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Division of Climate System Research

Explores climate formation, its variability, and conducts basic research with
regard to the whole climate system and its subsystems (atmosphere, ocean,
land etc.) specifically using numerical modeling.

Department of Climate System Modeling

Develops climate system models and explores various climate phenomena
through simulations.

Climate System Modeling Section
Atmosheric System Modeling Section
Ocean System Modeling Section
Cooperative Climate Modeling Section

Department of Climate Variability Research

Explores mechanisms of the climate variability using observations, numerical
simulations, and by contrasting, analyzing, and combining those data.
Climate Variability Research Section

Comprehensive Climate Data Analysis Section

Climate and Hydrology Research Section

Division of Ocean-Earth System Science

Designed to achieve an integrated and multilateral understanding of the
ocean-earth system through basic research on ocean-physics, ocean-
chemistry, ocean-geosciences, and on interactions among the ocean,
atmosphere, and ocean floor.

Department of Physical Oceanography

Works towards the quantitative and physical understanding of ocean circulation and
its variability, water mass formation, atmosphere-ocean interactions, atmospheric
and oceanic disturbances through observations, experiments, and theory.

Ocean Circulation Section
Dynamic Marine Meteorology Section
Ocean Variability Dynamics Section

Department of Chemical Oceanography

Promotes developments and applications of advanced analytical methods
and explores biogeochemical cycles among the atmosphere, ocean, land,
and ocean floor.

Marine Inorganic Chemistry Section
Marine Biogeochemistry Section
Marine Analytical Chemistry Section

Department of Ocean Floor Geoscience

Explores the dynamics of the ocean floor such as mid-ocean ridges, back-
arc basins, and plate subduction zones. Collects samples and analyzes the
environmental history of earth recorded in marine sediments.

Marine Geology Section
Submarine Geophysics Section
Ocean Floor Environments Section

Division of Marine Life Science

Designed to achieve an integrated and multilateral understanding of the
marine life system through basic research on the evolution, physiology,
ecology, and resource management of marine life.

Department of Marine Ecosystems Dynamics

Explores life history, evolution, interactions, and dynamics of various groups of
creatures that are important in marine ecology, and examines their contributions
to the sustainability of marine ecosystems and the earth environment.

Marine Planktology Section
Marine Microbiology Section
Benthos Section
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Department of Marine Bioscience

Various biological phenomena in the ocean such as evolutionary history, life
history, migration, and environmental adaptation of marine organisms are in
pursuit from the molecule to population level.

Physiology Section
Molecular Marine Biology Section
Behavior, Ecology and Observation Systems Section

Department of Living Marine Resources

Conducts research related to physical environmental dynamics, bioresource
ecology, and resource management for the exploration of how marine life
resources fluctuate and can be sustainably used.

Fisheries Environmental Oceanography Section

Fish Population Dynamics Section

Biology of Fisheries Resources Section

Department of Collaborative Research

Explores the biological dynamics in the ocean environment by collaborating
with various disciplines related with the ocean. The department also
conducts research and educational activities including ocean policy.

Biological Oceanography Section
Ocean Alliance Section

International Coastal Research Center

The international coastal research center not only promotes integrated research on
coastal oceanography but also conducts empirical research around Otsuchi Bay
by taking advantage of the local environments near the center. The center plans
and conducts cooperative research and international cooperative research with
related institutions in Japan. Facilities and equipment, including research vessels,
were destroyed by earthquake and tsunami on March 11, 2011. Scientific activities,
however, was recommenced with repaired facility and renewed equipment.

Coastal Ecosystem Section

Coastal Conservation Section

Coastal Ecosystem Restoration Section
Regional Linkage Section

Center for International Collaboration

The Center for International Collaboration not only promotes and supports inter-
governmental agreements on academic activities related with the ocean and
climate but also integrates advanced international research plans for the ocean
near Japan and for atmosphere science conducted within international frameworks.
The center also creates a base for academic exchange and training of young
scholars through academic collaboration with Asia and the other countries.

International Scientific Planning Section
International Advanced Research Section
International Research Cooperation Section

Center for Earth Surface System Dynamics

Based on creative ideas that are stimulated by the basic research of each research
division, the center develops methods of observation, experiments and analysis,
and advanced numerical models, and pursues an understanding of the mechanisms
of the earth surface system change. The center develops a new atmosphere and
ocean science through collaborations crossing traditional disciplines.

Paleo-environmental Research Section
Ecosystem Research Section

Genetic Research Section

Atmosphere and Ocean Research Section

Analytical Center for Environmental Study
The center aims for conducting frontier sciences in Earth system sciences
including biosphere using advanced analytical techniques. Trace elements and
isotopes are major tools to tackle various topics in the field that are measured
by Accelerator Mass Spectrometry, nano-SIMS, laser ablation inductively
coupled plasma mass spectrometry and other analytical machines.

Environmental Analysis Section
Environmental Geochemistry Section
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Division of Climate System Research,

Department of Climate System Modeling, Climate System Modeling Section

ARBF Tl SIBEVZATFLEFIVOBRR MR . FZICHEMATA
IR LR BROET IV ICEVHATOE T, /- FIR RS
h-ETFWERWGRE - BE-IROSIETENICRIEL/-ARE
T-oCWET,

BEELTDMIRO TR KBHSDMHTRILF —E Tk
S ENBFRANHDNT A TRESNE T - RIEFK
DIBRICE ATIEEE RS OEEER. 2N 5 [ E R T AR
DIFIEEIERET B EN EE T £ CNSDIEEEAN 5 [EEE
TR R RARICEITIEZTE A EFRBEEDNR D
EINCSBRIEEEE IR T IV EN S ET, CDIOLE NS,
APBCRIRIEET ) TRV SRR ZT- W ET . AR
IS A KRR RHEE. BN EEREE S0/ ERR T LI
BIBIRINF—KET-ME-EEEDRYEEELTVETS,

HRIEMEICEVWT BENDTIERIEEBRLZOEE AH
ZXLERRSDICT AR E T O CWVETAFIC. O Ea—%—2 31
L= 2o OFFERAVTHIERE FOBENTIENBRIEES
HRRE T CNSDIAERICI ST IRTE AHEZTVIEFED
TURREEP ENIFE LB GO ZNEDEBR DL EMNBZEN
TEET R FRAIFEHINITUE S AT LET IV ORI HHEL
TVET,

REOELEMAET—<

@ IXTURICH T BBESIRDKRE

Q@2 HKFB/RDET) Y

@ KHR - BIKER A7V DI 2L -2 a3 EXHZ X LODARER
QLR EEFIBLATIBEREDHTE

@ FKDBKETF B EZDIHEEM

O A5 HEENHEEH

@A S BE KKRDEEEH

@B - LIBOEHRIEICH T DEE

SUERTEES
STWB k%
HIRR:
HERSTIRIEK
FEMS TRV ¥ —EED T RS TRV X —(ICk-oTa ba—LE
hTW2, BREBEXAREEICS>THEISWAMETHECI7OVINCLS
THENE N ZIEL. SBICRBENEIETS

Various phenomena in the climate system: The earth’s climate is controlled
by a balance between solar and terrestrial radiative energy fluxes. Climate is
changed by perturbation in the earth radiation budget caused by trace gases
and aerosols emitted from natural and anthropogenic sources

This section carries out studies for developing and improving global
climate models and physical-chemical modules to be implemented in
these models. These models are used to study the climate of the past,
present, and future. The earth’s climate is controlled by the balance
between solar and earth radiation energies. It is, therefore, important
to understand interactions between the earth-atmosphere system and
radiation, and to understand the consequent effect on circulation. It
is essential to understand past, present and future climate changes
involving these interactions, particularly those associated with the
changes in solar radiation and increasing amount of greenhouse gases.
Research is conducted through climate modeling of the earth’s system.
We investigate the exchange of energy, matter, moisture and momentum
between climate and other components, such as ice sheet, terrestrial
ecosystem and ocean biogeochemical cycle.

The paleoclimate research aims to reproduce past climate states and to
understand the mechanisms of their changes. We attempt to simulate the
past climate using numerical models. Studies provide information about the
extent of the uniqueness of the current climate conditions and help evaluate
climate system models that are used for projections of the future climate.

Ongoing Research Themes

@Role of greenhouse in the earth’s climate

@Global carbon cycle modeling

@ Simulation of glacial-interglacial cycles and investigation of their
mechanisms

@Estimation of the climate sensitivity based on the climate of the past

@ Future projection of sea level rise and evaluation of its uncertainty

@ nteraction between atmosphere and terrestrial vegetation

@Interaction between atmosphere, ocean and ice sheets

@Role of the Antarctic and Arctic on the global climate
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Department of Climate System Modeling, Atmospheric System Modeling Section
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Computer simulation is an important tool for investigating the global
environment and predicting its future climate. Our research group has
been developing numerical models simulating atmospheric phenomena
with scales varying from regional to global. Observation and data
analyses are also an important part of our research. Our mission is to
understand the atmospheric environment comprehensively through the
combination of observations and computer simulations.

@Dynamic Meteorology: Studies of meteorological phenomena,
including generation mechanisms and climate variations of
meso-scale disturbances interacting with climate.

@Chemical climate models studies: Research into atmospheric
chemical processes interacting with climate using chemical
climate models. Important examples are ozone-hole prediction
and air pollution problems.

@®Remote sensing of the atmospheric environment: Develop-
ment of new algorithms for analyzing satellite data to study the
atmospheric environment. Furthermore, we develop ground-
based remote sensing techniques using infrared radiation.

@Simulation studies on the greenhouse gas budget: Numerical
simulations of greenhouse gases such as carbon dioxide and
methane, and source/sink inversion analyses of gases using
chemical transport models.
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Division of Climate System Research,

Department of Climate System Modeling, Ocean System Modeling Section
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The ocean stores and transports a vast amount of heat and various
dissolved substances, whose exchange with the atmosphere plays
an important role in controlling the climate. There still remain
many unknown aspects in the ocean as its observation is difficult.
Numerical modeling is now becoming an indispensable method to
study the ocean. Our group investigates various oceanic phenomena
and their influences on the climate by developing and applying
numerical models of the ocean.

Ongoing Research Themes

@Ocean general circulation modeling: The ocean general
circulation is controlled by both microscopic physical processes
and the macroscopic budget of heat and substances. We are
striving for revealing the controlling mechanisms of the general
circulation of the ocean from both perspectives.

@Polar ocean process modeling: Deep water formation, which
is the starting point of the oceanic deep circulation, is a highly
localized phenomenon in the polar oceans. We place a special
emphasis on the processes peculiar to the polar oceans.

@Palaeo-ocean modeling: Past drastic changes of the climate
are known to be closely linked to those of the oceanic deep
circulation. We are investigating the mechanisms by which
such different states of the climate were caused.

@Biogeochemical cycle modeling: Transport and state
transition of various substances in the ocean are essential
factors controlling the state of the climate and ecosystem. We
are studying the ocean biogeochemical cycles by introducing
such factors into the modeling.
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localized phenomena.
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Division of Climate System Research,

Department of Climate Variability Research, Climate Variability Research Section
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The overarching goal of our research is to obtain better understandings
of climate variability operating on various spatial and temporal scales
with a combined use of climate models and available observations.
To this end, we exploit satellite observations to evaluate fundamental
uncertainty in climate models and to improve their representations
of key processes, particularly cloud processes that are still highly
uncertain in state-of-the-art climate models. The models thus
improved will then be used to study climate variability, including ENSO
and MJO, and to predict interannual to interdecadal variabilities.

Given that numerical experiments are a powerful tool to unravel the
mechanisms behind the climate variability, climate models used for
that purpose should be validated with observations. We address
fundamental uncertainties in the models, particularly those of cloud
processes, with a novel use of emerging satellite observations in an
attempt to offer unprecedented, process-based constraints on model
physics. Through such a synergy between satellite observations and
the climate model developed at Division of Climate System Research,
we intend to advance our capability of modeling climate variability
ranging from seasonal to interannual scales, as well as global warming
due to human activities. Such a progress in climate modeling will
enhance our understandings of climate variability, leading to more
reliable climate projection.

Ongoing Research Themes

@ Studies on anomalous weather and low-frequency atmospheric
variability

@Decadal prediction of climate variability and change

@ Satellite-based studies on cloud microphysical processes

@Evaluation and improvement of cloud processes in climate models
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Vertical microphysical structures of clouds obtained from satellite observations
(a) and from climate model results based on three different cloud assumptions (b,
¢ and d). Such comparisons enable us to constrain uncertain model physics.
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Division of Climate System Research,

Department of Climate Variability Research, Comprehensive Climate Data Analysis Section
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Upper and lower tropospheric cumulus convective heating estimated with
TRMM satellite data. This is closely linked to the large-scale atmospheric
circulation

Various forms of water such as clouds, rain, sea, and vapor, play
crucial roles in the formation of the Earth's climate. Through the
agent of water, various phenomena with different spatial and temporal
scales, from the formation of cloud droplets to El Nifo, interact with
each other. In the Comprehensive Climate Data Analysis Section,
we utilize state-of-the-art satellite remote sensing data and climate
models, in order to reveal the structure of such intricate aspects of
Earth's climate.

Clouds have both warming and cooling effects of the earth surface.
Cumulus convection in the tropics lifts the energy from the earth
surface to the upper air. We use the satellite remote sensing data to
quantify the roles of cloud and precipitation systems in the formation
of the earth climate. We extensively use a global climate model
called MIROC, developed in our division, for exploring mechanisms
of natural climate variability such as El Nifio and decadal variability.
MIROC can also be used to evaluate future changes in the
properties of these natural phenomena in response to increasing
greenhouse gases. Moreover, dynamical processes responsible for
the large-scale circulation variability such as the Arctic Oscillation/
North Atlantic Oscillation are examined by means of climate models,
dynamical models, and operational forecast data.

Ongoing Research Themes

@Satellite data analysis of cloud and precipitation systems

@Roles of tropical multi-scale interactions in climate formation

@Climate modeling for understanding climate change and
climate variability

@Dynamics of weather variability

INZ—-Z3IHSBEKEDFERE. (L) BAE. (F) SBEETL
MIROCD#ER ., BIRMENIEBICL L

Anomalies in sea surface temperature associated with El Nifo based on (top)
observations and (bottom) the climate model MIROC
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Climate and Hydrology Research Section focuses on various
interdisciplinary areas, including global and regional meteorology,
land surface and atmospheric hydrology, and paleoclimatology, all of
which are bridged by natural isotopic tracers. The main thrust of our
effort is toward better understanding of the Earth's climate system.
This is explored both by utilizing additional information obtained
from isotopic records and by developing models that simulate the
observed processes.

Since stable oxygen and hydrogen isotope ratios in water (D/H,
80/'%0, '"0/'°0) are sensitive to phase changes of water during
circulation, geographic and temporal variations of the isotopic ratios
emerge in water vapor and precipitation. Therefore, researchers
can study atmospheric vapor cycling processes at various scales,
such as large-scale transport and in-cloud processes by using
isotopic information in precipitation and vapor. In this section, by
incorporating the isotopes into global and regional climate models,
the relationship between atmospheric and land surface processes
and isotopic information in water vapor and precipitation has been
intensively studied.

Ongoing Research Themes

@Study on processes of Earth’s hydrological cycle with stable
water isotopes

@Study on terrestrial hydrological cycles and development of
river and land surface models

@Dynamical downscaling and development of a Regional
Earth System Model

@Data assimilation, particularly for stable water isotopes with
the ensemble Kalman filter
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Comparison of MAM climatology of water vapor isotope ratio (& D) between
remote sensing observation with SCIAMACHY/Envisat (left) and model
estimation with IsoGSM (right)
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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 and Oyashio currents form the
upper-ocean circulation and build a complicated ocean structure in the
region east of Japan and influence climate and ecosystem variability on
interannual to multi-decadal timescales. Climate variability with longer
time scales of particularly more than decades to a hundred years is
affected by the intermediate and deep circulations. The deep circulation
starts from the North Atlantic, flows through the Antarctic Ocean, and
finally reaches the North Pacific where the upwelling to the shallower
deep layer occurs. Part of the upwelling is caused by turbulent vertical
mixing. The deep circulation is also a key element in global warming.
We investigate the properties and dynamics of general ocean circulation
including the formation, distribution, and variation of water masses. We
primarily focus on the ocean circulation of the North Pacific.

Ongoing Research Themes

@Variability of upper ocean circulation in the Pacific: Variations
of currents and the associated temperature/salinity structure in
upper oceans have a great impact on variations of climate and
fisheries resources. We study these variations by analyzing the
data from a recently developed global observing system and our
observations.

@Observation and dynamics of Pacific intermediate and deep
circulations and mixing : The North Pacific is critically important
for understanding deep and intermediate ocean circulations, and
presents many challenges. The mechanisms of the circulations,
upwelling and vertical mixing are the biggest questions in
oceanography. We investigate the state and dynamics of deep-
and intermediate water circulations, upwelling and mixing using
water analyses, moorings, underwater gliders with turbulence
sensors, shipboard observations and model calculations.

@Long-term variations of climate, ocean and ecosystem :
On the basis of unique hypothesifs that 18.6-year period tidal
cycle regulates the long-term |

variability through tide-induced “' L"f
vertical mixing, we observe and ff 2:-
model the Okhotsk Sea, the / ~
Oyashio and the Kuroshio, and ”N‘
study multi-decadal variability. b,
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Recovery of a mooring of current meter

_~
YASUDA, 1. OKA, E.

YANAGIMOTO, D.

B ZH —&B
Professor YASUDA, Ichiro
AR i EAER
Associate Professor ~ OKA, Eitarou
BhEX WA K&

Research Associate YANAGIMOTO, Daigo

42

CATALOG I ATMOSPHERE AND OCEAN RESEARCH INSTITUTE 2 O 1 5
THE UNIVERSITY OF TOKYO



NS | RESEARCH CONTENTS -

SRR IR

BAERXQNIFTE

Division of Ocean-Earth System Science,

Department of Physical Oceanography, Dynamic Marine Meteorology Section

WHOSIEEZRLTVWIAREEEG. BEEAELTEY
IEVBEERETOBHELRE AT LEBRLTVET, #
WERCIEAEDBENDEE I, AN BEICEZZEADIS
X KEEDT Ty T RZES>TEHHINTOET, —H. B
EP S INAHPKETRIATRON AP ERELE, &
FXELRT—IVDBEDORE - FZEICKEHELTVETS,
CDEIBHLEIITLDOIRZBOEIERICIERL. BER
CFRITZ70101F WRPEFEECHETIRT - BEDE
BRELBERICATIEMBI AR THDZEN, LETCHIEL
TR INTETVET, APH T KREBEDHEEE
AICEAbAE R AR - BRELE. S xSTh AT - BHEBI
DEEE B AN X LEBRT —2DFE - HE I 2L —
23 - NFEBH ERARERERLEDZHAETFEAICLY AR
LTVWET,

RENELEMET—~

OBEARAINEX FIIRETIARBIOTHE
REICKEISERN RET 5L BAREINDBHE L TIE
REXRT - BEREEAPBE FHIRICEAL N RERR—
Z—077 (KEZXT =L EI100kmIZEDAVERRE) HEH
RELCREXSRLEEELEY, — A BREAICIE. B
B RENEZNEHEIAVERENBRAIRLOES S8
ICRELUTHEARICETEREH5LET. ChHoOBESE
T RBEETEDRI» EELHEEERELTE. ZDE
ERNFBIEOEPRIIRHIK LBRRFLEHRHETT,

@ REDHE - R BB EEPFROMEA
B LI REG. BN LEAXERSTERORRE
BWET, £/ ARBICLZMEAEOBRGBEIIHIROTR
RICKELHEEE5257-0. TOFECABLEBOMRE
FEETT,

OK5 EENERBLIFICHTIME
BREGER,SEBINIKETEIRNT—RELTRET
B5—H.ZTOBEILLYBRICERGRES. BE. ALK EE
EMRELET £ A BEGBAECHRA TCHOESHEN
THERBLTERMEOBGZOEEICHBESLTVET, kX
[ BABOYEENTRICEHIRT BEERBOIR
KB ZORRET IR BHBEILOEIBORFRIEAR:
BAENEEEROERFRICRAIRTY,

OERERICLIAR HEEIOHE
AR EEEILOERIBIEE. RFOEERE AV /-OER
BRAERICE>THEBLTVED,

The earth's climate is regulated by the atmosphere and oceans, which
interact strongly and constitute a complex coupled system. Most of the
oceanic motions, except for tidal motion, are caused by atmospheric
forcing such as wind stress, surface heating/cooling, evaporation, and
precipitation. Most of the atmospheric motions, on the other hand, are
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 motions 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.

@Dynamics of convective clouds and their organization

@Atmospheric and oceanic boundary layers

@Laboratory experiments on atmospheric and oceanic disturbances

ARE DTS Examples of ongoing research

uyg'g
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Numerically simulated polar low (upper left), numerically simulated supercell
storm and tornado (upper right), numerically simulated explosively-developing
extratropical cyclone (lower left), and horizontal convection in a rotating tank
experiment (lower right)
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Deep current measurements at a depth of 4000 m east of the

Japan Trench
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The upper panel shows mean velocity vectors and standard ¢ > , 2 : Z v
deviation ellipses, and the lower panel shows their 4-year ' f
times series at two stations. Color represents the period of

their deployments

The ocean has large temporal variations, even though it looks steady
and unchanging. Daily and seasonal variations are well known, but
many other variabilties have been discovered recently. Historical
data over decades or the latest high-precision data reveal that water
temperature and ocean currents vary at periods of months, years, and
decades. However, the causes of this variability are still unknown, and
further observation and dynamic speculation are necessary because
this ocean variability is closely related to serious modern issues such
as climate change and fishery resource variation.

Our research targets the ocean variabilties that have been less
questioned before. We conduct shipboard observations to gather high-
precision data and use numerical simulations to extrapolate our limited
knowledge in spatial and temporal dimensions. We also formulate
theoretical models to investigate the dynamics of the variabilties.

Ongoing Research Themes

@Observation of temporal variability of deep currents
The deep ocean is not stagnant. Deep currents are widely
distributed and highly variable, with mean velocities and fluctuation
amplitudes each in excess of 10 cm/s. Long term observations
of this variability though deployment of current meters and CTD
sensors will clarify characteristics of the deep ocean.

@Numerical modeling of deep circulation
Deep circulation is crucially influenced by bottom topography.
Using numerical models, we investigate the influence of
distinctive topographic features such as the chain of trenches
east of Japan.

@Monitoring of the Kuroshio using submarine cables
The variability of the Kuroshio influences the climate and fisheries
in Japan. We measure its volume transport every hour using
submarine communication cables between the Izu Islands.

H‘HHH\HH HHH\HH‘HHU \H‘HH\HHH [TTTTT
2006 2007 2008 2009 2010

FUJIO, S.

IR R =

Associate Professor  FUJIO, Shinzo

44

CATALOG I ATMOSPHERE AND OCEAN RESEARCH INSTITUTE 2 O 1 5
THE UNIVERSITY OF TOKYO



NS | RESEARCH CONTENTS

SRR P

BFREEEFE D E

Division of Ocean-Earth System Science,

Department of Chemical Oceanography, Marine Inorganic Chemistry Section

BADEFEVDIE, BKPICF NI LA RIE{E 1A
CHE REFSELATRNBHELTINE DT, £/ . bTHT
THEBKIEBE S TVWET, Zhid. EMECERZENEICAHK
THHDP VKL FHIESTNWBEHTT, 2DOEDIC, BEREIR
SEXEEEMEP SERINTVET, ZhoDNEHL ST
EEFE EMEFERICHEDIEFZHME. HIREREDES
WA E5ISEERTOMEZH. (LZH. B LUENFIB
BICE-ST AT MA—ILENTVWE EEZDNE S, D
HTR. BECBIZZOL GBI EZHME 1 TILIZD
W AKRE. £YE. 3 LUEGBEEDHEERERTENL
IEELTE DD HED. MERICIERRTSEEBIELT
WET, ZOLET AEBRE _BIERFOMEEIC LD HIKIR
BOTEICH U BEFEDLIICRETEION, ENLI LK
BERELTVWBDPICDVWTHEBLEIELTVET, 2hHD
MREEHELH -6 BFEREATI/0IC. ABRA-FEHLE
EDZMIARMP [LADPVG500] HEDEKMEFAL. £
FbDKZ - MHEHEOZLOMREL L LR THAIEE Y
FRBAEEDET, SSICEBMICIE. BEORESN LM
B bZMEICEAHZERETAT 7 b flZ21E. GEOTRACES,
SOLAS, IMBER, InterRidge, LOICZ, IODP% & & BE(Z1%5R
LDODHREEDTVET,

REDELMAT—~

@ EKELUHEY R FNESLIUVERKEED) FOME
TE(BEER. FLETR EBELL) BERHRK. K
ERMNA (H, C, O, N, Nd, Ce, Po%&) . I UMEHERAL
& (U/ThRFI%HE, “C, *’Rnk &) DEM ML FHIEE
DEEEAZNERLED. TWODIZEREEDRR %
BALE T,

@/ O—/NIVEHBARR RS EMEECSE. KRB,
BEHEERLE. SELELRFOIN —H—ELT 1L
FHRABSURMFEERLREETVETS,

OFRBECEIN-TIEAICH I EREHKEE. 7L —NE
HABHIC BT BREKRR AFERICHTEBERTKE
HIRKEEHD. BECEFBEEOBOMIKEFE T Ty Y
REFREALE S,

O HEELFEAMFEEELD IV HY TV TFE R
BALFETAELG E FHLVWEMORRLICAETVET,

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, chemical 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), 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.

@Elucidation 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.

PIAEMEBAICLBCTD Y —ARKIEE (KH-14-6k178)
CTD clean hydrocast on board R/V Hakuho Maru (KH-14-6 cruise)
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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

@Role of viruses in marine biogeochemical cycles

@ Structure and function of microbial food webs in the oceans

@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

@The roles of microbial redox processes in marine sediment
biogeochemistry

@Application of stable isotopic techniques to the evaluation of
ecosystem status
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Marine bioelement cycles driven by microbe-organic matter interactions
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The ocean, covering 70% of the Earth, is deeply related to several
environmental issues including global climate change, and may
be the last possible area for humans to obtain new biological and
mineral resources. Japan is surrounded by the ocean, so there is a
strong emphasis on gaining scientific understanding and quantitative
estimation of how the ocean influences the earth’s environment.

The marine environment is a complex physical and biological system
that requires comprehensive research of the whole system in both
space and time. Using the most advanced observational and analytical
techniques, the present state of the marine environment is studied
accurately, precisely and thoroughly, in collaboration with researchers
from other laboratories.

Ongoing Research Themes

@ Ocean circulation using noble gas isotopes

@ Geochemical cycle of volatile elements on the Earth

@U-Pb dating in ultra-fine areas of fossil and sedimentary rocks
@Planetary oceanography using an ion microprobe

@Tritium - helium-3 dating of seawater and groundwater

@ Mechanisms of earthquake and volcanic activity

MEMFEALTDBE
KILEE

Observation of submarine
hydrothermal activity on
the R/V Shinsei Maru

[k RE-BSHFEH G
DHEAREDNTIEE
Mass spectrometer for &
noble gas analysis in
various samples
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The ocean floor of the earth records 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, geophysical, 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
systems, manned and unmanned deep-sea vehicles 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 Discovery Program (IODP) and the
international projects, both at sea and onshore. Our main goal is to
obtain key information for reducing natural hazards, predicting global
environmental changes, and locating natural resources.

Ongoing Research Themes

@Formation and alteration of oceanic crust at mid-ocean ridges
and back-arc spreading systems

@Hydrothermalism and its tectonic background

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

@Distribution and displacement histories of active submarine
faults

@Geological investigation of on-land accretionary complexes
recording tectonic processes of seismogenic subduction zones

() BMRARBEY > TR T L

() RUTFHKRDOFEE
(left) Navigation Sampling System (NSS) (right) Exploration of hydrothermal field
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Most of Earth’s volcanism and much of its tectonic activity
occur on and beneath the seafloor. Various phenomena on the
seafloor are closely linked to Earth dynamics, and also related to
Earth’s environments through the hydrosphere and atmosphere.
Seafloor rocks and sediments record Earth’s evolution. We study
dynamic processes of the seafloor and Earth’s evolution using
mainly geophysical and geochemical methods, including one of
the academic world’s most advanced seismic processing and
interpretation centers. Our research targets spread oceans of all
over the world, from mid-ocean ridges to subduction zones.

Ongoing Research Themes

@Paleomagnetism and environmental magnetism: We study
on ancient geomagnetic-field intensity variations using marine
sediments and rocks, and hotspot motions from paleomagnetic
inclinations. We also conduct researches for estimating Earth’s
past environments using magnetic minerals in sediments
including those of biogenic origin.

@Seismogenic zone: To understand the mechanism of
subduction thrust earthquakes, we reveal the detailed 3-D
structure of the Nankai seismogenic fault by state-of-the-art
image processing of the 3-D seismic reflection data. Moreover,
we estimate the physical properties along the fault by vertical
seismic profiling (VSP) and IODP core-log-seismic integration.

@Tracking the ocean evolution using metallic elements: The
minerals play a role in determining the properties of sediments
and rocks, and provide information about past oceans. We use
isotopes and local structures of metallic elements to identify
geological histories.

&
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Drill cores recovered from seafloor, which record Earth’s history.
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We have collected ocean floor sediments and precipitates in order to
reconstruct the paleo-environments and to understand the biogeochemical
processes to control ocean environments in the past. Marine biogeochemical
processes has played an important role in determining atmospheric carbon
dioxide concentration and in influencing terrestrial environments. Various
phenomena have been changing versus time, which can be traced and
recorded in the sediments. In addition, each process has its own peculiar
periodicity. Therefore we qualitatively reconstruct the earth’s surface
environments in the past in high-time and spatial resolution, which are
served to modeling studies. Both enable us to conduct synthetic analysis, to
understand the detailed process and to predict future environmental change.
Although “Mineral resources” and “Environments” are often to deal with
separately, both are closely linked from the point of biogeochemical and
material cycle. Consequently, the concentrated deposits are often formed
on the seafloor. In this section, we have sampled ocean floor sediments/
precipitates, terrestrial sedimentary rocks, corals, have conducted the analysis
of sedimentary structure, mineralogy, chemical and isotopic composition,
microfossil assemblage. Furthermore high-precision culture experiments
are conducted on calcifires and opal screaning planktons, which are major
constituents of sediments/sedimentary rocks. We would like to contribute
collaborative works and international project such as IODP.

Ongoing Research Themes

@Study on paleo-environment and paleo-climate in relation to
the human activity
Sedimentary cores collected from the bay provide unique opportunity
to reconstruct both terrestrial and marine environments during the last
3,000 years. For future prediction in response to increased human
activity, we culture calcifier especially responding to ocean acidification.

@Study on paleo-environment and paleo-climate by using marine
sediments and precipitates
In order to understand long term environmental change during hot earth in
Cretaceous and/or cooling earth in Cenozoic, we study long sedimentary
cores taken by International Ocean Discovery Program (IODP).

@Study on paleo-environment and paleo-climate by using
sedimentary rocks and precipitates on land

@Study on marine mineral resources
Fe-Mn nodule, Co-rich crust, and hydrothermal deposits are potential
marine mineral resources. Sub-seafloor hydrothermal activity and
seafloor ore deposits
in modern and ancient
oceanic crust including
ophiolites have been
investigated.
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Sedimentary core collection
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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 its environment, and plays major roles in
biological production and biogeochemical cycles in the ocean. In recent
years, it has become 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 food web structures in marine ecosystems:
Molecular techniques reveal the basin-scale patterns of biodiversity.

@ Life history of zooplankton: Molecular techniques together with field
observation reveal egg to adult life histories of important species of
zooplankton.

@Roles of plankton on global biogeochemical cycling: Understanding
the roles of plankton on global biogeochemical cycling by
investigating the species specific physiology and ecology.

@ Mechanisms of new production and trophodynamics in the
subtropical Pacific: Passing a typhoon causes a enhancement of
primary production and alters the food-web structure in the ocean desert.

@ Understanding of coastal ecosystems from a multi-ecosystems
perspectives: Mudflat, sea glass bed, sea weed forest are the major
components of coastal ecosystems. We try to elucidate the interactions
among them.

@Damages by the great tsunami and the secondary succession of
coastal ecosystems in Tohoku area: We investigate the damages of
coastal ecosystems induced by the great tsunami from the view point of
planktonic organisms.
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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

@Biomass, community structure and metagenomic analyses of
marine prokaryotes

@ Integrated research on prokaryotic group with high activity and
functions

@Interaction between marine submicron particles and
microorganisms

@Ecology and physiology of photoheterotorphic microorganisms

FEFENEHR CERELBFEER

An Atomic Force Microscopy (AFM) image of a marine bacterium
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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 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 ecosystems. We
are also analyzing the effects of global warming on such geographical patterns.
Although sandy beaches comprise about seventy percent of open-ocean coasts,
its benthic ecology has been little known comparing to other coastal environments
such as tidal flat, rocky shores, and coral reefs. Sandy beaches are at risk of
significant habitat loss (coastal erosion) from human impacts. We are studying
benthic animals in sandy beaches to understand the ecosystem and conserve it.

Ongoing Research Themes

@Evolution and ecology of deep-sea gastropods, including
hydrothermal vent endemics

@ Genetic and morphological deviation of deep-sea demersal fishes

@ Effects of global warming on population structure of tideland snails

@Natural history of amphidromous snails

@Ecology of sandy beaches

o

MEMABATONO—ILIEE

Sampling of deep-sea benthic animals using a trawl on the R/V Hakuho Maru

FEREEEASOHIE G

3

KOJIMA, S.

ETciie /NS TXER
Professor KOJIMA, Shigeaki
R FFEF Z=AI
Associate Professor ~ KANO, Yasunori
BhER BEX BhA

Research Associate  SEIKE, Koji

KARFRTH L RIR T2 R RHER

2 o 1 5 ATMOSPHERE AND OCEAN RESEARCH INSTITUTE CATALOG
THE UNIVERSITY OF TOKYO



— NS | RESEARCH CONTENTS

O e BT

FEZ

Division of Marine Life Science,

Department of Marine Bioscience, Physiology Section

AEDOBISEELEGIE WIROESEEHIOELEE S
TEELABRABT TR EMEBEOEDYEVDEL D
5. EMP EDEILTBEEVWIBISEG UESE#IZL TV
POV EEZHNEIIIBIOMEEEDTVE T, BIRIR
ELBETTI BAKDBEERERICE (FHL0ERDF3
f5) BAEEMESESELBBEE LAY SBEVOEVWREL
REBICESLTVWES, ZOEHEAERISRLEZZDD/INE—2(C
KATEET, /= bld. ZNZFh DA EREBBT 52 &1L,
EYMOELEVWIRAEBLICEWT BEEYH EDLIICZ
hZhOBEICEEEEBL. BEDERELZLLEONIER
LTWET,

EYDOEREMB LI ETZOEMEBRTZI LI
FNET, ZZ T IFX YT -ALH (b2 HX-TA(5E i
HOAaAELIREETo(VET, IE~NDHZ2L— 3>
HEIFLEHLHARNFMIC LT REEREHZE DX S
FEARILELOEBZEERLANIVTRENTOET, LML AD
ZXLDOBTIE K AT RFRHEEDEER®, RILEE
ZOZRBEDTFENFHICEEL. BREFNH D ITEIRS
BRAT EEER(EL THIE D F OB IR RILE LB R
RNTOWET T/ LIERICEDILNIF AL THv T4V ZEFIAL
FEFLWRILES DIERR. bRV 1290 8L U/ v I8
BDOERDIOLBEFIZFNEFELEY AN EETFH,SE
RIZW B IRWE B & ilTE BT BEE Y O E IS 8BS % 7
BAL LS EMMRBEEDTVET,

REOELEMAT—~

QO EBEVWOIEVREEREANDEICOEHEAZ, EBIEFHS
EIRICW =22 A FEERVTEELAICLTVET,

O AL EICRONBLEWEATE (KIEM) DL~ %,
PIEM AL B THZEICEIBERALTOET,

QT EREFRINELEZDRERDO D FEREDE/IZDON
T IESELERBEBEREEHVWTHSAICLTVET,
O FRAEICEAH 2L RILEL DR IEREHSRIICBE
8. BKEIDICH DA IR EEBELLOELTOET,
@7/ LIBERENAFAA LT T4 7 ZEFIALT, AXEPHIL
¥ SHREREEGEFEROUTVET,

Q@ EEFIFAFA L TRRREEEFOBACHIEEZITL.
FOREBERBAL NILTEEBALTOET,

ON(AOAFX L THA I RCEBFNERL,BATE-0. i3
BEPKEENIA-ETIRMEBERARBLTEEEDIC
EKELHLVRESBFORHAZRATONET,

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 various 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, and
salmon) 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 in 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 osmoregulatory mechanisms of euryhaline fish using
various techniques.

@Analysis of molecular and functional evolution of osmoregulatory
hormones and their receptors by phylogenetic and genetic
techniques.

@ Integrative approach to endocrine control of osmoregulation.

@Discovery of novel osmoregulatory genes/proteins in the genome
of fish and mammals using bioinformatic technigues.

@Application of gene engineering techniques to evaluate the role
of an osmoregulatory gene at the organismal level.

@ Introduction of physiological discipline into the bio-logging
science.
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Strategies for adaptation to hyperosmotic marine environment
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After the origin of life, a variety of organisms have evolved in the
sea. The Laboratory of Molecular Marine Biology conducts research
to understand the molecular basis of the history of diversification
of aquatic organisms and the various functions involved in species
diversification and acquisition of habitats.

The evolutionary history of diverse aquatic organisms is elucidated
mainly by population genetics and phylogenetics with modern
molecular technigues. Especially, we have been determining reliable
phylogenetic frameworks, indispensable for evolutionary comparisons,
in fish through whole mitochondrial 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.

Research on biological functions is focused on symbiotic associations
between marine macroorganisms (such as fish and invertebrates)
and microorganisms (such as gut microbes and chemoautotrophic
bacteria) and adaptation mechanisms to extreme environments such as
hydrothermal vents and changes in environmental conditions. Rearing
experiments in laboratory and field research are employed in addition to
detailed molecular analyses.

Through the studies of phylogenetic and functional evolution described
above, we hope to gain a better understanding of how life on earth
with its diverse and rich ecosystems has evolved.

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, through DNA
sequencing

@Evolution of mitochondrial and nuclear genomes in fish

@ Symbiotic associations between fishes and gut microbes

@Mechanisms of adaptation to the deep-sea, including hydro-
thermal vents, and its evolution

@®Mechanisms of environmental adaptation of marine in-
vertebrates including barnacles, mussels, and hydrothermal
vent animals

@Studies on mechanisms of environmental adaptation of Asian
medaka fishes and its application to environmental monitoring
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Deep-sea bivalves (lower left) and the rearing

3 " apparatus (upper left); the feeding behavior of a

Steelhead Parrotfish (right)
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An animal-borne video
camera took shots of
a streaked shearwater
capturing a Japanese
anchovy under the water

We investigate the distribution, ecology, behavior and evolution
of marine organisms such as marine macrophytes (seagrass and
seaweeds), fish, sea turtles, seabirds and marine mammals through
field surveys, study of molecular genetics, remote sensing data and
Bio-logging.

1.Behavioral ecology of marine top predators: Bio-logging Science
is new scientific field that allows researchers to investigate phenomena
in or around free-ranging organisms that are beyond the boundary
of our visibility or experience. We rely mainly on animal-borne
devices, which can record 3-D dive path, swimming efforts and visual
information on surrounding environment including prey distribution,
micro habitat and other individuals (social interaction). Combining with
physiological experiment, stable isotope analysis, molecular genetics
and development of new devices, we aim to understand mechanism
(proximate factor) and function (ultimate factor) of animal behavior.
2.Habitat mapping and measurement of marine organisms: For
the conservation of coastal ecosystems, we study a habitat mapping
system that couples GIS and remote sensing techniques such as
satellite and narrow multibeam sonar with a system for integrated
coastal area management. We develop three-dimensional measurement
systems and visualization methods of habitats.

Ongoing Research Themes

@Physiological behavior of large fishes (Ocean sunfish, sharks
and sea bass, etc.)

@ Migration and life history of sea turtles

@Behavioral ecology of seabirds (streaked shearwater, albatross,
European shag, etc.).

@Improvement and development of Bio-logging tools

@Development of a three-dimensional measurement system to
map bottom substrates and macrophyte beds using optical and

acoustic remote-sensing methods

@Development of a three-dimensional system to map fish schools
using a narrow multibeam sonar

@Distribution and transport of drifting seaweeds in the East
China Sea

@Studies on the habitat use and behavior of the whip stingray by
using a bio-logging system
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A photograph showing the
world tallest seagrass, Zostera
caulescens Miki, in Funakoshi Bay,
Sanriku Coast (left), and a three-
dimensional image mapped using a
narrow multibeam sonar (right)
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Ocean provides variety of benefits, including fish, shellfish and
seaweed, and sustains human living. Recently, many studies showed
the importance of climate and ocean variability on the fluctuation of
living marine resources. For example, it has been elucidated that the
large fluctuation of Japanese sardine closely related to the ocean
environments in the Kuroshio and Kuroshio Extension, where their
eggs and larvae are advected. However, life history of many marine
livings (spawning ground, migration route, etc.) is still unknown and the
mechanism of ocean variability impacts on living marine resources is
still mystery. Facing to the global change, it is urgent task for human
beings to elucidate the mechanism of ocean variability impacts on
marine ecosystems and evaluate the effect of future climate change
on living marine resources. Our group studies the dynamics of physical
oceanographic processes and their impacts on marine ecosystem and
fisheries resources via physical-biological interactions by promoting
both field observations and numerical simulations. We are conducting
high technical observations using underwater gliders and GPS wave
buoys and investigating sardine larval environments using stable
isotope. Relationship between ocean environments and occurrence of
paralytic shellfish poisoning is studied with real-time buoy monitoring
of Otsuchi Bay. To elucidate the key factors to control fluctuations of
living marine resources and evaluate climate change effects on them,
data assimilated marine ecosystem models and fish growth - migration
models have been developed.

Ongoing Research Themes

@Fluctuation and species alternation mechanism of important
living marine resources

@Impacts of global warming on marine ecosystem and fluctuation
in living marine resources

@Physical processes related to biogeochemical cycles in the
Kuroshio and its adjacent regions

@Transport modeling of harmful organisms and toxic substances

@Development of new-generation observation system and marine
ecosystem models
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In order to develop a management procedure for marine living resources,
we have been developing numerical methods such as statistical
analysis, construction of numerical model, and computer simulation

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 53% of the marine
stocks or species groups are fully exploited, and another 32% of stocks
or species groups are overexploited or depleted (FAO SOFIA2010).
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 living marine resources. Other active
research topics include conservation ecology of coastal cetaceans
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

@®Management of marine living resources under uncertainties :
Our knowledge of ecosystems is extremely limited. Management
strategy evaluation, which is a process of developing a
management procedure robust to uncertainties using simulation,
has received a lot of attention.

@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 ecology of coastal cetaceans : Finless porpoise
and Indo-Pacific bottlenose dolphin, which inhabit coastal waters,
are affected by human impact. Our investigations encompass
population dynamics and conservation of these two species.

=

- AMYMED - 4

oRETcLnLy
TR {11140, 15

(AR A ETICH,
BRSNS ENEERRL.

sinr
Tlemni[
1)} Tl (-0

e AT

RLEEIA
new-

Tantegrae g
g e

vy et T Vot

{ptemy-Tabief a(13)] . —

Selowt [ ras] |weiemy:

ONETEEAR L)
TR 1114011

SHIRAKIHARA, K.

HIRAMATSU, K. IRIE, T.

RIEHUR™ BAARE B

Professor SHIRAKIHARA, Kunio
R T —Z

Associate Professor  HIRAMATSU, Kazuhiko
BhEX AL &1

Research Associate  IRIE, Takahiro

HRARFRTH L RIR T2 R

58

CATALOG I ATMOSPHERE AND OCEAN RESEARCH INSTITUTE 2 o 1 5
THE UNIVERSITY OF TOKYO



NS | RESEARCH CONTENTS -

B e B pi

HIRERRIET

Division of Marine Life Science,

Department of Living Marine Resources, Biology of Fisheries Resources Section

FREEREMIER: BEHWI10°~10"MOI%EE
H ELBMEERNDZEBOTEZETT, FlAIL, BFETIIRE
DAREIEFEBRIC. EAHINBIINAZ X1EFH1.0mm
TSI TR2FABEMMULHL»EL, ZLIEUER O3
EEHEBILET IIELTERINTHSIEILHDEH,ARM
ICIEEAEPTBRLTLEV,. b DEATHEEEZ - BF
PEBRMABFELTROERETME LET, FHEZKIEE

(£5%=R) 1. KELEOHENRE -BEL3T52 70
ELEDEYHRBICS>TRZLETHLET, £/ KRB
BETRELAYEN - EYHNREBICEI>T BEEHRICERE
PRABFEOELBEGIRIELET, ThONSEAHEINS
INELEDEVWD. EEESIFDOEICHETDIEEASNE
ToZDER. FRMAFHOEREEN KELLEFHL. ABHIFI
FATE2EREDIERTINTT,

BREXHOLLL: BOEMERIENDLILLLAT
BRTZ0OD ChiZBFEEMERFVRATNZERLRE
TI . RPEAHTIIOEXEICH T IRIBERE, EAHE
N -ShEDEZTZYICET ML RS BREEHOL
{HEMEAYTHERELVET, BREEI T BEEYOD
FIEEREMAEREMRTE LIS FHRMARDOE
BENEETEULAOEBERELTVET,

LY—LI7hEEREL: BEEMEROEHDOLIAL
LT BAEEERDOL Y —LYTREVWOIREILLEBHIND
EOHENFE L ShIZEENATIEDOEENCHF >TKFR
BTEBEERERDEREED H DR SRIDIREN BB,
ZhICHFSTENERDREZLEHTIEVIBHTT, 1980
FRRICEZSEL I —LYTMIFEST. BEADTITOER
BB LI EIERIBICHLWEZATT, BREZHD LA
RBANRTEIL. [LY— LY T DI LBERIEODTEILE
LTERENERTIDIE. FREEPINHEREDEDL S
TALICEB SIS NBDD] EWDEICKROINTEE L,

EHITIERERELER: LI—LITMIESTAEE
TREFEIHD2—AT. VI ERBREKKELEROHE
T 20t BB EICHARA T VO E RV HBE GO TIE
BLI=DICIH LT YA T EEIGE R TE D TIVALTIIEE
EOEHBTEELTVE L AL B TIERELTELEIR
DOLEBEEFIE. BREETED UL AEBATIFEN )R
ZESTT,

Marine animals generally produce large number of eggs (10°-107).
The average egg diameter for various fish species is as small as 1.0
mm, irrespective of the adult body sizes of the species. Hatched
larvae are also small about 3.0 mm in length and have different
morphology and ecology from their parents. They experience mass
mortality in the planktonic larval and early juvenile stages. Recruitment
of juveniles to adult population is determined by the growth and
mortality rates in early life stages. Individuals experience different
physical and biological environment, and have different growth and
maturation characteristics. Such individual differences result in various
reproductive traits of adults, and eventually in quantity and quality
of egg production that affect recruitment of the next generation.
Members of the Biology of Fisheries Resources Section investigate
maturation and spawning of adult marine organisms such as fish and
squid species, and growth and mortality in larval and juvenile stages.
The aims of our research are to understand the reproductive and
early life ecology of marine animals that underlies the mechanisms of
recruitment fluctuations and eventual population dynamics. Our results
will constitute the basis of sustainable use of living marine resources.
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School of Japanese sardine Sardinops melanostictus
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Egg mass of squid Heferololigo bleekeri at natural spawning ground
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Department of Collaborative Research,
Biological Oceanography Section
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Fig1

The distribution, migration, and stock variation of marine organisms
fluctuate with the physical, biological, and chemical marine environment
on various temporal and spatial scales. Global oceanic and climatic
phenomena related to El Nifo have a close relationship with the
spawning and feeding of the fishes such as tuna and eel that exhibit
large-scale migration over several thousand kilometers. The biological
transport associated with ocean circulation and the vertical mixing
caused by oceanic turbulence play very important roles in the growth
and survival of larvae and small marine organisms, such as shellfish.
There is a wide variety of marine environments that affect not only the
entire life history of species, but also the specific growth stages. Our
objectives are to clarify the characteristics of oceanic phenomena
related to the ecology of marine organisms, and the response
mechanisms of aquatic organisms to global environmental changes.

Ongoing Research Themes

@The feeding ecology and transport of Japanese eel larvae

@The habitat, environment, and behavior of Japanese eel adults
in freshwater regions

@The effects of Kuroshio on stock abundance and migration of
the species that are important to fisheries

@Ecological and physiological responses of marine organisms
related to global warming

@The reproduction mechanisms of coastal marine organisms

@Larval dispersal mechanisms of benthos related to the
evaluation of marine protected areas

@ Modeling of the physical environment of small-scale bays

@Effects of global environmental changes on stock abundance
and migration

Fig.3 Fig.4

Fig.2
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The Japanese eel leptocephalus (Fig.1) and its larval transport from the spawning ground in
the North Equatorial Current, reproduced by numerical simulation (Fig.2). Transport rate of
the Japanese eel larvae along the Kuroshio is less than that along the Mindanao Current in
an El Nino year (Fig.2, left panel). Yellow eel (Fig.3). Glass eels turn into yellow eels, and the
freshwater environment affects their growth and survival. The Menai Strait - largest mussel
producing area in the UK (Fig.4).
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Department of Collaborative Research,
Ocean Alliance Section
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Large scaled ORI
net operation
on board R/V
HakuhoMaru to
sample fish larvae

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

Ongoing Research Themes

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

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

@ Restoration and conservation of coastal environment and
ecosystem focusing on iron
The relationship between forest, river, and sea is important for
maintaining the coastal ecosystem, and the role of iron in the
ecosystem has attracted increasing attention recently. We have
developed a method for restoring seaweed beds and the coastal
ecosystem by using a mixture of steelmaking slag and humic
substances, focusing on the lack of dissolved iron in coastal
areas. The dynamics of chemical substances, mainly iron, in
terrestrial and coastal areas has been investigated to understand
the importance of iron in the coastal environment and ecosystem.

SkEF AU RGBEICE ) - HAERER (taEEEm)

(RERBIARIOBE (&) ERRBRBEDE (7))
The bottom of sea (left) and sea area of field test site in Mashike-Cho, Hokkaido
for the method of seaweed bed restoration by using steelmaking slag and humic
substances
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The International Coastal Research Center is located in Otsuchi
Bay on northern Japan’ s Pacific coast. The cold Oyashio and warm
Kuroshio currents foster high productivity and biodiversity in and
around Otsuchi Bay. The large earthquake and tsunami on March
11, 2011 resulted in serious disturbance to the nearby coastal
ecosystem. It is very important to monitor physical, chemical, and
biological aspects of the ecosystem as it recovers. Thus, we intend to
reconstruct the ICRC in Otsuchi in order to contribute significantly to
international coastal research.

KIETE DR

Swash zone in Otsuchi Bay
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Coastal Ecosystem Section
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The coastal ecosystem section focuses on promotion of international,

collaborative research into the effect of variability in marine and climatic
conditions on the modern and historical coastal ecology of the Sanriku area.

AFEREDE

Coastal Conservation Section
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New research boat “Grand Maillet Ry N7 — S BB TRANAERLEEY AT LOBELBIELTVET,

The coastal conservation section aims to provide a framework for
conservation, restoration, and sustainability of coastal ecosystems by
focusing on the life history and behavioral ecology of coastal marine
organisms and dynamics of bioelements in the coastal areas.

EMERBEDE corceszn)

Coastal Ecosystem Restoration Section
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The section “Coastal Ecosystem Restoration” analyzes the effects of
the mega-earthquake and massive tsunami events of March 11, 2011,
on coastal ecosystems and organisms, and monitors the secondary
successions of damaged ecosystems.

el &S ) BF
Regional Linkage Section
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The regional linkage division endeavors to coordinate academic programs of
coastal marine science by establishing a network of scientific collaboration
between domestic and foreign universities, institutes, and organizations.

*%fﬁ ﬁLéhtuﬁﬁﬂ"?’TE
Rebuilt research boat “Yayoi”
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International Coastal Research Center,
Coastal Ecosystem Section
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Coastal areas of Japan have high biodiversity comparable to that
of tropical rain forests. However, partly because of their complexity,
fundamental questions remain regarding the structure and dynamics
of coastal ecosystems. To understand such coastal ecosystems, basic
studies on the ecology of each element and interactions between them
are required. The main goal of the coastal ecosystem division is to
study marine biodiversity in coastal waters and the interactions between
marine organisms and their environments. Special emphasis is currently
placed on: (1) environmental impacts of coastal marine structures upon
marine ecosystems, and (2) historical changes of coastal environments
and ecosystems, through promotion of international collaborative studies.

Ongoing Research Themes

@Changes of the coastal marine environment in the bays of the
Sanriku Coast: Oceanographic structures, such as the large
Kamaishi breakwater, and the associated changes to coastal
bays are studied based on data analysis of oceanographic
observations.

@Coastal Sea Circulation: We investigate the structure and
mechanism of sea circulations in Japanese and northeastern
Asian coastal zones. In addition, we aim to comprehensively
understand the relationship between the sea circulation and the
marine habitat through observations and numerical modeling.

@Past environmental reconstruction using biogenic calcium
carbonate: Biogenic calcium carbonate are useful archives of
past environment. Growth rate and geochemical proxy provide
various kind of environmental information. Daily and annual

growth lines enable to reconstruct at various time scale, from
daily to decadal, such as typhoon or Pacific Decadal Oscillation.

BEEOER RS> TOBARESE,

Observation of the marine environment between culturing rafts.
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International Coastal Research Center,
Coastal Conservation Section
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In the 20th century, serious damage to the coastal ecosystem has
occurred and is evident as a rapid decrease in biodiversity and
extensive resource depletion that is exacerbated by pollution and
global climate change. In addition, the large earthquake and tsunami
on March 11, 2011, caused serious disturbance to the Sanriku coastal
ecosystem. Conservation and restoration of coastal ecosystems in
general is a critical issue for societies in the 21st century. The coastal
conservation division focuses on: (1) Life history and behavior of
coastal and diadromous fishes with their taxonomy and population
genetic aspects to understand the evolutionary history of ecological
traits of fishes. (2) behavioral ecology of animals in relation to their
surrounding environments using animal-borne data loggers (Bio-
Logging), (3) the role of dissolved and particulate matter in material
cycling in coastal environments. This division also covers research
plans on conservation and habitat restoration.

Ongoing Research Themes

@Ecology of coastal and diadromous fishes: Distribution,
migration, growth and reproduction of coastal and diadromous
fishes are studied in relation to environmental factors.
Evolutionary histories of these ecological traits are also
investigated with morphological and molecular phylogenetic
approaches.

@Dynamics of bioelements: Availability of organic and inorganic
resources, which determine environmental productivity
and components of food web, in coastal environments
are investigated through field observation with ship-board
instruments and mooring system and laboratory experiments.
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Sampling of fish larvae by small purse seine from the R/B "Grand Maillet".
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International Coastal Research Center,

Coastal Ecosystem Restoration Section
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The Great East Japan Earthquake and the subsequent massive
tsunami that occurred on March 11, 2011, severely affected the
coastal ecosystems on Joban and Sanriku Coast of northeast Japan.
Understanding the effects of the earthquake and tsunami events
on coastal ecosystems and organisms, and monitoring secondary
successions of damaged ecosystems, are essential scientific
processes for the recovery of the coastal fisheries and for future
fishery and stock management of resource organisms in the area.
The section “Coastal Ecosystem Restoration” was recently
established in International Coastal Research Center on April 2012,
to lead the above important studies in the next 10 years.

Ongoing Research Themes

@Effects of the earthquake and tsunami on coastal ecosystems
and organisms

@Secondary successions of the coastal ecosystems damaged
by the tsunami

@ Community and food-web structures in seaweed beds and
tidal flats

@Ecologies of benthic organisms, such as mollusks,
crustaceans, and echinoderms

@Behavioral ecologies of fish species in coastal waters
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SCUBA survey to study benthic organisms in the coastal rocky shore ecosystem

KITAGAWA, T.

KAWAMURA, T. HAYAKAWA, J.

| AR

HIROSE, M.

iz AR JEZ
Professor KAWAMURA, Tomohiko
AR il &+
Associate Professor ~ KITAGAWA, Takashi
BhE Bz

¢ Research Associate  HAYAKAWA, Jun
LESES: e I8 A

Project Research Associate HIROSE, Masato

2 0 1 5 ATMOSPHERE AND OCEAN RESEARCH INSTITUTE I CATALOG
THE UNIVERSITY OF TOKYO

65



,— ffZ22ANZ | RESEARCH CONTENTS

RIEVV I UDAL IV AMRERESE . 7OV IS/ A—-1

Tohoku Ecosystem-Associated Marine Sciences: Projet Grand Maillet
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The logo of Tohoku Ecosystem-Associated
Marine Sciences
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CTD measurement on board R/V Shinsei Maru
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Symposium in Otsuchi

i D2 &/ 02 Tl 1 4 $u B 272 Sl B i |
The mascot of Projet Grand Maillet, named “Maillet”

2012F1RIC SR FEOTIEEZ T TRBIN
Hitw U AT oA EEIL. RALKZ, B
MEREENBEIMRERER. ERRERREE
MEFRE P EH L A0ERBICh > THE S RIETH
EEZARIEARBOMZENLEHREEZTV. ZThE
BUTAEEEATRLTVWISETEHDTT,

RERAFKRAGBEMRATE. COEEIEDS
TOVIINF—LE[TOT T I A—2] ERFFIT.

[BEERERTEAHNILOMEEA] EWHBEOHE
ICAKWBEERLELERAE MREED TV ET, Zh
ZEUTREDOERBARBFMR L 2— 2k
BEEBOE, ZLTHERICHEI N BEREOIS L
TRREESETWFETT,

510, mALBFERRBETMEM (FiATHZEM)
HEAEBRELTREE, Z/BEE6. RALBFEHD
SRR, LB ToTOE T,

AHRREEL. MECZEGMAEBEEERICRIT
U B MAaNICIEEL. Boh/-T -2 e &IlEE
HERERETFTIVEBEL. TOXTEHAHNILERERATS
ZEZLTZNSORZHMAE BEDOERBISE,L
T ZEEBIELTVWETY,

(C[F5>x—a]&id, 75 RETIRELKRE] D

o)

The Great East Japan Earthquake was one of the biggest
natural disasters humankind has ever experienced. Our
mission is to ascertain the impact that the earthquake and
tsunami had on the living organisms and ecosystem in
Tohoku coastal area, and observe the subsequent process
of transition over the course of time. Based on this scientific
knowledge, and continuous monitoring data, we will clarify
what is needed to restore the area’s fishing industry. In
order to execute this mission, the Atmosphere and Ocean
Research Institute (AORI) of the University of Tokyo
launched Projet Grand Maillet, which is based in Otsuchi
town. Otsuchi’s name means “big maillet” in English and

“grand maillet” in French. Projet Grand Maillet is named
after the first new research vessel built for the International
Coastal Research Center since the disaster. Projet Grand
Maillet is a part of Tohoku Ecosystem-Associated Marine
Sciences (TEAMS), funded by the Ministry of Education,
Culture, Sports, Science and Technology in Japan (MEXT).
AORI will carry out scientific research in close collaboration
with Tohoku University and the Japan Agency for Marine-
Earth Science and Technology (JAMSTEC).
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Center for International Collaboration
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Atmosphere and Ocean
‘ I ‘ Research Institute
The University of Tokyo

ERE#ERR 2 RIvv—7
Original symbol mark of CIC

Research Institute

AKRBEMERICHEIBINNFLBERMT7HT BEESBEEEESORHICERKRELTEE
I— (VAST) LB AICET 2583
International meeting on cooperative research  Japanese delegation
with the Vietnamese Academy of Science and
Technology at the Atmosphere and Ocean

In April 2010, we established the Atmosphere and Ocean Research

Institute (AORI) as a new institute to cover interdisciplinary ocean and

atmospheric sciences. At the same time, we established a new center

for further strengthening the activities of international academic

exchange in these scientific fields. The Center for International

Collaboration is the successor to the Center for International

Cooperation, which had been operating for over 15 years.

The center consists of three divisions: International Scientific

Planning, International Advanced Research, and International

Research Cooperation.

The Center for International Collaboration (CIC) will promote

internationalization of the Atmosphere and Ocean Research Institute,

and will help it continue to be a leading institution that creates ties

with other institutions and is an international center for atmosphere

and ocean research:

1. To plan, promote, and support international activities based on
inter-governmental agreements.

2. To promote and support large joint international research projects.

3. To promote academic exchanges and personnel development with
Asian and other countries.

4. To strengthen the role of the institute as an international center for
research on coastal oceanography.

5. To develop the next generation of researchers by supporting
overseas dispatch of young researchers.

6. To invite non-Japanese visiting professors and actively exchange
students.

7. To expand and strengthen international dissemination of research
results (including using academic journals and academic
databases).

Participation in an I0C meeting as a member of the

INOUE, K.

IMASU, R. PARK, J. O.
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Professor INOUE, Koji
HHIE (38) SE R—
Associate Professor  IMASU, Ryoichi
M (F) A EF

Associate Professor ~ PARK, Jin-Oh
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International Scientific Planning Section
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This group aims to participate in the promotion of international research
projects on atmosphere and ocean sciences. In particular, the members
of the group play important roles in many projects promoted by the
Intergovernmental Oceanographic Commission (I0C) of UNESCO, by
providing professional suggestions in the planning of oceanographic
research and ocean services of the IOC Sub-Commission for the
Western Pacific (WESTPAC) as a member of the WESTPAC Advisory
Group. We are also actively participating in oceanographic data
management with the International Oceanographic Data and Information
Exchange Programme of the IOC (IODE) . Prof. Michida was elected as
one of the vice-chairs of the IOC in 2011, and co-chair of IODE in 2015.
From the scientific point of view in the group, we carry out studies on
the coastal environment and its variability particularly in relation to
marine ecosystem dynamics in some coastal waters of Japan by analy-
zing physical oceanographic observation data. We also promote tech-
nical studies to improve observations with drifters and shipmounted
ADCPs for investigation of the surface current field in the open ocean.
In addition to the above oceanographic studies, the group contributes
to the issues of ocean policy of Japan, including oceanographic data
management policy that has become one of the important subjects after
the enforcement of "Basic Ocean Acts" in 2007.

@ Oceanographic conditions in Suruga Bay: Oceanographic
conditions controlling the retention mechanism of an important
fisheries resource in Suruga Bay, is studied by analyzing
observational data of surface currents and oceanographic
structure in the bay.

@® Mechanisms of oceanic and atmospheric variability:
Variability of oceanic and atmospheric conditions in the Sanriku
Coast area is investigated by the analysis of long-term records
of oceanographic and meteorological observations at the
International Coastal Research Center.

@ Oceanographic data and information management: Data
management, which is one of the key issues in the policy
making processes for ocean management, is studied based on
the analysis of related international activities and inter-agency
relationships.

EMBICH T B EA
Oceanographic observation in
Suruga Bay, Japan

MICHIDA, Y.

iz EH 2
Professor MICHIDA, Yutaka
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International Advanced Research Section
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The division of international advanced research promotes and
supports large joint international research projects associated with
Japanese scientific community, especially, IGBP Core projects under
ICSU, CLIVAR under WCRP, projects and working groups under
SCOR, CoML, InterRidge, and others related to atmosphere and
ocean sciences activities of non-governmental organizations.

Research Objectives

Climate and environmental changes will have significant impacts
on biogeochemical cycling in the ocean, on atmospheric chemistry,
and on chemical exchange between ocean and atmosphere. The
exchanges include atmospheric deposition of nutrients and metals
that control marine biological activity and hence ocean carbon uptake,
and emissions of trace gases and particles from the ocean that are
important in atmospheric chemistry and climate processes. Our goal
is to achieve quantitative understanding of the key biogeochemical
interactions and feedbacks between ocean and atmosphere.

@Chemical compositions and their fluxes to ocean from marine
atmosphere: Study of transport and deposition of trace metals
and bioavailable elements over the ocean.

@Biogeochemistry of particulate trace metals in the marine
environment

@Atmosphere-Ocean interaction of trace elements: The
behaviors of anthropogenic and biogenic elements in
precipitation on the marine atmospheric processes.

@Development of automatic measurement of chemical
composition: The development of a rapid measurement system
of chemical composition and its application to the marine
atmospheric measurements on shipboard.
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Center for International Collaboration,

International Research Cooperation Section
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The essence of the Asian seas is in the many different aspects of their
diversity. In a map of Southeast Asia you will find land-masses with
complex coastlines and many islands, where species surviving from
ancient ages and those diversified through more-recent environmental
changes coexist, resulting in the highest diversity of marine life in the
world. On the other hand, East Asia encompasses major currents
such as the Kuroshio and the Oyashio, diverse climate zones ranging
from subtropical to subarctic, and characteristic geography such as
plate-boundaries, trenches, and marginal seas, resulting in its rich
biodiversity and marine resources. In turn, the Asian countries are
highly diverse in their culture, economies, and politics, resulting in
different circumstances in their relationships with the sea, such as
those in resource use, environmental issues, and marine research. This
necessitates collaboration in marine science among Asian countries
with a mutual understanding of our culture and approach towards
sustainable use of the gifts from the sea.

With this viewpoint, the Division of International Research Cooperation
works towards consolidating and expanding a network of marine
research and education centered on the Asian Region. We are also
working towards promotion of next-generation researchers who
will contribute to global international activities through support for
establishing top-level core universities/institutes of marine science in
collaborating countries and mutual exchange of researchers.

Ongoing Research Themes

@ Census of Marine Life in Southeast Asia: A collaborative
project between Southeast Asian countries, aiming at
understanding the present status of marine biodiversity and
establishing ways of its sustainable use.

@ Species Diversity and Food Web in the Mid-Water Ecosystem:
Elucidating mechanisms generating and maintaining the high
species diversity in the mid-water ecosystem, with special
reference to its food-web structure.

@ Evolutionary Mechanisms of Zooplankton: Understanding
the evolutionary mechanisms of zooplankton in an environment
without apparent physical barriers through a molecular-
phylogeographic approach.

@ Functional Morphology of Zooplankton: Understanding the
function and ecological significance of highly diverse forms of
zooplankton, by applying a variety of tools such as those of
histochemistry, biochemistry, and behavioral ecology.

RL— T CRMELAEN —Z - TDT I I ARE

Plankton sampling in a training course held in Malaysia

NISHIDA, S.
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The Center for Earth Surface System Dynamics (CESD) was
established in 2010 following the merger of Ocean Research Institute
and Center for Climate System Research into the Atmosphere and
Ocean Research Institute. The four divisions of CESD will work to
create a new frontier for studying the dynamics of the earth's surface
system through development of innovative observation and modeling
studies.

At the CESD, our current focus is the MEXT-sponsored project
“Construction of a cooperative platform for comprehensive under-
standing of earth system variation." The project includes coupling
of sophisticated computer simulation and direct observations to
better understand climate, global change, and ecosystems. We also
encourage collaborative studies with other institutions in Japan to
develop a common understanding of earth surface systems.
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Understanding the dynamics of the earth surface system
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Center for Earth Surface System Dynamics,
Paleo-environmental Research Section
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Understanding past environments is key to projecting future changes.
Thus, we investigate climate and earth surface systems over the past
200,000 years, during which time global climates have fluctuated
dramatically with glacial-interglacial cycles and accompanying changes
in atmospheric greenhouse gas levels. Combined observational and
modeling studies are a unique feature of CESD. Various geographic
areas are targeted for collecting samples including South and South
East Asia, Pacific coral reefs, and Antarctica. A state-of-the-art climate
model (MIROC) is used for paleoclimate studies, whereas solid earth
deformation modeling to understand glacio-hydro-isostatic adjustment
(GlA) is employed to quantitatively deduce past ice volume changes.
Our group is also involved heavily with international collaborative
programs, such as IPCC, IGBP, PAGES, I0ODP and IGCP.

Ongoing Research Themes

@Paleoenvironmental reconstruction in monsoon regions
@Sea level changes
@Stability of Antarctic Ice Sheet

A > 1 ] e
WHRREBRBEEREFL VI IEIELRABENNDIHODEE (a. H>
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Various geological archives recording paleoenvironmental information (a,
b: corals, c: glacial boulder, d: tree, e: marine sediments), and the mass

spectrometry to deduce isotopic signatures from the samples (f: Laser ablation
sector field high resolution ICP MS).
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Productivity and diversity of marine ecosystem show dynamic
fluctuation in response to variations in physical environment.
Our research section aims to understand the structure of marine
ecosystem and elucidate the variability in living marine resources
through integration of observation and modeling.

Because components of marine ecosystems interact with each other,
modeling requires investigation of individual phenomena, extraction
of key processes, and validation of model parameters. Therefore, our
approach is based on mutual feedback between observational data
and model simulations. Target fields of modeling are the open ocean
(mainly the North Pacific) and Japanese coastal waters. We also
focus on field surveys and modeling of physical environments and
ecosystems of the Sanriku area, which was severely damaged by the
Tsunami in March 2011.

@Open ocean ecosystem modeling

@Meso-scale eddies and fronts

@Observation for material cycling in coastal waters
@Coastal circulation modeling

@Coastal ecosystem modeling
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Schematic image of the modeling approach based on observational data
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Center for Earth Surface System Dynamics,
Genetic Research Section
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From short time scale of days to long time scale of billions of years, life
has continuously adapted to and evolved depending on the environment.
Our section studies interactions between organisms and the earth
environment, as well as their dynamics in the ocean, by applying
emerging technologies such as bioinformatics, genome evolutionary
analyses, and ecosystem omics.

Ongoing Research Themes

@Evolutionary Analysis of Genes and Genomes

@Ecosystem Omics

@Bioinformatics
Genome sequences serve as both foundations for life activities
and records for evolutionary histories of life. Transcriptomes
fully contain information about the active genes in genomes,
and metagenomes contain information about ecology of
environmental microbes. We analyze these data by adopting
bioinformatic approaches to decipher how life adapts to
environmental changes, what types of interactions between
organisms and the environment produce ecological dynamics,
and how organisms and the earth have interwoven their long
history.

T/ LERERVTHEEBEL G O LR

Phylogenetic tree of life reconstructed using genome information
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Center for Earth Surface System Dynamics,

Atmosphere and Ocean Research Section

ARBHTE. KRBEROBAEETVJ72RBLT KR
BEROYIREZEECEEEIBORBRRAEITVET,
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Cloud images simulated by NICAM realistically depicting two tropical cyclones

The goal of this section is to understand the physical/chemical
structure of the atmosphere-ocean system and its change mechanisms
through synergetic observational research and model simulations.

A new type of a global atmospheric model called the Nonhydrostatic
ICosahedral Atmospheric Model (NICAM) is being developed in our
group. NICAM is a global model with a horizontal mesh size of less
than a few kilometers that explicitly resolves convective circulations
associated with deep cumulus clouds that are particularly seen in the
tropics. NICAM should improve representations of cloud-precipitation
systems and achieve less uncertainty in climate simulations by
explicitly calculating deep cumulus clouds. NICAM has a unique mesh
structure, called the icosahedral grid,that extends over the sphere of
the Earth. Using NICAM, we can simulate realistic behavior of cloud
systems, such as tropical cyclones, heavy rainfall in summer seasons,
and cloud-systems in the tropics, over the global domain together with
the intra-seasonal oscillation including the Madden-Julian Oscillations.
We intend to use NICAM by coupling with the ocean model (COCO)
and other process models such as an aerosol-transport model to
further atmosphere and ocean research.

Ongoing Research Themes

@General circulation dynamics and high-resolution atmosphere
and ocean modeling

@Research on cloud-precipitation systems and reduction of
uncertainty of cloud models

@Collaborative research between satellite remote sensing and
numerical modeling

NICAMICEZRENRFITAVIV () EAXRFITAVIL () DY
Iab—Y3a>r
Simulation of clouds and aerosols (red for coarse and green for fine particles)
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Analytical Center for Environmental Study
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The Analytical Center for Environmental Study (ACES) was launched
in April 2014 for aiming to conduct frontier sciences in Earth system
sciences including biosphere. Single Stage Accelerator Mass
Spectrometry installed at the center is the first and only in Japan that
is capable to conduct high precision and high throughput radiocarbon
analysis with small sample size. The ACES is also able to measure
spatially high-resolution elemental and isotopic distributions in various
scientific samples using Nano-SIMS (microprobe for ultra fine feature
analysis) as well as LA-HR-ICPMS (laser ablation high resolution
inductively plasma mass spectrometry).

1282297 %
BUHBEES
Internship for

undergraduate and
graduate students

ACES: Analytical Center for Environmental Study
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Analytical Center for Environmental Study,
Environmental Analysis Section
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Coral boulder casted onshore by past tsunamis revealed by
AMS radiocarbon dates as well as Uranium series dating. Red
circle is a person as a scale.

Analyzing geological and biological samples provides clues to
understand mechanisms of environmental changes. Such information
contributes to better understand future changes. Hence we are trying
to study climate and earth surface systems for the last 200,000 years
when global climates have been fluctuated dramatically with glacial-
interglacial cycles together with atmospheric greenhouse gasses.
Various fields are targeted for collecting samples including South
and South East Asia, Pacific coral reefs and Antarctica. State-of-
the-art climate model (MIROC) are used for paleoclimate studies,
whereas solid earth deformation modeling to understand glacio-hydro-
isostatic adjustment (GIA) is employed to deduce ice volume changes
quantitatively in the past. Our group is also involving heavily with
international collaborative programs, such as IPCC, IGBP, PAGES,
IODP and IGCP.

Ongoing Research Themes

@Sea level and Stability of Antarctic Ice Sheet

@Detecting precise timing of past Tsunami events
@Paleoenvironmental reconstruction in the monsoon region

@Geochemical ecology

BARTHE—D LTI
2F-—UMRBEE
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Single Stage Accelerator
Mass Spectrometer
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Annual sea surface temperature recorded in coral skeleton as Sr/Ca being
measured by HR-LA-ICPMS.
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Past environmental information may be useful to improve the modeling
of future climate change. Marine biogenic calcium carbonate, such as
coral skeleton, foraminifera test, bivalve shell and fish otolith may record
past environmental and/or ecological information as their chemical and
isotopic compositions. Conventional methods such as LA-ICP-MS and
micro-drilling have spatial resolution of 30-150 micro-meter, which may
correspond to time resolution of a few days. We aim to reconstruct the
past marine environment at ultra-high resolution of 2-5 micrometer by
the analysis of biogenic calcium carbonate using a NanoSIMS, state-
of-the-art micro-analytical technique. This method may provide us
time resolution of a few hours in the case of giant clam shell. Then the
past climate reconstruction from the carbonate sample contributes to
understanding of the climate system and global warming more precisely.
Application of the technique to fish otolith may give new type of insights
on fish ecology such as migration history and nursery environment. In
addition we study chemical evolution of seawater during Phanerozoic
based on NanoSIMS analysis of marine sediments and micro-fossil.

@Development of analytical methods using a NanoSIMS

@Paleoceanographic study using biogenic carbonates and
phosphates

@Evaluation of paleoenvironmental proxy by culture experiments

@Ecological science of fish through otolith analysis
@Geochemical study of ocean’s chemical evolution using
fossils and marine sediments
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Coral keeping past environmental
information
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Fish otolith keeping ecological information
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