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Accuracy of estimating wave height based on the wave transform application with angular spreading method

ToMmoNORI KANETA*

Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido, 051-0013, Japan

A Windows PC application that estimates wave height transformation with the angular spreading method and can read

values from existing cumulated energy curve graphs and the distances between wave rays from a refraction diagram was

developed. The application automatically calculates the values, searching for energy cut areas by land boundary, executes the

calculations of multiple data sets (i.e., wave height, wave period, and wave direction), and saves the results, which makes

estimating operations easy to perform. Estimating wave height transformation of actual measured wave heights at an offshore

observation point with the application showed that there is a correlation between the estimated wave heights and actual

measured wave heights from a shore observation point. According to the results, setting the wave ray intervals to 5 times

greater than the width of the designing facility, but shorter than the distance between the calculation point and land boundary,

is appropriate.
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Table 1 The mean wave height and the mean wave
period at offshore and shore observation points
from June 11 to July 20, 2015.

Wave height Wave period
Mean+S.D.(m) Mean+S.D.(s)
ffsh
Offshore . 0.53 + 031 4.7 +1.00
observation point
hy
shore 0.46 = 0.33 3.9+ 1.52
observation point
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Seasonal changes in age and maturity of chum salmon Oncorhynchus keta landed on fishermen’s cooperative

associations in Hokkaido

KryosHt KASUGAT*

Doto Research Center, Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,

Nakashibetsu, Hokkaido 086-1164, Japan

The age and maturity of chum salmon Oncorhynchus keta, which landed on 17 fishermen’s cooperative associations in

Hokkaido were surveyed between 2004 and 2014. Sexual maturity based on body color of each fish was recorded, and the

scales were removed from 50 females and 50 males from each survey site once a month between September and November

each year. Age and proportion of mature fish were analyzed for all specimens grouped by sex, catch date (ten days interval),

and survey site throughout the duration of the survey. With the change of seasons, the mean ages of the fish decreased in

eastern Hokkaido, and the number of mature fish increased at the many survey sites in the Nemuro region and the Pacific

Ocean coast, for both sexes.

Fo— FURESEEY, FEE(L, V. RIE, R

A& 12 B V> T Oncorhynchus ketald, B 3H 129~
R CEHOGRETHRESNS & & 512, W
MEL, SMUBURHEZIT) 2o s s, b
HEE N B TH 7 T & - T - 8 R R e
WERZDZEPEHEL 2SO TS (ETF - AR
1946 ; {0, 1955) A - 1 EREHTREEED L 9 AW
FHVRF RIS A IR O KR - HEEBRTC B VTR
EEOLIOIHEIG L TR SN TELEEZEZL N5,
D7, FHIBOYr OEYFEEEEZITET L 2 L
FHIF G o 7B R E A2 1T) L TEETH
5o

AL E DI [ 9 % 47 1229w Tid, 20004
DIRE, Ao 22 01 T M 2 0i L iy 124k
A AREMHIESTH SN THB Y, EETIE, Az
EOTHROF 2OV THIFEIZ F & D 5N THNF S
M, MR CR A X REER, FOEIRE % LICER
Wb EPIRENT D GIED, 2015), 72, £H
TBAREE) 72 5387 2 & AL HEE O B 7 XS HUIS R AR R 12550

SN, NS ACHIFEIR R BT A HEO G SR & 1T
ISODWX, ThbbtR—y 7K, AXREX, z
D DVERFEEIX, 20 b DHORFTEEX, HEEX
BB X ZFMIS L Tw5b (Beacham et al, 2008 ; i -
i, 2015) o

—75, REEFEDOKIE % 5D iR IZOwnT
1, 2004~20144F (2200 C A £ 2 ER R G o
W AR, R A4 X (REB L OMRE), BED
TSN TV DA EBIRIC 22 2 ITh I Tw»
v (FIES, 2015), ZOHFBEOMED S, BEaME
W2 BT HIFX O M CTEERABSLET 1 ZI2E VDD
HIEDIREBEENTWES (BIED, 2015), F72, R=Ef
X OIEHTET 5 T D AR ML O A DOFAE DR RS S 1L,
IR ERIEY O RS FFH OMEITIZE b R WELT S
CEDVHESIN T LA (FEHHAS, 2015), ot T
EHICHS IR 5> T Ve 7 I E PR HEIT 12
Eb v, HABRERETLIF VS, BB »o, Bt
TORER O OMBERS BN L SRt 23 5 7

HOLH7AS74 (201948 7 H31H 2 H)

*Tel: 0153-72-6141. Fax: 0153-72-5188. E-mail: kasugai-kiyoshi@hro.or jp
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TIEEMES (2015) 2%, BAEIZOWTIEIAH (1985)
DHIFRICE VD H 5 & & AR LT\ 578, fEER
REHIE DOEFHEALIZ OV TUII TG S T,
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WIZIEHTE 550 Bbis,

R TIZEIES (2015) ASHWIREREY O 7 —
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BWTI~2001, FHT2HTZ BV THERRLE & fe &
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Fig.1 Regions for fishery management in Hokkaido waters and fishermen’s cooperative
associations where landed chum salmon were examined for age and maturity in this study.
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Table 1 Number of chum salmon examined for age and maturity in this study, which were caught between 2004 and 2014 in
Hokkaido. Each cell indicates the number of female/number of male, respectively.
Region ' Season September October November Total
Survey site carly mid- late early mid- late carly mid- late
Japan Sea Hiyama 400/400  50/50 400/400 150/150 2,000
Iwanaigun 50/50  500/499 550/549 2,199
Yoichigun 416/400 200/198  298/282 299/299 2,394
Ishikariwan ~ 205/245 397/454 747/743  697/693 196/204 4,581
Kitarumoi 150/150 600/600  600/600 150/150 3,000
Wakkanai 467/507 162/159  271/294 302/217 2,379
Okhotsk Esashi 100/100 791/765 394/406 250/250 199/201  449/450 4355
Mombetsu 551/550 450/450 100/100  548/540 3,289
Abashiri 650/650 101/96  600/600  50/50 550/549 3,896
Nemuro Shibetsu 350/350 300/300 149/150  300/300 450/446 496/504  100/100 4295
Nemuro 380/397 126/150 552/547 486/493 3,131
East Pacific Shiranuka 200/200 349/347 350/350 200/200 190/163  299/271 3,119
Hiroo 450/450 350/350 650/649 100/100 549/551  200/200 4,599
West Pacific ~ Hidakachuo 349/349 150/148  100/100 649/650 150/150  200/200 522/508 4225
Muroran 99/100  650/650 50/50  254/346 349/349  341/350 389/385 4362
Mori 541/532 286/299 240/249  350/350 100/100 100/100 3,247
Kamiisogun 547/550 483/500  50/50 50/50  450/450  50/50 3,280

DHEATZBB LU CE M L ER L, TRIZX DRkD7,
LR = BOREGE + COEEE) ik
S5\, PEEEB L UBBAERICOWT, EhE

AAAER) BN A E AR 4R (2004~20144F) O FHME

rHHLT, IS 2P Eins L Ol

L7z
FIRAEGETIC B 0P E B X H @R

B b2 ET T 5720, FNEhOBEDIZT A

MR AR L 72, BRI LA S TaET

BRI RV SIEIC 1A S9TE Y ¥ TTa— ML

L, FEMTICHEL 720 AHBEAR%EL & L CSpearman® IE{7AH BE

RE (p) AV, HEAKHEZ005E L7z, HAHENTIC

1ZR ver 3.02% 7> (R Core Team, 2013),

& R

T EE BTPEFERE, £ < OFELATICB W TFEH]
OMATICE DWW L7z (Fig.2)o —F, 210 dLE
HEIX 0> H s g s B T UM AE & b (I Al U T
A EENIR E B L 2 h o 72,

WA & AP E R o B OB () X, 2D D
DV O H e, 3, RO v T3
BofixR L7z (Table 2), HChH, AREXOML,
i, BLOALs v, FNEB L OHANORE, %+
A= ZEX, BEEX, BLOZD b IR oMk

IZBWCHBERBREZRL, EHOETE & HIZHFY
LEEHMICT L7z (Table 2),

REAEE  AEEa R, BEREKOERE, 20 b
DBEIX, 20 & DIEEX OfFEB & O REECIE, M
EDIIBBUREHOMITE £ b IZE L ko7 (Fig.3)o
L2 L, HAREXOGHECIIMMEE b ICFHOM#ETE
ERITWA L, A=Y 7 BROBEETIHRNMED F F
R 2 &) AR SNz —J7, LRebito ¥
T A BAAERITR & B L —E D fEm 2 & 7%
o7z,

R L A ILEOM OMBREE 25 L, HA
WX OGRE, b bv, BXOHNOM, il S
A, BIXUOAFEOHETIZEDOME R LA, sl
MO CTIETRCEDMELZ R L7z (Table 2), HTH,
MEMEX, 20 LXK, BLUZD b LI T,
REOH L HETROMEZFEETRCTIIBWTHERHM
RIRAERAME S, FEIANET T SR LR ESA L
7z (Table 2),

Z =

W CHES NS T 7 138 EaicEEfass <
A H I AAHE 2 5 (K, 1961 1 JG 1L, 1977 ¢ Salo,
1991 ; Quinn, 2005 ; Molyneaux et al., 2009 ; HHH S,
2015) o MREER X OB A Tl B O fRE 1 & ARk
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Fig.2 Seasonal changes in the mean age of female and male chum salmon landed on each fishermen’s cooperative associations

of Hokkaido. Open circles and closed triangles indicate female and male, respectively. JS: Japan Sea Region; OK:
Okhotsk Region; NE: Nemuro Region; EP: Eastern Pacific Region; WP: Western Pacific Region.
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BT EEL R AEMDH D (R, 1977 5 FE, 1997),
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Table 2 Spearman’s correlation coefficients between season code and mean age or proportion of mature fish for each sex of
chum salmon caught at each survey site between 2004 and 2014 in Hokkaido. Shaded values are statistically

significant.
Mean age Proportion of mature fish
Region Survey site Female Male Female Male

p p value p p value p p value p p value

Japan Sea Hiyama -0.543 0.030 -0.460 0.073 0.160 0.569 -0.229 0411
Iwanaigun -029%4 0.237 -0.583 0.011 0.124 0.624 -0.113 0.654

Yoichigun -0.509 0.031 -0.291 0.242 0.043 0.866 0.295 0.234

Ishikariwan -0.357 0.073 -0.324 0.107 -0.281 0.174 -0.099 0.638

Kitarumoi -0.509 0.016 -0.406 0.061 -0.056 0.804 0.437 0.042

Wakkanai -0.150 0.540 -0.509 0.026 -0.124 0.614 0.259 0.284

Okhotsk Esashi -0.455 0.011 -0.636 < 0.001 0.240 0.202 0.235 0211
Mombetsu -0.858 < 0.001 -0.761 < 0.001 0235 0.237 0.184 0.358

Abashiri -0.748 < 0.001 -0.748 < 0.001 0.347 0.060 0314 0.091

Nemuro Shibetsu -0.798 < 0.001 -0.691 < 0.001 0.565 < 0.001 0.647 < 0.001
Nemuro -0.788 < 0.001 -0.859 < 0.001 0.613 < 0.001 0258 0.194

East Pacific Shiranuka -0.510 0.008 -0.669 < 0.001 0.811 < 0.001 0.699 < 0.001
Hiroo -0.407 0.032 -0.394 0.039 0.644 < 0.001 0.388 0.042

West Pacific ~ Hidakachuo 0.006 0.973 -0.010 0.955 0.345 0.062 0.502 0.006
Muroran 0.115 0.553 -0.282 0.138 0.591 < 0.001 0.512 0.005

Mori -0.117 0.561 -0.133 0.508 0.427 0.026 0.581 0.001

Kamiisogun 0.100 0.620 -0.250 0.208 0.691 < 0.001 0.676 < 0.001
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Fig.3 Seasonal changes in the proportion of mature female and male chum salmon that landed on each fishermen’s cooperative

associations of Hokkaido. Symbols and abbreviations are the same as in Fig.2.
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Differences in early squamation of chum salmon Oncorhynchus keta juveniles among river populations in seasonally

spawning stocks
Kazutaka SHIMODA™*', TomoHARU WATANABE?® and Da1set ANDO?

' Hakodate Fisheries Research Institute, Hokkaido Research Organization, Hakodate, Hokkaido, 040-0051,
? Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,

Eniwa, Hokkaido, 061-1433,
* Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

Body size and period of early squamation in chum salmon juveniles Oncorhynchus keta were examined. The difference in
squamation process between early- and late-run stocks (fertilized from late September to early October and from middle
November to early December, respectively) were compared with juvenile fish from six rivers (Abashiri R., Shibetsu R.,
Tokachi R., Chitose R., Shizunai R. and Torisaki R.) in Hokkaido, Japan. The delay of early squamation was observed in the
rivers where emerging juveniles were shown to have short fork length. The early squamation of late-run stocks was faster
than that of early-run stocks in three rivers based on results comparing the period of fertilization. The fork length of juveniles
at the first squamation day were observed to be significantly by the analysis of two-way ANOVA depending on the period of
fertilization and populations in the rivers. These results suggest that the period of early squamation in chum salmon juveniles
could be determined based on the body size at emergence and at the first squamation day. Body sizes can explain the

differences in early squamation period between juveniles from the six rivers and during the fertilization period.

F—U— N EYEEIL oo HEfR, BRONEEE, A

FHOBOL CIZEENLEL, € OED S M,
X UM MEEE, MEEB X OB S, Zh
509 bHEHITREREIC, X3 VA REIC,

X, AR 1947 5 AR, 1949 ; /NAK, 1961 ; Yamada,
1971) 0 25 OWFFEEEIE Y7 OEFEEEFHEIZB W
ThEBAOFRZ ET HABIEH S, BH4ERIC

ML T 3 7 A BUHEE T, M & B L mia M
SOOI ALNLHETHL (KEIED, 1979), L
iR & 2 FEBUIEEO KM 4 s (LI, Bk
M5 circull) DSBINDZ ETHY, TNHITAHEDHHE
RAEMAEIZL C HWHNTW S (IREIZA, 1979),
EEOFEELBHEGHROVEDODTHZH T
Oncorhynchus keta\ZHE% H L, TN FTIZ, 054
(2 B3 2 R IR SE R W I 56 A ORRAE, BRI
R AR E RIS A IH5EAMTh LT &7z (Bl

bico TERSNIEMT — 5 (BRSO B2
DR R EE PO TR R 2L D E %> T b,
F e, BNy s Fal—va rPck
D ERIBEOHEE M THN L L )Ry, HEL VT
DN EEE O FER, HMAOINE L HAORE
Ji& IR R0 [E A & DRI I D W TR DS D H T v
% (FEE -, 1994 5 Z2EE D, 2016),

—fEIZIT & A EOBFETIZINE IO T Tl
ERINTBELT, ZOBROBEI > THOSADE

HOCE T ASTS (201948 7 H31HZH)

*Tel: 0138-83-2892. Fax: 0138-83-2849. E-mail: shimoda-kazutaka@hro.orjp
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T 2H5, BEARANICEEES B R S DR A X,

FEEIAIIAREIC L o THRA TH D (RIFIZA, 1979),

Y IZB LT OIS T L 72 T ARIZ T,

F LRI (LUT, W48 A RAEHTT o[k
D FTFESICEE L, REI - TERORIE R T A
WZEIERSHEAT T 5 (ABR, 1949 5 /iR, 1961), WIAE

BEDZEAT R A ZNZOWTUEW L DG H D,

AR (1949) (3HEEAE T35 mmATt:, Mk (1961) 1%
B AR T32~38 mm, JFIL (1986) (3R ET37~50
mm& B L TWD, Tz, WAEBOISAT D RAMEY
A ZNIZEI 208 V058 D, BRIDFEIASE W (2 &
BB DOFEET DR A XDVNE W EPHE STV
% UNKR, 1961), S 5102, IR 5 o e/ MR
A AN L o TR D 2 bR, FEKRDIEW &N
BIOARY 4 X CRINAEBATER S DI DH 5 2
EhHEEN TS (il 1986),
INSDOMENS, 7 OWMABEITEHE S DR A
KRN, YRR BRIV, B8RRI & o T8
LBHIENEZONLD, NS ZEFEWIH - 72078
FINF TN TRV, REETIZZ 09 6 EGER
JIERIPEEII X 2 AT D E DWW TH S 202
T 572002, JLlEEO6I I % R RI IR O 7 52
HrHOWC—EOKREN T CHEERY 1TV, AR
DB & Z DR 4 Z 12Tl 247 - 720

KB L UHE

Y oFINE, mri (108200 Dar), i (10A21
H225H11H10H) B L% (11A11H D) o381
G TITbNL TS GEREAAGMEE S - F 9 HhEs
ke, 2007), 209 LA TR & %
fEERORE L, #EN, @, B, TRl
CERNISER), BB & 08Bl )1 TR g 50
ENTZAEIN, S, FNENH2,0008 O 5 % 21T E
Bz (Fig.1)o 25 DPID 9 B &0 % = v
~) YTEZEL, BHITOEREZ0001 gHATHIE L
HIHIHE & PRI RE O [ C I E O 2 0 5 % thi o T
E L7

ZHREIR O EE ZACMEE AR AR S U F 9 - K
T EE BRI CHT o 720 JATJIT - BRINIFI 4312 #6£600 mm
300 mmiE X350 mm®D 7 7 1) JVELIKFE|ZII 2 A L,
ETOMOKIBSEMZ INRHEEIZL D —%E CFEKR

102~104TC, fE#{F7202~04C) 2ffEo 720 FLEIE,

60014 % IEE A 12 HiE U TRk o 7 27 ) )V ELK AR T
—EO KRS CEEKIRE102~105C, #7701~
03C) BLUOWEMEM WEE0u L% 514~ —

% Okhotsk Sea
Sh’ibetsu R.
Abashiri R. /
Sea of Japan af/ "
»
44°N 4 . @
. o
Chitose R. ’
*~Tokachi R.
g 4
429N X Shizunai R. Pacific Ocean
™ Torisaki
R 200 km
140°E 142°F 144°E

Fig.1 Map of the study area.
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5%\ 44 B m O ER (HIE LA R, =2 —
TNTF v 7K-2, K-3, K4) HBAHKH L. 0
ERUHIELY 2 COMIEHT 22 LT, HHTOMf
fEr—ws L7,

T B2 H 2 50 H 0Bk % BRI > 7)) v 7 LT
70% L%/ —)VTEEL, &H, Shof%LBZLEDMN
EXIT o720 M EME H OFYRLE® pilif L
BHIFEL OB THEEIC L Y KL 720 7 H T 7 b
< A Oncorhynchus gorbuschaDfEf % Fl W72 FERIZ X %
&, L —)VTHEHET HHORBILE L K L CREER
IZHRKT32% DYLHERC 1.8% DMERDSTFED 515 b DO,
WEFNOFELRETR o b MESINTWDLZ En
5 (ZHE - HIE, 2004), ARFETIEI Y — VEES
LLRAEOEALEZEZE L o7z,

I OEEOTERALIBE I ORMED _ET O S
HE DI DD UME 1961), KB REHE A O
FREYDIS>TT )Y Ly FSIEWE (0.1 gnT Y
P oLy FSE10 g DKOHZ ZE57K1000 g TR L 72
L D) RT3 A L, FARBERMEE T CHlof &
HBI L7 (Fig.2). BxEREC X2 103 REEE T
OB S E R, SOICHBEOEEFZ3IETO
SRIC oW TERBEOKEFI L, BE (R BX
VEE—FlREoOREZHE L7: (Fig.2). sl o
EB I OHE—FEHOERIZOWTIE, @SS ollEm



Diameter; ’e_f
firsticirculi

Fig.2 Scale observation position (A), scale counting position
(B), scale length measurement position (C) and
diameter of first circuli measurement position (D) of
chum salmon juveniles respectively.

O HEAOMEE L TRHA L. 2 s ofilsEls
R CHEGEORIELZIEL, BAEZIERL LT
WA &) BT & RO M T Ic R &
Wi L7z o> 7)) v 7idF EH % 4930 H
Fehti L72A%, BEo@ig L EEIdERE LTFEEH 2519
HE CTO20HM &2 ZOMGE Lz, 72721, Tl
TIFLEHDI9HRIZB VT L HEOTEEI R TE 2w

T RO 19

RPN Z s, SHIAHMTOY > 7L & Bi%
CHEOMERE LT,

AR L5 55 & R R & DRBIFRIZ DWW TERIIFRE IZ X
BEVERE T 572012, [H— ORI T8 FrofE
RO PR L5 % B & S o0 R T )1 4 2 o
THEL 720 MR ET5 85 % VRO B FEO MR R0 4 857
R ESNEERTH L LN SNDZ ENE, KRFZET
E TS DR A X2 MABT R SO 4 X
LA L, TORIEIZOWTIHIZED X URIEIIC
£ 70K W% TR E BT TRES L7z

B oFERMRE L R LER & ORI W TERIIRIZ X
LEVERE T 572012, [F—OEEEKE RO EED
VIR SR & AR & R o M I S HROE 12 &
DB L7z, $72, B—EEEOFIFEREIZO VT
B L ORRIIRINC & 28V o F % IR E 5 BT
TR 2 & &b, IS HE: & R L o T
HREIZ &) L 72,

S

B A ZXOE FEBIHEHLZINoFYERIE, &b
INEWTENOFIHIEET0215 g, HmdDRKEWTBHIOHK
WIRET0319 gTH o7 (Table 1), SO THERIL,
ENE TN TIXBEMEO TG EIZE, o /205, 0
MBI TIEFE R CTEVIZRED S Ao 72 (Table 1),

FUEHICBIT 2 FHREAEDHER % Fig. 31R L7z,
T LIRS R HIIRE, BT L OIS TR TR
L/NE o7z (R 361 mm, AT 359 mm),
FLEEORAEN R KEVOIZEF OB (398
mm) T, KRWCTEHNI OB (BIH 394 mm, %
B 390 mm) & BB oW EE (RTHIEE © 38.6 mm,

Table 1 Size of chum salmon egg used in the study from six local stocks in Hokkaido, Japan
Egg weight t-test
River Stock gg weight (g)
Mean SD N t p
B Early 0252 0.026 60
Abashiri R. -5.979 <0.001
Late 0.284 0.032 60
. Early 0.268 0.037 60
Shibetsu R. 0.038 0.969
Late 0.267 0.034 60
. Early 0.284 0.033 60
TokachiR. -5.363 <0.001
Late 0.319 0.039 60
, Early 0215 0.033 60
Chitose R. -1.870 0.064
Late 0.226 0.034 60
- Early 0.255 0.029 60
Shizunai R. 1.166 0.246
Late 0.249 0.033 60
o Early 0.245 0.032 60
Torisaki R. -1.943 0.054
Late 0.257 0.034 60




20 FHIANFE, ARG, DHERWK

388 mm) TR E <, ZDMOM)I1£37.0 mm (7
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3 EE2H HOABIHE TR E P> 720 BIFIITIZE
L#3~5HH, SHEHBLUCITHH 2 aBEIBECRE
MNo7zs

MESOF R o ENHRTE L HEEOEHE
(LUF, 8RAF) 0 bEFig 4R L7z,

BN CIERTIRE, B b3 RkeH HA S ik
WA T & DA EN Iz, BERARIL, FLhEI0HH
P H1SH BT CHRIIECTE D > 720 BERAZEAT50%
WE L 720 Ri#ECidFE L2 S 120 H, B CI10
HHTH o720 A TA100%23E L7203 C
2iF R S16HH, BUFFCIXISHETH 572,
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o

Fig.3 Daily change of mean fork length (with SD) of chum
salmon juveniles. Open squares and closed circles

o Days after emergence
indicate early- and late-run stocks, Y &

respectively.
Asterisks show significant difference between early-
and late-run stocks by t-test (*p<0.05, **p<0.01,

#45p<0.001).

Fig.4 Daily change of the rate of fish with scales. Open
squares and closed circles indicate early- and late-run
stocks, respectively.
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Fig.5 Relationship between fork length and scale length of chum salmon juveniles. Open

squares and closed circles indicate early- and late-run stocks, respectively. Dotted lines
and solid lines indicate regression line of the early- and late-run stocks, respectively.

Table 2 Results of correlation analysis (between fork length and scale length) and results of ANCOVA (covariate: fork
length) between scale length of early- and late run stocks

Correlation analysis

ANCOVA

River Stock Fork length —Scale length Test of homogeneity of slopes Differrence between stock
r )4 n F P F 4

Early 0.810 0.001< 83

Abashiri R. 1.88 0.172 0.04 0.837
Late 0.825 0.001< 94
Early 0.851 0.001< 84

Shibetsu R. 0.06 0.809 0.01 0.941
Late 0.905 0.001< 85
Early 0.804 0.001< 113

TokachiR. 2.75 0.098 12.51 0.001<
Late 0.803 0.001< 146
Early 0.806 0.001< 91

Chitose R. 121 0.274 0.64 0.424
Late 0.836 0.001< 84
Early 0.837 0.001< 113

Shizunai R. 4.39 0.037 3.59 0.059
Late 0.913 0.001< 126
Early 0.909 0.001< 86

Torisaki R. 0.00 0.993 54.97 0.001<
Late 0.850 0.001< 156

21
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Fig.6 Relationship between the number of scales above the lateral line and mean fork length (with SD) of chum

salmon juveniles. Open squares and closed circles indicate early- and late-run stocks, respectively. Asterisks
show significant difference between early- and late-run stocks by t-test (*p<0.05, **p<0.01).

FEBROH H2 S 15H HIZh 0 CRER CIARE 22 #E W 13 A
ST, BEREEEATS0%2E L 22 O R Cl i L
S100H, B CIZIIAETH -7 millilIE L%
ISH HIZ, BREIFRIZISH HICHEEAZRI00%E 7 > 720
TN TR 37 L4 B S, BRI IEE L
DB D5 A FERTE 2 EESB NIz, BRAERT,
T hRI4H B TRl CHER L, BERAZEA50%
\Z3E L 7-0ERiiiRECldiF L2 o8 H H, ®IHCl34H
HTHo7zo MfEE HI12F LSS 120 HIZERAFE)
100%123E L7z, 72721, RiIfEOBRAESRIZIBHE &
14H HIZZNZ1180% & 90% 2 F L7-#, 15H HIZH
C'100% & 72 - 7=,
Tl L0 Ha o, BRI -
BILH B2 5 B 7R T & 2Bz, BRA I,
FEBITH B2 517H B2 20 TR TR Z2 i i3 A
ST, BERE 0% 2E L 220 E Wi e b I2FE e
LISHHTH o720 BIlIHIEF EBISHHIZ, BRIIHIX
20H BIZEIRA FAR100% & 72 o 72,

FNJICIRAETRIE ER4B B2 S, R E L

M H IR R C & DR HIN Tz R ERIE, B
o HE Clagiifcoem i L2 on, THH
2HI12H B2 T THEM CHIEZ BV IZA ST, R
HEEDS50%IE L -0 IEHEIFECIEFE L2 5THH, #
W ClZoH HTHh o 720 BIMIHEIZIF RIR14HHIZ, 2
HIREIEZ I3 H BICEERA ZR25100% & 7% o 72,

SIS CUL e & b 1285 2 F S 2 Fro iR A3 HE 2
SNz, BRAESRIE, FRBRSHE T TREIFETE L,
B ARAT R AIS0% 27 L 72 D AT CldFE L2 590 H,
BB CIZAN H CTH - 700 BB IR L1217 HIC,
BT H BB IRA ZD5100% & 72 o 72,

Co &9, BEN, FR)IB L OENIIICIE R
BRI CHAAROMEBICK S REVITRO 5
oz, FEN, TIIB L O BRI ClLre %
PRMEECE R T 2N R o e T2, T
DI & e TET O BMGEIA SR & 9 B
o7,

EXREBREORARFR H£MINIBIF2RIELHRL
OB EFig. SITR Lz OB iric s s, &M



T RO 23

60 1 60 9
Abashiri R. Chitose R.
55 1 55 - }
[ J
50 - @ 50 - @ @
51 § 5] @
40 A 40 A
35 T T T T 35 T T T T 1
E 60 0
£ Shibetsu R. Shizunai R.
E 55 - 55
e
o 50 - 50 %
z ; @ . $
QL 45 @ 45 - @ @
T 40 A 40 1
- 35 T T T T 35 T T T T 1
60 i 60 i . .
<5 | Tokachi R. 55 | Torisaki R.
¢ BRI
504 % ¥ @ so04 x ¥ T
* @ *
45 A @ 45 - %]
40 - 40 -
35 T T T T 35 T T T T 1
0 1 2 3 4 0 1 2 3 4

Number of circuli

Fig.7 Relationship between the number of scale circuli and mean fork length (with SD) of chum salmon juvenile.
Open squares and closed circles indicate early- and late-run stocks, respectively. Asterisks show significant
difference between early- and late-run stocks by t-test (*p<0.05, **p<0.01, ***p<0.001).
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Fig.8 Mean diameter of first circulus (with SD) of chum salmon juvenile scales.
Values above the bars show p-values of t-test between early- and late-run
stocks. Values in bars are sample size.
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Inter-annual fluctuation in distribution of age-0 walleye pollock Gadus chalcogrammus in the southeastern Pacific
coast of Hokkaido

Osamu SHIDA*, Ryotaro ISHIDA?, Koicur ISHIDA?® and Kenost SAKAGUCHT?

! Wakkanai Fisheries Institute, Hokkaido Research Organization, Wakkanai, Hokkaido 097-0001,
* Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization,
Eniwa, Hokkaido 061-1433,
* Hokkaido Nuclear Energy Environmental Research Center Office, Fisheries Research Department,
Hokkaido Research Organization, Kyowa, Hokkaido 045-0123,
* Kushiro Fisheries Institute, Hokkaido Research Organization, nakahama-cho, Kushiro, Hokkaido 085-0027, Japan

Inter-annual fluctuation in the distribution of age-0 walleye pollock Gadus chalcogrammus in the southeastern Pacific coast
of Hokkaido was examined by acoustic surveys conducted in autumn from 1997 to 2013. As a result, age-0 juveniles were
widely distributed through the continental shelf to the continental slope region, where, inter-annual changes in the distribution
of age-0 fish were found. A major change observed was that their distribution shifted from the continental shelf to the slope
region in 1999, 2000, 2003 and 2005. It seems that age-0 pollock distribution is regulated by the size of the fish and
environmental factors such as food availability and water temperature, but not by the distribution of adult pollock that are a

major predator of the juveniles.
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Fig.1 Map of study area showing acoustic survey lines (bold
lines, A-C) and trawl sampling stations (circles)

Table 1 Summary of the acoustic surveys.
Time Echo  Survey
Year Month Day Start End sounder  Line
1997 Nov. 21 11:35 12:06 FQ-70 A
1999 Nov. 9 17:57 19:58 FQ-70 B
2000 Nov. 7 17:53 19:26 FQ-70 B
2001 Nov. 8 17:02 19:22 FQ-70 C
2003 Nov. 11 18:09 19:11 EK60 C
2004 Nov. 8 17:59 18:59 EK60 C
2005 Nov. 11 19:51 21:05 EK60 C
2006 Nov. 10 19:26 20:26 EK60 C
2007 Nov. 7 1843 19:43 EK60 C
2009 Nov. 10 0:14 1:18 EK60 C
2010 Nov. 11 16:49 18:21 EK60 C
2011 Nov. 8 18:36 20:04 EK60 C
2013 Nov. 11 17:56 19:27 EK60 B

AEBERAAILRIL Q16 ) 2 HWTEML 72 (Fig. 1
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L 72 JE¥#, FQ-70%550 kHz, EK601338 kHzTH 5,



Table 2 Summary of the acoustic parameters used in

this study.
Echo sounder

Parameter FQ-70 EKG0
Frequency (kHz) 50 38
Pulse duration (ms) 1.8 1.0
Threshold (dB) -70 -70
Integration interval (nm) 0.1 0.1
Attenuator (dB) 20 —

"
[
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Fig.2 The typical echogram along the transect line obtained from the acoustic survey

conducted in November 2011 in the southeastern Pacific coast of Hokkaido.
The white arrow shows the echosign from walleye pollock on the bottom in the continental
shelf region. The black arrow shows the echosign from walleye pollock in the mid-water in

the continental slope region.
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Fig.4 Interannual and depth variations in the fork lengths of age-0 walleye pollock in the southeastern Pacific coast of Hokkaido
from 1997 to 2013. Symbols and vertical bars represent mean + standard deviation. Numbers above symbols show the
number of samples.

9.0 1
g0 J46,50 50 50 36100100 99 100 100, 100 91 99 25 99 99 40 1§°774 99 100 45 99 8 50,10015 15,20 29 71150 7 10096 48
SEITEIPSEE P54 : 5 ¢
5 5 JEE: § R R
RULIELIE TETIERET 5 shen’ Higg
[T
5 5.0 - 2
5 401
8 3.0 Symbol Region
20 O  :lInner-continental shelf
’ © :Outer-continental shelf
1.0 1 m : Continental slope
N O O O O O O O O O O O O v Ww o wWwOoO o uwmuwmw oo o O O O O O o O O o u w.v o
Depth(m) © ¥ 2 2 - 2@~ JdP gy vogvyopgwrioezerlere~gr~exg
Year 1997 1999 2000 2001 2003 2004 2005 2006 2007 2009 2010 2011 2013

Fig.5 Interannual and depth variations in the condition factors of age-0 walleye pollock in the southeastern Pacific coast of
Hokkaido from 1997 to 2013. Symbols and vertical bars represent mean + standard deviation. Numbers above symbols s

the number of samples.



34 EH 5, GHEKREE, fAHE—, WO

NTBEARMTHB L2861, 2005F 25K b K & <
1999, 200035 X UF20034E 752 ALIZIRVTH Y, KEERHA
WZE7 DD > 72 I NHAENR N E D, —
F, b /NE Do 2 DIF20134E (102, 104 cm) T
2011 (115 cm), 2009 (115,119 cm) 3 X 020044 (119
em) BRWTEBY, IhbiEwvind KEMO G4 E
HBOBVIETH o720 —F, KEMTHRE S N

T 5 &, 1997405 b k& <, 2005 (138, 139
em), 2007 (129 cm), 2000 (12.8 cm), 19994F (12.0
cm) DI NIZKWT W2, TRHD9H B, 19978 L O
20074F VT RKFEMNC 04D B HETH o720 T2, B
/N E Ao 722006 (102, 108 ecm), T 412 &k 2004
(105, 11.0 em), 2013 (10.6 cm), 2011 (11.1, 113 cm),
20104F (112 em) (d 341 KEEM O 54 S 4 0 v

Distance (nm)

€
ES]
Q.
[
[a]
2004
300
400 1
2005 2006
500 B
Fig.6-1 Vertical water temperature (deg-C, solid lines) and salinity (dotted lines) profiles along transects in

November in the southeastern Pacific coast of Hokkaido from 1997 to 2006

Bold vertical dotted lines indicate the CTD stations.
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November in the southeastern Pacific coast of Hokkaido from 2007 to 2013

Bold vertical dotted lines indicate the CTD stations.
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Table 3 Water temperature and salinity near the bottom in each region.

Inner-shelf (<80m)

QOuter- shelf (<130m)

Continental Slope (<300m)

Year Temp(deg-C) Salinity Temp(deg-C)  Salinity Temp(deg-C)  Salinity
1997 8- 9 33.3 4- 8 33.1 - 333 3- 4 33.1 - 334
1999 11 - 12 334 9- 11 33.3 - 334 2- 9 33.2 - 334
2000 10- M 33.3 - 334 6 - 10 33.2 - 333 2- 6 33.2 - 334
2001 8- 9 33.2 7- 8 33.2 2- 7 33.1 - 33.2
2003 10 33.3 7-10 33.3 2- 7 33.2 - 333
2004 11 - 12 334 5- 12 334 - 335 2- 5 33.3 - 335
2005 7-10 334 6- 7 334 2- 6 334 - 335
2006 7-10 334 4 - 7 33.4 3- 4 334 - 33.5
2007 10 - 11 334 7-10 33.4 3- 7 33.3 - 334
2009 8- 10 33.2 4- 8 33.2 - 333 3- 4 33.3 - 334
2010 7-10 33.3 5- 7 33.2 - 333 2- 5 33.2 - 336
2011 9- 11 33.3 8- 9 33.3 - 338 3-8 334 - 33.9
2013 4- 9 33.0 - 33.2 2- 4 33.0 - 332 2 33.2 - 335
Region Year Depth(m)
H 50m =
! Inner-shelf | 2006 2009 2011 2013
Continental Shelf :. .................... =~ 1997 2001 2007 === 80m
i Outer-shelf| 2004 2010
- 2003 130m =
Continental Slope 1999 2000 2005
300m —

Fig.7 The schematic diagram of the distribution of age-0 walleye pollock in

autumn in the southeastern Pacific coast of Hokkaido
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Fig.8 Relationship between percent of age-0 pollock in the
slope region and bottom water temperature (C) at the
shelf edge (depth: 130m).
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mean condition factor (right).
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Fig.10 Relationship between bottom water temperature (C)
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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
Takuya MIZUKAMI*', Kazuniko ITAYA?, Toaru MUKAT and Kon I1IDA’

' Kushiro Fisheries Technical Guidance Office, Hokkaido Government Kushiro General Subprefectual Bureau,
Akkeshi, Hokkaido, 088-1118,

* Central Fisheries Institute, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555,

} Faculty of Fisheries Science, Hokkaido University, Hakodate, Hokkaido, 041-8611, Japan

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.

F—U— N FF7 I EEAEENRE 27 Ny y S, B ERERAK, gk, oA, dbiEs
F &= 7 i

A N9 % T Gadus chalcogrammus|X, F&75[FE DTAC
RMFETH O, FUMESE, EARESE, e A S
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
WEL A=Y BT DA N ¥ T %, TEERIC
P9 % KEEW - OARED AR IR &, BRI AL
B9 2 A6 RAFIHEE L O KEDR NI KNS 5 &,
AR O HIERZBITE B BRI X B HERE
WSS A (Fig.1)o F72, 2008~20124F 12815 H

M TPEEeE % RA L, 4~6 OFEMICEMBER DL
CEIZMIEL CTWDBZ EHbhs (Fig.2)o

AU T, 4F I HARMED B E BRI & o THET
At s (HH - k4K, 1995), EIIH DR
WZAE D 7 255 HAHEALER AT B L ORI e IR
— MBI A AL EDRBENRTWS (5T,
1979), L2 L, EXNRELRL AT N 77,
V) YREIZG A DORLEROBRPFERLEEZ H5NTS
D (BEDS, 2018), TZIKETLZAT MU ¥ TIEE
WA FT7 IFEABHML, REAEEISZNZ LD, &
AR OFMHMBER L A SN TWDE (EES, 1954),

HOCETASTT (201948 7 31 HZH)

*Tel: 0153-52-2003. Fax: 0153-52-0188. E-mail: mizukami.takuya@prefhokkaido.lgjp
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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.

AU TR O M D WS F A~ CTHEBY 70 WA
BB EINT VD, £7, HAREEIL R L7225 BT
SRANIEIE 2 BT CARMEE I B30 o CHIR R B 2 1A 2
)RR S B o T DOFRRETAKDTEILHFIZHRA
LY, AFTITERNE R DFEHEHFVMON TS (FF
H, 1975 #1L5, 1993), &IZ, MWEIZIEEKOREE
12 & A RBRIBRIES K GA L, ZOTOHEICIE,
ZZEOWIROTERE & F AW S WA KR» DO ER DO A
F—r 7&K (LT, &K B"ofmds (FH,

1975 ; Takizawa, 1982), EAMEGKIIEE S Th B 720,

FIZEFIE, ZoPEKOTEICHEY AA, EEAE
R LCaMid 2 (RIS, 1993),
A b F M P 2 R {7201,
A FAKInx TS EEZLNTED
(http://www.corporateservices.noaa.gov/nbo/fy12_blue-
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%
AARMTIERIETH 7208, 0y 7KEDOTF N VHE
HHECIIERTH o720 2L, HE R ICHEE IS 55
NN L7222 8T, BN YHRICHA LTV
AT MY ITOMTAHELDEEZLNTRA
(H AR AN R e84, 1985), —J7, A4
DF X7 IFOHMICOWTIE, MRy X DA
12X o T, BRBICEK SN LEKMS LT s 2k
Do TWwb (K, 1975 L2 L&D 5, KRifEH
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
LUEDNH L, T LN AREZES Z 2k, R
B9V, HEFEBRBEERIRG b & F DED R LSV EELR D
WEPEHEW T L ETHRIDEEZ SN,

FrEfiEsasE (LU, rafgs) & #BEkcH
W5 2k CHEEYO G OBIENTEETH Do dLilEE
AR ClE, stRAERICI AT Py T L
75 7 N OBEHEE DA OEFOBIEIZ LY,
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
kHz, 120 kHz®D 5 > 2 5 2 — HIIARIESES  OKIAT3.5
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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

‘:ﬂ‘
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141°E  147°E y
ATl /
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I 44°N
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45°00

44030, O CTD, 80cm Ring net
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A Bottom trawl 2012

A Bottom trawl 2013

142°30° 143°00° 143°30° 144°00
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 -




FHR=V T WBDOAT NI FTEFXRT IONMM 45

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@ .

F9, AKFEH IS5 pingfFE, SRE A IAIZS migE |2 fRAT
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
ITa—=7F A5 LETIa—-ORRRGMEE R EXEBL
T, A b ¥y gedXFTIHETHNL-a—-0
ASVip 3D A N T L %Fig 41278 L7z IRl A7 b
vFT, HIKEEAFT IFHEHN LT —DH DT
B Do ASViny D TIME £ FEH#FEIE, ZRENAT b
7T A887+213 dB, 4 F 7 IFH)8I5*£188 dBTH
o720 T2, FKA DA ETITD 7R B H o
FUEASV 100 35056 dBAF T TRAL TV, TNHDZ L
W5, DI -5<ASVi5<6 dBZ A7 b ¥ 5 O R H
6<ASV1p <15 dBEZ A ¥ 7 IFONIS &L EFRL, TI—
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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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LR OREREE ZFig. 6|k L7z, MESINEL
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E.pacifica : 62~540 mg/m’) TH V), A%
RECEMED, AF7 IFIMAERUTORFES N
(Fig.6 (a))o F7z, 2013447 OHEMAD & FHEHE &
WL, R (AL, A2) TIZ91~11.0 mg/m’ (4 1
7 V9.1 ~11.0 mg/m’, Thysanoessal® @ ¥ % 72 L,

E.pacifica : %8753 L) THo7zDIZH LT, e (A3,
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~24 mg/m’) THY, MEMINTEMEZ RS < RED
20124E6 H L FARICA 7 IFTIAM O A THRE S L
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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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AT MY YT OEREDGA T BRI, MEMAT
12130 mf 3, #ERBTIZ160~180 mfF¥E T - 72,
AT RNYEZEFXTIEOPHDEL - EXH 2012
B, 2013 EDFNZFNAA L6 FICBIAAT V¥ T &
FHT IO D5 B Fig IR L7z, B, 2012
EAH OWERBIZ BT 2BI~B3D X5 X 201344
HOBUTTIZ, HH %X 728 Tdh -7 (Table 2),
X7 IHOMGE, AR A E L GhEED S M
BN 200 CHEFEIZ 0 L, Z O EMOSAEROA
L, WEE DIC4AAD 6 A I THAEMNICEER L 72,
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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).

F 72, 6H 1F20124F T BN KB40 A0 L 7228,
20134 TR IZ AT L7ze A7 N7 7T ORIGIE,
20124 TIETT & B ICA3E DI P & (i EFRA)
BLUB2EB3O A (FIEMB) &0 SinREENCIE
FEAESHET, SNEOME LY b IMER O wEEA
TR SN, 72, 4H O3 %20124E &
20134F L THET 2 &, 20134ED 13D A3 & 0 iGN 45
#i L 720

EHBAIICEZ EXT MY A SDOEE DIB L UD2C
BIF 538 kHz, 120 kHzO WO LI~ 7T L DFF
2l & KB L OMRS O 8RE 7 1 7 7 A )L % Fig. 1012
R~ L7720 DITIZAKIERIZ0~100 miZ AT T, D2TIEK
HF920~110 miZ AT CTIKIRO °CHm D 7K A5 ([

HNRCER L72#BE) L, 2o TREIIZKIE0 °C
L bE L, W335 F WA D ERERKA AT LTz
LI—7 T LDOREEb e AL E, WHEE b2, H
HIANE R BT 1238 kHz & 1) © 120 kHzI2 58 < B 2wtk
DIIA—=PARLNTz, TNHIXHBENIZEAIZ LD,
JERENERBE L, HHRBITHEMNTIZE E > T,
HHZICBWTOERPREMEIZE, 75y FIROBUGA A
HN7eHS, HHENE IERTRIDEIIH S 22D %o 72,
AT, HHEE CIREEE R 5 EEE100 mf)
EOKIEIER 222 CoRIC, AWK E b ICREED
SR TCHLD ROSABEE IC A HN2hY, AHRIEH T &
N otz BB, TORISIERHEKOWITH—
TRERRC & 7245, RAPIIKEIERE £ 0 Tl OFEARK
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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

NICBEHZMDTRHE > Tz,

COERBIH AT > 7-DIB L UD20EETHEE L 72
EK O —Vid (T2, T3) THONZZAT bY 5T
DOENEWOMAELA (%N), mEEHMAK (%W,
W (%F) % Table 4127% U720 THALIC & Y 52
T & o 124 ¥ 7 2 $Hldunidentified euphausiids & |
770 T2, T3L B2, FHEIEANREDF 7 I4H, Thysanoessa
&, E.pacifical \ > 724 F 7 IFHTHEHNEWER D9
FEHO TV 537 IFURCTHIED E 720
BEHATVETH 72D, ERO2% [ LR - 72,
Z O b BFHE DS L OImHESRSE SN 0dEE
WF/NE o dze MESNIIANS &, T2TE pacifican®
Him L T49 %B& o7z, T3ITIEL3 %&BIH 2Tk
no72,

£ =

Ia—=27F A LTHE 7 IFEHG SN B D5
Ly MREFBRIZI L, WThoRE2r5 iR
FEICIFIZE A LGMET, WMEMIEERbEn)
s b7 (Fig.6, Fig.9), 72, 20124E6 /] o+
F7 I EMEMOTEKOGAIL, BBEl—3 LT
W7z (Fig.8)o F72, Ta—7 A LETHFTIHEENH
AENTRIED5 AL, 6 HA4FICHRTHEMA~NE
BLEOPHERTE (Fig.9), SNERUL, FEK
DAEIZOA A4 L b B L7z (Fig.5). fims
(2009) 1%, 20034E8HIZAWIZEIC BT A fitEHBO R
2, SRR L CRELAHET A v ERBEL, sun
T A NVaDEESFETHRTCVWD, Zhicks &, 70
O 7 4 Valg B E AR BRIKI T, gk o g
TEWI EEMELTnE, T, FHKEBIIEENS
BRI CEABERKO TR > T & H~ &
BBTLZZEMOENTBY (GFH, 1975 &1l 5,
1993), FEBEAEEATE WIERII AT B L OBFEIN R
W, BEESEA/ERAOTO Y METHY, BEENLLE
FIPTTHEEAE Y TP LTV EoHELH S
(Mustapha et al, 2009), PLEDZ &5, ARz B1F

%4 X T IFEOGAII, PIEAIEO S AR IS &
LTS v N EDMEMDL SR TV
TEDIREENT, Lo T, 6HDOF T IO
AL LA~ EBELABEBE LT, SaBKk
DTN AE D FIEK DG ARIEATI A~ & 22 b L 72
T LRI NS,

RIIHIZBWCOHIES N2 A T P ¥ T OENW
B OBGEHE RO, EEEHE, REEMN, LI
FEOWTFNIZBWTY, F 57 I3 (Thysanoesssals,
E.pacifica) 73 (A4 7 VAR E) 2 k& kAo
T\7z (Table 4), F72, O — VA ST THEML
7280 cmV) 74y FTHFFT IFEPMELE L TS
EML, 6HDORAT N F T OERRAEYITAFT
HThHbEEZONZ, SHI, HEIZIEFF7 IHIL
Hg K (<0 °C, FHAKIE-1.5 °C) %3k A TEBIZHA
L 7-%% (Fig.8, Fig.9), HMAIEIZH&E KA # Y $KIF
TIEBANEREREIL, A7 N7 85 ENMEENE R
D& T e (Fig.10), A7 Mo & F 134l
HAEELTBY (GRS, 1993), EHATFER H A
TIEHHFIZEHLTYLZ 2L NS, 1997 ;
Miyashita et al., 2004), HRFREIZHAT 24 F 7 I H
&, AHEO R ORBTICEEMIETAT b7 5512
IoTHEINTVWEEEZLZLNS,

RN BT D A7 N7 75 O51E, FEKOTE
12D BEREFKOERILTH O, Z 554K X
1~4 °CTdhotze N—V ¥ 7T, HFOHKY L
BEOFHKFE CATr by I L X 7 IFHOGHA %
L, A7 M ¥ I3 WAKI (505 °C) 12457
LKA BT T b 2 FF & EFCHMmKIRLEHH
WIZIZFE U TH Y, FERHOKIEEZLOREIZ L > T
FORAFPDHIRE I N TNE Z EDTRENT WD (De
Robertis and Cokelet, 2012), =D Z & 25, Rl A
7 b 7T IEOKIR0 CCHA A PR H S I B K T U
B, HEREBITHMLTNDEEZLND, T2,
20124FIZIBIE S N2 AT N F X3 A D EAR D FKRK
fCTH DD, BHIFEFEII BT REA DS KiRIL
0~9 °Ce o ol Adh 5 (GEH, 2002) Z&05
nEHlOFEKERT (>4 °C) & B REZRKIREF & %
ZbNb, LL, RidbL7z& 512, A7 by ¥ Fidd
WIS 54 %7 IFEBEICHAET S 2 L h0
RECTHLIEND, X7 IFEPITIEAETMALEWVR
B OFEAERINE Y b, &0 & AR 5 gk
DT T & % o 72m IR A5 2 LT, %)
K EHETELEEZ 5N,

AT N T T OMEY OGS, EEE L VER
M THWINIEmCEEGZRLOEL X7 I TH-
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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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ETIE (Erratum)

JOREIF R4S (FAREF, WG T SRS, SRR, IhOERA, Hb s, HERE, e
W, JNIRE, mEfE—, BRE 5 =ik A& i s B TR 5 =~ (Clupea
pallasii) @ mtDNATH#R % P72 £ S oG, JbkE R, 94, 1-40 (2018) : Population structure
of the Pacific herring, Clupea pallasii, around Hokkaido Island inferred on the basis of mitochondrial DNA se-

quences, Sci. Rep. Hokkaido Fish. Res. Inst. 94, 1-40 (2018) (In Japanese)) |ZLL T ODFRAE & CHKDO BT
HNFELOT, BT LET,

N=Y r i ik
4 Sample No.40 Collection date Collection date
Table 1 7 May 2017 7 May 2014
R= 7 SCHER OB
13 HiB27T [ Do /2 A N G = 7 I S 2 7 R v &2 W/ )
2001 ; 54 : 14-18.
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GH OB, AHBEKRER, AHEZE—, WIER

RO AL il E RIS BT 2 A b ¥ T
0% F AT D E W25 8 % 1997~ 20134 12 FE i L 7252
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A576 dbkEWFE 96, 29-39 (2019)

SEABERANEEHVILLEES R -V IBICHEIIEX
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PR T WK OGS ERE T L 720 AT MY
FZ13HimAK (<0 °C) DT T & 7% o 72w IER
KA (> 0°C, >335 25 LCTWwie —FH, +F7
SHEIIHEROGAIRDEREIZ 54 LT\ ize FF T3
Mo HRSREBE 2N L2 25, HHEIEICHEK
WO, AT MY IHGHT D T OFERREIK
WICRE) L7z, BHOEK o — Vil cififE s/ 27
N F T OENAEYIIEES T IETHOSN TV,

A577 JLKEBFER 96, 41-52 (2019)




BEL B EMARBKEMRRARBIIROEEZE > THEESATEHY, tiBmEKERRSMARE,
ZhSDHBICHEITHAMAFRRZEHLIZLDTT.

In addition, the Fisheries Research Department of the Hokkaido Research Organization will now comprise the
following seven local Fisheries Research Institutes. The study achievements of these institutes will be published in
the “Scientific reports of Hokkaido Fisheries Research Institutes”.
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UBEiL RS MA R
IKEFRFAER

(Local Independent Administrative Agency

Hokkaido Research Organization

Fisheries Research Department)

FRRIKERER S

(Central Fisheries Research Institute)

BB 7K EE S BR
(Hakodate Fisheries Research Institute)

IR 7K EE S BR 15

(Kushiro Fisheries Research Institute)

MEKE R ER

(Abashiri Fisheries Research Institute)

MK EBER S

(Wakkanai Fisheries Research Institute)

IR KE RS

(Mariculture Fisheries Research Institute)

ST ET -AKEKERRS
(Salmon and Freshwater Fisheries
Research Institute)

046-8555

SHEFRTETEFET238
(Hamanaka—cho, Yoichi, Hokkaido 046-8555, Japan)

040-0051

BRI RET20-5

HETERRKE - BEREMEL 2 -
(Benten—cho, Hakodate, Hokkaido 040-0051, Japan)

085-0027
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(Nakahama-cho,Kushiro,Hokkaido 085-0027, Japan)

099-3119
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051-0013
FRAthRET1-156-3
(Funami-cho, Muroran, Hokkaido 051-0013, Japan)

061-1433

BEETALAAARHT3-373
(Kitakashiwagi—cho, Eniwa, Hokkaido 061-1433 Japan)
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