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Department of Physical Oceanography

GPSY 7Dk
Launching of GPS sonde

MREKRIES  BFEREDATE
Observation of current velocity, water tempera-
ture, salinity, and oxygen

BIRIERSTOREFRE

Deployment of acoustic current meter

AEREYDEFISHELEBENDRIBES B ¥IBIEIL. B
FERTDOFRNICLDEHEXRXBEF- AKBTOH-EED
2K ZBIERFBLEEDZBOMM H/INT L R L->THE
BINTOWETZDED. CDEIBBHE - KRV ZXTLDOY)
E#BORIAEZNCEICKRIBZEEHOFAIE. AFFOE
FICADIBRIDFETY . EEYIEFZIMITIE. REDLS
FREBICOIEBEABROMNEKBOT - EEBIE.
BEAREOBEEERETOERELSEE - ARELS
ECDWT BAICESKEENBIEBENDFHBDORERET
STHYN. RPZEHOFAICARRAIREEE- AT RATLD
BRI D/-ODRREEDH TWET,

The present climate and oceanic environment supporting life on
earth are maintained through subtle balances among heat trans-
port in the oceans and the atmosphere, and exchanges of heat,
momentum, water, and carbon dioxide between them. Therefore,
clarifying the physical mechanisms of the ocean-atmosphere sys-
tem and predicting long-term variations of the system are critical
goals for both science and society. We investigate general ocean
circulation, water mass formation and conversion processes, air-
sea interactions, and oceanic and atmospheric disturbances
through observation, theory, numerical simulation, and laboratory
experiments.

HFXERDE
Division of Ocean Circulation

BEABROREEHZ SLUKBOTEP A ICRATEHEIDOERAEE
BUARFFDORBERBRIREFOICARMEOTO-IEEICLZEFE
BRZERUAREED TV D,

We primarily investigate the Kuroshio and North Pacific deep circulation
based on ocean observations, in order to clarify the properties and dynam-
ics of general ocean circulation and its roles in the formation and distribu-
tion of water masses.

BFRIIZFDET
Division of Dynamic Marine Meteorology

BAELORRBEDAH =X LXK G- BHEOIEEERICEDSM -
HEDRNDOERBIELET BRAT — 2D BESI1L— 30 HFE
AEARGERLEEDFEEAVTHEL TS,

Our group studies the mechanism of atmospheric disturbances over
oceans and the basic hydrodynamic processes of convection and turbu-
lence that play important roles in atmosphere-ocean interaction, through
observation, numerical simulation, theory, and laboratory experiments.
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Department of Physical Oceanography, Division of Ocean Circulation

HROBELDBERBERIT. BCERD. —BILRFLED
BEDRIEGFEENCEMICLBEERERLELTV B
PHEORER. BEIEE OKBOM R ChxE. BEENDE
BLRECHFESL HEOTRPBKIBEESLUBEDERRIC
REGCRHEBESATVWET  AWEERICABIEDZRED
SRR BEERTDBRN KGO AR LD —E 2SR
BEICEP>THEIETHIETRRLTVET AL FIROPIBET
RBBEDESIPREZIDERNVBHEBRTT . ZD1®,
BEXEETROIBHAORBRIERLCMARNRTT £/ 8
ECBBICRZEFEBERITRHORBESDOERALER
GIERETT . 512, 3000mLURDBEFEKZRER/ERD.
KEREDHEPAIEESHLEICEETT, hid bR
DIBIRTEFILELABKPETLUEBEARRICETRL.
FRKE KRS EN SFE DBKEE), ZO—ENKF
FEIL LU TR AETRE LEISER THEVDEREEK
BIRTY . TORBERCHIUKRFETORRBENDIZAEIL,
RERROLHGEEBTI-DIBOTEETT,

BAXBRABFR.OUVBARROREENZE . LV
BARRDPKROTER A ICRATREIDEAZBELT
BN RHCARFEORHMERBERROMREICHEANTOE
ToBEDERERANDLDICHAT —22ERLTHN. MR
MTOBFEBAZT-(ERGBETOERET —2EME
L R BEHEL TR ERM T EOT —2ZIVEL. R
EOBHEERICERT IO ZhEDOTF 228U HE
HBERERLVET,

REDELEHMET—7

OXFFRBRIRDAMHDAEA
REREROBBERTHIIAKRFF G REKDFEDES
NEBEMF DEMSD=DICHTEDHEELWEIKTT, 22
T BKFMEESHEE CAEL TREICHHL REREFR
FRRDOREECRE LEBANDERLEEZASHICLTVET,

O AKFFRBRENOARE -FHENFMEER
REEROBERIMIERILICHEEZD ITEDTERNI D
BT RERIROEBEERDADIC RERICLIME
BIEZITO R E BRI ERVAZERL TR REDFME
EEFEDMRETOTVET,

OXFER-PEOFEBENKHAZA
REEFEOBFERRPINCHIKE-EIIEEDEED.
SEZEHCKEBROEHICKELHEBESAET HRA
ROBEEBRAMEPUISDERBICL - TIRESNAKEES
BEDT—LDERMICEN) ZDEREMBAEZHDEILTVET,

General ocean circulation plays a large role in the global climate, en-
vironment, and ecosystem by transporting heat, greenhouse gases, nu-
trients, and plankton. The Kuroshio carries significant heat northward,
thereby influencing global climate. Important deep ocean circulation
must also be investigated especially in the North Pacific, where global
deep circulation overturns to the shallower deep layer.

We investigate the properties and dynamics of general ocean circula-
tion including the formation, distribution, and variation of water masses.
Our foci are primarily the Kuroshio and North Pacific deep circulation.
We acquire high-quality oceanographic data from critical areas at sea,
and compile data from national and international sources. We seek to
understand the state of the ocean through analyzing these data and
discussing the dynamics of the phenomena.

Ongoing Research Themes

@Trajectory of deep circulation in the Pacific : The North Pacific
is critically important for understanding deep ocean circulation,
but presents many challenges, including diluted water mass char-
acteristics and complex bottom topography. We seek to clarify
the routes of deep circulation in the Pacific.

@Transport of North Pacific deep circulation : We monitor deep
current velocities in the North Pacific using moored current me-
ters, and evaluate volume transport to improve understanding
global deep circulation.

@ Variability of the upper ocean circulation in the Pacific : Varia-
tions of ocean circulation and the associated temperature/salinity
structure in upper oceans have a great impact on variations of cli-
mate and fisheries resources. We study these variations by analyz-
ing the data from a recently developed global observing system
and our observations.

TREQFORET EFREECTD DEINIESE

Recovery of a mooring of current meter and CTD

.

KAWABE, M.

OKA, E.

YANAGIMOTO, D.

E2eid N8 Efs
Professor KAWABE, Masaki
B R N:
Lecturer OKA, Eitarou
Bh#R WA K&

Research Associate YANAGIMOTO, Daigo
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Department of Physical Oceanography, Division of Dynamic Marine Meteorology °

HIROTIREZERL TV AT EEEIT BEEEL TEWI
BOEEERATOBRBLIER S XTLERBRL TWET, #Y
ERRIEAEDBEDEEL. ARY BAICSAZEDIS X
K BEEDT Ty T AL TREINTWET, —H. BEAH,S
HIREIN AP KBTI AT FOMARELIELE, 2Ex8EL
2= DEEDRE - RZICKEFELTVET, DL
BHLI AT LORDEVEIERICIEEL BERCFEITS
BHICIE W FRPEARERLHETIAR BHEDEBNLBIEIC
BT3RS AR R THDZED LIFNCHIEL TERH#ESh
TETWET BERTINENH TR AREBEDOHEEER
LR AR BRELE SELELATR - BAERILOE
RS AN X LB T — 2D BESIaL -3 7
IR FARBRRLEDZHREFERCIVERBLTVET,

REOELEMET—~

OEFFEINE ¥ EICRETIARBIOHAE
KECKEDSERN RHET 2L BAREDDE# L TIEiE
REAT-BEEBLEAYBE. HRICHEALHEHRERR—
S—07 (KFEXT—ILHFE100kmIEEDAESE) L&D
REL . RECERLERELET . — A . BREICIE.TE
RENRBOETNEFIAVERREN BRETIELNOESF
BICRELTEAKRICEDTZENELSLET . SNHDES
ECHMRECRIEN R, EHLBEERAELTHY. Z
DIEEREBEROERAERK LOREF LHRBE T,

O RENHE-HEBRBEEREFTOMEK
BB LI AEE. BN EEEACEREROERES
NET E2 MRBICLZME A B DX IS HFRDTIE
ICARELHEEE 23720, ZOMELAB LB DOMEIL
BETY,

OASEERBMNISYIRICHATIME
ARGBEAR,PSERINZIKETEIRINT—RELTRET
3—H.ZDEBEICL)BRISERTRES ES. REEEE
EELET £/ AR BESBRCOESHEDTHBEE
LCEAFRBROBEDEEICHES L TWET, KR B#
BEOMBEEDOXICELIRT - BEERBOI AEEC
ZOMRRETIAR - BAEBILOBBOMBEAIL AT - BEE
HEEHOBRFICARERTY,

OEAERICLIIAT BEBIOWE
AT BHEILOERNBEL. R OEERLA VAl
BRAERRICE->THEALTVET,

The earth's climate is regulated by the atmosphere and oceans, which
interact strongly and constitute a complex coupled system. Most
oceanic circulation, except for tidal motion, is caused by atmospheric
forcing such as wind stress, surface heating/cooling, evaporation, and
precipitation. Much atmospheric circulation, on the other hand, is
forced by sensible and latent heat fluxes through the sea surface. To
understand such a complex system and to predict its behavior reliably,
it is important to investigate the basic processes of atmospheric and
oceanic circulation such as turbulence, convection, and instabilities.
Our group studies the behavior, structure, and mechanisms of various
atmospheric and oceanic disturbances, which play important roles in
atmosphere-ocean interactions, through observation, numerical
simulation, theory, and laboratory experiments.

Ongoing Research Themes

@Atmospheric disturbances over the oceans around the
Japanese islands : Meso-scale and synoptic-scale cyclones in
which interactions among the vortex, convective clouds, and
sea surface fluxes play important roles are investigated. These
include polar lows that develop during cold air outbreaks,
meso-scale cyclones that bring torrential rainfall during the
Baiu/Meiyu season, typhoons, subtropical cyclones, and
rapidly-developing extratropical cyclones.

@Convective cloud formation

@ Atmosphere-ocean fluxes

@Laboratory experiments on atmospheric and oceanic disturbances

ROEF DG

Examples of ongoing research

BEERBRTH/ONER-—F—0O7Y (£ L) EBEREIOBKEK/NN RO AL R E
(L), BREEREDNL—F—E&R (£ T) EAEHBRDKFHANEARE
BR(ET)

Numerically simulated polar low (upper left), meridional cross-section of numeically
simulated rainband (upper right), radar image of subtropical low (lower left; coutesy
of Japan Meteorological Agency) and horizontal convection in a rotating tank experi-
ment (lower right)

NIINO, H.

YANASE, W.

Exeid =
Professor NIINO, Hiroshi
R A8 EX
Associate Professor  IGA, Keita
Bh#R Wi B

Research Associate YANASE, Wataru
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Department of Chemical Oceanography
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CTD-CMSY R 7 L& W=7 —4%K
Clean seawater sampling using a CTD-CMS system
DFLNIVCORMAERI ST L
The system for compound-specific isotopic analysis
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WEROREIED7EI% G, FHI3800mMDEEEHFHE DiE
L CDIEAREZRREICHIR L ICHFEETBKDIT%N S
TVET ZCTIIIESEaMED  EMERH IV IEHER{E
FHEERICENE BER)RLEZENSFEELTVET  F
T BEIGRU TR T AR EE BREETS
BERETHEETMIT LS RSO ERREIRENS
ETWET ZhS—DVEDDRVE DM H/NT R E
STHIRBREA R >TVWADTT BELT.BEICBNT
MEIIEDLIICEBL ERETREDISLEMMERLE
TOEZAPEFTLTVWEDON? B4 IEREROFHMTEFHR B
ELENS, SR ERRGO/RERICEHEATHETY,

The boundless ocean covers 70% of the earth’s surface to a
mean depth of 3800m, encompassing 97% of all water on earth.
The copious dissolved and suspended matter in the ocean cycles
internally through biological and/or physicochemical processes,
and externally through exchanges at the boundaries of the ocean
with the atmosphere, land, and seafloor. The global environment
maintains delicate balances and feedbacks for each process. We
aim to elucidate the mechanisms of cycling in the ocean by
employing state-of-the-art technologies for analyzing elements,
isotopes, organic and inorganic matter, and biogeochemical
processes.

BFEE D ET
Division of Marine Inorganic Chemistry

AL ZHFEERELCBKPOEESSUHMETRORE RUEL L
FICEEBAL. BEDEFIMEEERSHICT 3, BFRIEICS I E NI LR
BY 7L EERE XK EYBE SSUEGRBIREDBEERHED TGERET S,
Qur main goals are: i) to elucidate chemical characteristics of the ocean from detailed mapping of the
distribution of major and minor elements including their isotopes by making the best use of technologies
of analytical chemistry, and ii) to understand biogeochemical cycles and evolution of the oceanic
environments associated with interactions with the atmosphere, biosphere, and solid earth.

FITREED B
Division of Marine Biogeochemistry

BHECBIBETRDBERAHN=Z L% AN EMFOF EEEMEL TRIAT
B, FIC BEICHITIRERE AR OBREREEMBIZOMEEERICERL.
WA B EREPBRRIE CORBER IS APHENDERBILEDST,

The mechanism of biogeochemical cycle of biophilic elements in the ocean will be
elucidated using both chemical and biological approaches. In particular, we focus on the
interaction between organic matter and nutrients dynamics, and biological processes,
and aim to quantify its affect on local marine environments and global climate change.
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Department of Chemical Oceanography, Division of Marine Inorganic Chemistry

AP IEFEVDIR BARITIEIEFNIYLLEE WANSY
EAERLTWSEDTT . £ hTATTHBKIEB->TVE
ToZhid. EMHEPERBEYVEICHAR TPV THIES
TWB1EDTT DL BFREIIFSEHEZMEDS
BRINTOET . ZhoNBHEL D HEREIE. FWEIEAR
ICHEDEZHME. fHIAERREDRINA . ESITBENTOY
EEZHNHIVITENFRBIZICL - T IFAICI I O—ILE
hTWBEEZONE T 2 BHFEREEIT TR BECS
F3ZDOEIEHIREZHME YA 7L DOVT AREL £4
B. 3LV ERBEDHEEERERTEDIIELTED
HPELED MAEMNICIEHTAIEERIBLTVWET . ZOLET. 1L
ARAE B REOKEAIEUHET B IRIRIBEMBICH L.
BEDPEDSIIICRICT DL EDLIBEREZRALTVWDD
MICDOWTEERALEDELTWET  ChOE DR EHELFi /-4
DEERIAT 2701 BRI ABFALEDHEMP[LALL
6500] HEDFEKMEFAL. TMDKRZE-HEEBEDZLD
MEHEEHHERTEHBREY T 2B EEDHE T, SSICEE
B BEDREN A EZMRICADIERTO Y
b7 IE. GEOTRACES, SOLAS, IMBER, InterRidge,
LOICZ, IODPAEEEIZEIHAL D OMEEED TVET,

REDELEHMAT—7

@B KBLVHIEY M FMNEHSUBRKEED)POME
TR (BEEE. ALETR EBELY). . AERF. T
ERMLA(H, C, 0, N, Nd, Ce, Pb%&), LU HEER
A (U/ThRFIIZAE, 14C, 222Rn%E) DEMIIRLFMY
EHOBEE ASBNERDED TNSDOBEFEEESHNE
HEEALET,

@/O—-/NIVEBFRERORS EMEECHBE AT—BF.
BEREERLGE SESELRMROMN —H—ELTALFRK
PBLVRMNAEERLRARETVET,

OFREFXEM-EWEBRICHTZBELHKEE. TL—b
LAAAHEICHTBAREKAR AFZICHT2BEMT
KBHBERLEICHI BFEERIREDR DM IRLE T
Ty AEEBRLES,

O RBEIENMFEEELCH . VU—H TV TFE R
SILFEHRAIE L E FHLWEMTORRELICAZTVET,

Various chemical components constitute the oceanic environment, and
their complex distribution and behavior are controlled by their chemical
properties, sources and sinks, as well as physicochemical and biologi-
cal processes. Our main goal is to comprehensively understand
geochemical cycles in the ocean and their evolution through interac-
tions with the atmosphere, biosphere, and lithosphere, on the basis of
chemical and isotopic measurements. We aim also to elucidate the
oceanic response to natural and anthropogenic perturbations such as
emission of fossil fuel carbon dioxide. We collaborate at sea with many
marine scientists and actively participate in topical international
projects such as GEOTRACES, the Surface Ocean Lower Atmospheric
Study (SOLAS), Integrated Marine Biochemistry and Ecosystem
Research (IMBER), International Cooperation in Ridge-Crest Studies
(InterRidge), Land-Ocean Interactions in the Coastal Zone (LOICZ), the
Integrated Ocean Drilling Program (IODP), etc.

Ongoing Research Themes

@Biogeochemical characterization of trace elements, major and
minor dissolved gases, stable isotopes, and radioisotopes in
seawater and sediment, for assessment of oceanic processes
controlling their spatial and temporal variations, including
anthropogenic effects.

@Application of chemical components and isotopes as tracers
for various phenomena, such as global ocean circulation,
mixing, biological production and degradation, and air-sea and
land-ocean interactions.

@EIucidation of geochemical fluxes between the ocean and solid
earth through submarine hydrothermal activity, cold seepage,
and submarine groundwater discharge.

@Development of new technologies for clean sampling, in situ
observations, and highly sensitive chemical analyses.

MAERMAT LIS BT E2REBHRKGZERVBEIEE (BEXBICT)

Large volume water sampling on board R/V Tansei-maru (Japan Sea)

OBATA, H.

NAKAYAMA, N

Exeid TEE R
Professor GAMO, Toshitaka
EHE /I T
Associate Professor  OBATA, Hajime

BhEL il B
Research Associate NAKAYAMA, Noriko
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Department of Chemical Oceanography, Division of Marine Biogeochemistry

BECBIIETR (RBR-BRVAERATIEE) DYA
TV, SHEBEEMICEIEZNETRTO RN ER
EERETAMIEZMN T OEXENEELEEERICESTER
Eah,. KECEBICH I TRBEREFECEEL D OHERIR
BICAEZEFEEBLILTVWETEE, NBICLZMERIR
ZOBEE. ZOREREL TOMIHERIECEM S EEDO KR
BAHREVSIRERBEN BB LRI £V B EHIRIR
BOHEEROTHEAEZOESHEREZAES,PICTIZEEA
FICESTDRBEINTOET LAL. TE—/NIL- XS —ILTD
BAEMBRREZOHIEEEICETIMRIE D TE IS
EWHOEASTHIEEETOEX. B 7T OEXIZEL T,
ZOEERICHDIOSTEERMDEEE ZFKLTVET,

ETRBESHF TR . ETRBROREREZEIZHELE
MBEICLBRBRINT—TDETTRIEOEREFE A=
Z LD, 5L OCEMRBPRETONED S &8I
RI-THEEIORERAEKBEZICHBI. FILLWREMTX A ERORE
R ETIERPIEHRWN T TO—FICLBTOCXNE, LM
MBXHERITICEDIN—T EBEEE3DDIEELTHE
FEHTOET A AR, S FEICEIIFTIERIFITH N
TEEOT—VICEDKERNMEICHBEATHRE,.FH
- REBROBE SN BTRRM A S . B AN —
Y—E FRNFREMREf e EELRBEL KRB EFTD
TIIMD—BEEBIZEICLY) B OE ICENSL 7= BT
MaEEMREERLTVET,

RENDELEMRAT—~

@ FXNEMMIKILFEMBRICE T3 71V ANDEE

OB ¥ RBICHIIMEMERMPNOEEL R

O BKPOHSRUEBEERPOBELTORREBEELT
WBREFOME

QAR BERBER/EBETNICEIBLENTA—SDEBRRA

OHFE~EFTAFEEER (BICAREEEMHE) DERSE
I EEEZDRE

O EIEHZRBREEBDOIEBIEICSIIMEDF B
tEXT7O0EANDERE

QORF ZBHROVREFMIALEZAV NERR - B EHR
WEDORAREZOHA

The distribution and circulation of biophilic elements such as carbon
(C), nitrogen (N), phosphorus (P), silicon (Si), and sulfur (S) in the
ocean are regulated by both physical transport processes and
biochemical transformation by various organisms. These elements
may occur in volatile, dissolved, or particulate forms, and thus their
biogeochemical cycles in the ocean are closely linked with those in
the atmosphere and the lithosphere. Because of its large capacity,
the sea plays a crucial role in maintaining the global cycles and
balance of these elements. Research in our laboratory is concerned
primarily with the dynamics of biophilic elements in marine environ-
ments and their coupling with metabolisms of marine organisms.
Emphasis is placed on identification of various biochemical processes
operating in the water column and upper marine sediments, and their
regulation and interaction.

Ongoing Research Themes

@Role of viruses in marine biogeochemical cycles

@Structure and function of microbial food webs in bathypelagic
oceans

@The nature of refractory dissolved organic matter in oceanic
waters

@Determination of chemical parameters used in global circula-
tion models

@Conservation ecology of macrophyte-dominated coastal
ecosystems

@The roles of microbial redox processes in marine sediment
biogeochemistry

@ Application of stable isotopic techniques to the evaluation of
ecosystem status

@ Atmosphere
g -

Ocean

OGAWA, H.

NAGATA, T. MIYAJIMA, T.

EXeEd KH #
Professor NAGATA, Toshi
TEHE NI ESE
Associate Professor ~ OGAWA, Hiroshi

BhEL =25 R
Research Associate MIYAJIMA, Toshihiro
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Department of Ocean Floor Geoscience

B REE Y TIVRRS R T L
Navigable Sampling System (NSS)

EREERORRAEMREER (H78)
Photomicrograph (polarization microscope) of peridotite

BEWRTIRTH(BFEITILTLYIX)
3D seafloor morphology (oceanic core complex)

’, .

fa EfEEER

Work on a research vessel

RKBEREROTICIHERBYCANIUETEONBEN LY
DTWEYT XIS [HERIK | DEENZIENTHY . E
B EAMIKEL TOIFIELTOLREMRTELED
HBNET COMIKDWEETARBE D 22 B DR X
BIR MEKIRIEDZEAL, ZLU TBFEYM OE LMD E
SEEMFEIRICE S TWET BFRMABFITIE BES
HL<EEh TV 2hRBEXPENBR. RBOBBMNE
DEHTENT LT3 —LIEIE O TARRE LK ILEE
TEEN-EXBE ERCHEFECYERIROELT
WBTL—MNEARABHEE BENI1FTIvIICEETNS
BEXIDODEMEMRELTVET,

The oceans cover the majority of our planet's surface, and the
seafloor underneath is typically sediment or volcanic rock. The
ocean floor records the history of planet Earth, and also yields
information on dynamic Earth processes. The Earth beneath the
sea is a critical environment for researching the production and
destruction of oceanic crust, changes in Earth environments, and
the evolution and extinction of marine life. Scientists of the
Department of Ocean Floor Geoscience study oceanic ridges,
transform faults, large igneous provinces, subduction zones, and
back arc basins to understand dynamic Earth.

BFEMBZEE
Division of Marine Geology

W - T HEERE. . REEH. BERZLECI T REETHD
WERREEZL BRXE HHRIEZTH. BRICHADIMBERROHEL
HHEROBFEENICHRETEoTVET,

Our group conducts topographic, seismic reflection, sediment sampling, deepsea
drilling and seafloor observation investigations to understand active processes
in the deep sea and to obtain key information for reducing natural hazards,
predicting global environmental changes, and locating natural resources.

HFERMEKIEZ 0 B
Division of Submarine Geophysics

FITHIH R B IR A F AT AV R MIC L SEBIRE L TOE
BIETO PRBE IO MEOBEEZ 1 FIVIEMELTOET,
We study dynamic processes and the history of the deep seafloor and Earth's

interior using mainly geophysical methods, employing both marine and land
observations.

BERT IO ADEF
Division of Ocean Floor Geotectonics

BAERTINZVZAGHE TR WE - WEILFE T 2SO IBEFE T -4
ICESWTBEBRICEEL AT 7N XEHIRIRIEY XT LD EEH
DI EWERRAZERELTOET,

The principal objectives of the Ocean Floor Geotectonics Division are
investigation of the dynamics of the oceanic lithosphere and its interaction
with earth's surface environments based upon the integration of the geologi-
cal, geochemical and geophysical data.

OCEAN RESEARCH INSTITUTE CATALOG
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Department of Ocean Floor Geoscience, Division of Marine Geology

BERICATIIHE IS BERBOWK. BEICELE
HEDEN. KA H2 VISR AIRIEL B B NE
B kBREELHETIMERRGEDRFP RSN TVET &
7o  BIR TSRS, $oKiEE). T —MNEAMAH B DR L
BEEORAETHIOMBERREBANTIEN TEET B
HERWEZHHF T ECTREAVHTRAE 0 TiEE
BE HEFHHORN, REREH . BEREBRLECSI- T AL
DEREEETIEEDHIC. BRKEE  MIKREL S, BIRIZH
HIEEERRRL FREF R T2 L TERELDFEROMEGE
BROELTHREED TVET,

MR GAEMEAVEEBEROBEDLE v/ ELTEED
IS RER - E - SRRIEEDT—2DBFCHEANT
WET, EFRNICRIIRETCAAETE3DDEE. 1) BRDM
HEEPREDYIETEAMNELZRBERMA VAR IF v
IF—BREVRTL2)BRTRBIEEENREL LSBT
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Deep-sea strata record the development of oceanic crust, the history
of earthquakes, regional and global environmental changes, and the
carbon cycle. Moreover, active geological processes, e.g., volcanism,
hydrothermal venting, sediment transport, and crustal movements at
convergent, divergent, and transform plate boundaries, can be observed
on or beneath the seafloor. Our group conducts topographic, seismic
reflection, sediment sampling, and seafloor observation investigations
to understand both the geological record and active processes in the
deep sea. In particular, we pursue high-precision and high-resolution
studies using the deep-tow sidescan sonar system "WADATSUMI", a
seismic reflection system consisting of a generator-injector (Gl) airgun
and multichannel streamer cable, and a navigable pinpoint sampling
system "NSS", as well as undertaking more regional studies. Comple-
mentary to local and regional studies, we participate intensively in the
Integrated Ocean Drilling Program (IODP) and other international
projects, both at sea and onshore. Our main goal is to obtain key
information for reducing natural hazards, predicting global environmen-
tal changes, and locating natural resources.

Ongoing Research Themes

@Shallow structure, mass balances, and tectonics of subduction zones

@Distribution and displacements of active submarine faults

@Structure and physical properties of oceanic crust using seismic
reflection data

@Distribution and origin of methane hydrates

@Characterization of brine lake and mud volcano related to
continent-continent collision in the eastern Mediterranean Sea

@Seismic oceanography - Oceanic finestructure using seismic
reflection method

ERAEBNTD
BRTR G EHE
BETHESNETL
—MERE(F2)L
<) DK, BCH
Bt~y TEHWE
TRIE 21— MERT
BONETTFIZIRY
DIEREBTRT
I & :
tAEOEE. RE N
(M) ERLT -— e
w3 Subduction direction i
Decollement geome-
try from 3D-seismic
reflection data in the
Nankai Trough. Color
is based on a classifi-
cation results using
seismic  attributes
analysis with Kohonen
self-organizing map

Seafloor

Decollernent

Top of oceanic crust

NAKAMURA, Y.

TOKUYAMA, H.

ASHI, J.

iz AT
Professor TOKUYAMA, Hidekazu
FIEMERIR -

Associate Professor ~ ASHI, Juichiro

Bh#R A Kz

Research Associate NAKAMURA, Yasuyuki

26

CATALOG OCEAN RESEARCH INSTITUTE
THE UNIVERSITY OF TOKYO



MZEAZS-BF | RESEARCH CONTENTS-DEPARTMENT

LR P R 5) 5

Department of Ocean Floor Geoscience, Division of Submarine Geophysics
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The deep seafloor is an active, but hidden environment where most of
Earth's volcanism and much of its tectonic activity occurs. Various phenom-
ena on the deep seafloor are closely linked to Earth dynamics and structure,
and also linked to Earth's environment through the hydrosphere and
atmosphere. Though the seafloor plays an important role in Earth's evolution,
the area we have investigated so far is quite limited. Geophysics is a
powerful tool to investigate the vast seafloor realm and to contribute to
understanding basic Earth principles and structure.

We, the submarine geophysics group, study dynamic processes and the
history of the deep seafloor and Earth's interior using mainly geophysical
methods, including one of the academic world’s most advanced seismic
processing and interpretation centers. Our targets range from mid-ocean
ridge processes to core structure, employing both marine and land observa-
tions, and our goal is to paint a precise picture of the dynamic Earth system.
We also develop new observation technologies and new methods of data
analysis.

Ongoing Research Themes

@Mid-ocean ridge processes : The main goal of our mid-ocean
ridge studies is to understand the key processes forming the
wide variety seafloor globally. A recent target is oceanic
detachments where tectonism dominates magmatic accretion.
We also investigate hotspot-ridge interaction as the process in
magma-excess systems.

@Oceanic crust formation and hydrothermalism : We study the
tectonic background and oceanic crust structure, supporting
the wide variety of hydrothermal activity and eco-system.

@Study of the Earth's Deep Interior with Superconducting
Gravimeter

@Development of marine gravity and geomagnetic instruments
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Department of Ocean Floor Geoscience, Division of Ocean Floor Geotectonics
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Volcanism on the seafloor occurs in three settings: oceanic ridges,
island arcs along subduction zone (backarc basin volcanism shares
characteristics with oceanic ridges), and intra-plate volcanism (large
igneous provinces, hotspots, coldspots, and individual volcanoes).
We investigate such volcanism globally. More than 70% of Japan’s
geology formed at the ocean floor in the geological past, including
igneous, sedimentary, and metamorphic rocks. Research on the
ocean floor is important to understand the geology of both the ocean
floor and land. Our group takes rocks from the seafloor based upon
detailed bathymetric and geophysical surveys, and we use these
samples for precise chemical analyses. Cooperative research is
important for our group.

Ongoing Research Themes

@Petrologic and tectonic evolution of the East Philippine Sea :
Bathymetric, geophysical, and petrologic research on the Izu-Bonin
arc, Kyushu-Palau ridge, en echelon seamounts, and Shikoku basin
illuminates the geologic evolution of the East Philippine Sea.

@Geological transects of island arc-backarc systems and the
ophiolite problem : Ophiolites from forearc seamounts and
backarc basins in the Philippine sea and along Southern Mariana
trench inner wall help to elucidate the origin of ophiolites.

@Linkage between hydrothermal alteration and long-term changes in
global environments : Sub-seafloor hydrothermal alteration of oceanic
crust of ophiolitic complexes have been studied. Hydrothermal alteration
has been linked with long-term changes in global environments.

@Comparative studies of seafloor spreading in backarc basins and
along mid-ocean ridges are welcomed
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Department of Marine Ecosystems Dynamics
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Pyrosomella verticillata:Colonial gelatinous zooplank-
ton in the offshore region of the world ocean

EAMEIN=——

Bioluminescent bacteria
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Alviniconcha sp. inhabiting hydrothermal vent fields
in the southern Pacific
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An enormous variety of life constitutes the ecosystem, including
the food chain, of the ocean, which covers 70% of earth. Under-
standing the marine ecosystem is the key to sustaining and
improving the global environment. We study various microbes,
phytoplankton, zooplankton, micronekton, and benthos. We
investigate their ecological and physiological characteristics,
and their role in mass cycling in the ocean and the earth’s
biosphere beyond.
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Division of Marine Planktology
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Plankton Laboratory focuses on investigating marine plankton to understand
their phylogeny, biodiversity, life cycle, production, and the roles in
biogeochemical cycles in the ocean.
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Division of Marine Microbiology
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Our research focuses on the distribution, diversity, evolution, adaptation and
ecological functions of microorganisms in various oceanic provinces from
Japanese coastal waters to polar oceans. Our ultimate goal is to understand earth’s

biosphere systems integrating multi-disciplinary studies from genomes to biomes.
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Division of Benthos
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We are studying the ecology of marine benthic ecosystems and organisms
in various environments from the intertidal zones to deep sea trenches. The
present research keywords are chemoautosynthesis-based communities, the
Japan Sea and tidelands.
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Department of Marine Ecosystems Dynamics, Division of Marine Planktology
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(Census of Marine Zooplankton)

The world ocean is dominated by various drifting organisms referred
to as plankton. While each plankton species is unigue in its morphol-
ogy, ecology, and evolutionary history, each also has various relation-
ships with co-occurring species and their environments, and plays ma-
jor roles in biological production and biogeochemical cycles in the
ocean. In recent years, it has become increasingly apparent that
global-scale environmental changes and disruptions to marine ecosys-
tems by human activities are closely linked to changes in plankton
communities. Our laboratory focuses on investigating marine plankton
and micronekton to understand their biology, ecology, and roles in bio-
geochemical cycles in the ocean.

Ongoing Research Themes

@Species diversity and the food web in the deep-sea ecosystem

@Iron enrichment experiments in the subarctic Pacific : An inter-
national project aiming to assess the possibility of COz2 fixation
into the ocean and its impact on the ecosystem.

@Life history of zooplankton : Field studies in the western North
Pacific on the distribution, seasonal changes, and life histories
of major zooplankton species.

@Biodiversity and ecological roles of gelatinous plankton : Elu-
cidating species diversity and ecologies of gelatinous plankton
through field sampling, submersible observations, and labora-
tory experiments.

@Distribution and transport/accumulation processes of anthro-
pogenic pollutants in oceanic and deep-sea ecosystems

@Evolutionary mechanisms in zooplankton through combined
molecular, morphological, and zoogeographical approaches

@Global Census of Marine Zooplankton (Census of Marine Life)
: A global-scale international project aiming to comprehensively
understand zooplankton diversity.
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Department of Marine Ecosystems Dynamics, Division of Marine Microbiology
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Marine ecosystems consist of diverse groups of living organisms. Bac-
teria or prokaryotes appeared on Earth first. Most of the ocean is char-
acterized by high salinities, low nutrients, low temperatures, and high
pressures. Through Earth history, marine bacteria have evolved to
adapt to such physicochemical factors, and have become distributed
throughout the ocean. In addition, bacteria have developed various in-
teractions with both other bacteria and higher organisms. These inter-
actions have also contributed to species enrichment on Earth. Bacte-
ria, known as degraders, convert organic matter into water and carbon
dioxide. Although particulate organic matter can be consumed by ani-
mals, Dissolved Organic Matter (DOM) is utilized solely by bacteria.
As DOM is one of the largest global reservoirs of organic materials,
clarification of bacterial functions is of primary importance in under-
standing the mechanisms of the global carbon cycle.

The Microbiology Group seeks to clarify the biological characteristics,
functions, and ecological contributions of marine bacteria by introduc-
ing new approaches in combination with molecular techniques and
newly developed optical devices.

Ongoing Research Themes

@Marine bacterial and archeal abundance and community struc-
tures and their metagenomic analysis

@Interaction between marine bacteria and colloidal particles

@Cell sorting on the basis of bacterial buoyant density

@Ecology of marine photoheterotrophic bacteria

@®Manazuru long-term marine microbial observatory
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An Atomic Force Microscopy (AFM) image of a marine bacterium
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Department of Marine Ecosystems Dynamics, Division of Benthos
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In deep-sea reducing environments, such as hydrothermal vent fields and cold water
seep areas, faunal communities with extraordinary large biomass are often observed.
They depend on primary production by chemoautosyntheic bacteria. As most compo-
nents of the chemoautosynthesis-based communities are endemic and highly
adapted to such environments, they are suitable subjects for the study of evolution
in the deep-sea. We are studying origins, evolution processes and population struc-
tures of various groups based on nucleotide sequences of mitochondrial and nuclear
genes. In order to understand dispersal mechanisms of endemic species, we are rear-
ing planktonic larvae and analyzing symbiosis with bacteria.

The Japan Sea is a semi-enclosed sea area isolated from neighboring seas by rela-
tively shallow and narrow straits. Severely anoxic conditions have been proposed
for the Japan Sea during the last glacial maximum. In contrast, no anoxic or suboxic
conditions has been suggested to have existed in the Okhotsk Sea even during the
last glacial maximum. In order to reveal the effect of such environmental changes
on marine ecosystems, we are comparing population structure of deep-sea demersal
fishes between these sea areas. Obtained results will provide information about the
formation process of Japanese marine fauna as well as fundamental data for estima-
tions of the effects of future environmental changes on marine ecosystems.

In Japan, tidelands have been severely damaged by reclamation and pollution during
the resent explosive development of coastal areas. We are analyzing geographical
distribution and population structures of tideland snails in order to obtain fundamental
information for conservation of biodiversity of tideland ecosystems. We are also ana-
lyzing the effects of global warming on such geographical patterns.

Ongoing Research Themes

@Larval ecology of hydrothermal-ventendemic barnacles

@Evolution and ecology of hydrothermal-vent endemic gastro-
pods

@Genetic and morphological deviation of deep-sea demersal fishes

@Effects of global warming on population structure of tideland snails

@Role of tideland benthos on purification of coastal environments
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Laboratory equipped with modern equipment
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Diver fixing plaster balls to measure water flow in
a seagrass meadow in Fiji
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Life on the earth originated in the ancient seas, and has evolved over the
past 3.8 billion years into the diverse organisms of today. The history of this
evolution has been engraved in the DNA of all organisms that has created di-
verse functions, behaviors and ecology. The ocean is vast, rich, and mostly
unknown, where countless creatures reside in many different environments.
The Department of Marine Bioscience attempts to trace the evolutionary his-
tory of marine organisms through their DNA and to understand the signifi-
cance of biological phenomena in the sea such as migration, reproduction,
osmotic adaptation etc at molecular, cellular, organismal, and population lev-
els using molecular biological, physiological, and behavioral/ecological tech-
niques. In the near future, we expect to create a new, exciting ‘outlook on

life in the ocean’ on the basis of our cooperative and collaborative research.

FIRF ) EF
Division of Physiology
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Life has adapted to diverse marine environments. The laboratory of Physiol-
ogy has focused their attention on the mechanism for adaptation to hyperos-
motic seawater from an integrative view using various techniques from mo-
lecular to organismal levels.

DA E DT
Division of Molecular Marine Biology
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Our objective is to understand evolutionary history of marine biodiversity
and to clarify molecular mechanisms of various activities of marine organ-
isms.

1TENAREETRID BT
Division of Behavior, Ecology and Observation Systems

BI85 Bl EELLE B2 DBFENDIR2 LTI CEREE BT
F . ERHIM. Ry T 7T 2T EOREN-EFHAIF EERVTERL. BOE
WHRKOADZXALEE LN T O REFEZEAL T,

Our objective is to study the various behavioral and ecological aspects of individual
marine organisms, such as migration, dispersion, reproduction, life history etc using
molecular analysis, otolith techniques and pop-up tags, and to understand the be-

havioral mechanisms and evolutionary processes of the phenomena of marine life.
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Life originated in the ancient seas, and has acquired diverse functions
during the long history of evolution. The Laboratory of Physiology at-
tempts to clarify, from a physiological perspective, how organisms have
adapted to different marine environments. To cope with the life-threat-
ening, high salinity of seawater, marine organisms adopt three different
strategies, as depicted in the figure. Teleosts (e.g., eels, salmon, and
tilapia) maintain their plasma osmolality at about one third of seawater,
while elasmobranchs (sharks and rays) elevate their plasma osmolality
to seawater levels by accumulating urea. Our studies focus on how ani-
mals have acquired different osmoregulatory mechanisms during the
long evolutionary history of the sea by comparing mechanisms in extant
vertebrate and invertebrate species. To this end, we investigate mech-
anisms of each osmoregulatory system utilizing a wide variety of physi-
ological techniques at gene to organismal levels.

Ongoing Research Themes
@Analysis of diverse strategies for adaptation to high-salinity ma-
rine environments using various techniques.

@Analysis of osmoregulatory mechanisms in euryhaline fish.
@Analysis of molecular evolution of osmoregulatory hormones
and their receptors by phylogenetic and genetic techniques.
@Integrative approach to endocrine control of osmoregulation.
@Discovery of novel osmoregulatory hormones in fish and mam-

mals using bioinformatic techniques.
@Application of genetic engineering techniques to evaluate the
role of an osmoregulatory gene at the organismal level.
@Ecophysiology of osmoregulatory systems in migrating chum
salmon in the Otsuchi River.
BEVLWOSERBEEREISEINT b DI DD

Strategies for adaptation to hyperosmotic marine environment

X Complete conformer

Ionic and osmotic conformer

| Hagfish and invertebrates

Partial regulator
Ionic regulator, but osmotic conformer

Sharks, rays and coelacanth

Complete regulator

Tonic and osmotic regulator
Teleosts, reptiles, birds and mammals
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Department of Marine Bioscience, Division of Molecular Marine Biology
HEEDFIELIE EYELDEESEL->TEBFETIE IR Our objective is to understand the molecular basis of evolution of bio- L4
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diversity in the aquatic realm. This laboratory conducts research on
population genetics, phylogenetics, and evolution of aquatic animals,
including fish, lancelets, and crustaceans, with modern molecular
technigues. We have been determining reliable phylogenetic frame-
works, indispensable for evolutionary comparisons, through whole mi-
tochondiral genome sequencing. On the basis of such frameworks, we
seek to understand the evolution of biologically interesting character-
istics, such as those responsible for speciation, from both genetic and
genomic perspectives. We also conduct research on symbiotic asso-
ciations between marine invertebrates and algae (zooxanthellae). As
the first step towards understanding this interesting phenomenon, we
are investigating symbiotic relationships between a sea slug and zoox-
anthellae. Geographic variation in algal partners of a sea slug species
are now studied through molecular identification of the symbiotic zoox-
anthella strains.

Ongoing Research Themes

@WMolecular population genetics and phylogeography of aquatic organisms

@Phylogenetic analysis of speciation and evolutionary processes
in closely related species

@Comprehensive phylogenetic analysis of fish, lancelets, and
crustaceans through DNA sequencing

@Evolution of mitochondrial and nuclear genomes in fish

@Symbiotic associations between marine invertebrates and zoox-
anthellae
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Phylogenetic relatioships of actinopterigian fishes derived from a series of our
intensive and extensive molecular phylogenetic studies. 3R denotes probable
position of the 3rd round of genome duplication in vertebrates
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Department of Marine Bioscience, Division of Behavior, Ecology and Observation Systems
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We investigate the life history, distribution, reproductive ecology, migra-
tory behavior and evolution of marine organisms such as fish, sea turtles,
and seaweed/seagrass through field surveys, behavioral experiments,
molecular genetics, and remote sensing.

1.Migratory behavior of marine organisms : "Why do animals migrate?" This
ultimate question is addressed by studying the migratory behavior of freshwa-
ter eels, ayu, salmon, gobies, and sea turtles, and by synthesizing this knowl-
edge into the fundamental principles of migration. The origin and evolutionary
processes of migration are also studied, together with molecular phylogenetic
analyses of migratory animals.

2.Studies on coastal ecosystems : To help maintain healthy marine environment
and exploit biological resources in a sustainable way, three main types of research-
es are currently conducted. The first group of studies aims to fully understand the
ecological role of seaweed/seagrass meadows as well as drifting seaweeds. In
such a purpose, a mapping system coupling both GIS and remote sensing tech-
niques has been for instance developed and successfully applied. The second
group of studies looks, through bio-logging experiments, for understanding the
swimming behavior of numerous commercially exploited fish species such as Para-
pristipoma trilinearum. The final pillar deals with the potential value of marine artificial
reefs as conservation tools. In order to select the management type, which opti-
mizes such a potential, ecological simulation is currently conducted.

Ongoing Research Themes

@Survey of the spawning area of the Japanese eel and its reproductive ecology

@Ecology of fish migration and early life history

@Biodiversity and ecology of leptocephali

@Molecular phylogenetic studies of the origin and evolution of
diadromous migration in fishes

@Migration and population structure of sea turtles

@ Measurement of swimming behavior of fish species through biologging experiments

@Distribution, transport and ecology of drifting seaweed

@Conservation of marine ecosystem by using artificial reef

@ Detection techniques for submerged aquatic vegetation using remote sensing

@Detection systems for bottom features, fish species, and fish
schools using echo-sounder and multi-beam sonar

%;E'CBU'% Salmon Sea
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Origin and
evolution of
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in fishes
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River residents
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Sea residents
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Eels originated in the sea and expanded their migration loops into freshwater
habitat, while salmon originated in freshwater and invaded the sea. Red
migration loops show ancestral types of migration of resident groups
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Department of Living Marine Resources
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Purse-seine fisheries of sardine

2003 03/03

8 10 12 14 18 18 20 2 24 26 28

BET-ZRILETICE>TIIaL—bENETT
CH-FHADEREATH (KEm) E20mfEDRE-
KB

Transport simulation of jack-mackerel eggs and
larvae (grey dots) over current vector and tempera-
ture at 20m-depth (color) calculated by a data
assimilative OGCM
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Scuba diving sampling of benthic resource organisms
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Commercial fishes such as sardines and mackerels seem to be
steadily supplied to the market. In reality, their populations may
be superabundant in some years and extremely scarce in other
years. It has been a common understanding that marine popula-
tions fluctuate in response to the ocean ecosystem variations.
The research activities of the Department of Living Marine Re-
sources focus on the mechanisms linking physical environment
variability and population fluctuations (Fisheries Environmental
Oceanography), reproductive and early life ecology of fishes and
shellfishes as biological bases of the fluctuations (Biology of Fish-
eries Resources), and stock assessment and fisheries manage-
ment for sustainable use of living marine resources (Fish Popu-
lation Dynamics).

IRIRENRE D EF
Division of Fisheries Environmental Oceanography
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To explore the mechanisms controlling distribution, transport and varia-
tions of living marine resources, we study the dynamics of physical ocean-
ographic processes and physical-biological interactions by field observa-
tions, laboratory experiments and numerical simulations.

SR 2
Division of Fish Population Dynamics
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Using mathematical modeling, computer simulations and statistical analy-
ses of the survey data, we study the mechanisms of population fluctua-
tions, stock assessment for sustainable use, and management of living
marine resources.

PN [S|=PAN
BIREREDE
Division of Biology of Fisheries Resources
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To elucidate the biological traits of marine living resources underlying the
mechanisms of recruitment fluctuations, we investigate physiological and
ecological characteristics of adult sexual maturation, and growth and mor-
tality in their early life stages, by field studies and laboratory experiments.
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Department of Living Marine Resources, Division of Fisheries Environmental Oceanography
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Physical environment plays the most fundamental role of physiology
and ecology of marine fishes. Temperature and salinity have critical
impacts on physiology. Flow fields determine transport and diffusion
of eggs and larvae, and even growth of planktons and fish migration
has close relationship with the physical environment. Life history strat-
egies of the fishes often select different areas among coastal and off-
shore, subtropical and subarctic, and specific oceanic phenomena
such as eddies, waves, and fronts, to obtain their appropriate physical
environments for survival. It is strongly required to understand these
complex physical-biological interactions as well as physical oceano-
graphic processes in order to make clear the dynamics of fluctuation
of fisheries resources. Our group studies the dynamics of physical
oceanographic processes and physical-biological interactions by field
observations, laboratory experiments, and numerical simulations.

Ongoing Research Themes

@Observation and theory of the North Pacific surface-intermedi-
ate water-mass formation and circulation, and their impact on
climate and marine ecosystem

@18.6-year period nodal tidal cycle hypothesis linking oceanic
mixing, circulation and long-term ecosystem variability

@Mechanism of the Kuroshio-Oyashio large-meso scale variabil-
ity and its impact on lower-trophic level ecosystem and species
replacement of small pelagic fishes as sardine, saury and jack
mackerel

@Transport and migration process of giant jellyfish which cause
damages to fisheries around Japan in recent years

@Oceanographic observations using moorings and deep-sea mi-
crostructure profilers, marine-system studies using numerical
modeling of physical oceanography, ecosystem and data assimi-
lation
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Department of Living Marine Resources, Division of Fish Population Dynamics
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Fisheries play an important role in the global food supply. Fisheries
production provides more than 15% of total animal protein supplies
in the world, and about 40% in Japan. World fisheries production
seems to have reached maximum sustainable limits. About 52% of
the main stocks or species groups are fully exploited, and another
25% of stocks or species groups are overexploited or depleted (FAO
SOFIA2006). Catches and biomass will decline unless concerted
management efforts are taken to prevent overfishing.

The general research themes of the Division of Fish Population Dy-
namics are fisheries management and stock assessment for sustain-
able and efficient use of living marine resources. Other active re-
search topics include conservation ecology of coastal cetaceans and
biostatistics for estimating population parameters. Research is con-
ducted by computer simulation of numerical models, statistical analy-
ses of data, field research, and laboratory experiments.

Ongoing Research Themes

@ Adaptive management of marine living resources : Our knowledge
of ecosystems is extremely limited. We need to learn about ecosys-
tems through monitoring and management of natural resources.

@Development of statistical techniques for stock assessment :
Field data are commonly scarce and uncertain. Proper statisti-
cal techniques for data analysis are invaluable for estimating
biological parameters from limited data.

@Conservation ecology of coastal cetaceans : Finless porpoise and
Indo-Pacific bottlenose dolphin, which inhabit coastal waters, are af-
fected by human impact. Our investigations encompass population
dynamics and conservation of these two species.
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In order to develop management procedure for marine living sources, we have
been developing numerical methods such as statistical analysis, construction
of numerical model, and computer simulation
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Department of Living Marine Resources, Division of Biology of Fisheries Resources
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Marine animals generally produce copious eggs, most of which perish
during early stages of life histories. Recruitment of marine populations
fluctuates considerably year to year. However, fluctuation patterns dif-
fer among species, which may be closely related to differences in re-
productive and early life ecologies. For example, interannual variabil-
ity in recruitment can vary by two to three orders of magnitude in
subarctic Clupea pallasii and temperate Sardinops melanostictus, in con-
trast to subtropical Etrumeus teres and tropical Spratelloides gracilis, for
which variability stays within one order of magnitude.

We investigate physiological and ecological characteristics of adult
sexual maturation, and growth and mortality in early life stages of liv-
ing marine resources, by field studies and laboratory experiments. The
aim of our research is to elucidate the biological traits of marine re-
sources underlying the mechanisms of recruitment fluctuations. Our
results will form the basis for management and conservation of fish-
eries resources.

Ongoing Research Themes

@Recruitment dynamics of marine fish populations

@Strategies of reproduction and mechanisms of recruitment
fluctuations of shellfish species

@Life history, physiological and ecological characteristics of
reproduction and early life stages of marine animals

XA T DEF X
School of Japanese sardine Sardinops melanostictus

|EYOJELESNOTY
Small abalone Haliotis diversicolor trailing on the crustose coralline algae

. SARUWATARI, T.

WATANABE, Y. KAWAMURA,

EXesd B2 RER

Professor WATANABE, Yoshiro
R AR HEZ

Associate Professor ~KAWAMURA, Tomohiko

BhEL R AR
Research Associate SARUWATARI, Toshiro

40

CATALOG I OCEAN RESEARCH INSTITUTE
THE UNIVERSITY OF TOKYO



MEANB 45— | RESEARCH CONTENTS-CENTER

rAEBAMAECY Y —

International Coastal Research Center

25 R KHBE
Bird's eye view of Otsuchi Bay
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Swash zone in Otsuchi Bay
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Water sampling using research boat "Yayoi"
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The International Coastal Research Center is located in Otsuchi on
northern Japan’s Pacific coast. The cold Oyashio and warm
Kuroshio currents foster high productivity and biodiversity in and
around Otsuchi Bay. Coastal waters are facing increased ecological
and environmental pressure from human activities. Public health
may be adversely affected by marine pollution from hazardous
chemicals. Comprehensive coastal marine science can provide
important input to resolve growing global and domestic environmen-
tal challenges. International and interdisciplinary cooperation is
necessary for addressing coastal ecological and environmental
issues. This international center focuses on marine science not only
in Japanese waters, but also in overseas coastal waters, in coopera-
tion with foreign countries and international organizations.

OFEERRDE
Division of Coastal Ecosystem
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e E0 AFERRARICETIERLRMRAH OEEEREL T3,
Coastal areas of Japan have a high biodiversity comparing with that in tropical rain forests. But, partly because
its complexity, structure and dynamics of coastal ecosystem remains mostly unknown. In order to understand
coastal ecosystem, basic studies on ecology of each elements and interactions between them are required.
The main task of the coastal ecosystem division is to study on mechanism of oceanic and atmospheric vari-
ability, life history of marine organisms, marine biodiversity and marine pollution by hazardous chemicals.

OEREDE
Division of Coastal Conservation

AEBICSTEYOEFELCTHER MERRICEATIMRETICE
HIC BRI EBU TR ENARREEE VX T LADEEEREL
TVWET,

Conservation, restoration, and sustainability of coastal ecosystems are critical societal
issues in 21st century. With the intention of providing a guideline for resolving such
matters, the coastal conservation division focuses on the life history and behavioral
ecology of coastal marine organisms and dynamics of bioelements in the coastal areas.

HhiehEH#E ) B
Division of Regional Linkage
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TBORAREE MREEDEHERDDILICINEREBIET,

The regional linkage division endeavors to coordinate academic programs
of coastal marine science and to establish network systems of coastal marine
science among domestic and foreign universities and institutes as well as in-
ternational organizations.
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International Coastal Research Center, Division of Coastal Ecosystem
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Coastal areas of Japan have high biodiversity, comparable to that of
tropical rain forests. However, partly because of their complexity, the
structure and dynamics of coastal ecosystems remain mostly un-
known. To understand coastal ecosystems, basic studies of the ecol-
ogy of each element and interactions between them are required. The
main goal of the coastal ecosystem division is to study marine biodi-
versity, interactions between marine organisms and their environ-
ments, and marine pollution issues. Special emphases are placed on:
(1) species diversity and production of "Garamo-ba" (Sargassum zone)
on rocky shores, and (2) coastal pollution caused by hazardous chemi-
cals, including endocrine disruptors.

Ongoing Research Themes

@Mechanism of oceanic and atmospheric variability : Mechanism
of oceanic and atmospheric variability in the coastal areas of
Sanriku is studied by the analysis of routine marine meteorologi-
cal data and current data from bottom mount type ADCP.

@Coastal Marine Ecosystems : marine community structure
(fauna and flora) and production processes of marine organisms
in ecosystems are studied on the basis of life histories of key
species.

@Coastal Pollution Studies : coastal pollution by hazardous
chemicals such as organotin compounds, organochlorine com-
pounds, and heavy metals is investigated with the goal of con-
serving coastal environments.

Y4 Oncorhynchus keta® EEDR[E]55E
Spawning migration of chum salmon Oncorhynchus keta
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International Coastal Research Center, Division of Coastal Conservation

AOEEESCAFRBISEEM» S RELIILHELTSE
BICFIHINZEE THY), E-ABEBEDI2—T1—XEL
TARBEE D ELER I 2B T 20 IEEFEICRH
(EATZEMZIFEMEDETRE RS IRIEFE. SJIEZE
HBEDEERDEERTIIAFETEVDTEZICBATOE
ToAEBORELEREREEET I EE21HitE4EZ 2T
1=BICREINKRELT—EDTY,

AEREPBFCRARIBICEIIEYDEEFELXBFS
RERSHOTEIER MERREIEICETIMEICEIIE
CEEBIC. BN NI EBLTHRENARREEEY
27 LOBEEZEBELCWET 7. 71 . 0I794 A8 IEE
D=FEREFEICEETIARMABEELEEAD S % [z
BREEER YT . BE AIAEBICYIHARTHEIIEEID
BHUATF 205 —CEGOH -4 EHDEBOINBITEIFRY
EBIEROBRF. EWEREEESCHERRBECSVWTERE
BE-BBERSY RE-THEIORERALEEEEZELMRET
STVWET At 2—DREMCHEMEEER N =T —I
R RzEEL T ZNICEA 2T —2 & - DB D-HD
FHUWFEREPRMOBEREEDTVET,

REVXFLEMAT—<

Q@ ELEFEADMIAEERLICEHTIMEAE
FARYrEEDALELEADIEEFREICETZ0%H -0
W REANTEZZR)BERERASHLICTIEEDIC.ERE
EAH X LEE BREEORADYD»SHEEAT 3,

O EBESRERHMOITHEREMA
B H e/ N F— 2O — AW BES KA
EYOR AL SBFRIELIEEL DD B DOITEICEIRE
W& EONBAEREICODISEICL. B2 ESIRDE STV
DD %ERANB,

QEXFENEEICEATIMA
EMEEEECAFRBOMERRICSVW(. AERE-TREE
AP RA-THRENCOVWTHNE B ETAXERZ AL TERS
PICT B,

In the 20th century, serious damage to the coastal ecosystem has
occurred including a rapid decrease in biodiversity, resource deple-
tion, pollution and global climate change. Conservation and restora-
tion of the coastal ecosystem is a critical issue for societies in the
21st century. The coastal conservation division focuses on: (1) life
history and behavior of coastal and diadromous fishes such as salm-
on, ayu, icefish and stickleback, (2) behavioral ecology of animals
in relation to their surrounding environments using animal-borne data
loggers, (3) role of dissolved and particulate matter in material cy-
cling in coastal environments. This division also covers actual re-
search plan on conservation and restoration of nature from environ-
mental degradation.

Ongoing Research Themes

@Edarly life history of diadromous fishes : Distribution, migration
and growth in the early life history of diadromous fishes are in-
vestigated in relation to the environmental factors.

@Behavioral ecology of marine top predators : Animal-borne data
loggers are used to investigate behavior, physiology of animals
and their surrounding environments.

@Dynamics of bioelements : Roles of dissolved and particulate
matter in material cycling in coastal environments are investi-
gated through field observations and laboratory experiments.

BRTRIRAECIFETEET BT HIIAA
A loggerhead turtle equipped with a 3-D data logger
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Center for International Cooperation

c’c Ocean Research Institute
The University of Tokyo
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TOTHRBEEDAFRBAZICHATIREAMERS
Scientific symposium on ‘Coastal Marine Sciences’,
a cooperative study with southeast Asian countires.

NMFLNOVEBICH I 2EFRBEOEEREERMAE
International cooperative study of marine environ-
ment at Halong Bay, Vietnam.
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Center for International Cooperation (CIC) was established to en-
hance international cooperation in marine science. Since then,
we have been supporting and promoting international cooperative
research and observation programs in the oceans, mainly the Pa-
cific Ocean for contributions to UNESCO's Intergovernmental
Oceanographic Commission (I0C), the North Pacific Marine Sci-
ence Organization (PICES), and core projects of the International
Geosphere-Biosphere Programme (IGBP), the Multilateral Core
University Program "Coastal Marine Science", the Integrated
Ocean Drilling Program (IODP) and so on. Also, we have been
coordinating academic exchange programs and establishing net-
works among various countries, especially in Asia.

EEERDEF
Division of Research Planning

CEIFHRAF TR BFRFICETERARMROLE LR B ERN L
BICEBIICSMLTVET, EBEERICEBEL TSEL THLERRRM RO
L EFEICE#BT21E0, 22y 7RSO ERERMRO—BEEIMREED TVET,
This group helps to plan and coordinate the activities of various interna-
tional cooperative studies in oceanography. Staff members of our group
contribute to initiating new international research projects, and also carry
out scientific studies related to such projects.

AN AP S
Division of Research Cooperation
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This group aims to establish international cooperative research networks, in
particular among Asian countries, through capacity building activities, by pro-
moting advanced scientific studies and playing leading roles in various inter-
national research projects.
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Center for International Cooperation, Division of Research Planning
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This group helps to plan and coordinate the activities of various interna-
tional cooperative studies in oceanography. Staff members of our group
contribute to initiating new international research projects, and also
carry out for themselves scientific studies related such projects.
Ecological and morphological research on marine mammals has been
conducted in cooperation with foreign scientists. Special emphasis is
placed on bio-logging science and marine pollution by hazardous chem-
icals, using marine mammals as indicators. An international research
topic is Caspian Sea seals, which have harbored the influenza A virus
for 20 or more years.

Molecular biological, genomic and biochemical studies on fishes (e.g.
Oryzias species inhabiting mangrove area in Southeast Asia) and inver-
tebrates (e.g. deep-sea mussels and tubeworms inhabiting hydrothermal
vents, and Antarctic krill) also started with a special interest in mecha-
nisms of adaptation to various environmental conditions in the ocean,
organizing international research network.

Ongoing Research Themes

@Establishment of "Bio-logging Science"

@Ecological and morphological studies of marine mammals

@Marine pollution studies using marine mammals as indicators

@Studies of coastal environments and conservation

@Environmental adaptation of fishes and marine invertebrates

@Physiology of deep-sea organisms inhabiting hydrothermal
vents

@Evolution of functional genes involved in environmental adapta-
tion

@Environmental monitoring using Oryzias fishes
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Center for International Cooperation, Division of Research Cooperation

MEBHABOBMEZT T, T7OVILHIS R IR
RELDOBRBAEM RN REL. T 7OVILOMIK ED ST I7
OVILICEENBLER S T7AVIVEENEL AR —BF
BOMEERALGENRFEREE/A2BMHELTVET, R &
BICABEELZ DM B FEORREET-TVET,

IEBBRDPSECIMERI LMD BRIEEZIMFE TP H
SNTWETH BEEMPEETIME(LLEDDBERTA
MEINEERBIEMANEEIEL . SORBREL) KB EE
WL, Bk ICHIEICE S5 TBIEN > TEEL =, /o B %
BERETILANIBHICHOLBL. BEOEREREEZTE
T DI FEEBEEEUDIBZI7AVILOEIELELB
EXRE ZhoDWBRRIBADEELERTI2EE TRE
EXHERERREIEMETILTEETT,

BB - WIRMIBZEEFETIHARETIE. 2R TR
P3REINFFvoRIVREEMEIRET — 2BV k&
AHHOMFIEEICRETIMRETO>TWET  F/o, REHEH
EREMREHSERREIREIETE (I0DP) D ERE TR
HIfREMABTIIET. BELNERMEREAD =T LD
BRICHAVARR] R T L —MEFITE OB FRIEREE KL TV
FE IS MAIMEORRCEERERMEREAHZZILD
MRICEVTHREFO T —ILRELTHISNTWBEEIN S TICE
BU.BEAMERIEOREEZSNIMBRIEEDFME M A
TR TE DR EIT>TVET,

RENELEHMET—~

OXREREALTHEXINIERF- AKBFEVENVEFR
BADRE

@B KPOHFNEMLFHEKEEYEDRFR

O FXRREDDBEEARBOMEERICKHTIHME

Q@FEMA FORE. (L ZHEREEICLAMRRRZ L OEHR

OMEMR T OEHERAEEICHTIMA

Qi A ERR BRI EOMEBN 7RIFEIERME

OEARMBREFT LI/ X/ MLERET3METOEANEH

ORFBEAMRMENIRTEEENA—J T ELV0YE
FHE D EZEA

O EBESN-FINBRALATLDBFE IR YIEF AR

ORGHEHMBRRET -2 - RBEHT - 2OHET -4~ -2
L]

Research in marine biogeochemistry laboratory focuses on aerosols in
the marine environment. Our goal is to understand the distribution, chemi-
cal compositions, and atmosphere-ocean interactions of aerosols. Sea
and land are closely linked, especially with respect to the biosphere and
global climate. The ocean controls atmospheric levels of greenhouse
gases originating from land. However, negative radiative forcing of global
climate caused by aerosols is outweighed by the positive effects of green-
house gases. Aeolian dust is transported over and deposited into the
sea, which can influence how the marine ecosystem functions.

Marine geology and geophysics laboratory is aiming at comprehensive
understanding on trench-arc-backarc basin systems on Earth. We focus
on marine geologic and geophysical studies in the plate convergent mar-
gin such as Nankai Trough, mainly through 2-D and 3-D multichannel
seismic reflection investigations. We are currently conducting 2-D and
3-D prestack depth imaging studies and physical property estimations
along the Nankai Trough subduction zone. We are closely involved in
Nankai Trough Seismogenic Zone Experiment of Integrated Ocean Drill-
ing Program (IODP).

Ongoing Research Themes

@Chemical composition and fluxes into the ocean from the ma-
rine atmosphere

@Biogeochemistry of trace metals in the marine environment

@Trace element atmosphere-ocean interactions

@Development of automatic measurement of trace elements

@IODP Nankai Trough Seismogenic Zone Experiment

@Segmentation along rupture zone of subduction thrust earthquake

@3-D prestack depth imaging and physical property estimation
along Tonankai seismogenic fault

@WMarine geology and geophysics on trench-arc-backarc basin system

@Integration of seismic reflection and ocean drilling data
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Center for Advanced Marine Research
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The Water Planet
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Biodiversity of coral reefs
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Amphioxus as a model for the ancestral vertebrate
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The seven seas of the world are connected by ocean currents,
which globally circulate various kinds of materials. There are
many lives from microorganism to whale in the world ocean. The
Center for Advanced Marine Research was established for grow-
ing demands of interdisciplinary and comprehensive research of
the ocean as the whole system in both of space and time. Using
the most advanced observational and analytical techniques, the
present state of the marine environment is studied accurately,
precisely, and thoroughly under the collaboration.

BFVAT LEHAIDEF
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Our group consists of chemical and physical oceanographers. We aim to
comprehensively understand water circulations and material cycles in the
marine environment on the basis of advanced measurement systems and nu-
merical simulation.

HFY AT LT EF
Division of Marine System Analysis
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Using the most advanced technigues of molecular biology and analytical
chemistry, the marine system analysis group studies the development of bio-
diversity, with special emphasis on interaction with the environmental fluc-
tuations from the past to the present.
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Center for Advanced Marine Research, Division of Marine System Observation
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The ocean, covering 70% of earth, is central to many environmental
issues, including global climate change, and is a major source of food
for humans. Japan, surrounded by the ocean, requires thorough scien-
tific understanding, including quantitative modeling, of the ocean's
roles in the earth's environment.

The marine environment is complex and requires comprehensive stud-
ies beyond the capabilities of a single department. Through coopera-
tion with other research departments and centers, the marine system
observation group develops advanced observation systems and con-
ducts high resolution numerical simulations to model the marine envi-
ronment. Modeling employs results from basic studies of water circu-
lation and mass cycles from not only ocean chemistry and physics,
but also biology, fisheries, and geoscience.

Ongoing Research Themes

@Ocean circulation using noble gas isotopes : noble gases are
chemically inert and are regarded as ideal tracers to study ocean
circulation. Helium-3 (3He) is a primordial component that was
trapped in earth's mantle at the time of accretion. It degasses from
submarine volcanoes at mid-ocean ridges and back-arc basins.
Three-dimensional mapping of the 3He/*He ratio provides impor-
tant constraints on global ocean circulation models (Fig.1).

@®North Pacific deep circulation : ocean observations using
conductivity-temperature-depth (CTD) / lowered acoustic Dop-
pler current profiler (LADCP) systems and moored current meters
are undertaken, and resultant water temperature, salinity, and
dissolved oxygen data from hydrographic sections and time se-
ries current data are analyzed.

atmosphere

high SHe/*He area

ocean current

h

ocean

Fig1 FRRBEEEYZ I TRIEBKPDAIIL-BDIRERE,
FRBEDOSHEHSNAETUNVERDAYY LZBRKOREEEDISRNS
SIOCRZS

We can know ocean current from distribution of helium isotopes that was emitted
from a volcano on the seafloor
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Center for Advanced Marine Research, Division of Marine System Analysis
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The ocean, which occupies about 70% of earth's surface, is the cradle
and incubator of life. Through earth history, life forms have repeatedly
appeared and disappeared, and this evolution is closely related to sur-
rounding environments. Long-term associations between marine life
and marine environments are recorded in marine sediment, igneous
crust, fossils, and the genetic codes of marine organisms, and can be
analyzed using sophisticated modern techniques. Our group's major
research goal is inclusive understanding of the global ocean system,
including reconstruction of ancient marine environments, for the last
two million years (Quaternary period). To reconstruct biogeochemical
cycles, trace element and stable-isotope studies of natural archives
such as microfossils and ferromanganese crusts are invaluable. Fur-
thermore, for integrated understanding of geochemical cycles, and
elucidation of adaptive mechanisms and diversity of biological func-
tions, we employ genomic and proteomic methods.

Ongoing Research Themes

@Reconstructing environmental variables in ancient oceans us-
ing trace element abundances and isotopic ratios of natural ar-
chives such as microfossils and ferromanganese crusts.

@The geochemical cycle in various aquatic environments is neg-
atively impacted by human activities. Therefore, studies of geo-
chemical cycle, which help illuminate past, present, and future
conditions and processes, are required.

@The mechanisms that adapt biological functions to changes in
marine environments are analyzed using molecular biological
and physiological methods (Figure).

BEREHREIRADE
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A whale bone found at %
a depth of 230m off &
Cape Nomamisaki, Ka-
goshima. The mussel
attached on the bone
surface has symbiotoc
bacteria.

fEERICR Do HiiEF AT,
A new species of lancelet discovered in the whale bone and sediments beneath
the whale carcasses.
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Marine Research Linkage, Biosphere Environment
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Picture of the Japanese eel leptocephalus (Fig.1) and its larval transport from spawn-
ing ground in the North Equatorial Current reproduced by numerical simulation (Fig.2).
Transports of the Japanese eel larvae along the Kuroshio are less than that along
the Mindanao Current in El Nino years (Fig.2, left panel)

The distribution, migration and stock variation of marine organisms
fluctuate with physical, biological and chemical marine environments
on various temporal and spatial scales. Global oceanic and climatic
phenomena represented by El Nifio have a close relationship to
spawning and feeding migrations of large-scale migrating fishes over
several thousand kilometers. Biological transport associated with
ocean circulation and vertical mixing caused by oceanic turbulence
play very important roles on the growth and survival of larvae and
small marine organisms. The marine environments that affect not only
species but also growth stages vary widely. Our objectives are to clari-
fy the characteristics of oceanic phenomena related to the ecology
of marine organisms and the response mechanisms of marine organ-
isms to global environmental changes through observation, biolog-
ging, numerical simulation, and field and laboratory experiments. We
aim at the research and education of ocean science as a multidiscip-
rinary domain.

Ongoing Research Themes

@Ecology of Japanese eel larvae and bluefin tuna in the North
Pacific subtropical gyre in relation to migration and stock re-
cruitment

@Laboratory experiment of fish larvae and juvenile in turbulent
tanks

@Reproduction mechanisms of marine living resources in
coastal areas

@Impact of meso-scale variability in the Kuroshio region on re-
cruitment of small pelagic fish species
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Fig.4

Pacific bluefin tuna (Fig.3) and track of a bluefin tuna that traversed the Pacific
Ocean, obtained from a micro data logger (Fig.4). They migrate from off Hokkaido to
off California in about two months
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Ocean Alliance Linkage
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Large scaled ORI
net operation on
board R/V Hakuho-
Maru to sample fish
larvae

The University of Tokyo Ocean Alliance will strive to address the
needs of our society with regard to ocean issues, and will consider
the future of our society and of our nation from the global perspective
of the related fields of ocean research. The alliance will extend and
deepen our understanding of the ocean, develop new concepts, tech-
nologies, and industries and will form a distinguished think tank to con-
tribute to our country's ocean related political discussions.

Ongoing Research Themes

@Migration of fishes and their conservation
Fishery resources often involve species that make global scale
migrations in the vast open ocean. To begin or expand manage-
ment and conservation efforts for these migratory species, we
use multidisciplinary approaches to study their ecology and
ocean environments, as well as the social science aspects of
these important fisheries species.

@Study on career path and capacity building for addressing
ocean affairs
Problems in the ocean have been increasingly complicated be-
cause of intensified human activities based on conflicting value
systems such as coastal development and fisheries. This pro-
gram aims to facilitate acquiring trans-boundary knowledge for
solving the ocean problems through practical approaches.

@Response of marine ecosystems to human impacts and global
ocean change
Whereas effects of natural fluctuations such as ENSO events
in the ocean have likely always occurred, human impacts are
rapidly increasing. The goal of this project is to clarify the im-
pacts of human activities and ocean changes on marine eco-
systems in order to provide a scientific basis for integrated
coastal management for sustainable development.
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Map of observed (left panels) and calculated (right panels) temperature (T) and dis-
solved oxygen (DO) on 19 August 2007, when the upwelling of oxygen depleted wa-
ter “Aoshio” occurred. “Aoshio” is a composite phenomenon including human im-
pacts (terrestrial nutrient load) and a natural phenomenon (wind-driven circulation).
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