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(HHRBERLEY) B D VISR E, WTINBIEMORB ORI L LThlEEIsh
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MOBRBPMLEL D, KER =7 —DF LWERIIMNA, Fr T ) —EXKEE L—
W AU BN HT 2 I A R T8 TR >0 IERE 72 B BE o O AW [R] & Hi T 00 B %
A TR Y (Shintani et al., 2002, 2005; Teramoto et al., 2007a, b) , TV VER, i EToRE
WS HT IR 22 BN S D (MY 7 U —% 0 7 7 v — T Wi, w5, 2013) , &5IC
KrEDBIERF v\ e X —7y h e L7 a—7 OIS GriitEt 7 u—772 L Aoki
etal., 2010a, b; Kimetal., 2011) & ##ERE ORI OKSIRE)I 772 £ Aizawa et al., 2006) % #H
HEDED T LICKY, BGMKR ORI L 7 DA O BROTEMEO HENEHIEIR O 77 v 7
F—h (Tradrva— R pE) ~ORERANPEEND,

218, RFEAIEY—
WK P OYFEERL T « TERRRL 71X, EOME = R0 ORE LHMHERE ST EERXT— KT A4
—Thd, WKFTOR AT —CREICHEY. L TCWD DL LT, BMEBEBWEORBEAT b



IV OB Z Y B C1T 5 > A7 A, LISST (Laser In Situ Scattering and Transmissometer)23 3815 5
A% (Traykovski et al., 1999), Z OJFERIL, L —W—REHFZE I, K OBRBYWEIC X 5 8ELDE
DAFERESA LTI, ZORMERFIRE, REANT MVICEBT LD THD, B
FFE LTHMEHATRETH Y, WK O FOE A, £ ORI, ThRREFHINCHER L
BV, BRIZHB{btESn TS,

219. TS50 pURBlE Y —

7T b OB - FHANTBEEFAIIEDOFUR E S o THlE Tk, H<nbithbiTE
D, BEETHRy M U7 U U ZI3FITON TWAEERFHHIEA TH L, 777 b it
o —L UTBRCHNL ESNFERAEENT0DE DL LT, LUTFD 2 o0 T b5,
VPR (Visual % L < iZ Video Plankton Recorder): 77> 7 N> OWFZRITEHE x> M7 >
T TITON TS, AEEITHER 2R EIIBEICBE SNLERIC, BlETLH 7707 b
DEE % md s T2 H D THh 2 (Iwamoto etal., 2001) , 1 AN HEELEWT 2 @A R 7
FvvadA s, TYVHINCCDAAT, N—=R7T 4 A7, CPU, Ky T U —0r— 2% THERL
ENTWVD, BONEHERT — %&b COHEF I N7 — 2 X=X L BEG L CHgfir, 7
ZrU FUDRE - EREZITROBOTHY, BZHlfbsh Tnd (72& 21E, WHOL 2013),
BIfE, FESEIC K DMP RS - IR (V) 2 —) fiffrbR A bhTnd, BURITH F
DREZ, WIROMEHT DA TH LD, FRRANTITRLF O DTN G, R F O FHR O HEE
bHIfFS TV D
LOPC (Laser Optical Plankton Counter) :  HIGIZHBW T, BELZ 7em x 7em x 0.1cm DO EHFLIZ
WAINTWAKIZ L —F A2 S, 100um BLEOWKRFBOTZ 7 b, RifEAn s T Lk
WD LNTE, BBMITNS T T 7 Mo ORERE, EEZITHI 2 ENTRET, BEICHRS
N CTW5 (72 & 21X; Brooke Ocean, 2011; Herman et al., 2004; Checkley et al., 2008) ,

2.1.10. —ﬁEE%wt>#—

— AR T T 7 b DEENBEATH Y, ZHE TIREESRE, RERMEE(MC
%L<i%)ﬁ£_ﬁbm1%kﬁ,ﬁﬁi%%?é_&ﬁ<%%_*&éﬁ%@mféémﬁ
7T v a it (FRR ) BB STV % (Raateoja, 2004), Z OJFER L, BEATIZHE
ISR i: U7 i /Al NV g fe ﬂLTtAW R ERE L, A kE T miER (PSID) OFE
FEZBEREZBL LR BT LIRS B S E T, AERNT v a7 ¢ baot O FFE iR
EREDED HEDOTH D,

Z @ FRR {EIZHAD < JIE2EE FRRF (Fast Repetition Rate Fluorometry) [XEEIZ AL & T
%, FRRF 1%, WpARKTCTHEEZm®E (GOEEE) CTRESET, HE» S M S 564K
*@ﬁ%77/7%/ *UCHH, W%~ 77 b3 57 an 7 0 Vit s a1 H

TR L, ZIHRIMEINESNTHY T 7> 7 D PSIE ORT A—Z ZR]ETDHHO
ThHY, THICEo TR —RAEENIESND, THETIC, MRERICHEL T, ®mofEieRik
*ﬁéﬁ?*&%%f%é%@ﬁ%é(?%J%ﬂﬁx%ﬁ#m@fﬁ@f%éﬁ , 7 RRE

ZEMMRIZIEE > TV Ruy,

2111, FERETA ARSIV T



WK OERRL 71X, WEOMEREREG ST ETEERERTHY, ZaflfT o4
ERET A AN NIy T THD, THETIE, —EHE, BSICRE L%, ZhaBIL,
R SNTCLRERL - 2RI IR Y o 217> TE 72, L, RARRE LT, ol
METVEE RS- TR, REMMEIRET — 2 255700 RX v 712> Tnd, Tz ik
THFEL LT, BUE, HFMET 4 A2 b 7 > 7 (Carbon explorer) 723FHTE STV 5,

ZOREEX, R A EERRE LN RA CTFRICHEET 20T, BRIZTr 7 7 A
Vo7 7ua—MECHD, TOMBIZILUTOLEEBY, LEOWEZE L7RD bERH2 6 —H
FREE, TLRERIF 2B RIEZ R OMERICHET 5, BYEEICCCDI A 712 X W g Sk
FEie L, BAOWEIRENOILERF &2 HET 2, ke (ERiry) 75628 T
RIBTI N T DRI DB ZRR T 52 L bR TH D, HIEKR THRITR AL 0 R 4 B
FL, ROBNTE— F~BITT D, FMIEO B EERIE, SRHUH 2 ICBSEEIC A, 3Bl
Lo DB, LRERI 3T DA A58k 5 2 LIZAEI L T % (Guay and Bishop, 2002;
Bishop et al., 2002; Bishop et al., 2004; Bishop and Wood, 2009) ,

2.1.12. LY —I2DONTOREER

WEDlFE =D A BV a AMDRIZE > TRAEHEB X, (DERE, Q)mEEE, 3)
BINENE, OmANE, Sy CNENEET), (62, (T)MEFHEBRD LD, (1)EQ)
URAET D72 DITIE, MRABLINC K D 2k TORE - o7 - fifr T — & L ik - it a2 &
T, B —OFEBE - BEEOREEZITOLERSA5, LiL, ZNETTHE, RO
HMET — % Olka TR LT, RERESHERT — X IZL DA BV a ARITFEBRTE R0,
ZDTEOIZIE, Q)N H(NDEHDZ U TIIMETH D,

Fiz, BUV—B% - RBEICITESR - AWBEIROMER S XOERV, BifFt o —omkEE
b - @R - NUE, BAFEOY U —~OFHER - B, 5 W0IEEHE o —E O
ATERF « B EHNHE & U CREAFERIELEE O HEMEIC T 2 E TORMIME: 72 & O IR IEE 4 T
D EBRETHLGANELL, FEONNY I T v T OF, B & OFEHZE GBI ATUHTHE
DI REE AR T OILERDH D, 51T, B —0BRREITIIEF RN 501X HAALD 2
L, FORU—RE L MEEBRICIEOTY BEREEREA LI L S, 2D Z kR
FEL T 72011E, FRR EOR D RO 218 LT, EWNICHEIF 10 H 285BI 0 FIE% 2
WHETRA D,

MMZ T, 7—& BNERE S 42 B To ARl ORI & il 22 T U722 57220, ReZ2 MR &
IREET — X OEBERITII R ET=F U T HOMENH D, FHIT=F U 7B AM
IZ2WTC, BRI CORHMER AR E 1TV 2 e WEERH Y, BIED X 5 R AMFHECIZE=4 Y
VIVEEICHEET AL OO NBREEIND, ZO, MEOEELHEEICAN, Z0XkD
AN Z B THRBEOENR L & I, TEROFERTMY AT LD 25T 22 WIFEEREE & Hifir
DRERBLEL 7259,

UV —DBHEINTEHGAEORBE LT, BT h—2 T2 L3 TcEnE 3T
Ty N7 =L L, W AT A =2 L LI, bFE e —OAERBLIIZIT O Z
EPBESIND, 7Ty FT74—LELTEZLND LD L LTI, (afifil - CTD ~O#5H#L, (b)
TaT7 AV T7a— R TIAX—REDT T T T Ty F T — A, Rk E
SEBBR T AR EDFA T—HT T v b7 3 —2RNE T b5, EROY Y —SEEIHEH (1)-(7)



NTRTwZENTHIIE, EOT Ty b7 —L~DRELATRETH 52, B TOE
F—BAREREIE U T, 7Ty N7+ —LEBRELERHA D,

B2, o h—BA% BN SN %ITIE, BB T — X AR BV a AbE BR
FTEDITIINATHD, 61T, FHOMERERS, toh—7—&% Loz {75 LT, B
BUARRIC LD 0EROBINI R4 Z LA TE T, WFRBIARIIIE L o —REEIIWIR TH 5 2
EERPRLTENRTIE R B0,

2.2. ARTHADTSY FIT+—LA

1990 FARLARE D KUEZEENC BT 2 EDHERIC LV, WEOWEMERITEMIZIZE R IRIE T
172 < IEBABICEE 5 ERRIRREIC & 5 FHH 5 0272 o 72 (72 £ 1F, Doney et al., 2009; Keeling et al.,
2010; Whitney et al., 2013), Z D K 9 ZRUHFEREE OERS 2 R U R 2 @MU TS 272012, 1
PR OB T — & O, kR E=2 ) 7 OMNEERSHICHE> TS, 2oL
FB=Z Y 7R, WEEEREE D ZEWIAE) & RSB A 3B LS 5 75T DR ZER 3 iR RE 2 DR O
R 5T, RMHEE I AN—T 2 S5EEBIINMEORE AL L 12 5,

FICMHEAERE T K OVKEF B IT DR OERIZ LV, WEHFEERRR O ZARMED /N S WRE
AT — NV OBRBESHRMEICRESEKGFET LI ENIE-E D L LTE7 (& %21E, Mora and
Robertson, 2005; Messmer et al., 2011) , SEHECH LR TLERBE, pH 72 & DILFEREE D LA © [FIER
WZAEMBHREICRELSTE L TWD, 29 LIEEMSRRMZ AT 2 RBEZERMEORFZERM A 7r—
VIR, IR OAMED m AR PEEI LRI IR I/ E < 72 5 (7= & 21F, Kono and Sato 2010; Messmer
etal,2011) 72, ZhLOMEKTIE, Lo X5 e RIIETEZZIEET 5 720 L RIZ/ k2
A — )V ORI L EE L 72 5,

FRTROHNATWD K5 w22 o ee OBLIRNE, FEMBLIIZZ T CIEBIEEBR TE 20
7o, T 2000 FACLARE, FHAEMELN A H5E T 2 7o O O M TR AT RE eI~ 7 v h 7
F— LREEBHFE SN TE T, RSB CIET v I 7 e — FORKEROKINZL Y,
BINRFZ2 [R]85 B O R Ze 0] EICEGEh LTV 2%, HHEL R e I ED B 1XkE - - i B CooiriE
TERRB BORBIG D LIRS DORLNEND, ML OBIT Z v b7 4+ — L% Hvica
BRI S AT AOREEIIRELIDBLHENTWDLONRBRTH S, TN TH, (LB FTRE
BB T > N7 4 — AORBHEIL FICR 280, #HEHEBEINTE WD, 5%~
DEATNZHOW TR LIRS, SHIFOREZAMbIEL L L bis, RERE I —7
% R 22 M AR O WL F B A 5T 5720 o, Mk, BNEEFICERRTXXE8H 77
Y T4 —LDNA NI v 7 AufEt  IRETDMNERDH D,

221, EREWORRETRIK

IuZrA Y 7ue—b: EHEDHAKE2000m £ THBFMEAMRY K LN SERT D7
0 — T, K, HHo o= EREEfE S TW D, BTV IRE O &, BEICAHEET 3600
oL ED7a—FREASI, 100 70277 AV EOTF =2 R3S TS (Argo
Information Center, 2013) . BEFRBAEDS I KOBII T Z v 87+ — L Th D, BEAEDBZ N &0
DR ZE B E O m L3R b RIEO S 5877 v F 7+ — L ThHH, BT HlE0
HELMHENRICRY BNH D720, BEHTRERF IR IR EOTE P —IZRbN D,



DT Ty b7 A —LEROIALEERE LTE, WEREE Y& 7 a— o RS
Bt SN TV A, fifEE Y —, pH B ¥ —%0 7 v — k~Oi H 2 il B H B & 5
(International Argo Project, 2012)

KFTFI4 28— FRAOT7n—rThHV, Ymnr7rA )7 7a— b LRRICHEER CTH
B A a0 KT, FAREOBRICERSLEOLRHAZHIET 5 Z LI &k o THIE L H KR
BE T HENAHETHS (Lembke, 2012), 1 5T 3~5 4, I AMIHEEEEE 4 77 km F2EE OB 23 A
RECTHY, Bl allgoERLEHENEL R 7 74V 7 7 m— MUK E VA,
BRI o —BLR O B3 HEHE CTh 5, BECKEO 3 #E TGRS TEH Y,
KE, F—v v E AR LA E > TWDEA, AARICEBW T E 2 KA 05 BRA I E
ASINTWDERE (72& 21E, D, 2010) (T E->TWD,

AUV (Autonomous underwater vehicles) : & — X {524 H AR \JEKIECTH Y, HEET
FOHOEE S TIHENOHEH SN TELR, TEICRY 2OV AT AOWERKERE~DIE
Sk 2 72 WP FEREBE TR H T % (Griffiths, 2003) . HFIZE > b L —UEERFZERT 23 BHZE T DK
AUV X, 1000km PA_EOfTfeERERE & AT OBOKBERE A2 2 TRV, B 5 48 500km LA
DT TH VL, AN THRABIZ1T> TREI 2R BIFL Z L B3 AETH 5 (MBARI, 2010),

BEEYH (VOS) ICXA2REBM : MABNT T v M7 —LTIERWVA, FEEEDIC
KRBEEAEBE=FY 7T AT L& L, B EOWFERTERA 21T 5 F2% 90 R0 5 FEH]
ftEfTw% (CDIAC, 2013), BRI ERE OBI L TE 2003, W& OREA R - M
BHBEOHIRZIZIEZ T W=D, (L2 —DAMNT b &0 B BB E 2 5589 5 F23 7]
BETH D, BICEMMUOHAEHONDHEEITIE, REBIC K 28K O EHERELL FRET
%o BEICALAREEIC B W T, MEERE bR FENIE L REREEE O 50 S—t > N EOT
— 2T OEEEMIICE > TELNTZED L5 TS (Wonget al, 2002; Z2H1 5, 2013),

BRBRT Iy b7+ —2b 0 W LOERIRE R ERE L CREESIN 21T 5 HIETIE, A
DALTE I K DB, SRR, TERERL TS5 ORER Y H BRI ATRE CTd 5, MEIE
MOWFREE CEERE ST TUA P —ICh o CHEFKE T BV — A7 2 (HEFBKEE
P—) TIREKEA 2 ERE T 1 7 7 A L ORERFNEI G ATRETZ DS, MBHERES NV XU X LD FE
MR E WK, F72RG - RO LEECCIE, MR HHEE 100-300m £ TEIERE I
TR R KR T T ERE L, WRENOEBERE CEEHMICE Y — - k2= b
EHAEBEIEDLHET A AT A (FE,2007; HIMEAF T, 2013), DEVAENTHD, ZNbD
BREAXT Ty M7+ — L TIEIREEON YT U =2 TE 57, FRRF B —I2L 25—
EFEDRES, RBEEOBGABHBN AT LEOFRBEXT T v N7 4 — A TIEARAREZR KA
e A CTE D2RAR D D,

FHRENET AV N NT o7 WHERBESRICRT DR O =41 72, ZhE
TERMET 4 A N N T v IRELFEHENTER, ZoFRT DRROEEIZ L VDO
FZ7 TN ETT5, U sd LB LRV, 3) (L OHA) BNV, EOREARD DL,
Z TR, HOBEAOPRE T T n 7y ) 7 7a— MIfikd 2 0IxH#R OB X &
TAAVY NN T T EBHUIPERE T 0 AV N N7 v TR S, ROk TR o S H 51
233 % (Valdes and Price, 2000; Lampitt et al., 2008), HAEXEHM O [ T—EoH% 7Y
YT, FRRENCIIE r A OB THEEL (RFRY)) o7V I RAREE R D K H R A
TLALERPTHD,



WESHZ 7 v N7 +—5: WEHEREY-CHEE REREO BE#IH 77 v F 74— L L LT,
MBUKE L OE EAH OIS v —0E Bk, BEY), LRk ORI AT &, KA
YHXaR=Va VDT ¥ NV AT LB LT WMRKE=2 ) 7T o —] BRI
HIFREE S W25 AT LDPEEIRGE ST % (Tengberg et al., 1995; /NEE, 2013; Unisense, 2013) ,
EANTHHBEICEIE=2 ) 7L LTHEHINTHDNR, EFNRE=4Y 7RI
TeBNIRTEFAE L TR,

NEPUTUNE A7 A [ ERAT—3 3 2 BIERE 100km—~%X 1000km (2 DI % ER - H#E
=7 NV EMHEIRICER L, €O LIS HEORBRBIHKLS (bt —B LUK 2T A
& HEFRET A, FiEEs, ADCP, B2 NE 7T 7 4, 7727 M AT5) B I OWK
BB SY GEIEEBH T T v b7 4+ — 24, HERH, \EHRE) 22KEE S aRRe
WERBET =X U 7V AT L CTh D (NEPTUNE Canada, 2013) , #M2EIC M & 717- NEPUTUNE
VAT LOMIS, NI EM S L7z X0 N o AT L5314 (VENUS & A7 A VENUS,
2013) BLUKE (MARS v A7 A:MBARIL, 2013) ([ZfFET 5, HARICITHIER X OHGREH) G
B DT=DDAFEL AT - DONET (fERTIERRFEHAE, 2013) 2ME(EL TV D28, AR
HERHEZ IR T D L ROV AT LT D,

222. SHEORE

SR IR W T, BEICEMAESRTWD, HDHWIEE b R Effbs kst v — 5
Ta7yA )y 7a— hORERERICNA T, KRERONEEBEABA T Z >~ 7+ — AT
HLKFTTA X —DENERICEAZES Z &0, b0 dH 2 b EBLIRINZE 5% B O
IEENE T 5, 7272 L bR AREZREFBIIE B X 26 D77 > 7 +— LBFHT
ERVOT, BEEREHEICIIAEOMGERATEN 7 v b7 r—AFREHSE, ZHEEAOLT
F=H Y T EFEETELEGEDBLETH D,

B bEFZEMZ B O R & WIFEREEREEIC OV TIE, ZHuainx TERKELI AR R S EWin o
BaEEITHEMISE2FCEY, o8BI R TR 2L FBUIIEE H 122\ T b BAFE) 7 R #E 4
OB ZE R EE 2 ST 5 RN TE D, 7220, EYEWM OB 3 2 7
UNFE ACEEROMR I TR BUAIAR T K 28UNAT 5 FAHDBRARWO T, ERLOMRREAL A g
Ty b7 =AML DORBEOEMBINNS LY EBEEIIRD,

IR TIX AUV I X 2 @R 22 1B K BRI, NEPUTUNE ¥ A 7 A DRk A AR 8 R 8L 2
WTHNE L O BB 2B T — 2 2 BUASHR D ATREME A D, Loy LAMEIRIC R T B DR S
7Ty 7 AORZEMEEBNRE LT, FERERSMRE LD b ReZ2 A 2810 I & A
WTHEET RETH D, WKFD pCO, ZHIC &> THRSD &, AMERIZI W TIE+E]l ppm LA OFF
FENER S, 2 OVEREZ T 7= TIEFE R S 2 T A ORI IHAAIC b B A O D bRk
REENLZ N, —J7, HEBENEL 100 ppm (& HET DR FEK TIE, 122 MICEli7e > AT A
DENTHoR RN S 5, INFEROEMETH A T v 7 72 W EENRE ORI Fc 72 B o
AT BEREFET DL, RO ONDVERE () EHLBRDONT v A%+l 5 2 &,
Z L CEORFNCBERIER T — 2 OEFEED TOL ZENEETH 5,

JEEBREEICHOWVWTIE, AMECBWTHIRREICBW T bk RE=4 U > 78I E1Thh
TWRVWORBRTHY, FIEBERPEOY 7 BDREWVRERIZBWT, RAICHRER 72
KR E =2 ) VR T 2 0END S,



SN, B, EBOWTIZEWNTS, BABIT 7 > b7+ — LI X 28I & B MER L
TN e OBOME L U TRIEOBBENA 5, (b5 o —8INC X DR Ot iT—iIC
FEFITHEL <, FRICHRERBAE ORI 22— R 7 MCOWTITERB R EMIC L 5
FIFRFERII O EHEIC LY, BWEMEL TW SLENH D (Janzenetal., 2008) . F7-REZEDOHFE
WZOWTITEABLI T 7 v b7 4 — 22 XD BIHCREHR A T2 W SBUEMIC I > TE Bl B
DN, —IRAEPEIZ X DAETROEERESLHRY O T ) T 53R LD BARERE, WEO
T7a—IZBLTUIERLEIEEAT T v b7 4 — 2 X 5BPNFFEBREN DRI H 5, Z D7,
HENBW T 7 > b7 4 — AORERITFHEMPFEDORER & DONT R EFIZEE L ootk 503
W%, BMICEKEDOHBEL T 2B 2T, EBABNTZ v b7+ —LOEHH T 72T TR AT
BEOLBETIWITLTREL 25D,

3. YERBROXRMBHAIOLR

3.1. EHiEY

EWR T OEE E B2 D EMEFRA BRI, iéb<@¢®¢gﬁﬁ@#—ﬂ7%~
X Toh VY, 20 I IT HUHER MO T %otoﬁff%ﬁk BRMIHICITE - T
FWRWE D00, ZOEBOMRICET IR RERD INETITHRLNATND (tkz X
Volkman and Tanoue, 2002) .

—J, anA NRi1 %8 EIF A O RN AN G E > - 01X, 20 ALY 1990
FRIZASTHRLTHY, RIZIZEDIFRFERESCHBEIEER I T DHRBIC DWW TR 72 1
NELFHRSINTWD (72 & 213 Ogawa and Tanoue, 2003) , IE/FIERHEMIL, WEMEERICEBIT 5%
%ﬂﬁ%ﬁ%%’m&fﬁ%ﬂmgﬁf%b,%ﬁ,%@Ti@<ﬁ%%u%@ﬂ7fﬂ&®ﬁ
B e R BT DEGNEZ N, B2, BUROMPEARTY 232 2 BB SO —> 14
WY T, WEARYREORE LY, ORI AERNEYEHEEEHIEL TV
ZEFELHMBNTWS (Azam, 1998) , 7, WMESREITHEICKT DY H o K (EHENLT)
ELT, TROOEBZHEIL, SOICIETNDNEDEE~OHIEIZ LSRR > TND I E HH
fif SFUIRD TS (Benner, 2011) , & DWW, FEERMBROME, JLEIMMBHENTRIEINDEED
FEMEFRE (D WIX v V7)) L LTOEREEBIRMIN TS (Krachler et al., 2012)
L#L,:@iﬁ’%fﬁ%%ﬁﬁ#®¢EﬁFéW’b%D%%THOEEE%%%%RLT
WHZENRHE SN TNDL—FHT, ZTRNETICHLNATHDEREITIHEVICREL TS, K
T, ZoXIRERDOL L&, @ﬁ@ﬁ%%7—»@k% > B0 LAY 2P, 4
% OB TEIKTT DL DDA, BISICONWTEEDHLZ LT 5,

311 BEFEERYOLE (ILFH) B  Census of Marine Organic Matter (CoMOM)

WK DOEEDIIRST COLZILHT D RFE Y P —"—Th 50, EOMFHICET 25 RITE
BRI AR LTV D, BRI HTERS T 0 o iis /2 E1ER DS T FiE L, GBI O
R A IR DT R o ’Cl/\fcﬁb\ (Ogawa and Tanoue, 2003) , —&OHEE & X7 E 1 E OERA
Wb EO THRESNTVD b OO, WHEAHEM KD RIVUTHENICHA N TH 5, BEOR



B (RF, REHE) BHEEWVO ANV EMLS DL, —F—horv—2x ([HxOE#Y) %
AR, O HEKED 295 2 LT D OWHFEYMERMLFORED L TRMAERVERT
5,

T4, MALDI-TOFMS (Matrix Assisted Laser Desorption/Ionization [~ kU v 7 A Xz L —H —
il 1 4> ft] —Time of Flight Mass Spectrometry [FITRFREIRVE EoHTiE]) 72 EDOFREIZL Y,
PERTITE M O Lo To @ A OB & 23 v HElZ 72 > TE T % (Nunn et al., 2003),
FIWMEOFEEY 2, BIZIXAEE TOHHIBLORIED F £ C 3 RICHEMHT S FTEE7e X # H HE
F L —¥— (XFEL) o b S TS (a)ll,2013), FAsEIFHFUISeBiRiT T, SEEF]H AT
AE72 XFEL ffisx & LT SACLA 2/ LTk Y, HEHEAEMIIIEIE NI L TRE <
U= RTELZRWMICH D, ZNUOORFTFIELHNDICLTY, YHEITHKOREF 7Y 7
REDONY R 7 (%) BIRORBIIA IR ThH D, MHENA EYa 1kl & % 3D, 4D
BHROERIINZ, FEMSCBIIA T — 3 N X D37 0 & ARFSE & OB X 0 WErEA IS
MOREIRADPIFRFS D,

312, SEBICE T HEERAHYEROFTME

WETERTEA Y, HEREB ISR T D KR OE TR FE T —/L (B X% 700 PgC) &AL
Do EDERIRT =D 0% IAEW FHN S RIRET K VR SN TR Y, MR
Gy DEERAT A 7 — )V O R A RET D, Bl SWEE~ITW) I &8 LT, 4/ 0.4 PgC ©
PEEIRA Y MG STV D, HEEETRTE AW O YRR S 2,000-6,000 4E Thh D HAEE 2D &,
Bk IR W IS E R B S FRYERR S DEIR D — D L BEX 2 HFENRTE S, LiL, Vr=v
7 x ) —)VIRE (SR ONSA F~—T1) O RFES o DR A I 5D 5 i g
e DEIE N 3% LA T CToh 5% (Opsahl and Benner, 1997; Hernes and Benner, 2002, 2006) , 174 1%
[RS8 DL TE IR SR RN 23-20 72 5-23%0 DB Z 7733 (Bauer, 2002) 7235, BIREACIE, FEER
HHD TR T AR TIZIZE A EGFEL2VWESNTWS, 2L, TNHDONRTIA—F %
PIET DI @SOS LI TH Y, RGO TRON TS, - T, V/=vT= /) —
VB X O ERBRINARLE O 72 0T E A HESL L, KR A Z2UMHKIC I\ T, 200D D434 % 7
TOMERS D, —JF, WEFEAEYORESERICE L T HaRBEMAEORTWD LiIFE N
<, WA CHEFNRBINAZER TS LI, T ANEEEAERDILEND D, £,
B el G DA A~ — DB RREL, ThEEfToFIcLY, WECBT D EEEA
BEREIZB L C, B o7 Hlan bz T o FHEETH D, FEIFEA Y ORI IR
LCh, RERITINID D OBARDSEICFEM STk, KRR D OBHEIREE & 3Tl 2 L3 28
Hb,

3.13. BKIPDERICHIT SHMELLTF

W77 > 7 N OB D8O BEEMT, THEDOEE L OMEICE > THLMZENT
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AEI7e NMR (2 L5 EREEMNT I, WA O EERRRIC T L —7 2 —%blzb L
ZOIERBEW WA B0 BRR), #EaiE, FOREITHL, DookEOWE] L5 Rk
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I, WAEMKBZR L TIZE>T, ANBRIFEREO—HIMEDEFAR O T —VIZBAL
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H D, Bl ZITHEHRER) 72 NEMURO €7 /L (Kishi et al., 2007) TIIEH T F > 7 o VA KB 2
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BEADE=Z VT VAT A BEETHILERSDLEWVWIETHDL, 20X )7 [RAHE
B AR E DB TH AR TN A (B2 IEFE B 3 1T 5 BRHIFR 5 A
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etal,2008) , ZAUFERRE LV RRIRE DR 1Nt o —BUHERBIZ 2, 21 ik LN 2.2
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etal., 2010) OFBHEEL & HT & THH BN Tl T E TR AEBE DT =4V VT &21T 2 5 AlREMEN
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Bk CTholZ b 245 —BEWE I THERD S, MEEL, $hEJTHE m~% 1+ m OBREIEE
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WBELTIEL FOERA—T 72y aDFEETHD,

(a) HmHAERET) - =
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DRIND, WEREOWMM T 7 7 N AESHEIZ X DV IRE S D O 2 ERIiA S—v, kg
TNy L REEFEEEOE (NT7 A ) THREIND D)) (Honda and Watanabe, 2010; Le
Moigne et al., 2012) ? &7 1 A b b7 v 7 CHIA S L2 ILRER - (AHERFERIT) OB 21l
ERNUATA NS =R TDEM T T by, (DO ITILERIT- & & Itk T D) AN
TV T DRBERELEEMENSH 5D (Buesseler et al., 2007, 2008) 2 Z 415 23Fijak L7 B
ARVAIZED EDOLIIZEIT 2002 F5| e BT & FHIZ 4 HDH, M2 T, Z



D 10 ] THFA SN TN D, RBERL 712 K 52BN e R FBIRERIEICKTT 5, BT 77 b
DRI 72 R s (EFRY RSB ERE L, SRE B BN ORI X 2 R fi ] &) o FE 2 (Kobari
etal., 2008) T DWW TITRIEHF G TTUVRWY,

IO EBHAFET H72DIiF 2 fiTRM SN I 4] Yarry A4 77— (BRHE
Bt —, WORER, BIFBEGH T e T AV S Ta— ), (R0 F) T4 4—, ZL
THHREINH D WVIIRFERET A A NN T v T OEARRS EEND,

2) FENUAL T4 b= TOBEEWEINK

MRS TIX, FREMZ R IZIERIEE T, SRBIEENHEZICEHEZLLTVD, B
iF B KT ORIREEREE OWADD, AW (&S TR S ORRBEIREOIRT)
WCERT2ZLIEHLATH D, L, FEESMEE L HlBEIRICOWTE, EFRORKER
TREERUD 5] E I 2 AW EEN AR D A D = X AR S TR ST, BHEWERROE
EREOOE D E 25T D,

—, AFEOREKIZET D RRBIRRESCRBEIREOHMZOWVWTY, @EmlIR < IhTwn
720, ZAEEOREIREIC X o THIE M 2 SN D WEHER AT O 2RI ECRBERE O AT,
FEBRIATA M —r (BAFRABOKIVIES, LAFRABOKIVEVE) 28175, &
REBCKRBOFEEIEKGFEL TN D, ERNTIALTA b=k, IRV ETERS N
VLR - BB REA B 1 & MG D IRVEDVETFRB A O R0, TN B0 (Fo & 2 IXH £
— KRB D) $HEMRMAEN, B NUA T4 N ORRERRE R B IR E OFEEL
WZEDFLELTWDLDD, ZHICHEKEOBIR-CIMOEIEITE 5 HEL TWDD0n, Lol
REIZOWTIE, RIZICEBNARBIEDG STV,

AR EASCREEENE, EHNTVA T4 N OWBERREE EICEL S, WEERREA~
DR & RO E R B A KT T AREMERH D, £z, KR COREDOHMIZ X -
THFERIE D COy IEN R 2 DT KIE, RIREREES/KIROZITH LT, COy W HEMNEE X
D HEEICENT D, ZORDEHNIATA N OWETEROEIL, FHfHTE OMA
TER % LT, RKCHHER D COy 7 T v 7 ARUHERMAL OB TR B % RIT T /RN H 5,
RAFTNTRNA KT T A F =X DEHNT, YIRS E R OL B % @ - Z2MiR%
FETHBIT 5L LI, MEMCED2EFTRRBINCE>T, EBINIATA MY — 22D
BREICB T 2RI TR 7 e 2R L Z2ORM ML FOMAZNL Z ENEETH D,

344. WEMRRRLT

KA O ZFALIRFE ST AR SN D A B =X DL, VIR 7, (L7
TNHIVRT, ZUTEDR TRMLITONDN, FRCEMAR S FIZonTE, figo o
I, ZNEHEIT 27 A= R L AR EMETH Y, IRBE LR T O AN E EE K 0 —
DB o TS,

—J5, AR TR, BHIENO—RAEEZ R &3 5 EMRIERL 7 O E#RE IS X > TiTh
NDDITx L, WEOLEMBHENEST 26 9 —DDRBWINEE A U =X LOKEE, Microbial
Carbon Pump (TAEMIRFER 7)) LTI D A =X LD (Jiao etal, 2010) T4, HEHEZHEDH T
WD, ZIUE, WEO—IRAFEIZ L o THHE SN BB IRAWEEIC K-> TR S b iafz
IZBWTC, ZO—ENEN MR ER I, FO/RE, REFEDWEHENEBIC R IR L E [
EINDEWVWI AD=ALTHD, WK, HERERBEN T HEAEYI RO TRE A



IRFBEDOUTEIETH 5, WAFAHRERFE (Dissolved Organic Carbon: DOC) D 7 — )V DAFIENEI 5 4L
TRV, TORMFREIIRETO FALKRFENT A DRFZRITIFIEIEHS S 700 GtIREIC L5 b0 &
HEINTWD, EORETIIAEDMRIIK LIRS CTLET, HofiEasaT 52 Enambih
THY, ZOHERITIE T6,0004E12 b 5 2 LA CHEIIEDBIZEN B H AN o TV 5,
Tbb, ZORETERZR DOC 7=V, e AR F AR T DI L EZ BTN,
BfE, bR U7z R biRBOWIR > 7O E I L - T, KRRHFO LR FET ARED E5H-
PREE SN TND—H T, MWKPREBIZEILL, TA0 VR TOREK e, KRBT
T ik h b DA A T AR S ORENRE SN TV D, TR L, AEMRFER T,
FEHIMICOZ Y Z bR FBICER LRWRET— L EZERL, B ONRWEOEW
MALRFZBOWRNEE 7 n A EEF 25, LrL, TOEKHRAD=ANINFIEALET T v 7R
YT ADEFE LRS- TEY, 5%, 7w 2RI NI ML B 5, KR, HMED
IRFBAR T OENEENTZERE LT, HFEOAARANILDZ L OWFFTRENEELZ KT LT
V% (Tanoue et al., 1995; Ogawa et al., 2001; Yamashita and Tanoue, 2008) , %507 —~ OHERIC
LeoTE, RIEHRANFRENRA =T F T2 Lo TN RETHAS I,

3.5 JOtAWMRIZEITESHILEDOEER

AEITIX, WERBRICBITARMAD T 0 2HONWTIRRTE -, KEIZ, BTRARDHA
TiEd DD, St F & DRRICONW TR~ 5, WEDILFRIEE, & 550 TlEatrby: &
RE—RThoTo, TRMAMOERLIITIC L - THFEICBIT 2WE O EH b LTz 2
LE, WHEOWEREREMEORNA TH D, AREFIL, oL REEMOE P —RIZED
NAEY 3 VEIEROICEY B TWAD, T TN OBRR R TR T d D TR -
TERE DERDER 2 k> TV D DI T2, 2.1.2 Tt X 9IS, REERII ORBBYLIE 7 o
AR LE LTHRELRBEEN DD, TEONTD I @VKEE - fEA2FERTL2 LT, HLn
7'a ZDINCHE OO  ATREMEIZ R WIC & 5, WFgEEERE L L CORHEN ST WEIZH D
0, EEDSNT OB % ED D 12D O FiEO A E-CEERE OIERK - BEZR Y & 2N a1k
AET 272D DR OMRITEETH 5,

s, S bF AR BRI &2 I E LWESRZ BT 2o b 5, H LW FIEOE AN
LT v ZOMPNT SR P S T261E, AREFTICHLZREINTVD, ThE TitiuTn
RNl E LT, R MERACKFEEO T RIFRE &L FBLT 5 7 1 b O BEISICE &oirE
(PTR-MS) 23 %, PTR-MS 1%, 7t % 1Z KK EHF 455 CRFE S 7273 (1] 21X, de Gouw and Warneke,
2007), UTHFZR o THHERMF CHRURAZ 2T 2 2% 5 (Kameyama et al., 2009; 2010), f#l 51| D&
FEMERALKFBFOMEKFPIZBIT 2Z8E, ThE TR ES-oTIWVIEEMPAS N TN RN &
D, 29 LIS HEAMRARMRI O 7 1 & ZARFFEIc 7 N5 Z E RSN L 5,

PAEDOIHEEN K & R L7k —o12, ML ZESBER S 5, ek (RFE, KHE,
EHR, BFE, WERLE) OLRERMKLSITIL, ERPOMFEFICOREEBL TE 2R, &
B O FNARGIAT OWFEF~OBHAF & LT, ZBREENMEIBERD T b5, ZERMEKLD
ST DERTIE, BIROELRD (=FNRENRRERD) HFOIRAIC XL DFENELDOZE L,
B FEINAR S BIBFR DA L 2 [FNLAR D ZE L Z KB TE RN L b, [RMERRT — & Ofif
WBEEERIGE HZ o7, ZAUTx LT MR IEERIE, B3RO =FEO MR E RNR



P DFRI AL 2 P50 R L CEY RN BRRR I K 228 b &2 ¥ v BV LRI CH 5,
ZAX, WrEDOEAFIEFR 73+ O R FINAR AR & KK R ORE S LA R R OB DIRE
bEERE TR D Z ENHKRL T2, ¥—WAEFERE (Luz and Barkan, 2000) <0 KA —EEER O
T AR S (Sarmaetal., 2010) ORMITHEHA TE 5, F7z, WAFHEEA A4 O =R RN IR
FREE Y, KRRILEHROMEEA A4 L b HROMEEA 4> ORA L OFREE & L CRIHATRE T,
/K538 OB (Tsunogai etal., 2011) 1%, MEETHHIGHAITREE B BV D, =L LD
ZEFRN B SEDJRF T, BRSO IR D ATRER H Y, B DM
FED L E RN 2 BB ERIEIE & L TR 2R A2 b BEICHE > TV 5,

PLED XD B bFOBENTI S HAALTH DN, LT O TR HEEFE DS FEMRI I
BT 2T, WHEWEERO 0 AR L HETELEE2 LN,

4. MABROREMER

4.1. NAEDa @Al IO AHEDOHS,

2HIBXO 3 HTHMBIL CXong B a VBIHAIE 7 et AWSEE, HAICHTE LN OWE
TEER DA B 2 D DR E 72 2 RO ENE ST HND, 7 at AFEOREINLH -7
B NT A= PRBENTNA BV a VEIZSEL, ~A BT a CBUIORE R 7 12
AT RETBEREZRELVICL TN ZEEHFFL TS, T MOV TE, et X AR
R 72 DS TW AR, (RIC#EE e Y F—a VEBIIIIZFH L7 LTh g e
Ta U BHERETE A0 TR, L L7 at AFIEDO R A REREE D AL, El- A B
Va VBT — 2K o THERFRGEL TV 2 & T, rERAEE A BV a VEIRID T2
HLE LT, WEEROHRGNLHEEZED S LT, EERHEELZR-TZ LN/ SNRS,
NAEY g CBINE, VT AE A LTRSS (EMR) OB ZEHIITE Dkx it o h—&,
ZOR Y — BRI DEAD T 1 — R RR EOUFTEM - BIIMLUSND T T v b T — A
NEFRE D Z 21275 QEHER), eV a VBB Ty b 74— LADREH -
[FUEZES, B —DNY F— 3 VBN Z W2 NER S 5 D130 5 £ THARNA,
ST Iz FRATRES T0) OFERNARERGA DB X DD, T ae RO T T v
N7 F— A0, WAL ERD, e ARIE, T2 &S EICHTE R IGRE N T, DR
AED T2 OBLAIOVE E IR A M K3 THERE ] MRFREMEZ LT\, SO LoitEsh
T B/ INR O TR - I EMES 2 i 2 & IHE L TV <R oFgE T /e <, ¥ ET
FEAET DT RAREUCK L, BB CHEED - OB ER Z 5HHl - Ei T 5, WhIFELT
R OKERE & 2 T2 IR T O B RSRERFFEMM M EE Ly, T rB AL A BV 3 VBN
(D L2 DI A R L T 7201, EERFIEMICIINA EY g VBIRIO RIS L L
TOMELRDLND, AT Ty N7+ =D U T NAE A L THEINTL DR EBEDOT
—Z L, ZORTEREZMM EO T a2 AMEOBIGIC KM I LREEZFRFOZ ENEE L
W, FTo, N EVa VBT e AWGEOEITICEDE T, N EVa VBT T Y T
—ADEMEa hr— L L TWSHEELEEN D, 7ok, BWAEICITIME &3 5 KAFRATHE
(BUEDWE b B A REHRATAE US-2) OHEMfind 5 (a5, 2003), BUIRTIE, HEEKREOWE



MARESND Z LB ATRREEN/ NS NI L b H - T, MIAONRE L L CIFEMFEOHY T
FIHENDITITE S TV, A BV g B, et 25Ea R, RATHREOEAL 2N D
OB EBNTL, FRPROWFENIE T 7 v 7+ — L LTHIRFTE LD, 2D XKD 22hF
T XX DI D DODBEMBAR THA 9, {LFRNRTA—=FONA BT g BT E
— & 7Ty N7 4 — LD EOHEMBAFRE UIZIZER LSV, SREREMFITC X 5 7 v & A4
Zeh FTM R TH LOWEIRCHFEFIEZ I AL D Z & THHZREMEZ LT 2 EATRRIC
D, NAEY g VERE T 8 ZBFZEORT B ERRE O = — X3RS, B e BB
Hntwoh—/"TT7y F 7 =L LM ETOMRICEAIID A 7 VORI RD Hil b,
lbZF LM EZRT, 72, LLTFICZ ORI R 24883 i %2 Hrd 5,

4.2. A=y L EEOH

421 BEBILEXEES &K UVTO&KDE

PEERAL AR, KIITH D0, B, 7To—M)IlE L big, =V 7« Th—
7 g AAHE < ST - YT 8 K OfRIDHEICE L TV D, TEEHERTFEICIE, Zhb
DRI « fgadifgZz it U CREEmE - KFE - REEWE S S TS (Livetal, 2010),
Bl 21X, FH—2 7iEm oG SN EBE O, ERFEEFREAK (NPIW) FOSRE E5F1C
FHLTWBH EEZ LD (Nishioka et al., 2007), MNZ T, #BAUEIXIEBL - P2l - A&/
BEL7R E OB ORBENZ 0T WK TH D, FIxIE, BARMEOERE K CIXIRELO R
(2 K DIEIFRE R IR IE DR NG STV (Gamo, 1999, 2011), Z D X 9 2kl g D2 bIE

VEER AL A E A~ DR & 72 B DGR FRIZ b B A KT ARt & 5, RERIRMEEICRIT 5
WEMRBROZALE WHRBRET 5 720121E, AR TR D ONSRIDHEIZ BT B kA T
OER LB 2 T D MR H D,

F7o, FEEALKEEICRB O TE, BEEICTRER > TR EICH D 7 27 KbEds bR Lo N4
VN ELEE L L CREICE T LT % (Uematsu et al., 2003), %z 1%, #EKFOMIIKEE
B U COMEICERN D NSEFEMEOIREFELE LTHATHD (Boyle, 2001) 23, JEKFEVFEICK
WA Y Y OB ERIE ST Bl OSRIREE 1T L, 1970 £ 5 1990
FERIZNTTS-6 0D 1T REIE T LTS (Leeetal, 2011), ZAUIX LT, NUA MHOEE
WEKTOIEEIL 255D 1 FE £ TLED LT (Boyleetal., 2005), ZDEWE, 797
mﬁm%%kk%<%b01wé CIEHETE 20, A% b KX O3 E & N T A

ARENDT VT HUIRTIEZ BO NAEFEMDE D S, WEEHICREEICE T2 2 N TS
ND. PEEALCKEEIIABEEMEORELZ TROT WK TH Y, BREZE1SBICEN D,
MR 72 AR IE 24T\, T DAL A FICHER T RETH 5,

422. RUHIE
Bk REER A 7 — Vv ORAE T +— 2 T UTEERIE OB L » THERERMEE (w2
BRtE) 1328635, ZORER, BEREMAMZARYE (functional biodiversity) 2328 kL, ENAEE
DORBICHESNDIME Y 7 v 7 ACEEE 5 2, Rk UTHIERRE~ 7 — w7 L
TV ThHAI, > THKRI - NBRSMTRTHT) (74— 7)) OEAGIZ X DlEAERERE
LT ETERIBR OB AR L, MEKRELZH TRICET 52 LN TH D,



AV REHH O T NABIEIA > RV A= (FHR) OZAL, ZIUEE) L= KfA
RO EUR MG B O X0 i B ROR . (DT, SRIERS), M LFRORHE CRERTR
B, ) BPRESET IR TH DL, FMRE Mo AN EFF>1 o N aZEHIZ )
HEZGDE D & MR AL DK 20%03 2 T /BRI EE L T\ D 72D NEIEB ORERAEL S
MR R E R E L, ARFLOEELZTOTWRRE B X 6D, S HIZHIEKIRBELIZ
IR EAERE R T H 5, > CRMERAZET MRS T 52 L TH T+ —
CUMBLEEALD A T = A DA PRS2 2 L2 K0 BRI R HERBREE OFOR TR W RE L 72 D LB R
Hivd (Wiggert etal., 2009),

Z TR NBANER OB AL T EEURIC R RAIBLIE R EREL, BT 4 AV MR T v
RKFT A o F THBEVAFET D FRRF Z#58k L 72 R B R B L OB X 2E/- 724 - 1t
- BRI RSB IC 2 I D To > TEIET H L 9 R AR B 2 bl b,

NUTTVBITIKRER A FEICKVBRICZ < ORIE 7 A 23R SN EITHHERS -
FHIBLHIR y P U — 7 PBEINTWD, FAULRNMEHEO A7 6T HFROBUN L - [BRICKE <
WET LAV REXA R—E— FBGL (I0D) vy 7 Y= 7 UEH (MIO) % DOIHEY
BAH), [ELYPRETINOTHD, hOMFOTA OIEM, By I 2 b— 3 VfiffT
ARG DOE D Z & T, MEOAEYRERILFIZ KR E R A 5 2 DUHFEMBLTH) - WER G TR
BREDRIUCEET 215 MA AEH TE, 2 TORE~O T V=R B W TE 5,

FEIBRAIZIEZ CLIVAR (Climate Variability and Predictability) 35 & OY 10-GOOS(Indian Ocean Global
Ocean Observing System)?D F DA > R¥ESRILVIOP) A ERR /1 L 0 A > R¥EOER 7 A a2 1k
B, WHEWETER - WEKELTBINNN E S LT & 722, IMBER(Integrated Marine
Biogeochemistry and Ecosystem Research)%: 7> & [RIVEIE D A W L ER AL 2 AU BRI oD B ZEME 3 FiR 4 S 4
Tz, ZOOIZHMME S T=D ) SIBER (Sustained Indian Ocean Biogeochemistry and Ecosystem
Research) T % (INCOIS, 2013), 2007 FEZHVA T2 A7 T U RHRZE X1 2010 LA IC A > KD
B Rl & U AR HRERA L OB 22 03 320 S uip oo 7=, L s LM C o [ #1781
Fi ST 28 o7z, 2072 SIBER T 2013 4 (CFERL 25 4F) LI OEAFERICA » RETO
EPB (74— Ry =) P Th o,

UbaFELHDE, XUTVBIZUTORTEY ARy NThH Y, 5% 0O SRSk
EWH kR TES,

s RRGEHEHAER (B A=, AV REXAR—NVEBIR, ~ o7 0 Va7 VIRENC K 51
PEFI) 28 E)

- FElk-ErEA BAER KR, RREDWREF-~DRE)

- NRNEEh-EEA AER (BRI AN O OK) 1/4 BEEE > T Dk, ABPMERHGRIZ X S
e 25 8))

423. RE

ISR X RS CIBED DT 02%% (5D DT X720, B EOFRMEIR DK 253 (2 PLfL
TORFERNEEZAL Q4—45@ b CF) , ZOREERETEBRTNARD 2-11 fFI2ETH L S
LT % (Nellemann et al., 2009) ., [EDEBREEEHE (UNEP) 1%, RIS 24EMIEENIHES =
AR 32 DWW - [E 7E % “Blue Carbon” & 44 {41, [ig D *“Green Carbon” & I SNE L 72 R ZIEER 7' 1
T ADETHD EFHMEL T\ D, gL, Wnk, @, T8, A, ook, &



WEIREAERE SR, AR R L, Fix OMIE - ARRRBPEAMICAV A TG L, WBEOLEY
SARMEOREIC L BERWL CTH 5, AMAEESAEMZHMEO R S, IhRIEROKEZRO
AR T v VBB TRV Z IR TR0,

TR ek & AMEEI (EEE) OBTFUCALE LTS, RIS Dk - NI LSRR (FEA )
WHBRENRET L5 THY, I FKRZE L TR REEIGEMAENT-WE ITHMICE Z %
WRT 20 TIEHRL, (WFREOEMICEIFHA DT ot R (BE - WHAES) OIER L AEWTE
BICE o TELWRELZT 5, 2070 ARSI SIEHE~OMED 7 4V F—] L)
BEEARE SN TE 72 (A1H, 1991) » LovL, 6T L7 4 F—D X ) IZWEZIE LIS XD
0TI, FZTIEHT 2 RBEM R AER T S, R 7O XD IINEIZED H A bR
I Tns,

Z D & D el SRS~ O YRR A B - EICEEHE T 2720120, AR AT TV D
7at ZAQBERNB KRV, L, EEIE ERO X 51Tk A g - AR OB ARy
AT LTHY, ZOANTFEAIZE > THEIZRELS LT 5, AT, BEESRIIARIEEO
HELRLEENICZT L5 THY, HEOESNIL > TE{E R 2 RE5, b, A
FTEB) OB BREE AT 72T TIX 722, BRI I L7 il FAKE > A7 A%, AREENC
Ko THR S 7okfix B % — B TR LW 5 Ry 7 A CTHEE 71412 ARTE N
LTkY, ZZTRLNLIMERERITMER (BR) ORLIIRESELRDL L TRIND, FFITR
BERBOZELWNEET PTHEICBNT, 2OX I REMIT LV EZFICEN T LEEZLND,
DT, RERBEORBEE LTHRY BT b0 KUBEEBRUHERBIEIZ OV TS, RbBERE
BNRRNDLDITRFAERBRTHA D Lfaflainnsd, DLEEZEEE 2T, IBRERICH T 2 WETER
OFEEWIBREIIE, BLFICET 208 H OHERLETH 5,

- BRSO AR AT & (I - A88% - ARNEEhOREEE V) oFAI L
cEEBEOE=XY U7 EHOMBE 2 8) X 2WERRRREO NS BV a 1k
- B, AMERLD D UVITRK DO WEIEERITIE & OB
- ARl (Ei Ly, #AETLT) AR (WERER) OMEIC K 58T ConEYE
EER B DAl
- W SRNE EWETE OKEE) BIROFHGE ATRENE 2 X 2 2 AR 72 WV EIG BR 7" 1 2 A O fR A
- fEx OBRERE (FREl, ANTARFWEILGRRE) Ot X M) VR RORE
- MERIERZ (L F X OWEEEREME LI BEE L7 iR AR R B O T & B A OB %

IR O IR R BEE B &35 2 b O e REEICIX, WEBE, AW, (bSO B
X DB - T FEOBAN AR Th D, IHIZvA 7 rA— VAT —)v (HEFEY — K
FESE) 6, 100 ¥ e A7 — (B~KEM) £TOI—L LV ARMREEZEHT 572005k
FZOWVWT higml LEThH A 9,

4.3. BbLYIT-HRETOERE

2L1I2 IZHIBRENTND ERBY, N EVa VEINTHIZCE =TTy R 74— AR F
WCANIEERTE DL IR LD TIIR L TR, H LW OO HED 712 A - 7
TEARHIOFENH D TEHERBRE RS, N BV a VBIRITIIZHEOE L —7 T v b7 %
—LEEHAT LI LI, TNOOMEREMRL, VT AEA LATRENDIWKRT — 5 %28



UM T 2720 DIRHIN LB TH 5, 3.1 THRAT @SBRI & A E 2 3 VBIO T DT
Ty N7 F— LR N REOA 77 30X, Z0bZERT 58, A7y 7 Mo
KHI S VP REEDL LV LD,

WBEAEERAF TR O F BRI LA o ToFEIREl b LB 72 5, V2O 10 1 EDORIS, WEEOWY
BAGBRIIIE OB ClX, (LFEROIEE T TR MER, £WR, ©F7 AVBEGROMEE S IND
D, FHERA - FERAICERRIRFIEEAT O A XA NVPNEHR L TE WD, WERRIZEDZ 5 L
BREGZR D A2, 2 IEE S S — IR ST R X0 U ST S R E O IZ B T
LEEEIZBIT A M B ENISNTWS, 20X 9 BRFEEHRFIED 1= D)) % 5% b ik
A FERSEDD, WO T T v b7 — DO REBEICKIIS U7 F 7 7 Vi Emr e O (i 2 &
ZHRETHAH,

WELEOWFRIITIAACBI 7 7 v b 7 — 272 8, ~N—FREDOA 7 TN KRR TH D, Mz
T, VELTOERICED L E O AMEZMHIRT DHE L LEIZR D, 4 OBFSEE D 5 FRIAFE
BEEHF TSGR T, 29 LicA v 7 TR0 ANHIEHIOEFIZONW T EEEZR I LD & 91T,
WY B OB e I3 BCR L CRE RN T A Xy v T2 A 2 EIThD, — T, W
Bl a4 v 7 7 OWH e RH OB 3 IS ITARRE S LD RIE B TlE e, LFERY T I —F
DM CTH, BRBNBHII LIy T 4 F v TR DM 2 3 2 D18 F a8 <
PSR ORERIZE T L LoD b 2 BUR SRR S v iz, Vel - e E o st M & LT,
o2 IR ZE BN B 0 2 EIBRAIBLIAN~ oD B BRS04 o S5 58 S DV~ D SR B 70 Uk & 72 [E]
BREERH D, M T, WBEOFKEB 25 L X, WHEOHNZFIRIC DN TGN 2% E
R TZEIIFE Y EHORIEIC 0D SN EE TLH A D, TO LIZEFEICEbA LIS
Z, WHERFFROARKEH S (Kl 2 F> TS B2 A ITEA LT 5D,
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Fig. 1. A schematic diagram showing postulated interactions between the “hi-vision” (or high-definition
image) observations and the process studies, including roles of modeling and technological
innovations (based on discussions among the subgroup).
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Abstract

Progress in oceanographic research in the past decade is reviewed and future direction in
the Japanese oceanographic research in the next decade is discussed, mainly from the
chemical oceanographic perspective. While biogeochemical cycle (or material cycle) remains
to be a major theme in oceanography, innovative chemical sensors on various maneuverable
platforms will be able to depict dynamics of chemical constituents with very fine resolution,
equivalent of those utilized in physical oceanography; a high-definition or “high-vision” image
of material cycle will be available to researchers in near future. On the other hand, process
studies that unveil the mechanisms behind such dynamics should be implemented
concurrently. Numerical modeling may effectively connect these two approaches, and
interactions with technological innovations will facilitate progress of research. Current
status and expectations of sensor/platform development, possible targets of the process
studies, integration of the two research approaches, and some target oceanic regions for the

integrated study are discussed, with respect to necessary infrastructures of research.
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