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ISR E o TAMAFEEITIV 7 by =27 2B L, RKibihiss L O TEREBROKE - E57F—7 %
T, KOS, HBRROBELHOBM 2T ok, EFFIMESICHE T 2RE - BRBEAROMBAEOBESY
B3, BS 1 BOMEBEE & OBRFIREV LITREN, BRGSOk (BEROBIVAR) ST 52
S A% —it, BEE 198 rER J(UR) T5EICHBAPEINT A EMCH o7z, ZoEmE, BFOFETCIRSEIE
BELFBOARIZOVWTLED SN/, FETEELER TR, EEFRMSERIC, BKRRAKIEOBBEIBEINT 5@
Cdhole. 79R5 I B KBBTHEREZBREBFENNSET 2 CHo T, FREOKIBBIESAHYIFH
REBLLIIAY—BOBRESDEL L LTEESDH L. 4% HoBERLAHIEOTMREZERTLILT, X
WAH - MIREBOBMICERZY — Ve kb L2 M+ 5.

F—T—F: 7725 @, R, AWRSE RERED

Hydrographic data off the Pacific coast of Tohoku and off the Boso Peninsula were analyzed using newly developed
software that conducts a statistical cluster analysis to reveal the spatial distribution and temporal variation of occur-
rence frequency of water-masses in surface and subsurface layers. The interannual variation of water-mass occurrence
frequency off the coast of Tohoku in summer was most associated with the interannual meridional shift of the Oyashio
first branch, and the cold, fresh (warm, saline) clusters were more frequently observed when the Oyashio first branch
shifted southward (northward) . This tendency was also detected at a 10-m depth, where the previous water-mass clas-
sification method was difficult to apply. At a 100-m depth, multiple clusters were classified as Tsugaru Warm Current
water, but those that could not be formed by isopycnal mixing between Kuroshio and Oyashio waters were limitedly
distributed along the coast of Tohoku. It was suggested these clusters originated from the Tsugaru Strait. Off the coast
of the Boso Peninsula in spring, the occurrence frequency of cold water-mass tended to increase when the Kuroshio
axis departed from the coast. To relate the water-mass variations to fisheries catch variations, the number of clusters
may need to be determined by considering the physiological characteristics of each fish species, such as optimum tem-
perature range. By expanding the analysis to different regions and fish species and accumulating knowledge, the soft-
ware is expected to provide a useful tool for extracting characteristic water-mass variations and clarifying the relation-
ship between water-mass and fisheries catch variations. ’

Key words: cluster analysis, Tohoku region, water-mass classification, fisheries catch variation

LI £, 1972). SO XD, B, AEEICHBET 5K

FHED SRR I, T TORPBRIGFEER OTF, [HE
Jeibdes] LRI 3, B, BE, ERBRSOKHN
BEL, ARSHEIKELBEHEYTIHRTHS. K
WL, SREME LD E LFHRESER SN AR T
by, WREHEEEELE - BHEE L OBERIIONWT
i, L HELEFELRTYw S (GEE, 1966; 1k I,
1974%). FELMEBR CTOXKERFAEOBBELEIX, X
BEBOBBLZITTWAI LSRN, FAE, BEEHE
DIFNIZOVTIE, BHE I TROBREEOER (b
NEA, 1987) R=REEEHEOEABO S (NI, 1987)
%L OEESERENTVS., T, BECRETLIER
HABRIE, SEGRETOYHXADOEBSCEN 2 VEL
Bz (BE - RE 1986%), —HTERBREMTOY /F
VAERTINEBRICE D (NE 1979) &, KEEB) LK
EAYOWERER L OBFRICOVTIE, EUR - B2

WA GHREDF R ENTWS., ZOREEKBAZOREEIC
I, KREESOBRERHKOERNKESEZELTS
D, FONE AL DI, BESRBRESFEINS
(R4, 1971; BLH - REE, 1986%). 7, MFEHKED
BEICOWT, BIZIE, BRI r<ilim L ERT 5
Z BB EN TV A (Yasuda and Watanabe, 1994), 3
BB OBEKRIZEMERE R AR ER TS (I

ZXPT 570 F AR ERERLET 54, KR - E5W
HOWERE I L7kRER E, ERLESOBRE AT
LR Z LV OREIRTH 5.

1963 £ LIRE, e - A EMRELTITh 2 2EHG 2
Bl S, BEEHFEOKERBRUIZZEEICB Y
T, AL L RBH L OBREBRAUIFIERShTw 5.
BON-EERNFT— 71, BEBRY—Y¥Xkry—
(JAFIC) WCERB &N H —N—THHENTVWEF—¥
~N—A [FRESCO2] ic&&sh, KR -#H57—5 %k
IS, SOELLEDF— ¥ OEREDIDH H. FRESCO2 1B
ENTVBETFT—FDH b, 1963-1993 D F— ¥ DT,
EEBHREL v % — (MIRC) FREEHE %179 MIRC
Ocean Dataset 2001 IZ B &L (MIRC, 2001), = Reifk3t
OFEHEBOMBICHA SN E% (Oguma et al., 2002),
B EE LR OKEHETFIIB N TRELERE R
LC&7 CIDBRAFLREL-HAE REBT— &M
2, ImBBO7a7 74 VF— OBEMNEML, Fik
IR O MBI BT D, FFIC 19984 EH 5 kil -
WHDOTUT 74 VF—F DBENFEL BENTVES,

29 LEBRMEOBMRIC S b o, HiihiEEs &
AL HAKRFEFIDEBOFEE W 2 KBS MICET MR
X, RELTWAODBIRTH S, bEdEinRIcHET 2
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KBOKE - WAHRFHEIZOWT, XS (1971) 12X 5K
BTORBEKESORRERBAROFHEAICE T 58, Rosa
etal. (2007), Kusakaetal (2013) 2 & %, REMT— %
ZHWIKBOEHES) - REBHOBRES 2SN TS,
¥/, BFRO=ZELRRFICOWTIE, Hanawa and Mitsu-
dera (1987, BAF [HM87]) % Oguma et al. (2002) 12 & o T,
HB ORI - DA rHRESR TS, —F, BR
B YR ORI oW T, KSR 2ARIICER LA
HwEERL, DBEKROLSM, WHBREOEERFELRT
ZERESTER .

ABLIZ, KR, o, BFRIFBESOMED, LEH—
PRpHKOET L LTERENS. KHEOSEICIE, I
RYEERKE - 5T —PHVLNE I EFEL,
&5, KBRS (T8) FA4T7 7T 206y —-VD
—D % oTW5 (Sverdrupetal, 1942%). T.S¥ A 77
T LR FICL7-HMS7 12 & B KRB EHALEE L, =RV IR
W EESHT, REARKFEREBROKAL 5T 2HO
BENLFEE LT BRI TwS (Ogumaetal,
2002; Rosa et al., 2007; Kusaka et al., 2013). L 2> L, HMS87
i, RVKiER - Eo#BEICRARBARE, [REK] &
WHOH—DORSTOASELTEBY, FMICHETELZY
ZEOREFEHINRTVS (HMS87).

AT, 72T9A7—BINICEBKBOHEY 7 M2 F
L (UTF, [ABSEY 7 ] EHY), ChEcEms
T & 72 RALMIER O B 7 — 2 BT 5. Kk -
BAT—5 2RV 2 5 A5 —BITIC X BK8E851E, db
¥ (Honghai etal., 1989) R HE{E - I ¥ F 3% (Huretal,
1999%) THITbhTEY, K#E TORFBN 2K
% RSSO FBEHICHE TR ZEFRESATY
5. AT HMSTB I U SR —BHORFTIZLS
KIS ERREZHNT, FKH - 7 5 R 5 —OHHRFER
HBEROBELB IOV THEZITY, £4OFEOHH
BREBELIOVWTEE - k75, T, TEREERD
IRREB DT D P Ty, TEREOERMN » 4
BEBZON, 75 AY —FIC X BRI R % i
EEHRNT I B BEOEE SR SR O O F itz own
TEZEL.

EYE S R b

KPRV 7 b OBAF

AR CIE, MathWorks #t ® MATLAB # fIJH L T, 2
BLORRBZ 9 A5 —@BTICX VKR, EIOBHRIOE
BB ZSEL, TEYLT A Y 7 PR LA, XY
7T, iFEBITFEREOY Y IVEHOBEUEL L
T, EEfba—27Y v FHE

2 2
d(i,j)=\KT';:}j +(S'";SSI'] (1

W/, 22T, TRAKEM SEESE 0,050, K
i WOOBREROBEERELZART. T/, 75R
7 — M OERE 3BT HE (UPGMA) #Hv, UToRIC
XY, 79RY—p qlEETNBEY VT VEOFYEE

dug (P q ZZ d(p.q)) (2)

1111

ZEELZ 22T, mnld, 79AF—pqllEEIN5
BV TINORBEEART. d WA ERTRDT T A
F—FREL, BEDIIFAI—BUTICREETIFR
¥ —DEPEITONS.

ZOVT MNCREFEY 7 VET-RCHNETE S S
¥R Y B (CSV; Comma-Separated Values) D AT 7 —
Y% HAEL, WindowsOSIRED /N -V F LIy Ea—
% — L"CGUI (Graphical User Interface) 25 AT 7 7 £
% BRI IR —BEERELTETTAHILT, K

< YES D - ARENICE o 2R (T-SFA T 54) &
L TABETEITHIL S, PNGH N (Portable Network
Graphics) DEE7 7 4 VHHH S5 (Fig. 1). CSVIER
TEAKIR, EH/IHET 2HE (sigmat) NI N2
FGAY—% BFE), TFAMI7ANVBRTE I SASY —
AOKIE - WHOR/ME BKAME FHEIHNENS.
AV 7T, F-sFoNNEERNT A0, BT
BARBWMEEIT> T 5. FIMETIE, BESHALEK
75 AY—RTr FRY R, 2R0oF—5 KD
1%RMERBIIATI—2ANEE LTEREATS. sih
EHRBENENTF— Y 2 HNTHEY A5 — 2 ET
L, =B 1% KL LD A5 —FHALEL R
52T, ANEOKREEZRYELTH. HEO—EITIiX
RO — iz EATWATEEND 5. EARMIIIR
HEHR (B2, MIRC,2005) EhiF—%2F#HAT5
OFEF LR, FEEHELZIT->-TVWEVBTFT—F2HnT
DT —EEFN P OBRETZEFTEELE Ro TV 5.

Y 7 b id MathWorks £t O MATLAB # Fll I L THESE B &
Taryngyah, EFERLEoTwd, L2—HF—
MATLABOHEXES A 75 VDAY F7urty b
(MATLAB Runtime) # 3% 2 £ 12X ), MATLAB S
A VA=V ERTVWEWA Y Y 2—F —THABESEY
TIVNDEFT7ANVEFHATE . KEBESFIZBITS
CIDF— % OFERPAY 7 Vick WV REShEZ L %
HifFLC, KEME - BEBERILXKEMERICY 7~
T — FH A4 b (http:/nfri.fra.affrc.go.jp/kaiyo/kaiyoubu/wa-
termass/index.html, 201849 A4 H) %#Bi&kL, v7 24
L7z, V7 OFELWERAFEICOWTIZEREYA M2
W& n,

KR - R REET—4
ARgTIE, KESEY 7 FOBBERIE LT, FEiihiEgs
L OTEEEHCHIAT 2 KROS5 & KEKRROBELH)
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Figure 1. A main window of the water-mass cluster analysis software. The Temperature-Salinity (T-S) diagram is
an example of the output whose analytical and graphical settings can be controlled in the toolbox on the upper

right.

DIFNT 24T 5. WEPEBIM 7 — % X— 2 (FRESCO2) 12X
FENLKE - HEOTF—FDIb, EFE (79H) ot
Tuy 7 KFENER & &F B fE KR
DEMCTDBN 7 — % 2 72 (Fig. 2(a)). 1980 4E %> 5
2016 4F o ] [ 42 B 28 AL o3k © IS & 7z KR - MRS
F— 7L, 10mETIE7372,30 miFE Tl 7044, 50 mET
16846, 100 mIETIX6362H 1), FFICLBD T — % A5 9
1998 4ELLRRIC, 7 — & BSRIEAICIM L T w7z (Fig. 2
(b)). T-HEEITHED AKIUEHT TIX, 2006-20154E D T
R EMRBR 20 TR I BT D5 5, T
B F7 ) A BAME O RIS 272 % 4-6 H DKl - 1
G7—=% (F—y #5581 WA &K -HES 70
7 7 4 V7 — %%, World Ocean Database 2001 (WODO01)
DMEEBTNEE K IZ L2 MIRC (2005) (2> T, DT
WCHBRB LN, VyIFevy, HEFzyy, BEMN
fnF ey 7 &iTo70b, LiEET—& Z2/EKL, 10m,
30m,50m, 100miED 7 — & BT ICH VL LY
Frxvzid, BShKER EOEDS, A TBI
ENDLEZNBREOHPENICH L2 E2HETLLDOTHY,
MIRC (2005) DFKL.1 GRS L7zl & 4] % 0 FeHE 2
Wiz, HRF = v 7 IV B A RER,

(W)= (V,-V) / (2,2, (3)

THEZbNB., ZIZT, V,2,i& Fxv78hsBoE
Wil X OEREEZERL, V,,Z,13Z0E Lo kEoBES
JOREELRYT. ZOHBMEA, MIRC (2005) DF*E1.6
ICRLIR S N HPANIC D B 2 L7z, RIS, FEH
BF v 73, WREZ TOHELp, TOE T ORGOKM
% Z WA BE S EROBELp, & LT, BEE

Ap=p,—p,

A5, MIRC (2005) ®F19ICEHMENMELA D E 9 B
ZHE L7

FALI R O KRB OFFAT T i, KSR BIER DORRAFEL
BB A ERE LT, B, B, AR o
SORAEZTCA H L, 19982016 4FE D HM 7 1 > b,
Bl 7o MEEE, BRI KA ZE DT D PR T
fTofz. Bml7ay MEER, [HARB DR
Fi#ll ¥ 2 7 2 (FRA-ROMS, Kuroda et al., 2017) 2 X % 3l
EEE 1 A MBI O 100 m i S°C M BRI i |, 7 o~
b i B 1%, [FRA-ROMS IZ X % 140°E-146°E @ 200 m 42
14°CALRRAZfE | & LCHAEFRL, 7-9H DOVl
L7z (Fig.2(c)). TRH-HAEM KM 2, HRRIR G it =
EOMMBHE SN TBY (FHIFA, 2003), AFTIE,
FEREARAL 7 — (% Ll i E B & OYSUEHIIE 2 M L 72
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(a) Observational stations used for the analysis. (b) Time series of the number of hydrographic data at a

10-m depth. Green: Ibaraki Pref., Purple: Fukushima Pref., Orange: Miyagi Pref., Brown: Iwate Pref., and Blue:
Aomori Pref. (c) Time series of the latitude of the Oyashio front. (d) Time series of fisheries catch of skipjack
tuna (Katsuwonus pelamis) in Chiba Pref. by trolling (red), near Japan by pole and line fishing (blue), and near

Japan by purse seine (green).

Wagawa et al. (2015) DKM AT — % % 20164F F TR L,
TORTFHLMEZMEH L7z ARTIE, 1998-20164F
DIVEFDTF =5 EHNT, TNOLDORERIIEKZ T A
¥ — MBI L OGN 21T o 72, ¥ T VH A Xn=19,
HK#Ea=0.05DTF T, MEIAH0.80 (Cohen, 1992) %
R B &) 2 ZRHOMHBERBOMED TRy, %,
79— 7 b7 x 7 G*Power3.1 (Faul etal., 2007, 2009)
FHWTHMb o722 25, 1,=059202 o7z (V7
b T OERER, Test famlly ¥ [Exactl, Statistical test
& [Bivariate normal model ], Taillx [Two] Z ).
TRV O KSR B O RN T, 4-6 H OBIENE H
\ZBUT B Bt v vin 0 BF S8 > B o FL i i e B o
7 — % (http://cb-sjtcenter.0.007 jp/kt/kt-frame.htm, 2018 4 5
H25H) 2HWT, &2 5 A5 —0 MBI L OMHB@HT
4To7z. B EFERIC, H Y TN A Xn=10, £ HAKHE
a=0.05DF T, MEIA080%BZ 5 &) HHMRED

HMixIHED T MRr,, % Riib o7& 25, r,,=0.76116 &
ol
T BEVL T D A BT A S & 2RI %%E@%%Wﬁy

4 (Katsuwonus pelamis) i i % 15’] z , KB &
MR E) & O BRE G L%Lf@&gﬁhowf%@%
Tofz. HAEMED /Y WSO FHBIIFE ) sk, £

EMMETH 205, TREEE (BRIER) T30 b
K O/ O WAHEDIEATH Y, THECBITEA
V F HARHCE ORI Y72 5 46 H DR T— ¥ & 1
W7z (Fig.2(d)). HAZHOEH Y BI T XML S
AE MR 7 — % (WCPFC, 2017) 1I22WTd, D7
DFEH L7z (Fig. 2(d)).

B R

RALHBER DO KRS & EE)

BRGFLMIHE T, Ao K2 vo8—& LBk
(ow), HEEREIEA (TW), Bk KW) 2#HEL, %
? R A& K (KW+OW, KW+TW, OW+TW, KW+OW+TW)
EEODDE, TODIFAY=IIHTIbNBEER, K
GV 7 MIXOREL £ T A —DFHAIL T
% A (spiciness, Flament (2002)) % #&12, & A8 ¥ & A

(2% b, Bk &) 02525 —=2BIHIZ1I25 T
LG AY—FBRE) YT SEENT L2 BB
Tk, RAEZ DL 5 A5 —1E, BBLHMS?
W2 & o THIRBREAK (TW) EEREINLRXGITEL, i
EHE (cow) R TEmA (CLW) BT 57— & Hu
Dhahorz (Fig.3). 10mER30mETIE, EFEK (SW)
WKELDTF—= 545 5—7 (Fig.3(a), (b)), 50 miE
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Figure 3. T-S diagrams at (a) 10-m, (b) 30-m, (c) 50-m, and (d) 100-m depths with colors showing each cluster
and occurrence frequency for the whole period of analysis shown on the right panel. The thin black lines are the
isopycnal lines, and the thick black lines are the boundaries of different water-masses determined by Hanawa and
Mitsudera (1987). SW, TW, KW, OW, and COW denotes the Surface Water, Tsugaru Warm Current Water, Kuro-
shio Water, Oyashio Water, Coastal Oyashio Water, respectively.

100 mE TliE, OW, TW,KW 2% K O F — & 255545 L T W»
7z (Fig.3(c), (d)). F72, HMS8T DZKAKIMX G LD
TRAY —DVHELET LA, BHROKRXGITES 7 T A
F—DNHEETLIHEELRONL. Fl2E, 100miE T,
TWORXSWNIZZ 5 A% —4,5 (LT, [CLo4l % & %)
D2DODY FAY—=PRLNT:. EDITAY—IZHRE
ZWALIE (OUTL) &, &7 — 7 BD2% K Tdh - 72
(T-S¥A4 775 shD [X)).

&7 TAY —BLOKROGZAIZTOWT, 100 mizz Bl
2, NI ER LB L 2205 % Fig. 4 DR TR
L72. HM87 T4 & 72KW, OW, TW DK, Hdbih
MR OEVH A THE L Twi (Fig.4(a)-(c)). —F
2GR RN CHEENTK T TAY —D5Ki% b
&, KWNTER D BREHESOCLOLIE, FHERETFE
JeEBhcomBIE A% £ (Fig.4(d), OW N T b Kk
S D CLo7iE, MEBRMWUE TCOMIAL L Lo 72
(Fig. 4(e)). TWIZJ®$ 5 CLO5 X, KWL OWDZ 5 A% —
DEBERMBECL > TERENI B7 TR —ThH oA
(Fig. 3(d)), TW &gk, WAL G OWEE % & D TIL L 5
i LTz (Fig. 4(f). MLTWICRT A2 A% —Td
CLO5 X ) BN CLO4 1, [ UHERICHRET 5
KWBIXUTOWD 7 — & B L 2wz (Fig.3(d)),
KW & OWOSEEERES TREREN R V. 2D CLM4

X, HRED2SKBEORRICH - THofi LT/ (Fig.
4(g)).

AT, 10mE100miEZHICEY), K7 IFRAI—0D
MBI ORAEZE) & B - B - BRI L oBfRE
AT L7z, &2 9 A% —D MBI,

(BHEDEK T FTAY RS BT — 780/
(FHEORT— 5 8

ELTERL, Hilb7a vy 7 KMo e /e —
& H34ii 9 1998 4E LI IC DO WCTH L (Fig.5). &7 9
Ay —DOWBFITRKE RRRELTZRL, BIIE, 1999,
2001, 2007, 2016 4F5513, &l - BRSO 7 7 X% — (CLOI,
CL02,CL03) DE G A8 %5 —7 T, 2002,2013,2014
L, KR - KIS D2 5 25— (CL06, CLO7) D&
AL Tz (Fig. 5(a), (b)). HM87 DIKIRIX 53T 5
FUAAKBMBELLBEZTSE, 100mETE, BEKD
KW @ HELE 251999, 2001, 2007, 2016 4E55 1285 VW —T5, &
Ko ow @ H B H 132002, 2003, 201345124 L, BB
R FAy—ITTHEONIRERE L Tz (Fig. 5
(d). —7, 10mETIE, Kiik - DT —F DRIHSW
WCAEENTEY, KK - 5 HPH %2 IS SW o H 31
RORAELT S, LD X)) MHE %R o 72 KR A I,
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Figure 4. Distributions of (a) the Kuroshio (KW), (b) Oyashio (0wW), (c) Tsugaru Warm Current (TW),
(d) crot, (e) CLO7, (f) CLOS, and (g) CLO04 at a 100-m depth. Red dots (black circles) indicate stations that
observed (did not observe) each cluster or water-mass.

WA LT W B D% HAIS DIEME L2 72 (Fig. 5(c)).

FRA-ROMS O FHEAE A H WG LB 7 o > MERE
DRI E K2 T A5 —DO MBI L OB O R %
Table 11278 L7z, 100 miETIE, CLOI & CLO7 i AH B4R %
OMxHEA T, ZBZTBY, HiREES (RERKES)
D CLO1 (CLO7) &, E#l7 oy ba%dk (F) &H B4EIF
EHBERPEFRICBHVEITICH - 72, BETTH50.80 HKilif D
TOMEICRT ZENTELRVWELDH ST (10 mER
50mEDCLOL), ko fmix, 472 e bEMmEmiid
FTRTOBIZBWTHED LNz 50miER 100 mE T,
HM87 DKBX 7% FIvTd, Fwi7za v M EBEL 7
KW, OW O IS8 B [ SR AR ICHERR S 72— C, 3t
BEIEHAK (TW) BT 52927 —0HBEE, #Hir
T2 MERE L oMM BERIEFRD b h o 72 (Table
. £/, B@ivory MVEELH) LABERHBEERS 2 7
AT —DREEICHFEALET S &3, false discovery rate
(FDR) #:12 & % % E LA IE (Benjamini and Hochberg,
1995) % il 7= TbRD BNz (Table 1).

FRA-ROMS 2 HHUfF L 7= il 7 1 > MEE B L VR
70y MERE, BKAE—RE N O EB KA E IOV T D
FFRIC, 27725 —OHBRLOMEE - R %E
Table 21C/R L7z, %8, Table2 (Z/R L@@l 7 0¥ bk
B & OAMBRE DM, Bl oy MEES X Ok
KW ZDEEE RV EHBRETH Y, BE@l7ar b,
BRI KA 22 & OMBIEREL D FFRIC, 2o DB % kR
W RMHBERETH S, Bl 7o v MEEICOWTIE, #H
W7y MEEIRE (BifR) FICRIREE S (SiRmEiEg)
75 A8 =BT 5 vy Ems R o0y, B
W70 b R EER RN & OBIICIE, RO T A
& — R KIRIH % R R AHB BIARIEFED S e o 7.

Bl 7oy vEm GeR) 4 ICERIRIEE S (RiREES)
75 A7 —OHBIBENT 5 & v LaRoE[iz, 79 X
¥y —HE oMb LUOSEICEZBATHHARD LN
(Table3). —F, TWICR T A7 5 A% —lZ20nT,
100miEx Rb L, 7527 —EWRTHOEE, TWOK
Fld2on 7 I A& — (CLO4, CLOS) ICLoTHOLNT

— 157 —



HPRER, (E7

3 &2 8 8

Occurrence Freq. (%)

=}

2000 2005 2010 2015
Year

Occurrence Freq. (%)

2000 2005 2010 2015
Year

Figure 5. Time series of occurrence frequency of each cluster (CL) at (a) 30-m and (b) 100-m depths. Also shown
are the time series of occurrence frequency of each water-mass defined by Hanawa and Mitsudera (1987) at (c)

30-m and (d) 100-m depths.
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Figure 6. T-S diagram identical to that in Fig. 3 but for the case of (a) 6 clusters and (b) 8 clusters at a 100-m depth.

W7zt (Fig. 3(d)), 79 A% =B 6B L O 8MDLGA,
HMS87 CREFHL SN2 TWORRMEE L L OB TA Y —
A S 7z (Fig. 6(a), (b). 75 A% —HeMOYGA,
MATAIZ R T EAFTE R WA, KW E TWIZH 5 CL04
OB EHE 70 > MEEE ORNIIZIEMAR (p<0.05)
BRONz, Fi2, 7R K28 L72BHAD10m
T, ZELBRHIERC, AREAMHEER27 I 25—
RGN {2572 (Table3).
TFEERFICE T 2K EEE)

2005 fELLRE, RAMRMECOTRECO N v iR O
SEEDSFENTE Y (KR, S 5122011 FLIFEICH

B w2 R (2 A LT vz (Fig. 2(d)). 2006-2010 4F &
20112015 4F O U 5 [ DO AN f5t 7 2846 & e st i S i 3

b72%, T R—TUME (Lepage, 1971) & M iF7z& 2 5,
A REKEES% THRETICE B R ERZL D bz,
—77, COMBEOAAEECIBTAEH ME T MR
¥R (Fig.2(d) 2011 EEBEIC L2 K& 2EHIZ
B ENahorz (p>0.05 T —IVHE).

2006-2015 4F- 4-6 H @ = VL0 B2 2 A 20 3 2 8l
ENTZKRES0m DK, HWHT—F 2T, KIS
VI MIEYIEDY SRS =I5 L7 (Fig. 7). =
DI ITAY —FaEBAZHBIZONTIE, EETERT
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Table 1. Correlation coefficients between the variation of the Oyashio front latitude and occurrence frequency of each cluster.
Cluster/Water-mass 10m 30m 50m 100 m
1 0.48* (0.04) 0.60** (0.01) 0.56** (0.01) 0.61** (0.01)
2 028  (0.25) 040  (0.09) 029 (0.23) 0.16 (0.52)
3 -0.13  (0.59) 0.11  (0.65) -0.06 (0.79) 027  (0.27)
4 0.48*% (0.04) 020 (0.42) 0.19  (0.44) 028  (0.24)
5 - 044  (0.06) -036 (0.13) -031 (0.20) 025  (0.30)
6 —-0.63** (0.004) -0.51* (0.03) - 0.62** (0.004) ~-0.50% (0.03)
7 -042  (0.08) —-0.63** (0.004) -0.51*%  (0.03) —0.72** (0.001)
oW — -0.55% (0.02) -0.79%  (<0.001) -0.77*  (<0.001)
W 0.46* (0.05) 025  (0.31) -0.16 (0.51) 023  (0.35)
KW 030 (0.21) 037  (0.11) 0.47*  (0.04) 0.52*  (0.02)

Values in parentheses are p-values. * indicates p<0.05, and ** indicates significant correlation after the false discovery rate (FDR) correc-
tion. Note that the FDR correction is not taken into account for OW, TW, and KW waters.—means available data are not sufficient for
evaluation.

Table 2. Partial correlation coefficients between the occurrence frequency of each cluster and the variation of the Oyashio front latitude,
Kuroshio front latitude, and the sea level difference in the Tsugaru Strait between Hakodate and Fukaura.

Cluster/ Opyashio front Kuroshio front Tsugaru strait

Water-mass 10m 100 m 10m 100 m 10m 100 m
1 0.52*  (0.03) 0.62** (0.01) —0.19 (0.47) -0.07 (0.77) 0.25 (0.32) 0.06 (0.82)
2 030  (0.25) 025  (0.34) -0.22 (0.39) -0.19 (0.46) -0.05 (0.86) 0.44 (0.08)
3 -0.14 (0.60) 031 (0.23) -0.02 (0.94) -0.38 (0.14) —-0.06 (0.83) -0.39 (0.12)
4 045  (0.07) 032 (022) 0.19 (0.46) —-0.15 (0.55) —-0.28 (0.28) 0.16 (0.54)
5 -043  (0.09) 022  (0.40) 0.05 (0.85) 0.17 (0.50) 0.12 (0.64) —0.15 (0.58)
6 = 0.67** (0.003) —0.51* (0.04) 0.34 (0.19) 0.13 (0.62) -0.07 (0.78) 0.30 (0.24)
7 -042 (0.10) -—0.75** (<0.001) 0.06 (0.82) 0.37 (0.14) 0.02 (0.94) 0.07 (0.80)
oW - -0.79% (<0.001) — 0.31 (0.22) — 0.07 (0.79)
W 044  {0.08) 023  (0.38) 0.13 (0.61) 0.24 (0.36) -0.13 (0.61) 0.15 (0.55)
KW 029  (0.26) 0.59* (0.01) —0.07 (0.80) -0.44 (0.07) -0.38 (0.13) -0.25 (0.33)

Values in parentheses are p-values. * indicates p<0.05, and ** indicates significant correlation after the false discovery rate (FDR) correc-
tion. Note that the FDR correction is not taken into account for OW, TW, and KW waters.—means available data are not sufficient for
evaluation. ‘

5. F—FORPE#AK KW) IZBLTWwA. HEEE
ASE W CLO2, CLO7, CLO8 D35 4514 34.4-34.8 D I8, O Hi BH
THhHD, KiRiE13.2-23.7°C & F O #H I A B - 72,

2011-20154E121%, MATORBEERNE L 188°CU LD
WD CLO2 &, HAFICHILEDNEH < 17.1°CULT O &R O
CLOSIZHBERINRA L, ZodE oK% > CLo7

CLO8 I%, RICIE > Stn.1-3, 13-15, 1718, 21-22 12 B W T
WEE (HLUETOCLSDF— 7 b B EDET—
) H20% L E L@ (Fig 7(b) »FH), CLO2IZ,
BERE30~ A WL LD MAIZDH B Stn. 4-12, 15-16 1B VT
BRI E Ao 72 (Fig. 7(b) ®#HRAM). CLO7IE Stn.18 LL
HHZIE S BT 2 KT, Stn. 1-5, 13-15 128> T 20% LA
FoBHBESR SN (Fig. 7(b) O&FA). » Y 4ift
DB\ 2006-20104F & 4272 v 20112015 £ D &
SEMTEI IR —OMBARZ B LA, HBED

EHERRMSBEML T/ (Fig. 7(c), (d).
RMREEOTHRTH L BB EIEEOREHEFHD S
LR R BT SR (Stn. 4-12) TD4-68 D50 mBE
EHKIERE, BHIBICBI2ERLEEHEBOFRE, LD
BRSO TREL R KL 2L 25, BENK
E{EERLTWS20114E L2154, KBER-THBD
(Fig. 7(e)), BBRRI P EHh ol (RRER). KiRD Y
FAF—TH5HCLOTOWMIARIL, BHRMBEEERE O
BWIEOHHBSR O, BEmEiET 513 LRSS
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Table 3. Correlation coefficients between the occurrence frequency of each cluster and the variation of the Oyashio front latitude.

Cluster/ 6 Clusters 8 Clusters

Water mass 10 m 30m 50 m 10m 30m 50m 100 m
1 0.54* 0.59** 0.56** 0.57** 0.48* 0.59** 0.63** 0.46*
(0.02) (0.01) (0.01) (0.01) (0.04) (0.01) (0.004) (0.05)

2 0.42 0.43 0.29 0.09 0.40 0.40 0.21 0.47*
0.07) (0.07) (0.23) (0.71) (0.09) (0.09) (0.39) (0.04)

3 - 0.62** 0.11 -0.06 0.16 0.20 0.11 -0.03 0.15
(0.005) (0.67) (0.79) (0.53) (0.40) (0.66) (0.89) (0.54)

4 -0.19 -0.37 0.19 0.46* - 0.40 0.11 0.36 - 036
(0.43) 0.12) (0.44) (0.05) (0.09) (0.66) 0.13) 0.13)

5 -0.33 -0.36 - 0.63** -0.25 - 0.54* - 0.41 -0.16 0.41
(0.17) 0.13) (0.004) (0.31) (0.02) (0.08) (0.51) (0.08)

6 - 0.44 —~ 0.63** - 0.51* - 0.77** -0.17 -037 - 0.42 0.10
(0.06) (0.003) (0.03) (<0.001) (0.50) (0.12) (0.07) (0.68)

7 — — — — - 0.49* - 031 — 0.60** - 0.44
(0.03) (0.19) (0.01) (0.06)
8 — — — — - 0.42 - 0.62** -0.51* - 0.72**
(0.08) (0.004) (0.03) (<0.001)

Values in parentheses are p-values. * indicates p<0.05, and ** indicates significant correlation after the false discovery rate
(FDR) correction.—means available data are not sufficient for evaluation.

BWHEBAED SRz (7090,p<0.01). —F, HiED
CL2D B RIL, BHRMERERELBAOHBEY
Holz (r=-051,p=0.13).

Z =

FALHBIROKR I EEE

AT, EFHRIMBEROKMT — & a2 7 5 X
y—EmEEEL, KB BEBTOAMLSMEB X UHA
ROBELB 2T L. TORKE KERTOXALE
i, B# 7oy MEELHEANRBRVI EAREN (Table
2), ## 7oy MR (UR) T34, KREES (B
BEES) 7925 —OHRBEIEMT 2 EMICH - 7.
HMS7 DABX 5% BH4 5 &, KiREES (SREES)
795 A% -k, BERGK (BRREK) dLAZE0E
BKE#Ez b7z, HM8T DKM S Clk, REBOESE
FE7—5 (FIC10mB) ORPiE, KBK (SW) v
HINODRFITHEENS, SWiE, By 3 5K - EHS
DML, SWOHREOLER, L, RFEBICED L
) kiR - WA o ARFED TV B EEET
50k, BHTRELZV. FECEHALLZY SAY—@iT%E
v l, SWHIZH B R% 5K E2 ZBMICKSL,
BEivor VEELEELTHE T KRBT AZ L
BCTELEEZOND. —F, BEEBREA (TW) BT
ZAMOBBEIIONTIE, Bl 70 v MEEREH-K
ERAMZEE OWBELHBIEOhE o7 TWIZEM
K (Kw) L#EK (OW) DEEEHBBETORESL

B Ehb, TWHIZIE, (1) BEEER S R TFEER
AFHLTEKSE, BXIC, Q) Bkt EBEHKORE
IZ & o TR S N KIS, RIFECHRBRENR LR 5K
PRELTWAEEZONRA., EE, 100mETIE, KW
L OWODRATEREN S 5 CLOS DS AHPA I, Hibnp
EOEVHEHBIICREDIZR L (Fig. 4(f), KW & OWDR
ATRAELLZWVWCLMDOHiIL, BRAEICREERS
(Fig. 4(g)). EFOEBIRFKIE, HBEEEZ M CREHR
DOW|E— FEBEL72%, RILBRICHE>TETTSLC
&» 5 (eg,Conlon, 1982), CL04iX, EF (1) o5A%
SORBLIZ GRS —ThobeEL2LNSL. Lal,
D CLO4 O HBLER & BRI AL & ORI TIZ A
< (Table2), HEEHEIED S MM T 2 KBORFEIREE
BLTWAWRESESEL NS,

DI GAY—FHOMEE L LT, 77AF—HOB®
DHICEENLERIIRSL BVH 5. ARTIE, Ripic
ANLHKW,OW, TW & ZOREKEZEL, THOZ 5 A
F—ZHNTELCENET o720, 275 A5 —Hz 6B
LUSMICEZ7BATH, BElvoy bR (LR &
WCEHER (BER) 79X 5—OHBEINT 5 & v 8
mik, BBUhFED SN/ (Table3). LAL, 25X F—
BEDHADI0mFETH, FDREWC L ZZELEHIE
(Benjamini and Hochberg, 1995) %179 &, HEMWICEE R
HEZ2FOZ IR —FROOREP o7z (Table3). 7
SAT—BELZLBMYTETCLENE, IVHBLWVWEER
BREZHTLENS S720, ZROX HIC, FRIEEHIC
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17
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Mean Offshore Distance of Kuroshio in Apr.-Jun.(miles)

(a) TS diagram identical to that in Fig. 3 but for data taken by Chiba Pref. in 2006-2015 in Apr.—Jun. at a 50-m depth. (b)

Observational stations in Chiba Pref. with station numbers (Stn. 1-18, 21, 22). Stations with blue, red, and green circles indicate
more than 20% of occurrence frequency for CL08, CL02, CL07, respectively. The occurrence frequency of each cluster in (c) 2006—
2010 and (d) 2011-2015. (e) Relation between the mean offshore distance between Cape Nojima and the Kuroshio Axis in Apr.—Jun.
and the mean temperature at Stations 4-12 in Apr—June at a 50-m depth. Note that the offshore distance is averaged over the period

corresponding to the hydrographic observation.

BT 5 REM L KROTERED D L5613, TOHAE
WHRLTIZ IR —HEaRYVALIENERLEEZON
5. F TWILBRT A7 5 A7 —DBERIZOVWTIE, #
WLZ27 5927 —Hicko THEREVSR SN (Fig.
6(a), (b)). BRICEBRz X H1Z, TWICR G SN 5 KBS
1, R HEIFEEFROKMANRIAEL, [ UK - Ho#EpH
R )BT LM, BERIVERICEZS>TLEY, 75 A
F—HBOERICL > THRRPEDoTLE) L EZLN
5. 25257 (6,8 MDYHEDCLO4 (CLO2, CLO4)
DX I, BRI ROKBO—HEMETEZ 565D
50, KWHOWREGKPLEEIT/HHEL THlili 45 2
L, K- ESTF—F R TEREELY. S%BT—-5 &y
FAFELTWITIE, Mo/ 85 2 —% (BEEEE, REHE
WEE, TNAH)ES) IMATZ IAY @ EEHT 5
Z&T, LRI T & o A EIR R Sk
AKHEMBTEL 2D LA v, #l 21, Kakehietal
(2017) \2& B L, BEK, BEKOFHWERT ¥
VT NVAYE (PA) X, %4 22352246 umol-kg ™ ' FEEET
5. FEEHRAKDOPAS, BEIK (BREAK) X (8
W) OTHE, FEERBRRAEROKIRIE, K (&) PA
RROKBLE LTXBITESLTHA ).

BREHBEAANOEAORA—TEREEHY A RBAE
EHELT—

AEITIX, 79 AT —BNTC X 2 RBENT FH: % v Cift
MEFE OMBRZEZFHLS 9 2 TOERLER, SBROMH O
FHitEZE, TEEEEEO D Y+ BMBRELFICE ) ZET
b, AV OEBPEE LT, WAIE2 (2013) &4
F ORI 2> © 18-19°C LLT D /KR Tl K [t
KTHILIITERVWEHEL TS, TOMREZEICT
5L, BElmhsHERL, RO I A8 =L 7%
FsER (2011-20154F) OTFHEEEHIX, # Y+ 0l
Il o CTIFBETh oW MDD 5. AFTIE,
19°CUL EDOKIRT = BRED 7 TR —ICXFEINS
X7 TRY —FMEBIRL 7= (Fig. 7(a)). ZDHER,
BESERTHEIRZ 7 A5 — (CL02) OHBLOBAHS
iz (Fig. 7(c), (d), BIziE, 79 A5 —E»3 71D
& BCUTP—2bRALIZAY—ceEhT L%
I 72® CGRELIR), COBBRPHBIRSNEro7 &
DT ERS, WREHLOBRERLES ) 2 TIE, HRE
7% B RO BRI, AMNFMEZER L T A5 -
OBIRDVLBEI R BN EZ SN S,

BRI & E T DA R RERO LR TIE, HEKORY
AR X BEIES KR (K€, 1985; AR 1T 24, 2003) 2%
o, EWHAIHEET 5% (Kasai et al., 2002; Okazaki
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etal, 2003), BEPRICEE S 3K L ERIRAERER - [THEAS
MeDEHRERETLMREL v (eg., Takasuka et al.,
2014; Watanabe et al., 2016; Miyamoto et al., 2017). T DI &
o, KRASMGVA YV FOEERDZ b LES (ZF
1996) DAL BERLTWAWHEENEEIN S, KRl
Mz, SBREICIOVWTY, &Y+ OBKIEERREICE
FTHEEZLNTWBZ NS (AAIED, 2013%), 4
%, WAEREEAZKESA RS OBREBEY
52 LT, IREBOMNTICHE R ERIE SN 5 TEEE:
b, Fl, SEHB LAY T RBEETIE 468
HorytrKBEER 001FE2BICEBRICRS LN
(Fig.2(d), B¥SHEOWELHE (4680 MEKE
OFHEE, FESEOR23% LRI L TW D0,
BEEOBIITEROELOMICHESHEDRL b ¥
BU-MERENEV. COZERSERIE 5By TR
¥ — BN TR IR AR NS T 5 1CH 7o TiE,
AT HEE k) BEORELNECHNT 2
7o, HENIHRE 2 2HBBOBHEES, EESHEOE
BPREEICER 5B ETMTA2LENDLLEELS.
% OBIFHETIE, EERBOERY, S, BEEHE, B
SR, MESOBELRVW-BERERLEBT o ER
{LCPUEDE B2 ENR TS (eg, B, 2004). Zh
L3I, WMERPOCHETHELEREHSOLELR
WIS RBEER KT T A B ELRTA YTy 2 R
R, KHEH & OBBREE ML, Z 0L
WICH5 2 5882 LD WHBICFHET A L PWMREL 25T
H59.
ABTRGZZ 95 —BIFIC X A ARG EFEE Y 7
MELTABTAZLICLY, E0X) RWMHYMAICKE
THZLEMHETS.

& &
ARIIKERFE - BB BRI AKERFERTICT, 2017
F6 IS NA [BIRFNENIES] CEBL 22MH
WEBORHRZ2RIED25DTH 5. AR THWAMR
SEY 7 ME, FICKAKEBFER ORI KA tEL % ol
BRI N7z IR AKEMEFTOARERELS X U2
BOEFHEDOH 4121, A#HEI A METEV.
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