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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 and prey-predator relationships.

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

@Taxonomic re-examination of zooplankton: Taxonomic
uncertainty of zooplankton are investigated using morphological
and molecular analysis.

@Influence of viral infection on zooplankton: We try to reveal
diversity and ecological role of viruses infecting marine
zooplankton.

@®Distribution and dynamics of marine microplastics:
Distribution, sedimentation process, and effect on ecosystem
are investigated for marine microplastics in the seas around
Japan.

@Impact of the great tsunami on coastal pelagic ecosystem in
Tohoku area: We investigate the effects of the tsunami on the
ecosystem and recovery processes from the disturbance.

ARMABATDT 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.

@Biomass, community structure and metagenomic analyses of
marine prokaryotes

@ Integrated research on prokaryotic group with high activity and
functions

@ Microbial community dynamics in sea surface microlayer and
sea spray aerosols

@ Microbial biogeochemistry in the polar oceans
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An Atomic Force Microscopy (AFM) image of a marine bacterium
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Division of Marine Life Science,

Department of Marine Ecosystems Dynamics, Marine Benthology Section
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Deep-sea reducing environments including hydrothermal vent fields and
cold seep areas harbor faunal communities with an extraordinary large
biomass that depend on primary production by chemosynthetic bacteria.
As most animal species of the chemosynthesis-based communities are
endemic and highly adapted to the specific conditions, they provide
unique opportunities to investigate evolutionary processes, adaptation
and dispersal in the deep sea. Our current studies on these animals
include genetic population analyses and species- and higher-level
phylogenies based on mitochondrial and nuclear gene sequences. We
are also studying the early development and dispersal mechanisms of
the vent endemics and other deep-sea species by rearing pelagic larvae
and analyzing the chemical composition of gastropod shells.

The Sea of Japan is a semi-closed sea connected with neighboring
seas by shallow and narrow straits and thought to have experienced
environmental deterioration during the last glacial maximum. In order
to evaluate the effects of past and recent climatic changes on marine
ecosystems, we are comparing the genetic population structures of
various benthic animals along Japanese coasts. Another research focus
in our research section is the biogeography of snails on tidelands — a
marine environment that has been severely damaged by reclamation
and pollution. Obtained results would provide significant implications to
the estimation of future environmental changes.

Ongoing Research Themes

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

@Early development and larval dispersal of benthic invertebrates

@Evolutionary history of benthic animals in the Sea of Japan

@Biogeography of tideland snails

@Natural history of amphidromous snails

MEMABATONO—ILIEE

Sampling of deep-sea benthic animals using a trawl on the R/V Hakuho Maru
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Division of Marine Life Science,

Department of Marine Bioscience, Physiology Section
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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 various aquatic environments (salinity,
temperature, pH, etc,) and reproduced. Our studies focus on the
mechanisms enabling diverse adaptation and reproductive strategies
by investigating function of osmoregulatory and reproductive organs
and their regulatory mechanisms by hormonal and neuronal systems.
To this end, we investigate several aquatic vertebrates by using a wide
variety of physiological techniques at gene to organismal levels and
compare diverse mechanisms from an evolutionary perspective.

Ongoing Research Themes

@Analysis of mechanisms for osmoregulation and reproduction
in cartilaginous fish (sharks, rays and chimaeras), teleosts
(salmonids and medaka), and cyclostomes (lampreys and
hagfishes) from single cellular physiology to organismal
physiology to understanding unity and diversity of adaptation and
reproductive mechanisms.

@Analysis of euryhaline adaptation mechanisms of migratory fish.
Field survey of euryhaline bull shark is in progress.

@Application of transgenic and genome editing techniques to
model and non-model animals.
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Euryhaline bull shark (upper left), elephant fish embryo (lower left), neurons
visualized with GFP (upper right), cellular activity examined by patch-clamp
recording (lower right)
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Division of Marine Life Science,

Department of Marine Bioscience, Molecular Marine Biology Section
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Various organisms have evolved in the sea. The Molecular Marine
Biology Section conducts research to understand the diverse functions
of aquatic organisms as well as their evolutionary and ecological
significance through molecular and genomics analyses. Rearing
experiments in the laboratory, field research, bioinformatics, and
detailed molecular analyses are being conducted. For example, current
studies investigate the molecular functions necessary to inhabit
extreme environments (e.g., deep-sea hydrothermal vents, intertidal
zones, and estuaries) and their implications in evolution, habitat, and
ecological niches. Additionally, the evolution and complexity of coral
reef ecosystems and mechanisms of symbiosis between zooxanthellae
and corals are under way. We also strive to establish methods to
analyze microplastic and chemical pollution using living organisms as
indicators as well as to conserve genetic diversity in coral reef and
other aquatic ecosystems.

Through the above studies, we hope to gain a better understanding
of how life on Earth with its diverse and rich ecosystems has evolved
and to contribute to its conservation.

Ongoing Research Themes

@Adaptation mechanisms and evolution of living organisms in the
deep sea (e.g., hydrothermal vents), intertidal zones, estuaries

@Molecular mechanisms determining ecological niches and their
evolution in aquatic organisms, including sessile invertebrates

@Relationship between the evolution of environmental adaptation
mechanisms and biodiversity

@ Molecular mechanisms involved in physiology and symbiosis
of corals and zooxanthellae, and their applications to conserve
and regenerate coral reefs

@ Molecular mechanisms of coral-microbe interactions, and their
applications for disease prevention and management

@Understanding and conservation of biodiversity of aquatic
ecosystems, including coral reefs

@Molecular responses to the environment in Asian medaka fishes
and mussels, and their applications to environmental monitoring
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Deep-sea bivalves (lower left) and the rearing
apparatus (upper left); Coral Reefs (upper right)
and close-up of coral polyps (lower right)
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Division of Marine Life Science,

Department of Marine Bioscience, Behavior, Ecology and Observation Systems Section
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Images acquired from
an animal-borne video
camera of a streaked
shearwater capturing a
Japanese anchovy under
water.

We investigate the biomechanics, behavioral ecology, and evolution
of aquatic animals such as fish, sea turtles, seabirds, and marine
mammals through field studies, physiological experiments, stable
isotope analyses, molecular genetics, and biologging.

1.Biomechanics and behavioral ecology of marine top predators:
Biologging is a new method that allows researchers to investigate
phenomena in or around free-ranging organisms that are beyond the
boundaries of our visibility and experience. We use animal-borne
devices, which can record three-dimensional dive paths, swimming
efforts, and visual information of the surrounding environment, including
prey distribution, the physical environment, and other individuals
(social interactions). We aim to understand the mechanisms (proximate
factor) and functions (ultimate factor) of animal behavior by combining
physiological experiments, stable isotope analyses, molecular genetics,
and the development of new devices.

2.The physical environment of the boundary between the
atmosphere and the ocean monitored by “Ocean Ninjas” : Using
seabirds and sea turtles as “Ocean Ninjas” , we deploy small recorders
on them to record the temperature, salinity, and their three-dimensional
tracks. The fine scale movement provides information about ocean
winds, surface currents, and waves. This information can fill the gaps in
terms of both time and space.

Ongoing Research Themes

@Physiological behavior of fish (conger eel, eel, marlin, etc.)

@ Migration and life history of sea turtles in relation to their
physiological constraints

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

@Improvement and development of biologging tools

@Biomechanics and foraging activities of marine mammals
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Deployment of a suction-cup
attached tag (white circle) to a
sperm whale using a long pole. The
tag, which consists of an animal
borne-data logger, camera, and
transmitter, automatically detaches
from the whale and floats to the
ocean surface.
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Division of Marine Life Science,

Department of Living Marine Resources, Fisheries Environmental Oceanography Section
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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
(e.g. GPS wave buoy, environmental DNA) and investigating fish larval
environments using otolith stable isotopes. Impacts of swells and internal
tides on coastal marine environments are studied with real-time buoy
monitoring of Otsuchi Bay. A new generation biogeochemical and
marine ecosystem model incorporating particle tracking methods has
been developed. To elucidate the key factors to control fluctuations of
living marine resources and evaluate climate change effects on them,
laboratory experiments on fish swimming have been conducted 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

@Fish distribution pattern inferred from eDNA

@Development of new-generation observation system and marine
ecosystem models
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Numerical experiment to evaluate climate change effects on fish

(Pacific saury) using a fish growth - migration model 150 T T 180 G degt
iz REE E—
Professor ITO, Shin-ichi
FEERE" B EE
Associate Professor KOMATSU, Kosei
Bh%x AR F|IE

Assistant Professor MATSUMURA, Yoshimasa

50

CATALOG I ATMOSPHERE AND OCEAN RESEARCH INSTITUTE 2021
THE UNIVERSITY OF TOKYO

KRR RIR BN BT R IR



NS | RESEARCH CONTENTS -

B B

HRET D

Division of Marine Life Science,

Department of Living Marine Resources, Fish Population Dynamics Section

OB TR BEEYOEFEENRELT. HEBNTFEE
AWEREERBELTWET, £ 7. B H2BFEMERES
B DREEERICHI R T 300, BREIE - B EHEDHZE
ET-oTCWETOHEETIE BREED Y YNE /Iy —FH
BELTWB 2T YNOERFMEERE LB LM
WETHZET. MBDEFEDEVDBECPEREEICSEL

SEOEEMERTIEN TERL L £ T H/INPIT Y
HSEDTACHREROERTMOEREMEICET %51 %1T
W VPAERWEERBHTEICEIEZNS TADFEEZDR
HERLELS ShBICIAT, BEEMOELEIREICESE
HTEHRARLEDTHY . BEBMEICHTIAGEDE
5EFETB-OOMEBICHIBATHET, FIALTHZH
BHFEELTE. OVPARHEE ETIVICRKRIN 2 EIRTE
EFIVCHAT. QRLHE - T— ATy T EBNIZXET
JV-MCMCEW =SB EN R DB 2N FED» HIE T,
E5(12. @TFEFEETIL - PDEREEETIV - BEFEN—X
EFN -REEBRLETIV-EMNEFEETINEVS-ZREOEK
BEFIERFELTOET, YREHF TE TERO=—XICIcL T
ERTMO O DEIEEIEAHEIL /2 A BFOMEELS
AT - ZOBMEBENERRETIIETHERTHTITA
DEBREEENICITOTVET,

RENEEMET—~

O:F¥EYOERFMEETEICEHTIMR
VPARIEETIVERWT MR CREE A RERET
PREBIRET - 205 BERBREREZN/NTA—2EHE
ZHICHETE §57-H DR, REOTHEEMIIM L TIERE
BEREEEERTA-OOMEELTVET,

O F:EEFIEREAV BB EZORRE
BERBEY AR EHETELOOHFLVFELRARELTVE
T B EEREMIBSERIANLBHREETILEME), X
INOALERAWBZET BBBEELT/NTA—2DONAXH
EETVET,

O:FFEYOENEREICETIERME
B EENEEE SR TR ETIVIE. EILBIBE A SR TBL T
H—B— - BAFITADETIANEELAREETH D=0 BEE
DR LS B IR B BRI H TV E T,

Our group focuses on the population dynamics of marine organisms from
the viewpoint of applying various mathematical techniques. Research
in the group addresses a wide range of questions broadly concerning
fisheries stock management, conservation ecology, and evolutionary
ecology. Our research utilizes a wide range of modelling techniques, from
the models for fisheries stock management (e.g., VPA and integrated
models) to computer-intensive statistical methods (e.g., maximum
likelihood estimation, bootstrap, hierarchical Bayesian modelling,
and MCMC). Our approach also includes the modelling techniques
established in theoretical biology, such as the matrix-population models,
PDE-population models, individual-based models, optimality models,
and quantitative genetics models. We contribute to both society and
academia, by supporting numerical simulations for governmental stock
management and by achieving multidisciplinary collaboration through
statistical consulting for empirical studies, respectively.

Ongoing Research Themes

@®Management and assessment of marine living resources : We
study the statistical methodology to estimate population sizes
and ecological parameters from fishery-derived, fragmental,
noisy data, as well as to develop management procedures
robust to environmental uncertainties.

@Population size estimation using neutral genetic information
: This is a challenging study to estimate the wild population size
of marine organisms. We employ a genetics-incorporated age-
structured population model implemented on a supercomputer
for establishing new methods for the next generation.

@Theoretical approach to the evolutionary dynamics of marine
organisms : In a mathematical sense, population models are
closely-related to the models to describe replicator dynamics
or evolutionary dynamics. We thus pursue theoretical studies
on the life history evolution and reproductive ecology of marine

organisms.
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The process of stock evaluation and management of living marine resources
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Marine animal resources fluctuate naturally depending on marine
environment. Marine animals generally produce large number
of eggs, and the 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. The aims of our research are to
understand the life history strategy of marine animals, such as fish,
mollusk and crustacean species, that underlies the mechanisms
of recruitment fluctuations and eventual population dynamics. Our
results will constitute the basis of sustainable use of living marine
resources.

Ongoing Research Themes

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

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

@Evolution of reproductive strategy in squid

@Effect of environmental condition in life history traits in
cephapolods

@Life history of fishes comprising local fisheries resources

@Early life history of Teleosts

SESDEYEERE
SCUBA sampling of
invertebrate community
on sea-grass

FHNEIZIC BBV
UAHDIRR

Egg mass of squid
Heterololigo bleekeri
at natural spawning
ground
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