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Study for Estimating the Existent Amount of Salmon Resources
by Means of Echo Sounding Techniques

I. On a preparative experiment for the use of the
vertical echo sounder in the Bering Sea

Gen AxMa* and Noritatsu SAno**

Abstract

The method of research of salmon resources has been up to now for statistics.
This paper describes a method of estimating the amount of salmon resources by
roughly calculating the echo traces on a recording paper.

The echo sounder used was the 50 KHz ultrasound, a transducer having 22
degrees of effective beam angle. It was attached to the bottom of the ship. The
recording range of the echo sounder was 100 m, the number of transmissions of
ultrasound waves per minute was 450, and the pulse width was 2 miliseconds.

These preparative experiments were undertaken in a gillnet fishing of salmon
by the training ship “Oshoro Maru” of the Faculty of Fisheries, Hokkaido Univer-
sity, in the Bering Sea in June, 1974. .

We set salmon gillnets 135 tans and hauled the nets the next morning.
The authors compared the echo traces of salmon on echo patterns obtained by
vertical echo sounder with the actual catch of salmon.

The results obtained are summarized as follows;

1) In the echo patterns obtained by a vertical echo sounder, the authors
tried to discriminate exactly between the echo traces of salmon and those of
other fish.

2) Calculating the echo traces of salmon to record the echo patterns, one
would be able to estimate the existent amount of salmon resources.
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B HORRICRE - RE~OER BRI, BB RO KEENE X TOCETHS &
WOBENL Yy - < ARFOMEBR L Y BT, COBRYHBT A 25, RLEHCERY
ARRFEELYRBRILD DY « = ABREOER (Bo4E, BRAFROHE) » L —EHL
NCTBLENB B,

EROBERRRT, BEOF ~ 2, EERSHOHEFNIBECL > TABIRTHLOA TR
2, ZORTCELMEAIEADF — 2 DEEELITRHEL S TH B, ABRCKERABAL T -
Bici, TCIRBURZHEBLTED, LHBLOOHEWEWSIRRLED 55, DX 5EED
ERRATTRELRYREL T, FE%S, ABENE BV TR CHENEC L » Ty 7 » < AHHE
BHEBYHET A DT HERY T -1,

BEEMC X 597 « < AOEM, B YRFHEMEOET oL Tk, A CIEHD, &
A EHRRRLTW5DH, FERB BEHHAARNO BHARKRCL Yy « ~ARFELH K (echo
pattern) OE#§ L, echo pattern IR I - BERSLHEB (echo trace) DFH P, scattering zone
PEHOBN, By « ~2BEEZOREHENS, ZoBBIck} by 7 « < 2ABRRERR
DWTERL, ZOTFHERE, LEEREFBRIL 1AL ->T, 19744E6H 13 H~6 A
22 Ao 10 A, <~V Y 7R, 7V FL 7 2 7HEWNRTHbhl, EBREEYDTo#is+2,

RIRIESR(R (echo pattern) ORHTE RARFROKEE

BEHFREELERL, v - ~2ARBLEE L, BB L 2 echo pattern 72547 + = 2D echo
trace #BAL L 5 & TAHDTHHH, FORAMMRFLBETI IR TV, ULy » < ABEK
o echo trace #4FH 1} 5 echo pattern i3, BRICBBRICREZIC L > TRABR TV 5,

X HICAENE, echo pattern WHBORICH 7 « = AMED echo trace D HH L WR, 7 « <
ARBEREFEDT — 2 0b, 7 - ~AEFRFEOEELERL TAH 5,

1) #4 - T XKD echo trace DFMIcOWT

W4 e = ABMED echo trace R4FE 31T B echo pattern I3\ T, BEHKES, XL LTH 4«
< ANERTAKELXDETH 0~100m & L, EHEBMIEE YRS T sN 4B BIR T4l
- RNRARE L EONKSHEIL echo trace L LTHRETEXD, ZOBE T.V.CHERYEBL, R
$RHHED noise ZBREL echo trace RFHET5, OB 7 « = RSO @FED echo trace & 2k
TEPRHETAZ LI/ sy, ZORINCHSVTZERT B, F12, echo pattern T I REIBIfhi,
REBEUE, KEEE, BROEESNEIN T3, T 317158 echo iwh i TiHET 5,

2) Sampling volume§> lcoWT
BEBAERLLALERL TS5BS, BEHY - 2 CHEATTEAAHRIRIERT L K, |
CivciEmEEeA (9) TEERM-LOEE (R) OMA#EOBTE (VY L LTRDLA B,
V = S-R/3 = mr?R/3 o)
XL, S EER, 1 EEO¥E, R: FEMS OBMEER
= sampling volume FiZH 3R T, RIFEBOSR/MEARELL LD LDt echo pattern 238

HF2h, QiR TRBROMS (dead ground) 3EEMRAEL IS L is 5% BRIEIEA (effective beam
angle) H K ¥, BAMEINREL LI ERAYETLAERTH 5,
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3) Pulse volume® [CD\WT

EpsR b b S0KHz OBE R, 15
F¥EHRLMA 2, A AM or THEREIh, WkP
BEET A, ZO pulse volume (Vp) &R T
Rdbbh D,

Sea surface

Transducer

Vp =R2:¢7/2:2 (2)

FEL, e KHEE, v S AKHRE

Pulse volume FRiC AR §HENBRBEEL T
LHEEEEC 1 THD, FELRNEERO
ek, Zhit echo trace 5t L#EEDO—FRHE
Lied, ¥tz, B 10D dead ground HERANEERE
pEEhE—BcEE), R EELT 0 [ ke TTTTr
LEEIhAVWALEEORR LS, #-T,
echo pattern iC L& X h 7z echo trace DFHET
X, =@ pulse volume HFEWERTH 5,

Pulse width

) Dead ground
4) Range slice volume® [ZD(T i
e— 1 ——
Echo pattern IZ 528k X huic echo trace Z 7 Fig. 1 The ultrasound wave as a
THEE, XEBRHOEHE () THELLE sampling volume.

F#L DA% range slice volume (VR) &1
tro =0 volume: VR iZZKATRD BN 5,

VR = mh/3+ (#2417 + 77 3

#3121, h: SRS R, 7 EREASOERE, range slice volume TREWBHIR D
SEVERCEMAME L 28T,

Range slice volume (335AA 2 THRHE I H B A A EEO 2R KA L T=F1
¥~ 3B BT B, o T, FELLOEMHEL /2B Y volume (VR) iiitiL, » 58
R B BHESEET B LT THUE, echo trace (1 @ range slice volume 2 Hof L -CH
mT 5o Liclebht, pulse volume kKT B, VR FUTERK h/ct/2 fED echo trace HEET
X3z bichtd, CHIERORFEOBRE L > THPbh 5, echo trace @ FHH I range slice
volume ZE:f & L /invEFITH 5,

5) Scanning volume [CD\WT

WSO BIER © B S EIC sampling volume RFAIT 5 2 LIk 2) T, 2-a), b)
<5711 5, sampling volume A (V) TEEMMLAMS, HEV € R, QERE2ERIL L2t
S#iELBE, FOELERK scanning volume (W) ik, EUMICKATRDL D,

W = Sf/2-V-t = Sf/2:D )

rL, Sf: FISEGMIERE, V: E, ¢ HiERN, D: tEER
LE 2)~5) a7 4ED volume ik, +7 « v ARSCRARFEYEEHNNT 2881, R
B Y7 scanning volume THS L 7z echo % REFILGHE b1z echo pattern & L TEI&KL.
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1
) Sea surface r~$7

\--—-—--.._-

Fig. 2-b
Fig. 2 Diagram showing the scanning of the effective beam angle of transducer used

for the salmon resource.
a) Vertical section b) Plan section

£ pattern ICTEgk 3 htc echo trace XFH KT 50T, URME L EERMIBRER L £ 5,

0 Hi . 2 ARFAEROMRICONT

Echo pattern b4 » =X, FRICELOMOEEREED echo trace A BUT5 - LI HE
<HBp, Fhi—IEL echo trace & L THET 584 scanning volume DER L2 5EV #°E
Bih s, W, RBREPRBIANLTIMEL, Fh, ¥ - T ROBXKEEY VS LTHIT,
HARRR Va2 VS, RBtiES Vs>Va2VS, Btk VASVS o 3BMHch TERT 5,

6-1) HBEREAR Va2VS

BERORME Vaid, 7 « < AOBKHEE VI Bk L T VazZVf OB H 5 L KE THhiZ,
fah: 2 L L scanning volume H BB T 2 HRIINEV, T OHA echo pattern i Lk S h i
echo trace DE XL, Va B i30T, fikPick<TARES Y, HBEXELHLRY mEL
P,

6-2) wBtiEd Vs>VazVf

BRI B L TROBIEEI B 1D, AiEHIC scanning volume g 44 « <A 2ELLE
BB echo trace 73 2 LA L s HE I h 3RRIFHICNEVELEET 2. Thbb, 5 RBT
B v ARSI SAL, randam B LERL TW5 & Thid, Ml Vs TEELICHE, echo
trace (L ECRICTGE S h B, FObHAERD echo trace it noise & DFFIH WL {BENS L,
BRBEAEYBVCHET ALY b
6-3) Btk VdsVf

BRHOME Vd 13, ROBKEE VS LIHKTS & —Riz VdsvVf a Bo CORBYY <X
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DEXEEDTTHEV 2D, sampling volume iz, Kic, BRAKLETIXH 7 « ~ RSN LEL LB
BL, BHAHBTHCL4ELBh, HEORRE LS,

W, K¥E 0~20m O range slice volume {23\ C T-V-G BEEOMERAC L b, RIR noise X}
FEINTLFEB T, range slice volume /M2t b, THK—BICERICIE, 5 » = 2D S
BEORHENEET S5 echo trace & L THEER L BE1EL, Bic, D% scattering
zone & L TERNIC, RO 3BRECH THRBEML 2, XL, ZOBKEE h 5 BfkD echo
trace TRIETRE L & DI, BifARER (2) 4 h THEL .

1. Dense (ps = 20/min, [LlE)
2. Medium (ps = 10/min~20/min)
3. Low (ps = 10/min PLF)

718, T O scattering zone HNTIXH & « = AD echo trace REWE TR T B, ek o,
Arr X SHEORERLT Sy 2 P VORREL DD, V7 - ~AREBRERY ERCEET B,
scattering zone DN BEBLBER LB, I TH Y » < RAOER, SRBNEERENBEIAEY
DOPHEEL S FETRRINDC LHMBLAL 5N, BRATROBREOVEND, Z0X5
EMRHFESA TS, 9%, FolBcmkIhithdibiu,

Plbtnb A BBk 5%y - v ABER M 3KATRHBLA S,

M = NT-A/Sf/2-V-t+Ns (5)

72721, NT scattering zone [J#}® scanning volume Hiz i} 24 # « = XD echo trace D
Ns: #BD scattering zone D4 4 » = XD echo trace DX
A . RBEE

B &

ARBIThh - WHR L ERAKR (37 - ~AHBRES) 2H3CRT. ] 1IZHERYE (B8
) OBRELRFIVER, BRTH S,

WRIT 7 AWK, 735 VRS, HIBRYEALL, BRLABRBLIEERLCST,
R4 B4, 48,5563, 72,82,93,106, 121, 138, 157mm, % 3R-5- 10 B, HEMLLT,
115, 121, 130 mm, O 3FEEEH 0K LMBELTDT I 5V 5RTHB. T DHOERALIAD
R2X1RH 0m, @X6m ThHs, FRRTHEAL HBOBRFILE 2153 T,

ARRTHEA LYY « ~AEQOHORERT, MRRERT, Fotki BEFEED, &
BB S0KHz, HAEMERM 22°, <A AT 2msec, FIREER 450 [E/min, KET 4m VEEMT
H %

Echo pattern i, RBWRTHEE+H (BBF, ftF, FF) covnTRBLL. £ERACH
B 3REREREEYESCRT, 7 « = ARPBTERBE L 7= echo pattern DOfEHTIL, echo trace ©
FRZEMBECERIT 5D EREEY 10 FECET Y, ¥KkEY 20m#E (0~20m TR
BIIKET 4m) i A~E D 5B HE L, %D range slice volume G # % « = ABifk}+ DR
HOBEM AR D echo trace, scattering zone D 3WIC SV TERRABITERY, HE YT o100 Y
iz echo trace ik, ¥ « v ARMER B I OEERNE L OBHMARFT 500, BAFEY D
echo trace DHEEYRD, WBRBNOBREERERTFELYER L, I olEEREL v

s = ADRBEEY O RBRLRD,

WL, BERUER O KE, EF0KPAHN, SEMER, RESFHERLHE, RBOR

BEREYRIFL, ARCEBICIT B echo pattern DA R L 1o,
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Fig. 3 Locations of experiments by the “Oshoro Maru” in June, 1974.

ZDOEEIL, TIFAIRR=F I ABHND,
2, —Rove¥rizy o7 KB [ CREEEEY kKBTS KKTH 59,

RERR

ElolX7 AF A GERRG TR EE S Y R b LS

ZTHRITEAEL K

BoOYyy « = AHBEUHSBBL T END YIRS, KR, kb, RECEAR
5 X5 EC AL
FTRTCDBERCENTYY - <2A0M, kovh, R LSHBMIR, RoTiRE SR L
echo trace DFRIE ¥4 « = ADBGOMIIC A v, A7 b FSOBENYRETATV DL ELD

Table 1. Data of observations of the salmon gillnet operation and hydrographic
Date and time (Ship’s time) Position
No. of Net set Net haul of net set

fishing Date | Time Date Time | Latitude | Longitude

1 June 13 1819 June 14 - 0654 52°-14'N | 179°-02'W

2 14 1852 15 0646 52°-15'N | 179°-06'W

3 16 1821 16 0635 52°-16'N | 179°-06'W

4 16 1838 17 0630 52°-23'N | 178°-31'W

5 17 1825 18 0640 53°-25'N | 178°-01'W

[} 18 1801 19 0755 52°-22'N | 178°-14'W

7 19 1758 20 0740 52°-29'N | 178°-11'W

8 20 1930 21 0704 53°49'N | 17T7°-13'W

9 21 1922 22 0615 52°-45'N | 176°-30'W

10 22 1800 23 0650 53°-0I'N | 177°-20'W

o: overcast  d; drizzling rain
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Table 2. Constructions of the gillnet used on observing.

C. Net Test Net Commercial Net
Mesh size | End |11 45 93 55 138 106 63 121 72 157 82 | 121 130 121 115 130| ©0d
(mm) net net
Number of
ootiony | 2 |1 383 3 33 33 33| 2011w B 3
Material Amiran Mono Philament Amiran

b, ULnL echo pattern 2:54 4 « = AD echo trace #EREIRTIT 2 2 L ITRBETH - 700
BEDNICERBRC L Y47 - < 2ADAORESRESHh, FhEDOBEMEH echo trace & LT

FENILRTRELRR 2B,

HTFERICOWTRE LR 21 < 5,

1) Range slice volume, sampling volume N f scanning volume (DT

#z4iz (1), ), (8) R HEHE L7 range slice volume (VR) & sampling volume (V), X 08 (4)
AL b B8P 3Kt, Higs 9Kt, Bifidh 0.9Kt ¢ 1 BB EI L 7 & {RE L 2 & £ D scanning volume
W) #77,

2) HBRBAKICHKITS echo pattern DRRICOWT

R 5 IBBEBR T B TER P BRI & > TEE X i echo pattern %, JKEE 20 m 450 range
slice volume (A~E) I8 L, FOBA ¥ 5 Mk D echo trace & shoal @ echo trace # I
L, BifAD echo trace It D THAIAHE (1m3) 24 b D echo trace DL p, X B LD TH B,
BN L S SR B e — ADIEAM LD range slice volume i, KEOHEICHEHAL TV-5h5,
HRBD echo trace DFLHH % FOFT FHETHZ LIXTEALVY, BAEEY D O echo trace D
BB D echo pattern L DHBRFITRETH 5, ( ) WOMEIX echo trace DIEFH N Z L,
87 BC iz o\ T echo trace DK p. *BEH LD TH 5, /s, scanning volume 2 HH

measurements the “Oshoro Maru” in Bering Sea in June, 1974.

Direction Surface Trans-
Tan of | of drift Wind Sea Weather temp. parency
using toward (°C) (m)
135 160° NNW 2 NNW 2 [} 5.5 4~11
135 135° Nw 3 Nw 3 o 5.8 b
135 130° | West 1 Wert 1 o 5.7 4.5
135 330° Calm Calm o 6.7 5.6
136 330° East 2 ENE 1 ) 6.3 7.5
136 160° Sw 3 Sw 3 o 6.9 5.6
135 150° Sw 3 Sw 3 [} 6.4 5.5
135 140° WSW 3 WSW 2 o 6.4 6.5
135 330° SE 1 SE 1 d 6.9 12
135 330° Calm Calm f 6.1 6
f: fog
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Table 3. Data of use of the vertical echo sounder.

Setting net
Recording Time :
Banins - — BB KM | Gam | HL | TV
Com £2¢ Fin.83_
1 1819 1929 2.5 50 8 L ON
p) 1852 1952 3.2 50 8 L ON
3 1831 1931 3.2 50 3 H ON
4 1838 1938 3.2 50 8 L ON
5 1825 19165 3.2 50 8 L ON
6 1801 1851 3.2 50 8 L ON
7 1758 1858 3.9 50 6 H ON
8 1930 2030 3.3 50 6 H ON
9 1922 2022 3.3 50 3 H OFF
10 1800 1900 3.3 50 3 H OFF
Sailing
3 2157 2257 9.0 50 8 L ON
6 0331 0317 9.0 50 8 L ON
Drifting
2 2324 2344 0.86 50 8 L ON
3 2016 2116 0.69 50 8 L ON
6 2200 2351 0.94 50 5 H ON
9 2331 0044 0.74 50 3 H OFF
Table 4. Showing the sampling volume and sc ing volume calculated
from the echo sounder.
D h r Range slice volume Scanning volume (m?)
(m) | (m) | (m) (m3) (%) | Setting net Sailing Drifting
A 20| 16 3.1 0.161x10% 0.5
B 40| 36 7.0 1.674x 10® 4.8
c 60| 56| 10.9 5.075x10% | 14.6 | 183.0x10% | 476.5x10% | 47.6x10%
D 80| 76 | 14.7 10.368x10% | 29.7
E 00| 96 | 186 17.551x10° | 50.4
Sampling volume 34.830x10% | 100.0

THCHL I BRRBENIBOEX (1K=50m, 135 ) & BEFTEREORDE,

R 6 LB EHEE I 30 AT (9Kt X BRte 712 X B) IR L 7o echo pattern 225 L3R
BB echo trace DHBELYHHM L LD TH B, ZORAE, MAPIE LI echo pattern 7
B o o v AD echo trace BB TEAINTIYRFNTAHAZ LiLH -7, FOKER, echotrace DFf
BXmTRETH 52, MENEL /B3 L echo trace DREENE—M &7 D WIANBL < fr o Tz,
F3 £ LU F6 0EEHERX, NEHICHMEL T echo pattern #HBL -,

R 7 BB ST 351 B B D echo trace DR & B p. TH B, I echo pattern DES
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Table 5. The number and density of echo traces per one setling net while
fishing for salmon in June, .1974.

No. of NuRmber oti echo :ra.oe in [potel traces Scanning Scanning Total
ﬁshmg ange slice volume in scanning timo speed volume pe= traoe:
A B C D E volume (min.) (m /mm.) (W m’) W(m )
F.1| 91 371 247 19 9 187 70 90.0 | 180.1x10% | 4.0x107°®
(618) X (56. 5% 10%)|(10.0x 1079

A2 02
F.2 | 4 200 165 43 28 474 60 107.1 | 183.7x10° | 9.5x10~°
(365) (57.6x10%)| (8.8x1075)

N N
F.3 | 44 308 9277 148 19 691 60 114.4 |195.7x10% | 3.5x10~%
(485) (61.6x10%| (7.8x1075)

A8 Al A2 A9
F.4| 66 223 3276 43 16 623 60 100.7 | 172.7x10% | 3.6x10~%
(499) (54.2x10%)| (9.2x107%)
F.5| 1 93 69 33 9 a6 50 123.7 | 175.4x10° | 1.5x105
(162) (55.0x10°%)| (3.0x107%)
F.6 | 41 105 60 24 7 237 50 99,3 | 141.9x10° | 1.7x1078
(165) (44.5x10%)| (3.7x1075)
F.7 (1156 147 170 172 63 667 60 108.9 | 186.8x10% | 3.5x107°
(317) (58.610%)| (5.4x107%)
F.8| o 92 14 10 8 124 60 102.8 | 176.5%x10% | 0.7x107°
* (106) (55.1x10%)| (1.9x107%)

N Al A3
F.9 (483 75 140 43 3 943 60 110.7 | 189.9%10% | 4.9x10°5
(415) (69.6x10%)( (6.9x1075)

AB AlD AT A2
F.10 (109 358 447 115 37 1066 60 107.1. | 188.7x10% | 5.8x107%
: (805) (57.6x10%)|(13.9x1075)

( ): showing number and density of BC layer.
A :  shoal echo traces.
Table 6. The number and density of echo traces per one sailing while
fishing for salmon in June, 1974.

Nulén’lber of1 echo graoe in \motal traces Scanning Scanning Total
ange slice volume in scanning time ‘—"'—‘—"‘spaed volume pe= traces
A B ¢ D E volume (min.) | (m/min.) (W m3) W(m?)
F.3 |207 203 203 44 9 846 60 377.8 | 476.5x10% | 1.7x10°F
F. 6 $ 118 87 18 1. 278 40 277.8 | 817.7x10° | 0.8x107°

BRI, Mk, B8, B+ echo pattern HHBRHMNT5Z LicX b, echo trace DHMF, &
FEROHE, FOEENL VY « v A0, ERMLEBROBROERRE L BRLED AR YR
NTEErieh D, B echo pattern 215 noise & echo trace DML FTRETH 5, shoal LD
BIRIZERTHIE DT,
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Table 7. The number and density of echo traces per one drifting while
fishing for salmon in June, 1974.

No. of N“Iggl’freﬁiz:h:oﬁm n Total traces Scanning Scanning Total
fishing g In SCANNING | 4 speed volume pe= traces
A B C D E volume (min.) | (m/min.) (W m?) W(m?)

F.2| 6 4% 3 7 3 98 20 26.5 15.3x10° | 6.4x1073

F. 3 | 402 25 32 14 3 476 50 21.3 30.5x10° [ 15.6x 1073

F. 6 10 23 46 33 20 132 60 29.0 49.7x10% | 2.6x10°%

F.9 | 762 251 197 85 36 1330 70 22.9 45.8x10% [29.0x10~%

Table 8. . The relationship between catches and echo traces of salmon fishing

tn the Bering Sea in June, 1974.

. No. of actual .
No. of No. of estimated Ratio of salmon
fishing fish amount catches of catch (%) Number of other catches
salmon
F.1n 700 x 103 137 0. 020 AM 223, 3m, AP 102, SQ 1
F.2n 438 x10% 564 0.129 AM 26, 2m, AP 31
d 1120 x10° 0. 050
F.3n 613 x 103 107 0.017 AM 102, 2m, AP 7, 8Q 1
8 208 x 103 0. 036
d 2730 x 10° 0. 004
F.4n 630x<10% 608 0. 097 AM 71, m, AP 24, SQ 2
F.5n 263 x 10® 457 0.174 AM 514, 3m, AP 12, SQ 2
F.6n 208 % 10° 1685 0.532 AM 301, 4 m, AP 17
8 140 <103 ) 1.132
d 455%10° 0.348
F.7n 613x10% 1161 0. 190 AM 165, 3m, AP 180, 8Q 2
F.8 n 123x10% 706 0.576 AM 10, AP 19, SQ 13
F.9n 858 x10° 47 0. 005 AM 118, m, AP 55, 8Q 26
d 5075 x 103 0.001
F.10 n 1015 x 103 284 0. 028 AM 57, m, AP 194, SQ 1
n: setting net  s: sailing  d: drifting

AM: Atka mackerel
m: so many fish, the number could not count.

AP: Alaska pollack

$Q: Squid

3) FEREAICEFS echo trace L AKEHROEMaRICOVT

E81L, £5, 6, 7 TROLERBREC KT HHMARY D OWEND, —ERBLAH A T3
BHETRERRRELRD, BRLLY 7 « ~20RBEE O RERLVEREG, #ixd, Bifde
DWTRELALDTH B, FEBD scattering zone PJD echo trace D M Ns i3, BIITTEE: &
DL ABTHELTWA20T (6) Rk, M=NT-A/Sf/2-V-t L LTHE L), BHEHEY, 80E
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& (m), 4 - =AM LERM D 14 8 XT3 L KB LCHPE < 10 BB (m), &AZ 100m o
RUHEORREE L,

4) Scattering zone ORIFICONT

F 91X, scattering zone O, K, kL UTELRT, scattering zone DX E T Dense i1
—MCRBELE L, NIVEROBELES TERCHEII TRV, M noise 2340
b sSNEHBELT S, Medium TiX echo trace (XEEH Tid/s L DSEHEIL FTEETH B, Low Tl
EAEDNBEBCEORICEN T, K& dot JRD echo trace NTF I h, HETHETH S, 1B
Rei<, AROLO LRGSR,

§) 44 - TXOBPEKKRL echo trace [TDNT

r w2k HEP, PRBcERL, BEFS V2 Py LB EL, BELo-SEETS -
VbR TW 5D, RERTIL, CORKLRETHAD LHEEOEEND 20m 45 5 Bicbid T echo
trace DELEFERNOBRE LRRMN S HERIZOARd ok, LOALIHIE, #47 +<2
KTl B&EIRIcTXTD echo trace THHDT—HICITZRTE /4,

Echo trace ¥, —fic B,C,A,D,E BOEE I LT\ 5, B,C BD echo tiace i3, DT
BN CTELSHBIERTH D, ARBIEK 4m TH20T, —RHBT, RIERHELED
T/KEE Tm i3, noise iz masking X} echo trace 2HFT 5 = LitEHTEM L D, E D echo
trace iX, SHATIRARVAKELBHE IR B, ’

6) BRICOWT

m 4 Kﬁﬁmﬁ?&%‘ﬁ 67.'(% 10m EOJKE.%I U‘ﬁﬁ@lquﬁjﬁm %ﬁ_\‘—a—o F5) 61 7 %‘:P'D k L—C'
HIREO\REH D b REL = OFSNFRICs - T3, UL echo trace it RBER- &L T
Pive TAEDWTRHETERT S, K5 RBICBREOS - KRV ERCY) - -HRERER T

T ! ! '
BERING SEA 3
i 453N
———  Temperature ()
----- Salinity {%oa}
F 63"
> - A52°N
e N ¥ >
. 2
g TANAGA Z§
o
L | s R I
60 7o w- 178°W Tt w

Fig. 4 Distribution of temperature and salinity in a 10-meter layer in the fishing ground
of the Bering Sea in June, 1974,
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Table 9. Classified list of scaltering

Dense " Medium
F. No.
Number Depth (m) Kind Number | Depth (m)
F. 1
F. 2 1 8 cloud typs °
F. 3 1 13 clear dots including
cloud type
F. ¢4 1 9
F. 5 1 8
F. 6 1 8
F. 7 1 12 smoll dots shoal like
noise
1 16 dence shoal dots
F. 8 1 15 dots covered with a
wide area
F. 9
F.10 1 9 unclear dots
1 12 clear dots

$5 RA4PPERTD) e hiXBROBLHFEE
THHI LEHRLTWD, B 6fRERN 3 ED KR m
FIUEFOREHMBE LR T. KREEBIESRERT
HAHH, FROMFTRRBCEWEZHICH B,
SEEIEEE Tov, —RT, V7 o < AKRER
PBoERc BVWESe £RT50106D FERicow 50-
THLRMME L FERCBATHLEND 5,

F1 C4BLM 5 X 5 ICBRNAEIL Ty { & echo
pattern DRTHE > T T HIER L AThiEl
Hleve (FiRBD scattering zone [ 7-a), —h

REHPREORIICERUSBDE LXRFT LD
TH 5o
LUERRLLSKE, 94 - < ARBTHRERERY Tarperature (%)
HETHICH > THRESEGNEELERE R, L e Salialty (%)
Fig. 5 Vertical section of tempera-
ture and salinity at good fishing

= »®

+r . < AERERERY ARMC T TRABLL
echo pattern 2:% echo trace ¥ HETAH 2tttk » THETHLHRIL, ¥ « ~AMED echo
trace f b RERBHH B 4« RERTZ LR BTH HH, AHBRTI1L, —ERPEBRCERE, £8
THELHEEINRD echo trace DF, Thbb, BAHETRERERLEALLY Y « ~ 2 RBRED
HBE SV TRN L, ‘ ’
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zomes during net setting.

Low
Remarks
Kind Number | Depth (m) Kind
1 9 indistinguishable dot Fig. 7-a
from noise
1 12 no dot
1 22 no dot misty type Fig. 7-b
including traces
indistinguishable dot
from noise
dot or cloud type 1 14 dots in zone
mitually 1 20
clear dot shoal dots 1 13 dots in zone Fig. 7-d-1
1 45 isolated misty type
1 9 no dots
1 18 thin zone Fig. 7-e
. 330 % 330
PO 1 4 s (] 7

'y

S aes

< {Fs Bering Sea
E :\:‘FG June 1974
1
-“;' Temperature (°C)
1004 “‘,\ ------- Satinity {%e}

Fig. 6 Vertical curves of temperature and salinity at the main fishing grounds.

FOREE, echo trace i X AFEHETREREE L v 7 - <~ ARBERO M HBI e  HAIE
L DT hole T THY « < AMNHIKL, %7 echo pattern T echo trace 23T,
B LEThL Lk 0% 2L, HEERK BC Bicov T echo trace 3L, WELXAEMLLOD

PHESD () HOETH LA, ThiHEOMcERL -, TORRXERL TAL%
LEDL5hz EnELLR S,

1, BE#EKRTIAEMET) echo trace DEAICEEMLD 5,
2. MEEHOBFEBKECEVCRS S EEE LD, iR noise &£ S, L @ 72bEBD echo
trace X EEBIICEBHEZTE o\
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Fig. 7 Photographs of echo pattern on the 50 KHz vertical echo sounder in the Bering
Sea.
a) Photograph showing the echo patterns of change of sea conditions during net sett-
ing. Time of observation 18.50-19.10 (F 1)
b) Photograph of the echo patterns during net setting showing the salmon traces.
Time of observation 19.35 (F 2)
c-I) Photograph of the echo patterns in sailing.
Time of observation 22.17 (F 3)
c-1I) Photograph of the echo patterns in drifting.
Time of observation 20.46 (F 3)
d-I) Time of observation 18.22 (F 6, net setting)
d-IT) Time of observation 12.35 (F 6, drifting)
e) Time of observation 20.05 (F 9, net setting)

3. RFFEIRNRREIC X B Ao E), WOt

4, MR oEL, HWoVEEEf

Zh D DFEMBE AR T Aoy, BIREBOEMC EAEORE A 5% T echo pattern DYy
LR A ILICHF LB 22 e Aug by,

EE B TRAMID echo trace # T B MBS L TE B2 113, ZOEI L -
THEERZ LTHDH, BB Shic echo pattern 715, FHEIL 3~4 G EM L Bbhs, e
Te AR AGE < oL A U s sampling volume s 2 BFLL RS2 2 E M E 2 bR, FTE5
L i noise HHEL, echo trace AVINE <, Dra e D BIICREE L e BB TH D,

WL R B e EREC O TRANICRF L TA 5,

F2 Ti& echo trace 474, WERH 564, HERIHEEP, ZikhFnFh 0,129, 0,050% TH
BHo BERPOWMBERNTHD1, REMHLO echo trace DMPINAIREL 7c Y, HHEN % < e ote
e TH Bo echo trace XM TH D, BT LB L THICEHE I TV D, BB 2t b Eus
S.LAGREATV D0, CHIZBEHEOS M OZ b L EnFS v 7 rvoErd s sE1bh5,
KB 10m F TRUKEARE <, KRHBEKE 15~46micdh sh (K6) = DB ZROEE
F5vrrvEEbhd echo BFEL, T HIRD echo trace i g S TV-%, echo trace ¥ k
DIREREMNZ V&V 5 BRI, SRR echo trace DEARBERI NS L\ 5 = LTl falt @
OBH), BROELELEEB LR LT hiEmbiy, F2 offEtho echo pattern %[ 7-b 1257
= ot

F3 TiX echo trace 691, WERH 107, HMRIEET, fith, EikhEhFh, 0,017, 0,036,
0.004% %35y, ZHIIRESRE < fehiE echo trace MBS A 7 & Fe h PR A Lhio T D
ZEEHRBL WD, D echo pattern DAE#IL, HMMNIC C D echo trace 2L %<, &
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WCB,DEDIEHEA > T BH. A BBV noise £ S, L2 XD trace DT E 7 h o fopd, i
BHDEIT S.LAFEL TS, echo trace 2% { WEFEIh T\ 58 B D 0L, B8
BrLEREEOMIC 6.5 BRI TH Y BROBILLEL LN D, EHHD echo pattern T FZBD
WESPBE TRV SROBAIRD echo trace X, HXEhAVWEBEEh ko rD BE Bbhb,
C,D BD echo trace 3Ax 7 v 45 LBbh b, BENSKE 0m AREBrS D, K T-c1,
II ix iz, Eifid o echo pattern "G 5,

F6 Ti% echo trace 237 (504f), ¥MEH 1585, WERBMD, #itdh, ERF T h Fh
0,532, 1,132, 0.348% &\, ZHhik echo trace DEFEBAV e REBE NS W L2 L B, =
OB TR L RBEREHZ IO echo trace ik, FhiCHBAL Tuvnve = DER, &8
D echo trace B LGN ORBRE A KT L MENDH LEXON D, BT echo
trace AN B BTHRL B0 oo, BERPCIX (22.00~23,51) C,D B»%<ilch, A Brig®l
S.L tHIC/t o foRIRD echo trace 2 BEL TRHEZATWBZ ehb b, MEHEEECEERD
5 LR A B, KR 0~10m iz 6,9°C b 4.5°C RAMCETL (X6), KE 10m D kEKFE
SHRCTIEROPL L ->TD (H4)o BRB Ty « =22 HBO 0~10m fiic WS h
TWBib, ABTIKEL ¥ CHECEhote LEL bR D, BETILY Y « = ADMK » 7
% h, BRPORBIHEIC LIS ERD echo trace i34 v o £ Bbh b, 20X 5 iFiEs
LY5B & T BN L BRSNS B L\ x Bbo B 7-d-1, 11 1348, Efho echo pattern T
5,

F9 T3 echo trace 943, WERH 47, FERIEEH, B +T+hEh 0,005, 0,001% &EHT
By RERFAED ETRR LI BEo TV, (T.V.G 203 Cuview) Had SC-hETo
echo pattern i3k 7cilENR SRz, echo trace DT A, B,CBDIET, fEX%h-7- BCE
TR HT 509 LIT L7 oTnb, ¥, UGB TH S LB ZHED shoal 3 B B
Pl 27 HE&F I h, BB S.L THci: 80 /NS s FEEIRD echo trace 32 B bt (K 7€),
echo trace H L PMBEO K TLRERERYRLC WS, BEIRY VU & T, kv rOflicA »
726 BREhic, MiST, SEBORLENT, AERESAEBE I AT TLIZARDY, BB
256~50m i KBEE» B 5 (K6),

Echo pattern #iEEMICR % L, HMHD echo trace DHRIZ, & o Y AR, Ay rogS
oty b8, 7 . ~x3 A7 by X5 LEETH S,

e, (6) ROBRFERFEM TRBERHEOKE S A konTit, EREHEOHEC A LS
YEZBOTHEHOERTERNL, T, HEBO scattering zone D4 « = AK NS LT,
HBFEEHB L 2,

= #

1) 97 - < AERBEERLYHEETA—HEL LT, BEAEEYEHELIRE L echo pattern 215
echo trace DRFHMLHE L, TORNOBRBAFRYIEET S, COBE, ¥7 - <A LMDRA
2D echo trace DBMIIOHEESRIHE - 3, 4%, v » v XABREWEL T, ¥ « w2 echo
trace DBBIMEE M EI V3 L 5BWBL, BRICIE, 47 » v ABEREROHEOLdICH
BisTB, HELnD,

2) KB O0~10m DT A #WIKT 54 7 « =A% echo pattern |-iz. echo trace & LT &
THI L, FEEBIh TV AEAREAERCE, FEcBRE 0T, BHAERYERTS
RDEBISERLBRTEH 7 « < AOBRBRRGFRVET T2 HEYHEL, RKBRrELS T
DHEERBEZ L T, BRCRT 2BERFRCAMULLEYRDHE L0 TES,
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3 BEBEMIoTy Yy = ABBRBERYHEETOICHID, +7 « = AD echo trace BER LT
BER: 0MEALE L5, BENERC L 2R LEOBE, MR 0B, BROBLED
SHAERL, v7 « < AUAOBEIN-ABORKLERCHE T I ik - THEY &
i bicys,

Rohich, XFEOMERL WLV EAETEHER, BEvu v is&is, #HE
iR, KR ER B D H 2R WI/ N ST, AERERCH - ) MBS @G HEw

PRV e kLI AHMEXIIUHRHMAER, ¥AERCERT 5.
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