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Department of Marine Ecosystems Dynamics, Marine Planktology Section
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(Census of Marine Zooplankton)

The world ocean is dominated by various drifting organisms referred to
as plankton. While each plankton species is unique in its morphology,
ecology, and evolutionary history, each also has various relationships
with co-occurring species and their environments, and plays major
roles in biological production and biogeochemical cycles in the ocean.
In recent years, it has become increasingly apparent that global-scale
environmental changes and disruptions to marine ecosystems by human
activities are closely linked to changes in plankton communities. Our
laboratory focuses on investigating marine plankton and micronekton to
understand their biology, ecology, and roles in biogeochemical cycles in
the ocean.

Ongoing Research Themes

@Species diversity and the food web in the deep-sea ecosystem

@Iron enrichment experiments in the subarctic Pacific: An
international project aiming to assess the possibility of CO2
fixation into the ocean and its impact on the ecosystem.

@Life history of zooplankton: Field studies in the western North
Pacific on the distribution, seasonal changes, and life histories
of major zooplankton species using molecular techniques.

@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

@Evolutionary mechanisms in zooplankton through combined
molecular, morphological, and zoogeographical approaches

@Gilobal Census of Marine Zooplankton (Census of Marine Life) :
A global-scale international project aiming to comprehensively
understand zooplankton diversity.

MEMBBATOT IV AFE
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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Department of Marine Ecosystems Dynamics, Benthos Section
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Sampling of deep-sea benthic animals
using a trawl on the R/V Tansei Maru

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
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Life originated in the ancient seas, and has acquired diverse functions
during the long history of evolution. The Laboratory of Physiology
attempts to clarify, from a physiological perspective, how organisms
have adapted to different marine environments. To cope with the life-
threatening, high salinity of seawater, marine organisms adopt three
different strategies, as depicted in the figure. Teleosts (e.g., eels,
salmon, and tilapia) maintain their plasma osmolality at about one third
of seawater, while elasmobranchs (sharks and rays) elevate their plasma
osmolality to seawater levels by accumulating urea. Our studies focus
on how animals have acquired different osmoregulatory mechanisms
during the long evolutionary history of the sea by comparing
mechanisms in extant vertebrate and invertebrate species. To this end,
we investigate mechanisms of each osmoregulatory system utilizing a
wide variety of physiological techniques at gene to organismal levels.

Ongoing Research Themes

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

@Analysis of osmoregulatory mechanisms in euryhaline fish.

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

@ Integrative approach to endocrine control of osmoregulation.

@Discovery of novel osmoregulatory hormones in fish and mam-
mals using bioinformatic techniques.

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

@Ecophysiology of osmoregulatory systems in migrating chum
salmon in the Otsuchi River.
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Strategies for adaptation to hyperosmotic marine environment
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Department of Marine Bioscience, Molecular Marine Biology Section
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After the origin of life, a variety of organisms have evolved in the
sea. The Laboratory of Molecular Marine Biology conducts research
to understand the molecular basis of the history of diversification
of aquatic organisms and the various functions involved in species
diversification and acquisition of habitats.

The evolutionary history of diverse aquatic organisms is elucidated
mainly by population genetics and phylogenetics with modern
molecular technigues. Especially, we have been determining reliable
phylogenetic frameworks, indispensable for evolutionary comparisons,
in fish 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 (zoox-
anthellae) 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 inve-
rtebrates 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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n Phylogenetic relatioships of actinopterigian fishes derived from a series of our intensive and extensive
ZX%E “‘ @1 molecular phylogenetic studies. 3R denotes probable position of the 3rd round of genome duplication

in vertebrates
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Department of Marine Bioscience, Behavior, Ecology and Observation Systems Section

ARBH TS BFE JIHAE BELE LBEEMOTT
EEREICDVWTHIELTWE T, ThSDAETESE. D it EIR
A RE BLEETEY. E5IIEZDELBIZE. T —IVLNERE. 5 F
EBIEFERNFETHER UE-— MoV TRIfiGE &%
BFRERELTHERBICEDTOET,
1EEEYOREER £XYIELIRETDIDON? ZORED
BIWCEAEB 2D TFFXF TL Y IIXIA RIINELRE
DESEREYIHABERRICLT TN ZWORENEEBEEREL
TVWET, INODIARBREHA L. EMRICIE RSN 28
EROREISECHBEREZBASHICLES,

—F CDNABM» OIS FREFEB S LI AR KR OR
BREEEDBIREBEAILODHIE T HIAIETFFIT.
FREFMICHREDT LRI T - RIL2FEFEDBKEAD SR
L. BEANOBTREEIEALD DA EE#ZV)EL, R
RIZLED STV -5 LW b >TEE L,

LRRERR ARREBOBELMIF RN BEENER
OFADEHIZIE RSP T REERIEEHR TIEERDE
BB ETT BHICHRIMENTO DRI RRETINELRE
RICEBL. EMEBEREOHEERAOE S, SR AN
BET-TWET,

3. BEEVOS R - RIEHA BEEMOREETIHA T
DEIZEDZONEMDORHRTEDERT I VI FE-LY
F—HENZEERE. FEVE— M Y THITEGIS (e
IR T L) #EASDE D BRIESHAEDORRE. K4
HEAFRBEOREFEOMRE. BEDLEXTEDEHAIICE
JHBATOETS,

RENELEMAET—~

@ FFOENGEHEEEREICEHTIMR

Q@A BENEIEEREEMIAEFRICEHTIME
OEENEFEEEICEHT 28 FRFFNME
@I HxDELEEREL EFEEICRATIME
OL 7 77 VAMEDENSHIECETIME
ON1AOFX JIC LB RDIEXKITEIDEHE
ORNEDS-18E) - HREICRATIHAR

@UE—hEr I JILEBEGA AT ENRR
Q@ABFEMEZAVBE - BHR R TLORR
OV FE-LYF - AW -ABS T AIEDORR

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 techniques 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

&

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

Ongoing Research Themes

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

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

@®Mechanism of the 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 mackerel

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

@Oceanographic observations using moorings and deep-
sea microstructure profilers, marine-system studies using
numerical modeling of physical oceanography, ecosystem and
data assimilation

2000mRE TOMEEL ML B EH RO RBEME TE
FEAVICETRIT B

Real-time vertical eddy diffusivity measurement down to
2000m depth using turbulent microstructure profiler
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Fisheries play an important role in the global food supply. Fisheries
production provides more than 15% of total animal protein supplies in
the world, and about 40% in Japan. World fisheries production seems
to have reached maximum sustainable limits. About 52% of the main
stocks or species groups are fully exploited, and another 25% of stocks
or species groups are overexploited or depleted (FAO SOFIA2006).
Catches and biomass will decline unless concerted management efforts
are taken to prevent overfishing.

The general research themes of the Division of Fish Population
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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In order to develop management procedure for marine living sources, Lt
we have been developing numerical methods such as statistical
analysis, construction of numerical model, and computer simulation
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Marine animals generally produce copious eggs, most of which perish
during early stages of life histories. 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
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Small abalone Haliotis diversicolor trailing on the crustose coralline algae
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