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Application of Novel technologies developed in the CREST program
for the preservation and regeneration of marine biodiversity to the
Fisheries fields
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The CREST Program of “Establishment of core technology for the preservation and regeneration of
marine biodiversity and ecosystems (Research supervisor: Isao Koike (Professor Emeritus, The University
of Tokyo)) was launched in 2011. In the total, 16 projects were adopted, and many novel technologies for
observation and monitoring and prediction models have been developed for the better understanding of
biodiversity and ecosystems. On the other hand, some of them are expected to become powerful tools for
sustainable use for fisheries resources. Decline of various fisheries resources is one of the major problems
for the fisheries industries. As increasing in the demand of fisheries products in the world, even the small
pelagic fish resources such as saury mackerel and Pacific common squids off the Pacific coast of the
North east Japan have been incorporated in the framework of international fisheries management based
on the scientific basis. As a result, importance of monitoring to examine where and how the fisheries
resources as well as other marine livings are distributed has been increased. This presentation will show
the prospects and expectation for applying the technologies developed in this program to the fisheries
fields.
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Untangling the effects of individual-level acclimation and inter-specific
competition on the modeled dynamics of phytoplankton community
size structure
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A variety of ecosystem models have been developed that resolve the size distribution of phytoplankton
using multiple (now up to hundreds of) discrete size classes. Although such models have proven useful as
research tools, they require a great many calculations for large-scale and long term modeling studies. As
an alternative, continuous size-distribution models, which require many fewer calculations, could in
principle be used for faster large-scale simulations. However, few such models even exist, and their ability
to reproduce observations has not been well tested. This study compares the discrete and continuous
approaches, and furthermore aims to clarify the relative importance of acclimation (at the individual or
species level) and competition between multiple size-classes (or species) for the dynamics of size-based
phytoplankton communities. We compare the performance of discrete and continuous size-distribution
models, each formulated with and without flexible physiological response (acclimation) for each size
class. All four models were implemented in a 0-D (box) model of the oceanic mixed layer and fitted to data
from two contrasting time-series observation stations in the North Pacific, including size fractionated
chlorophyll observations. Unexpectedly, the continuous size distribution model with acclimation
reproduces the observations better than the corresponding discrete model. However, accounting for
acclimation response makes more difference for model results than does the choice of discrete or
continuous size representation. Finally we compare modeled relationships to observed patterns of
size-fractionated chlorophyll vs. total chlorophyll, to clarify how the acclimation response and
inter-specific competition impact the dynamic size structure of phytoplankton communities.
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Radiocarbon value as an indicator of carbon sources during breeding
of Japanese chum salmon (Oncorhynchus keta)
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There has been increasing interest in understanding the responses of Pacific salmon to marine climate
variation. Chum salmon (Oncorhynchus keta) is the second most abundant salmonid in the North Pacific
Ocean, and important for the fisheries in the northern Japan (especially Hokkaido and Iwate). For
migrating animals like salmon, breeding strategy would be one of key factors for their sensitivity to
changing environments. Do they prepare their eggs from recently ingested nutrients during/after
migration to Japan (‘income' breeders) or from body stores which are mainly produced in the Bering Sea
(‘capital' breeders)? Here, to address this important ecological question, we propose radiocarbon analysis
as a new useful method to locate oceanic regions where Japanese chum salmon obtained their carbon
resource. To our knowledge, this study is the first study to utilize radiocarbon (A'*C) value as an indicator
of salmon ecology in the ocean. We determined bulk A'C, §'3C, and & '°N values of muscle and gonad
(eggs) samples from female chum salmons collected during October-December 2015 at Otsuchi Bay,
Japan. We also analyzed bulk A'C values of plankton net samples collected in the Bering Sea, to
constrain the A'C values of salmon's diets in the Bering Sea. The gonad samples generally showed lower
A'C values, which overlap with the range of the plankton net samples in the Bering Sea. On the other
hand, the muscle samples generally showed higher A'C values, which overlap with the range of fishes
collected around Sanriku area, Japan. These results suggest that Japanese chum salmon (at least
individuals from Otsuchi Bay) produce eggs mainly using the carbon resource obtained in the Bering Sea
before migration to Japan (i.e., capital breeders), while their muscle tissues are affected by feeding around
Japan.
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Ecological study of Whale and Marine mammals using radiocarbon
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Migration history of sardine reconstructed from carbon-14 as a tracer
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Biology of a picoeukaryotic phytoplankton, Parmales, a sister group of
diatoms
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Selection of ecologically or biologically significant marine areas for
kelp forest ecosystem in northern Japan through assessment and
future prediction of species distribution
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Predicting potential fish distributions in the western North Pacific: an
attempt to construct species distribution models using commercial
fisheries data
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Understanding the effects of ocean conditions on distributions of commercial fish is critical for elucidating
potential distributions of fish and forecasting where they will be in the future. Species distribution
modellings (SDMs) enable estimation of habitat suitability for each species at a site as a function of
environment factors. Traditionally modelling of species distribution has been applied to species data
surveyed through standardized methods that could collect both presence and absence records, but was
incapable for using presence-only data, such as those collected from fisheries or citizen monitoring
schemes. Maximum entropy (MaxEnt) model provides high predictability using a presence and
pseudo-absence data, which relatively fewer studies applied it to marine areas than terrestrial fields. We
developed MaxEnt model to relate the occurrence records from fisheries data obtained in the western
North Pacific with environment condition such as annual sea temperature and salinity from
Four-dimensional Variational Ocean ReAnalysis for the Western North Pacific (FORA-WNP30), and
topology. Our model indicated Sebastolobus macrochir, for instance, was influenced by both ocean
conditions and topology, and would potentially distribute in the area where was no catch record. MaxEnt
models will contribute to infer the probability of species using data of which detection was imperfect.
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Development of habitat suitability index models of demersal fishes off
the eastern coast of Japan
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Global and local activities to collect and share marine biodiversity
information
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