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Department of Physical Oceanography

AECEMOEFISELARAEDTIREEFRBELE
FHERRDOFRNCLIBEE R EE - KRB TOH - EHE-
K ZBBERFBHEDITIBDWMM L INT L Lo THERFE
NTWET ZDD . CDEIBEHE - KRS ZXTLOYIE
i HEOBRBEZNICEKRBEHO FAIE. AFOERE
ICRHZR2NRBTY,, BAMIEBEFEMTI. REB,PSR
Blh 3B REROFNEKEOTR - EE B B+
AREDOHEEEREZORBRELCIBE - ATEILLEI
DWW BBIICEDCE ERIERE N EEOREIRET-T
BN REBZEHOFRICARAI R G BFE - AR AT LDIEEE
ERRFED 7= DIRAREEDH TVET,

GPSY 7 DhiEk The present climate and oceanic environment supporting life on
Launching of GPS sonde

earth are maintained through subtle balances among heat
transport 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 system 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.

BFRIERDE

Ocean Circulation Group
BAEABRDEEENF . BIVKBOHR PP HICRETHBIOERE
BIEL X FHEORMERBRREROICHARME IO EICSLDE
| HBAEERL-MREED TN,

FREKE D ATEREDATE We primarily investigate the Kuroshio and North Pacific deep circulation

Observation of current velocity, water temperature, based on ocean observations, in order to clarify the properties and dynamics
salinity, and oxygen of general ocean circulation and its roles in the formation and distribution of

water masses.

NaeE = A AN

AR IFZDE

Dynamic Marine Meteorology Group
BHELORFEEDOADZZLRKRT - BEOBE(FRICEIHZIE7 - Bl
BEDFTNOERBIELCE A7 — 20 BiES 2L -3 hE
EiH . FENRBEREEDOFHEEAOTHEL TS,

Our group studies the mechanism of atmospheric disturbances over oceans
and the basic hydrodynamic processes of convection and turbulence that
play important roles in atmosphere-ocean interaction, through observation,
numerical simulation, theory, and laboratory experiments.

BERREOREFE

Deployment of acoustic current meter
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Department of Physical Oceanography, Ocean Circulation Group

HARDBEKDIEEABRIE . HPIES . ZBILRFEL
EDBEMNRIME . ZEEMCENDLELREELER
BV B EORIR. BEEEOKBEOT K L&, B
HFEMOEBLEILESL MBRORBRRBEKIEES LU
BEOEBRICAKEZEHEESEATVET LVEERIC
AEPEDBIREDTIER  EBEEATDRBRY KEH»S
A LEBO—EHESBEICRD > THXTIIETERL
TOET, LFROFRBETCRBENTENAZ . ZTOE
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BUBEELMRNRTT, £/ BECEBEICAE LT EL
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ISIEEL-BKPE L TREBAERICERL . mERE
KEBINEF ST DBKEE) . ZO—EHP AXFF%I
FUTHATECRELSIGER T8V AL BKTE
RTY . ZORBRTHIILKFFETORREEDIERE L.
FERROLSMGEIEMFRTI/-DICBOTEETT,

BERBERLBFIE.OULABERROEEENFE L
VBERRDP KBEOTRY D HICRA-TREDRERER
BLTH) B RFEDEHMERBREOMEICNE
ANTVWET BEOEREAND-DICHA T —25EHR
LTHY MRMTOBERANEZT-(EELBETOS S
BF—2%WMEL HEEREL TbEREEEMEETE
DF—2NEV. BEDBFEERICIERTI/LHIC. X
hoDT—2&MBFLHFHIBEERL CVET,

BEODEEMAT—~

OERHNRBERE-REDHRA
EPARETEEORBEHERR - REaDEESLUA
FHEEE BN KB D T -2 EETIVETE THAS
MICLTEEL, SRIE B KIETORELIEC2E
BIRO=RTIEEDERAEZEIEL TVWEET,

@It KT HRBREIR DR DERRA
FEREROBRERTCHIIAARTFIE REKDOBFENDEE
eBEMFPOEHEDDICHENHELWEIH T, 22
T.BKEEEZERECHELCRRICATNL. REBRERE
BRADRIERFEE LIANDBRLEELRASHIZLTVET,

QI KT HRBRROAR - REDFMEER
FEBROBREISHBBERILICIHEZ, IO TER
PUBETY, RBERIROEMBREERDAHICARERIC
SEMRBAEEZTV . EREEE 2RV A IE L RE
REOFHHEEHIFEDMREToTVET,
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General ocean circulation plays a large role in the global climate,
environment, and ecosystem by transporting heat, greenhouse
gases, nutrients, 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.

The Ocean Circulation Group investigates the properties and
dynamics of general ocean circulation 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

@Current path, velocity, and transport of the Kuroshio : We
are investigating how the path, velocity, and transport of the
Kuroshio vary in space and time. We are examining the
mechanics and dynamics of the Kuroshio large meander and
the 3-D structure of Kuroshio circulation.

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

@Transport of North Pacific deep circulation : We monitor

deep current velocities in the North Pacific using moored

current meters, and evaluate volume transport to improve
understanding global deep circulation.

FREBIFDEETEFREECTD DEINIESE

Recovery of a mooring of current meter and CTD



RZEAZE - 28F9 | RESEARCH CONTENTS - DEPARTMENT T

RS ity T 3 = 0s Vi

Department of Physical Oceanography, Dynamic Marine Meteorology Group °

WEHROSHEEXBELTWSAREEER BEEELTE
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BEDISTREH - KEEDTF T AL TREISINTVET,
— A BAEPSHAIN R PKERRE AT RO HPE
RELE SFLEREAT—ILDBEDORE - FEICKELF
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BEOELEMAT—7

QOHARBNEBELICRETIAR[EBILOHAR
RECKELSERP RETIE BAEALDOEELT
FERLAT-BEEMEERYPES RIS ALK
EEXR—F—0O7 KFEXF—ILHE100kmIZED XY
BRE) BEPRELT. TEPSREEEELET, — A,
BRAICE ERENRENEZVEEIAVERRED1E
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S5LET, ShHDESETIINRELRTEDBH B
HBHEEERELTEY . ZOEER HFBE DRZRBILRS
KEBRRFLH2HETT,

O xtRENHE-HEHBLEPFETOMARE
B EESN WA B BN AEECERFRORER
EHVET, o W AREBICLDINE F R D E X S HEER
DRFEICKZERBEEZ227/-0. ZORELEBIE
BOMEIZEETT,

QXK -BEEDIFVvIRIIEATIMA
BRBEAIPSEEINIKEREZIXINF—RELTE
ETE3—F . ZOMEICL)BRICSERLESBER.A
HEGEEMELET, /2. AR - BEIIBERTDEE
EOXBEEL TEFMIROBEZOEEFHICBEFSL TV
¥, AR EBAROMEBEENOKRICEALIKR -HEHE
BREBOIREEXZORRET IR -BEFILD
HEAEORRBII AR BFEEEEROERICAIXRTY,

OERNERICLIAR - BEBILOHMA
AR -BFRILOERIERE S OMEEH /O
SR ERERRICL o THEBALTVWET,

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

DD

Examples of ongoing research

BUBEREBR TESNI=R—5—07 (£ L) EMREADRK/ S FORELE (L) .
BEBEIEOL—F—E{G (£ T) EEERODKFHROENEE (HT)

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 experiment (lower right)
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Department of Chemical Oceanography

AIEEDY O
Coral reef in Ishigaki Island

CTD-CMS> X7 LERW 1) —A4%K
Clean seawater sampling using CTD-CMS system

DFLANITORMAEZ TS ZT L
The system for isotopic analysis at molecular level
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WIRDREIED7EE L8, FHI3800MDREEFF DB+,
CDLAREEEICHIR EICTFETBKDI7TX% D imi=EhT
WET, CITREIFIELYMED EMERH BV IR
FREIERICENE T e RUEA LD STFELTVET,
o BAERRU AR TR A AR ELE BESE
THERECMEERRIELY S WEHEEOMERRE
ERESETVET, ShHE—DVEDDXRYEY) DI /N7
AL THHEIRENRIIL>TVWBDTY, RALT B
FHICBVTHEREDIIICERBL ERETREDL I LR
WD TTHRTWEDA? < 3REHRDFIMER T 5
ELEDS, LSRRG EERGOERICIRBATHET,

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.

N e % =h/N\

BFEE L

Marine Inorganic Chemistry Group
PHEFWFEEREL T BKPOEESSIVOHETRDRE - AMLE D f%
FBICAREAL BEDEFRIME RSN ICT 2, BEREBICS D EMI LS
Y17V EElLE AR EMB S LUBERIHREDHEERHED CRRETS,
Our 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

FITRENRED T

Marine Biogeochemistry Group
BECHBIBDETRDB/RAN=Z LE ALFH EMFHF AEEL THER
T3, BHICUBFICHIIARERE ARNOBELEYBROEEFRICER
U s B R BRI CORBRERIC 5B ENDERILEDET,
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
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REDELEMAT—~

@B KBLUHRY KRFMESLUVRERKEET) F O
WELHE (BBER. FIER EEBRELLE) AT
SEKRERNMME (H, C, O, N, Nd, Ce, Pb%&) . &
Uit R AL (U/ThRFIIZAE, 14C, 222Rnk &) D&
MBEEFHEBHOREEE. ABWERADED . ZTLS
DEFZEEEEOEREREALET,

@/ 0—NIVEBFRROES EMEELIBE KT —B
A BEMEERLE SELELHRROIMN —H—ELT,
{EZR A B LURUGEERALMREEZITVET,

OFRBECPERN-BFEMEBRICHTEBEHRKES. 7L
—MEAAAHHICHB B EBKER AREICETIZE
E#TAKBEHRREEICH BFEERBIREDE D
WELFETZ vV AEHERALET,

OSHEEILER N FEERILDH I)—H TV TFE,
RIBLFEDRAE L E LW ORFELISAEITVET,

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 physical and
biological processes. Our main goal is to comprehensively
understand geochemical cycles in the ocean and their evolution
through interactions 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), and the Integrated Ocean Drilling Program (IODP).

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.

@Elucidation of geochemical fluxes between the ocean and solid
earth through submarine hydrothermal activity, cold seepage,
and submarine ground water discharge.

@Development of new technologies for clean sampling, in situ

observations, and highly sensitive chemical analyses.

- e e

MFARRFHICH T BREFRKEFE AV ERIESE (AABICT)
Large volume water sampling on board R/V Tansei-maru (Japan Sea)

|
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Department of Chemical Oceanography, Marine Biogeochemistry Group
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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 environments 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

@The nature of refractory dissolved organic matter in
oceanic waters

@Determination of chemical parameters used in global
circulation models

@Conservation ecology of macrophyte-dominated coastal
ecosystems

@Occurrence and production of submicron particles in the
open ocean

@The roles of microbial redox processes in marine sediment
biogeochemistry

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

Atmosphere

-
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Department of Ocean Floor Geoscience

1k ,
BfRBEY S TR 27 L
Navigable Sampling System (NSS)

flarl

ERERORAEMESTE (H>725)
photomicrograph (polarization microscope) of peridotite

BEMFIRTHE (BFEITIALTLYTR)
3D seafloor morphology (oceanic core complex)

RRERAR

Laboratory

KBEREROTICIHEEY P NS TEODNLBEY LY
STVET ZZICIE [BREWE | OFLENZENTHNE
B EAEEL TOIFLELTOLIEMRTELEE
PHNET, COMBDWEITARER D ZZ WHEDK
PIRIR HIKIRIBOZEIL. 2L TEBEEMDELEABBD
BEEMEHRISHETVET  BFEERFHFITIBE
PHULKCEEN TV SR RBECEIRBR RBOMHY
BOBRHETHNI AT+ —LHTE ABD TRBEL XK ILE
B TEINCEXRBR ERLHEEHPMERROEL
TWBTL—MNEARAALTHLEE BENPFERICL1FTIVIIC
HEZTVIEEZDBDEMRAMRELTVET,

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.

BFERMEZ

Marine Geology Group

Wi T EERE RE. REEH BEBRELEICI T REETHD
WERFEERL BREET HHRREZE  ERICEHHIMBERROGEE
LRIBROBEEENICHRETE>TVET,

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

BF R ERYIIERS ) B

Submarine Geophysics Group

FIEIM T ERIRF AL FEEA VT ORERMICSIZER PR L TOR
HETVWEXBEOHMRELHFREH /O HEOEEEL1FITR
ERRRELTVET,

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.

BFRTIN_I AN

Ocean Floor Geotectonics Group

ICEDWCBFERICEEL 2T 7N I XEHBRIRIES X7 LOEE(ER
DFEBLEEREZRELTVWET,

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
geological, geochemical and geophysical data.
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Department of Ocean Floor Geoscience, Marine Geology Group
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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. Complementary 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 environmental

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

@Sand grain transport process from coastal area to deep
marine with OSL technique

@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
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Decollement geometry from 3D-seismic reflection data in the Nankai
Trough. Color is based on a classification results using seismic attributes
analysis with Kohonen self-organizing map
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FRBEBKIIEBODNTEBIERZIENDTELVWHATY
P OHEEDOKRFONEENREBETEI->TWVST
EPSOOR DL MBH TEEIEEIATY  BETIES
SAFIELHFRRII HIRRBOBERH 1S IVAEER
EICEEL. —ATBPAREN L CGHRIREZHEOHE
UDWVWTWET, FBRICHIEFN-SELELEHAS
HOBRTEIBEED—ImEBRRHIEHTEET LLE
PoRBEDABRELELE N R ABIRELTEL
DIBZRENEBRICTEEEA, BREMRTS720D
FERESZLHNETY EBRIEVEEEBIEL TEARR
HRIBREEEZEETIADICG VE— M TDEZ
ER) AN IR IRER B BT A RN FEREBVBET

BAERMBRYBEZSAE TR I1FIvIIEHTIEER
DIRREMIDOIEEE . ISR T - IR IRF G F ik
ERVTHSPICTBMEICRVBATHEY , BAFAYICI,
MREMTOERRE LB TESN DM - S - EH-
WEKEBELEDT —2ETIC EXBEDIBEPTHSE.
FRBETOBRILADTOLI MIKDRBIBELEE
FASHICT B EEELFRBELTHY BRBIDMREL BiEE-
WIISIREEFRPICEN >TVET, ChODRBERL T,
BENSHEICEIMIRDEEDEREISESENPBIRTY,
T BAIRMCHETFEORRE. BEBEMIET -4~
—Z{EHEICHRBAICBVBATHET,

BEODEEMAT—~

OEAXXREECEOHE
HERSE DG D TR TRREL K IEEH B - 72B5K
PEIELPHNET ZORFICEHLEZSEDNE S TIE
HREENEBAMEEARNBREEAREFV . BRTIE
EALGBRELTHE-TWET . EXBEDREBREE
BETMRIP HIRBICHLITUAEL HIRIBER
BEEBOT—2r5MLNIILEIELTVET,

OHFRFEDNTIN_VADHAEK
FLWEBEREI/EFNEHRBEDBREL A BEZH
BLTWET, BFIC Y IYDOHBH» D EKHIBESH D=
HWIDBEICEREHTTVET,

QOBIEEENEACLIMIKRRI1FTIVAOTHRE
RHEEMRICSWIBEESENEICLIBEREHER
TV IREHRIRE D S IR EERICE SR EEE
W ICH > THIBEROATIBERF1F IV IICDNT
DOHRETH>TVET,

OBLERMNBRA AT LORK

The deep seafloor is an active, but hidden environment where most of
Earth's volcanism and much of its tectonic activity occurs. Various
phenomena 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 the formation of large oceanic plateaus to mid-ocean ridge
processes to core structure, employing both marine and land
observations, and our goal is to paint a precise picture of the dynamic
Earth system. We also develop new observation technologies and new

Ongoing Research Themes

@Large Igneous Provinces : The history of the Earth is
punctuated by massive eruptions of volcanic rock that form
Large Igneous Provinces (LIPs) such as oceanic plateaus. Our
group seeks to understand how LIPs originate and develop,
and how their formation has impacted the environment, using
geophysical and geological data.

@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.

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

@Development of marine gravity and geomagnetic instruments

ST A ERMLURICHR SN EAERNREEAR (RFHKE) DA, B
EICEXLBAEPHELDS

Global distribution of Large Igneous Provinces (LIPs) emplaced since 250
million years ago
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Department of Ocean Floor Geoscience, Ocean Floor Geotectonics Group
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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, therefore, to understand the geology of
both the ocean floor as well as land. Our group samples rocks from
the seafloor aided by detailed bathymetric and geophysical surveys,
and we use these samples for precise chemical analyses, including
major element, minor element, rare earth element (REE) element,
and isotopic, of both bulk rocks and constituent minerals.
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 lzu-
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

RLwT DB
Dredge on deck
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Pyrosomella  verticillata:Colonial gelatinous
zooplankton in the offshore region of the world

ERMEIN=—

Bioluminescent bacteria

EATHEOHKEHBICELTETIVELHID—E
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.
Understanding the marine ecosystem is the key to sustaining and
improving the global environment. We study various microbes,
phytoplankton, zooplankton, micronekton, and deep-sea 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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Marine Planktology Group
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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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Marine Microbiology Group
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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

EEEY) D
Benthos Group
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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, Marine Planktology Group
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The world ocean is dominated by various drifting organisms
referred to as plankton. While each plankton species is unique in
its morphology, ecology, and evolutionary history, each also has
various relationships with co-occurring species and their
environments, and plays major 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 ecosystems 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
biogeochemical 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
international project aiming to assess the possibility of CO:2
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 :
Elucidating species diversity and ecologies of gelatinous
plankton through field sampling, submersible observations, and
laboratory experiments.

@Distribution and transport/accumulation processes of
anthropogenic 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

LS. |
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Plankton sampling on the R/V Hakuho-maru



RZEAE - Z8F9 | RESEARCH CONTENTS - DEPARTMENT

B ERERENREERFT

e

Department of Marine Ecosystems Dynamics, Marine Microbiology Group

BEERERIISESELTEHOEMD OSBRI TVWET,
ZOEDP T HMBEIIEZENEVNOIENEICEL. ZDHER
LICRBELDPSEBLTEE—BTT, BEDAEA XS
BA BRERE. SETHEDOUSAITY BEMR
FZNODREICESUAEBIEMEIFE DIEICLSTH
SWBEBEICATTIEEDHICMERLTHIVIEESEEE
MESESELMEERAETV.BEEMBEOZHEDE]
HOBWFEL-TWET,

—F HEIENBEEL TSN  SESELF M E RIE
BOICAKE ZBRIE IR BICEBRLET  BBREOF Y ISMAE
LA DEMBEEEL TESIZEN TEETH B TFRED B
MEFHETESDORMESLITY . BEDOBEFEEEYIL
WIREDRFZOVY —N—=ELTHBRDTAZVDT. MHAE
DOHEBEXIRAR T B2 L MRS A D RRBIRDHERICES
TEETT,

MEMHPBH T ZHELBEABOEMRSEE AR
RICHB VI EEE . P FENFZNFE . RFORFHFE.
L HERREEATEIELI>THEMLTVWZEEBTE
LTWET,

BEODEEMAT—~

O FFIHBENHREFEESLVHERERIT

QO FFHENHEXN A LELUONIA T4V LH K BIE
ORAMBSLIVRBED S FRFSLIVERE

@ EFHBEOMIFEICKUAARIEERE EBHEE

Marine ecosystems consist of diverse groups of living organisms.
Bacteria or prokaryotes appeared on Earth first. Most of the
ocean is characterized 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 interactions with both other
bacteria and higher organisms. These interactions have also
contributed to species enrichment on Earth. Bacteria, known as
degraders, convert organic matter into water and carbon dioxide.
Although particulate organic matter can be consumed by
animals, 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 understanding the mechanisms of the global
carbon cycle.

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

Ongoing Research Themes

@Marine bacterial abundance and community structure

@Marine bacterial cell adhesion and biofilm formation

@Molecular phylogeny and ecology of marine luminous
bacteria and Pseudomonas aeruginosa

@Cell sorting on the basis of bacterial buoyant density

RFEHEMER CRRUICBFHE

An Atomic Force Microscopy (AFM) image of a marine bacterium
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Department of Marine Ecosystems Dynamics, Benthos Group
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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 components 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 structures of various groups based on nucleotide sequences of
mitochondrial and nuclear genes. In order to understand dispersal mechanisms of
endemic species, we are rearing planktonic larvae and analyzing symbiosis with
bacteria.

The Japan Sea is a semi-enclosed sea area isolated from neighboring seas by
relatively 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 be provide information about the formation process of Japanese marine fauna
as well as fundamental data for estimations 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

Ongoing Research Themes

@Population structure of vestimentiferan tube worms
@Expression of transporter genes of vestimentiferans
@Adaptation of foraminiferans to deep-sea environments

@ Genetic and morphological deviation of deep-sea demersal fishes
@Effects of global warming on population structure of tideland snails

@Role of tideland bivalves on purification of coastal environments

RS TCOMO—)LIESE
Sampling of deep-sea benthic animals using a trawl on the R/V
Tansei-maru
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Physiological experiments from various approaches
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Laboratory equipped with modern equipment

T1I—TORER—INERWEEDRENAE
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
diverse 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
history of marine organisms through their DNA and to understand the
significance of biological phenomena in the sea such as migration,
reproduction, osmotic adaptation etc at molecular, cellular, organismal, and
population levels using molecular biological, physiological, and
behavioral/ecological techniques. In the near future, we expect to create a
new, exciting ‘outlook on life in the ocean’ on the basis of our cooperative

FIBEFEF
Physiology Group
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Life has adapted to diverse marine environments. The laboratory of
Physiology has focused their attention on the mechanism for adaptation to
hyperosmotic seawater from an integrative view using various techniques
from molecular to organismal levels.
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Molecular Marine Biology Group
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Our objective is to understand evolutionary history of marine biodiversity
and to clarify molecular mechanisms of various activities of marine
organisms.

1TEPARESTRID BT
Behavior, Ecology and Observation Systems Group
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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
behavioral mechanisms and evolutionary processes of the phenomena of marine
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Department of Marine Bioscience, Physiology Group
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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 attempts to clarify, from a physiological perspective,
how organisms have adapted to different marine environments.
To cope with the life-threatening, 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 animals 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 mechanisms of each
osmoregulatory system utilizing a wide variety of physiological
techniques at gene to organismal levels.

Ongoing Research Themes

@Analysis of diverse strategies for adaptation to high-salinity
marine 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.

@|ntegrative approach to endocrine control of osmoregulation.

@Discovery of novel osmoregulatory hormones in fish and
mammals 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.
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Strategies for adaptation to hyperosmotic marine environment
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Our objective is to understand the molecular basis of evolution of
biodiversity 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 techniques. We have been determining
reliable phylogenetic frameworks, indispensable for evolutionary
comparisons, through whole mitochondiral genome sequencing.
On the basis of such frameworks, we seek to understand the
evolution of biologically interesting characteristics, such as those
responsible for speciation, from both genetic and genomic
perspectives. We also conduct research on hermatypic corals,
major constituents of coral reefs. Symbiosis with the
dinoflagellate zooxanthellae is crucial for their growth, and
extended loss of symbionts leads to mortality. We are
investigating the molecular basis of symbiosis by identifying and
analyzing genes involved in this mutualistic relationship. The
molecular bases of skeletal formation and oogenesis in corals are

Ongoing Research Themes

@Molecular 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

@Identification of coral genes involved in symbiosis with
zooxanthellae

@Molecular cloning of coral genes that are essential for
skeletogenesisand oogenesis

@Development of molecular markers for population genetic
analysis of hermatypic corals
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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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We investigate the life history, distribution, reproductive ecology,
migratory 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 freshwater eels, ayu, salmon, gobies, and sea turtles, and by
synthesizing this knowledge 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 seaweed/seagrass meadows : To maintain healthy marine
environment and exploit biological resources in a sustainable way, it is
necessary to understand coastal ecosystems such as seaweed/seagrass
meadows and drifting seaweeds. We are conducting comprehensive
ecological studies on seagrass meadows and drifting seaweed, and
developing a mapping system by coupling remote sensing methods, e.g.,
satellite image analysis and acoustics, with geographic information
systems (GIS).

On the other hand, we are trying to assess the value of artificial

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 productivity of Sargassum species

@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

RABICHTDBELUEERROEREE L

Origin and evolution of diadromous migration in fishes

Salmon
Sea River
Origin
River residents
Eel .
Sea River
Origin
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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Purse-seine fisheries of sardine

BABITOALEH L L ZEEARER
Satellite image showing sea surface temperature
around Japan

ELBRENDEKHAER
Scuba diving sampling of benthic resource
organisms
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Popular fish, such as sardines and mackerel, are always on the
market, and supplies therefore appear to be stable. In reality,
most popular fish are sometimes superabundant, and sometimes
extremely scarce. It has become clear that the ocean
ecosystems supporting productivity of marine life change
drastically with climatic variations. The main research themes of
the Department of Living Marine Resources are the mechanisms
linking physical environments and stock fluctuations (Fisheries
Environmental Oceanography), reproductive and early life
ecology of fish and shellfish (Biology of Fisheries Resources),
and stock assessment and fisheries management for sustainable
use of bioresources (Fish Population Dynamics).

IRIRENRE)EF
Fisheries Environmental Oceanography Group
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To explore the mechanisms controlling distribution, transport and variations
of living marine resources, we study the dynamics of physical oceanographic
processes and physical-biological interactions by field observations,
laboratory experiments and numerical simulations.
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Fish Population Dynamics Group
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Using mathematical modeling, computer simulations and statistical analyses
of the survey data, we study the mechanisms of population fluctuations,

stock assessment for sustainable use, and management of living marine
resources.
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Biology of Fisheries Resources Group
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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
mortality in their early life stages, by field studies and laboratory
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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 strategies of the fishes often
select different areas among coastal and offshore, 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
oceanographic 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

Ongoing Research Themes

@Observation and theory of North Pacific surface-
intermediate 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 Kuroshio-Oyashio large-meso scale
variability and its impact on lower-trophic level ecosystem
and species replacement of small pelagic fishes as sardine
and saury

@Oceanographic observations using mooring and deep
microstructure profiler down to 2000m etc, laboratory
experiment and numerical modeling of physical
oceanography and ecosystem

BRAICHIFDEFRET RN FERSR

Recovery of turbulent microstructure profiler on deck of R/V
Hakuho-maru
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Real-time vertical eddy diffusivity measurement down to 2000m depth
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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 47% of the main stocks or species
groups are fully exploited, and another 18% of stocks or species
groups are overexploited (FAO SOFIA2002). Catches and
biomass will decline unless concerted management efforts are
taken to prevent overfishing.

The general research themes of the Division of Fish Population
Dynamics are fisheries management and stock assessment for
sustainable and efficient use of marine bioresources. Other
active research topics include conservation biology of
endangered species and biostatistics for estimating population
parameters. Research is conducted by computer simulation of
numerical models, statistical analyses 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 ecosystems through monitoring and management
of natural resources.

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

@Conservation biology of marine endangered species :
Many wild populations are endangered by human impact. Our
investigations encompass the conservation biology of
endangered marine 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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Marine animals generally produce copious eggs, most of which
perish during early stages of life histories. New recruitment
fluctuates considerably year to year. However, fluctuation
patterns differ among species, which may be closely related to
differences in their reproductive and early life ecologies. For
example, interannual variability in recruitment can vary by two to
three orders of magnitude in subarctic Clupea pallasii and
temperate Sardinops melanostictus, in contrast 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 marine living resources, by field studies and laboratory
experiments. The aim of our research is to elucidate the
biological traits of marine resources underlying the mechanisms
of recruitment fluctuations. Our results will form the basis for
management and conservation of fisheries resources.

Ongoing Research Themes

@Recruitment dynamics of marine fish species

@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
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Larval abalone settle on
crustose coralline algae
(CCA) and metamorphose
into crawling post-larvae.
Wild abalone have a rosy
red protective shell color,
which makes them difficult
to find on CCA surfaces
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