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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”.

G IBILITEUEA
UBEiL RS MA R

IKEFRFAER

(Local Independent Administrative Agency

Hokkaido Research Organization

Fisheries Research Department)

FRRIKERERS

(Central Fisheries Research Institute)

HREKE A BRI
(Hakodate Fisheries Research Institute)

sliE& K E A ER S

(Kushiro Fisheries Research Institute)

MEKEERS

(Abashiri Fisheries Research Institute)

MK EE S BRSS

(Wakkanai Fisheries Research Institute)

ALK A ER S

(Mariculture Fisheries Research Institute)

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

046-8555

SHERR AT EAFHE]238
(Hamanaka—cho, Yoichi, Hokkaido 046-8555, Japan)

040-0051

BT R HA20-5

HEETERRKE - BEREEMREE2—A
(Benten—cho, Hakodate, Hokkaido 040-0051, Japan)

085-0027
$IE& T ET4-25
(Nakahama-cho, Kushiro, Hokkaido 085-0027, Japan)

099-3119
MEETEHEI-1-1
(Masuura, Abashiri, Hokkaido 099-3119, Japan)

097-0001

MEATRIL4-5-15
(Suehiro, Wakkanai, Hokkaido 097-0001, Japan)

051-0013
FRThA RET1-156-3
(Funami-cho, Muroran, Hokkaido 051-0013, Japan)

061-1433

ERETT AL AaAHE]3-373
(Kitakashiwagi—cho, Eniwa, Hokkaido 061-1433, Japan)



EEKERBRGMARS

H1077%5
H K

®ERR T, EASHE, =BT
L ER AN R kE S 5 F 54 v A ORN%
R SRR IS DRI 12 F0 1T 72 B RO ITAE v veeeeeee ettt

hEEX, HPFEHE
JEAHESETE £ F AR 3515 2 568 G B O T BRI & BT o OO FEEFA v vovveemomsemomsennones

(20254-3H)



SCIENTIFIC REPORTS
OF
HOKKAIDO FISHERIES RESEARCH INSTITUTES
No.107
CONTENTS

Yoko GOTO, Takanori HORIMOTO and Yoko MITANI

Prey of northern fur seals off the coast of Matsumae, Hokkaido, Japan

— Toward understanding the dynamics of feeding ecology in relation to fisheries -« -« «-«-r errrrreriereeeenn.

AxiFumi NAKATA and lori TANAKA

Direct measurement and re-evaluation of volume transport of the Tsushima Warm Current off western
Hokkaido, Japan ...............................................................................................................

(March, 2025)



JekE w107, 1 - 13 (2025)
Sci. Rep. Hokkaido Fish. Res. Inst.

tBEREARRICRET3F 47 Y b1 ORY
—RRBEEREEF ORRAICE T - ERBIROINE

HEERT 7 EABR ', =ZBBT°

/)

VitEE A AR ER RS, HAE [t

CREMARFEHEBMME L 2 — BERM

TBE LS B SRR K E I TR ANER,

Prey of northern fur seals off the coast of Matsumae, Hokkaido, Japan

— Toward understanding the dynamics of feeding ecology in relation to fisheries

Yoko GOTO*'?, Takanort HORIMOTO' and Yoko MITANT

' Wakkanai Fisheries Research Institute, Hokkaido Research Organization, Wakkanai, Hokkaido 097-0001,
? Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555,
* Ocean Mammal Team, Wildlife Research Center, Kyoto University, Sakyo, Kyoto, Kyoto 606-8203, Japan

The stomachs of northern fur seals Callorhinus ursinus (n = 94) captured off the coast of Matsumae, Hokkaido, Japan

between 2011 and 2020 were examined to determine their prey. The results showed that fur seals mainly feed on Okhotsk atka

mackerel Pleurogrammus azonus, rockfishes, and squids. These prey species are important targets of coastal fisheries in the

spring. The estimated body and mantle lengths of these prey species almost matched the size of fishes in the commercial

catch. This indicates that fur seals and commercial fisheries are using the same resources; therefore, fur seals are potentially

susceptible to conflict with fisheries. However, during the migration of pelagic fishes such as anchovies and sardines, fur seals

were observed to also feed on these prey species, which are not targeted by fisheries in the study area. The results highlight

the importance of long-term monitoring to understand the dynamics of feeding ecology.

& — 1) — N Callorhinus ursinus,

X% F v MY A Callorhinus ursinus (LLF4 > bt A1)
EA) 7 V=T HEEA ST =) ¥ T, I
=2 7L HROKINE TILEB LTS (NMFS,
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EBCEHEL, Iical 7, X=1 Y 7Moo R I A
078 BAY 75 V=T HhO% > I7VETEIET S
(Gentry, 1997 ; Gelatt et al., 2015) o
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A COFERBINL 25 7275, 2000 SEACLLRE XA HE
B2 & AL HL T 12 AT T H AU T O RS I As s
ENTHEY, WMEZTITRBFEHTORERLL L %
Tw5b (JiA 5, 2012 ; Horimoto et al, 2016), *+ v bt
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HAMER R CIEA Yy b A2 A2ERED ML,
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2011 R IF 4 M EBAL (bilEEF —T v 7 —%
CC-BY4.0; /M5, 2011) o HUTGISER SR S LY 71
TIZENE, Fy beAIEENEICOHT LI EDD,
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BEEDRE S TWI22S, BIREIGRIREE & O BEHEEDSH
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%, HARMWSITE 90 LREOTR - #1128, o+
v b A OWMETOFEEYMEIT-EA M2 722 L1 &
D, INETOWMFEFESEIML-LEZ SN TWE (T
B8 2020), 1z 13, 2000 LE(EFITHE~2015 FEEHOR LA A
TUIIKEE 200~400 m O FEMFABH T A7 MY
7 IIEMEEOMIINERC, 4y M PRI EE R
D) Lo EREN D o 72 (KK ERBS AR T
=5, B,
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EPE O FERIPIRCHER R I, IEEDE SN
%7 v bt A ORFEIRPLRACHEE 2 B 1T 2 HHAT A RE O i
DS DRETH B (FrFE, 2020), 2000 4ELLFE DI/
HETOWERIN, 4 v A 05tk bRk
WO JEA 5, 2012 ; Horimoto et al, 2016) 12 & %
DOLIEREINDDS, BEREORRFIIHL 2 TIE R,
F 7o, BREMBEAEEL L T A0S 0 AR EICB
FAAREDHIEA % <, FHEIZOW TS »IZE
T\,

T b A OHAREOIFEM (ZRE-F-5E0) <
OfFIX, fufH (A7 N2 5T Gadus chalcogrammus, /N5
1A VH <A T Y Sardinops melanostictus 7z &) %2 A 7
$H (AW A A J Todarodes pacificus, N A A 71 Berryteuthis
magister 7% &) L ST \WwA (FIH, 1971 : Mori et al.,
2001), F7-EHARFHETIE, EEMEEREOBNE
Mgt A7 v ¥ IRAN AL T IS EEAEY &
LCHifisn<Tnz GBK, 2015) 132, TRYIEO%
Y A Z B W TR SN R P B IEF S /Ky
1 Pleurogrammus monopterygius, /73818 X O N
FEEHAEY L LTHILL T3 (Waite et al, 2012), A
ORI T 2BEOHM RS, AMIZHAREAES
opportunistic feeder & S, AL AR 7% & O A=
MO U Tl A4 v F 845 2 DL D
L 7o TCTw5b (Kajimura, 1984 : Zeppelin and Orr, 2010 ;
Call and Ream, 2012) , Yonezaki et al. (2008) %, =FEn
DIFTAER D, <23 Scomber japonicus & & 75 B
B THo72 1970 FRIEA v b AIdEN S % EEAA
MeL, <47V EREPEETH 721980 F£HIZIE~
AT FEMAERE TV X, Al
oL TEAEZ YN B2 Tz 2 LML, 2
D& LEEEXHO 2T 2720128, Bl o BT
FEMNN NIy ) VI DPERETHHEE
ZHNTw5D (I - &, 2008) .

HASERNZ 31T 2 KO ZIEIZOWT, R TIEA A
FRATr My I e LCHR SN TCWZ & sk
ENTVRL 00 (LRFHEB-> EWERSR, 1971
1975:1980), LIRETFLLERAMTOITBLT, F
TR BT 5 BEERAEORRIEZ L, HEHE
Sl DI TRl LA IRAE S e, FIEE T L CIERS
L7zt b1 OHNEWD»SHIE, A5 F T Ammodytes

japonicus, X' ) A 71 Heterololigo bleekeri 3 & U7k v /1
Pleurogrammus azonus 7% EDS R b N7z HE SN T 5
GRA, 2015), AWFZETIE, BRI HAME IS 3 580
MRRRIC B W TR LN A v b A OBV %17\,
M A & LIS A Y ORI RN E B S 22 L7z,

BERRVAE

BAREST  ALHEEARETIR I B VT, 2011~2013 48
BLU2015~2020FE D 2~6 HIZEF 4 kDA v+t
A 2L, BAEWZIEL (Table 1)o THHDF
v b A BRANOKRETT &0 R RIERIE O FF T &2 45 Tt
(2011~2013 4F) I X Uil B AR S 7etiE (2015~
2020 4F) 12X DN SNz FRIWEIERIE Fig 1 1R L7z,
WIS IR O SARHT/NG O B OB X ORRET/
BCHICK D HE BRIE) Sh7z. SEEENCiERE L2
RTINS < HIESEMRIRMA IS L 2 HEHEL D, B
DT =5 ZMM L7z TAMEENIBEAAT] 9 Rpu s L4
Ji 16 B S A ZIRiET B M AT bz,
PAEAEOFERZ 0.1 om By £ T, fAHE % 0.1 kg HLAL
FTEHAIL, MWHRODL, BOEME & MM % h L
BRI HEE L7z fEE L2 B3R E T
wHRAEE Lo B2, BNEMZEtefkos
HEDD, HEERLRWEr BNEYER & L%
HEIIETO0l g B X TRE Lz, BRAEWIL 10% h
PRIV X E721370% =5/ —)WZTTREEL, 7
Mricfit L7z T ok, BNEWOWHILERS 2 ik (1978)
ZHEw, TR L (REFETR), 10 Rk, 10 1L
WKL VHOWE IS HAN TS, IVIHL (BRHA
DH), ViZEBEO S EREIZG TRz FvRY) ViR
WIZE D HEAOEH e R/ANRES L7201 HEREE L
THEEL, ZOHBNEWEZKEKRIZE Y BEE L7z ik
Table 1 Total number of stomachs of northern fur seals by
body weight (BW) class collected off the coast of
Matsumae, Hokkaido, Japan, during the periods
2011-2013 and 2015-2020
Numbers in parentheses indicate the number of
empty or almost empty stomachs.

Male Female
Year Month BW (kg) < 50 51-99 > 100 14 - 57 Total
2011 Fep. 1 1
May 1 4 5
2012 Fep. 1 1
Mar. 3 3
Apr. 2(2) 1 1 4(2)
May 1(1) 6 1(1)  8(2)
2013 Mar. 2 2
May 3 14 (3) 17 (3)
2015 Apr. 2 1 3
May 2 1 3 6
Jun. 3 1(1) 4(1)
2016 Apr. 1 1 2
May 2(1) 4 6 (1)
2017 May 1(1) 1 5(1)  1(1) 8(3)
Jun. 2
2018 Apr. 1 1
Jun. 2(1) 2(1)
2019 Apr. 1 1 1 3
May 3 1 1(1) 5(1)
2020 Apr. 1 1
May 2 8(1) 10 (1)
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Fig.1 (a) Map of Matsumae, Hokkaido, Japan. (b) Location of the study and capture (box) areas in Matsumae.

ICCHENAEWY 8mm, 4mm, 1lmm (F7-1Z2mm) H
AVORE (55V) [ZTERIL, BEORERZHE L
720 LSNP ICHB L fIZ oW CId, kR
IINESEBIVERZ IRIEIHE L. £72.0
LA TO7ZBNEWIZOWTIE, KEB0E, K, B
H, 7RO TEES, HEMHOBR, HE, K&
L EGEL, TN oORES T RLE L 7. APELIAE
DOFER LRI I L7z & AN LM, 7 E1C
DWTIE, HEEEZFE L UEOMT 25 134 L7z B
WY ORFALOMBENIIRE (1955) 12HEvy, WHEZ%
MRy FEFE CHE LA, BRHOTFHN, AEOFROEN
[ZowWTiE, MEPUKESBSTE) 77 Ly AaLb sy
A BITZTIIAHENTWE T =7 RX—2 [HHE
HOFMRICL 2HEBICHTL2~v=27 V] (EFD,
2005) (ZHEVTTEEZRRR Y TRz #RE F CHE L 72,

B o BB (Frequency of Occurrence: FO%) (i
HAEPNS, (FOEFHIL2EE / 25 2B 28
X 100 (%) THFE L7z

FOEEL, FEHLEE SN R LoBEOE, H
SO R A it LIREEIICEL L. 28, ki
FDEEEMWETE Lh o KA OERIL, Goto
and Shimazaki (1998) 2% U CHEY OB E b
AL ) BEEYOER L L CHIE L, ek

EHALEOBANEWw S, HIrEHNEDE=S
(reconstructed stomach contents weight) H3MEHTIZ VS 1L
% (Tollit eral, 2010) o L 2> L, AWFFEIZ A L 72HEAH
ROKEIL, /N 107 kg ~ R 242 kg LAEDPRE N E
Es, —EOBMEICORELENELL 2 EDE R
bMbe ZITEAYA ZEIZL LN T A%REL 20,
FERAEY) E w2 X B EEME ORI Goto eral. (2017) 12
v, BELM A 7 T — O ERME (Gravimetric
composition: G) 12 & 1) &l L 720 G fiEIZkNIZ L Y ko
7MEIZ 100 2 L, HAERERL (G%) & L7

ny 11
Gpi= Z‘. (Wiyk/ ; Wyik Viny

v BRI & ZHF TNV kAT — W
EYER (01g $TEHE) m ZRE HAWIFE S
N7z b &0z, W (0% 7 F 17 Engraulis
Japonicus, XA 7, <% T Gadus macrocephalus, A1
N &5, ANVIEMHH Sebastes spp., K v, ZF O
O (FEATRRES ), YA, AVXAH, £0
i1 7138 (2~ K7 A 71 Loliolus japonica, KA A 77, Ff
KA A), 2 O8) 1ZX5 L7,

RS A THE B A XOHEE I 72 BIfR
WU T o) THh b,
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T A H 2013 4E 4 HIETGEICB W T80 12
EDIES N ) A HIER IR ROFRMENE (Lower
Rostrum Length: LRL, mm) & #}£$ (Mantle Length; ML,
mm) DRERKEIER L7z (P = 076),

ML = 11801 LRL + 63509

T/, BARONERNERFZ, BErS < SiskER
AL ANSAEER Y W S L, fE
WAVERMB 2 R L 72,

AWV A A H ML = 3744 LRL + 1853 (Clarke, 1986)

Ry EEEKETE ORENG R TR LIS & b
SRy 179 EOE A (Otolith Length: OL, mm)
& {5 E (Standard Length: SL, mm) 7° 5 B4R 2 1ERL L 72
(#=015),

SL = 14862 OL + 22737
BT REEENOBEICOVWTRET 2720, vk
A F AERORE 2 R 51 kg K, 51kg Ll b
100 kg A B & N 100 kg DL 2 3 X4 L7z. el
HDOHIA, (Baker eral, 1994) 3 X OB (A D 1EIKEE %
S IIER - BERER - BER S 72 D L) K L7 fRER
FHHIME AR 4 TRBRR T - 72729 100 kg DL EIZIX
5 L7

AT IRE A 7w VSRR, 7 et (&
BICTAI, W) Z2EH L7

& R

HEEEYMOEELEIES BV TVo) beskhrel
W 8 R GHALERE V), SHAEY OJREBRO REEAFE L T 7z
HILE (GHILERY IV) (X 7k TdH -7z (Table 2), =
WS OERITLIEO T 2 S BRI L 72 BNEWEE L
0.1~16.6 kg D#FIPHT, P51 kg TH o720 T7o, 22H,
HALER S L ORERFHIER E RV 72 ENEEREO
RE R4 A %4 (Stomach Contents Index: SCI) D35
fiE1E 3.6% = 2.6 SD. (3K 133%; n= 66) Td -7,
MAEEN O ERMEE (G%) Tl 2017EBLWT
0FEXHENTHy FoARbEVWEEL FOTWw
(Fig. 2)o 2015 4ELIRE, ~ ¥ I BLVAT b7 ¥ 5D G%
1256 2 AN L T 228, 2019 4R IdmifE & b
B3, 2020 SEIX~ T T DIEBO AP A SN, A BT
122012 4E1EY ) A 71 D G% DA b Ao 7258, 2013
FEIZY VAT OHBUIITE A LR L, AV AL T D FO%
B LU G% OfEidSE - 72 (Table 2, Fig. 2), 2011 43
L2013 FEZRNT 2016 FEF TlE, YU A A LB
FELREAY L 72> TWzs, 2017 ELREIZIZ E A CE
fHEENTWaDolze T2, ANVAL HITDOWTIZ 2011
% B X 2019 4F F Tl 28.6~100% O B THARE
ST W7228, 2020 FEORERD S IZHBIL e h o 72
(Table 2)

Table 2 Frequency of occurrence (FO%) of prey species in stomachs of northern fur seals collected off the coast of Matsumae,
Hokkaido, Japan, during the periods 2011-2013 and 2015-2020. The name in parentheses indicates that the name
listed in international databases (e.g., FishBase, WoRMS, SeaLifeBase) differs from the name used domestically.

Sampling Year

Prey item 2011 2012 2013 2015 2016 2017 2018 2018 2020
Japanese anchovy Engraulis japonicus 66.7 375

South American pilchard Sardinops sagax

(Japanese sardine) (Sardinops melanostictus) Pa: B 1A 100 20
Pacific cod Gadus macrocephalus 8.3 4.7 429 857 50 30
fiskapalieh Gadus chalcogrammus 333 63 250 143 429 50

(Walleve pollock)

Unidentified cod Gadidae spp. 6.3

Oweston sting fish Sebastes owstoni 143 714 14.3 10
Yellow body rockfish Sebastes steindachneri 8.3

Unidentified rockfish Sabastes spp. 667 250 500 75.0 14.3 50 429 50
Dotk sl weLker] Pleurogrammus azonus 83.3 833 750 583 571 571 50 857 90
(Arabesque greenling)

Unidentified prickleback Stichaeidae spp. 8.3

Unidentified fishes 167 167 125 28.6 14.3

Spear squid Heterololigo bleekeri 250 125 167 571 143 50 10
Japanese squid Loliolus japonica 16.7 14.3

Magister amhook squid Berryteuthis magister 333 83 250 167 143 857 14.3 10
Japanese flying squid Todarodes pacificus 333 625 100 429 286 100 429
Chiroteuthid squid Chiroteuthis picteti 14.3

Unidentified squids 1867 25.0 63 333 286 714

Unidentified crustaceans 8.3 143

FishBase: https://www.fishbase.se/search.php (Accessed: September 30, 2024)
WoRMS: https://www.marinespecies.org/index.php (Accessed: September 30, 2024)
SeaLifeBase: https://www.sealifebase.ca/search.php (Accessed: September 30, 2024)
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Fig.2 Annual changes in the gravimetric composition (G%) of prey types present in the stomach contents of northern fur seals.
The number on each bar shows the number of samples, except empty stomachs.
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Fig.3 Monthly changes in the number of squids found in the

stomach contents of northern fur seals. Data are

pooled for all research years. The number on each bar
shows the number of samples including squids.

%L OBFNEWHO A HFITHLIHEATBY, Eik
A EEORIINECH - 72, 22T, MBI
P EMREEOREL L, BEAROREHMNIA #EO LB
REOENEGEARLE, SAHBIP4HEIYIA 7D
FEGDE o7, SHBIU 6 HIZIZAI A A /1 O#E
EhE o7z (Fig 3),
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steindachneri 2D A N)VIEMAIH ONI A x[EL) O LD
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Fig.4 Mantle length composition of undigested spear squid
found in the stomach contents of norther fur seals.

iR FEEEAIED FO% b 72— 72 (Table 2)

BNE A O L) 8 SF R S 7o
Ol L#8 CEINE n=2) B odze HILHE
DO HAIE 79 mm T, IRATHIEIZ BT A NVEMFEE L R
v RS LTS [HIR - 1o T LA 1l
NHHEE - LT,

BEYAX 2012 FIESNAERD S ITRBELOY )
AANREHMB L7z TNHOY Y A I OIERMKIE
12~28 cm B OHPA T, DO E— FEHFEOLIET %R
L7 (Fig. 4)o F 7, 20124E3B X 182016 4E 12155 17z

n=1
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THho7z (Fig. 5o WITNOELEEDE— FARALN
BT R L7z BT 5T 2013 4F 4 72 i &
N7zv )4 7 oNEEMEIE, 14~31ecm GOHPAIZH
D, 19cm B, 2ecm BB L 28em HIZE— FOA LI
7= (Fig. 6)o ZTNHDY ) 4 A HEEYNERME & iBEY
HMBUIFAETICEEICR 2 5 00, HFITEE L Tw»
Z(anvEITOT7-AINI THE, ¥ = 2513, p< 0001),
2012~2019 4R 121 H N2 B NEWIT A S L7z 2L X
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Fig.5 Frequencies of estimated dorsal mantle length of spear
squids present in the stomach contents of northern fur
seals by sampling year. Only sampling years in which
a total of 52 or more beaks were present in the
stomach contents are shown.
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Fig.6 Frequency distribution of dorsal mantle length of
spear squids caught off the coast of Matsumae,
Hokkaido, Japan in April 2013.
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1229~30 cm HIZA H L7z (Fig. 8)o 2020 4EEEAR D5 1%
SHOFy rEAPHEBL 7225, s ORI 26
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D &N O AL B S Tz (Fig 8)o
BREBREIOEMY 4 v A+ AEROKRERHEIIC
ATz G% I, 51 kg RiiOBETIZAN AL ADEL %
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Fig.7 Frequencies of estimated dorsal mantle length of
Japanese flying squids present in the stomach contents
of northern fur seals by sampling year. Only sampling
years in which a total of 43 or more beaks were

present in the stomach contents are shown.
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Fig.9 Gravimetric composition (G%) of prey types present
in the stomach contents of northern furs seals by body
weight class. Fur seal body weight was categorized as
follows: a) < 50 kg, b) 51-99 kg, ¢) > 100 kg. The
number on each bar shows the number of samples.
Data are pooled for all research years.

Table 3. Frequency of occurrence (FO%) of Japanese flying
squid (JFS) and Okhotsk atka mackerel (OAM) in
the stomach contents of northern fur seals (NFS) by
weight class. Data are pooled for all research years.

NFS weight class (kg) <50 51-99 2100

Number of samples 15 9 56

FO% JFS 80.0 44 4 375
OAM 20.0 66.7 87.5

HH LD L, 100 kg PLEDAETIZ R Y 7 9% < %
Bz (Fig 9)o KRNI AT AN AL B I OFK Y
@D FO% 1, 51 kg Kiili DRk & 100 kg LU O R 12
HEEDPHD SN (AVALH 1 p<000l, 7T A—
WOEBRE v = 0364, kv 7 ip< 0001, 7 F A — )LD
H B4R E v = 0.566, Bonferroni 37, Table 3), 2018 4 F T
DFERTIE, 51 kg KO A2 SR » ridaHEL
oo 72, 2009 SEDLEDOEARD2 S MBI L TWwiz
(Fig. 10)o

SRR OBLERRE iR I HIEAR O
Bz Xy Lzl s, [ETVTFROBEMTIZBWTY
Bl B L OEEEZOMEAI A SN (Fig 11), 72,
R I 2 SR L, RO ELE R © B
ELAEBTHU Y AT 4 v VIR R RATD, AERET
WIERINE N D o7 (n= 94, p=088),

THALEERE T B X OV OFEARIZ A S N7z REFEY O 5
L, Ry SR REIE T L 2 B ERES S 0o
72, ZNHIEWTNORHATIZ D A 57z (Fig 12),
Z DD AR DT b HHAERF I & DOBEIL R W72
o7z (Fig 12),
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Fig.10 Frequency of occurrence (FO%) of Okhotsk atka
mackerel (OAM) and Japanese flying squid (JFS) in
the stomach contents of northern fur seals by
sampling year. Data shown by fur seal body weight
class: a) < 51 kg, b) 51-99 kg, ¢) > 100 kg. The
number on each bar shows the number of samples.
N.D. indicates no samples.
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Fig.11 Number of samples of the stomach contents of

northern fur seals by digestion stage (I-V). Data are
pooled for all research years.
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Fig.12 Number of stomach samples containing undigested
prey species (digestion stage I or II) by captured
time. Data are pooled for all research years.
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2 Bbi7zo 2018 4FELURE AR v 7 & IFUKIEASIFHE | 7243, 2018
FEOF v b A OFHNEYH O BB L 50% (42

0.4
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Fig.13 Frequency distributions of the standard length of
Okhotsk atka mackerel caught by gillnet off the coast
of Matsumae, Hokkaido, Japan in November 2011.
The raw data were obtained from the Hakodate
Fisheries Research Institute (unpublished).
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Appendix 1 Monthly catches of spear squid in Matsumae
during the main fisheries season (January to
June) from 2011 to 2015. Data were obtained
from ‘Current status of Hokkaido’s fisheries’
(https://www.hro.or.jp/fisheries/h3mfcd000000
0ge0.html, Accessed: August 13, 2024)
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Appendix 2 Monthly catches of Okhotsk atka mackerel in
Oshima- and Hiyama-subprefectures from 2016
to 2020. Data were obtained from ‘Current
status of Hokkaido’s fisheries’
(https://www.hro.or.jp/fisheries/h3mfcd000000
0ge0.html,Accessed: August 13, 2024)
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Direct measurement and re-evaluation of volume transport of the Tsushima Warm Current off western Hokkaido,

Japan
AxiFuMi NAKATA™ and Tort TANAKA?

" Central Fisheries Research Institute, Fisheries Research Department, Hokkaido Research Organization,
Yoichi, Hokkaido, 046-8555,
* Formerly: Fisheries Research Department, Hokkaido Research Organization, Yoichi, Hokkaido 046-8555, Japan

To precisely evaluate the volume transport and velocity of the Tsushima Warm Current in the western Hokkaido Japan Sea,
we conducted direct current measurements using one-mooring with three instruments at three depths at three points (M1:
1998-1999, M2: 1999-2000, and M3: 2001-2002) in the Tsushima Warm Current area. The comparisons between the current
velocities observed by the current meter and geostrophic calculation showed a good relationship in the absence of
extraordinary sea conditions such as a passing mesoscale eddy. Deep currents approximately 2100 m at the M1 and M3
mooring points showed a dominant northward current, and the annual mean velocity was 7.5 cm/s and 1.7 cm/s at M1, and
M3, respectively. A weak westward current was observed at M2. The underestimation of volume transport above the reference

level (500 m) caused by these deep currents was approximately 1.1 Sv .
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Fig.1 Location of the periodical observation, three mooring points and sea bottom topography.
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Fig.2 Vertical distributions of long-term (1988-2003) mean temperature and currents measuring points on the J4-Line.

Table 1 Basic mooring point characteristics and statistical results.

Mooring Latitude Longitude Instrument Bottom Date Mean(cm/s) Variance(cm?/s?) CM-S/N
degreeN degreeE depth(m) depth(m) N-Scomp. E-Wcomp. N-Scomp.E-Wcomp.

M1 42-30.0N 139-02.0E 250 3400 9-Jun-1998 6.3 -1.0 26.0 24.0 S/N10046
600 8-Jun-1999 5.6 -0.8 11.1 7.1 S/N10047
2100 7.5 -0.8 8.0 1.6 S/N11511

M2 42-30.2N  137-46.6E 500 3700 20-Oct-1999 0.2 -0.7 7.5 7.6 S/N10046
1100 24-Aug-2000 0.0 -0.4 1.7 2.0 S/N10047
2100 0.2 -0.4 1.7 2.2 S/N11511

M3 42-41.1IN  139-39.3E 100 3200 5-Jun-2001 10.6 1.0 245.5 215.9 S/N10046
450 11-Jun-2002 2.0 0.6 6.4 3.7 S/N10047
2200 1.7 0.0 3.4 1.1 S/N11511
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Fig.3 Spectra(a) and rotary spectra (b) of the observed current velocity at M1 (depth 600 m) during from June/1998 to

June/1999.



JEVY H AR 3505 2 % B R HE 0 A% 57 B

a) M1 2100 m M1 600 m M1 250 m
41 4/Jun
5/May N
- - 4/Jun 2000 km
8/Apr r @ M1A3
6/Mar 5/Apr
4/Feb
5/Jan/1999 4/Feb
6/Dec I ok | Im1a2
6/Nov i i
7/0ct 7/0ct & [
7/Sep I I
I 8/ve 3 TM1AL
8/Aug L
) 9/Jul . W
600 km
9/Jun/1998 - 8/Jun/1999
b) \
150 km - 150 km
# M2 2100 m M2 1100 m C M2 500 m
E 15/Aug
15/Aug L

I"IIIE
Fs
=7
L =
o
:‘\f
TT TORT T ™™ T T T T T T T T T T 11

150 km

11

= E i Dec
May
20/0ct/1999-24/Aug/2000
C) 31/May
M3 2200 m M3 450 m M3 100 m/\
> N 3000 km
N N
1/A
Af 600 km /My "
31/May r I
L 2/Mar
1/Apr |
1/May i 31/Jan
1/Apr -
2/Mar L
31/Jan 1/Jan/2002
31/Jan
1/Jan/2002 2/Dec 3
2/Dec 2/Dec N
2/Nov ov 3/Sep
3/Oct L
3/Sep —— 4/Aug
sou § Ave 5/l E W 30
100 km | 100 200km 500 km I smu

5/Jun/2001 - 11/Jun/2002

Fig.4 Progressive vector diagrams at M1 (a), M2 (b), and M3 (c).

19



20 MEHEIL, HTHHE

M1A3
) % Depth
- - Upper

Juned. A. S. O. N.Dec.d. F. M. A May
1998 Month 1999

A Lower
‘& Middle

Depth
“* Upper

o

Mean velocity (N-S comp.)

N
o

JuneJ. A. S. O. N.Dec.J. F. M. A May
2001 Month 2002
cm/s ‘

~

C

Depth
“ Lower
© Middle

Mean velocity (N-S comp.)

Juned. A. S. O. N.Dec.J. F. M. A May
2001 Month 2002
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layer at M3 (b), and middle and lower layers at M3 (c).
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Fig.6 Stick diagram of the M1,M2, and M3 mooring points using a 48-hour tide-killer filter and plot at time 00:00 of a day.
Inverted triangles plotted in the middle layer indicates the date of oceanographic observation for computation of

geostrophic velocity at the M1 and M3 mooring points.
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Fig.7 Relationship between the geostrophic and direct measurement current velocities at 250 m with reference to 600 m at M1

(a) and at 100 m with reference to 450 m at M3 (b).
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Fig.8 Temperature distributions at a depth of 100 m based on observations of the Kaikyou-Sokuhou by the HRO Fisheries
Research Institute during June to October in 2001. Triangles indicate the mooring position of M3.
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