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Division of Climate System Research

Explores climate formulation, 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 quantitative understanding of the ocean through observations, experiments,and
theory of ocean circulation, and of water mass formulation, sea fluctuation, interaction of the
atmosphere and ocean, ocean disturbance, and discovery of dynamic structure.

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, and
ocean floor.

Marine Inorganic Chemistry Section

Marine Biogeochemistry Section

Atmosphere and Ocean 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 Geotectonics 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

Synthetic exploration of various biological phenomena in the ocean such
as the evolutionary history, life history, migration, and environmental
adaptation of marine organisms that are inscribed in their genomes.
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 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
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Division of Climate System Research,

Department of Climate System Modeling, Climate System Modeling Section
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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 increasing amount of greenhouse gases and air
pollutants due to human activity. Research is conducted through climate
modeling and remote sensing of the earth's system: important research
subjects include understanding the role of atmospheric constituents,
such as trace gases, aerosols and clouds, and evaluation of their radiative
forcings, which are important for accurate simulation of global warming.

The paleoclimate research aims to reconstruct 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 and parasol effects in the earth's climate

@Global warming and climate impacts of air pollutions

@Interaction between clouds and air pollution

@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

@Interaction between atmosphere and terrestrial vegetation

@Interaction between atmosphere, ocean and ice sheets
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Department of Climate System Modeling, Atmosheric System Modeling Section
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Schematic depicting data flow in observational data analysis

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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Global atmospheric air pollution simulated by a chemical climate model
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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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Examples for modeling of the ocean general circulation and various associated
localized phenomena.
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Division of Climate System Research,

Department of Climate Variability Research, Climate Variability Research Section
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Natural variability

Climate change
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Spatlal patterns of year-to-year natural variability (top) and change under a
global warming scenario (bottom) for the East Asian summer climate.

Climate variability is studied through both detailed analyses
of global, long-term observational data and through numerous
numerical experiments based on climate models. The target of this
research encompasses interannual to interdecadal climate variability,
including global warming.

One of our research objectives is to understand climate variability on
wide temporal and spatial scales. This is important because better
understanding leads to better predictions. In addition to analyses of
observed climate data, by actively using climate models developed
at the Division of Climate System Research, we attempt to elucidate
climate variations, ranging from seasonal to interannual, as well as
global warming due to human activities. Computer models of climate
are a powerful research tool for hypothesis verification in the field of
Earth sciences, in which laboratory experiments are difficult. In the
case where observational data analyses are not sufficient, carefully
designed numerical experiments can reveal complicated interactions
among the climate subsystems that lead to climate variations.
Therefore, improvement of climate models is an indispensable part of
climate variability studies. We are conducting research projects using
world-class high-speed computers such as the Earth Simulator and
the Next-Generation, “K”, computer.

Ongoing Research Themes

@Studies on anomalous weather and low-frequency atmo-
spheric variability

@Studies on coupled ocean-atmosphere climate variability

@Decadal prediction of climate variability and change

@Development of next-generation climate model

2007—2009F FH DL Bk TR TBDOELA () L2006 F 185 #HAEE T
3F8 (F)

Global surface air temperature anomaly. Average for years 2007-2009.
Observation (top) and prediction starting January 2006 (bottom).
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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 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
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Anomalies in sea surface temperature associated with El Nifo based on (top)
observations and (bottom) the climate model MIROC
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Division of Climate System Research,

Department of Climate Variability Research, Climate and Hydrology Research Section
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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

KEREDFHR MG (6D) DEEFHITIEEICEHTSZ. ATHE
EnvisatlZ#E# L= 5 X A1 ETSCIAMACHYI(C L3 8AlE () L RENMIAKTE
BETIVISoOGSMIC LB HETEE (F)

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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Division of Ocean-Earth System Science,

Department of Physical Oceanography, Ocean Circulation Section
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General ocean circulation plays a large role in the global climate,
environment, and ecosystems 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 bidecadal timescales. Climate variability with longer
time scales of particularly more than a hundred years is affected by the
global deep circulation. It starts from the North Atlantic, flows through
the Antarctic Ocean, and finally reaches the North Pacific where
upwelling to the shallower deep layer occurs. The deep circulation is
also a key element in global warming and should be monitored.

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.

@Clarification and monitoring of deep circulation in the Pacific:
The North Pacific is critically important for understanding deep
ocean circulation, but presents many challenges, including diluted
water mass characteristics and complex bottom topography. We
seek to clarify and monitor the pathway and volume transport of
deep circulation using CTD and moored current meters.

@Upwelling of deep circulation in the Northeast Pacific Basin:
The mechanism of upwelling of deep circulation is one of the
biggest questions in oceanography. We investigate the state and
dynamics of deep-water upwelling in the Northeast Pacific Basin
using shipboard observations and model calculations.
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Division of Ocean-Earth System Science,

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

Ongoing Research Themes

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

@Dynamics of Convective cloud and their organization

@Atmospheric and oceanic boundary layers

@Laboratory experiments on atmospheric and oceanic disturbances

ARE DTS Examples of ongoing research

BEXEBRTEONAR—-F—0O7 (L) EAEMBOREK/N L ORI
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Numerically simulated polar low (upper left), meridional cross-section of

numeically simulated rainband (upper right), radar image of subtropical low (lower

left; coutesy of Japan Meteorological Agency) and horizontal convection in a

rotating tank experiment (lower right)
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Division of Ocean-Earth System Science,

Department of Physical Oceanography, Ocean Variability Dynamics Section
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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
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Division of Ocean-Earth System Science,

Department of Chemical Oceanography, Marine Inorganic Chemistry Section
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Various chemical components constitute the oceanic environment, and
their complex distribution and behavior are controlled by their chemical
properties, sources and sinks, as well as physicochemical and
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.

MEMABTIICHTERBIRKFZEAVLBREE (BABICT

Large volume water sampling on board R/V Tansei Maru (Japan Sea)
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Division of Ocean-Earth System Science,

Department of Chemical Oceanography, Marine Biogeochemistry Section
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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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Division of Ocean-Earth System Science,

Department of Chemical Oceanography, Atmosphere and Ocean Analytical Chemistry Section
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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

@Paleoenvironmental reconstruction using natural archives
such as microfossils and ferromanganese crusts

@Geochemical studies of marine carbonate and phosphate

@U-Pb dating in ultra-fine areas of sedimentary rocks

@Planetary oceanography using an ion microprobe

@Tritium - helium-3 dating of seawater and groundwater

@ Material cycle of volatile elements in groundwater, spring
water, volcanic gas, hydrothermal water and atmosphere
samples

RERDIHERD1DTH 5, BRUIRIEEAHTEB1F 317070 —T

lon microprobe for trace element and isotopic analysis of ultra-fine features
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Deep-sea strata record the development of oceanic crust, the history
of earthquakes, regional and global environmental changes, and the
carbon cycle. Moreover, active geological processes, e.g., volcanism,
hydrothermal venting, sediment transport, and crustal movements
at convergent, divergent, and transform plate boundaries, can be
observed on or beneath the seafloor. Our group conducts topographic,
seismic reflection, sediment sampling, and seafloor observation
investigations to understand both the geological record and active
processes in the deep sea. In particular, we pursue high-precision and
high-resolution studies using the deep-tow sidescan sonar system
“WADATSUMI”, a seismic reflection system consisting of a generator-
injector (Gl) airgun and multichannel streamer cable, and a navigable
pinpoint sampling system “NSS”, as well as undertaking more regional
studies. Complementary to local and regional studies, we participate
intensively in the Integrated Ocean Drilling Program (I0ODP) and other
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
@Development of a new high-resolution ocean bottom seismic system
@Shallow structure, mass balance, and tectonics of subduction zones
@Distribution and displacement histories of active submarine faults
@Distribution and origin of methane hydrates
@Characterization of a brine lake and mud volcanoes related to
continent-continent collision in the eastern Mediterranean Sea
@Structure and physical properties of oceanic crust using
seismic reflection data
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Navigable Sampling System (NSS)
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The deep seafloor is an active, but hidden environment where most
of Earth's volcanism and much of its tectonic activity occurs. Various
phenomena on the deep seafloor are closely linked to Earth dynamics
and structure, and also linked to Earth's environment through the
hydrosphere and atmosphere. Though the seafloor plays an important role
in Earth's evolution, the area we have investigated so far is quite limited.
Geophysics is a powerful tool to investigate the vast seafloor realm and to
contribute to understanding basic Earth principles and structure.

We, the submarine geophysics group, study dynamic processes and the
history of the deep seafloor and Earth's interior using mainly geophysical
methods, including one of the academic world’ s most advanced seismic
processing and interpretation centers. Our targets range from mid-ocean
ridge processes to subduction processes, and our goal is to paint a
precise picture of the cyanic earth system.

Ongoing Research Themes

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

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

@®We use 3-D prestack depth imaging and physical properties
estimation along the Nankai seismogenic fault 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.
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Microbathymetry of Mari-
ana backarc spreading
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Volcanism on the seafloor occurs in three settings: oceanic ridges,
island arcs along subduction zone (backarc basin volcanism shares
characteristics with oceanic ridges), and intra-plate volcanism (large
igneous provinces, hotspots, coldspots, and individual volcanoes). We
investigate such volcanism globally. More than 70% of Japan's geology
formed at the ocean floor in the geological past, including igneous,
sedimentary, and metamorphic rocks. Research on the ocean floor is
important to understand the geology of both the ocean floor and land.
Our group takes rocks from the seafloor based upon detailed bathymetric
and geophysical surveys, and we use these samples for precise
chemical analyses. Cooperative research is important for our group.

Ongoing Research Themes

@Sea level changes: Studying sea level changes are key to unveil
the Earth's surface system. We are actively involving Integrated
Ocean Drilling Project and Intergovernmental Panel of Climate
Changes to better understand the sea level changes both in the
past and future.

@Study on mineral deposits on the seafloor
Mineral deposits on the seafloor, including hydrothermal ore
deposits, are hope to be available as a resource in future.

In order to understand the mechanism of ore formation, we have
been studying hydrothermal circulation system in Oman and
Troodos ophiolites.

@Development of proxies to reconstruct paleo-environemnts
Reconstruction of the environments in the past is important to
understanding and predicting environmental changes in the
near future. We are developing geochemical proxies that are
essential for the environmental reconstruction through cultivation
experiments using live corals.
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Oman ophiolite, ancient seafloor
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The world ocean is dominated by various drifting organisms referred to
as plankton. While each plankton species is unique in its morphology,
ecology, and evolutionary history, each also has various relationships with
co-occurring species and their environments, and plays major roles in
biological production and biogeochemical cycles in the ocean. In recent
years, it has become increasingly apparent that global-scale environmental
changes and disruptions to marine ecosystems by human activities are
closely linked to changes in plankton communities. Our laboratory focuses
on investigating marine plankton and micronekton to understand their
biology, ecology, and roles in biogeochemical cycles in the ocean.

Ongoing Research Themes

@Species diversity and the food web structures in the oceanic 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.

@Biodiversity and ecological roles of gelatinous plankton:
Elucidating species diversity and ecologies of gelatinous
plankton through field sampling, submersible observations, and
laboratory experiments.

@ Mechanisms of new production and trophodynamics in the
subtropical Pacific: Passing a typhoon causes a enhancement of
primary production and alter the food-web structures 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 ecosystem. We try to
elucidate the interactions among them.

@Damages by the great tsunami and the secondary succession of
coastal ecosystems in Tohoku area: We have just started the
investigation on the damages of coastal ecosystems by the great
tsunami from the view point of planktonic organisms.

RRMABATDT I UM ARE
Plankton sampling on the R/V Hakuho Maru
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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
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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.

Ongoing Research Themes

@Larval ecology of hydrothermal-ventendemic barnacles

@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

@Role of tideland benthos on purification of coastal environments

@Natural history of amphidromous snails

MEMRFTATOIA—ILIESE

Sampling of deep-sea benthic animals using a trawl on the R/V Tansei Maru
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Life originated in the ancient seas, and has acquired diverse functions
during the long history of evolution. The Laboratory of Physiology
attempts to clarify, from a physiological perspective, how organisms
have adapted to different marine environments. To cope with the life-
threatening, high salinity of seawater, marine organisms adopt three
different strategies, as depicted in the figure. Teleosts (e.g., eels, 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 of the sea by comparing mechanisms in
extant vertebrate and invertebrate species. To this end, we investigate
mechanisms of each osmoregulatory system utilizing a wide variety of
physiological techniques at gene to organismal levels.

Ongoing Research Themes

@Analysis of diverse strategies for adaptation to high-salinity
marine environments using various techniques.

@Analysis of osmoregulatory mechanisms in euryhaline fish.

@Analysis of molecular 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 fish and
mammals using bioinformatic techniques.

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

@New data logger was developed to introduce physiological
discipline into the bio-logging science.

BEVWOBRBERREICEICT 37-:0 N3 DDHE

Strategies for adaptation to hyperosmotic marine environment
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Department of Marine Bioscience, Molecular Marine Biology Section

HEARDTELISR, EYE L DERE L TEBETIL RETD
SHEENY. RSB EEATOET. S TEEENF
PHTE S TFEMENEMRFECTALCZO LS EEY
DEFEREDEEOI, BAECBIIBEE CRKEVVEGIRGNDAS
ZRLEZDELE BIETOEETIEBTIIEEBIELTVET,

EMOREEOMETIE, AECERBELEENRIC. IbTY

RUTH/LDERAEERICLARBERBERTICL-T
EEMOSVRABOBILEEDTVET, I5ICZNITE DL
TREAMEEDE O P FREINBHTER. HBVE5/LTDD
DOELE D FDOLANILHSEBRT B EICHELTOET,

EGBEROMRETIE. BEESHEYERZECLZARMA
HEDHE BIRREPRELEICH TIENDEICHEEDE
BEEMREOANZXLEZDELE ABERY, 74—ILK
AEEHALLPSMEALLSELTWET,

ZNSDIARERL T KBDERER - SR MO LRI
WiibaLRCEBTIIE . Thbb, ZHEEZHDOI Y
BTHIRDEHLEERDP. EDOLIICHRINTE /DL EHFEEA
DPUIEWEEZTVET,

REDELEMAT —~

OKEEMEICH T PERBEN D FREGRZE - RIHIELHHE

OESMMLELVERENS I LBENREN T HELVETOE
RICHIERTFEROERK

ODNASIC LA - R R L E O BIEN= IR R ARIT

@EENIPNAVNITT/LEIVRT /LD

O BEEFHIMEIEREDOKERF

@R BRI (LICHIKIE L) NOENOBELHIEL T ORI

O BEEFHEHY (LJHEREMP T Fa/FFT7I) DR
BEISHBE T ORI

O X5 HRFEEMAVIRITESHBEREET=2UITOME

KUY TFILR rTetany,

Faoy ———
+H—+ 737 H

3R 7OIFE ;

- oA T | —

=y - 8BS *‘

[RAREESR

<D
D= A TXRE
‘ -

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 and lancelets 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 invertebrates and microorganisms such as algae (zoo-
xanthellae) 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 pro-
cesses in closely related species

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

@Evolution of mitochondrial and nuclear genomes in fish

@Symbiotic associations between marine invertebrates and
zooxanthellae

@®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 Antarctic krill

@Studies on mechanisms of environmental adaptation of Asian
medaka fishes and its application to environmental monitoring
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SE Phylogenetic relatioships of actinopterigian fishes derived from a series of our intensive and extensive
2R * ﬂ:-":‘f molecular phylogenetic studies. 3R denotes probable position of the 3rd round of genome duplication
b in vertebrates
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We investigate the life history, distribution, reproductive ecology,
migratory behavior and evolution of marine organisms such as fish,
sea turtles, and seaweed/seagrass through field surveys, behavioral
experiments, molecular genetics, and remote sensing.

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

2.Studies on coastal ecosystems: To help maintain healthy marine
environment and exploit biological resources in a sustainable way, we study the
ecological role of seaweed/seagrass meadows as well as drifting seaweeds.
3.Habitat mapping and measurement of marine organisms: For
conservation of coastal ecosystem, we study a habitat mapping system
coupling both GIS and remote sensing technigues such as satellite and
multibeam sonar. It is also necessary to understand their behaviors for
sustainable use of fish resources. Measurements of fish behavior are
tackled with using a new method, bio-logging system.

Ongoing Research Themes

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

@Ecology of fish migration and early life history

@Biodiversity and ecology of leptocephali

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

@Migration and population structure of sea turtles

@®Measurement of swimming behavior of fish species through
biologging experiments

@Distribution, transport and ecology of drifting seaweed

@Detection techniques for submerged aquatic vegetation using
remote sensing

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

Sea @ River

River residents

BFEICHITB Salmon
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Origin and
evolution of
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fishes el sea River
Origin

Sea residents
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Eels originated in the sea and expanded their migration loops into freshwater
habitat, while salmon originated in freshwater and invaded the sea. Red
migration loops show ancestral types of migration of resident groups

TSUKAMOTO, K.

KOMATSU, T.

INAGAKI, T.

B B BB

Professor TSUKAMOTO, Katsumi
IR IR BB

Associate Professor ~ KOMATSU, Teruhisa
Bh# fBiE IE

Research Associate  INAGAKI, Tadashi
Bh#X Al #—

Research Associate  ISHIDA, Ken-ichi

ISHIDA, K.

46

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



NS | RESEARCH CONTENTS -

B e B pi

RIEEIES 5

Division of Marine Life Science,

Department of Living Marine Resources, Fisheries Environmental Oceanography Section

BER. A BECERLGESDEAEBHA NEOEEE
FATWET REDHRETIE. ChEDEFEEMERIL. BF
BIBOTEEERGEUDVTWBZENBASHICEYDDHYE
Tz BATAEEINETA TV IRREHNO5007 75
EEDIAR DKEETHEEENIREEEBLTVETH . ZO
TENL V17 DIRFHADEXZIETH DR - Bl
BOBERENETEHEEBEARLTVBZEN YRPFOMED
SEESMICH Y EL, BFEREI. KB IED. MR, REEE
PEBEEME. ZNSOLH - EXICEAD3ER - ALREAB
RTREISNE TP BERBEEEENEOBRIIHRALER
PREHEICIHRABSTHN WELEZLDRIZTENRTOET,

BSIC VATV DIDICEELKEERIE, BEPTIRICES
hAHEPSEI0FEREDO LI FE->TAEIKEEGTIED
HonTHY. BECTIEORPEE N G EELIPERSHIC
THZEN BEEMERNDEBE THTILTHROTEELR
BELS>TWET, BEPTBROHI0OEREDRPLEEDER
(DWW SAEH T, [#1918. 6 ERMIRE & B ENERS
BUEE SUERORZERS ] £ HRICHER TIREL. 4L
KEFFEEFBBOKECLRER. 77 OEEITES
18.6 FEIRENE DAV BERMEE RH L ZIZ 0, BEDRESBREY
SECEBEEREROEEICEZZFEIIOVWT HLVHRK
BERRERELTVET,

LUAHFTIH. ERAOMIMEFI AL TRSEAETO. $125
RIGERESI21L—Ya A THAERT — 2B A C4LF
FEEAWCBEEMERDEE AN X LOERRAICET /-5
DEDHTOET BAIME TIE. 2FPHEDORNIEAREE. +
A=Y B AN— T BEICBNTC R BT CERIRAE L B ER
BB ARt e B H LB 14 . £t v EiEHLEZ
HEEER O ZBXy M E RERDOHEREFERALTH LW
BEETWEY £ HEETIVIE TIE. T —2R1bEFAL=
SRRGEERRETINVORRE AREHESETIVERAVER
BEXERERDEH T HRBEERLCBEENEROEHE
ROEEERE TR ORREICEG MR EREALTOET,

REDELEMAT—~

O 17 EBEEMEROEHHE  ABEX KA KON
@It X FEFRPERERERIE - EBRNDORERH

O KRER LD BEENERORHICEA IR EDRH
OEH - BHNEHHBLERELR - AREREHEORFAEA
OHREREA I EMHIKLFIBIZICE AR E N

OIFEV VT ENREEYMPHENHENHEEFHET IV OMSE
@Ffitt (B ERAIMES - RIET TV ORKE

Physical environment plays the most fundamental role of physiology
and ecology of marine fishes. Temperature and salinity have critical
impacts on physiology. Flow fields determine transport and diffusion
of eggs and larvae, and even growth of planktons and fish migration
has close relationship with the physical environment. Life history
strategies of the fishes often select different areas among coastal and
offshore, subtropical and subarctic, and specific oceanic phenomena
such as eddies, waves, and fronts, to obtain their appropriate physical
environments for survival. It is strongly required to understand
these complex physical-biological interactions as well as physical
oceanographic processes in order to make clear the dynamics of
fluctuation of fisheries resources. Our group studies the dynamics of
physical oceanographic processes and physical-biology interactions by
field observations, laboratory experiments, and numerical simulations.

Ongoing Research Themes

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

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

@Impact of Global warming on living marine resources in the
North Pacific

@Mechanism of Kuroshio-Oyashio large-meso scale variability and its
impact on lower-trophic level ecosystem and species replacement
of small pelagic fishes as sardine, saury and jack macherel.

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

@®Oceanographic observations using mooring and deep
microstructure profiler down to 2000m etc, marine-system
studies using numerical modeling of physical oceanography,

ecosystem and data assimilation.

—
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Recovery of turbulent microstructure profiler on deck of Russian vessel
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In order to develop management procedure for marine living sources,
we have been developing numerical methods such as statistical
analysis, construction of numerical model, and computer simulation

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

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

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

@Conservation ecology of coastal cetaceans : Finless porpoise
and Indo-Pacific bottlenose dolphin, which inhabit coastal
waters, are affected by human impact. Our investigations encom-
pass population dynamics and conservation of these two species.
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Marine animals generally produce copious eggs, most of which perish
during early stages of life histories. Recruitment of marine populations
fluctuates considerably year to year. However, fluctuation patterns
differ among species, which may be closely related to differences in
reproductive and early life ecologies. For example, interannual variability
in recruitment can vary by two to three orders of magnitude in subarctic
Clupea pallasii and temperate Sardinops melanostictus, in contrast to
subtropical Etrumeus teres and tropical Spratelloides gracilis, for which
variability stays within one order of magnitude.

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

Ongoing Research Themes

@Recruitment dynamics of marine fish populations

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

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

AT DR
School of Japanese sardine Sardinops melanostictus

E|EHYOJELESMITY
Small abalone Haliotis diversicolor trailing on the crustose coralline algae
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Picture of the Japanese eel leptocephalus (Fig.1) and its larval transport from
spawning ground in the North Equatorial Current reproduced by numerical
simulation (Fig.2). Transports of the Japanese eel larvae along the Kuroshio are
less than that along the Mindanao Current in El Nifio years (Fig.2, left panel)

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

Ongoing Research Themes

@Ecology of eels and tunas

@Oceanic structure and its fluctuation of the North Pacific
subtropical gyre in relation to spawning behavior and
biological transport

@Effects of oceanic turbulence on larval ingestion

@®Reproduction mechanisms of fisheries resources in coastal
areas

@®Mechanisms of stock and migration fluctuations associated
with mesoscale variation of the Kuroshio

@Physiological and ecological effects in fisheries resources in
relation to global warming
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Fig.3

Fig.4

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

The University of Tokyo Ocean Alliance will strive to address the needs
of our society with regard to ocean issues, and will consider the future
of our society and of our nation from the global perspective of the
related fields of ocean research. The alliance will extend and deepen
our understanding of the ocean, develop new concepts, 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.

@ Response of marine ecosystems to human impacts and global
ocean change
Whereas effects of natural fluctuations such as ENSO events
in the ocean have likely always occurred, human impacts are
rapidly increasing. The goal of this project is to clarify the impacts
of human activities and ocean changes on marine ecosystems
in order to provide a scientific basis for integrated coastal
management for sustainable development.
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Map of observed (left panels) and calculated (right panels) temperature (T) and
dissolved oxygen (DO) on 19 August 2007, when the upwelling of oxygen depleted
water “Aoshio” occurred. “Aoshio” is a composite phenomenon including human
impacts (terrestrial nutrient load) and a natural phenomenon (wind-driven circulation).
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Bird's eye view of Otsuchi Bay

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.

KAEE DR
Swash zone in Otsuchi Bay J \ = BE4
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Coastal Ecosystem
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The coastal ecology division 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.
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Coastal Conservation
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New research boat “Grand Maillet The coastal conservation division 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.

EYMEEBEDE cocsezass)

Coastal Ecosystem Restoration
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Regional Linkage
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The regional linkage division endeavors to coordinate academic programs of
coastal marine science by establishing a network of coastal marine science
between domestic and foreign universities, institutes, and organizations.
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Coastal Ecosystem Section

BADEOAREEL. EMOSEMICEAH. ELOHBRMA
B LS 2L EEROBEEE > TVET, £/ ARE
RERIE. REBIEDHR. FHADEBTBORMELEEELT M
EEOERELOBERBREABLTVET, L LEN S, AFE
DERERDIBEEHEEICDOVTIE, WELBRBBIh TV R LERS
PELFZRINTVWE T, ARERES B T AREERDEEL

REICRITARIEMMBEAEBL L EEDBIC, AFEERD
MR TIEEERARAH OEELEIELTVET,

At Z—DUBTIAMEEICIE, A, A, ADEE.
HEEDSEBEICZASTHY, AREERICEATIMARISHEL
Fo74—IVRERHELTWE T, SO EEHL L. E5IC1977F
PHMTELTVBIAREENDEERREBERERICHTIRIE
Br— 25 RBERICEATIRELAERICESOVWT =&
AEBOSRESOEEHA D= X LICETIME. AEEICE
B9 38 @BEEMOERRBEORELEHICEATIME. =
FEARDEBICEZIN-BEEMDARREICRIZTHET
MICEIT MR A AIICHELTWET, £/ KEEHIL
Y LDRICEBEINBENREBELTE*#ETTIIET. A
FREOEBEZNIINTIERROBEEMELTVET,
S5 ERNOMREEDHRMREERICERTZIZ IS
SoTC. ZEAFDBEEERDBEEHEICOVT, GWVR
HBhroNEREBIELAMELEDTVET,

O=[EEZNBIREETHIHTIIME
ZREOEHZLDEIE. EPEAREREREFLEBICEST
WET, ZhODBICEEN L EALSBREDREZEERNIH
153N ERICARREBEIEDLSICICE T2, BRIGEE
F=R2IEDWERNEHMREOEEEEDTVET,

O=FERFBEHICE TR BROZTIHFEICEHTIMA
ZEAFRBEICHIZIRR - BROIESELEBERT—ILO
TEIEMICEAL T ZNEEBEADZILEHEETIVERE
B A EHESE TIELTVET,

OKHEBNERERDIEE EHHE
KAEBICE BT EEEFENOERICEALTC ZORESE
BoTW BRI EDEFBER 7T DHAEICRIT S/
REEDTVET,

ORBIEEREZAV-HRIEET
REBIEERIABCERLENRER LN AL P OMAMKET
37-8. Z DR EIRBEPHDRA P OBEDREEETTEIL
P HEBET T, BRAEHAN S ATFERTERELTEHLER
TEET HLALRT—IVTOBEDAFREEASHPICLET,

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.

@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.

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

@Marine ecosystem in Otsuchi Bay: Environmental conditions
in the Sargassum zone in Otsuchi Bay are studied in relation to
the marine habitat.

@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.

.
EREADFFREHRE
Observations of the coastal environment in Kamaishi Bay
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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 such as salmon, ayu, icefish, and stickleback,
(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

@Early life history of diadromous fishes: Distribution, migration
and growth in the early life history of diadromous fishes are
investigated in relation to environmental factors. The effect
of the March 11, 2011 Great East Japan Earthquake and
associated tsunami on coastal fish resources is also studied.

@®Behavioral ecology of marine top predators: Animal-
borne data loggers are used to investigate the behavior
and physiology of animals, as well as their surrounding
environmental conditions.

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

BRTREIRAERFEEE BT HIIHA
A loggerhead turtle equipped with a 3-D data logger
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Center for International Collaboration
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Atmosphere and Ocean
‘ I ‘ Research Institute
The University of Tokyo

Bt 25— RKIvw—7
Original symbol mark of CIC

Research Institute

In April 2010, we have established the Atmosphere and Ocean

Research Institute (AORI) as a new institute to cover the inter-

disciplinary ocean and atmospheric sciences. At the same time, we

have established a new center for further strengthening the activities

of international academic exchange in this scientific field. 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 the

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 the
overseas dispatch of young researchers.

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

7. To expand and strengthen the international dissemination of
research results (including using academic journals and academic
databases).
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An international meeting on cooperative research  Japanese delegation
with the Vietnamese Academy of Science and
Technology at the Atmosphere and Ocean

Participation in an I0C meeting as a member of the
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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.

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.

ERABIC 6T B EE
Oceanographic observation in
Suruga Bay, Japan

MICHIDA, Y.
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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 change will have significant impacts on
biogeochemical cycling in the ocean, on atmospheric chemistry, and
on chemical exchange between the 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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Interference of gas and particle between atmosphere and ocean surface
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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 Kuroshio and 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.
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Plankton sampling in a training course held in Mal