) integrated at 0.2 sailing distance (mile), in consequence, the
minimum values shown in the graph were estimated from the values in 9 depth zones X5
horizontal ranges.
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Fig. 54. SV time series after the twofold of filtering—out. X : Excluded by the first filtering to re—
ject the isolated extraordinary values due to overlapping of an integration layer boundary.
® : Excluded by the second one, to reject high values with clear traces in the echogram of
the corresponding parts. : SV values which were extracted as dependent variable.
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y =—0.385—0.083x2+0.086x3—0.0072x 5*—0.174x 4
+0.071x42—0.049x5—0.0087 x 364 +0.0019x 5°x 4
(6—6)

R=0.66" , AIC=-—3769.39

y =—0.437+0.086x3—0.0074 5 3>—0.176 £ 4 +0.074 x 4
—0.051x5—0.007x324+0.0018x 3%x 4
6—7)

R=0.63", AIC=—3711.85

72771, x2. Yy F (degrees), x3 - AE (knots)
x4 o JAUA (degrees X107%), x5 : JEUE (m/s)

Yo FERO BN 6—7) WHBAEROERDT 12
ir {7 BOTEMEMREITR R, AIC 2SPRm R
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BB, Thbb, LRWEORBERERNTY,
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L7255 C, RZEIZBWTIE, FIETESNHBELED
S LYy FRBRVIST A — 5 BB E LCHY kT
77

6.3.3 EEREAR

SV EDR/MER BRI E L TEBREEREICL AE
BIESMEIT 072 ZOBE, RITRT 8:@) DMAEDE
DEA T HHELBIZ L TR,
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X3, X3, X4'5 X5
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X3 X3, X4, X4, X5
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2 2 2
X3 X3, X4, X4, X5, X3 X4

2
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) %3, %35 X4, X% X5, X3¥a
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)

) %3, %35 %4, %5, ¥3X4, ¥3°%4
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2 2 2
X3 X35, X4, X4, X5, X3X4, X¥37X4

ZDOAEDEDRHMT, TNTCOHBES L A7z 8%
HOMAE D EDIERY Table 1LIIRT. ZORE, &3
BAZE S E IV IUSEARRIR 30,812 L E 1 2S, AIC OfEIE
KEV, 20 AIC HVNEWE EEBEEORYR I BRI
PENWE AT D, LA T, EMREREIEOTLITE
{2 BAS AIC 5 b /& Table 110 3B HIT/R L 72
A, BBEERERE LTROONZ ZNEXRITRY,

y =—T71.84—0.779x,+0.836x42—0.374x5 (6—8)

Table 11. Results of multiple regression analysis to estimate correction equation.

X3 X4 x5 xsz x4z X3X4 134
ao as a4 as a6 a7 as ag R ni na AIC
—71.545 —0.397 0.725* 1 159 —84.195
—72.011 —0.390 0.423 0.805* 2 158 —129.937
—71.843 —0.779 —0.374 0.836 0.810™ 3 157 —131.591
—71.844 —1.814 —0.369 0.835 0.102 0.810" 4 156 —130.137
—71.844 —11.763 —0.367 0.827 2.305 —120.746 0.811* 5 155 —128.666
—71.318 —16.128 —0.375 — 5.568 0.758 3.126 —157.658 0.812" 6 154 —127.183
—76.321 1.167 —11.587 —0.376 —72.144 0.765 2.050 —95.569 0.812* 7 153 —125.346

2 2 B
y=ao+azrstasxatasrstacxs tarxs tagxzxatagxs xg

%3 : Ship speed in knots.

x4 : Wind direction relative to the vessel in degrees (X 1073

x5 : Wind speed (m/s).

a; : Partial regression cofficient of the i—th independent variable.

R : Multiple correlation coefficient.
** . Significant at 0.01 level.

n1, 12 : Degree of freedom.

AIC : An information criterion.
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Fig. 55. Validity of the estimated multiple linear equation (Eq.6 —8) in respect of expressing the
time depending variation of SV. X : Observed values. —— : Estimated ones.
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Fig. 56. Frequency distribution of the mean sur—
face densities for integration interval of
0.2 mile width.
(a) Before correction, (b) after correction
by using Eq.6—8.
B : Distribution in the 0.2 mile inter—
vals which were agreeable with criteria
showing in 3 in the summary.
[]: That in other intervals.
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Fig. 57. Frequency distribution of the mean sur—
face densities of target species.
(a): Before correction, (b): after correc—
tion.
B : Observed distribution.
[ : Estimated ones under the supposi—
tion - that the distribution may agree
with normal distribution after trans—

formation of na(i) into /na(i)+0.5
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Fig. 58.

Distribution of biomass after correction for variation in survey conditions.

Circle (O) indicates the density (g/m? at respective 1 miles interval of sailing. Solid line
indicates daytime survey for the area not agreeable with the criteria shown in 3 of sum—
mary. Dashed one indicates surveyed course at night and the records in the corresponding
parts were excluded from the density estimation.
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Fig. 59. Time series of variation of wind speed (upper) and correction value (lower) using Eq.6—8.
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tion data (4). (Cited from Berg et al,
1981)
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Fig. 61. Time series variation of the correction
value (a), observed SV (b) and that after
correction (c), to show effectiveness of
making correction for abrupt change in
survey conditions, as an example.
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Studies on the Acoustic Method for Estimating Biomass of
Micronektonic Fish

by

Akira Hamano

Micronektonic fish are an important link of the productivity in marine environment,
though are not included in the direct subject of fisheries. At the present time, an egg and larva
production method has been mainly adopted to estimate its biomass. And a method to estimate
it, including that by using acoustic approach, is in the stage hardly regarded to be established.
The present study describes step by step ways to establish an acoustic survey method for
biomass estimation. This is done by examination of acoustic signals from the target organism
to correct for modification by environnﬁental conditions presented during the field survey. This
is accomplished by examination of characteristics of the acoustic signal and equipment and set—
ting of criteria for sorting out echoes considered to be exclusively from the target organism.

Acoustic instruments and techniques for estimating the abundance of fish have shown a
rapid and remarkable development in recent years. There remain many problems regarding the
accuracy and precision of estimates obtained, especially, in correction methods for volume
backscattering strength (SV) measured during field surveys and how to sort the information on
target species from the echogram of the echo sounder.

Hitherto, many studies on the acoustic method were classified into (1) basic studies on
underwater sound, (2) development of the instruments, and (3) the biological survey without
adequate consideration of the instruments used. To establish an echo survey system for esti—
mating the biomass of micronektonic fish with adequate precision, requires an integrated con—
sideration of all three of these types of studies and is not restricted to any one type alone.

In the Japan Sea the target species was the sternoptychid fish, Maurolicus muelleri. As fun—
damental steps, the following problems were studied: (1) selection of an optimum frequency for
measuring the biomass of this target species from morphological and acoustical points of view,
(2) measurement of target strength (TS), and (3) sorting echoes of target species from echo—
grams using a verification by midwater trawl. A new quantitative correction method for the in—
fluence of survey conditions on SV measured in field surveys was proposed. An acoustic sur—
vey was conducted, for the purpose of verifying the results of the systematic considerations
outlined in the previous steps.

Maurolicus muelleri was studied as a specific target species, although it is only one species
among several mesopelagic micronektonic organisms in the surveyed area, because it plays a
leading role as the major vertical transporter of organic matter in the marine ecosystem. A
clear understanding of the distribution and ecology of this species is very important clarifying
an important mechanism contributing to the productivity in Japan Sea, and provides another
reason why this species was chosen as the object of the present study.

The results obtained can be summarized as follows:
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1. Selection and calibration of measurement system

In selecting an optimum frequency suitable for the target species, Maurolicus muelleri has
several problems from biological and practical points of view. It is too small (about 4.5cm) as a
target for echo survey, it exhibits a strong effect of resonance from its swimbladder, and its
preference of habitat is mainly in deep water (150 — 250m) during daytime.

The acoustic resonance of the target species was estimated by using Weston and
Andreeva’s model for a swimbladder. It was found that a frequency beyond 60kHz was suit—
able to measure the biomass of this micronektonic fish (and swimbladder) because of a lack of
resonance at higher frequencies. The selection of the optimum frequency in light of its dis—
tribution and ecology also was determined by using the sonar equations. From these considera—
tions, it was clear that

(1) the frequency band between 50 and 100kHz was suitable to improve S/N ratio (Signal
to noise ratio) in the case of the present target species, and that

(2) the frequency band below 100kHz was suitable for avoiding errors in the absorption
coefficient.

Based on those considerations, it was determined that the frequency band from 50 to
100kHz was the most suitable one for measuring the biomass of the target species using a
quantitative echo sounder.

2. Target strength measurement

In order to make it possible to apply the acoustic method to quantitatively estimate the
abundance of the target organism, a mean target strength and its size dependence, were esti—
mated experimentally by using an 88kHz quantitative echo sounder and by using Anderson
and Urick’s theory for a dissected swimbladder.

The volume backscattering strength (SV) at various densities of suspended fish ( #
individuals/m® was measured. It was computed that the # to SV (dB) relationship could be
expressed by the following highly significant linear equation:

SV =899 1log p — 615 (r=0.996, n=06) (1)

This equation indicated that the mean target strength of this species was estimated to be
—61.5 dB.

The size composition of fish changes depending on the surveyed area and season. It is
necessary to know the relationship between standard length (L in cm) and target strength in
order to expand the applicable range to results from the present experiment. Measuring the
target strength (dB) of swimbladder cross sections, it was found that the target strength (de—
pending on the standard length of fish) could be estimated using the following significant linear

equation:
TS= 17.4 log L —69.6 (r=0.452, n=46) (2)

This result implied that the target strength of this species was nearly proportional to the
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square of standard length and suggested the possibility of making size corrections for the
mean target strength using composition information from the detected school.

3. Serting echoes of target species from quantitative sounder .echograms with
verification by midwater trawl

One of the key elements to increase the accuracy of biomass estimation using quantitative
echo sounders, is how to sort out the data for the target species from continuous records along
transect lines.

The probable source of echoes was determined by midwater trawling aimed at various
types of DSLs found in the area along 200m isobath off Oki Islands, in the summers of 1986
to 1989 and in November of 1989. Immediately before or after trawling, XBT and CTD casts
were done to collect water temperature data.

Detailed examination of these records and vertical profiles of volume backscattering
strength (usually the directly obtained analogue during an echo survey) made it possible to
establish the following criteria to sort out the echo of the target species, Maurolicus muelleri,
from the continuous records.

(1) Sounding at night and dawn is unsuitable for biomass estimation, because of the difficulty
in separating echoes from the target species from those due to other sources, as indicated

by the results of trawling. Therefore, daytime sounding is preferable. i
(2) Sort the information from DSLs found in the layer deeper than 150m of the cold water

area (below 7°C). As shown in Fig.30, DSLs with a catch of the target species and that

without it were separated vertically and with respect to water temperature.
(3) When DSLs are stratified into shallow and deep categories, the deep layer should be

chosen, as can be shown by comparison of Trawl No.16 with No.26 (Table 7).

(4) Adopt the information from the continuously recorded echoes of over —67 dB in small
clusters, as indicated by Fig.31.

4. Correction of volume backscattering strength (SV) due to fluctuation in
survey conditions by using multiple regression analysis

SV varies with survey conditions and the ship’s motions. The effects of the motion of the
research vessel on variation of echo level in an acoustic survey were investigated by measur—
ing echo level from an acoustically stable seabed and using a multi—dimensional
auto—regressive model in which the echo level was used as the output variable, incident angle,
pitch, roll and acceleration in 3 dimensions as the input. In a bow sea the power spectra of
echo levels showed a good correspondence to those of the ship’s motions, which were mainly
concentrated at 0.2 Hz. )

The power contribution of Z axis acceleration to echo level variation was the highest
among the 6 input variables. With an increase in the ship’s speed, however, the correspond—
ence of echo level variation to the ship’s motions became obscured. In a following sea the echo
level showed small variation without any clear correlation to the ship’s motions. In order to
find the optimum sailing condition for a quantitative echo survey, the influence of survey co—
nditions, such as ship speed, wind direction, and wind speed on SV was also investigated using
a multiple regression analysis. It was concluded that a speed between 6 and 8 knots was opti—
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mum to reduce attenuation, though the result varied a little with wind direction, i.e., SV had a
close relation to the speed of the vessel and the course of the vessel relative to the wind by
considerably affecting the motion of vessel. In general, a beam sea to following sea is good sail—
ing conditions for preventing attenuation of the echo level.

Even if circumstances do not allow the ship to sail along the above—mentioned recom—
mended course, the multiple regression equations (the correction equation of SV) obtained is
useful in making a correction of the SV in echo surveys for estimating the abundance of fish

stocks.

5. Application to the practical echo survey

The method generally used to correct the observed values of SV was to adjust the
observed values by adding or subtracting a constant value, in spite of the following 2 facts:

(1) the survey conditions including relative speed and direction of wind varied unintermittingly
and irregularly or abruptly hour to hour or even minute and (2) the echoes from organisms other than
the target were not distributed uniformly but rather in patches. The undesired echoes needed to be
excluded from the counting.

Therefore, a correction method (proposed in the present report) in which this unintermitting
variation and patch formation were taken into account by estimating the multiple linear regres—
sion equation of SV on the survey conditions using results obtained in parts of the survey
area without any echo traces. It is expected that the estimated correction equation is not valid
for all surveys without modification, and it is necessary to estimate the correction equation on
a survey by survey basis. However, the method itself of estimation is applicable regardless of
the conditions.

It was concluded that this correction method is very useful to get quantitative correction
values corresponding to the variation of survey conditions, for the following reasons: from the
echo survey carried out off Oki Islands in the Japan Sea, it was found that the correction
values had a maximum value of 3.8 dB, and an average value of 1.8 dB, and that the biomass
in the model area was estimated as 50% too low unless a correction using the proposed method
had been applied. This is a remarkably large difference not only in the correction value but
also in the estimated biomass. This fact is a good proof of the indispensability of careful cor—
rection of the observed SV due to the unintermitting fluctuation of the survey conditions, in
which uncontrollable factors such as meteorological ones and unequal distribution of other
objects are included.
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