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Study for Estimating the Existent Amount of Saury
Resources by Means of Scientific Echo
Sounder Techniques

Noritatsu Saxo* and Yasuo TanNIno**

Abstract

This paper describes a method of estimating the amount of saury resources
by roughly calculating the volume backscattering strength of echo patterns on a
recording paper. The scientific echo sounder used was the 88 KHz ultrasound, a
transducer having 14 degrees of effective beam angle. It was attached to the
bottom of the ship. The recording range of the scientific echo sounder was 200 m,
the number of transmissions of ultrasound waves per minute was 110, the pulse
width was 0.6 miliseconds and the T.V.G. was 20dB. The ship’s speed was
about 10 Knots. These echo patterns were observed on the voyage of the
research ship No. 53 KATYO MARU (349 tons) for fishery investigations in Septem-
ber 1982. The scientific echo sounder provided a recording of the saury on echo
sounder paper, and a value proportional to the average saury for 0.2 nautical
miles of survey track. This value was later transformed into fish biomass using
information on school size in terms of weight. During the survey, marked
differences in the behaviour of the deep scattering layer between day and night
were observed. In order to determine if these differences were affecting the
estimates of the size of the school, a series of day/night comparisons and observa-
tions were carried out. The scientific echo sounder estimates of fish biomass had
to be based on certain assumptions regarding the performance of the sonar
equation. We wish to report on the results of the estimation of the standing
crops of saury with a microcomputer. The surveyed area occupied about 15,400
n. mi? and the estimated total biomass was calculated to be 3,350.5 tons.
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BHEEL, BOPERFREAM 200 74 VAT 5 4 <A HRICL T, ATRPESH»ITIREL

CREMRTT KT 5 A RARORERAERD T 2To 1. T2, WAMERHAL RAREEE
T, 20 5155 NI BIEREHR© EERRID 5B 5 i KIRERL & 2RENTHRIL ., BEAR
B & 3 GESIER OEEELE 2T 2 LD OWERIT- L0 TRET 5.

AR D BICHTI T, HIRE L HEE %1217 RERGAEREES, BRI AE
HEFFEER BRI ERKCEEOBE 2 £ T 5. 270, FRSUERICH 12 BB IIIZ0 IR
BB, AATHIEC S 12 b BRI 1070 1285 53 BB REBR KL D
FHBHRICEHT 5,

ByapikRLs80%

FFACHEEL AR, KR b o — VRS 53 BRI (349 i) T, BHRARE THER KK R
FQ-50 BIC, WESICEZIEEE % 300 L B 5 Eikik 88 KHz, RIEHII 2KW, IZREIM 2,000m D O
BEALT, COREARPAEGEM 105 200m, 79V AJE 0, 6m sec, T.V.G (time varied gain)
% 20logR, Al v & 2 K- UL 20dB, 3 5 KIEHIBRERIC 20dB 2 ERAIMNL, #A3 104+0.5
7o MICARERU 7225 b SRR b MY 20mm, IR (E.S.D.U) 0.2 7 4 ) KEREL, #HE
VEBHL e 23 6% BB L 72, » 5o UDIEL - FERE, duig 38°30° 2 5 dLik 41°30°, R
147°30" > & B8R 150°30° i PZ N is VD 200 7 4 U RRFAKIRE R 15,400 FF A 4 Y TH 3,
COWHRP 9 A2 A5 10 A1 Bizhld (FER660.2 44 Y) R2ARE EEIL 20356 B FRICE
BREER LIz, M1, FHEWHRS L EHEENR & ABRERE R E2RIMINTD 5.
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Cruise 5
Sep.23—0ct.3
1982

38° |- ﬁ
36° . (
] O : Odeanogrjaphic |statigns
@®: Ldcationls of glillnet reseaych
141° 143° 145° 147° 149° 151°

Fig. 1. Locations of experimental observation and survey track by the No. 53 KAIYO
MARU in September 23 to October 3, 1982.
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B, Bab SR L T BT e Bt SERE 2175 8 0T, Fbe UTHRELIIH
SRR & EEIEEEY b OBTEEFEBELRE (SV) 2R 5 EETH 2. K2a), b) 1, FEAR
FQ-50 DIEEIGRMER LSV OF Y » 2Rl %R . RROFEIL, v+~ FBXTHERDIN 49,

FAGE-@33

ROANGE
FREVLIENCY

PULSE WIDTH
ABSURPTION LOSS
TVG

GAIN CONSTANT
DIRECTIVITY
DENSITY

PRINT INTERVAL

* XX EEEEEE

# SCIENTIFIC ECHO SOUNDER
* << Fa-S@ *

901BM-8219M
HIGH

1.2 M3EC
25 DB/KM
23 LOG(R)
87.4

9.219
AVERASE
9.2 MILE

INFUT NEXT ITEM

(1) VESSEL (53 KAIYOU MARL)
(2) DATE/TINME (52.99.29/07: 11
(3) PLACE o
(4) LAYER
ND. 91 (15, 26)
ND. 92 (26, 38)
ND. 03 (39, 49)
ND.94 (40, 50)
NQ. 85 (50, 62)
ND. 6 (68, 7D)
NO. 97 (70, 82)
NO. 03 (39, 106)
ND. 99 (10, 200)
NO. 19(10, 100)
(5) COMMENT 0
Fig. 2. a). Working conditions of scientific echo sounder.
PAGE-205 [SV/NI  Tg=-32.9 DB ATT=2@

NO.1  ND.2 N33 NO.4  ND.S  NO.&6  NO.7 g ND.9
LUG (B19)  (029)  (932)  (940)  (B59) (B&D)  (B7H)  (BZE)  (168)
DATE (B20)  (939)  (240)  (B58) (B6D) (379) (B30) (142)  (2@@)
TIME (LATITUDE)  (LONGITUDE) (AID) (TMF) (SPD)  (CRS)  (DPT)

~99.9 -76.7 —62.8 -68.3 -72.5 -99.9 -99.9 -99.9 -99.9
¢OD.0 090.0 @P0.0 0D3.0 0IB.6 B00.8 ©90.0 B89.4 BA0.0
39 06.23N 150 3Z.17E  NN+DR 16,2 189.5  +3@34
-86.8 -99.9 -65.6 -59.5 -69.8 -99.9 -99.9 -99.9 -99.9
000.0 ©@0.0 ©009.0 BPG.0 O009.0 GE0.0 V0.0 BEA.G  BOR.9
39 96.BIN  16@ 32.13E  NN+DR 87.9 159.5 *0@43
-89.5 -95.3 -91.1 -72.6 -89.7 -99.9 ~99.9 -99.9 -99.9
623.0 030.0 BOR.G BOD.H OD0.6 VO3.0 VOS.0 OID.D  O9E.8
39 85.8IN 155 32.99E NN+DR 89.9 189.6 #6043
-99.9 -99.9 —69.6 -61.3 -79.4 -99.9 -99.9 -99.9 -99.9
000.0 @90.9 ©P0.0D DE6.U ©00.9 080,00 OOD.0 900.0 88a.n
39 95.63N 159 32.05E NN+DR 16.2 188.8 *6040
-89.8 —99.9 =67.5 -6@.8 -B0.3 -99.9 -99.9 -99.9 -99.9
000.0 060.0 ODO.0 ©PG.0 DOB.0 GE0.0 000.9 090.0 ©90.0
39 ©5.42N 150 32.91E NN+DR 99.9 1687.6 %0040
-85.7 —99.9 -74.8 -45.1 -94.8 -99.9 -99.9 -93.2 -99.9
020.¢ ©020.@ B00.0 ©9V.0 00D.0 0OO.D BUL.0 COV.0 ©29.0
39 B5.23N 150 31.97E NN+IR 18.2 190.8 *2041
-85.5 -99.9 -57.9 -64.1 -87.1 -99.9 -99.9 -99.9 -99.9
20,0 ©20.0 @30.8 000.90 VO0.0 000.0 ©00.0 ©00.@ ©09.90
39 95.9IN 150 31.93E NN+DR 89.9 191.6 #0236

Fig. 2. b). Results as recorded by the integrator
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EFS: HERARC LY ~REBEFROHE
WE, Vims 2REBHIOFHEEL TS &
Vrms? = G2 Io % e~2fR gy % 7 (1)

LLT  Svi {EMHEEFHHRELEE
lo: REIRERMS (Hykdhy EOBAEERNCIT3)

G:  RRREE

R: FZHE» b AT CORE
B RIUEEER

e TH

T 2V RIE

7: v-sf (FRARE 6 ¢) XhkD3B)
(1) RExPoEmL B TREE

Cr
VRMS = EG+SL—(20l0gR+2aR)+SV+10log—— +101og ¥ (dB) )

ZZT VRMS=20log Vrms: 3ZEH/IL <V
SL=10loglo: WAL~
EG=2010gG: BEL <
T.V.G=20log R+2axR: BEEEW & & BIUEE
SV=10log Sv: @RBRHBELREL <V
a=glogoe: WRILBFERE

(2) REEBL T

Cr
SV = VRMS—EG—SL+ (20 logR+2aR)~10log —— —~101og ¥ (dB) 3)

SV it (3) X bRkpbN3, LDV F—HENCETEOERILEG X RIRERE. EREHROD
FRIEIETE 2 & DR AL, EEES - BIRER>REL L TEAS L, SVIRDENE, HT
BERBIZ, M2 RxahsXdic, 0BARELTHESL, 3511005 100m @ SV ALK
Bize ¥ v OERRE (TS) 11, BYE23.3»5 31 2cm OV > < 6 MHE 2R & U TREMEDK
B (ER 4mxES 3m) T 50KHz OBEH AL T, BEBEMERT-. ¥ ¥ < OEHRXRR
27, 4cm T, HEHHOFHIEHTRE —38,9dB $E 5 hic, FUEARD AR 88KHz & FEHRIEIC
WRL 72 BlRbi %0 Rs 555, AR T, TS % —38,9dB & L CRAARKBEL, 1m3 %)
DSV &3y ~DRHEE (B/m3) 27 Y v ZICHIFI R,

BSARARTHRED, FETMOMERERL T ahd, 12K 3.6m ¥ TL RiRRS L ORE
AXDEEr ¥R EELT, 05 10m 2HIES X OHEMRERD b BRI 12,

H2b) OEFF» S bb»s L5, 1m®Yb DV v DFEEIHEEIZ/NI L, T 000,0 &
HEahiz0T, 1982 4812, FEAROREMG (echogram) &, %D echogram L& I NIz SV
OFFursEr BT, U~ BERERO HERRA I, K31k, AEARTEEIIEFINT
echogram OWTH %, LD echogram CHEEINIZSVOTF FusB% 10 IEKL, ThdrbkK
Wim%bO SV 2RD, Chizyr~D TS 2HWT BEIREL, 35 20Y 2 vARSEKD
BMPERD B HETH S, > T, AEERDIN2RFZRIBCEEL, echogram ICHREFINTZ echo
#5000 1220 T, LhedrvARERAML, IR0 FER2ANTY Y < BEIBRRAL L, $1,
H o< faiiz, SV ORKKEE (m) WKL Tnd & KEL, v ar2RnT, EEEfrEEL
U THEEFERES # 4 D C LB, AESm BRETY » vRHED SMEEERD, 351Kyl
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Fig. 3. Diagrams

K Kk B & # 343). 1983

.

o

showing the echo patterns drawn by scientific echo sounder.

ROKE? 100g L {REL T BEFERCHEL L, M4a), b), o), d) X, st. 26 25 st. 27 F TO

HEMRETT. RO X 25 6T, FERFR 2RO IHENL, 4 BRICH/HL TRRL 12,
St. 26 Location 0 — 25
Depth(m) SV(dB) Fish Echo Weight(Kg) Estimates of weight
10 —15 - 78.3 1.9 1 0.2
15—20 - 73.0 6.3 1 0.6
20 — 25 -100.0 0.0 0 0.0
25-30 - 70.4 11.5 1 1.2
30 — 35 -100.0 0.0 0 0.0
35—40 - 67.3 23.2 S 2.3
40 -45 - 78.3 1.9 1 0.2
45 —50 - 78.3 1.9 1 0.2
50— 55 -100.0 0.0 Y] 0.0
55—-60 -100.0 0.0 0 0.0
60— 65 -100.0 0.0 0 0.0
65-—70 -100.0 0.0 0 0.0
70 - 75 -100.0 0.0 0 0.0
75 -80 -100.0 0.0 0 0.0
80 - 85 -100.0 0.0 0 0.0
85— 90 -100.0 0.0 0 0.0
90 - 95 -100.0 0.0 0 0.0
95-100 -100.0 0.0 0 0.0
Total 46.7 10 4.7

(a)
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St. 26 Location 25— 50
Depth(m) SV(dB) Fish Echo Weight(Kg) Estimates of weight
10 - 15 - 72.8 6.7 3 0.7
15-20 -100.0 0.0 0 0.0
20 - 25 -100.0 0.0 4} 0.0
25~ 30 -100.0 0.0 0 0.0
30 - 35 -100.0 0.0 0 0.0
35-40 - 69.1 15.7 3 1.6
40 — 45 - 65.6 34.8 6 3.5
45 - 50 - 65.3 37.1 6 3.7
50 —55 - 73.5 5.6 3 0.6
55— 60 - 75.3 3.7 1 0.4
60 — 65 -100.0 0.0 4 0.0
65—70 - 77.5 2.2 1 0.2
70 - 75 -100.0 0.0 0 0.0
75 — 80 -100.0 0.0 0 0.0
80 — 85 -100.0 0.0 0 0.0
85 -90 - 77.5 2.2 1 0.2
90 - 95 -100.0 0.0 Q 0.0
95-100 -100.0 0.0 0 0.0
Total 108.1 23 10.8

»
St. 26 Location 50 —75
Depth{(m) SV(dB) Fish Echo Weight(Xg) Estimates of weight
10-15 - 67.8 20.8 8 2.1
15— 20 -100.0 0.0 0 0.0
20 - 25 -100.0 0.0 0 0.0
25-30 -100.0 0.0 0 0.0
30 - 35 - 73.5 5.6 1 0.6
35~-40 - 55.4 364.5 3 36.5
40 - 45 - 50.0 1250.8 8 125.1
45 - 50 - 51.5 894.3 10 89.4
50 -~ 55 - 73.5 5.6 2 0.6
55-60 - 73.7 5.3 1 0.5
60— 65 -100.0 0.0 0 0.0
65—-70 -100.0 0.0 0 0.0
70—-75 -100.0 0.0 0 0.0
75— 80 -100.0 0.0 0 0.0
80 — 85 - 77.5 2.2 1 0.2 &
85 —-90 -100.0 0.0 0 0.0
90 - 95 -100.0 0.0 0 0.0
95-100 -100.0 0.0 0 0.0
Total 2549.2 34 254.9

(o)
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St. 26 Location 75 —100
Depth(m) SV(dB) Fish Echo Weight(Kg) Estimates of weight
10-15 - 66.5 28.5 13 2.9
15-20 - 77.5 2.2 1 0.2
20~ 25 -100.0 0.0 0 0.0
25~-30 - 71.7 8.4 2 0.8
30 —35 -100.0 0.0 0 0.0
35 -40 - 58.8 166.9 4 16.7
40 — 45 - 61.7 86.0 5 8.6
45— 50 - 58.8 166.1 10 16.6
50~ 55 - 73.0 6.3 1 0.6
55 - 60 - 72.3 7.5 2 0.7
60 — 65 -100.0 0.0 0 0.0
65 -70 - 75.0 4.0 1 0.4
70 —75 -100.0 0.0 0 0.0
75 - 80 -100.0 0.0 0 0.0
80 -85 - 73.5 5.6 1 0.6
85-90 -100.0 0.0 0 0.0
90 —95 - 75.3 3.7 1 0.4
95-100 -100.0 0.0 0 0.0
Total 485.2 41 48.5
(d)

Fig. 4. Distribution and biomass estimate of Saury resources per 5 nautical mile scanned.

[ L~/

/‘j "j /04:20 39°43.5'N
f D.S&L / / 148°29.1 §
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/LA / /04:09 3°41.6' N
i / 148° 28.9" E
AN
[
(dB) &\-\ / /
-30 03:59 39°39.7'N
/ / 148° 28.8" E
T T T \

T T T 1

-80
0

100 20
Relative depth 0{m)

Fig. 5. Diagram showing the variation of the depth of the deep scattering layer.
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Table 1. Examples of abundance estimates for saury resources in station 26, based
on scientific echo sounder in September 28, 1982.

Estimates of Total
.| No. of miles | No. of echo | Estimated | Weight of | Calibration | estimated
Location sampled measured | mo. of fish | fsh constant | fish biomass
(Kg) (ton)
0- % 5 10 46.7 4.7
25- 50 5 23 108.1 10.8
50~ 75 5 34 9549.2 954.9
75-100 3 4 485.2 48.5
Total 18 108 3189.2 s8.9 | w3 | e6s
7.5 - 16.1 M 29 @
7 \ 13\_/14\_/15 , 76
13.3 ' 68.5
| s~ N0
40° +1 17
282.7 337.5 | 18

(920.8) 21 . (716 9

l )
‘ 25
685.3 | V4169 48.4 ﬂ@

(2092.4) 9 10 24 26+4(9.5)

39 (2429 0 - i ’ 723

70.6
(225.0) ﬁ
38
380 (-] ]
148 149° 150
O : Oceanographic stations at daytime
B : Oceanographic stations at nighttime
A : Locations of gillnet research

Fig. 6. Distribution of saury resources in the surveyed area, based on scientific echo sounder
readings during cruise 5 in 1982.
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SV (Cg%$ 3 D.S.L OfE

FAEHIMS, KE D.S.L A2 EL TSV 23 ¥ 3, M52, D.S.L OBEIRES SVOD7 +
v B O THERWIORU 12 ZORM S, AR 100m FHETI, D.S,L ® SV 12 BRI echo
EEAITAS, COD.S LSV RAREEREEHHL TRIB I NI SV 6B, ZORERBEL
12 CORA, DS L 2ERT 2750 2 b DRADEFHCECOWTRAHTH H, o ERZEH
M D.SLIZRI-12SVRLEZDT, 20BER, *OMEEERT 3 LHEND S, CORKE BH

LEED SV 2RI—X & — L Gl ¢ A 3,

ZARUIZ,

YT RBEREROMEE

K 4 THRU 7 FEBRICIE, EEEH0 24V 2 HBELLT, 514 VEC L H o v BE®
FEL, HERBEL - BERE»RITRLUIL, COETIE, BREEO £EER, echo O, 70
echo o4 vREB IOV < 1 EOAKES 100g & U TERICHREL IZ BEBER L, z0&H

F 72, HBIER (calibration constant) & U T, BEEEBAATOY L 7Y o S RE» AT &K
EFIUL, #99,650m® LigB, ZOVL Y L SRETCERAANPEETS &, EESEIAIm® S

Table 2 a). Examples of abundance estimates for saury resources in station 8, based
on volume backscattering strength of scientific echo sounder during the night.
Estimates of Total
. No. of miles | No. of echo | Estimated weight of | Calibration estimated
Location sampled measured | no. of fish | fish constant | fish biomass
(Kg) (ton)
0- 25 5 51 5661.6 566. 2
25~ 50 5 46 7872.3 787.2
50- 75 5 38 7902.5 790. 2
75-100 5 51 14733.4 1473.3
100~125 5 52 8661.3 866.1
126-150 3.4 28 4056.7 405.6
Total 28.4 266 48887.8 4888.7 428.0 2092. 4
Table 2 b). Examples of abundance estimates for saury resources in station 8, based
on volume backscattering strength of scientific echo sounder during the night
and adjusted because of the results of the effect of the deep scattering layer.
Estimates of Total
.| No. of miles | No. of echo | Estimated | Weight of | (alibration | estimated
Location sampled measured | no. of fish | fish constant | fish biomass
Kg) (ton)
0-25 5 50 1872.0 187.2
25- 50 5 46 3037.7 303.8
50- 75 b 38 2133.5 273.4
75-100 5 51 4668.6 466.9
100-125 5 53 2820.9 282.1
125-150 3.4 28 878.2 87.8
Total 28.4 266 16010.9 1601. 2 428.0 685.3
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EEL: MERBC ISy Y ~EREROER

k2 b, ZOEPFPEHKT S v HRERFRIHTTY 3, COERAN[A] FRBRT 39
Y ERA—AAEET, U BEREO Bl e EEE L, AR 100m &4 5 MM [BIm® Ficsy
95 EETIUL, COWER [B/A] BHAIERTSH 5, COEEr EERH (Al HO¥ L < &E
FERCRY, ILUHEERCONTHET L, ChPHELI Y ~BEEEETH L, 20
FRER6ITT, BT () AO%KfEIR, BEDOD.SL by AR {EL RELZ BT 5,
F1, R2a) i, BUIES TSV RLHEELIY L ~BERERTHH, £2b) i3, FERNET SV
DS LOEELEEL 2V ~BRBERO HTHETH 5. - T, LBWA28 A, BREYN
DHUEHRE60.2 7 1Y, BK40.4 74 Y, Bh2.004Y, 2344 ) CHELI ¥ <E
FEBERIE, #3350, 551,

% ®

BOHUDIEL LRAEERD 2 KT 59 EEEER Y TREOL T TS 208, &
A9 2 TEAALMEEOBWTH S5, RADEERZ FEL T, BELEL 2l s s
Vo SEIDTHEDRE LT
1) BPARRREICGERINI echo 2, TNTHL <AREE RBLUBRER 2HEL I,

COWFERE, vy TREL, KR S5m T HEERES » 1 1M )0y v ARSHOL
AT RBHN, COERANSSADE, B2 ERRET 3 ERESHERTIOT, OV <
FURRICBE S 2 ARIBCREER MR S VRIS 2 HIFHT & RANHIET 20 LR E 5T, o=
WP EH T 3 LOEYRERTH B LEL S,

2) WEL AEEROFEK TR Bk Tomc, Y~ BREEROHETEN ARTH L L OR
BUBTE, UL, ZRICHAPRRBOEMEB IO 7Y v 2 MEE2D0WART 5 BEMND 5,

3) HESHBIY T IO, THEF I EF T3 D.S.LOSV 2, REBEEHSED echo
D SV REETIUS, RERETCEMMHATY2HRE 2L, 317, BERFRO BER L
SETHES EEX 5B,

—J5, SHPELHBTNXEMERELT
4) WRE»L 10m BOEEHS, WERHOREARTII SV B LNT, 3 rRBRRETEEN R
ZROEE, RIJIBICBEESEMBSVRKITT BBLER TS, ¢ OXER HIged 5 LEns
b5,

5 $r<OEEHAD TS % —38.9dB & L BHIC BB 1205, echo & LT EEI NI
~AHOEREMRBERMTH 12D, E5LTEH9 <0 TS BERBELLTRERLLSE, 217, ¥
v 1RY ) OFE L FHEEREEL THRELZOT, TSP EREFERHET 3 L omEEss
RN

6) FHERRTEEL, EHAM (Al FR2ERT 2 ARKONT, BAORED FTREEFEZEHL
o COWERURERZEMEL LT, REWK [B] K A F—BETY L ~ARBHHT 3 LEL,
WA [B/A] 2k, CheEBARETOY L ~BERRRE T v BERER PHEEL 1203,
COEROWEPEBELBERE 25, COFRCONTR, BEL T ASEEROBRES © ORE
KHERL, SBROWENHEING,

7 BFRBETEIER» S, ¥ vEFRAFRO HERRA M, COBREFEEVMMILE, 20
BHOEBROIER & —FU TV 50 2T 2 RENFE - FEOBIBLETDH 3,

B®IZ, BRRRTR, REEARCHIBRERT 2 FHkd, RICELIRTLIN,

UL, 4> ~DEFEFHHEDOHE L LT, 1EEPSTONRT Y Fikie, Fmipas, s
BIEDEERT ¥ 0 o RAMENTT 3 LT3 5 . RERARENIS, BEMED 55 k—F
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R G- feEF (1975). REEBNC L5y r - < ARERERO figeont. L -y 7
B/7 v VL7 2 7 BB ST FHER. JokERS 26, 137-153.
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