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Department of Physical Oceanography

AEXENDOEFICHEL-REORIREBFIRIEL. B
FHERT[DRNICEBHEEPBF K[BE TOH-EE
B K- ZRIERFLEDT MDY LINT L RUSE>THE
BHENTWET  ZDEH . COEILBFE KR AT LDY)
BEBOBBAETNICED(RIZESHOFAIZ. AEDE
FICEHOZRIORETT . BAEYMEEHPITE RELS
REICHIZBERBROB/NEKBOT - EEBIE.
BAHERKRBOHBEEEREEZDERELSBF - ARIELLS
ECDWT HAICEDCEBWILEE N AIBOBER%ETT
STHY RBEHOFAICAR R EBF - KR ZXT LD
BRECARE DD DR REED TOET,

GPSYLF DR The present climate and oceanic environment supporting life on
Launching of GPS sonde 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.

NN JETm /
/ﬂ/iﬁfgiﬂﬂj\gf

Division of Ocean Circulation

BAERBIROEEENZ. BLOKBOTERPL A HICRA-THREIOEREE

MREAGR 89 BEMEDAE L AT EORMERBERED I, AP IO ML LB
Observation of current velocity, water tempera- FREBEL AR EED TS,

ture, salinity, and oxygen N ) . i . .
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.

BFRIZ
Division of Dynamic Marine Meteorology

BELO[IRBEDAHZZXLPKT - BAHAOHEEERICEDE B
BEDTNOERBIRLEE BT -2 OB BE I -3 hFHE
. ENRABEREEDTFEEHVTHEL LS,

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.

B BIRET DR B E
Deployment of acoustic current meter
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Department of Physical Oceanography, Division of Ocean Circulation
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BIRTY . TDRBERCHIAKRFTETORRBEDIZAEI,
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ToBAEDERERANBLDICEB T —2EERLTH) AR
MTHOBFBAZT-(ERGBETOERET —2EME
L HEBEHEL TR CERM R EOT —22INE&EL. 3R
KOBHEEEICERT IO ZThSDT -2 FHL A%
HBEHERLTVET,

RENEEMAT—~

@K FRERR DR RN
RERROBERTHIIAKRFF G REKOFEDES
NEBERMFDEHEIDDICHEOHELWBETT . 22
T BKFEMEESHEE CAEL TRECAHL RERFR
FRDORIECRE LEENDERLEERSHICLTVET,

O AFFRBREORR -FHENFMEER
REBEROBERIMIERILICHEEZD ITEDTERN D
BT REBRROEBREER/DOLDIC REBRICLDME
BIEZITO EE BRI ERVAAERL TR REDFME
EEFEDMEETOTVET,

OXFFR-PENOFEBENKEH AN
REEFEOBFERPINIEIKE-EIEEDEED.
SEZEHCKEBROEHCKZLHLEEEAET, HRM
ROBEBRAMEPIEDBRBICS S TRESNAKEIES
BEDT—L2DRRMICEN) ZDEREMBAEDEILTVET,

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.

FREBTFDRET EFREECTD DEINIESE

Recovery of a mooring of current meter and CTD

2

Lecturer Research Associate

Professor

EXed JI158 1EA3
Professor KAWABE, Masaki
B ) FEAER
Lecturer OKA, Eitarou
Bh#R WA K&

Research Associate YANAGIMOTO, Daigo

20

CATALOG I OCEAN RESEARCH INSTITUTE
THE UNIVERSITY OF TOKYO



HFEAZS-EF9 | RESEARCH CONTENTS-DEPARTMENT

B YIRS ERPY

BEARNEHS

Department of Physical Oceanography, Division of Dynamic Marine Meteorology

WIROTIREZEL TWBIATEEF I BEEEL TEWI
BOEEFAETOEMLE S AT LEERLTWET #1Y
ERRIBEAEDBEDERIE. KT BAEICSZZEADICHR
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BE- S AN X LEER T — 2 D - BB I -3 5
PR FARBERRLED SR EFERCIVERBLTVET,

REOEEMAET—7

OBARENB X EICRETIARBIOTE
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REAXTBEEEEAVEBE HRICEALTRERR—
S—0O7 (KFERT—ILH 1 00kmIZEDAVERE) £ EH
BRELC.REXERELEFELET, — A BRI E
REENREBOETNEFIAVEREN BRAIRLNESF
BICRELTHRARICEDSEMELSLET . ChHDER
ECHMRECRSEDRAY EHLBEERAELTHY. Z
DIEEXEBEROBERAIERK LR EF LHRETT,

O RENHE-HEEEBEEIFROMEK
BB LI AER. BN EBEACEFEROEREL
WET £ MREBICLDIMEHE O BEHE T HIRO TR
ICAELHEEE5 25720, ZOMELAB LB OMEIL
BETY,

QAL EEBMNISYIRICHATIHME
BRIGBEAR,PSERINIKETEIXNT—RELTRET
3—H.ZDBEICL)BRISERTRESES. AEELEE
EELET . £ AR BEIBATHOESHENTHEE
LCEGHRBROEEDEEICHESL TWET, KR 7B#
BOMBEEDNXMICEHIRT - BEEREOIL AEEC
ZOMRERETIKRT - BEBRILOEBOMBBILKT - BEE
HEEEOBERFICARRTY,

QOEANERICLZIAT - BEBILOME
AR BEEILOERNBEL. RFOEERE AV Bl
BRAEERICE->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

KD EFOZEH

Examples of ongoing research

BERBRTESNA-F—07 (£L) LERBOBEKN RO EE
(BAL), BERHEIEDL—F—E&R(ET) LAERODKFERHOENE
BR(EAT)

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)

Professor Associate Professor

iz W R
Professor NIINO, Hiroshi
MR FE BEX

Associate Professor  IGA, Keita
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Department of Chemical Oceanography

REBEDY IR
Coral reef in Ishigaki Island

CTD-CMSY X7 L&AV =7 — 8K
Clean seawater sampling using a CTD-CMS system

BFLNIVTORMER T RT L
The system for compound-specific isotopic analysis
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BRETYEETHRILLEN S MRS FOY ERREHEIS
ETWET NS —DVEDDRNE DWW HINT L RIZL
STHIRREBEF R ->TWBD T BRALTBEICHNT
MEIFEDLIICEBL IBERE TREDIILEMMIRLE
TOEIPEFTLTOIDN? H2I3REIRDF iR 5 -5R
ELLEYS, JNEBRLMERIRGOBERICEVEATHET,

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.

BFEREFE DT
Division of Marine Inorganic Chemistry

PHEZNFEEREL CBKPOEESSUMETROEE RLEIHE
FHMICERRL. BEOL M EEASHIICT 3, BEREICS I E NIk LR
Y17V EELE KR EMBE S SUEFBREDEEERHE D GEFET D,
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 earth.

FEITREEDE
Division of Marine Biogeochemistry

BEICBIBETRDBERAH=ZX LE ALFN, EMFAFEEEMEL TR
B, IS BEICBIIDRERE AR OERECEMBIROMEERICEBL.
W LB EREPHBRE CORBERICSAPHENDERILEDE T,

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

BKDPEFEVDIE BAKPICEEFNITLEE WANAL
ENBRBLTWALEHTT 2L b TN BKIEE>TVWE
ToZhid. EMEPERBENE ICHR TPV TFHES
TWB1DTT ZDIIIC BFREEIFSEHEZYEDS
BRINTVET  ZThSDOERL A HERH L. SMEHEEF
ICEDE2RME. HIAEREDEINA. I5ICBERNTOY
BEFHHI NG ENZHBIRICES> T IAAICIMO—ILE
hTWBEEILNET o BEEREZABT L. BECS
F3ZDEIEHIRIEZHME YA IILIZDOVWT ARE. £
B. IV ERBEDHEEERERTEDIIIELLTED
HPELED MAENICIERTAIEERIBLTVWET . ZO LT 1L
AR —BIEREOHEAIECHET ZHIRIRIEMBICKH L.
BEPEDEIIIRICTEDOD  ED LI LHEENERLTVBD
PICDWTERBALELSELTWET SO EREHELF /-4
NEERIBTZ0IC. BRA-ABTALEOREMP[LALW
6500] EENFEKMEFRL. TMDKFE-HAEHEEDZLD
MEHEEHERTHRHAREY T 2B EEDE T SSICEHE
B BEDREN A ERARICEDIERTOT Y
b 715, GEOTRACES, SOLAS, IMBER, InterRidge,
LOICZ, IODPAEEEZEICH AL D OMEEED TVET,

RENELEMAT—~

@B KBLVHEY R FMESSURBRKEED) FOHME
TR(EBBRLRE. FLETK ELBELY) BFLA T
ERAMA(H, C, 0, N, Nd, Ce, Pbi&), LU S IER
LR (U/ThRFIAE, 14C, 222Rn%&E) DEMIEREF /Y
EHOREE ABNERADED. ThODOBZEREHNE
HzRALET,

@/0- NIV EBFEROES EMEECHBE AT —BF.
BEMEFRALE SEEELRROIN —H LT ALFER
PEIVRNMAEERULLRRETVET,

OFRBEHFXEM-EWERICHITZBELHKES. TL—b
KARAAHICBITZRBEKRAR AFEICHIZBERT
KIBHBREEICHS BEEEFEREDB DM LF T
Ty RAEREALET .

OSREILFAMFEEELH . V- TV IFE R
SILFEHAIE G E LW ORRELICAZTVET,

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.

@EIlucidation 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.

MEMAT LSBT REHKGZERVEBEEE (BEXBICT

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

Associate Professor Research Associate

Professor

EXeid TEE R
Professor GAMO, Toshitaka
MR /I T
Associate Professor ~ OBATA, Hajime

BhEL il #F
Research Associate ~ MAKAYAMA, Noriko
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Department of Chemical Oceanography, Division of Marine Biogeochemistry
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REOEEMAT—<
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WAEFDOHE

QAT BERRBRETNVICEITIBLF/NTX—2OBEEERA

QAT ~EFAREER(BFICANEEEYMEE) DEEE
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tBER70E2ANEE

QOkF BHRORERMUALZAV -MERR - BMEHR
ENRAREZOGA

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

@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

@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

L ISphere

Associate Professor Research Associate

Professor
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Research Associate

MIYAJIMA, Toshihiro
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Department of Ocean Floor Geoscience

BRBEY S TIVERRS X7 L
Navigable Sampling System (NSS)

ERERDRABEMIEER (HF8E)
Photomicrograph (polarization microscope) of peridotite

BEBHIRTHE(BFEITIALTLYIR)
3D seafloor morphology (oceanic core complex)

fin EIFEES

Work on a research vessel

RBREROTICIHERBYCKNIUETEDODNBEN LY
STWVWET XIS [EREHIK I DEENZIENTHN . E
B EAMIREL TOEFLELTOEREMETE L EH
BVET COHERDWBITAREBE H 2%, R DR KX
BIR WIKIRIEOEL, 2L TBEEM DOE LB DE
SEEMEEARICHE TVWET  BERBZEFI T BED
HLKEFh TV 2hRBEXENEBR. REOHBME
DTEHTBNTL T+ —LETE O TRAR LN ILEE
TEEIN-EXBE ERCHEEHCVERIRNOELT
WBTL—MNEHABREE BENI1FIvIICEZTNS
BERXIDODEMEMRELTVET,

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.

AFEMEF D
Division of Marine Geology

W T HEERE. SR RBERA BREBRELECS ST REETHO
WERREERL. BRXET WHREZH. ERICEADIEERADEE
LHEROBEFEENICHRETEoTVET,

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.

EF RIS ) BF
Division of Submarine Geophysics

FICRIH - B EBERNEF EZERAWT RERMRICIIERCRE ETOE
BETOVERBEDOHRECHRBHET O WEOBEES1FIVX
EMRELTVET,

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 ADE
Division of Ocean Floor Geotectonics

BERTINZIZANH T WE - WEILFE T -2 LU MBRYER T —4
(CEDSWTRFBRICEELAT I REHEKRIES X7 LOEE R
DIERLREBAEREL TWET,

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
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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

@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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reflection data in the
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seismic  attributes
analysis with Kohonen
self-organizing map
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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 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 observa-
tion 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, therefore, 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 1zu-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
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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.

b)) B

Division of Marine Planktology
HRDIFSELFBEICBIBZTILIPNEMBHREL. ZNODRFEERZ
BR EZHRE EEL EMEESSUMERRICHIBEENCOVTH
RETH>TWV D,

Plankton Laboratory focuses on investigating marine plankton to understand

their phylogeny, biodiversity, life cycle, production, and the roles in
biogeochemical cycles in the ocean.

MY e
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.

EEEY D

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 unique 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-
ture and metagenomics

@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 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 maxi-
mum. 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 Japa-
nese 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 distribu-
tion and population structures of tideland snails in order to obtain fundamental informa-
tion for conservation of biodiversity of tideland ecosystems. We are also analyzing the
effects of global warming on such geographical patterns.

Ongoing Research Themes

@Evolution of hydrothermal ventendemic polychaetes
@Population structure of vestimentiferan tube worms

@ 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
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Physiological experiments from various approaches
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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.
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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.
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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.
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Division of Behavior, Ecology and Observation Systems
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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 be-

havioral mechanisms and evolutionary processes of the phenomena of marine life.
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Department of Marine Bioscience, Division of Physiology
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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-

threatening, high salinity of seawater, marine organisms adopt three
different strategies, as depicted in the figure. Teleosts (e.g., eels, salm-
on, 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 mecha-
nisms 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 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.
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Strategies for adaptation to hyperosmotic marine environment
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Department of Marine Bioscience, Division of Molecular Marine Biology °
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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
techniques. 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 hermatypic cor-
als, major constituents of coral reefs. Symbiosis with the dinoflagellate
zooxanthellae is crucial for their growth, and extended loss of symbi-
onts leads to mortality. We are investigating the molecular basis of
symbiosis by identifying and analyzing genes involved in this mutual-
istic relationship. The molecular bases of skeletal formation and oo-
genesis in corals are also being investigated.

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

@Identification of coral genes involved in symbiosis with zooxanthellae

@Molecular cloning of coral genes that are essential for skeleto-
genesisand oogenesis

@Development of molecular markers for population genetic analy-
sis 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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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 trilineatum. 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
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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
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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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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 cli-
matic 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).
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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.
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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.
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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-biology interactions by field
observations, laboratory experiments, and numerical simulations.

Ongoing Research Themes

@Observation and theory of North Pacific surface-intermediate
water-mass formation and circulation, and their impact on cli-
mate 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, saury and jack
macherel

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

@Oceanographic observations using mooring and deep micro-
structure profiler down to 2000m etc, marine-system studies us-
ing numerical modeling of physical oceanography, ecosystem
and data assimilation

microstruc-
ture profiler on
deck of R/V
Hakuho-maru

Real-time verti-
cal eddy diffusiv-
ity measurement
down to 2000m
depth
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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 marine bioresources. Other active research
topics include conservation biology of endangered species and biosta-
tistics 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 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 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 con-
siderably year to year. However, fluctuation patterns differ among spe-
cies, which may be closely related to differences in their reproductive
and early life ecologies. For example, interannual variability in recruit-
ment 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 ma-
rine living 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 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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