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NA F = ZCEE S e SRR (COy) 23, [T
D100 HfEF THTRRICREENTwE LB E RS, 1l
FRREL OB EEIC X 5 CO, HEHE D, 2006-2015 4F 0 HAfH
B BAEMPEMEIX 34 £ 18 Gt LGt anTE Y, =
DI HHI28% D95 £ 183Gt BHEKICEITAA TV S
(Le Quéré et al., 2016), #EKICIETIAATL CO, 1%, Eh
SIPFINC AL 75 W (HaCO3) 2 HET COy (og) & BIRIR
4% (HCOs) iz Be & h, K#EA A4 (H) 2+
%, K& CO, DIEfRIz & 2 H BE 0 BRI, #KCE
TELTORRIBA + v (COY) Rh VM X 5iEE %
ZF5H00, KO pHEENSHE S, KT CO,
EED AN E& L ko ClFEEEO pH MET T3
L2 BB A REE B34 72 <, LGB o A 23t <
R, ko pH O T IFiEFICEFTT % (Doney ef al.,
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Table 1. Decreasing trend of seawater pH at the surface in the world.
Location Period Ocean pH (decade™) Reference
Northern Hemisphere
Iceland Sea (68°N, 12.7°W) 1983-2012 Atlantic —0.014 +0.005 Bates et al. (2014)
Irminger Sea (64.3°N, 28°W) 1983-2012 Atlantic —0.026 + 0.006 Bates et al. (2014)
Tatoosh Island (48.3°N, 124.7°W) 2000-2007 Pacific —0.45 (-0.39 to —0.54)  Wootton et al. (2008)
KNOT and K2 (44°N, 155°E and 47°N, 160°E) 1999-2015 Pacific —0.025+0.010 Wakita ez al. (2017)
BATS (32°N, 64°W) 1983-2012 Atlantic —0.017 £ 0.001 Bates et al. (2014)
ESTOC (29°N, 15.5°W) 1995-2012 Atlantic —0.018 £ 0.002 Bates et al. (2014)
15-33°N, 137°E (winter) 1983-2008 Pacific —0.018 £ 0.001 Midorikawa et al. (2010, 2012)
ALOHA (22.75°N, 158°W) 1988-2008 Pacific —0.019 + 0.002 Dore et al. (2009)
CARIACO (10.3°N, 64.4°W) 1995-2012 Atlantic —0.025 + 0.004 Bates et al. (2014)
Southern Hemisphere
40-45°S, 140-155°E 1969-2003 Southern Ocean —0.011 + 0.004 Midorikawa et al. (2012)
Munida (45.7°S, 171.5°E) 1998-2012 Southern Ocean —0.013 + 0.003 Bates er al. (2014)
45-ca. 53°S, 140-160°E 1969-2003 Southern Ocean —0.011 + 0.004 Midorikawa et al. (2012)
ca. 53—ca. 56°S, 140-155°E 1969-2003 Southern Ocean —0.013 + 0.003 Midorikawa et al. (2012)
ca. 56-62°S, 140-155°E 1969-2003 Southern Ocean —0.020 = 0.003 Midorikawa et al. (2012)

2009), R&ED CO, DT EZEFAHT O 280 ppm 2> 5
2016 4 @ P15 fiE 403 ppm (<M L T v 3 & & (Dlugo-
kencky and Tans, 2017) (Zf£v, BRic o pH
DIETHPEE SN T3 (Table 1), #HEBMELE, 5
F XIGETHOBRIRZLTH B,

#/K D pH (& % 13 COp IRELDITE) DZAfLIc k- T
EWHMA S OB ER TN, LBRONT v 2D
h, o0 aMHlHETOAEERY — AN HMT %A REM
Bbb, ZTDD, WHBMHEALSEYIC T 82
T3 LS CEETH S, WKD pH OIE M54
BEIC K DREAH N Y LEEREZNADZIE 722 L% Rie-
besell et al. (2000) 235 L7z 2 & % Mk, WM
LA ERERIC K S E AL 0T 5 2 LR O HE
ThdHI v v FrEZHEIC K 5EHEE (Royal
Society, 2005) % IPCC @ 4 X5 E (IPCC, 2007) i<
HEL S e, W oM R, EdoRi gz L
T, 2007 & B I 2RI B S N7z, Web of Science
ZHWT1990 2 5 2016 4F £ COFKFICHR S N T,
“ocean acidification” ®¥ —7 — Fickt v b L7 %
Fig. 1 ic/"d,
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Fig. 1. The annual growth of the number of peer-

reviewed articles concerning ocean acidification in
Web of Science®.
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M%) LIRS N L, EERFEEE (UN-
DP) %% 2015 FEICHIR L - el rTRE 2 B 7 ¥ = v &' %
T 5 7: 00 17 OFFft vl Re B HAE (SDGs) I8
VT, N LEEETR & Rt T RE 2 BRAFE IC AT TR L,
Frfe ATRE R T CHIM$ 2 (AfR14), otz TH5w 5 L
OV TORENG DL L A2E L T, ERELD
W R/ANRML, NUT 2, LFEENT LICREE
1% (United Nations, 2012, 2015 ; #4544, 2015), %7z,
72— % — - 7— 2 (Future Earth: £ nl A8 7 Hi Bk
A ICE T, WIgUE A EE T 5, HARRI i
BRI T 2EE 70 75 L) KB W T b TR
MPALII AN BRI E L LA BREA P L RS L
LTHD EWF 5T 3 (Future Earth, 2016), # ofth,
HEPERRE(L X, 2015 4E2 5 Future Earth Offf%E 7Y =
7 MITALE D & N7 E R R Y B A AL E R ZE i
(SOLAS) i th iz #8 v 4= Wy b BR AL 2 - B RER AR
(IMBeR) @ #:Jdl 7 v = 2 + SOLAS/IMBeR Carbon
D3ODEESFEDOHND 1 DE%->Twb, SOLAS D
2015-2025 4E o 10 51 (SOLAS, 2016) 5 541l E
AEFE(ICSU) o FicE» N BHEMERYEZES
(SCOR) ®7 —* > 727 ) —7 (SCOR, 2015) & g ik
MLz GO EROBREZ T O LB I JUE T E
ZHET 2 EEMEZERL 05, %72, 20174 11 Hic

F A DR vC 5 CERE S 2L B P 449 (UNFC-
CC) FE TR x 17z COP23 To, Future Earth & 7 —
Z + J—2" (Earth League: HBRks 2 5 L cBHd 2 5L
MFZeE - FroEiE) 1< & 2 7S T The 10 science
‘must knows’ on climate change ) 1, #ERMELOZE
BB EAED TR TH B BN E N7 (Earth League
and Future Earth, 2017), K& HIKIZDH b S07:
BT THo T COy AT 2IFEREIEL ORI, WTF
DEMEEGICET 2 RICB W TEERMEZ 5D 5 &
S Tg o7z,

FITBRAR 7 BAERE, BICKEREEETHL 7=
TUEREL, B - B ICE T 2SO & v
FARY N THLY v IHEERRROREB 2 LTV T
EW, MPEREEICR U CHESITH B & v S RS RIC
EowTws, LrLids, Y757 Fricxd
BB AL ORI OV TIE, RECBPHIA TV
WERED % (2L - B, 2011 ; Portner et al., 2014),

HBEERIEAL W 75~ 7 b v L BRI RIE T A
ICDWTIE, BT - FHH(2011) Ic & > TEMBHICE &
OHoNTED, ZohT, BETHNHEREEE L
BEOROPDBIRRINT VDS, HZ1E, UTFDkHic
FhENT0D,

(1) BNEBRTIEE T VBEEE M S HIEMZ LA LT
o, flx 04SP EIREREEE L %I
FEFICREN TV S

(2) pH 0 Ztic & 2 E LR oA o 2 iz w»
TEEINTOHEL

(3) WAL N IcMEY &ML T 2 2 YEE oD
EIRR IO E IR AL DY B D W TS BDIE
W7z
KL TlE, HERIKPRICB WY 77~ 7 b

v ORI RS ¥, RENAENZHRL w2 EHREO

#12 % H U (Nishioka and Obata, 2017), ko (1),

(2) OEOMRIHICE S 2, MHERRIEAL & #k L DA A

RO W T L 7R AN %, (3) OffER,

FHRICBO T AT RRPTHD, RIZICHAIZ

AL Tw3 (Caron and Hutchins, 2013 Sugie et al.,

in press),

2. BFBRMEICHSIKOFIAEOELIET
REEBICRTHE

ARBEAEMST 2 EcHER D, YT I 7 i
EoTOFDOIERE EFIHMIZ D W T, RO IR %,
%, W7 T v b v DA THREIE O Fil FER I
BOLTH BEEOMRAT L LTRAEATETH D, MIEA
DRI 1K & R L8t — 4 — &> (Raven et
al., 1999), HETLHETH O, o, BRENHIERNS
DICHHrb 53, WK OFRIEREE 10°~10""mol L™
LMD TR, & 5ICHI I RIRE 72 $k DT RB I3 IS A7 R G
(Fe') KR Tw 3, BREICELHEKFTO =l Fe'
DOVEMREEZ 01 nmol L BUFTd b, Kb CEE (K
B<02um) LTWBEEDIFLEAEREKY A F (L)
LiER {Fe(I-L} 2ERL T3 EEZLNTVD
(Kuma et al., 1996), ¥ 72 > 27 b 1%, Fe(lll)-L
HREZOEEMOAL I LB TE R WD, MMKE
DOEEF T Fe () 2 L 26 EEES £ TH BT %2,
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Fig. 2. Schematic illustrations of iron uptake processes involved in marine eukaryotic phytoplankton. Adapted
from Shaked et al. (2005), Salmon et al. (2006), and Kustka et al. (2007).

H B 0IEKEEET L A3 Fe (1) 20 68T %52 - Clg
fbsh, LR LFe(ll) 2FIAT2020EL6H,TH
% (Fig. 2; Morel et al. (2008) &, Z D5 HCHL), 74
bbb, ShOREZOHOHHEIETH 523, Fe (1) -L 8
HROFELLEE LY TS v 7 b o gE2 T % LT
HHER NI A—YTHD,

21. BRIV N BEERVEEER

AR ZEMR T BOL KHO09-04 KA IC M L, ~—
U v rEO RS (6% 53° 05, PERR 177°00°) DiFk %
72 558Kk % 17 - 72 (Sugie et al., 2013 ; Yoshimura
et al., 2014 ; Endo et al., 2015), ~—"V ¥ 7 DRI,
X, BORRICE VYT I v 2 b DEYRSHIRS
h, WBEZIZCO L L REEPEF L T\ 5 High
Nutrient Low Chlorophyll (HNLC) # < & % (Leb-
lanc ef al., 2005), 45 ® 2 HNLC #Hsg o mig 1%
#30% &z 65N Twb (Moor ef al., 2013), Z D7z
, ARRDT 57 b OREMKCETLEEREICS
A DUBEEIEL O E LR T 2 2 L 3RO CEEL L
Zzohb,

BRICHO KT oMY 75 v 7 b v BEE DT
PRI H D EIDEFET L7120, WRC, #RIPK
ZLRAE L BE R REET D COy ITRT 2IEE 2T~ 3
7o, $kEBHML 72 0% (Control) & #kA2WRML 72 %
(+Fe) D% i%7E L7z, Control & +Fe OliR5Ic$

J 230K DRGSR L, COy JRE DR 5 225% M /KITR
AL ETHE L, DG D CO,y X 180,
380, 600 & & f 1000 ppm IZFXE L 72, BEEICH W2
300 L o¥ffskiF, Niskin-X £#/K 8 % fv THRIL, 6 K
D50L XY FarL vl —R—A oML 7, 4 KD
50 LA —HR—A1ciE, MAKEES5 nmol L 1272 &5
12 #% (FeCl; # 5mmol L™ HCI 2 ¥4 fi# X + 72 25 mol
L™ Fe (Il) o stock % flifl) 2L, 70 2K
b HmIML 2w T, ZhZh +Fe (Feld0, Fe380,
Fe600 3 & OF Fel000 X & 4 %) & & U Control (C380
FUNC600) DARFNCH W, Z2NZEhd50 L H—F—
A5 3EKDIOL KXY A —FK 32— bR FVICHELE
%, HFCOBEDERZIRTO>ODI0LEY 7 —FK
F—=FRPMVICEBERSAD LT, BERNICEITS
B 2PREB L O CO RELERL 72, HEICHWV2
UKDl B A C O EERER R, (TP D O L i
MKEEE2BEVRT 27V —v T2y 22 BHT 5L
kD, MEITLEDERY X2 Z[ELEE L 72 (Obata et al.,
1993),

#1E M e S EEBIFS, BH, KEHEL oo
7 4 )va(Chl-a) 28I L, 2~3HB T, &K
(DIC), 7vAVE (TA), FiRE#KE (POC), ki
RE2% (PN), EWlE7 4 % (BS), AFEKKE
(DOC), #EFHEY » (DOP), W¥ 75> 7 kv ok
A (FiBh) 3%, DNA, RNA B X A BIEEE (F,/
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Fo), WSR2 BRI 72, FEBRBAIAIRE & 4 TR,
DB EES Bk HAGFER) o2 EREL 72,
S¢#4E, DIC, TA, DOC, @raEtgkoi Rz >wTig,
EEE L LD IR 2T 22T, 202 hoy
PO L =YY 74 2R L7, 4k, oMMk
DRI & o THEHEIFIT 27 A RLEROEED
ERFT 2 LFXCHSENT WS (Takeda, 1998 ; Sugie
et al., 2010), % Z T, Control ® % T ¥ #E3HH,
+tFe DR CREEE2HHEIL, 0L XY A=K % — PR
P25 170mL DR Y A —F H— bR FIVITTHL,
PDMPO (2- (4-pyridyl) -5- ((4- (2-dimethylaminoeth-
yl-aminocarbamoyl) -methoxy ) phenyl) oxazole: Lys-
oSensor™ Yellow /Blue DND-160, Thermo Fisher Sci-
entific #£) 2RI L 7244, 24 BRI DB B HEER 2 17 - 72,
PDMPO (Z B ICERREGGRICIN D A 2 70, Rz
DR T L 2 R O B O B2 X 5 2 L osH]
& ¢ & % (Leblanc and Hutchins, 2005), PDMPO T 5
NRY v 7T ERREGORE, HOGEEME - T oV A S
AT LEAVTHRE L, ImagePro Plus % A 72 [H
fi@EhTic & b PDMPO o #f i fif % ff 42 < i U 72 (Fig. 3
D (¢c) & (d)),

FZBRIC (1 L 72 #7K D NO; #1318 umol L™ &0
—HC, EAESIEEZ 017 nmol L XKL, WSS
7 by SERAIRIC & b REE A A L T nikEg
RolktEzohsd, L L5, Chl-a BE XN
2ug L7 & HBEINE <, 10 0m DL RALESY 5 65% %
HoTwlo by, BHL T ERERHO% < o3RRI
T 2B T 20 EE (§ 2 1&, Chaetoceros constrictus
B & O Chaetoceros diadema) T&H 5722 &6, T
Va—x VIEOREEEL D 6T T3 ATHENE:
BEZ LN, COREDRIEICHLEY, Y75
7 b v QIR E ISk & b L, F,/F, %
R &+ 7 72 & (Control : 021-0.38 ; +Fe: 0.46-0.56),
Contorol DHEYI 7 5 > 7 + VR IZEEEH DIRAE & & 2
bilz, S50, C380 X & HhE L T, C600 X d Chl-a
O HIETER LN T Fy /Fy, f8 (C380 X2 0.32-0.38 ; C600
[X:029-032) A EICE T L Twiz (Fig. 30 (a)),
—h, $ERMLZRINCB L TE, COEDEWIC
KB HIETHHE L F,/Fy fHICE R LR Z LT R e N -
7o WEEHARRICEFE S Nz BSE &£ PN o tix, +Fe @

F50 & g L Control DR ICEBWTHRBEICE L 2D,
X 50z, C600 XofEix, C380 X &L THEICEL
77 (Fig. 3@ (b)), EEHMZE L CEYRTES
L T 7z Chaetoceros J& ¥ i © PDMPO @ 4 ff 14,
BSi:PN hoZfhz 5T o RELEMITHES
Nz oz, £7, Chl-a MNP %720 D7 A oA
BRI o 7o, —77, Chl-a #5247 b Ol
BoF MR, C380 X &l LT Co00 Xk W TET
LCWwiz, $7%b5, BSI:PN OfEZ 2l & & 72 BRI,
FERNOEREGRTH - 2 AREEDIE O, KEZEET
%487 CTH5RubisCO DRY 7 212=v b2a—F7
2BET rbcl DFBED, FEEEHICEBWT, CO, 0l
MEEBITEF LTI LD, MlEL0EREE
DX T % —#52F53 % (Endo et al., 2015),
FiRofERD» 5, COBENHEML 72 £ &, HNLC i
BUBMYM T T v 7 b BRI, BESERO TR E
EERTIE2LELIC, BREHKLTTAFEESL A
4 2 %2> 2 LA S 2T 75 - 72 (Sugie et al.,
2013), E/z, MWW 7T 57 by otaFoflrsr 5, CO,
REZHEML 72 & SICHEBEEOBSEMET 2 —7
T, N7 LR B A REM: B 5 A c
s -7z (Endo et al., 2015), ¥ 7 b %, HNLCH##HHICE
\J BRI, ARy Tos e s R A
Wnd s, —F, S$PEEICHsLEEITE, COEED
WIM»HEY 75 v 7 o EE O R EEE OTEEB
FUOWHEBR NI A= RTHERZFZLAL RN
o7z, C380 X & C600 X DT H 6 N7z & v i,
Control & +Fe Xic &1 2 2L K L 72 & 5 Ze i,
Tiabb, CO00RKICEWTHRENME N LAZEE LD
EORMBREATEND, FEKTRICB 2 27NA K
BOBBEICERBRECE P> EH S (C380 X :
027 & 0.02, C600 [X : 029 = 0.02 nmol L"), #oipEc
7K, R, $4bb [Fe'] 23216 L 72 " ag k23
EAbNl, T LI, KO pHDETICKD,
L DSELEED LA 2 AL TSR L, YT 5
Y7 b K BERDOMDIABKEED CO; DI X T
ETLCwlmEofSE (Shi et al. 2010) LEANTH
b, LLAD5, HAREKEHWERTIE, pH D
T BRI AMOZNMDPRRICE 5, 2070, Y
T b kY, pHOE T H %03 CO iRED |k
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Fig. 3. Selected results of the impact of different CO, levels on (a) specific growth rate of phytoplankton in
terms of chlorophyll-a, (b) produced biogenic silica (BSi) to particulate nitrogen (PN) during the course of ex-
periment in the Bering Sea in September 2009, (c) fluorescence intensity of PDMPO labeled diatom frustule,
and (d) the microscopic image of the fluorescent-labeled frustule of Chaetoceros spp. Open and gray bars rep-
resent the results in the control and iron-added treatments, respectively. Letters above the bars indicate the
statistical group of Tukey’s test. Adapted from Sugie et al. (2013).

FEGOMAMEDE T DEKL DRENF L TH BEGEIC
i, XAIO0 s Nnisv, MHOEEE DHEL 72D
AIRRIC R dUiE, R—Y ¥ W TT o T FEBRAS R O R &
B 5 & e bic, HNLC ic B Mmoo s
fRiA$ 272D DEEL TRk b EEZ N5,

—7, Yoshimura et al. (2014) 1%, Sugie et al. (2013)
ERRR R SEERY A 7 L& W, HNLC #s cirbnr
WA L2 BB L 2 EBRTdH o> TD, Sugle et al
(2013) LMEEEREIBONZVIEZHREL TV,
Sugie et al. (2013) TR YD Chaetoceros [BEEEED
W7o 2 b oEPRIZBELWTELS LTV, Zh
ixf L, Yoshimura et al. (2014) 252 L Cw» 2 3[E D

FEERTI, HEROBLHEMEL, »o, SMEMEOEERE
(] 213 Pseudo-nitzschia J&) % Ko, Tolk
&, BET MM T v o by oEODHEERE O
HOBRNSTE2ZEZ T AREER®RLTWwS, ZDZ
ERHLDPICT 270 DR AR FBIE, HEERE SR
EHOIERTH 5,

2.2. BREEBHKRERAVRER

CORE L [Fe'] olifxHWICHNLICZLE ' 2
TEDPHREAR R E L, BARMKEX—RICL 7% Ag-
ull WM EZ A WS L E Lz, 23, BRS¢
VHERH W ER E AR, COREDRL e %E
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Fv gk o pH % 378 L 7z, Aquil 55HC 1%, Fe (1)
L EDTA oigfEh%# 4 2 % Z & T Fe (1) -EDTA $#{4k
OIS 2 [Fe']l 2TEICHIBIT 2 2 L2 HRETH
% (Price et al., 1988/89; Sunda and Huntsman, 2003),
7Kk ¢ @ Fe (1) -EDTA §£{k %> 5 ® Fe' o Te bt &
1%, pH 247 < % (Sunda and Huntsman, 2003), Z®
7ed, w3 COREDLLFHINS pH & iNT %8
BX U EDTA OigED» S [Fe']l #EIET25 LTS
(Fig. 4), pH & [Fe'] #8372 CT#ET 2 2 & AR
L%, ki, &7 NVAVE (TA) OBMAETRTE IH O
B pH4 LI FCIXEDTA A 4> 23 H L§EAT 570,
FPpH3 FCTHET 2 EEOMEETRHELL I TE
72\, Sugie and Yoshimura (2013) T, pH4 £ TD
WE 7 m e 2 QWA LRIET — 2 OFBTICE D, D
MR 01% LT £ CE S 2712 M L, TA Ofl
EEIT- 7,

WY 757 v OREKRIE, ¥ Pseudo-nitzschia
pseudodelicatissima (FEEE : #271) (Sugie and Yoshimu-
ra, 2013) & Thalassiosira weissflogii CCMP1336 # (Bi1E

1 Conticribra weissflogii ® ¥ 7 = L) % H w7z (Sugie
and Yoshimura, 2016), Ri# & FICRAHROPAFETH
b, BFIZKBICOAER T 2 TH v IRFE~IESE
W IR L %2 v (Sugie and Suzuki, 2017) 25, &=E7—
I DEBETFIVEY E v S Bl A S Sugie and Yoshimu-
ra(2016) I 7z, HifEbkz Ao ER T, E
BRAmicAy 1EM, MlaasHoREc LT 7~ 10 RIERE,
EEr L RIUREEMECEE T2 LT, BIEsE,
L b, [Fe'l o EFIC kb HIEEEZ LR S+
723, pCO, DHEWVIZ & 2 (LI R 5Nk 5 7= (Fig. 5
D (a) & (e)), 7272 L, P. pseudodelicatissima 12 \»
T, B [Fe'l] oF—20AREHTE, HEIEE
EEpCO, oIz REAIEOMHBENR LN (p=
001), HEfiao BSI:PN X, P. pseudodelicatissima
Ti& [Fe'] 8& U pCO, D _EFIT & - TE T T 2 {HIIAS
Hohizoicxt L, T weissflogii Tix, Fe-240 XTD#A
pCO, D EFIC & o TE T $ 2 HA AR 5 17z, [Fe']
DZAIC & 5 T BSI:PN Hiid 30-40% 0 2l E R L 72 D
R L, pCO, »ZAkic X % BSI:PN [hid, AR TD

Fe' (pmol L")
1.0x10°°
1.0x107°

1.0x107"°

1.0x107™"
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Fig. 4. Estimated Fe’ as a function of added Fe and pH levels in seawater after Sunda and Huntsman (2003).
The seawater media contains 100 #mol L' EDTA and illuminated under 100 mol photon m2s! 12h-light:12-

L dark condition using a fluorescent light.
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Fig. 5. Growth and elemental dynamics of (a)-(d) Pseudo-nitzschia pseudodelicatissima and (e)-(h) Thalassiosi-
ra weissflogii grown under different pCO, and dissolved inorganic iron (Fe’) conditions. (a) and (e) specific
growth rate, (b) and (f) biogenic silica (BSi) to particulate nitrogen (PN) ratio, (¢) and (g) BSi per unit surface
area (SA), and (d) and (h) intracellular nitrogen concentrations of diatoms. Lines in (a) represent curve fitting
using Michaelis-Menten equation. Numbers after the legends of CO; and Fe- represent pCO; levels in patm
and Fe’ concentrations in pmol L, respectively. Note that the data of Fe-20 treatment in P. pseudodelicatissi-
ma culture experiment was eliminated from the figure to improve visibility. Figures were redrawn from the da-
ta in Sugie and Yoshimura (2013, 2016).
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20%FEEE L 2L L R 2 E BB DI > 72, Pseudo-
nitzschia pseudodelicatissima T [Fe'] cfib 59, T
weissflogii Tl& Fe-27T XD AT, pCO, D EFHIC k> T
HAREE M- 07 A FéEE (BSI/SA: R DE S D
) 2K TEE iz, [Fe'l] 2°BSI/SAICEZ 2%
2%, T weissflogii D A IH N, [Fe'l o Fickb
BSi/SA fEI3E T L7z (Fig. 5@ (¢) & (g)), mifEkic
[Fe'] D& T & o THIIN D ERDRIE LS 7 5
AR SN, —7, pCO; DE OB I ALHIETH
b, T. weissflogii ® Fe-240 XIcBW»TD A, pCO, &l
TANOERBE L OMICEOMEBEA RSN (Fig 50
(d) & (h)),

Sugie and Yoshimura (2013) %, P. pseudodelicatis-
sima @ BSi:PN & [Fe']l & pCO, Dli 5 D E % %
B ELEWELPICLE, INIE, T4 RBEI T
pCOIIGE L Eb 2R LDt LT, ERHHEI
[Fe'l] ick->TEMLTwREICLS, —7H, T weiss-
flogii O 7 4 FELEFROHEIC OV T, [Fe'] oEkE
T & 2T pCOLITR T BIEEAERIr o TV iahs, MLk
DOEFEHN BSI:PN LIcB WA AZITBHE LAY L5
ZALT BHER, 1RIE—EREEZINS Z EHAL Ik
7z (Sugie and Yoshimura, 2016), Sugie and Yoshimu-
ra(2013) I2 & o CHIF L - FHEEF R 2 AV —HE
O, HEoFRTHEICL > T, pCO, & [Fe']l @
AR ETCRBBIC LT HEN R LE2HLD
L, Y757 r vEHEOTTOEEEDE D,
pCO, DZAVIZRT$ %5 HNLC i 8 1 2 Y EIGEGE R
EEZDURMEND D L 2O TR L,

23. BRIV HECHBENERAVERROZED

R— U ¥ FFTIT o T TE R AL O 5B AT S Bk T
i, SR R I B W T pCO, AY LA % & BSi:PN
ds BERH T 2% E0IRED A S, HNLC ##ik < o pH
DE T 75 > 7 F VRO BEEEZ V> Z IR L
(T3 &9 kfERTH -7 (Sugie et al., 2013), KEElk
RV EED» S, #KD pCO, D EFIE, [Fe']l o
Wizkib 53, BSIPN HLZET S22 LEH-oTH L
REEB iz dr o, —JH, [Fe']l & T &, Sug-
ie and Yoshimura (2013, 2016) TH W/ 2O H:#E D
BSi:PNfi%z LA S 2EATHY, ZOMHMAIZINE

TOMFERERE AT % (Bucciarelli ef al., 2010; Take-
da, 1998, Sugie et al., 2010, Sugie and Kuma, 2017),
bbb, XR=VUr eI NhiE CO, 2o, #kil
FRERERICE ) 5 BSEPN D EFI%, /KD pH O T
WS SO RO T Th 2 WLV, 2 b —
WO 5, BEREMIZEREERY —E 2 0HE
Th D REEERBRICHEL 5 R 2HRAICEEL L
fEmoT 6N s,

L2 L7%A5, Yoshimura et al. (2014) T g iz,
Sugie et al. (2013) DA+@ HNLC #B38 c 17 b N 7= HgERE
MEALSERRIC B W CHEROEAIEE I s o 7o FHFEIC
DWLTIE, X545 & 0 RR AT 2050 H
5, W77 v b URED (BG) BoEy, R, b
FRMED I b, R RBRE DB VW S FERAG R I
EHEZBEIDE, SHELDAAZEHL Cw2rkiTn
2 5w, HIZE, IRFRERED /725 COy iR DI N
5 [Fe']l ozl Fioxt LT EERE & bRy 2
FLAZEL 2 E2H 0 (%21, Sunda and
Huntsman, 1995), 2009 DR — VU v 7D EE T DO A
CO, o¥afmE &£ b2 BSI: PN F,/F,, lEOK T2 50
fe LY BN E G5 R 5, BE, FEEORAKRT—
% 8 & ¥ Sunda and Huntsman (1995) &k b, hEMEE
FShbi b ETIVEME (Thalassiosira pseudonana and T.
weissflogii) ® Fe' 1%t 3 2 85 O FAIRIEE (k) M
WHEAE (a @ Michaelis-Menten =X o @I {ER) X442
W2 GO MoK b 1HTE Y (Fig 6), K% T
BEEESMMELTARRT I v 7 P o BEB L O 2O
EEOHHIEE AW EBREIT> DA TH Y, MR
&gk & OM AR ERER L WETEERIC S § 58D
WTHRZFED 2 DICEZ S 62 HMAOEEILEE N
%o WIFRRIEN O BIHE D 5V IZRBBIC R 2 L
ThiE, 792 b v BEOEYIIEAN 5 EHRHH D
TEETHD, SBIFTNT204EDH % (Sugie and
Suzuki, 2015, 2017), %7z, pH OZA{VIC & - T
B 2 EEEIC O W Tid, RARICHEET 28 —F
BEFC AL T~ D SR DL E EH pHIC & » TEAT % D d,
MBI & B BRI T OBV IS 5 DA (Gledhill et
al., 2015; Stockdale et al., 2016), 7% & OHi 7z 7= W5
BEEAMTET, KOEMBHES AT LEHET S
7o DIFFRICHEBAL TV 5,
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Fig. 6. (a) Growth response of five diatom species against dissolved inorganic Fe (Fe’) concentrations and lines

represent curve fitting using Michaelis-Menten equation. (b) Relationship between half saturation constant for
Fe’ and surface area to cell volume ratio and (c) relationship between initial slope of Michaelis-Menten equa-
tion and surface area to cell volume ratio. Abbreviation of diatom species: C.a: Chaetoceros affinis (isolated by
Koji Sugie from coastal region); C.sp.: Chaetoceros sp. (kindly provided from Dr. Koji Suzuki, Hokkaido Univer-
sity, isolated from Oyashio region); Pp: Pseudo-nitzschia pseudodelicatissima (isolated by Koji Sugie from
coastal region); T.o_S&H: Thalassiosira oceanica, data reported by Sunda and Huntsman (1995); T')p_S&H:
Thalassiosira pseudonana, data reported by Sunda and Huntsman (1995); T'w: Thalassiosira weissflogii (CC-
MP1336); Tw_S&H: T. weissflogii, data reported by Sunda and Huntsman (1995). Data of C.a, Cssp., Pp, and T.w
are Sugie’s unpublished data. Surface area of some Thalassiosira_S&H were estimated from reported cell vol-
ume data and empirical diameter (AL) to cell height (PA) ratio of each species; AL:PA of To, Tp, and T'w are
2:1, 2:3, and 1:1, respectively. Note T.o_S&H, Ti)p_S&H and two T'w strains were isolated from oceanic region,
coastal region, and brackish waters, respectively.
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3. BhUIC

HNLC ¥z 81T, COyRE DI & 2K DT
P, HEO &S BN KoY 757 v o
BIEEIIFIL, 74 BHPEREHRL L {fHibhsC
ERRWRZ LT, 61T, pCOy &AW FIAWRER kD
REAZMY S CHIET 2EY 27 L2, Hik
OB ZE v 7 BAEBRIGEIE S 5 2 £ T, pCO, D
EHETIE%mL, %o AEOE T2 BSI:PN fi% A&
BRHERETHEEEZHALPIC LT, L2 LD S,
Yoshimura et al. (2014) I2H(bh £ O 5N 7@E 4 H D
HNLC ¥gIic 8 1 2 M e R AL o 2 B i B o ¢
&, BSi:PNMEDZAZ & 5 A2 DIZihEIEEEEOE
FE A3 B> - 7= Sugie et al. (2013) OWeDAHTH 5, %
T, W75 20 b U BESETEOBIME, pCO,
ZAicxt L Cic—E 0 ZMEM 2R T H I TH 20,
Hiffibk & v 2 EBBRIC B B 4 uEERE I pCO, DZEAL
LT —ED AR R - B ERT L s, i
PERBMEAIC T 2R T S v 7 b U IEEDIGEIZ R T A
7Ty (SHEWT T v b)) DAOER D EET
LINERH DS S, T TEHR, 2017 £ X b A s
=1 (Landry and Hassett, 1982 ; Chen, 2015) #% g 1E
MALOEBRICEIGS 2 2 LT, BN TS 2 Ui
£2 by 7YY U EEBERLULERERRKLCED, pCO,
D LA 10pum Kio/NEOHEY 75 v 7 + v OIETEH
Ex EFs a2 EATwD (BIL, £REF—2), M
INEW TS v o b v 2T L, SRR EL O
HEEZICTORAVEYT I 00 b L RENEY TS
v 7 b v L BRI S pCO, DEEIZ DWW T DOHIEL
BELIARLTWS, HAT 7 v 7 P Uy BESETUHR
DEREDS pCOy DZAVIT N U CRHTIERIZIC 22 5 X h =
R LRRFAT B7-0121F, 5745 5L HALEL %
AbNb,

VLA, FEEEHEBRT O CO, BRIFHEEROBRE L FEBHEST
LCw 3 b L <&, pH 02T 2R 7 —
WHES CEWWHERDPEZ - TWwS, Tabb, EERT
BED» SBHOMIC COBREEZEZ D EMIELEAL
TH 5, CO, DHEHBICRE O I hbhizn &
5 SRR S F U AT B VT B 80 ERIC BT 5

HEREO pH DMK T 215 03-04 ThH b, EEOUIEBENE
iz FEBRE TR 23R & 0 EAEINICEY 2 LIS 2
TH % (Doney et al., 2009), ZZT, &b EREHWZER
PITONDE LI h>TETWY S, BHIF EBEED
MR AL O BB 2B % 1 2 & BUFERR E o BRI
5T, EBUCHER L RTERIC COy RE LR ik
U 7 RAE I 2 SIS E DS Z % 2 & AS, %% Chlamy-
domonas %> 7 / N7 7 U T Trichodesmium T
1 T % (Collins and Bell, 2004 ; Collins et al., 2014;
Hutchins ef al., 2015; Walworth et al., 2016), %7z, &
FASEERIC B 280 E 1%, FHERICE T 2 EKHO
TP 72 > T 5 2 D% (Collins ef al., 2014 ;
Lietal, 2016), D Z LiF, WHBRELOFRICE
THMRAL RIRHRA 7 =V COEBREF S ST 2 L
BHETHZILERLTVS, Hl2E, IhEBICET 3
H A2 EZE B 3 A\ AR oW E e AL & i L <
MR C 2 COBRBEOL & SEL.THh b (Hl 21,
Wotton et al., 2008), FEiHEIOEIEFERIE, BRICKE
TORERELEE 75 7 b RO ERA %2 T
2 L CEABFRLEZOND, NREYOEEREIC
JEC Tl IR e BT 5 2 LE, 752 b
YOBRELTETCOEEYOERICBVLTEETHA I,

PRI A IR S < BTGB T L 2 wBRR A LT H
52 ELERNTUEI RS BV, HERKIROMETHICIEE
FXE R PEEHERTH 528, BHEREIRELE &
SQICHEAE L L T ZEPEESN S, S5, WHEE
KBV 7 5 v 7 b v DI E T 5 R OB,
MREZDIZRELC s SEIELZLEZOLND
(Moor et al., 2013; Boyd et al., 2015), #lz1Z, Atfiis>
FERRE C I3 HEK DRI RE - T DR L HEBREE D IF
SR &5 L, #WHi koML iR R I3 B Pk L
BHERICHZE T 5 NOx ° SOx & EOfglEH A, BHY
PHERE R LI L T ROMETHEE SN D (Doney,
2010; AMAP, 2013), ZEHNTOREERC RGN T
B D E 2 M LS W 27201, WikE ORI TR
L, WINOBREL x 5LV ERBRICHEA R EE XL
B2 EERFESCRETL, REZED ZNEND L (I
1L - 754, 2011 ; Boyd et al., 2015),

WFERRIALINY 75 v 7 b oo TnRHEICE R B
PR, EOMEMHMIck-TbERLL, YT
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7 by OREEIRE (KR CREOB) k> THED
L EDEZELOWRICE VS IC 572, TEMT 5
V7P S T, R Lo REYICE -
TOTAVY bHDWIEFAY Y bELDZEDHNIEL,
DL TN W L23H 5 (Kroeker ef al., 2013;
Browman, 2016, 2017), $7&b b, SHESEELREYHIE
1E9 % AARBRE T, MR & o THRMBISHE
B AR E DA U, BIE L3R 2 @R A
FNDEEZLND, BREPL, REZTHELNLE
% L OWFEBB A BT 2RI B v e Td, Kk
DNEHPERTE AR Y —E 228, BMNERLLE
HREBOABRICB W THBELAFIRONE D%
THT 2Lk, FRCEREEZRD 2, FHITE RV
HESEZ 2 BERH 2D THNIE, THICIE CO,
Ot EEZ L mIc L, R o8 RIS
L2 EDRBAERENER LSRR T 545 (United
Nations, 2012, 2015; ##54, 2015), FA4WFEEE, T
B LWEEEZD L THWET 2 &5 ICEHICHEE
HEED, MEZEET 2B NEMEL 2 TE RS R0,
RO D EEZZK L LT, CO, AMAERERE)
BE2EZE2HENTH D EPPEICHE->TE LS
COy 1ZAEHE “ R 7 BT BN RO R 720 —HFHR
ELTAHHBDMGE L THRE LKL 2 Z L EETH %,

i

DEFFE LB D b 2 HREFAHHE 2B,
HICRDIHRICHFELET, HELGT LI o ES
¥, EEICHED B ZICILL 0 EILEL BT ET,
e, TOFRBICHAL DI LRLSBRLEYIEEY
WE, [EWE, e M B T 2 OFEICER
TELEIRCBNTHILARIZRRENET,

BRI AR, BIESGE O Y O #EFRD
REHHAL, EVEEEHEECRE L2228, SHD
DECHLLDBROFEDH BHFRAETICEN S L3y
RIZEVLFHFD FHATL R, HILRFATHROMEEICT
Bx L CHWK 3 EHOMRE TOENE, WRICH
FE ORBRICE OB K OBV HE OREITAD T
v b ERBYICBED AR OBSRE R L, 518
B T7ATFAT7TORICHE>TEET, LEOMEALEL

FFET, MREEEICHEL T iEhENICbEEN
TEY, FICHEW T 77 b v OBEERERY O MK
oW e LB X AR ERE L LD, BE
BEEERFIC O CIEHE—-EL X, HGToR
B OFRER I D W TR KRB L, RS 114
+, RHZEK X D% OGS HEM A2 H A CHWZZ L
I35 THROMEITEIOREEE LBV T,

LRI B CIEE R I KD, A7EE
EOMRETHI L LT, SHOHERS AL EE
RZEPTEZ LT, Bk E CRAEIE» R oo
&, TEBENTORMEKEHCIEEERLE, BRI
Yo b UBER S 2 EBOM A TE LA BR Y, v
IATTRAED TIREEOBEZ LELCTBY T, £,
AT7SeAc CHRETE W 72K B U 3 #koEhREIC O W
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WTHRPTIEDTERVEEATTZ2RT L5k
DE L7z, BAEALFL L3, Mz - 2 8llc
&, ML, R, ML O EE
&, NERREE L, KHMEMLICEREBMEEICRD,
KL DEBICORTBLIENTEE L, £/, Yk
I —HTT T DR DL 0 o I EE, M
BESed, THEERA R X OKFREORE, HEOH
RICBWTH HHE ORI, Az EDd Nk
LIS CHROBELRMETT,

FewvC, FEAIEAIRFR R & LT (BF) B0 RpF et
BREIRADTZEATIC AT L, FHANEEL L &S IRk
LIcBET 2R Ic# bz 2 Lick b, ZOEDZHEIC
BN LMREHZTAL LR ETLEER > &L
TED 2T, BRI EBRTFECHE Ao o
CHEERZFICELEEST, PEKITOKRIVS iz
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Impact of ocean acidification on phytoplankton dynamics
and bioelement cycling

Koji Sugie*

Abstract

Ocean acidification (OA) is one of the many severe ongoing environmental changes result-
ing from the increase in anthropogenic COs Many studies have reported that OA can affect
marine organisms such as calcifying algae and animals. However, the interactive impacts of
OA and other environmental stressors on marine phytoplankton remain poorly understood.
First, we investigated the interactive effect of OA and iron availability on Bering Sea phyto-
plankton community. Second, we developed new culture media that allow for the independent
manipulation of carbonate chemistry and iron availability. Third, we conducted unialgal culture
experiments to examine the interactive effect of OA and iron availability using the new culture
media. Through these above studies, we demonstrated that (i) iron availability could change
as a result of OA in the iron-limited region of the Bering Sea, and (ii) CO and iron availability
can independently affect individual bioelements in different ways. This paper presents a brief
summary of our previous studies, recent trends in OA research worldwide and the agendas of
OA-related studies.
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