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Vertical distributions of walleye pollock Gadus chalcogrammus and euphausiids on the continental shelf of southern

Okhotsk Sea, off the coast of Hokkaido, by using a quantitative echosounder
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To understand spring distribution patterns of walleye pollock Gadus chalcogrammus and euphausiids, we conducted an
echo integration survey on the continental shelf region of the southern Okhotsk Sea at night in late April and June of 2012
and 2013. Walleye pollock aggregations were mainly distributed in the Soya warm current layer (SWC, >0 °C, >33.5), that
has a subsurface current of intermediate cold water (ICW, <0 °C). In contrast, euphausiids were distributed at the surface
layer of the ICW. In addition, we conducted a drift observation to observe diel vertical migration of euphausiids. Euphausiids
were noted to descend to the lower layer of the SWC via the ICW before and after sunrise. Stomach contents of walleye
pollock that were caught by bottom trawl consisted mainly of euphausiids, indicating that feeding occurs during euphausiids

migration between the two current layers.
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WA D BESNZEERERAKFE CHL, 209L, F
A= 7RO AGEE v A (LU, A A4 AR —

V7 HE) BT H19864ELIED X N 7T o iR,

55F~52F b vt K& (EF L TE 7 (Fig.1), b
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Fig.1 The annual catch of walleye pollock in southern
Okhotsk Sea, off the coast of Hokkaido, Japan from
1986 to 2012. Black and white bars indicate the annual
catch (tons) from the west area and east area of
southern Okhotsk Sea, respectively. Solid circles are
total catch from the west and east areas.
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Fig.2 The average monthly catch of walleye pollock on the
continental shelf of southern Okhotsk Sea, off the
coast of Hokkaido, Japan for the years 2008 to 2012.
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LY, AFTITERNE R DFEHEHFVMON TS (FF
H, 1975 #1L5, 1993), &IZ, MWEIZIEEKOREE
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R LCaMid 2 (RIS, 1993),
A b F M P 2 R {7201,
A FAKInx TS EEZLNTED
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book/chapter7_2012_RandD.pdf 2019.623), A2 B
WTHIEIKD AT b7 &5 D4 OFIREER & 7 5 1] 5

WD, O LIFAT MY T OO
w5 25EEZ0N, ROFBFIVET LD, 19824F1%
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(H AR AN R e84, 1985), —J7, A4
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DY OB MRS & A7 b 55 B L UF oflid
Wbt %7 IHFHOWE O N5 AR % i 7- 0
TeHBNTAD 25\ T2, X7 IFITHBEHER
&) (Diel Vertical Migration: i5DVM) 9~ % ¢ (Matsuura
etal,2012), COEMHIZED L ) HRIEERBTAT by
55 & LB SN D ORI DERIERIC DA
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AN 5T OBEEREICE LTS 2 L7 FE 6]
73d A (Miyashita et al., 2004) , = OHFFETIZ22DJFk
¥ (38 kHz, 120 kHz) % H\C, 2 X 2 H8HELE
@ E W (Kang et al., 2002 ; Simmonds and MacLennan,
2005 ; De Robertis et al., 2010) #FJHL T, A7 b ¥
FJEET Iy b roa—-2HRIL, FRENLOS
TP L7720 REBIZBWT, AT MY FTE4+FT
I R OMEMICIER T 5720, ZOFEEH
WL ENEMTH L EEZ BN,

Z ZCARWIZE TR, FrEMBERE AT, JuifEE A s
— Y ZHHCERIRETAAS P YT EFFT IHD
RNE A A, S LK R LI, A b
I ORMEEEHOMCT AL, FLT, AT MY
FIWMEDLIICLTAF T IFHEBEBL, HET0
PEPELPIZT LI ETHNE L7,

ABRUFE

EEERET SEHAII20124E, 20134EDFNEFNDAH
EOHIT, AR AR A I FE AR AE N K R e
TAALEA (237 b V) ISR S o E AR
(Kongsbergfh #, EK60) % I\ THT o 720 JH Ik $438
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FHR=Y DA NI YT EXFT IO

Table 1 Summary of specifications of the quantitative echo sounder, Kongsberg EK60
2012 2013
Parameters , ,
Apri | June Apri | June
Frequency (kHz) 38 120 38 120 38 120 38 120
Pulse duration (ms) 1.024  1.024 1.024 1.024 1.024 1.024 1.024 1.024
Beam width
alongship (°) 6.83 6.33 6. 91 6. 55 6.75 6.16 6.96 6.72
athwardship (°) 6.83 6.48 6.74 6. 50 6.90 6. 31 6. 91 6.32
Absorption (dB/km) 10.16  29.25 9.80 34.14 10.10 30.72 9.79 37.40
Sound speed (m/s) 1465 1465 1482 1482 1470 1470 1494 1494
Transmitted power (W) 2000 500 2000 500 2000 500 2000 250
Transducer gain 25. 11 26.57 24.91 26.22 25.18 25.18 25.09 26.43
Sa correction (dB) -0.78 0.32 -0.67 -0.30 -0.86 -0.86 -0.77 -0.33
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Fig.3 Maps of the study area of the continental shelf of

southern Okhotsk sea, off the coast of Hokkaido,
Japan.

m) OFNZFNES3B, ESI20-7CA 1) v b E—ART
HY, FAFICHER (38 kHzIZ D W T UEE 60 mm,
120 kHzIZ DWW TR EA23 mm) 2 HWTEIEZ{T- 72
(Table 1)o Wi kT ¥ A7 2 —FOHLHEEIZ70 cm& +
L, = al@iddkice AR o, MEKHIC X
HARMGERILE —CTdH 5 &M L 72 (Korneliussen et al.,
2008), 20134E6 H IZEK60D F L —F 4 ¥ 73 AT A
HSER60IZH%E X 41, ES120-7C O %4 HY T 23500 WA 5
250 WIZZEH S 172 (Table 1),
SHEAEROETE S — & 1%, Fig. 3R TR IC B W
T, HFWRBIIZITEBEIIEE L7222 080ER (A, B)
iR S MA I o THRE9~10 ktTHLE L 2255
gk L7z MERGREZNIRAN8.00& L7z,

AR P E 2T 2 R, BUERA TR Rl 2

5AI~AS, fiiEMBTIZBI~B5& L7z, $72, 2012466
AICIEPUT Tl ZEABE 2179 728, AiEHRA, B
IZZNZND1, D2OEMTHE L. 25 OBIHIE
MIZBWTI, REDSMIEE FF TCTD (Sea-birdfh:
%l SBE9plus) 2 & %Kil & 55 oW E % 17 - 72
(Table 2), [RIFIZ20124E6 F 35 & U20134E4 H 1%, 80 cm
U7 4w b (104%80 cm, HA333 um) % A CiE
BELEPLRBECTEI m/sTHREILHEL, BT~
7 b VIRER T o7 (Table 2), %3, D2IZOWTIE
B3t o722 A5, CTDIC & A KiE & 5 o'l
BLUEWT 727 P rRETVTNSEIEL 72, 80
eml) ¥ 7y MEKREIOF F 7 I o & KT
L7200z, M5 I T A & (Fisheyefl #,
FIXLED1000DX) %75 1L, 4 v MEIHEH M2 > TR
Yo WS & (BERS, 2010), F 72, WA (BEA
FED 1K o TR OB IEE Lz, FREER
135~10 %H RV~ VT CHEE L, BFZEEI2TH
BB L IRER YT L7

6 OMAETIE, HUEPICETEMIER CBlg s Nz
HOMMHERO/ZDIZHEK PO — )b (H#E5H 240 m,
MemkEIS m, FEEAE43 mm, v N2 FHED H
A15 mm) |2 KB ERA A FEN L 0. ER AL,
20124F12133 0] (T1~T3), 20134E(2134[8] (T4~T7) O
SH7EFEME L 72 (Table 3), FHEE b0 — LD EHEIEH
2R L, iRl %3 ktk L T30 E L7z, FRES
N7z A b7 5T 2y chlth L CisiiEAR & L Cif
ZEEIFFBIR D KHEE 21T > 720

=77, BRSPS I BT, A7 b
YT EFFT IFOEGA R D NICEE LIRS T
W, 20124F6 H IZEABRHIK & Gk D 70 > MMETIC
@iy (D1, D2) &, HHAiEICIbFEIL % B S
H7RREECRIEAEHICL 24 57 IHODVMO %R
wiio7z (LUF, EHABID. 72, IhsoflillEo
T TERBLUZZER o —)L (T2, T3) 12X D RES
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Table 2 Summary of the date and time of CTD cast and 80 cm ring net sampling.

Towing Towing Volume of

year month Transect day St. Dezp;ch CTND tor Time Depth  Water filterd
" ¢ (hh:mm) (m) )
2012 April A 23 Al 58 CTD 19:56 51 -
23 A2 75 CTD 20:22 68 -
23 A3 128 CTD 21:34 123 -
23 A 130 CTD 23:05 123 -
24 A5 140 CTD 0:29 133 -
B 24 B4 168 CTD 3:16 162 -
24 B3 147 CTD 5:00 144 -
24 B2 111 CTD 6:32 101 -
24 B1 72 CTD 7:21 61 -
June A 25 A2 75 CTD 18:07 64 -
25 A2 75 Net 18:20 63 159.7
25 A3 128 CTD 19:21 122 -
25 A3 128 Net 19:24 97 335.2
25 A 131 CTD 20:44 123 -
25 A4 131 Net 20:46 114 2717.7
25 A5 139 CTD 22:05 133 -
25 A5 139 Net 22:14 129 283. 6

26 D1 132 CTD 0:04 129

26 D1 132 Net 0:07 121 241. 6
B 26 B1 70 CTD 18:05 61 -
26 B1 70 Net 18:07 59 140.0
26 B2 110 CTD 18:52 102 -
26 B2 110 Net 18:54 99 200. 7
26 B3 (D2) 148 CTD 20:18 143 -
26 B3 (D2) 148 Net 20:20 140 293.5
26 B4 168 CTD 21:46 163 -
26 B4 168 Net 21:48 160 304.8
26 B5 343 CTD 23:12 333 -
26 B5 343 Net 23:16 198 390.7
2013 April A 22 Al 55 CTD 18:27 51 -
22 Al 55 Net 18:28 50 196. 4
22 A2 75 CTD 18:56 1Al -
22 A2 75 Net 19:54 70 212.17
22 A3 128 CTD 20:08 125 -
22 A3 128 Net 20:15 91 483.7
22 A 130 CTD 2211 128 -
22 A4 130 Net 22:15 112 313.1
B 23 B4 169 CTD 0:35 163 -
23 B4 169 Net 0:35 148 420.6
23 B3 146 CTD 2:08 140 -
23 B3 146 Net 2:08 111 450.5
23 B2 112 CTD 3:54 103 -
23 B2 112 Net 3:54 94 259.3
23 B1 73 CTD 4:45 67 -
23 B1 73 Net 4:46 65 145. 6
June A 24 A5 142 CTD 18:02 137 -
24 A 131 CTD 19:31 123 -
24 A3 129 CTD 20:55 123 -
24 A2 104 CTD 21:41 112 -
B 25 B1 70 CTD 18:03 61 -
25 B2 108 CTD 18:53 101 -
25 B3 142 CTD 20:18 132 -
25 B4 165 CTD 21:40 155 -

25 B5 336 CTD 23:05 324 -
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Table 3 Summary of walleye pollock in the bottom of the trawl samples.

Samp|ing Sampl ing Hau‘I ing Average Total Walleye pollock Ratio of Mean

St. Date Time time Depth Catch Catch Wal leye pollock FL
(hh :mm) (min) (m) (kg) (kg) (%) (mm)

T1 Jun 26, 2012 7:30-8:02 32 123 60.0 29.0 48.3 425
T2 Jun 26, 2012 10:05-10:28 23 133 254.0 234.1 92.2 279
T3 Jun 28, 2012 13:35-14:08 33 164 565. 1 402.0 A 287
T4 Jun 25, 2013 7:28-8:02 34 129 38.0 20.3 53.5 194
T5 Jun 25, 2013 9:25-9:58 33 126 186. 8 176.0 94.2 173
T6 Jun 27, 2013 7:25-7:58 33 158 16.7 13.7 82.0 215
17 Jun 27, 2013 9:41-10:21 40 164 149. 8 116.0 11.4 464

NEAT b ¥ IO TIEEONED 2T

SEF -2 T T — ¥ O IZEchoview
(SonarDatath: % Ver3) & H\>7z0 fENTIZ W ZEELL,
EHEEE B LR #2720, T U AT -
F10 m (FRE135 m) 22 SMEE 005 mE TIZHIR

L7ze AT v 74X 7 IO a—HHNE,
W38 kHz, 120 kHzIZ 35 1) 5 B9 B4 o> 5 2BEIGEL i 1
OFECEFH L TRO X H14T-o 72 (DUF, 2@ .
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YU %3 L L (De Robertis et al, 2010), ThjJE7% D
HHE - L2OFMEHOERz RS L, »oREET
AL E (LT, V) 0l s2>x 0l %175 72
(Korneliussen et al., 2008) 9 2 T, JE#:%5120 kHzDSV
0 EEB8 kHzDSVE 72 L[V 72 (BLF, ASVip4)
wRDOIzo ASViysld, TAEDJEWEE120 kHzD & — 7
ARV Y7 A (LUF, TS) 7538 kHzOTS% 7% L 5]
WIS LV, S 2T, TSE D bW RGBT
LW Hifio, (M) OF Y NVEHTH L, —MEWIZ,
F A OTSIZE W EGB8 kHz, 120 kHzE & IZFERETH
LOIZRLT, BT S o v EONBIEYOTS
X, FEVE$120 kHzo 13 9 2SE9E B8 kHz L 1) k& w»
ZEPHMOENT VS, £oTC, ATF by ITEFFT 3
HDASV D FEHAT UL, T3 =275 A LTl
DB B L& 2 BNz,

TFEDASY g 55lE, FEBSIZPER L 725 BT — 5 O T,
AT N FTEFXTIHEEZONL T O—LER
L 72e SO, 437 IFTIE80 em?) ¥ 7R v b
12X BEE A TREZEEVSEDL L L % o g riff
TIZBWT, A7 MU F T TIEEE MO — VA X
D BIEERE S DSEI DL & o 22 E R 510 nmiLlA
DPHFNZ BT, ENENER SN EBET— 7 IZHIR
L7z0 2512, MBS D T 2 — ORI A i EE
REEERL, MEEEZONLITI-FHBILZ, 2
I LCiB L7210 — 7538 kHz & 120 kHzo) I & 9% 55
WZBITDSVEfi L, s %755 L CHRIFEDASY 55
EML, Tz RO,

BARBMHM 2012F6 A I2FE M L 72 1o — Vil (T2,

T3) CTHRESN/ZZA T b7 ¥ F34EED B NEY %
N, HoOFEE, BEGoREeEREZRIILZ. £/,
BB (8% L 7B 0 AR US55 2 25 A AR
WMOMEELDETE %N), BEEAAN (Big L7224
VOKRERIIHN T L5 KHEEYOREREOHITH;
%W), HBHHE (H2HEAHMBL7-HOHEOHIE;
WF) %R, FEEEEYEZHEI L7z VNS, 1997)0

& R

2R EZEAXT IBORKREEME 20124F6H O
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Fig.4 Histograms of SV120-38 for 5 ping x 5 m analysis
cells identified as euphausiids (white bar) and walleye
pollock (gray bar). The corresponding probability
density for normal distribution with the observed
mean and variance is given by the solid line.
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Fig.5 A transect distribution of temperature (left) and salinity (right) at each depth on Line A in 2012
or 2013 (a) and Line B in 2012 or 2013 (b). The top and lower rows show the results from April
and June, respectively, at (a) and (b). The symbol ‘ ¥’ indicate CTD cast point.
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Fig.6 The biomass density and composition of zooplankton
collected by 80 cm ring net at each station on Line A
and Line B on June 2012 (a) and April 2013 (b).
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Fig.7 Fork length and age frequencies of walleye pollock
collected by bottom-trawl at T2, T3, T5 and T6 on
June 2012 (a) and June 2013 (b).
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Fig.8 Echograms of distributions of walleye pollock (red) and euphausiids (blue) identified based
on 2-frequency method on Line A (a) and Line B (b). Echoes of these figures did not take
information on echo intensity into account. The symbol * ¥’ indicate the 80 cm ring net and
CTD cast point.
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Fig.9 The series of echograms of the distributions of walleye pollock (red) and
euphausiids (blue) on Line A (a) and Line B (b) from April 2012 to June 2013. The
echoes in these figures did not take echo intensity information into account.
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Fig.10 The volume backscattering echograms at frequency of 38 kHz and 120 kHz during diel

vertical migration of euphausiids from 1:30 to 5:00 a.m., and the vertical profile of
temperature and salinity versus depth. The symbol ‘¥’ indicate the time of sunrise. The
regions between two broken lines indicate the intermediate cold water layer (<0 °C).
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Table 4 Overall diets of walleye pollock caught by bottom
trawl on June 2012. ‘% N’ means percentage of
number. ‘% W’ means percentage by weight. ‘% F’
means frequency of occurrence.

Sampling st. T2 T3

Compositon ratio GV Y4 GF GV /4 GF
Thysanoessa spp. 6.4 1.3 76.5 13.8 45.4 4711
Fuphausia pacifica 27.1 41.9 76.5 <0.1 1.3 23.5
unidentified euphausiids  38.6 44.2 82.4 4.7 50.3 100.0
Copepods 27.6 2.3 52.9 37.3 2.4 88.2
Sagittoidea <0.1 <0.1 5.9 0.0 0.0 0.0
Amphipods 0.2 <0.1 5.9 3.1 0.6 41.2
Other <0.1 0.3 5.9 <0.1 0.0 5.9
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no72,

£ =
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Fig.11

The cross section diagram of the distribution of
walleye pollock and euphausiids in southern Okhotsk
Sea, off the coast of Hokkaido, Japan. ‘SWC’ means
the Soya warm current. ‘ICW’ means intermediate
cold water.
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