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B0 OFEPFEICHFAET B EEZLNT WD, FF
i, I v iR /N O BRI O W TIEREE
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KEDP LR Lz o0 7 4 a2 ERTE, %
7z, EEIA s a2 2T 70T & 0 R ZELD R 7z
ERE LTS AR CTH 5, K/, AKPHOEE V¥ —%
> TR 70 & QYRR L R AR 2 oo
TANVHEIC KD U T NI A LTHRET 2 2 &b — W
THDH, THOLERELPS, Zuu 7 4 VOHEIEED
WRIEBHEVIELASh, BIETRERL S I REFIEL
L E N T3,

— 77, FEEEAPE R BRAMAROR D AR X b RE
R=ZTHEZEND, ZHICHL TEYEIZREN— 2
THEEHET 2 ENTE RV, #ARFICET Y 2 A
REIEGEYRET B0, WM T S50 7 b DARD
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Schematic view of marine grazing food chain from phytoplankton with emphasis of size range of phy-

toplankton and animals. Illustrations of components are prepared by Dr. Mitsuhide Sato.
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H - WAV IR S h a2 HRE 7 v e 7 14 ViRIC
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Fig. 2. Subsurface chlorophyll maximum devel-
oped at 10°N, 154°45’E. Modified from Yanagi
(2011).
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Fig. 3. Vertical profiles of phytoplankton composition in terms of chlorophyll 4 (left), and community (closed
circles) and algal respiration (triangles) at a station in a Kuroshiwo warm core ring (right). Algal respiration
is partitioned into maintenance (dark shadow) and growth-dependent respiration (pointillistic shadow). Modi-

fied from Waku and Furuya (1998).
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HIE DD CEETH 5,

O LESE» L, RS - NS, U CRIERE
DWEIIHNT D 72 DI @B FESFHFE S W TE 7,
BEFEF TR & 2 IEEREEIE (Garside, 1982) <
7% LIV B (MAGIC # ; Karl & Tien, 1992)
WU VBENERETH D, ThEDHFTRFEI
kb, =4 70EN LV TIRIEBERES YO TH B
EWVLbNTE BB T S B ~E T nM OnEiEE D
FAEL T3 C EA72000 FEEHE TITIFHS 2 Ics 5T
Eleo LL, ZNETOWERIENTATHPRNE 2 -2
[i7: £ O RN EHRICRONTE D, WEREICE
\F 2 IRFZE AR RE, FRICHBEA T — VXY AT —)b
72 EDIREATRIC DWW TR ER A e dp o 7o, RER
TS O ACEDRIEEIC IR, HAR AV P —H
Fotric & 2 EFHIESERNTH 5 T L IR FEEHRCE
Fe ECOMR» L EILESNTELY, HETE R
EiA~ A 20BN LNV TH LD, RERBEDSF
JENVLRVTHIIFHZICZDOE EOWAT S LT
Ehpol, TDRD, EXEEHE (Zhang, 2000)
IR 7R B ARRIRRST 2 0 2 T 7 BV L )L DS iR
ol T = & — % AIRBIC 9 2 B IR 1 O BT & 3
& T 7 REURTE RS OF B 1 & LR % Btk
L, KRPPEE - BV 8 1) 2 RIERERRE D
Rk~ v ZICHb AR, TORICK b %L o
HRAGS ZENTE, Iz PLNICHED Gl
K OWFEIE 2013 FEEAR LR MHEZEH L U TRHEL 2
(W&, 2013),

COMRICBIT 2EELFERO—21%, JLREHFRO
b2 & Bl KOs 221 € 2000 km A — % — DL Eich
T2 BIAKIZIBRICEBWTF BV LRLTH Y VBEA
MELTWEIETHD, WFRNRE L 7PEEATEEL
- BB O RE TR, SIch s b SR
F BNV LRVTHEHATH > 7eDic LT, Vv
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A AR & 2 ¥ % D> o 18, LRlo#EE T
F Y EEE S 10nM LT O MBS EEL TW iz DT
» % (Hashihama et al., 2009), Z Z CR#EICHE %5 DI,
) VBB E NS D0, THDH, ALK
W lE A L CORBEO NP H2NZIE0 TH
b, BEOMEI - REEOHEEERNE B> TVWB I L
D5, U VBB ICEREEEPES L Tw?
AMBEME AR L R S 7z,

C OWFZICELD A U o - I, M BT
DIRE~ v ©r 7L AT L CEREES O LB % T
L EFTWIeh s, o2 L EREEEE DL
BeiEd -, BEBREFEEOHEEZE LT 2FL VR
TLik & BERIED D 55, M LT I HIERS RS
LNBHTEEHOTHEE A — LTz, TEF L
VIBTHRIE T e F L RIS A F L D DICE
EBRIFPICHRTEENMERO ESNTERD, b3,
EEPFEOWRPOHME 999999% D 7 £ F L v DE A E
kb, AT F L VRBEOHKRHRA% 21 nmol
L'$C P2 L iclihl, ZonkET 12 BikgEs
B ok, SREEEENEE 009 nmol N L™ h™ %
THRINT 2 2 EDHREE e o7z, ZDFEE, BB L O
ST O R & ARERIEOE S 7 7 v b odbik
¥ COHEVHEERIT, A AR SR EETE
MRV ENHG IR, 2o, LitoV v
Mg & —H LT, A XPWOFER, Z OBEEEED
EVIHECIEFER 10um UNOEREEZFICELDDH D
TH2ZEhlole, TOMGOEREEERMEIES 7
v o by A Xty 7 s o270 7 (BUF
FoeT N TIT) OBEREERRMEBEEZRL,
Richelia intracellularis <2 Trichodesmium 73 £ €K7 & A
CHFEDfThb T REIO BHRETEFHIENML T
Molel bbb, F /2T )N T ) T HRT R e 48 FHLEH
EHETH D LS DT R - 7 (Kitajima et al.,
2009), EEEEIHEEEF /7 > T7 7 25 THIlEED
M eRkDIF /7277325707 1#llEH 720 Dk
T3, BERTEONPEREOHFICH Y, I5Ick
ENEF LD HIEEIE L, LFOM#E% ) v IR
ERILLTWBZ ENRREIN, Thbb, U UVgE
R E ZCIIRIERBIR I H v, BEEEIRY VH
REZIT TR, LBICIRERAESEL LDk

O, HxbHIEHKITRZMERSICE D TE» HREMN
WDV VIRIEHHEENE L 5720, ThHPELFEOEH L
SFEMEETEMEE L2 iz LW & 7 (Hashihama er
al., 2009), & 50, HEZFEWZ L) VBB T,
F TN T THEERP YO THOHRRERETE
PROLNDGEEbROLN, F /T I/ NI T T
NONLDBEREEENHFET 5 LR RI N, R
intracellularis ° Trichodesmium WA TFH J 7 N7
FUTPANCH Ta T Ao T TBONEREEE
B &P HEICIA L 94 LT & b (Shiozaki et al.,
2014a), ThETEZLN TR EICEEICIZSEE
BEZEBETCEPGEELTVDE I EDPHLENICRSTET
w3,
CCTHREO DR, B C O S REEEIEED
S L 0 b B oD TH D, TDHITDONT
&, BEREZEDTHE EIATH DY, MTNEERE
+ A2 L T v % SPRINTARS (http:/sprintars.riam.
kyushu-u. acjp/) I & b &b 653 ¥ 2 FETED,
UV EERB D AR, B B VI EEEEEEOE
WERICA S CEh b, AN B8P TEERD—
D LEZ TR ZED T w3 (Kitajima ef al., 2009;
Shiozaki et al., 2014b) . WBFEIZE T 5 SO RMEE 13RO
TEL, #2MRTELTb 2= buy F—LiEkE,
AR DOHEZZIRT VD, UV oftie L bics
FEEOHIRER EEZ bR TWD, BEHKOAAHT
&, BEZOLORTITEEL, BESEPHEEGLTVS
B, o EWEICEKET 5 2 Lick %, kT
BESDIFEALREMNTFEHELTEY, WiiTEo
B CIEREMNICZLicEA T % (Kondo e
al., 2012), WRESPBANEOROEN T LA L T
%L, BRETEHIZOEMT»OEESREITTL
BTEIAHT 2 ENTERY, T, ¥R FEN
L 7e kil & SREE OBRMBIHICH 72> T, ¥R
s D DWEK AN DA N Z T, K ORI T
RN ARARTH Y, DM 2RI D
IO WIEh D TH D, HEIIFEA L SHBOD
RIS L 2 ADRKE D,
WEETOWETIE, ToF L VIBIGHEIC X BB L
FAFLC, PN P L= —kic X 2R D MED T & 72,
PEER - RIEAEEDL S ChE T o fERE2 L0
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5L, —HoplsERWC, EEEEHER, RECE
VB hEERAE (+ HERSEEIE) RS 100 nM BT o it
DAHBD 5, THEIZBEHIC XL D REL BT,
ThbbitERKICB L TIE, E ML O R T
HRALRSP AR B IC R TERICE L, BRI
T, 74 Y —BiEORBRATHCEANFED bhi
(Shiozaki et al., 2010 ; Hashihama et al., 2010), %3&[H
TG O & WM Tk w3 b Trichodesmium
Richelia BT H R BRBEEE TH o1z, Thbb, £BHE
BEEDOEBWIES, wbhbidsy AKXy FZBRALPHY
FHgI EDREDIR LI MmL, 2Tk ow S0
FrY A RoBREEEN BT S, LT, b
PRI C I L CEEBREEEEIMEL, F /TN T
U7 BFEZEREEETH 5, PR - FEATEICE
F 2842005 ORRFRIRMNAREREET — 2 R —
2 DFEWEERL E 7> T (Luo etal, 2012),

DX DI ISR EREEENHBL, 20
5 DDA ZE W YRS 51, BREAENCN T 5
BRI ERFE A VICE R > Tw B EEX NG, T
NE CHlEEDREETE O LI, L ISR
ABICEI T B H RIGFHETZRUE D Trichodesmium 12 5
LTBY, IF, FCEECAS AT 5 2 L5
DIzl 7 T I N T U TICEEN S EREES
COWVTRARIZIZLEAERGN TR, ZOKRER
BELLTHToN201F, @HONy FEETIES/
TN TIT RN T ZEREHRES S L — |
U7AR W RERIRE O LT P NEER L Th 5,
Cokd, Fald, 74U, S HEEL 72 Cro-
cosphaera watsonii 7 0 — VREHWT, 7V E=T L
BHRE» T 727 €AY v b &ML L CERHRA S/
ST T T O 2 BREERNTL, C wat-
sonii 1% Trichodesmium & 135572 5 2= — 7 e Rl 2 5o
L EHL I L7 (Masuda et al., 2013), T7%b b,
C. watsonii 1% 3nM LD TIREE 7 v E=v L% F]H
THILENTE, 7VE=ZTOMDIARICEL CERE
ERRER R VBEONWY 75 v 7 v OESEIC R
TR EPHHTz, £, ZOHLD AR X HEFE
e rbicmL, MidoEREERED 65-95%% 1
SDTH D, —H, BEREEEEZI~59 MU TFD
7YY LAREOHFETIIAERZ TS, B I

FOTEZREEFEEEIRELS LML R L2 bhro
2o TIE DFERIX, C watsonii O FEYETE A E FEE
EDLMORART VE=ZT LT D RELMKFEL T
20THY, BEREEZ, MIENOETRELIEOZ
BOHEE2Z T v, LWOIXHEEELZENICHERT 5
R= w7 RiFE6E2LT0AILEERLTVDS, &
FEEZEAEK IR EREOBRTTICHET 5T 2L
F—L RO RECIELEZADYE L L, ki
DFEEIZ, C. watsonii SHIIENDILEBE T v E=
U LEFMT S LIck D, EREREEERREELZ T T
EHRIGEICHART, T2 XF =0 BV aERH
EEILCVAILZEKRLTCED, SRMBERECE
KEEREFF 2R VEY TS v 7 X0 BRTH D
RTEREREAOHIG LRI 28 TEL, 0
F O R D OBERECE XN E TIECIRAILON
Tk olc, WEICE) 3 BREES O LAY
FF RIREIC DV ED D TH B DHFITIT L A LK
{, RERFICEE ST, C watsonii 75 £ D/NEIES F[HE
EED, TouT I b A ROBEFEEL LIZE
72 ZEREINEREE b ORRBES R I N D, FEEIAT
6 Bt S NI ERIEEFH O 7 v — HRIFHRO TR S
NTWw3H, 5%, JTHREENEGILICE-T, Th
ETIA SN T ek o 7 IR & R > EREEH D
FHEDPHS M ICEh, WY 2 BREEHE O S
HOBMBPRE GELD O LHIFIN S,

6. WMT T2 b DEBERESF

WTEIC B 255, AMEE. WEERME A ORRE
fRIAS 2 & & 3EYREEF ORBD T— IV TH %, W
RENZT B E, £7, MW7 707 oofiE Rl
O HARE D W IN O AY O EREPTEM KO ZEL L L
THN, ZNRYEEC A RIMEIER 2 £ olk 7
FEMBIfR %M L CEBREHIE LT 5, 2L T, &Y
HoOWEEBRPZT 2, ZOBRBE2MSIZST LR
EYHE AR OBRMIR T H b, YLD E L E
LTGRO EAS TH B, &5 LIcHREMRE
WL CEDER S ED C LIl Z T, A, TS v
7 b v OEMA I IEH I AEI b o T2, X
HERKIRL CHERT 3 2 MR BRI A BN IO § 2 MR R R A
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ft, 2L CZ2NIHES WEERICOWTOTFHITH %,
BEgiR & o 7 BRI & A B I Rk o BA AR R HA
X, TNH LRI ZTHA D RELHICNT 2EYDIL
LZxTFHT20cBmd TERTH D, ZOMAFIZ,
M7 oo v ERERNFEICES VT, 280D 5
WIFBERERRIC B L CAERBRETVEMANTCE T S
a—FTd 23 (Follows et al., 2007), & F VRN 5,
S ARIE & — XA e O BIRMAA (Vallina e al., 2014)
L, WA T —IVTOWW T T v 7+ IETEEE OHE Y
Hi U (Hashioka et al., 2013) 7z £ O A TV 5,
BIGEENC X 2 7V FRIOKGE, 2 LB THizic
KAINZHROETNVADHAIAA, £ 05 WHHOD
D AT & O REROWEEREY) 7" 5 » 7+ v RHE D ZEH)
THIOWIZEIE K E QL EFIRFS NG, THLRET IV
fEiTic & 2, BB OWBEOYEIEER TN 3 Tt
KN EF ORI A>Tw 5,

M AEERZBIC D WO TN, B 2N 2 &
BICHF 5w, HIEREE COWEBRIE O 2D 7 72+
WCdH o T, NEIZIFFEAERRYZ OWHEERPEANT
ARV —ERAEZINECLRAMRKICERTZILNTE
DPICDOVTER DI LD, BREDHFYOEBEREL
BoTCERDTHD, M7 502 b iz &k 3504
EZNICHES) L 72 ETUR OIEER X, KEZIR OGP,

SRR S D AT, REHIER . Lo NEHOAF I
Lo TR R HEBIBER cH 2, EHEEREEIC X 2
s L =7 LERRIME, icBWwTH ARNEE O ZE I
KD AEERY—EALZBL T 5 LIRS
(http:/www.millenniumassessment.org/en/Index.
aspx ), FEMEAEFEERA RAEERY - RDHIC R pH
B —E2ELTMNEST TS, Y7527 D
AR IEEE Y — R & L COHEBEEED TN
EEDD ETRELREENH D (H 2012),

7. BHYIC

O, KEHDHHRBTEAREEZEH LREHRIC
B, 23 Z bW fIc B RS2 5 7Dk, FEb 34
FEEH e & BAEE N 2 1 C o5 oA & 0B REHE
FICE D ETADNRZ L, YDAV ¥ 25 LTl
WERBELTF2a—9—HlERD D, HEOEAR

T—RICOWVWTHEL | EFFMRT 2D TH -7, i
Jedi 5 Wood (1965) %o T, fldHEIS 72\
I T8, HOoOBRBBHELOFIELEE 22X
Too ERAEDT AL Z%2SEFICL T, KA TIEIAL
Me=Jet o THRE A2 o, WK SaE 1 BB % K
ZEHESN, LHEZEEEE 777 by LB
BB CL22E, TP SHICEL RS &
o TC&E, MEEPSTHWIFRORE X2 B 0L
BT 5,

Slal, B T 7 OHEERE IR OB, LIRS
N2 EREWHRD» DI E o7, R¥EPBEEBEL COMEL
ollREZvw 7 4 VKO TH 5, % Oifk
T, WHERE MBS S VI, A v FYRICE B0
Zefin TEHBEAL), TRERL fiEic R L, FEATEE
finf, EHEOTT 4 oMlHEAED L X VBEPOA o
Do EATER ES K REAR, F SITHIBIE AT
b ot B THINOA—SE ROELE, HALE
IS, RS 510, BB b 0 77, B4 O
W, BAOEL Vi LoFEICOWGER L7z, K
MzEhsiEma@EL ¢, —EoftEL L TEYiEEY
BESECL Lo, ZOBBAIICOIDETHREET
b effie d RKETE» WIIRERZHVZ, X512, HiE
IEfESed, HOEEE, MNEAXREEZZCOE D
LoD 5, Fhle b OFERIGEE & U T O AEYHEE
2D ZEDTE R, EiEEAE L HOJeEICIERES A
F ¥ O EMERMOKSE 52 CTHE, Thzic
JADS o T Mg IMIZEE & DSRIE D TR D R v b D L
BoTWwd, INLDHLICELBHTIRETH B,

SEOZEICHY, ThE CHAMEEED TE
72 hi%, % U CRRERE 250 I 24508 & o
PRHlis N2 2L S, &5, INECTHE
U 72 RECRSE B EETZe 75 v 7 b VY, ZEApE
YRR A AR, R R AR B
BHEATTFERIK B A Y BRE AT 78 O BRI 1E H 4 DG H)
L TCHABMERIC RS T2, H 572D TEMT 2 RE
Th s,
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Physiological ecology of marine phytoplankton and
their role in material cycling

Ken Furuya®

Abstract

One of the goals of biological oceanography is to understand how plankton communities
respond to environmental changes, and how consequent material cycling through plankton
ecosystems is altered. In response to environmental change, each species population physio-
logically adapts to the new environment, and the community structure then shifts due to dif-
ferential growth response among these species. Since physiological responses vary among
species, there is quite a diverse range of community responses depending on the species com-
position. The author has been studying the ecology of marine phytoplankton from this taxon-
oriented viewpoint. Emphasis was placed on species composition and biomass of pico- and
nanoplankton, including many taxonomically unidentified species, and on evaluating taxon-spe-
cific physiological algal activities. My contributions to our understanding of phytoplankton
ecology are briefly reviewed here: Population dynamics of phytoplankton in the subsurface
chlorophyll maximum developed in oligotrophic oceans, taxon-specific primary production and
respiration, and ecology of diazotrophs. A common approach in these subjects is physiological
ecology, which combines autoecology and in-situ observation and experiments. Physiological
ecology is a discipline that aims to understand ecological phenomena based on the physiologi-
cal and morphological functions of organisms. In the Anthropocene, during which large-scale
environmental change is proceeding at a global scale, physiological ecology has a new mission
to predict how biota and associated ecosystem services will be altered.
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