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WCHRR L 7z 01, RIERIRCEE L T 75~
7 b v OREERE{T- T Gran (1931) TH %,
Z O, WE—REEICE D 2 KERO—> L LTI
BHLUZHRAPEmBYIc TS X5k -7 (Men-
zel and Ryther, 1961 7z &), L2 L, %< Oiff%E iz
ERBRET OSORBACKT 2EES Ao THD, E
B e UCRE S NBRE D B E ST v 5 i
KT O— MMl & HR T 3~5 HTEi o 7z,

D &S RRVUCEEEAFI N 7 D 1%, MERE DS
Heffio i Ficiz <, kb 5 0HmIcE 5 iEEfEcol
HITLEDRANIC X 5755 (av s 22— av) Wik
T2 70— v EfiDE L T S h, BT E
LK OB E LTnM (10 mol L7 BUF
DIEDPHESND & 51Tk -7 1980 FER BT H 2
(Gordon et al., 1982), % L T, HEILAFEdTERT



32 R #HE

KPR AT OIS ESEE: (Martin and Fitzwater,
1988; Martin et al., 1990) <Y 75 >~ 7 + » Ol
TEEEAPRD b T ek &b, TREOKIIIZIZM
KECBOWTHEY T 77 v HBRIHTE 380t 7
TV IANEA LT LT, MRy TS h, KA
o ZIRIGIRFRIRE DA L7z £ v 5 Martin O #AR
AR &Nz (Martin, 1990), 2 LT, K&t @
BIRFZDOHIRAFHE £ L COWESRIRIA 70— X7 v
TEIND LD, KPEREESRCE KT R LD
RS - K7 e e 7 1 v (HNLC) sl ©h#E o 8k
BT SEBRS N S NI AR, Sk e — REPEDE S 75
HIRA T & AR T8T 54 LR ZF A6 T L
7o 7 (Boyderal., 2007), 2Dt b, $#HEthod L
T2 EEOMESIE OB L AWiEE) & OBREICER
U 7eiitgins, g ogia B oS 5h T
Wb,

CD &S RBHEDEYAER & VICWHEIER & Db
D &2 B L - BESBEIEIRE (RS 2RO
Mo, FEFIXBEY LB EYF OTEE A
EbRENE, WWT 57+ VEBCRETHESE
DEENT DV T OREA R BEFICHU D #LA T & 72, A
Ti¥, 2o OO L iz o - FEEHIT L, Y7
TV by OREERL T 1+ =V iR EEL TR0
Tz OhDHIRICOWT, HMEZHENT 3,

2. MT IV N OBEBEHRRDLEHDY
1) — 5

LA B T 2 MES B OMER L, LRIk
SIEMEZEMORHR 2 U — b — LD & 5 K ERfH D
BAZzEG ) —VvEMPRE K2R L TCEL
(Bruland et al., 1979), L» L, W¥ 75> 27 b o5
BT, EEEYELS T LIk aHIRICINA T,
REER O L RE, BEROBEKRLRE - AREOE
Hiz L, BTl fbnwiErnd s, 7, HE
DOFRHPCTRIEB AR O—E &2 I L THEBRNOEY - 1
2IHH OB 2B 5 2 LA TH B, 2T,
WPERBIZB T D TRV IAGTHR RSB 2 M L
BHLREEEREEMT 5 L2 ENC, EY T I
b UL L 72 2 ) — U EfT o RESRICHL D HLA

72 (BHES, 1992, 1994), £z, ZhoD 7 VU —v
Bffiz iz & Lcd, EEmECHE LR Lh o TN
DEREZ T B LD H D70, ERARNOBWITLRE
& D24 % HWENNE T 2 72 © O oW Hf 2 BIFE L 72,

HARW 7V — v Ediio—flE LT, HEFEFICMHA
THBRADWESFIES Fig. L IcRT, 7592 Fv 2%
Mz & - T, 7o h U, INEMED 7 2 S
BMEL PO WRAICHBAROMEIH LML L2 EEL, 7
V=2 — LINOTEG L BIR TRE OV - iR
T, HHAE RV HILOATHRET 2, 20
KO L 72 R A — R & — FEURER T, BWEED S
BOWBEHINE LA ERD 5N WIZT TR, WEAD
ol EDRNRICIMZONE ZLE2HERL TV

(Takeda and Obata, 1995), EFR DR EFEE T,
WY 75> 7 v OB - TERBEN DB YIS O
BEMKpH O EABEE 2500, WA ETCDO5H
MOMR EREFEBOMK TR B W BB S RIS e
i, WINEBICHLCTI~3%THo7, 7, Kbk
TCHGORBAIMIGE W TRET 272012, %
R 7y FICERIE U 72K TR U AUk Ic 5 =Rt %
MOTERT 2 LDL 0N, ZOgE, HMERBOHR
DR FIRE T —7 Ty —IL L THED R VA NDRKE
Biv7ies, RYRICUATRIEL, BIRICIIEERS
OIMINATE LicknEz 70— o4 7T TRER- T
o7 =)= LWNTHBRICHET 24 L, ERRF
HETHE LS IMESEORAZRNZHRT 2700
FexmLRpRkdDON D, 51T, FEEBKNDREE
LFORMCKEEL L, TE3RIEMEORELHV S
RITHRL, ML L CHREICEEFh2SBEZ AN,
MREEIC 3843 *% L — FEE (B L 7 Chel-
ex-1007%2 ) 2o TH LU DREL TE L BHED
&% (Morel et al., 1979),

HERS L CERET AMEY T v PR TlR, &
AR —Fr— FHORREAVEZ L% v, H
L, ZONEBOWRFBEICIERESLETDH 5,
Pyrex #'5 Z 13 280 nm fHE £ THE BT 2 DI
HLT, FUA—=FKP2— P EHEE3 nm L FDN%E
FEEALEBRLAEWI L6, HEEARIOGETR E
AR & 2 ROEsEfl S5 (Takeda and
Kamatani, 1989), = 7 v v FEP #lo & & 1%, AI#G
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Polycarbonate Low density Polypropylene Teflon FEP
culture bottles polyethylene pipette tips reagent bottles
I sample bottles
]
Soak in Soak in

Neutral detergent
(5% Exran MA02)
Room temp. 1-2 days

Alkarine detergent
(5% Extran MAO1)
Room temp. 1-2 days

I Hot water rinse 10 times
i Deionized (Elix) water rinse 3 times

" | 7 | I
Soak in 1.2N HCI Soak in 4N HCI
(G.R)) (G.R))
Room temp. 1-3 days Room temp. 1 day
SR | ) I | T :
i Ultrapure (Milli-Q) water rinse 8 times i
p— } ———  I— | E—— [
Soak in 0.3N HCI Soak in 0.3N HNO, Soak in 1N HCI Soak in conc.
(P. M. A)) (P. M. A)) (P. M. A) HNO;+H,SO,+HCIO,
80°C 6-9 hours 80°C 6-9 hours 80°C 6-9 hours (P.-M. A)
80°C 6-9 hours
I | —  e—
:L Ultrapure (Milli-Q) water rinse 8 times E
__________________________________________________________________________  E—
Soak in 6N HCI
(P. M. A)
80°C 6-9 hours
oo TTTmEEEEm ] """""" 1
i Ultrapure water rinse 8 times i
o e e o e e e e e e e e e l. ___________
Soak in Ultrapure (Milli-Q) water 80°C 6-9 hours
___________ T

Dry in a class 100 clean bench

Fig. 1.

reagent; P. M. A., for poisonous metal analysis.

Procedures for cleaning plastic labware used in phytoplankton culture experiments. G. R., guaranteed
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PO Th MRt d+oicEZEm L, WiEL 5 »HE
HIRAEHRTIHG W Lrs, MESE,LEET 2
WAV GO E L TN B DICH LT3 (Sato et al.,
2021),

3. WELEICEAIIEYT I DE
A - fif EEEERER

WY 79 v 7 b itk aMESEOEREICT
> BNEEFER TR, BERTOSE AN EEY
B8 (fberfd) LR OS2 BERICEHETE 5 A
T KEMmATICH W 5T X7 (Morel et al.,
1979), AT¥MEKOFEIC I KB OEHHIEL T 5
72, MEIOAHYE L TEATI2EERED SRS
i, ¥L— MR o BB RN A R
Thbd, ZD&D B NTHFKEEHICIE, @EA A o R
& LCEEED EDTA (5L P7 3 Y IUERE) 28
mzontTsy, EHucNy 7759 FELTEEN
DERREIE M L VDL EEEwiRETH, EYAIH
T HE 7 RSk A A IR 2 T A T L cHEBRINRG & Al
REICLTWwic, ZOFER, Y7507 itk aHE
SEOILD IAAEE B L CHERHRE DS 7 U — O IS A
FUBEICXRENT VR LR EPHLPICENTE
7= (Anderson and Morel, 1982 7z &), AL, —&oD
Y75 v o » I3 ERE B2 IR R TR 5 7%
ELCHMTcE 3L (Sutak et al., 2020), %7z,
Fe(IIDEDTA $&{K D JGETU S I HE - TREER R O #k D
EYFIHEDSED 5 b A2 H 5 Z & (Anderson
and Morel, 1982) %5, EDTA Zffi-7-&@A # »#%
ERTOREERT — & OBPUCIFEILETH 5,
T Ll NIk oRMER 2 ER L T, SRERREH
527U =KL RA A KE XL — MEIED T 4
WL CEEAMY ZRE L%, BRI REEEY
W 2 FiEE2 AR EFHEL, BibhicNy 77
U Y FELTEENLHIREZ HNLC ik F£JE K
EFAEED 0.04AnMICE T P2 LI hLiz, 2D
fla,  ACAEVE & R & B L 7 SRR 77D v
7 F 2 17THRIZOWT, WHESRE MR 1 nM 2 TH
5 LHIEENME T2 2 L 25202 L (Takeda,
2011; Takeda and Watanabe, 1997),

fit EEFEERIC B VT, B0l o v o bR
HErREOERBIKEZOEFEECHCL I LD, ¥
KPR ERERFOa VY S 32—y a v ICHIBT B2 LD
Krlic EBHIC 72 5, HNLC #igic 8 2 ®5EHEEE T,
Peoary i x—varoRPUcoOWT, SIERINO X
X (avbro—V) oY TS0 IETEOKRT 2
5H W45 ENTE S, Martin and  Fitzwater
(1988) HSHEBAL A TR FER I T o 1o 5 EH T
X, W75 v b RN EBRIOBERIE CREER T 5
ETFREN A IRESREOLEEE2 KE { kRS 1~10
nM ORI ZITV, W75 > 2 b v OEFEIEERD R
2RO, aribo—)LThruon 7 4 IViEE o
LSRRG IR DR A N T L b, BEERERIC
Proarvy i x—varPECTOREAEEEGETE
o, ZRCKLT, EEOMY T T v 7 b o HER
DId DY) — v EfT % B L CARPERIEIR C FEhE L
Tofih BREEFEBTIX, RIEOBRHFRRE SRR
(0.05 nM) DUF &ffisd TEWIRIICE W T, k&b
b —HIEV 0.1 nM &5 37 F 7 )L L)L DFRTRMN
WX BT S v o b v OEETEIRE % #) D THE S 2 i
L, SROWINBEICIGE THIERENSKREL 25 L%
WERTE (Fig. 2), 2 LT, AEOB®BINEEEER
M ORVEL P AL K2 £ T b HEi L (Takeda,
1998, 2011), #HEEBICBVWTHRERE L TEL S
£ BIKESHREOEE D, W75 7 b U EREICK
SR EERIELED LR LT,

IR RE A7 LB T O VAR EE A U o
REBICBODUHEEHEBEZTOI LD, T05HE, M
EVDEET IHFL—-MUAWTHE TR T 4T
(Desferrioxamine B 7z &) Z#kicxt U GEENCHINT
LT LICkD, MW7 v b IR AT RE 7 SR Bk A
FUREERIFIZ0OICLT, YT I v o b UEEEA
BINCHRRZIRBICB W &L EDOIREETAND Z LT
BETd % (Hutchins et al., 1999; Wells, 1999), Zh
ZIGAL T, WA FEHEICBLTO~5nM o 11 B
BEOSRESIE T 75 v 7 b v IFE O IETEHEE % 3
N, RO SR E R ESHEY A Rick o TRE B C
LB 5 L7 (Takeda, 2011),
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Fig. 2. Relationship between the initial dissolved iron concentration and the net growth rate of phytoplankton
in three size classes (squares, >10 um; circles, 3—-10 pum; triangles, <3 um) observed during the onboard iron
enrichment experiments conducted in the equatorial Pacific. Modified from Takeda and Obata (1995).

4. HRORBIEHBIERICRIFTHROZE

W75 w7 b oo & UCRIIIPICEL D A A 72
BRETVEZTIEGLTT S/ BABICHAT 572
ODOERICIIEHIHKN T L LTEHENTE D, $RREHF
iSOl shs trs, Y7507
b v OSEEF &L SICBET 2 ko MgE Tl =R
T2 b DHF0LTH -7 (Maldonado and Price
1996; Milligan and Harrison, 2000 7 &), %7z,
HNLC i o RIE@ KIS 2RI L 728554, K& R IETHE
SR TRTHEY TS5 v 2 b VI3 R ICHEMTH 58, HE
M EEN KK - ERLET A KOHKICTELDF
B HbOD, FHEMNaMEE Si:C 0.13, Si:N i 1.05
12725 2 EDERE S N T Wi (Brzezinski, 1985), %
D= D% L DT, HEIREELZNAT Bo%
#, Vv, TAEOHREIMh—ETH D LIES N
HEMIC X 2T A BBORLD IABITHRDKIE T B D
WTEFAR SN T W iad o7z,

UL, FERVECTHEML 2 SRINEEEER O RER
T — T & D 2R T, SHERINCEY TS v o b

UHEHET ML T ok ary fu—icBRTH
BT A DS S Il LCwn b 2 ik &, B
ERRETHMM T T 07 b LIk THEESI N
BT A B LRI B & OV VR & o RS SRR
LR C R 2 L2 R L7 (Fig. 3), Mo
BAGUIAR T PE AR B & PSR F R I C i L 72
PN BER O 7T — 2 THRD 5N, X 5 ICEbED
SHEEL ZHE2E 2 VWA ENEEERICE->TD
RSN Eh b, HEIC K 2HBEHEED SN
&SP HIESHIR T T2 BFRERE (25 Lv ) i
IZZE 5 7= (Takeda, 1998), T4 bbb, ERELXRED
HNLC ¥ CIlZ kAR T % 2 LI & - T A B
THERIE & 0 ARICHE T 2R E A L, REEB)RE
ST 5 v 7 b BB Sk B e A E & R T
TEDPRBENT, £, BV T AN TIREHERET
LR ZIREOREY 75 7 b Y EEEICBT 5 SiiN HL
VAR FREAZHAE X (Hutchins and  Bruland,
1998), HEEmMFELORBEEER Ok X 22101
HNLC DA TH R E L Z ERRENT, TD KD
PR N T 2 EREOAMMIEE I hE T
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Si(OH),:NO;" ratio (mol mol-T)
I

0 |

Southern Subarctic Equatorial
Ocean North Pacific
Pacific

Si(OH),:PO,3- ratio (mol mol-")

Southern Subarctic Equatorial
Ocean North Pacific
Pacific

Fig. 3. Elemental ratios of nutrients consumed by the phytoplankton assemblage during the onboard iron en-
richment experiments conducted in the Southern Ocean, the subarctic North Pacific, and the equatorial Pa-
cific. Gray and black represent control (no iron addition) and iron addition, respectively. Data from Takeda

(1998).

SNTVRPo7bDTHY, JMEEETHDIH D4
Ry 2 g ek £ B € 7 )V T H 5 CSM-BEC % PI-
SCES-v2 7z £z, $kRZic & % Si:C, Si:N lhoZ1ih%
KR 2HAHAAEND T L ko7 (Moore et
al., 2004; Aumont et al., 2015),

C OFREEREICN $ 5 BB 0 ARG E 1T B 5 5
R, AWk GE#EG &) oW X - GEIcEZN
BIRF LT A ROGHL D RIE OEEFEIE O R Z KR
WKIBUCZLT 22 L 2K L TB Y, MEHEY DR
§r 5 E OHIRERIE 2 18I0 2 HBEL O THICH H
MTsteizol, T72bb, K - BOKElICBIT 2
FREND T R P EkOMGE & EYR v 7 & DR
fE~DRFEGERDIRE L 72 2 HeREYTF OEgEO# (4
N—)b) 'L OBRMEICFE R H 5 (Mortlock et
al., 1991; Martin, 1992) &w9H 35 F v 7 ZADFEPHIC
DM oT, 6T, KITEAED SR D7 1 RIE

DS AR IS RS U ¢, ASMBEER O YR v T E
AL L7z & v 5 k3 (Brzezinski et al., 2002) <, &
FREE A D 7OV AN I BB AT A S — VHEREY O F v b
2Ry FEERTT E WS 2% (Pichevin et al.,
2014) 7z LKk Lz,

PO L ENHED SEN L SiP a2 ZhEE 5 25
ZALIDOWTIE, HIEE O TIC & b EEO#H T
EN DAL 25 2 L, Mgy A XB & OIERE
Ok b, MUREREEBREOPIREL BB L
BERLTwR LR EZRL T (RA,
2002), ZDtk, HED T 7 LIRITIC & BHFZEa85E A,
PREIFR IR, 7 0 2 5T 2 EETFO T v 7
LXal—2arvadlslhrs, 714FEZORHHIEE
EEBEICEb T WA I EDBHERITE- 7 (Mock et
al., 2008), % 7z, EEEEOIRE EFLEHD 2 DD 7L —
THITIE, SEFOBMICH: S BREEROES L FEL
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DHGICKRERBE O H B L BIEHSh T3 (Co
hen et al., 2017), 4%, T®& 5 R ERICED
SWHE 7 7u—F 2t 7 4« — IV FICEHT 5 2 & T,
HEPED 7 A FEER & $koBIRMED & & ICHAREIC 75 5 &
ffsh s,

5. XFHEEERFTHRICH (T2 PhBREKEH
£

A6 RS R ZE AR T Ud 2001 4R 2 5 2004 412 U
T, SEEDS (Subarctic Pacific Iron Experiment for
Study), SERIES (Subarctic
Ecosystem Response to Iron Enrichment Study),
SEEDS-II & 3 [EI@ i (X v 27 —)v) ks EER
DEBI N, I NIONE L CHEL Y 7 5
YO R TN— LI K BEYR Y T DEERIHERD T
bRV LR E, i RFHMEIEL N

(Tsuda et al., 2003; Boyd et al., 2004; Tsuda et al.,
2007), WENOERIZBWTDH, BB REFELEY
MRS I BT 5 2 L 2R L 7228, O
FEMEIC L >TT IV 7 b RO SR L 5 icEY
IBEORE ERESHRLIMERERD, HRAEERD
INERIEHETH D EDPWUD THFED IR - T,

VO S AT I B B i A O #k kA 52 SEEDS T
(&, ESHEEHAZ TR T 2 REUEHRE AR L 7, BRED
TR CFME L 72 SERIES Tb, /NEY 75 » 2 b
Y ORI TV — BT T, R4 R R KB T
W—LEFERI L, Zh b OfERICH LT, SEEDS
D 3 4FEZICIE Uil ¢ 47 - 72 SEEDS-II TU%, 17 H5
OFEBIEABE L T 7T v 7 b v oEYED o HE
BREHRTIRF AL, NLOIEEEEIERTH -
feo TO&S BAEYISEDECEELEREE LTI,
AVET 5o L oEYRETELEDES, KR
BRERE, BHESRREOEMNE, SkotYHlfeE
A S & 2 AEEAL T B e, FEEFHRROMEY) 7 5
v UHEMEPREE L EEZ 5N B (Takeda,
2011),

BB R COREY 75~ 7 b U BRIC X B
7 A B & IR o M B H I 5w Tid, SEEDS &
SERIES I B\ T 70— LI SEN s KE (72 D,

Ecosystem Dynamics

WG OREAKFCHIEIE & 0 b RITAEGTET A BhhiE 3
LAEMAFRD 5t (Fig. 4), L L, Zol®(o k
FlE, HOA L BRI R O SR ZIREBZZ T T L, Hh
W7o v v BRI, YT o v 7 v R B
FaERE, HERER EOZMHESL L T 2 AREEDS
% % (Takeda et al., 2006), % Z CTHFEBTELNTE
T2 2 HICKERENE RO LZEHER 2 L {REFL
7o T A, SEEDS T REICHIE L 7275~ 7 b
v O HOHRIC & b A AREMET L CRBRAENO
IR DI D A A NHI & 72 Z &, SERIES Tl
TIv I P URENBRZA L RAERIT L,

SEEDS-II CTEAVEY T 57 b i X 21EHLER
WEHTHE LT v B LEOFHAINEA L Z LAV

WELLLEZON, TNETNEG D AN =X LHME
WT Wiz T Lo 72 (Takeda, 2011),

Zoflicd, 3ElORHBESEEERZEL T, it
N T 27700+ U THEOER - RPN RINE L
T — LIEEICAE S WETER O 2R &, AR
WRICB T2 75 > 2 b o EFEOHIEERE 2 i i
B3 5 EeHERZMEDPE SN (Takeda and Tsuda,
2005; Harrison, 2006; Uematsu et al., 2009), % 7=,
B S N 72 BRI M o TAR L s - 7 AT A3
BHLTROLNLT LI, WHEERROMAER LS
CICHEREICBI T 2 A DA D X v v 7 LW T 7o —
F D53 R E RS B & Tx o To o RV,
FAARVE, PR EREE s & TR S NI D #E
MERRIC X D FED SN ERZAMREX, e LTI
Lokt bic (de Baar et al., 2005; Boyd et
al., 2007), WPERERALIC & 2 K& Rl R HLE
WOFHMERE L o ThAE SN (Wallace et al.,
2010; Williamson et al., 2012), T ® & 5 7iaHs & &%
T, HNLC ¥ &1 2 th B o gkisiAn 13, 1Y 75
v b IR L, KRR O LR E S R
TEEZ2RT VoY VERT2HD0D, ZDIE I Y-
EYFI I BRI AE L, REH VR SR O BRI
BYEORED DD 1/6~1/201C8E % % &> fEwma
Bhhiz, HL, Tho0ERORZEMRAT —Vix, &
BRI T2 2 R 7 e B IEIRA I R 5 2 e L8R
DIEETHT 203N+ T, BT,
B, REEYTHE LR ENORBNZZEII AL £ £
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40
SEEDS SERIES SEEDS-II %@
s
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§ » N
o
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Fig. 4. Relationship between nitrate and silicic acid concentrations of the surface water inside of the iron-en-
riched patch measured during SEEDS, SERIES, and SEEDS-II experiments in the subarctic North Pacific. The
red line indicates the change at a consumption ratio of Si/N = 1. Modified from Takeda (2011).

THY, WEHRERMMIE T L 2 0EREE24 L 5
AT DH B ENMLBRINT, TD KD HREENE]
ROX vy 72D 25720, KEOHEEHLE -
T, W7 4 =V FFEELETY v BT 20N
5T (http://oceaniron.org/)

6. XRPSOBEBELEHBICHT 21EHT
72U b BHEDOE

PIRRALAR L, B 7 EREE T EICHK T 2 8%
DA77 v 7 ABRE VIR L LTHIENT YD

(Uematsu et al., 1983; Jickells et al., 2005), L L,
KEMETWELN 75 v 7 b v RECRIETHE L
W74 =)V F CEERAZHRIZRSN TS (Young
etal., 1991 72 ¥), 22T, HARRERHE LTERL
e KRR T 1Y H B WIFRAKZE AR 0 R
KIS 20 EEEEREZEm L2 L 25, KUEY
Tov o by OWEEIGERR 2R T 5 2 L TEL

(Takeda et al., 2014), £7-, ENEEEERICB W T,

W O B E DR SNE TE D VA T 2 ISR A
EHHBZ TR T S L b0, THL DFERPDARKET
YBEIZEZNIMESREOTAKBE SO T —% (Oku-
bo et al., 2013) 72 Ex 5, PEHFIFEICILE T 2K
R[I7aVNVICEENDHD S H 1~20%HEWICHI A
TR TR I Tws LIRS, HL, AB
EROWMEREEZZ  GUHLAP, KRR Ok
EORIHIC & o Tz 7 a Y WRITRENEEL T 545
BRBET 2HEPRELLNT 270, BET—5 D
Pl EICEEO B DIER A BT 5 2 LI3HL
Vv, —Jf, RAETMTYHIZEEN ML NI T LkRE
LY R T HESEOBTEEY~DOFE L KRR T h
Tw3% (Paytan et al., 2009), %7z, HALF TERAL
ENLREZETYHICOWTYH, AAREYEOEEH
REw= iy, digh T 20~80% O\ iAMRHR)S
ARENTWS (Okubo et al., 2013), &2 A7, k&
DRZTLT v v - KOG ERFEERICE W TH
FHESBICER T 2M0Y 75 v 7 b v ORETHEE I
i S s> 7z (Takeda et al., 2014), T35 DTG
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ROV, BHRRICBT 2 RG> 0WE7 7 v 7
AWBGORBEWBRKTIRE LR Th BB e Eh
o, EREOMWY 75 v 7 b VITHICEREN R EE
FIEL T2 REEI NS W LR S h B,

HNLC #3358 ¢ & 2 AR P ERRIc 5w T, #i
D% KT 2 BRI ERMBEABREN L 2R DT,
HIDHROF MR i S iz & LTHEDR
Ik > THEY 75 v 7 b VBRI IR E T &
v, ZRICKTLTC, MEMNREEOFEL 7 HFIC,
RHEVE T2 KM KIT & 0 PRI L 7 KILR DSV L
THPEHT 2 L, IFBRRE T CEY 7o v 7 b v
DOETEDMEE S 1, JAFIFACHEY 75 7 b v B
T35 EPH B (Hamme et al., 2010), 2008 /£ 8 H
VW PHERAL AT VEC SN L 72 AT & 2 RIB/K ot 7
U — UEKEBEITIE, 7Y 2a— 33 % YHIE® Okmok K
MK SRS 2 KUK DFET A R > MR EWILTEE
VIR CHEE L, KILKET oy 4 2B %
O L 7B ICRIBWEY 75 v 7 b VB O BETEDEL
Mtz (Fig.5), T DM, BREKOBFHEED I
FLUERHABETH o 723, KUK & EH U 72 gki3E e 2
WCAEPCHLD A F N TAFSIREIME Rz Twi L
#egzxn s (Takeda et al., 2014), D78, WL
W& LMETLROEYMAZ R T 21cid, RIES
JENIC BT 2R RESRDZEE b b THEST 2 2 L2’
HUEIC D, 28, KIUKEWES R bl & RTik
ERELSWHEEEET 5 Licimia T (Olgun et al.,
2011), WHFERHE CTIZIERICSH L AT 2mBMEZE2 K
KT & ROB L THESE O FIAMEE 7 OE &2 2 €
WRARBED B R 515, o T, dWRTEITERIRIC
B2 K50 6 oESBAHICE L T, Rosfs
ZEENCAE S B ORI - STzt e L bic, AL
D KILTEB) L KK OFHEREEE IC O W THIEHH L Tw
WD H B,

7. ARABURIPSOHESEHIEICHT S
T 72T b BEORE

—REFEICAARGETR « ) v s EOREIFEPERE T
FIERE L Cw 2BV BT, BB MES
SREICHIE I N KBIHEMEY T 5 v 7 b YRR

CHHAT 2701ciE, ZoREHEBRRICES L v 2 &
SEOEIEP AR R E 725, KPFEOPERE 170 FERRIC
B 2 HESEREORE 200 m DURICB T 5 A
B SREIE DA 2 N7z & 2 5, SRR 0 &k
FEZBRVT, #40.1 nMFiIEZOEO L~V E7BoT
B, WEAFERTIETED S OMEN MG 7 5 v
IADNEWETFHREIN: CRRF), T, L& 10~
35 EEABECIRERE Y va 7 4 URARE (SCM) {3
THHERREDSTNE R THENE W Lh b, BXE
TEONEY) 75 v 7 b Y EEDTIE D & s S N 7Tl
e CoREREENAT 2RI, SABFERHICHEINT
WA HREESEVEEZ BN,

Z 2T, PEACAEEO R 10~50 o 4 5T,
HIEEIEE (100~200 m) 725 ELL 72 A @K % #
J& 10 m B & ' SCM 0 K 2@k & 1:1 0E&TRA
L, 51 1 nM OFRIINERIX %2320 T, G otE-
KEEBEE L 724 v F 2 —8 —NCHHMEEET
W, W7o v o b UBEOHETEE AN (Fig. 6),
ZOFER, SCM o7 5 v 7 F v EEICE L Tizdt
%20, 35, 50 FicB W T TE» LGS 2 KEEIC
o U CHRSHNPICA R LS WEEEE B> T w3 Tk,
KEOMEY T 5 v 7 b UvEEICO W TIEALE S0 Eo
HNLC #8572 T AL 35 e B W T #A A L
TWABIEDHERICE T (RAFE), 7, Sk
BT v 7 iAo FeeN L E LT
0.32 mmol mol ' ofEREE I N T B (Hoet al.,
2003), PHf% 170 Ef D 200 m B 8 1) 5 B LTl
BEORIZZD 1/16~1/3 ICBE T, W75 2
kU AEIEE A TR AT A2 DI H o REESFEEL TV
BV ESHLE P o T, o T, FHEIALATFE O
Bt 6 HSE O R W #iiH©, SCM fFE oY) 7 5
Vo b BHENENEUED b G S N B IRk R
THI LIk, REHEOHALEPHEILEIN TV L
Ez oWz, —HH, 4 v FEomEiFicswy, 1l
REONM 75> 7 b VHEDPKHEARE L CHAR D
AW BETERIIR 2 321 T 3 & & AN REGRER D 5
S 2icz b, SEIRTCiEY 72~ 7 b Ufilast~o
MRS O B e & ¢ HRRSRRIE R K8 O TR &
HLTwaagEt%ERH L7 (Sato eral., 2022), Z
D& BMEREOMY 75> 7 b U BE L MESEOM
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Fig. 5. Ship’s track of the R/V Hakuho-Maru KH-08-2 cruise Leg 1 in the western North Pacific (a), changes
in surface water chlorophyll a and dissolved iron concentrations along the east-west transect, indicated by
the red line on the ship’s track (b), and surface water horizontal distributions of chlorophyll a (c) and dis-
solved iron (d). A blue arrow indicates the area of the volcanic ash deposition. Modified from Takeda et al.

(2014).
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Fig. 6. Initial and final chlorophyll a concentrations of the surface (10 m) and subsurface chlorophyll maxi-

mum (SCM) phytoplankton assemblages at 10°N (a), 20°N (b), 35°N (c¢), and 50°N (d) in the central North
Pacific (170° W) when deep seawater (100-200 m) and iron were added and incubated for 3-6 days. Init, ini-
tial; Cont, control; DW, addition of filtered deep seawater (1:1); DW + Fe, addition of filtered deep seawater
(1:1) with 1 nM iron. Controls were treated with filtered seawater collected at 10 m or SCM instead of deep
seawater. Error bars are standard deviations of triplicate incubation bottles. Data unpublished.
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Fig. 7. Vertical distributions of chlorophyll a, nitrate, nitrite, and dissolved trace metals (Fe, Zn, Co, Mn, Ni,
and Cu), at 23°N 180°E in the subtropical North Pacific. It should be noted that seawater samples for trace
metal analysis were not UV irradiated; therefore, copper and cobalt concentrations are labile fractions that
have not formed strong complexes with organic ligands. Data unpublished.
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Biogeochemical studies on regulation mechanisms
of marine primary production by trace metals

Shigenobu Takeda

Abstract

Focusing on trace metals, such as iron, as important regulators of marine primary production by
phytoplankton, original researches, involving both chemical and biological oceanography, were
conducted by developing trace metal clean techniques for phytoplankton culture experiments.
Field observations and onboard culture experiments were conducted in major high-nutrient
low-chlorophyll waters, such as the Southern Ocean, the equatorial Pacific, and the subarctic
North Pacific, and it was demonstrated that sub-nanomolar levels of iron regulate phytoplankton
production. In addition, by analyzing the nutrient dynamics in these experiments, it was also
found that the nutrient consumption ratios (Si/N and Si/P) by diatoms, which play a central role
in marine primary production, are doubled under iron deficiency. This indicates that the C/Si
transport ratio to the deep ocean by phytoplankton detritus sedimentation changes in accor-
dance with iron supply to the ocean surface. Mesoscale iron enrichment experiments in the sub-
arctic North Pacific were conducted to test the iron limitation hypothesis at the marine ecosys-
tem level. Consequently, many experimental results were obtained, which enabled the
quantitative analysis of the impact of iron, while pointing out problems caused by a large-scale
iron fertilization in the oceans. Furthermore, the effects of atmospheric depositions, such as
Asian dust and volcanic ash, on marine phytoplankton production and the role of trace metals
in the nitrogen cycle at the subsurface layer were also investigated. These studies have led to a
comprehensive understanding of the mechanisms by which trace metals regulate marine prima-
ry production.
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