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WHEAE 7 0 2 & YA 2 R AR T A OWTRE LD AAZI LN L TE. AT
AR — 7 BIANITE L ~ 5 —FERBEO204EH THED 5N T & B4 R — 2 7 Mg B 2 iR -
Y EAGERIETE 2 BBl 5.

Study on the biogeochemical cycles in the Pan-Okhotsk region

Jun Nishioka', Humio Mitsudera', Kay I. Ohshima"’, Naoto Ebuchi"*, Takayuki Shiraiwa',
Tomohiro Nakamura', Sumito Matoba', Takeshi Nakatsuka®*, Ichiro Yasuda®, Aiko Murayama',
Kazuya Ono’, Kotono Shinohara', Masaaki Wakatsuchi’

Over the past 20 years, the Pan-Okhotsk Research Center has actively studied ocean circulation and material
circulation in the North Pacific and its marginal seas, including the Sea of Okhotsk and the Bering Sea. Observation
of the Russian EEZ area was essential to understanding this area, the Pan-Okhotsk Research Center had actively
promoted joint research expeditions with the Far Eastern Hydrometeorological Research Institute, Russia. During
this period, our knowledge of ocean circulation and biogeochemistry in the Pan-Okhotsk region has advanced
dramatically, and we have clarified key findings regarding nutrient and iron supply processes that fuel biological
production in the North Pacific. This paper provides an overview of the study which conducted over the past 20
years.
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Fig. 1: The great ocean conveyor logo (Broccker. 1987). (Hlustration by Joe Le Monnier, Natural History Magazine,)

K1 : b KT ENIREEOMBIE DO 54 () &Broecker® MW L2 Y X7 NV b O#E&K (47) (Broecker et al,

Oceanography, vol4, No.2, 1991)

Figure 1: Distribution of surface nitrate concentration in the Ocean (Left), A schematic draw of the Global Ocean Conveyor Belt (Right)(Broecker

et al., Oceanography, vol.4, No.2, 1991)

1. FL&IC

[, HAROBERE S 2 KR € ol (FA—
Vg X=1) V7)) TRRENLERRVEAN IS
DTHHH)N? ] BEF—v 7@l > ¥ —Tlig,
SR04 D) COBREEH LN 5 LIk
e L&Az B A A T AL IS VR T SEAY O P SR,
R TFEOIERTIROKRE BT T > 7+ V8%
AT, T, oW, MW7 7 b EIC
X % KED S HENDCODWIN - B DO ZE B 755 b K
SRR TH Y, R[ELD) L %D S (Takahashi et
al, 2002). L2 L, il s o#goMn 75 v 7 v iGs)
PELHF IR TPV TIE, HICHEE SR
TWadofz, KR Z L T 52023420 54 h &
bl, by y—FE UK (20044E) DBRA R —Y 7 HHRO
PIEEBRITZEIC RIS 2 EELBREE LT, Tild 2o
EzohTwiz,

1) BEIXEFEEFHOREICHNLCGEENFET S

DH?

JEICP PRI ERT UL, WERBUBE Ol o > X7 XL b
OB REAKOHD) WHELTEY, EREIIEER
ECEERREE SR ) VEE s AR 250
High Nutrient Low Chlorophyll (HNLC : Es#EHMK 7 0
O 7 4 V) WERAEAET 5 (K1), FomERIZEh g
FEFDEH L T 5 (Broecker et al, 1982; Matsumoto,
2007: Matsumoto and Kay, 2004). TN F TR FEEM%E

WK E [T o R T7 NV P OMITT, i S
BREEAPRIICE TEIZN TR LI N T
7., LA L—MWICEEREOMWIEEICIB VT, K
BETICANEDLS (BE%) 3L, BEo%E
WAEB IR AR AGHEMENR TR o572, H
AL O AT O W H i & 2R A3 AL A & BRI
B72IIE, WEI Y NRNT RV P RETTRI > TW5
KIEONWER T R 2 LD B - 7.

2) ERFEFHEEFHOBEY TS VT M UigGEZFIEUL T

W3 Feffs O R 3 {ah ?

20004F AR RTC1E, Fh OANLCHR Oy 75 » &
b BRI MEREWE TH B8k (Fe) O THIRES
TWBRZENFWSRITRYOOH oz K=Y il
BoOECEYEE W75 > 7 b v&) Z2EANTHH
AREBFT 27201203, MEKEWE TH LFeds e h
LEDLI B Tut AR THHE SN T 00 % EE
MICHBT 2 LENH 72, LrL, HARRTO Fed
MBIV T, WO THRLPLTWILE TH bFe
OBROEL 205, K RBEHTH 7. Feo il
BohTd, KA 2 M X BFeftfiid, #WENEEO
FelGER DWIFEIZHE 3. - TI970EMR L LN S L SWfFE s
THH Bl2E, SEREX7FuV 7 b (Duce, 1989)), 7
DTIEE L DIHRIZB W TREAST A I DSME—DFed i
BB cdh b EE 25N Tw (B121F, Duce and
Tindale, 1991; Jickells et al, 2005). ZDHEDEFENDFe
DA DOIROMEI L > T, KAF DOFeiL# 12z



B R — v 7 WEARRI e 71

T, NG, BRI 2 & O FHIEE, UK, i
KR 7 &, LD FBFeR D% K BRI, ZOE
PRI S e (B 21X, Johnson et al, 1999; Elrod
et al, 2004; Boyd and Ellwood, 2010; Conway and Seth,
2014; Tagliabue et al, 2014, 2017; Resing et al., 2015; Lam
et al, 2006; Nishioka et al, 2007; Lam and Bishop, 2008;
Lannuzel et al, 2007; Kanna et al., 2014).

—7 T, 20004E AP A R —y 7l GO 7zdbX
FHEE LD F BEWENATESKE CGERL (),
JER P DGR & RIS, F R — v 7 il X —
VY g EAERRLESKE BB RS TWwS T
EHREIC R > Tz, E07280, AR RTE RIS
B bFelltfi 70t 2 & GO WEMREW S 22T 5
72dI2iE, ERFFEL AR =Y 7 X=) Y 7LD
Vo=V EDTHIRT 2LEENH 5 2 &k S
noodh-7.

2. EXFFICBIFBFeDHARDER

By N G X S e | oy NI R E S Sl s L s PSR (197 €2 3
BEETO—RAEBBEOFHFERICKE RE DD D
Z EDT1980FAE A S & K BN TV 7z, Parsons and Lalli
(1988) 1%, AbKVEPEICIE, HFICWERWMM 7T v 2 v
ORBG (T —2) BH Y, ALREFEO—KAERE LY
Ty N YEMOFEHN YA 7 VI, FRORGRE
CEoFIHW M) EHEo&b ) OMBEEOMIEIZ X > T
BRSNS L6 L7z, ot b AT 3 o i JE47 35k
BB —RERERW T T~ 7 b Y HETEOTHINY A
INVIE, FLEORERE~ s - <A 7uBiYy T s v
Mo, ZLTBZH L (UkKE) KFEEOREWEIC
Lo THIRENS L%z 5N Tw7z (Parsons and Lalli,
1988). ALASEFRmLIE I Tld, MK R B R E K
EBRIC, IR ORI (IR L ) VRl
FERSTFHENS LD D, KRKREERTONS F 7R
WEBE PN LS N Tz, EFETDIES
o OEERFBIEMIRAT A% THNLCH | & IFFA
720 Mg, ZOTHEAORRIIEEYO EERTEO1D
LY, WEFEEBLE, GRENEE D CEEICER
RIBEDIRAF T 2 HHS MBS 2002 #@m L. €0
% 2 D304 T, MR OUEE THNLCHHE TR S 1 5 B
H & B#ES 2 720 OB NG AT b, T O#IE [
B B MERERE L COFen&# | 2 WH 322 LT
& - 72 (Martin et al, 1991).

19804E4t, ER T ¥ F 4 ¥ ZEERFZEHTTE @ John H.

Martinfi: 5D 7V — 7%, GRE; 72D OME LR 7
V) =y T v 7% v CHNLCHES O K o A7
Fei &2 M CIEMIZIE L, JLARFERETE (77
AE) OFEAFFeld f#EE & RIMOMES i 2 7 b, K@
RN T 7> 7 Y OMEZHIRT 513 2w &
#5172 (Gordon et al, 1982; Martin et al, 1989). Martin
Hld, FeldfLRFEERTOLEWAELZHIRT 2D 95—
DORERTH Y, WKL OMEKE, SEBRENR
P, RSP SER s S HNLCHESIC 31 2 e il
W75 r ok, FeOFHBENIKSICE > Tl
PRXN % & Fik L, PaleoceanographyislZ [Feliii] & L
THFE L7z Martin, 1990). ZO[FelkFilizid, [HARR
2B BHEENOFefititi, K-k A4 7 vz g
REBEEZHIELCwa ] o NEbEER T £0
Hif%, Martinb® 7V —71%, [Feliii] #MHEd 5729
227 ) — B & v TR EE O Fe & il L 72 k-
R P VEEBREREITV, N5 OEBKRES S, HNLC
KIFKICFeZ MT 2 LMW T Z7 7 b a2 L < Higl
3% 2 L &#9EEL 72 (Martin and Fitzwater, 1988; Martin
et al, 1989, 1990). <O, EFEFH/zHIE [TAHHNLC
MHRONW 75 > 7 b VEEZFIHL w2007 | Ew
9 iam & M S 7z (Chisholm and Morel, 1991). Z @i
FDOHT, [Martin® OFENE L 72K MVEREFERTIE, &£
BERIIH T B FeD £ 2 WIHE IS § 2 REM & L Tidt
TR %L, EROMmBFEREICIBITLT 77 b R
RIZBUT BFenfxE 2 BES % 7201213, Fefltia (20§
5772y b VERRBESKROIEEZW S PITT 5L
Eip o] L) ERPH o7z OB #is 7z
O, [ BiFelt L 925 (Iron Fertilization Experiment
(IFE)] # %M & 7z & OIFEW, 19934F A £20094F
F T, R OHNLCHHE TI3m LA LEE S Tw b
(Boyd et al, 2007). SNOOFEBDITLALE, TT
OHNLCH8 T, FedSWiM 7 7 > 7 b ¥ Ok LRk
HEECTOAERICHM OB T LT L %2R L7 (de Baar
et al, 2005; Boyd et al, 2007). At AFEHRIENIBTY, 3
2 OIFE (SEEDS, SEEDS II, SERIES) (Tsuda et al,
2003; Boyd et al., 2004; Tsuda et al, 2007) VEfE X, Z
NS OFERRR? S, LR TFEEOTEHER & B o M 547 18
DOW ST, MW7 77~ v AF 3 AD)E L FeDF)
FWREEIC L o THIBR SN TV B S ENHL NI R o 72
(Tsuda et al,, 2003; Nishioka et al,, 2003; Boyd et al.,, 2004;
Tsuda et al, 2007). TN o OEEERET, BROMEES
Tid, Fed W75 > 7+ v ORE LAY BERILE
OHNCEE R ZEE R TUHERERTH DL I LHPH



72 TR AR =SFRFK RBE-IR VDREA BEFAT, PRI, MGEA, MR R ZH—88 MR, N, REEY, i

BB HMY Wb D HHRKE RoTW D, LK, £<
DHEHEFHD, FIROWEIZB 2Fed LY HERILFRY
TEBRZHNRD LI EFESC T IR S, 20064F121F,
iy e GEOTRACES 71 775 2. (GEOTRACES Planning
Group, 2006) 2BHIE S, ARJFEH % & L T 520234F
BUEIZBWTYH, BRI PH B L o TR T
FeZz &b 4R TE L 20RO LR i % W 5 )
WX b7zon7uay sy PAH#EITHTH S (Nishioka and
Obata, 2017) .

3. RARK—Y7BEICHFIMERRIAAD
ER

3.1 BB LA F 2R BHERAR D SMEBIR
fzEA

BRA KR =Y 7B OWEWRE L BB 57-0121%, 2
DI T DWHFERBRO IR E 2. BAF—v 7
BT e X > & — O EIEERII LA Z D204E TR E <
BLZ-FOKEZHEHIE, Zhbiio7ay s b
IZBWT, B R — 7RO B0 2 W5 5k
JZATbh, TNETKRFBATH 72 K= 7ifp&
AR TFHE2 B TR S I % o T2 T A%
Fons.

AR =y 7 BIIIGE X ¥ & — OWEIEBRIEZEA T D
NDHIZEDL E CTOMFEMHERMEEZ LT IHMBIT 5. GEL
CIRAMRIRPHAE2D K E (2024) [CidBEhTwb. £
7o, —EBIXTER - =S¢ (2012) TR FEHHLNTWY
5. 19974F 7 5 20024F o [, b 8 K AR IR B 0 g8
e (LT, AU REGRA) A3l & % o THIE I L RERT 78
(CREST) [#H&— ZikoEELELBEY AT 2B
LAH DY (WFFEAFEHE © 45 ke AL RARAT %)
A%, BT TR R R AT (Far Eastern Hydro-
meteorological Research Institute : DL FFERHRI) (& ¥
7)., University of Washington CK[E), Scripps Institute
of Oceanography CRE) & oEEHFE DY MEL
THEMi S 7z (Wakatsuchi, 2006; Ohshima and Martin,
2004). FFx—v 7L LRFHED Y 2T L OHEIZI,
0¥ 7 O REF AR E & O oA R — Y 7 kO migE
BRPELENSEDTH o7, TN E TBRAN T 5B H
THEIDEE L 220 724 & — 7O BHNALE T dH - 7225,
COCREST7u ¥ =7 bTid, JLRAKEMF & FERHRI &
O THEEWZEDE BIFSh, vy 7 Mo geR A
AL -BINARI SRR S, ChETIEEA L
TEGholatd—y 7iENET, GEt4b o %N

Airbitlz. F/CREST7u Y =27 FTlE, REFY 7
y—, Fu7 7 A rr7a— b, RSB AR L
T, A &= 7 W OEE > S PRI 2T 723
W, ZhFEFTRIMTD - HINY VTR OHEE R
JiE OB (Ohshima et al, 2002; Mizuta et al., 2003)
EBWSMICENI 51, LKFERREK (North
Pacific Intermediate Water (NPIW)) Oi2iFKIZE LT
3, 7 A= WIIRAIDMLE S % 4 R — 2 & A 7 PR I8
T, WKOERIHE > TE RO - B - BEESK (T
T4 V) 2SBEMICPE S 4 (Sheherbina et al, 2003), &%
FEREMI K (DSW) 2R S NB A H = X 2 ZEH»HH A
HTEICHIILTWA. Tz, TORDPINY YRR
ONEERERZE NL, A=Y 7R 2512
LR FEEDHE (400-800 m) NEJRAS> TW L B R —
7RO [PIEHER] 22 BICitET 5 2 IR LT
2% (Itoh et al, 2003; Fukamachi et al, 2004). 2D X9
IZCREST7u Y 2 MIXoTlAFR—y 7L b RFeE
2B CMEIRBR | O FERED i 4 L o Iz .

COCREST7H Y x 27 FClE, Bt &— 7o
FEPEBR ISR 5 2 B O HE LB 2 OO ST L
TWa. 2, TR RTH —FR T v VIV
WKBWTHEFBN» 2 Sh, +h—y 7L IR TFED
B oK ED E RIS X b7z (Katsumata et al,
2004; Katsumata and Yasuda, 2010). Z® %, T E5E
O E R BT 5 AL A O E B A ) Z L
Ei SN (ZHS, 2008), TR TV A ELLIEG O
REOREZEMN AW O PICT 52007 — 5 05ERK
EhTwsd (Tto et al, 2010, 2011; Yagi and Yasuda, 2012;
Yagi et al, 2014). & SICIFELRIBAT A w—y 7L It
KIFFEDOKEZRELT, KRELHASIETVWLHT LR
Z 5N Tw5 (Ono et al, 2007). TNHDFK— 7ifEL
TERTH oM, ERTPFENTERINTE
72BN E T VIO R LTI 5N, LR FHED
MR BR ISR 72T 4 A = 7 D& ENI B 5 % HF 51
PRI HERE L 72,

CRESTHIZE D 7u ¥ = 7 b DK RIZIE, —EA4H—
V7 EOWENEERICET A AR EENS. DSWEZD
W TR S NANPIWICIE, & — 7 i
TR R L DR RE A B e 3B R0 VAR A B e RS D) A
FN, FAR—=Y 7D SR ORI EANYE A5 % S
NTVDEZENFHLPITHR o> T (Hansel et al, 2002;
Nakatsuka et al, 2002, 20047 &). ¥ 7z, KA RIS
BITAATECOR 70 v B EDH AR DSWIZ & - T
TEiE®E CHEEBREI N, BRTORGTRRED
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Figure 2: Location of observed site for biogeochemical
parameter,including Fe, after Pan-Okhotsk Research Center launched.
Color square indicate observed site which conducted by collaborative
studies between Japan and Russia.

) —ERBAEZITC, ARTPFEOSMIEEE L ZTw
5ZEHIREN TS (Wakita et al., 2003; Yamamoto-
Kawai et al, 2004).

20044F DB A R — v 7 BEIAFZE £ > ¥ —FE &I,
CREST7u ¥ =7 b THOLNBT R — v 7 i o
PEEROAR A2 RX— 2L, WHERONZELZ F# e LT
WEFE SR S L7z, 20044FE 2 & O54ERTIE, [ 7 24— V)il
DWAR, A=Y 7 BOWEMRHERD, KEWEE LT
DFe% JLAR T E T, BLEIE R V4 H Ak AT i S 7 dak
OEWEFEZZZ TODDOTIZRVA? | V) IREZR
ETAHEZHMELZ [TV - Fh—rrTadzcy
MO(ARFEREEH © A FAT © ALRIGRAT, BE ek
WD) A B EfS N ZoTed s b T
LCREST7H Y 27 M THi 720 v 7 L ORFRE kG L,
20064F £ 20074E12, 1 ¥ 7 M & IV 72 R EROK BEA 2 &
BN VR, 7y VOV, RSP SR I D
%35 BB o 2P BINAER S, AWk
LT o A0MEEZ EHWE LAY - fLER D8
I A= OB TDNT:.

CREST (1996-2001), 72 =) - FFk—=vr7udx
7 b (2004-2009) \ZHl &k E, BAA—» 7 BB >~
¥ —<Tl%, FERHRIOFTETH %17 DY. N. Volkovii
€&k LRI 2 A7, A=Y 2, WA AT v
Y AW, N=1) Y SR TE 7 E v dk
FBMMALE/BL:. ChETICERLTE2ETD

F1AURTEB X OGBS B 5 8 (Fe) IREE 0N % it
L7=ftifED U A b (20184F % T)

Table 1: A list of cruises for iron measurement in the North Pacific
and its marginal seas

Year Month Ship Cruise ID area

1998  Aug-Sep RN J.P. Tully 9829 Gulf of Alaska LineP
2000 May-June RV Miai MR00-K03 ﬁiiﬁs’l’;::bgﬁ';;fzg
2003 Jan R/ Hokko-maru HKO0301 Oyashio area

2003 Feb T/V Oshoro-Maru 080302 Oyashio area

2003 Mar T/V Oshoro-Maru 080302 Oyashio area

2003 April R/ Wakataka-Maru WK0304  Oyashio, western North Pacific
2003 May R/V Wakataka-Maru WKO0305  Oyashio, western North Pacific

2003  Sep-Oct R/ Hakuho-Maru KH-03-2  Western North Pacific, 155 E line

2005 Jan R/V Hokko-maru HKO0501 Oyashio area

2005 May R/V Hokko-maru HK0505 Oyashio area

2005 Dec R/V Hokko-maru HK0512 Oyashio area

2006 Jan R/V Hokko-maru HK0601 Oyashio area

2006 July-Aug RN Pro. Khromov Kh06 Kuril Ics, Okhotsk sea
2007 July-Aug R/V Pro. Khromov Kho7 Kuril Ics, Okhotsk sea
2008 Aug-Sep R/V Hakuho-Maru KH-08-2  Western North Pacific, 155 E line
2009 Aug-Sep R/V Hakuho-Maru KH-09-4 Aleutian Islands — Bering sea
2010 June-July R/ Pro. Khromov Kh10 Kuril Ics, Okhotsk sea
2012 July-Aug R/V Hakuho-Maru KH-12-3  Western North Pacific, 160 E line
2012 July-Aug RN Hakuho-Maru KH-12-4 s“bamt'éggq_"&:ac‘%? GPo2
2013 Juy-Aug TN Oshoro-Maru osty  Subarctic North Pacific, Bering

Sea, Surface survey
2014 May-June R/ Pro. Multanovskiy Mu14 East Kamchatska current
2015 Nov-Dec R/ Hakuho-Maru KH-15-4 Kuroshio area

subarctic North Pacific, GP02
GEOTRACES

Western Bering Sea

2017 June-Aug R/V Hakuho-Maru KH-17-3
2018 July-Sep  R/V Pro. Multanovskiy Mu18

FR2 ALK - ARIRAT & O 2 7B A RSP (FERHRD
& o H [T 0 5 f FE A
Table 2: A list of collaborative cruises between ILTS and FERHRI

YL AR the firstera

1998 Pro. Khromov Japan/Russia/US
1999 Pro. Khromov Japan/Russia/US
2000 Pro.Khromov Japan/Russia/US

2001 Pro.Khromov Japan/Russia/US TR
BAR—Y B RAME > 42— B the second era i y
2006 Pro.Khromov Japan/Russia  KhO6fiiiE BEERAR—VoiE

2007 Pro.Khromov Japan/Russia  KhO7fiiiF ZERAR—YIiE
2010 Pro.Khromov Japan/Russia  Khiofifii F&ERA+~—yoiE
2011 Pavel. Gordienko Japan/Russia Gollffiif HEpA+H—VoiE
2014 Pro. Multanovskiy Japan/Russia MuldfiiF HAAFvYNER
2018 Pro. Multanovskiy Japan/Russia Mulsfiii FEERR—YUL 5B

FHEBHOT—5 €y b, ERFEMO HARD TS
ragicHenzr—rty VERAT A LT, KA
BRI A=Y 7 HBIIB 2R —F—LADT—% 1y
FEMER T 22 EATE (1), ZOBMT—4 25,
PR VALK P IR O AR 2 &I LT
BHRROFeDMHE Y AT 2 DD STk 572 (K
FDARE (MR % 5L ).
CHDXIHICCREST7 U Y = 7 b DI9984E % [ 0 12,
a7 E W7k = 7 o BTG 2520184E F T
IZI0mFERE N TS (2). CRESTHIZEA 5 5] & fikwv
T, RAEMKSE L TO Y 7ML 2 FE T & B IR A3 S
ENTZ LD B R — Y 7 RO MBI SE - W BTG



74 TR AR, =SFK KBE-RE TTHE

BROIRIZRE AT DNVT WD, 20064E OB ¥ 7
AN X EINAL D150 IS #% B (FERHRI, ALk - AR AT -
Mo ERBREE - AKREAES, AL E RS, BART R, B
REFRLMEDZEIT, JAMSTEC, HAE1- 0525 5 h
K, BIPUAETERT, B RS, AEERRY SRR
JUHIRS:, RRERY:, FEFFEARY, MW]) 25, @
RI3HDORAREAFML TV 5

3.2 7 R—YIiBER—-D U TBICHIT BYEREIRERA

COfiTIE, THETICERAF—y 7 BllNEYL S 5 —
THME LT E MR OT AL, BAR—r 7O
Fe & S O BB B 5 2 W) RUAIE BRI 98 O Bk % il
W Ny 775 v B ED T T % (Nishikoka et
al., 2014a; Nishioka et al, 2020; Nishioka et al., 2022a).

321 FKk—YTi8

CREST# T %, 20064, 20074, 20104, 20114F12, o
¥ 7 A T 7R SR - W EIEER O BLAIRTSE % VEER
F A=Y WO AN LIRS L O B LT
9h L7z (Nishioka et al, 2014a). Zh 5 OBHllTIE, +
A= 7 HNOWHEMEERY, +h—y 7L RKFEED
WREERY Y r— VeI HME L. 2O
72012i&, vy 7 OFHMERFEERIRTH b A K- 7 il
P & T 5551 5 8 O il 5 O AR B 254 K Th -
72 (142).

F AR = 7SR T b AR O FEIME KR T H
% (Alfultis and Martin, 1987; Kimura and Wakatsuchi,
2000). MAELICLEDE, KR THLREALLDE
U XD, AR = 7O KEEM O 2 XY TR
RKEOWKATE S, 208, WKIPERENLETT
A VHRHIZ X ) REOMKE - SO KB EK SIS,
DKIFBERFE 72O, LW REMOERIZILKEL, &%
JEBEMIZK (Dens Shelf Water : DSW, % /26.8-27.0 ¢ 0)
%R % (Kitani, 1973; Nagata et al, 1992; Martin et al,,
1998; Gladyshev et al, 2000). Hiak @ & 3 D Nakatsuka
et al. (2002, 2004) 1%, DSWIid i HERE Y o P IR 1k
WL CTHEIBD THWILEZHLNILE. Z0H%
Nishioka et al. (2013, 2014b) (%, AvVGEEEEMIMESIC B
5 EArHEFe (D-Fe) il & 23 kFe (T-Fe) (WiAfFME
WFikFez &) REOSHHESA 2R3 L, DSWAIRIZE
WD THWFelR EABN S h-Z Lz Lz &
LM B2 RT P L —H—& L THHTE ZNIE8 (i
[ &) B CES  Gruber and Sarmiento, 1997 ;
Yoshikawa et al, 2006) & FI\»"C, DSWIZ& F N5 i

N, BEET, PRAE BGEN TR R RH-IE HLET, NEE, BREET, i

K3 : B4 & —y 7 BNIE L > & — T LT & 7281
XoTHgEsNT—5ty M2\ TIER L 72 B rFelt &
3RICH i, Nishioka et al. 2020, Proc Natl Acad Sci, £
www.pnas.org/cgi/doi/10.1073/pnas.2000658117, under a CC
BY 4.0 license

Figure 3: A draw of 3D Fe distribution in the North Pacific
constructed by the data obtained from the cruises conducted by the
Pan-Okhotsk Research Center, Nishioka et al. 2020, Proc Natl Acad
Sci, cited from www.pnas.org/cgi/doi/10.1073/pnas.2000658117,
under a CC BY 4.0 license

Feld il EEHERG Y O FHEE 2 & o TR Sz RO
57z (Nishioka et al, 2014b). DSWIZHIk S % Hi R
HRDFeld, Z OEEEEA OHEAKIETRIC & - Tk S

KRB P L= LTSNz o0 vt
O 71— R Y OGHHERIE, RS NT-DSWARB O %
RLTW% (Wong et al, 1998 ; Yamamoto-Kawai et al.,
2004). DSWix, #9270 0,04 w— 7 ifhfgK (OSIW)
(Fukamachi et al, 2004) &7 ), OSIWIZHEHY Y Vi
AT T L CHMEA &~ — Y 7 El2# 9 5. Nishioka et
al. (2013, 2014b) 1%, OSIW %4 L CT-Fe & D-Fens KRt
NPoMREINE L EREL, ARV 7 HETOTE
HHIZFET HFeld, KEMODSWIZE LN 5FedD#y
20% & 4f5€ L 7= (Nishioka et al,, 2014b).

OSIWIE 7' v V Vil TR WE R G % 2 2%k
(Nakamura and Awaji, 2004 ; Ono et al., 2007, 2013),
JU RS P ZE AT U 3 % (Katsumata et al, 2004 ;
Katsumata and Yasuda, 2010). & 512, Fh— 7 ifEh
Sy L7z JEKIENPIW O TR %559 % (Talley, 1991;
Yasuda, 1997; Nakamura and Awaji, 2004; Nakamura et
al, 2006; Mensah and Ohshima, 2021). 4§12 Bl o /K
BiE, A=Y 7 HR T 2 KO R E 2T
Twb (Yasuda, 1997; Yasuda et al, 2001 ; Mensah and
Ohshima, 2021). Nishioka et al. (2020, 2021) &, @7
MBIND DT, TNE TR F— Y 7 oBll &
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Figure 4: Subarctic Intermediate Water Nutrient Pool(SINP), a: Dissolved Oxygen concentration at the isopycnal surface of 26.84,, b: Phosphate
concentration at the isopycnal surface of 26.84,, c¢: Proportion of regenerated phosphate along Line EKC (see b), d: Same as c, but for Line GP02 (see
b), e: Same as c, but for Line Okh-155(see b). These figures are cited from Nishioka et al. 2020, Proc Natl Acad Sci,www.pnas.org/cgi/doi/10.1073/

pnas.2000658117 under CC BY 4.0 license

N7eTF =% R—=—F L ATy f )V L 7:Fex &gt 7 —
Yy MERIER L, WAEFe %8 BE 1 4347 O M1 % 1T -
PAEREWMEL TS, CHETOMRLEHET L L, B
RO T g L NPIW O L@ O A7 F el BE A5 W B I,
F R = 7 i OBEMHERY B R OFens, I OIEA O
HREIEB O EEIRICIR - T, &=y Z7iEh S Hiks
LUK FEHICHE SN TOENSTH D LMmD
FH N BRI RIS E I N /2 Feld, kLo
WWREEATRETOX A 24 LCHERBIZL 725
SN, B AR ERIRO AW EEICF ST AL
A5 5 2% - 72 (Nishioka et al, 2011, 2013, 2014b, 2020,
2021; Nakanowatari et al, 2017) ([XI3).

3.22R—UVJ%E

20144 £ 20184E 121, & ¥ 7 AR 2 W 22 B ATgE
ERA LT v AW ER=") ¥ FWEE (7)) 22—
Yy YEMET FT 4 —ViEER &) THMiL 72 (Nishioka
et al, 2022a). T oHOBTIE, B LKERI LT v

Y H I O RGO L BRI A A iR AT L, GRS
EAIRO KO AN R MEE (L7 87 1) OFIK
WREEZIRST LI EEHWE L, ZokdiliE, vy
7 OHAM R ARIL T D 5 WA 2 F v Y A iR & N —
) ¥ Z I O BB N R TdH o 7z (X12).

N—=1) Y 7O YHEMI 122w T, Nagata et al.
(1992) % Stabeno et al. (1999) IZ7E L { Fl#AsH 5. LUV
2, AR R BRE O 720 I CEE L Bb N b 5%
DIBER S 5. X—=1) ¥ 7, K& o (7
Voa— % ViR, RKES500 m) & HERO KB (200
mAd) 2N TW5S. 7Y a— Y% ViR
PAGER (P v 4 7) DAHAEL, P& OB [ »F %
VI ] &AL & OROFIHEE [~ —1) ¥ R
(Bering Slope current) ] 2SI TW5b. 7 4F b 7 ik,
=T, AT v A HEE O30 O gk 721 23 KERT00
m& VgL, HBKOIMAYED L. 77 ANMRIET
Va—=2x YHBDE DR Z @ > TX=1) ¥ 7
WECHAL, ZORIMARIE, 7 AF v A ilEgks» 50
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WHEH Y &5 Twb. Nagata et al,(1992) 12 L i, N—
VY ZiEONERIE, AAKRTFHEOHEN Vv 4 TO—HhE
LTEZLZENBYTHLEHBLTD, 72—
VX VHBOTER Y B TR—) ¥ THICHAT
B, WIROLEN T a8 T 4 BB, W
WomREKE 7Y a—=3y YHBIKHo R MO
MR TdH 2D H AF X HilEE L =7 i & KFEERMNIC
#it 9% (Stabeno et al., 1999).
Leoflilicd, 7V a—Tx vigdkE, WIRIEK
M EG RO EAREN L) vy — VDR ST
Wh 7Y =Yy YRR T 2= YA EIEE
3 % 2 T VU R AL AT HE S AT I 0 R i PH 0 Hr R K T R
(27.0-275 0,) T, BAFFelEA R <, MBI, HKIEH
WABR SN, ZOT ) 22— ¥ VlEEBORREKT
ORI, VEE ALK 0 S KB B 72 A NPIW
TR 7O 87 4 L—HLTWB LRSI
Tw2 (Nishioka et al, 2022b). L7z%55 T, HEKDTF
HOMEHTaxT 41%, 7Y 2=y Vilae &t
TRAL AP i SE T 1 & NPIW OEBRE R0 LT % &
# 2 5N 5% (Nishioka et al, 2020). 7V 22— v Vil D
HEARIZE NS BFeDBFIZOWTIE, 728 amA0H
WTW5,

3.3 BEFHEREE - IVOEERN

WY 77 > 7 b VIR RS T AR 2 Y ARG
MRF &b, ZO%h R L %o 72 AR FI3HRE I
M2 Tkt WARALZEEN TIZHERES N, &
PEHE O RAEH 2 RN 3 5. JE KPP R R I B
DOFEENT T T b AR TR VKL 54 LT
Wz ([4). Zo7atRAEEE»LHRRBANKER (W
BedE, ) WMD) RIS 5700, JLRERETERIRO
HNLCHES G ORI % w5 VIR THERF 2 7201213,
W L7z 2 59 720 ORI A 7 = X L 050
Pl . Bkl Y Broecker (1991) 1%, 4Bk 724k
PEBRE LCHEI v R7 RV bOBEERBLZ. Zh
F CALR TR L, T 2 RT N b oA R
ELCTHRMEINTBY, BEOEREHEA»EAL, £
JoE U2 R R AR I (HNLCHER) 23T S LB By & LTIk
LRI NTE .

MAE D EWPAIC X 5T, X ) FF 2L EE0 4
BRI 72 KA BR O FEM AT & 212 7% o T & 72. Kawabe and
Fujio (2010)1&, ALK FEECdL B L 7 BEf s K (AABW)
DOKFHZIKTFEED FBISEA L, K FEERE K (PDW)
1224k L, 2000 ~ 2500mo ¥ T "M F L, upper

AEFFFEER

r“\ To ITF g,-f‘i:;ré

PDW

AABW

- ot 1

BI5 : KFE TR HiG B NPIW 2 B 9 S o g, Tk
FEOHREARIEESR | 2773, Nishioka et al. 20212 S ZH L 7
. Sigman et al, (2021) ®[XiZTalley, (2013) ONPIW # &
CIEBSRZBML72d @, NPIW JLAFEEH K PDW R
PR AKCAAIW B g K SAMW . Hi B 1€ — F7K, AABW
BBIEIEIK, ITF 4 ~ N4 2 7 i, UCDW b B ]
KLCDW T st R A K. o OB O RENE, wHl 7
B EE0Hho TR z/Rd. iR (IR 7
FY VIR B LAV &R Y (R>AE > >R > IkE). SINP;
Nishioka et al, 2020 PNAS2 /R L 7z i $& 4 v I SR 28 1 7" —
JV. Nishioka et al. 2020, Proc Natl Acad Sci, £ (CC BY 4.0
license)

Figure 5: A schematic draw of the Pacific meridional circulation:
The dashed square overlying the NPIW indicates the “North Pacific
Intermediate Water Circulation System”. The figure is modified
figure of Sigman et al. (2021) with the addition of the circulation
system including the NPIW of Talley, (2013). NPIW: North Pacific
Intermediate Water, PDW: Pacific Deep Water, AAIW: Antarctic
Intermediate Water, SAMW: Subantarctic Mode Water, AABW:
Antarctic Bottom Water, ITF Indonesian Through Flow, UCDW:
Upper Antarctic Circumpolar Current Water, LCDW Lower Antarctic
Circumpolar Current Water. The dashed arrows indicate locations
where detailed processes are not yet known. Colors indicate nutrient
(nitrate or phosphate) concentration levels (red > orange > blue >
purple > gray), The figure is cited from Nishioka et al. 2020, Proc Natl
Acad Sci,www.pnas.org/cgi/doi/10.1073/pnas.2000658117 under CC
BY 4.0 license

circumpolar deep water& A3 52 & &R L7z, Talley
(2013) 1%, ALK (NPIW % &) O EAKRIE, Rt
B B LK TFEHEEROR S % TGRS O KK L
NVEBEREWIIZIZEA LD LR o TRV EERLE
(F5). To X9, BIEOWEAN - ALFIEEFE DA
FCud, SEEICE L IRE K B ALK i ST I o
FBIZTYboay 7T 3BV L GhoTW
b. L7ehoT, REHOBER, HREKDOKEENE
JRC T 2%, B ICHNLCHES O 5 5 28 iR
FRRZEBIEK T S A D= AL, #EENLV bT v Ry —
PEBR ORI CRIEMICREB TE T, OARMEO
KD TEOER] A RN Z BFT 5 72012
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Figure 6: A new concept of nutrient circulation in the North Pacific cited. The Subarctic Intermediate Nutrient Pool
(SINP: mainly nitrate and phosphate) formed in the Bering Sea and extended by the North Pacific Intermediate Water
(NPIW) circulation (circulation around 300-1000 m) and the vertical mixing that occurs in the straits indirectly connect
the intermediate and surface nutrients (right figure). The mixing of the subarctic intermediate water nutrient pool with
Fe discharged from the Sea of Okhotsk by the sea-ice-driven intermediate water circulation enhances phytoplankton
production in the western North Pacific. The figure is cited from Nishioka et al. 2020, Proc Natl Acad Sci, www.pnas.org/
cgi/doi/10.1073/pnas.2000658117 under CC BY 4.0 license.
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0y 7 EDREFANEEED, 206U BT TEBL T
E-HADIIRIZE o T, WET X7V MBI
PEE S 2 B 7 e R R BRIG (LUT B e I B 14"
Litd) (M6) 2R i, ALK R EMBR O B
fRAK & < #A 72 (Nishioka et al, 2020). = “FraczEly
HERE 3RO LD CHHATE 2. LHEELIETH S
N=Y Y 7B TRK SR, JLRTEETRRE K (NPIW) 2
& EiEE (LUFNPIWAEER 5 300-1000 mAf 5 OFEER) 12 X -
TIRAS B PGSR 7 — v (R & ) Vi) (1X14)
&, T BRI T ) 22— ¥ v ViR TR 5 iERE
B, B L EFORERE Y MHENICRLTWL 2L
WO/, CORERER T — L L RBKREER
T=WiE e T =L LTHWIZW S S ERD AL %
AoND (BHD XA = XLIERMBY). ZohiEgssEi
T—=vk, WK S PEAKMERICE o TEH A=Y
Z W DM 2FedSiRE T 52 8T, R ALK
O T T v 7 b VEENED LN TWS Z &5 FH

SN/, ZomgEREE, chEcicPEshTtni M3
S E R S TV 2 SRAR AN 23R8 O T R s 2 AT
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WL %21 7T, H7IINPIWIES % /- L 7 W B Bk
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HRDRIKRES A MHROFeTHD | L) @Sz L,
NPIWPE B2 3¢ o CTAL 7 gL o REHER X SN D
FeD Y M2 /R Lz ML, EEDMERIKILEDO KR D
WERSERE LRI S uCv 5 (Anderson, 2020).
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