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Target Strength of Demersal Fish Calculated from
Echo Integration and Bottom Trawl
in the East China Sea
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Tohru Muxgar*, Kiyoshi Masupba**
and Seiji Sasaki**

Abstract

Estimating fish biomass by utilizing the quantitative echo sounder is based on the echo
integration method which integrates fish echo energy along with time and space. The target
strength of fish is necessary to calculate the fish density or numbers from echo integrator data.

Tt was common knowledge that target strength depends on both the shape and size of
fish, as well as the size of swimbladder and acoustic frequency of echo sounder.

The acoustic research for biomass estimation and target strength (7.8) measurement on
demersal fish has not been investigated enough due to technical difficulties in separating fish
echoes from sea bottom. The survey was carried out in the East China Sea by using T'/S
“Oshoro-maru”. It occured between 1989 and 1992 as a cooperative work of Hokkaido
University and the National Fisheries University of Pusan. The survey was conducted for
the purpose of evaluating demersal fish abundance.

This paper is based on the analysis of echo integrator data and trawl data of 1989. It
describes the target strength of different demersal species in the East China Sea, calculated
from the relationships between weight density from bottom trawling and acoustic volume
backscattering strength (SV').

The results are as follows.

1. There was no correlation between echo integrator data and weight density calculated
from trawl data.

9. TS, calculated from echo integrator data and caught by trawl hauls in respective
areas, were from—33 dB to —15 dB at 256 kHz and —36 dB to —23 dB at 100 kHz. Later,
when comparing 7'S,,, calculated by proportional allotment with 7:S measured in the tank,
it was concurred at the area with a high fish yield and the area with a low fish yield was not
concurrent. This meant that 7S, was easy to overestimate in the case of fish being selective
or accidentally caught. In addition, it was easy to underestimate the low fish yield.

3. When comparing the results of 7S, in difference of frequency, it was larger in 25
kHz than in 100kHz 3 to 9dB. The comparison between the difference of frequency (4
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T8S,¢) measured in the tank calculated #n situ, found that it was distinct to a characteristic
of frequency that the more simple one caught a greater yield. However, it was not distinct
that the more complex composition of fish had a lower yield.
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Fig. 1. Survey area and trawl stations. (5th-12th November, 1989.)
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BN TERAEAHETHE I, K4 3K 3 LAKBXICAE S hic SV ORE S WK

Tanaky's iifish

Fig. 2. Total weight (kg) and species composition of the catch by the area.
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BRXFhFh~r¥o 4, FF9+Tholk, —F, FHRCEENME, - BRI B, Fig
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Table 1.

Summary of the bottom trawl research data. The mean volume backscattering strength <SV)> from 1 meter adove the

bottom, below the height of the net entrance is denoted by SV (L) and SV (H), to frequencies 25 kHz and 100 kHz, respectively.
The mean target strength 7S, from the trawling area is denoted by T'S,;(L) and TS, (H), respectively. The dominant species

of fish taken in respective areas are summarized in the last column.

Volume Fish SV (dB) T8,(dB) )
Area Station tra:)vi;ing (iit;)h Density L H L H ls);;ﬂilgsm
(m?) (kg/m®) 26kHz 100 kHz 25kHz 100 kHz

0OST8924 1,004,400 25.66 2.55 X 10-% —71.9 —74.9 )

A 0OST8925 1,083,600 153.31 14.1X10-5 —68.6 —70.8 —33.1 —36.0 Black scraper
OST8926 1,427,600 532.54 37.3x10® —T71.9 —-77.1
0OST8927 2,080,500 34.01 1.63x10-° —74.7 —83.6 Black scraper

B 0ST8928 1,304,500 15.56 1.19Xx10-5 —76.0 —84.3 —26.0 —34.7 Squid
0OST8929 2,203,000 23.44 1.06 X103 —74.2 —82.8
0O8T8921 2,016,000 52.23 2.69 %103 —59.0 —66.8 Spotted Mackerel

C 08T8922 1,724,500 88.58 5.13%x10-5 —65.2 —72.8 —179 —25.6 Squid
08T8923 1,707,500 52.17 3.06 X10-¢ —66.9 —T74.5 Atlantic cutlassfish
0OS8T8906 1,710,000 88.50 5.17X10-¢ —69.6 —77.0 Silver pomfret

D 08T8907 1,961,500 74.80 3.81xX10-° —68.3 —T74.5 —22.9 ~29.3 Atlantic cutlassfish
0ST8908 2,024,500 109.35 5.40X10-°5 —63.2 —69.4 Spotted Mackerel
OST8918 1,376,800 53.23 3.86 X105 —63.1 —67.1 Spotted Mackerel

E 0S8T8919 1,560,400 51.82 3.32 X103 —62.6 —67.6 —18.56 —22.9 Squid
0ST8920 1,543,600 62.63 4,06 X10-% —62.5 —66.8 Black pomfret
0OST8915 1,684,500 4.52 0.26 X105 —66.2 —72.8 Brown croaker

F 0OST8916 1,595,500 22.01 1.37X1075 —65.7 —72.2 —16.1 —22.6 Spiny rasp skate
OST8917 1,533,500 24.55 1.60x 105 —65.4 —71.9 Silver pomfret
0ST8909 1,857,500 122.83 6.61x10-% —69.0 —173.5 Jellyfish

G 08T8910 1,755,000 56.31 3.20x10-% —69.2 —74.6 —26.8 —32.0 Atlantic cutlassfish
OS8T8911 1,649,500 75.87 4.59X10-5 —72.7 —79.6
OST8912 2,252,296 054  002x10°  —574 —59.7 Tanaka’s snailfish

H OST8913 1,815,000 916  005x10°  —68.1 —767  —150  —239  Blackmouth goosefish
OST8914 1915000 2441  LI1X105  —645  —735

® B X ¥ X ¥

‘€661 “(7)v¥
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Fig. 5. The relationship between mean volume backscattering strength SV (dB) and fish
density p(kg/m?) calculated by bottom trawl at frequencies of 100 kHz and 25 kHz, These
symbols indicate the respective areas.
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AL DRI ST E 2o Fe
REBET -2 DBLROD-BEEFE p, L FH SV LoBGEYAERNCRb LR L, ND
BEIEERE, REFE SV ©, RPN 2RKRTRDATEOERBR (BR)

100 kHz : <SV>=2.24 logp, —63.91 (r=0.2) (6)
25 kHz : <SV>=—0.027 logp, —67.89 (r=—0.0028) : (1)

Ll 8V & p, CRMBERE L hich oo, FABEEEBRIZESL, HEY 0 EZL
TERX () TLRETH -7,

BEERELFH SV 25 (5) RATHEHBLEL TS ©owTil, 28kHz TR 7 ¥4 &7 vay
DERETHE HEEROFY IS, 71 —15dB THRLEL, ALY~V I FREAREBTHS
ABETIE-33.1dB TR L EI oo, —H 100kHz Tithv =, FvF¥={, =+ ¥y 45T
RETHLFBETI-226dBTRIEL, A7y v+ é7vavntaEcsd s HER
23—-239dB TH ote, FBRLECESRIMERE LR, ABKT-36dB Th o1,

% =

AR L7cX S SV LEF -2 »LBEH L ARFEOR £ HERTAD bR
Drofeh, ZOBHAD—DOR - A BOREGRESITONhD, e r — A DREEE
BRI 3kt TH O FEUEEOKELABOERTHR T 0ELLIE, R10HERDO + » — 18
R OST8912 ¥ 5 L MR K & b SV 12—574dB & —59.7dB % 7R3 23 & 12 » 0.54 kg

-10

TSkg [dB]

AREA

Fig. 6. Estimated and calculated target strength (7'S,,) in respective areas.

: TS,; estimated from the relationship between trawl data and SV data at 25 kHz

i TS.g estimated from the relationship between trawl data and SV data at 100 kHz

: TS,g calculated from proportional allotment measurement taken in the tank at 25 kHz

: TS, calculated from proportional allotment measurement taken in the tank at 100
kHz.

POrm
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TREI 7Y O+ Thot, TRV U IHNRAEIALC EEETLEEOERIRBD bl

Flot e —AOBERELEETAINENDS S PR TRAEFON T SV »#—65dB
D75y vENRERbI - TBERSALTVBD0H 5 —% = 2 THRATELHERD
BWERBD T DT,

Wi, BEEHRECER L TS, #X 6 KR, X (m) 2 25kHz, (a) X 100kHz TOET
Bb, TS DBBNEVDIE, V=V FA~FTRIEE-REL L THREILC ARERT, 26 kHz
7 —33.1dB, 100kHz ¢—36dB Th »7c. WEBEIAZVORBEDOBRIEIXGN IV T 4T
» -7 Hgsc 25kHz ©—15dB, 100kHz ©—23.9dB Th - 72,

WICEH LT TS DE UM AR T 570, BEHOLHEERTH G (FEBERKE (=v 7
Y — +EI3X3X12m) T TS DBEBRERIT -7, BT 8 AESL 10 B OELL BEE,
BEOY » FEYEAITTCEOEHED TS #AEL, &K TS Rl KiCROHETTHELRT
ERIMEED 2/3 R+ LHEL, FREBIROVT kg 4 h oK IS, EH L,

TS=20/31ogW+ TS, [dB] M

TICE TR T ORBYEBICHE > T h 2 hAES LT, YkisEo IS oBRHTHMEY XD
o W6D () LU (n) XFhFh 25kHz ¥k L 00100 kHz 0 M34451% T OBERE L~ T, B
EELBREYENTRD L, BEOKEINY =V 7 ~FE ok AR TIAEOEMERARE
< 22dB, EEET24dB, 2 ¥ v+ OEWELLRIHE 30% 72 - % G IR CIER KT 1.7dB,
BEY T 0.8dB, 1 74 44%, 72 - % B R CHERARE T 4.8dB, mAP T 0.6dB 5 1 U D i
TIMEREM T 24dB, SAKT11dB &, LR 4ABKTHENRV-—RERLAORXNL, flo
4%+ 7 O, F, H ciEAE T 10dB Uk, GRAFECcHABL LEHRHEL D RS WEER

ATSkg [dB]

AREA

Pig. 7. Frequency difference of target strength between two frequencies in respective areas.
&1 ATS,, difference between 100 kHz and 25 kHz, estimated from the relationship between
trawl data and SV data in the Sea.
o ATS,, difference between 100 kHz and 25 kHz, calculated from proportional allotment
measurement taken in the tank.

—205—



R K E & H 4(4), 1993

Rltc, B HERCMERAE20dB, BEEETITdB 4 KEWMER R L,

K, SV LEEFE L OMCHE RO EVWEHO—2 &L L THEYROREEY Lt
2, ThRRRE IS, OHEELABREDROMEYZ 5 - L2 EKRT 5,

ThbbR1E T IS, DHEME L BRENLEEMLI—KLLABDGHEBIKES
NS, BHEOENAEX L Bir-7CE F HE R HEGREER et ot, cDZ &
ik, FEOFHMRLAREBE ST, AFAERMCD 5 BRI CEE SR EE1X TS,
EARHE S b, MICERESED TO WS, TS BV STV ExRBL TV 5,

Riza—BRF—2 tBET—200b8H UL TS, 02 ABRKEBC O W THBER T -7,
M7 EEBERD TS © 2 AEEDZE 4TSy (O) ERLIEDDTH S, SHLRKETCHELES
BEO TS, * AEMRERCE U CHARS L TELBRED 2 FRMO 4TS, () &8b
BCRLI, ok, B> REYEOFBIERED TS, L EAEO TS, trFAi
EBEh520,2 AEEEOETH D 4TS T HEEYHROEELZFHVETH DK > T A8y
RUFRBORBEHEYRT IO EE 2L, KARALE L5 i, £2ToBBRWUER
WO TS WEAE LY 3~9dBAKEVWZ L THH, R2ERTI O AKECHELICERED 2
BED IS #HE T2 L, WTFhHIEAE LBRARL Y KEL, B0 4TS, 347 5 TL5

Table2. Summary of maximum target strength (7'S,,) measured in the tank, with
respective fish species caught in the East China Sea.

Fish species TS(dB) TS,¢(dB) 4TS,

25 kHz 100 kHz (dB)
Atlantic cutlassfish —21.76 —27.84 6.08
Spotted mackerel —33.28 —34.81 1.53
Brawn croaker —33.06 —37.39 4.33
Black scraper —34.30 —38.36 4.06
Tanaka’s snailfish —39.23 —45.13 5.90
Blackmouth goosefish —39.23 —45.13 5.90
Silver pomfret —42.64 —47.09 4.45
Squid —42.54 —44.92 2.38

Table 3. Summary of target strength (7S,,) in respect to the area in the East
China Sea, calculated by proportional allotment from the result in table 2.

Area 2 il 100 H a
A —28.4 —31.5 3.13
B —30.8 =341 3.38
C —27.7 —30.3 2.60
D —25.3 —30.4 5.11
E —28.1 —279 —0.22
F —26.9 —29.2 2.37
G —27.8 —33.8 6.06
H —34.9 —41.0 6.17
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dB, &ic A #7324dB, i 6 B ATS, #4dBLIEDH Y, BKIZFF U4+ T61dB TH -
foo Thb TS 7 — 2 R EEHRIZIL U CHAE S L TRDA 4TS, OBHREZ, E @HEIC KV
TREARKENATI R - h, L TEE TR, EFENERELD 2~6dB kX1,

RERTEBWTHEMBEBEREYHE TS L AD, GERTHENE C —H L, s
TII#3~6dB D EARH LI, ThEN2HD2EE1ORET — 2 CHRTCRS L, HE
AR —B LR TRBEEN SN2 b, BIVEBERTRAESS, B—fy», Tk
SEOBRBIAESL TV AEAEND -,

—7, EELBRELIOEZEDOKNEL -5 (B,C,E F,H) TlESLHEND Ik
<, OB ERENLRD, HHTH T 2D LD AR (v~v 5 ~%), Digh (=
FHEVA, 2FOA, ¥73), G (#7940, 775) CTRLRI ATS, ST AR
DRABEEESEY T T EE L, b, bEHic o WTBRE X DTl b E, BHELAR
B O DI AERESEYERTAICES o T,

= 3|

HerEORAEEFREREOARCKVT, HEREL I =2 -BHLEEr -1 DH
BF— 2 hbBEH LI IS, BIUKRTHELAL IS F— 4 ¥ BV TTFRI LI TSy & wHE
B LicEREROBCEH L7,

. Fer—AF—shbBRLAEEREL, ChERABCAEL= 2 —BoMHE (SV) o
CIHERRD bhichote, LREOEREICL S TS O —H L BEHROTLERL LD
Bl EE LI,

2 za-FHELBEEH»D TS ¥*EH L tERBLBE L. 2 A, EAK (25kHz)
*—32~—15dB, &AW (100kHz) ©—36~—-23dB %R L%, #H, KECRAELLEERD
TS %, MEHHERCIE U CHAES LTE TS DBHTFAMB LRI 25, AEEROS
ol AB,D, G TIIHERR &KL, BEE0 V- CEFHEBHRTIKEE
fotne CHILRIRID 5\ BARNCHEE 2 hich s, TS, LEKICIHE S, WEDO -
BERXBPIHIHERR TV EFTRB LT 5,

3. BEDROEENIHBRIND TS DRBEEMOZE 4TS CEFBA L THRF LIER, £C
OWEHCERAENSAEL D 3~9dB KX hoi, KETHTELLERD TS ¥ AR L TE
LhAERFUED ATS, LK LICL A, BEENRSEL, REMAROEM A D, GHERT
B LA, BMEE VL, AEEROEM#L B, CEFHEBRTE—HLtdr o7,

H-oTADGHETHRESh-ABEIWAIRAEEEY DL LT 252, B CEFH
BRTHREIhRABEORAERERC OVLCTRERTE R T2,

B 5
Ak I LoreHlch, CIHERGCBESIIKERFRERER I CDRRFEELES, B
L URBCSK BB LR ERF KELTRER S L SARMAERCRHOE R
i—;‘éo
X L7

1) PUEEK (1974). #E F = — A OV TOKRIWEBE, RBKKERRRE, 77, 177-247.
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