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Preface

The word “Sato-Umi” was created by Professor Yanagi of Kyushu University in 1998.
It is an original Japanese approach that attaches great importance to the relationship
between local communities and the sea, similar to “Sato-Yama” which is the forest in the
border area between the foot of the mountain and the arable flat with high productivity
and biodiversity under the interaction of human activities. The Japanese Ministry of the
Environment regards “Sato-Umi” as a measure for the future environmental improvement
and restoration of sea areas, and is trying to spread the concept throughout the world.

Similar approaches have been found in other countries. However, such information
has remained only within local communities. Researchers’ network around the world for
information-sharing has not yet been established. The concept of “Sato-Umi” was first
introduced at the EMECS7 Conference held in Caen, France in 2006 and attracted a great
deal of attention. To disseminate this concept, the “Sato-Umi” workshop was held as a
session of the EMECS8 Conference which was organized by East China Normal
University, Chinese Research Academy of Environmental Sciences and International
EMECS Center in Shanghai, October 27 to 30, 2008.

The workshop comprised two parts: oral presentations and a poster session. There
were presentations from China, South Korea, Thailand, Indonesia, the United States and
the EU, and numerous case studies from Japan. Every presentation was given with
eagerness. The fruits of this workshop were extensively incorporated into the Shanghai
Declaration.

We believe that this workshop was a valuable opportunity for the researches around
the world. It is our expectation that the concept of “Sato-Umi” will be spread out of the
world and that environmental conservation and restoration activities related to enclosed
coastal seas will be promoted.

We wish to express our sincere gratitude to everyone who contributed so much to this
workshop, especially Professor Zhongyuan Chen of East China Normal University who
has managed EMECSS as the Secretary General, Professor Tetsuo Yanagi of Kyushu
University who has developed a plan for this workshop and Dr. Won-Keun Chang who
co-chaired this workshop.

We would also like to express our gratitude to the Japan Fund for Global Environment
of the Environmental Restoration and Conservation Agency for providing financial

assistance.

International EMECS Center
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1 Outline

Theme
Sato-Umi
- New Concept that Increases Biological Productivity and Biodiversity -

Date
October 29, 2008

Venue
Shanghai Everbright International Hotel, Shanghai, China

Organizers

East China Normal University, China

Chinese Research Academy of Environmental Sciences
(CRAES)

International EMECS Center, Japan

Sponser

The Japan Fund for Global Environment of the
Environmental Restoration and Conservation Agency
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2 Program

Chair: Prof. Tetsuo YANAGI Kyushu University, Japan

13:45-14:00

14:00-14:15

14:15-14:30

14:30-14:45

14:45-15:00

15:00-15:15

15:15-15:30

Prof. Tetsuo YANAGI Kyushu University, Japan (invited)
Definition of Sato-Umi
Mr. Munesumi SHINODA  Ministry of the Environment, Japan (invited)
Creation of Sato-Umi as a Policy in Japan
Prof. Jianguang FANG Yellow Sea Fisheries Research Institute (YSFRI), Chinese
Academy of Fishery Science (invited)
Development of Integrated Multi-trophic Aquaculture in China
Mr. Won-Keun CHANG  Korea Maritime Institute, Korea (invited)
National Initiative on Environment Management in Coastal Area of Korea
Dr. Putth SONGSANGJINDA Coastal Aquaculture Research Institute, Thailand
(invited)
Silvo- aquaculture: an Ecosystem Based Management for Sustainable Coastal
Aquaculture in Thailand
Dr. Jack GREER  University of Maryland Sea Grant, USA (invited)
Resolving Oyster Conflicts in the Chesapeake Bay: The Concept of Sato-Umi

Break

Chair: Dr. Won-Keun CHANG Korea Maritime Institute

15:30-15:45

15:45-16:00

16:00-16:15

16:15-16:30

16:30-16:45

Dr. Jacobus WMOSSE  University of Pattimura Poka, Indonesia (invited)
Sasi Laut: History and its Role of Marine Coastal Resource Management in Maluku
Archipelago
Prof. Jean-Paul DUCROTOY The University of Hull, UK (invited)
Managing Eutrophication in Megatidal Estuaries in North-Western Europe through
Integrated Coastal Zone Management
Prof. Tamiji YAMAMOTO Hiroshima University, Japan
Phytoremediation of Organically Enriched Sediment — Evaluation by a Numerical
Model
Prof. Masahiko SEKINE Graduate school of Science and Engineering, Yamaguchi,
Japan
Adaptive Cooperative Management of Tidal Flat by Citizens - Governments -
Researchers in the Yamaguchi Bay
Prof. Kazuhiko ICHIMI Kagawa University, Japan
Seasonal Retention and Release of Phosphorus in Shinkawa-Kasugagawa Estuary, the

Western Japan
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16:45-17:00  Ms. Emily ANTONIO Kyoto University Japan, Japan
Isotopic Evidence of Seasonal Variation in Feeding Niche of River and Brackish
Gastropods
17:00-17:15  Dr. Ahmed DABWAN Anotsu Reseach Institute for Environmental Restoration.Co.Ltd,
Japan
Paper Sludge Ashes as Coagulant for Treating Contaminated Dredged Sediments and
its Applications for Enhancement the Coastal Biodiversity in Ago Bay, Japan
17:15-17:30  Dr. Kenji SUGIMOTO Hiroshima Environment and Health Association, Japan
Restoration of Eelgrass (Zostera marina L.) Bed by Filling up a Borrow Pit with

Natural Sediment

17:30-18:30 Poster session

01 Akihiko FUJII Japan Proper Management of Fishery Resources Using a
Bivalve Growth Model which Included Fishery Catch
and Feeding Damage

02 Daizo IMAI Japan  Monitoring of Macrobenthos and Bivalve for
Biologically Productive Artificial Tidal Flats, Ago Bay,
Japan

03 Satoshi CHIBA Japan  Nutrients, Organic Carbon and Oxygen Budget in

Semi-Enclosed Ago Bay, Japan

04 Hideki KOKUBU Japan  Evaluation of Restoration Effect in the Coastal Unused
Reclaimed Area by Promoting Sea Water Exchange in
Ago Bay, Mie Prefecture, Japan

05 Satoru TAKAHASHI Japan  Approach to Improve Nutrient Situation in the Seto
Inland Sea, Japan

06 Masaaki TAKAHASHI Japan  Nutrients Transfer between the Sea and Artificially
Enclosed Waters/Feature of the Nutrient Flow in the
Catchments Area in Ago-Bay

07 Kenji TARUTANI Japan  Possible Bottom-up Control of Fisheries Production in
the Seto Inland Sea, Japan

08 Mika YAMADA Japan  Evaluation on Pb Contamination in Algae in Osaka
Bay, Japan

09 Osamu KATO Japan  Durability of Sand Capping Effect in the Inner Area of
Ariake Bay

10 Shigenori KAWANO Japan The Improvement of the Bay Environment Recorded in a

Sediment Core at Asou Bay in the Tsushima Island,
Southwestern Japan

11 Hiroshi KAWAI Japan The Project for Establishment of a Monitoring System
and Continual Utilization of Fishing Ground in the
Bays of Parana Coastal Area, Brazil

12 Tadaya KATO Japan Up-to-date Technology for Treatment Watery Sediments
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3 Summary
Prof. Tetsuo Yanagi Kyushu University, Japan

The Sato-Umi workshop, the Session 7 of EMECSS8, was a half-day session held on
October 29, 2008 attended by some 80 participants, with eight invited speakers, six general
oral presenters and twelve poster presentations.

“Sato” means “village” and “Umi” is “sea” in Japanese, so “Sato-Umi” refers to the sea
near a village. However, you will not find “Sato-Umi” in any Japanese dictionary, as it is an
expression that was created by Prof. Tetsuo Yanagi of Kyushu University in 1998.

Prof. Yanagi defined Sato-Umi as a coastal sea with high biological productivity and high
biodiversity due to harmonized human activities. The workshop was convened to compare the
present situation of integrated coastal management worldwide, based on the concept of
Sato-Umi.

The workshop started off with Prof. Yanagi explaining his definition of Sato-Umi.

By way of illustration, Dr. Jack Greer from the USA then introduced a situation in which
people are suffering from a poor oyster harvest. Due to such a decrease in the catch, there is
a fundamental conflict between fishermen and environmentalists. He proposed that the new
paradigm of Sato-Umi is very useful in solving such a problem and bringing about a more
balanced use of the area.

Prof. Jean-Paul Ducrotoy from the EU described a different situation - an approach to the
restoration of the ecosystem in the coastal sea. He pointed out that the Sato-Umi concept is
similar to ecosystem-based management. We look forward to learning many things from the
ecosystem-based balanced management carried out in the EU.

Dr. Won-Keun Chang from Korea spoke of the problem of total pollution control in
Masam Bay. He pointed out the importance of cooperation between science and policy.

Prof. Jianguang Fang from China discussed a very interesting and successful example of
IMTA - Integrated Multi Tropical Aquaculture, which refers to fishermen cultivating fish, sea
urchins and sea cucumber in the coastal sea of China. All the materials are assembled in the
culture ground and there is no emission. I believe this to be a very interesting and useful
method that can be used worldwide.

Dr. Putth Songsangjinda from Thailand gave a presentation on a similar example to IMTA,
but which extends from the land to the sea. He refers to this as ‘Mangrove Aquaculture’ - a
system whereby both mangrove and shrimp are cultivated. He provided a demonstration of
large and small scale Mangrove Aquaculture ponds and showed how a study of the nitrogen
budget suggests that mud crab and shrimp are highly suited to the system.

Dr. Jacobus Mosse from Indonesia introduced the SASI system. “SASI” is a local
Indonesian expression that means “prohibition”. Once community leaders announce a SASI,

—050—



all public actions are prohibited for some time in certain areas. People want to conserve

resources - not only fisheries but also ground resources. He also pointed out the basic

similarity between the SASI and the Sato-Umi concept.

From Japan, there were many presentations based on the creation of Sato-Umi. Mr.

Munesumi Shinoda of the Ministry of the Environment (MOE) announced that the creation of

Sato-Umi has become official Japanese policy now.

Other topics included:

a trial of holistic governance from mountains to the coastal sea

restoration of tidal flats by benthic micro algae

cooperative management for the restoration of tidal flats using cooperation between
citizens, government and researchers

seasonal retention and release of phosphorus in tidal flats

seasonal variations in food for gastropods

the use of ash from paper sludge in the treatment of contaminated dredged sediment
methods for restoring eelgrass beds

etc.

During the session, a questionnaire was distributed to the participants by the MOE of

Japan, with the aim of promoting international cooperation based on the creation of Sato-Umi.

Responses to the questionnaire included the following :

We want to know more about Sato-Umi.

Education of fishermen and citizens is very important.
Sato-Umi is very similar to SASI.

Creation of Sato-Umi is a very impressive trial.

Local wisdom is very important for the creation of Sato-Umi.

Following the oral presentations, a poster session was held at which participants enjoyed

the opportunity to have a discussion with the presenter in front of his/her poster. Mr. Daizo
Imai received the Best Poster Award of EMECSS.

Prof. Yanagi summarized the workshop as follows:

Sato-Umi refers to coastal seas that have high biological productivity and biodiversity
as a result of harmonized human activity.

Sato-Umi is not only a concept of the natural sciences but also a social and cultural
concept similar to “working landscape” and “EBM (Ecosystem Based Management)”.
Sato-Umi is a new paradigm for humanity’s current lifestyle.

Sato-Umi may prove to be one answer to the question of the best relationship between
people and nature in the face of global warming.

The concept of Sato-Umi should be improved on and developed so that it becomes a
useful method in solving the problems of coastal sea areas worldwide.
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Definition of Sato-Umi

Tetsuo YANAGI
Research Institute for Applied Mechanics, Kyushu University, Kasuga 816-8580, Japan
tyanagi@riam.kyushu-u.ac.jp

A new concept for coastal sea management called “Sato-Umi”, defined as “High
productivity and biodiversity in the coastal sea area with human interaction”, is proposed.
To establish the Sato-Umi, it is necessary to realize comprehensive material cycling and
appropriate fish resource management in coastal sea areas.

It is said that “Nature takes its best state without mankind”. Would it be true that no
environmental problems would exist if mankind was not present on Earth? =~ However,
there would be no meaning to a discussion regarding environmental problems without the
presence of mankind.

Nature does exist that takes its best state under mankind’s interaction. In Japan, it is
called “Sato-Yama”. In Japanese, “Sato” means the area where people live and “Yama”
means the forest.  Sato-Yama is thus the forest near where people live.  In 1987, the
area of Sato-Yama in Japan was about 4,500,000 ha making up about 20% of Japan’s
total area of forest of 25,000,000 ha.

In this paper we discuss a new concept for coastal sea management that is based on
the ideas of Sato-Yama. Is it possible to create a “Sato-Umi” similar to Sato-Yama?
In Japanese, “Umi” means the sea, so “Sato-Umi” is defined as “High productivity and
biodiversity in the coastal sea area with human interaction” (Yanagi, 1998, 2007).

To establish the Sato-Umi, we first need to understand quantitatively material cycling
in the coastal sea area.  That is, we need to know the quantity of nutrients that are
loaded from the coast, and what are the primary, secondary and tertiary productions in the
area. We need to clarify what kinds of actions by mankind are permissible or prohibited
in the coastal sea area from the viewpoint of increasing production and biodiversity.
The important focus is to establish comprehensive material cycling in Sato-Umi.

Yanagi, T. (1998) To create “Sato-Umi” in the coastal sea area. Journal of the Water

Environmental Society, 21, 703 (in Japanese).
Yanagi,T. (2007) Sto-Umi; New concept for coastal sea management. TERRAPUB,
Tokyo, 86pp
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Creation of SATO-UMI as a Policy in Japan

Yoshihiro YAMAMOTO, Munesumi SHINODA & Norifumi MIWA
Office of Environmental Management of Enclosed Coastal Seas, Ministry of the
Environment (MOE),

Kasumidgasekil-2-2, Chiyoda ward, Tokyo, 100-8975 Japan
MUNESUMI SHINODA@env.go.jp

1 Circumstance of the Environmental Coastal Seas in Japan

In Japan, Effluent Standards of nitrogen and phosphorus are applied in the enclosed
coastal seas. In particularly regional area (for example: Seto Inland Sea), Total Pollutant
Load Control System of CODMn, nitrogen and phosphorus is added. As a result,
remarkable pollution was improved, but the functional depression of material circulation,
deterioration of the ecosystem including marine resources and citizen’s unconcern for
water environment were advanced. Therefore the Government of Japan promotes the
verification of technologies for improvement of the water environment in enclosed
coastal seas, pushes forward establishment of action plan to achieve the water
environment quality that should be target in future indicated by the DO in the bottom
layer and transparency. And recently the restoration of enclosed coastal seas by the
creation of SATO-UMI is added.

2 The Creation of SATO-UMI as a National Policy

The creation of SATO-UMI as a national policy had its inception when it was
designated as the environmental policy which should be started during the next one or
two years in BECOMING A LEADING ENVIRONMENTAL NATION STRATEGY IN
THE 21st CENTURY (MOE, June 2007). This strategy plans the creation of seas which
are full of the natural blessings that various fishery products inhabit by integrating
promotion of conservation and restoration of shallow area, water pollution control, and
sustainable resources management.

Therefore, MOE has started supporting the advanced activities for the environmental
conservation and evaluating the effects of them since 2008, and the know-how of these
activities are going to be edited as a manual which serves as a reference when a new
activity is started.

3 View point at Creation of SATO-UMI
MOE tidied up the concept of SATO-UMI as follows in cooperation with some
experts in 2007.

* SATO-UMI is the coastal sea where human coexist with nature tied to living and
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the traditional culture of people deeply with appropriate function of material
circulation, high productivity and biodiversity under integrated coastal management
by mankind.

* The creation of SATO-UMI can be a tool of the participatory and cooperative
model for the integrated coastal management, because SATO-UMI is the concept of
not only space, but also including human activities and can be gain the continuity if
tied to the human habit.

* By material circulation, ecosystem and water amenity(these 3 elements are
conserved by SATO-UMI), spot and body of activity, SATO-UMI is categorized

into some patterns like Basin type, Fishing Village type and others.

Keyword: Environmental policy, integrated coastal management, material
circulation, ecosystem
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DEVELOPMENT OF INTEGRATED MULTI-TROPHIC
AQUACULTURE IN CHINA

Jianguang FANG , Jihong ZHANG , Zengjie JIANG , Yuze MAO
Yellow Sea Fisheries Research Institute, Chinese Academy of Fisheries Science, Qingdao
266071, China
Email: fangjg@ysfri.ac.cn

With the rapid growth of population and development of urbanization in China, the
Per capita agricultural land has steadily decreased from 0.19 hectares (ha) in 1949 to
0.076 (ha) in 2005. These considerations and the rapid changes in population structure,
and rising living standards, have presented the Chinese with several challenges and
opportunities to meet the rising demand for high quality seafood products.

The challenge facing mariculture is to increase the production capacity of an existing
site without exceeding ecosystem capacity. One method is to maximize resource
utilization by adding functionally different species to the cultivation system. One of the
innovative solutions being proposed and accepted for environmental sustainability,
economic diversification and social acceptability, is integrated multi-trophic aquaculture
(IMTA).

After 30 years rapid development, the inshore areas have almost been full exploited
for mariculture in China. In order to produce the higher quality seafood as much as
demand by both international and domestic market, The IMTA has been implemented in
China for years and is recommended and promoted as the new concept of mariculture by
Chinese government. Two variations of the IMTA approach have been developed in
China: suspended multi-species aquaculture in inshore and multi-species large scale sea
ranching in offshore, deeper waters.

An example of suspended multi-species aquaculture is being developed in Sungo Bay,
in the East of the Shandong Peninsula, China. Here, in an area of 13,300 ha the annual
production is 2,100 ton of scallop Chlamys farreri in fresh weight, 110,000 ton of oysters
Crassostrea gigas in fresh weight, 80,000 ton of kelp Laminaria japonica in dry weight,
and about 100 tones of finfish in 2005. The co-cultivation of abalone Haliotis discus
hannai with L. japonica is also being developed, with abalones kept in lantern nets
hanging vertically from the long lines and being manually fed with the kelp that is grown
on ropes maintained horizontally between long. Once the kelp is harvested, the abalones
are fed with dried kelp. With such kind of IMTA, the benefit is about 10 times higher than
that of monoculture of kelp. Now the experiment is carried out in the bay to develop a
new IMTA by co-culturing sea cucumber with abalone together in lantern net. In this
system, the kelp can control the eutrophication by absorb the nutrient and provide the

—0260 —



food to abalone, sea cucumber can feed the faeces and detritus produced by abalone so as
to reduce the influence of bio-deposit on environment. Furthermore, the economic benefit
of such mariculture model will be significantly increased.

The most successful multi-species large scale sea ranching is taking place near
Zhangzidao Island, 40 miles away from Dalian, in the northern Yellow Sea (water depth
from 20 to 40 m). Sea ranching is usually practiced for the enhancement of natural stocks
such as Japanese scallop, sea cucumber, abalone, sea urchin and finfish. The Zhangzidao
Fishery Group Co., Ltd., is authorized to farm up to approximately 40,000 ha, and
presently cultivates 26,500 ha of the scallop, Patinopecten yessoensis, 10,000 ha of the
arkshell, Scapharca broughtonii, 660 ha of the sea cucumber, Apostichopus japonicus,
and 100 ha of the abalone Haliotis discus hannai. The company has been in existence for
more than 10 years. The total harvest in 2005 reached 28,000 tones, valued at more than
US$60 million (US$18 million in net profit). To improve ecological conditions and the
sustainability of the operation, the company is now thinking of developing seaweed
cultivation and the construction of artificial reefs in more offshore environments. To date,
about 13,300 ha have been optimized in this way.

Besides the development of demonstration activities and applied research to clearly
show farmers and regulators the benefits of IMTA, basic research on IMTA has also been
performed by some institutions of China, for example, the environmental requirements
for the growth of seaweeds and shellfish to maximize the nutrient recycling efficiency tp
the culture conditions (depths, relative position with respect to the fish cages in relation to
the prevailing currents, distance from the cages and culture density).

To avoid spatial competition and serious environmental impacts in inshore region,
developing the IMTA in offshore areas, such as suspending culture of fish, shellfish and
kelp, sea ranching of sea cucumber, sea urchin, abalone, seaweeds and scallop is a trend
for mariculture industry in China.

Key words: Mariculture, IMTA, Sungo Bay, Inshore, Offshore, Seaweeds, Shellfish
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National Initiative on Environment Management in Coastal
Area of Korea

Won-Keun CHANG
Korea Maritime Institute
wkchang@kmi.re.kr

The Korean coast, with fascinate landscapes and vibrant ecosystems, has been
enduring intensive coastal developments since 1970s. More than 90% of national
industrial complexes have been located in the coastal area. Population growth rates of
highly developed coasts are often three times higher than that of inland. Annual pollution
load to the coastal area has increased 40 percent since 1990s; coastal wetlands were
decreased 20% from 1987 to 2005; overall water quality conditions have been degraded
by pollutants deposited by or discharged from inland as well; and massive harmful algal
blooms (HABs) would lead to low oxygen levels in the water, fish kills, and economic
losses. These coastal environmental issues resulted in raising public awareness on marine
environmental protection.

To address coastal pollution issues, especially those of water quality, Korean
governments initiated the National Clean Water Action Plan in 1995; with 4 billion USD
investments, 205 wastewater treatment facilities were built in coastal areca. And the
National Plan for Marine Environmental Conservation was launched since 1996,
providing national comprehensive framework for managing coastal environment
systematically. Total pollution load management system (TPLMS), same as Total
Maximum Daily Loads Program in USA, was introduced in the Masan Bay Special
Management Area in 2008.

Recently Korean governments try to expand their management capacities to restore
coastal ecosystems by enactment or amendment of relevant laws: Law on the
Conservation and Management of Marine Ecosystem, Public Waters Reclamation Act,
Coastal Management Act, and Marine Environment Management Act, etc.
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Silvo-aquaculture: an ecosystem based management for
sustainable coastal aquaculture in Thailand

Putth SONGSANGIJINDA
Coastal Aquaculture Research Institute, Department of Fisheries, Thailand
putthsj@yahoo.com

Mangrove forests in Southeast Asia have declined significantly over the past four
decades due to many of human activities i.e. population pressure, wood extraction,
conversion to agriculture and salt production, tin mining, coastal industrialization and
urbanization including the conversion to coastal aquaculture. Silvo-aquaculture is an
ecosystem based management for the sustainable used of coastal area for aquaculture that
integrates mangrove and aquaculture for produce seafood in coastal areas especially
shrimp farm. The large scale of silvo-aquaculture, an integrated 116 ha of shrimp farms
with 160 ha mangrove, has been demonstrated at Kung Krabaen Bay, Chantaburi,
Thailand. A number of 113 small scale farmers and community were educated in farm
management practices based on ecosystem approached including with water irrigation,
environmental protection, mangrove sea replantation, seaweeds conservation and fish
stock enhancement in the bay. The annual shrimp production from this area was about
11.2 ton/ha/year while mangrove forest has been slowly increased at a rate 1.3 ha/year by
natural reproduction and replantation. The study of water quality and nitrogen budget
indicated that treatment system and the bay played it role on trapping and utilization of
the nutrients from intensive shrimp farm.

The small scale silvo-aquaculture pond (5.2ha) was demonstrated in the mangrove
(Rhizophora apiculata) replanted natural shrimp pond (density about 11 tree/ha or 2,614
kg/ha) located in Nakhonsrithammarat, Thailand. Mud crab (Scylla serrata) and black
tiger shrimp (Penaeus monodon) were stocked to supplement the natural recruitment.
Little amount of fresh fish was supplemented as feed to enhance growth of crab. The
result suggested that the biomass of mangrove was increased about 10% or about
29-74.49 mgC/m2/d or 0.15-0.37 mgN/m2/d, while the rate of litter fall was about
6.7-32.3 mgC/m2/d or 0.06-0.29 mgN/m2/d. The contribution of the mangrove tree to the
production of culture species is comparatively low comparing to the other processors.
This is probably due to slow degradation of the litter fall from mangrove tree. In addition,
the result from nitrogen budget suggests that mud crab and shrimp are suitable for the
silvo-aquaculture pond because they are benthic detritus feeders. The addition
management techniques are probably needed in order to utilize/transfer nutrients to the
culture species.
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Resolving Oyster Conflicts in the Chesapeake Bay:
The Concept of Sato-Umi

Jack GREER
Maryland Sea Grant College, University System of Maryland, College Park, MD 20740
USA
greer@mdsg.umd.edu

Since the nineteenth century the oyster fishery in the Chesapeake Bay has seen
intense periods of conflict. The fishery has evolved in three phases. The first phase
witnessed almost unrestricted harvesting of the Bay’s rich oyster reefs. The second
phase pitted regulators and the oyster police against oyster fishermen unaccustomed to
government control. A third phase established a complicated set of laws and restrictions
meant to prevent overharvesting of an abused resource. During this phase the two Bay
states of Maryland and Virginia took very different paths, the first favoring a common
resource approach, the latter favoring the leasing of private oyster grounds.

For much of the twentieth century the oyster fishery continued to operate under a
range of restrictions, many of which prevented the use of modern harvesting equipment
in an effort to control fishing pressure. Aquaculture, though advocated by some, failed
to develop to any significant degree. Then as the 1950s ended, oyster disease struck.
The oyster parasite Haplosporidium nelsoni, known at the time simply as
“multi-nucleated sphere unknown,” or MSX, devastated the Bay’s oyster grounds,
especially in Virginia’s more saline waters. Much of the Virginia oyster industry soon
collapsed.

Annual Baywide harvests
continued to hover around 3-4 million 5000000 H.
bushels (see Figure 1), until the 5000000 &..
mid-1980s. Then drought conditions R
drove a salt wedge up the Chesapeake 2000 m h
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struggled, with harvests only a small
fraction of even mid-twentieth century
catches.

Figure 1: Oyster Harvests in Virginia (V) and Maryland (M)
(in bushels). Source: NOAA Ches. Bay Office.

The Chesapeake Bay oyster fishery is now poised to enter a fourth phase that relies on
aquaculture and careful management, but serious disagreements continue. Some are
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calling for a complete moratorium on oyster harvests to allow the overfished and
disease-ridden native stocks to recover. Others, especially those in the seafood industry,
are calling for the introduction of a non-native oyster, Crassostrea ariakensis, to
supplement the failing native oyster. To date concerns over economically stressed
fishing communities have prevented a harvest moratorium, and worries over unexpected
impacts from a nonindigenous introduction have prevented the planting of a new oyster in
the Bay. Commissions and studies are now underway to attempt to address these issues.

Underlying conflicts over Bay oysters is a fundamental disagreement over the nature
and purpose of oyster reefs. Traditional watermen see the reefs as their livelihood.
Environmentalists see the reefs as natural habitat essential for restoring the ecological
health of the Chesapeake Bay.

The Chesapeake needs a new paradigm that will allow for the coexistence of
protected oyster reefs, managed oyster fishing grounds, and intensive aquaculture areas.
The concept of Sato-Umi provides such a paradigm. Intensive aquaculture areas would be
like forest monocultures planted explicitly for wood production. Protected reefs would be
analogous to protected forests in Japan, or Chinjyu-no-Mori, “where the gods live.”
Managed oyster grounds would be like managed forests, Sato-Yama, meant for human
use but still valued for their ecosystem services (e.g., filtering function). This approach
since it would offer a philosophical underpinning,
with an emphasis on balanced use. Experiments would track to what degree protected
areas or managed (worked) areas provide the greatest biodiversity. Research to date
(e.g., Rodney and Paynter 2006) suggests that protected reefs will result in greater
biodiversity, since they provide valuable vertical structure in the water column.

9

would go beyond “marine zoning,’
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Sasi Laut: History and its role of marine coastal resource
management in Maluku archipelago

Jacobus W. MOSSE
Faculty of Fisheries and Marine Science University of Pattimura Ambon, Maluku
Indonesia
jwmosse@yahoo.com

Indonesia is an archipelagic state within which Maluku province is one of the seven
archipelagic provinces and has been recognized for its abundant of marine resources
covering fish, mollusks, crustaceans, seaweeds and many others. These great diversities
are supported by the fact that Maluku province, situated in the Eastern part of Indonesia
has such vast sea area of 527,191km2 (90%) compared to land area which is only
54,185km2 (10%) of the overall size of 581,376km2. Historically, the resources
including various kinds reef fishes, small pelagic fishes, mollusks and seaweed have been
long exploited for the need of people throughout villages around Maluku. Along with
such activities there have been also a local knowledge practiced by the communities in
terms of regulating harvesting the resources. In principal, this knowledge has its
counterparts with those practicing in numbers of other coastal island communities
worldwide and in particular for the people of Maluku it is called Sasi Laut (marine
protection). Numbers of studies have been done however the exact time of its
implementation remains unclear although 1600 and 1921 has been indicated as the
earliest. Terminologically, Sasi does not just mean prohibit to take but also invitation to
solve problems of illegal practice. This community based management of the local
resources usage has been practice to close particular coastal areas inhabited by the
resources as well as close season within the year. Coastal areas that are closed include
estuarine, bays, lagoons and platform of coral reefs. Meanwhile the resources include
various kinds of reef fishes like Lutjanids, Lethrinids and Seranids, small pelagic species
involve Trisina baelama, mollusk like top shell (Throchus niloticus), green snail (Turbo
marmoratus) and seaweed (Eucheuma spinosum). Interestingly, yet the practice is merely
based upon the local community knowledge, closed season is also implemented
correspond with the areas for as long as 6 to 12 months periods. In numbers of coastal
villages around Maluku archipelago, Sasi remains as part of their traditional way of
managing their marine resources. Up to now this tradition has resulted not just social
coherent among the villagers but also economic benefit and biologically support the
sustainability of the resources. Despite its current practice, further study is critically
required to assess the trend and possibility of its integration with modern science based
knowledge on fisheries management. The reason is due to the fact that yet Sasi remains in
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place, biological characteristics of the resources begun to show significant changes. Up
until 1980, production of top shell harvest in the island of Dawelor (South West Maluku)
after Sasi was 7-8 ton per season. Currently however, the production has been dropped
significantly to only 1 to 1,5 ton per season. It is argued that this approach should be
adopted given the fact that local communities living closed by the resources. Thus by
empowering our local communities, sustainability usage of coastal resources can be
expected.
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Managing eutrophication in megatidal estuaries in
North-Western Europe through Integrated Coastal Zone
Management (ICZM)

Jean-Paul Ducrotoy
Institute of Estuarine and Coastal Studies, the University of Hull, Hull HU6 7RX, United
Kingdom.
Email: j-p.duc@wanadoo.fr

Coastal ecosystems, and estuaries in particular, are under strong influence of their
watershed. Estuaries are semi-enclosed basins receiving water directly from a riverine
basin. They are permanently connected to the sea whose waters are diluted by fresh water
drainage and run-off. Estuaries maintain exceptionally high levels of biological
productivity and play important ecological roles, including water purification, ‘exporting’
nutrients and organic materials to outside waters through tidal circulation; providing
habitats for a number of species. In megatidal estuaries, differential degrees of sediment
mobility have shown crucial effects on the zonation of the tidal flat macrofauna. Particle
fluxes to mid water depths in the adjacent sea are mainly controlled by fluvial discharge
and primary production. Fluvial discharge could be responsible for the higher lithogenic
flux during autumn and winter, while high primary production could play a key role in
generating biogenic particles during spring and summer. The benthic fauna responds to
changes in particulate fluxes of mineral and organic matter from the photic layer. In turn,
changes in the secondary production due to estuarine benthos have an impact on food
chains, in particular shellfish and fish.

The concept of Sato-Umi has recently been developed in Japan in response to
problems in managing eutrophic enclosed coastal seas such as the Seto Inland Sea. In
Europe, similar organic enrichment exists (in the Baltic Sea, North Sea estuaries and the
Mediterranean) and has led to the establishment of new legal instruments, notably
directives, emanating from the European Union. Meanwhile, a new school of thought has
emerged and proposed a new approach, known as Integrated Coastal Zone Management
(ICZM).

This paper aims at drawing a parallel between Sato-Umi and ICZM in Europe,
compare them and put differences and similarities into light. Based on case-studies, the
presentation will focus on cycling of nutrients in selected coastal areas: quantities of
chemicals which are loaded from the coast and how production (primary, secondary and
tertiary) is affected. Measures taken to resolve eutrophication problems in Europe will be
introduced and their effects analyzed in terms of biodiversity in relation to changed
production.
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Phytoremediation of organically enriched sediment —
evaluation by a numerical model

Tamiji YAMAMOTO '*, Osamu KAWAGUCHI * & Tkue GOTO'
1 Graduate School of Biosphere Science, Hiroshima University, Higashi-Hiroshima,
739-8528 Japan
* E-mail:tamyama@hiroshima-u.ac.jp
2 Fisheries and Ocean Technology Center, Hiroshima Prefectural Technology Research
Institute, Hatami, Ondo-cho, Kure, 737-1207 Japan
wkchang@kmi.re.kr

Evaluation of results from field experiments was made by a numerical model. The
field experiments were those to remediate shallow enriched sediment by replanting
mass-cultured benthic microalgae, Nitzschia sp. The observation results have already
reported elsewhere, in which organic content of the sediment was significantly decreased
and inorganic nutrient concentration was increased. However, the processes which may
have occurred in the surface sediment were not clear with only stock data. Then we tried
to evaluate how much amount of biophilic elements were cycled in the surface sediments.
The model constructed in the present study is consist of 9 compartments; dissolved
inorganic phosphorus (DIP), dissolved organic phosphorus (DOP), particulate phosphorus
(PP), adsorped phosphorus (EP), benthic microalgal phosphorus (BMA), Nitzschia
phosphorus (Nsp), detritus feeder phosphorus (DEB), filter feeder phosphorus (FIB), and
dissolved oxygen (DO). A marked characteristic of the model is that the thickness of the
oxic layer of the surface sediment was variable depending on DO concentration in the
overlying water. The model outputs reproduced well the observed results with minimum
tunings. In comparison of phosphorus flow in the experimental site and control site, most
processes showed large values in the experimental site, indicating phosphorus cycle in the
sediments was enhanced by replanting BMA. Particularly, decomposition of PP and
release of DOP from the sediment to the overlying water were markedly enhanced.
Although DO production was obviously increased by photosynthesis of the replanted
BMA, DO flux to the overlying water did not increase due to consumption for
decomposition of PP in the sediment. To evaluate the superior points of replantation
method of mass-cultured BMA for remediation of organically enriched sediments, a
several sensitivity analyses were carried out. In one of them, same amount of PP was
inputted onto the sediment surface in the model, then compared the results to those of
replanted experimental site. In the results from the replanted experimental site, replanted
Nitzschia sp. was fed by benthic animals while such an enhancement of feeding activity
was not found in the PP addition. From these numerical calculations, it was concluded
that decrease of organic matter in the surface sediment by replantation of BMA was
explained by substantial enhancement of material cycle through food web.
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Adaptive cooperative management of tidal flat by citizens -
governments - researchers in the Yamaguchi Bay

Masahiko SEKINE '*, Akihiko FUJII', Jyunko HAGIHARA ', Sayumi
OZOE *, Masao UKITA * & Hiroshi NAKANISHI®
1 Graduate school of Science and Engineering, Yamaguchi University, Tokiwadai 2-16-1,
Ube, Yamaguchi 755-8611, Japan
* E-mail: ms@yamaguchi-u.ac.jp
2 Mikuniya Corporation, Sannou 2-9-3, Hakata-Ku, Fukuoka 812-0015, Japan
3 Emeritus Professor of Yamaguchi University, Yamaguchi, Ube, Japan

In the Yamaguchi Bay, which is located at the mouth of
the Fushino River, fishery resources have been decreased
quickly. The local government established a “committee of
developing a healthy river basin” in 2002, and selected the 3
basin of the Fishino River as a model field. In 2003, the
natural environmental restoration law has been established.
Based on this law, a “council of the river mouse and tidal flat
restoration in the Fishino River” has been launched in 2004.
The members of the council were consisted of thirty RS
individuals and citizen groups, eighteen local and national §
governmental organizations, and nine researchers.

There are a lot of living organisms which should be
conserved in the bay, which include short-necked clam, eel
grass, houseshoe crab, waterfowls, etc. Among them,
short-necked clam and eel grass were in the most serious
situation. In the past, there were 700 ha eel grass bed in this "
area, which decreased down to 32 ha in 2002. The council
members have planted young plant of eel grass, and the eel
grass bed has increased to 153 ha in 2005. Our researches of
finding the suitable habitat for eel grass would have helped
the activity.

About short-necked clam, the situation was more
complicated. Fishery catch of short-necked clam was 653 ton in 1975, which is sharply
down to zero ton in 1991. Although there are a lot of possible reasons for this problem: 1.
High mud content on the bottom sediment, 2. Low nutrient in the water, 3. Toxic
substances in the water, 4. Over fishing, 5. Predation, etc., we could not reach a concrete
conclusion about the cause. The council needed to start from possible countermeasures
together with monitoring and researches. Since the clearest change of the environment
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was rise of mud content, the local government conducted sand covering works at first.
The council members also conducted tidal flat cultivation at the place where the sand
became hard. Low nutrient, toxic substances and predation were left unknown. We
conducted researches to know the effects of these unchecked factors. Our research
revealed that predation had a huge influence on short-necked clam biomass, and
protecting by nets is essential in this bay. We also showed the appropriate location of
spawning based on current simulations.

Recently the council has set up protecting nets at some places in the bay based on our
proposal. We will continue this cooperative activity until we successfully restore this area
in the near future.
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Seasonal retention and release of phosphorus in
Shinkawa-Kasugagawa Estuary, the western Japan

Kazuhiko ICHIMI '* & Kuninao TADA °
1 Marine Environment Research Station, Kagawa University, Kamano, Aji, Takamatsu,
Kagawa 761-0130, Japan
* E-mail: ichimi@ag.kagawa-u.ac.jp
2 Faculty of Agriculture, Kagawa University, Ikenobe, Miki, Kita, Kagawa 761-0795,
Japan

Estimation of mass balance of biophilic elements, such as nitrogen or phosphorus, is
very important to understand the dynamics of these materials in coastal ecosystems.
Phosphorus plays as one of the most effective material for the growth of primary
producer or the eutrophication including occurrence of noxious red tides in the coastal sea.
Phosphorus, discharged from a river, is varied in quality and quantity in estuary
ecosystem, and then flow out to the coastal sea. We carried out 10-12 hours surveys
during a high-low tidal cycle in May, August and November in 2006. Our objective is to
estimate the phosphorus balance in Shinkawa-Kasugagawa estuary and to demonstrate
the function of intertidal zone to coastal environment.

Hourly seawater samplings were conducted at boundary site between intertidal and
subtidal area to estimate the abundance of phosphorus which flowed into or flowed out
from intertidal zone. Collection of river water and measurement of flow rate of the river
were also carried out to estimate the abundance of discharged phosphorus from the river.
As a result, 40.9 kg of phosphorus (dissolved inorganic phosphorus + particle phosphorus)
were discharged into intertidal zone from Shinkawa-Kasugagawa River, and 23.6 kg of
phosphorus flowed out from intertidal zone to the sea in May. In August, 33.7 kg of
phosphorus were discharged from the river and 12.4 kg of phosphorus flowed out to the
sea. Therefore, 17.3 kg (42%) and 21.3 kg (63%) of discharged phosphorus from the river
could be considered to trap in intertidal zone in May and August, respectively. On the
contrary in November, only 2.6 kg of phosphorus were discharged from the river and 42.8
kg of phosphorus flowed out to the sea, showing 40.2 kg of phosphorus were released
from intertidal zone.

Our results indicate that considerable phosphorus discharged from the river are
trapped in intertidal zone during spring to summer, when various estuarine organisms are
active, and are released drastically to the sea during autumn to winter.
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Isotopic evidence of seasonal variation in feeding niche of
riverine and brackish gastropods

Emily ANTONIO *, Masahiro UENO, Aki KASAI, Yoshiro KURIKAWA &

Yoh YAMASHITA

Maizuru Fisheries Research Station, Kyoto University, Nagahama, Maizuru, Kyoto
625-0086, Japan
* E-mail: emily@kais.kyoto-u.ac.jp

Dynamics of organism’s feeding niche in response to environmental changes is of
fundamental importance for understanding determinants of community structures and
diversity. Feeding niche can be examined by stable isotope analysis. At a downstream
bank of Yura River, Kyoto, Japan, feeding habit of three common gastropods and their
possible food were studied using 13Carbon and 15Nitrogen stable isotopes. Anadromous
gastropod Clithon retropictus depended mostly on benthic microalgae and marine POM
as source of nutrition. It utilized about 65% benthic microalgae in spring and slightly
decreased to 62% in summer while marine POM in its diet increased from 25% in spring
to 30% in summer. Marine water enters Yura estuary and intrudes midstream from spring
to summer, making oceanic phytoplankton available as part of the diet of C. retropictus.
Cipangopaludina japonica and Semisulcospira libertina which are both freshwater
gastropods change diet from spring to summer. In spring, C. japonica consumed about
67% from organic matter of the sediment but shifts its diet to river POM (68%) in
summer. A wider food spectrum is consumed by S. libertina in spring; about 27% river
POM, 25% sediment POM, 24% estuary POM and 16% microalgae. In summer, it shifts
its diet to mostly river POM (71%).

To understand the dynamics of feeding niches of the three river gastropods, we
measured and analyzed stable Carbon isotope trends of the five possible food items in the
study site. Stable isotope 13C of microalgae had enriched greatly from spring to summer,
from -25%o to -17%o0 which indicated the presence of marine-origin epiphyton. The same
trend was observed in sediment POM which increased from -26%o to -22%o. River POM
showed the opposite trend, 13C decreased from -24%o to -27%o0 from spring to summer
which indicated more influence of terrestrial-origin materials in the river freshwater
during summer. Marine and estuarine POM showed relatively constant 13C values in the
two seasons (-22%o and -24%o respectively).

C. retropictus utilized marine POM aside from benthic microalgae. Although
marine-origin materials are more available in summer due to marine water intrusion, C.
japonica and S. libertina still selected terrestrial-origin materials either from river POM or
sediment POM. Shift, expansion and overlapping of feeding niches were thought to be
responses to food availability, competition and water dynamics in the estuary. River
discharge and movement of marine water into the river may play an important role in the
temporal change of feeding niches of the gastropod populations. This has implication on
the diversity and management of river and estuary systems.
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Paper sludge ashes as coagulant for treating contaminated
dredged sediments and its applications for enhancement
the coastal biodiversity in Ago Bay, Japan

Ahmed Dabwan', Kiyoyuki Egusa'?, Diazo Imai> Satoshi Kaneco’,
Hideyuki Katsumata® , Tohru Suzuki® , Tadaya Kato' and Kiyohisa Ohta’

1Anotsu Research Institute for Environmental Restoration, Ano 2630-1, Anocho, Tsu,

Mie 514-2302, Japan
E-mail: ahmedmie2000@gmail.com

2 Department of Chemistry for Materials, Graduate School of Engineering, Mie
University, Tsu, Mie 514-8507, Japan

3 Fuyo Ocean Development & Engineering Company, Co., Ltd. Environmental Dept.
Kuramae 3-15-7, Taithoku, Tokyo, Japan

4 Environmental Preservation Center, Mie University, Tsu, Mie 514-8507, Japan

Restoration the environmental ecosystem quality in Ago Bay that has been
deteriorated as a result of the continuation of pearl oyster culture for over 100 years
became the first priorities for concern parties in the area. Cleaning pearl oyster shells
generates organic matters furthermore it produces suspended particles, which increase the
turbidity. Eventually sufficient amount of light cannot reach the submerged aquatic
vegetation.

Dredging the accumulated sediments that is rich with organic matters is one of the
important ways to restore the damaged ecosystem. Treatment of the sea bottom sediments
was conducted using coagulant made mainly from paper sludge ashes (AGOCLEAN-P).
The water content of the dredged sediments was reduced from 90% into 60% by weight
after treatment with AGOCLEAN-P.

Usually contaminated dredged material is placed in confined disposal facilities (CDF),
but as land development and acquisition costs continue to rise, emphasis is shifting
towards utilizing these contaminants. The beneficial use of dredged sediments instead of
depositing them could prevent depletion of resources in two ways: natural clay resources
would be spared for a longer period of time and stock yards could be used for other
productive purposes.

Our aim is to utilize the dredged sediments treated with coagulant made mainly from
paper sludge ashes for beneficial applications such as:

€ Replacing the removed natural tidal flats for reclamation purposes by making

environmentally friendly artificial tidal flats.

€ Making granular micro-habitat beads for microorganism in order to treat

contaminated seawater and polluted sediments.

€ Creating stable surface area rich with nutrients for culturing bivalves, seaweeds

and seagrasses since seaweeds and seagrasses provide shelter and feeding
grounds for a diverse assemblage of organisms.

€ Manufacturing marine blocks that can be used as reefs in aqua-cultural industry,

which can provide a vital habitat for different species.
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Restoration of eelgrass (Zostera marina L.) bed by filling up a
borrow pit with natural sediment

Kenji SUGIMOTO'*, Kiyonori HIRAOKA', Toshinobu TERAWAKI® &
Mitsumasa OKADA’

1 Hiroshima Environment and Health Association, 9-11, Hirosekitamachi Naka-ku,

Hiroshima 730-8631 Japan
*E-mail: kenji.sugimoto@kanhokyo.or.jp

2 Toyama Prefectural Agricultural,Forestry & Fisheries Research Center, 364, Takatsuka,
Namerikawa, Toyama 936-8536 Japan

3 Graduate school of Engineering, Hiroshima University, 1-4-1, Kagamiyama,
Higashihiroshima, 739-8527 Japan

The objective of this study is to evaluate restoration technology of eelgrass (Zostera
marina L.) bed by filling up borrow pit by the coast of Iwakuni, the Seto Inland Sea,
Japan. We constructed eelgrass habitat at the edge of a previous borrow pit within
eelgrass bed by filling up with natural sediment. We monitored sand movement,
underwater irradiance and eelgrass shoot density at the constructed and natural habitats.
Sand movement at the constructed habitat was from -8 cm to 9 cm showing little
difference from that of natural habitats. The daily averaged underwater irradiance at the
constructed habitat was more than 3 mol photons-m-2-day-1 necessary for eelgrass.
Eelgrass disappeared after typhoon attacks in 2004-2006, whereas seedlings of eelgrass
appeared both at the constructed and natural habitats every winter. These results suggest
that restoration of eelgrass habitat by filling up borrow pit is a useful technique for
eelgrass bed restoration.
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Proper management of fishery resources using a bivalve
growth model which included fishery catch and feeding
damage

Akihiko FUJII '*?, Yoshihiro YOKOYAMA ', Masataka NAKASHIMA ',
Tadashi UCHIDA ', Masahiko SEKINE * & Hiroshi NAKANISHI *

1 Kyushu Environmental Evaluation Association, Matsukadai Higashiku 1-10-1, Fukuoka,

813-0004 Japan
* E-mail: fujii@keea.or.jp

2 Graduate school of Science and Engineering, Yamaguchi University, Tokiwadai 2-16-1,
Ube, Yamaguchi, 755-8611 Japan

3 Emeritus Professor of Yamaguchi University, Higashisue 987-18, Ube, Yamaguchi,
759-0206 Japan

Ariake Bay, which is one of the most prominent fishing grounds, is located in
southwest Japan. The area is about 1700 km2 with a tidal flat of about 190 km2. Since the
1980°s, fishery catch has decreased year by year. Among the suspected causes of the
decrease, there are outbreaks of red tide, rise of water temperature, excessive fishery
pressure and feeding damage by predators. Especially, as a cause of the feeding damage,
it is reported that longheaded eagle rays (Aetobatus flagellum) have been seen in Ariake
Bay since the 1990's, and prey on large amounts of bivalves. The eagle ray is more than 1
m in body width and 10 kg in weight. In Ariake Bay, a large number of rays appear in
April and disappear in December. In this study, a simple numerical simulation model
based on the bivalve growth considering fishery catch and feeding by the rays is
developed and applied to assist with the proper management of fishery and extermination
of predators.

The growth of bivalves is simulated as a function of water temperature. The quantity
of natural resources of the bivalves is calculated by multipling recent population density
by habitation area. The fishery catch is estimated by summing up values of monthly catch
from statistical reports. Monthly catch amount is more than 500,000 tons in the big catch
years and equal to or less than 10,000 tons in the poor catch years. The biomass of the ray
is estimated to be more than 3,000 tons based on the amount of capture for extermination.
The daily amount of predation on bivalves by the rays is calculated to be 1% of the
biomass during the appearance period.

As a result of this simulation, the bivalve resources varied according to the biomass of
the rays. It was indicated that the predation pressure by the rays could be a serious factor
affecting bivalve resources. With the big catch amount of the past years, the bivalve
biomass of recent years was entirely consumed causing the exhaustion of the bivalve. It
clearly explains that the current bivalve resources cannot support the same amount of
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fishing as in the past. Under the conditions of both predations of the ray and past fishery
catch, bivalve resources were diminished. To maintain the resources with this predation
and catch, a biomass 4 times larger than recent bivalve populations is required. Our
simulation model has revealed that it is important to decrease the feeding damage and to
manage the fishery catch properly to maintain the bivalve resources.

Monitoring of macrobenthos and bivalve for biologically
productive artificial tidal flats,
Ago Bay, Japan

Daizo IMAI ', Satoshi KANECO *, Ahmed H. A. DABWAN °, Hideyuki
KATSUMATA ?, Tohru SUZUKI?, Tadaya KATO * & Kiyohisa OHTA >

1 Fuyo Ocean Development & Engineering Company, Co., Ltd. Environmental Dept.,

Kuramae 3-15-7, Taithoku, Tokyo, Japan
*E-mail: imai@fuyokaiyo.co.jp

2 Department of Chemistry for Materials, Graduate School of Engineering, Mie
University, Tsu, Mie, 514-8507 Japan

3 Anotsu Research Institute for Environmental Restoration, Ano 2630-1, Anocho, Tsu,
Mie, 514-2302 Japan

4 Environmental Preservation Center, Mie University, Tsu, Mie, 514-8507 Japan

Ago Bay in Japan is a typical enclosed coastal sea, which is connected to the Pacific
Ocean through a very narrow and shallow entrance. The bay has been extremely
contaminated by the practice of culturing pearls, which has been ongoing for the past 110
years. Because sediment eutrophication, oxygen deficient water and harmful algal blooms
have occurred in recent years, the pearl culture industries were damaged. To address this
problem, many attempts are being tried in order to improve the natural self-cleaning
capability in the bay region by forming artificial tidal flat, shallow water area and sea
algae and/or sea-grass bed inside the bay. To clean up the dredged sediments accumulated
at the bottom of the sea, where the contamination is progressive, we are exploring the
technologies to decompose the organic materials. This new technology—the
Hi-Biah-System (HBS)—was developed in 2005. This system could dewater muddy
dredged sediments and coagulate them to the solidified sea bottom sediments for
constructing an artificial tidal flat.

The purpose of this study was to evaluate the environmental conditions of the
constructed tidal flat over two years after it was built. We monitored the biological
characteristics (restoration of macrobenthos and growth of bivalve) and physico-chemical
parameters (oxidation-reduction potential, acid volatile sulphide, loss on ignition, water
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content, total organic carbon, total nitrogen, chlorophyll a, and particle size) for five types
of constructed tidal flats and a natural tidal flat. At the same tidal situation, the
physico-chemical parameters were almost similar among the five constructed and natural
tidal flats. However, the biomass and macrobenthic population in the constructed flats
was higher compared to the natural one. Moreover, it was observed that the results for the
young short-necked clam indicated remarkably larger growth in the artificial tidal flat
relative to that obtained in the natural one. From this result, it was supported that the
muddy solidified sea bottom sediments were very effective for the excellent growth of the
young clams. These observations may be considered to be attributable to the minerals
which were supplied from the solidified sea bottom sediments. These solidified materials
would give the good ecological conditions to benthic animals. The muddy dredged
sediments generated by the HBS could provide useful materials for enhancing the
productivity of the tidal coast in order to create new environment.

The present study is a part of the Ago Bay Environmental Restoration Project under
the program of Japan Science and Technology Agency.

Nutrients, organic carbon and oxygen budget in semi-enclosed
Ago Bay, Japan

Satoshi CHIBA '*, G.A.Anggara KASIH °, Yoichi YAMAGATA * & Osamu
MATSUDA *

1 Faculty of Environmental and Information Sciences, Yokkaichi University, Kayocho,

Yokkaichi, Japan
* E-mail: chiba@yokkaichi-u.ac.jp

2, 4 Mie Industry Enterprise Support Center, Sakae-machi, Tsu, Mie, Japan

3 Fisheries Research Div., Mie Prefectural Sci. and Tech. Promotion Center, Ugata,
Shima, Mie, Japan

Ago Bay is a small semi-enclosed coastal water body of Japan and is well known as
the birth place of the pearl culture. The culture began about a century ago and the
production reached a peak point about 40 years ago. Since then, the production has
declined and the present production had fallen down to the one fifth of its peak point. The
deterioration of the marine environment has become serious in recent years, but it is
unclear whether the long usage of the water body by the culture is the cause. The
sediment quality in terms of COD at the bay head area has increased and had exceeded
far the local regulation limit. The settlement of hypoxic water mass in the bay head area
continues during warm season, every year.
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Mie Prefecture, which is the local government,
had conducted the corresponding research project
called CREATE for five years. The outline of the
project was presented on the EMECS 7 conferencel)
to 4). This article reports a conclusive result for the
material budget around the bay. Nutrients, organic
carbon and oxygen are the materials of subject,
since the cause of the environmental deterioration

was presumed to relate to the change of organic
matter pathway in the bay.

The data for standing stock, flux and reaction rate
of regarding materials were gathered by the extensive
observations and the laboratory experiments
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Fig.1 Yearly budget of organic carbon in
the entire bay (ton year™); the data is the
sum of the transport, production and
consumption. TF means tidal flat

performed during the project. Then, these data were utilized to set up numerical models,
which played a role to produce data for material budget. The models consist of the

catchments area model, the hydrodynamic model of seawater, the pelagic water quality
model and the sedimentation model. Many features of the material flow in the bay were
disclosed through the analysis. An important result is that the contribution of organic

matter load to the seabed by the pearl cultivation was
quantified. Fig.l shows the Particulate Organic
Carbon (POC) depositioning flux from the pearl oyster
is 50 ton yr-1 which corresponds to only 3% of total
POC depositioning flux. This result, therefore,
changes our view of the deterioration process of the
sediment in the shell cultivating sea area. Fig.2 shows
Organic Carbon (OC) budget in the sediment, which
brought us the information about the degradation
pathway for OC in the sediment at the different
location in the bay. We will show comprehensive
results for material budget of Ago Bay in the

Fig.2 Yearly budget of organic carbon
in the sediment (mmol m? day'l); the
values with parenthesis are for the bay
center area and those without
parenthesis are for the bay head area,
respectively

I

[POMN)
N\ A

N

~ Bottom calculation domain

conference, including some results for evaluation of the future restoration activity.
References for EMECS 7; 1) S.Chiba, Session 1-7, 2) Anggara Kasih, Session 1-8, 3)

T.Kato, Session 3-4, 4) S.Chiba, Session 3-5
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Evaluation of restoration effect in the coastal unused reclaimed
area by promoting sea water exchange in Ago Bay, Mie
Prefecture, Japan

Hideki KOKUBU '* & Yuriko TAKAYAMA *
1 Fisheries Research Division, Mie Prefectural Science and Technology Promotion
Center, Ugata 3098-9, Shima, Mie 517-0501, Japan
*E-mail: kokubhOO@pref.mie.jp
2 TAISEI Co.Civil and Environment Research Department Taisei Research Institute,
Nase 344-1, Totsuka, Yokohama 245-0051, Japan

Ago Bay is located in Ise-Shima National Park, Mie prefecture, Central Japan. This
bay is famous for cradle of the pearl culture and it has been continued for more than 100
years. However, harmful algal blooms and infectious diseases make the pearl oyster
culture for whole year difficult. Furthermore, sediment eutrophication and frequent
occurrence of oxygen-deficient water has caused the deterioration of benthic ecosystem
and decrease of biological productivity in recent years. It is considered that one of the
major causes of these phenomena is stagnation of the material circulation by reclamation
of shallow coastal area including a tidal flat, sea glass and sea weed beds. The reclaimed
coastal areas were made clear by the multi-spectrum aerial picture analysis. In detail,
more than 50 years ago approximately 70% of tidal flats and shallow area were reclaimed
for constructing rice fields in Ago Bay. But now these reclaimed areas are given up
cultivation and changing the unused wetland. Therefore, for environmental restoration of
Ago Bay, it is necessary to enhance the biological productivity and natural purification
capacity which these areas provided, and to recover a smooth material circulation around
the shallow area. Then in this study, attempts were made to enhance the biological
productivity, by promoting water exchange between unused reclaimed area and outer sea
using pumps, pipeline system was set up in an experimental reclaimed wetland.
Improvements were evaluated by monitoring sediment quality, benthic abundance and
species diversity every season.

1) Present state in unused reclaimed area

The total reclaimed areas are about 185 ha, however almost of these areas were given
up cultivation and changed hypertrophic unused wetland in Ago Bay. Such areas add up
to about 153 ha. The sediment of unused wetlands are too muddy and contain high
organic matter, because the dykes which were constructing for reclamation, lead to
accumulation of the nutrient and organic matter run off from the land. In these wetlands,
the abundance and diversity of benthos are quite poor.

2) Seasonal changes of the sediment quality, abundance and species diversity of benthos
in experimental field by promoting the water exchange
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The sediment samples from experimental field with promoting water exchange and
natural tidal flat in front of the reclaimed areas were measured for COD, TOC, TN, IL,
AVS, particle size, chl.a and benthic abundance and species were counted every season
for 2 years. Now these monitoring are continuing. Before water exchange, sediment was
hypertrophic and anaerobic state. Capitella sp. and Chironomidae were dominant species,
because wetland was brackish. And more both wet weight and diversity were quite small.
After water exchange, the macrobenthos were changed from brackish to sea water. The
diversity and wet weight were gradually increased and after two years they became same
level of the natural tidal flat in front of the reclaimed area. The COD and AVS in
sediment were decreased too. These results indicate that the sediment statuses in wetland
were gradually changed to the aerobic condition by promoting the decomposition of the
hypertrophic sediment under the water exchange. Continuous water exchange would
provide enhancement of the biological productivity. This method would lead to wise use
of the coastal environment and enhance the biological productivity around the unused
reclaimed areas.

Approach to improve nutrient situation in the Seto Inland Sea,
Japan

Satoru TAKAHASHI ', Seiko YOSHIKAWA °, Yasuko SASADA °, Shinichi
ONODERA “, Hiroshi TAKANO °, Hidehiro TAKAHASHI * & Ichiro
YUASA'
1 AIST, Coastal Environment & Monitoring Research Group, Hiro-Suehiro 2-2-2, Kure,
Hiroshima, 737-0197 Japan
E-mail: s-takahashi@aist.go.jp

2 National Agricultural Research Center for Western Region, National Agricultural
Research Organization, Ikano 2575, Zentsuji, Kagawa, 765-0053 Japan

3 Research Center for Environment and Health, Kagawa Prefecture, Asahi-Cho5-3-105,
Takamatu, Kagawa, 760-0065 Japan

4 Laboratory of Biogeochemistry, Hiroshima University, Kagamiyama 1-7-1,
Higashi-Hiroshima, 739-8521 Japan

5 Center for Environment and Health, Okayama Prefecture, Uchio 739-1, Okayama,
701-0298 Japan

The nutrient load from the land influences the nutrient concentration in enclosed
coastal sea. On the other hand, even if the fishery damage that the nutrient state relates is
caused, it is difficult to solve such problems, because extent where the nutrient load from
the land influences the sea area water quality is not revealed yet. Then, in Bisan-Seto
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(central area of the Seto Inland Sea), a research project is started to clarify the behavior of
the nutrient from the source (land) to coastal sea consistently. In this project, we are
trying to specify the region where the possibility that the fishery damage occurs is high.
And, by recycling underground water, we are aiming at technological development to
decrease the nutrient concentration of the underground water at the farmland that is the
nutrient source. This time, the outline of this project and the characteristics of Bisan-Seto
are explained.
1. Outline of this research

This study project is composed of the
item chiefly shown as follows, and shows

Clarification of behavior of
water and nutrient

Caleulation ofamount of
nutrient load in cach valley

the image in Figurel.
1)Calculation of behavior of nutrient
that discharged from river and
underground.
2)Calculation of amount of nutrient
purified in soil and tidal flat.
3)Presumption of behavior of nutrient

Damage of -
cultivated sea weed

| Okayama *

in coastal sea.
4)Development of recycling technique
of nutrient contained in underground water in farmland
2. Characteristic of Bisan-Seto
In order to clarify the characteristic of Bisan-Seto, we analyze the water quality data
observed by Kagawa Prefecture and Okayama Prefecture. And using these data,
numerical model experiments are carried out to calculate water flow field. As a result, the

%ot Blsan-Selﬂ
4 Kagawa

following fact was clarified.

1)The stratification doesn't develop enough even in summer, because tidal current is
strong.

2)The nutrient concentration is usually low, except near the shore.

3)The nutrient concentration reaches the maximum value in autumn, though the cause
cannot be clarified.

4)Because the stratification doesn't develop in summer, the seasonal variation of
residual current is not found except around river mouth.
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Nutrients transfer between the sea and artificially enclosed
waters

Masaaki TAKAHASHI ', Mikihiro IOKA ', Satoshi CHIBA ' & Hideki
KOKUBU®
1 Yokkaichi University, Kayou-Choul200, Yokkaichi, Mie, Japan
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2 Mie Science and Technology Promotion Center, Fisheries Research Division,
Hamajima-Chou 3564-3, Shima, Mie, Japan

Ago-Bay has several enclosed water bodies surrounded by concrete dykes which were
artificially constructed for rice cultivation, and almost of the nutrients from the land flow
down to the sea through these enclosed waters. In order to estimate the amount of
nutrients discharged into the sea, evaluation of the waters enacting on the nutrients flow
is regarded very important. Therefore, the nutrients flowing into the Ishibuchi-pond and
Tateishi-pond have investigated in this study.

Area of Ishibuchi-pond is estimated to be ca. 15000 m2, and the bottom sediments in
this area are in extremely anaerobic condition. Tateishi-pond has no river flowing into
them, and surrounded by natural forest. The total area of the Tateishi-pond is estimated to
be 850 m2 at the low-tide (0 cm to 30 cm above sea level), and ca. 2000 m2 at the
high-tide (higher than 30 cm above sea level). Few benthos and shells inhabit the area.

In investigation of Ishibuchi-pond, survey was conducted at the water gate of the
dyke and the mouth of the river flowing into the pond (two points). Tateishi-pond, survey
was also conducted at the water gate. The measurements were carried out during
spring-tide 2 or 3 days consecutively.

Usually sea is alternating high-tide and low-tide twice in a day, however contrary to
this, the water level in the pond was witnessed to have high-tide and low-tide only once a
day. Furthermore, a time lag of ca. 3 h was recorded between the high tide in the pond
and that observed in the outer sea. However, the time lag was only ca. 30 minutes in case
of low tides in the pond and outer sea. It was considered that the water gate has a kind of
structure of check valve, which is hindering the up-flow from the sea. The sea level
fluctuates from spring tide to neap tide in two weeks. As may be expected, while moving
from neap tide to the spring tide, usually sea water levels become higher at the high tide,
and lower at the low-tide. Contrary to this, although water level in the pond on the same
occasion becomes lower at the low-tide, it tends to remain/become lower at the high-tide
as well. This phenomenon is regarded as an influence of the structure of the water gate
which is hindering the water flow from the sea.

Regarding outflow and inflow of T-N and T-P between the outer sea and the waters,
no significant difference was observed in Tateishi-pond, however, the outflow of T-N and
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T-P to the sea in case of Ishibuchi—pond was bigger than the inflow from the sea. So far, it
has been presumed that the amount of nitrogen and phosphorus will be reduced by the
processes like sedimentation and/or de-nitrification in the pond, however, results from the
present study do not support this hypothesis. However, survey time in our investigation
was rather limited, and therefore, much more accumulation of the data over a longer
period is require.

Possible bottom-up control of fisheries production in the Seto
Inland Sea, Japan

Kenji TARUTANI '#, Kazuhiro HARADA * & Makoto YAMASAKI '

1 Coastal Productivity and Environment Division, National Research Institute of
Fisheries and Environment of Inland Sea, Maruishi 2-17-5, Hatsukaichi, Hiroshima,
739-0452 Japan

* E-mail: tarutani@fra.affrc.go.jp

2 Fisheries Technology Institute, Hyogo Prefectural Technology Center for Agriculture,

Forestry and Fisheries, Minami-Futami 22-2, Futami, Akashi, Hyogo, 674-0093 Japan

In recent decades, anthropogenic nutrient discharges into the Seto Inland Sea of Japan
have reduced as a result of a set of measures for environmental conservation. On the
other hand, several fish catches and/or stocks have collapsed in this area. Shifts in
seawater quality and fisheries landings were accompanied by modifications in structure
of marine communities. Alteration of resource availability represents a "bottom-up" effect
on marine ecosystems, whereas removal of consumer biomass through fishing represents
a "top-down" effect. Therefore, an understanding of how bottom-up and top-down
processes influence the structure and dynamics of marine communities is necessary for
effective management of fisheries production and marine ecosystems in the face of
environmental variability and human impacts. In this study, we addressed the question of
bottom-up versus top-down control of marine ecosystem trophic interactions by using
long-term nutrients and phytoplankton biomass data and annual fish catch data (1973 —
2005) in Harima-Nada, located in the eastern part of the Seto Inland Sea of Japan. Linear
regression model showed a significant relationship between dissolved inorganic nitrogen
concentration and phytoplankton biomass (chlorophyll a concentration) for the period
1991 to 2005. A positive relationship was also found between mean annual phytoplankton
biomass and annual yield of pelagic plankton feeders for the same period. These results
demonstrate close linkages between nutrients (especially dissolved inorganic nitrogen),
phytoplankton, and pelagic plankton-feeding fishes, suggesting that bottom-up control
regulates fisheries production in Harima-Nada during recent decades. Our findings have
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also an important bearing for ecosystem approaches to fisheries, particularly for the
estimation of the carrying capacity with regard to sustainable exploitation.

Evaluation on Pb contamination in algae in Osaka Bay, Japan

Mika YAMADA '#, Nguyen HOANG ', Koshi YAMAMOTO 2,
Yasuhiro USHIHARA * & Hiroshi KAWAI *
1 Geological Survey of Japan, AIST, Central 7, Higashi 1-1-1, Tsukuba, 305-8567 Japan
*E-mail: yamada-undaria@aist.go.jp

2 Department of Earth and Planetary Sciences, Graduate School of Environmental
Studies, Nagoya University, Chikusa, Nagoya 464-8602, Japan

3 Kobe University Research Center for Inland Seas, Rokkodai, Nadaku, Kobe 657-8501,
Japan

Heavy metal concentrations of the brown alga Undaria pinnatifida and the green alga
Ulva sp. collected at 15 and 6 locations, respectively, from Osaka Bay are measured with
inductively coupled plasma mass spectrometry (ICP-MS). The data are compared in order
to evaluate the usefulness of a biomonitoring system for assessing the geographic
distribution of heavy metals in coastal seawaters.

The ports of Osaka Bay are located on the N side coast (e.g., Kobe Port, Osaka Port)
and the SE side coast (fishing ports). In contrast, Awaji Island, on the SW side of the bay
has a natural coast. We believe the port areas receive contamination from anthropogenic
sources such as shipping activities. Undaria from Kobe Port, a major industrial port, show
extremely high Pb concentrations (3.5+0.27 ppm, dry weight) and those from the SE area
are relatively high (0.43—1.4 ppm, dry weight), while those from the SW area are low
(0.14—0.36 ppm, dry weight). Geographical variation in Pb concentrations of Ulva in the
bay is different from that of Undaria. The Pb concentrations in Ulva from the SE area
show a variance of between 0.29 and 1.71 ppm (dry weight). These concentrations are
lower than those in the SW area (2.28—2.69 ppm, dry weight), although shipping activity
in the latter is much less extensive. The sources of Pb contaminations in Undaria and
Ulva are further investigated by Pb isotopic data and a factor analysis for heavy metal
components (Cr, Mn, Cu, Zn, Cd, Pb) in Undaria.

Lead isotopic data for Undaria from two port localities, and two non-port localities
and Ulva from one port locality and one non-port locality are acquired by thermal
ionization mass spectrometry (TIMS). 206Pb/207Pb values in Undaria from non-port
areas (Yura and Ikuho) are 1.1576 and 1.1638, respectively. These values are very
similar to those in Ulva from port (Tarui) and non-port (Yura) areas: 1.1574 and 1.1649,
respectively. However, Undaria from port areas (Kobe Port and Tarui) show 206Pb/207Pb

—0 1280 —



ratios from 1.1372 to 1.1522, which are much lower ratios than those from non-port areas,
suggesting that Undaria from port areas and non- port areas receive Pb from various
sources and that Ulva and Undaria can maintain different Pb isotopic ratios in the same
habitat. With the exception of one sample from Tarui, 206Pb/207Pb values in Undaria
and Ulva (1.1486—1.1696) were similar to the ratios in the coastal seawater in Japan
(Miyazaki and Reimer, 1993); however 208Pb/204Pb ratios in the latter are much lower
(34.85—37.57) compared with the current report. Plots of 208Pb/206Pb versus
207Pb/206Pb ratios appeared to overlap with the field of airborne particulate in Osaka
City (Osaka City, 2007) and those ratios in most specimens overlap with the field of road
runoff in Osaka City (Osaka City, 2007).

Two significant factors accounting for about 77% of the variance were distinguished
for the analyzed data. The first factor was characterized by high levels of Pb and Cu and
the second factor was high level of Mn. Those scores of river water contaminated from
road runoff (Osaka Pref, 2004) in the first and second factors differ greatly from those of
Undaria. Those scores of Undaria from Amagasaki, where is near an abandoned industrial
area and a sewage plant, corresponded closely to those from the SE area.

These observations suggest that 208Pb/206Pb and 207Pb/206Pb ratios in the algae
from the areas affected by human activities in Osaka Bay are lower than those from the
natural area and are controlled by mixing processes involving various components
including sewage water and seawater rather than one source such as road runoff.

Durability of sand capping effect in the inner area of Ariake
Bay

Tomokazu HARAGUCHI "*, Osamu KATO * Masahiro SEGUCHI ' &
Masumi KOORIYAMA '
1 Faculty of Agriculture, Saga University, Honjo 1, Saga, 840-8502 Japan
*E-mail: tomh@cc.saga-u.ac.jp
2 Professor emeritus, Saga University, Honjo 1, Saga, 840-8502 Japan

The sand capping method appears to be useful for improving the environment of
bottom sediment in the inner area of the Ariake Sea. It is usually thought that its effect
becomes dull in only a few years. The present study investigates the secular change of the
bottom sediment environment in sand capped sections, which were constructed by Saga
Prefecture from 2001 to 2003. The relation between the habitation of benthos and the
grain size distribution was investigated.

Sediment sampling was conducted in nine sand capped sections for evaluating the
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profile of sediment environment in 2005 and 2006 and in three sections for investigating
benthos in 2007. Sediment column was taken with an acryl pipe. Three column samples
were taken from each section, two samples were taken inside and one sample was taken
outside a section. A sediment column was divided into pieces of 5 cm thick. The grain
size distribution of each piece was examined with sieves. A surface sediment sample was
taken using an Ekman-Birge type bottom sampler and put through a screen of 1mm
meshes. The residue was fixed with 10 % formalin solution and benthic organisms were
sorted, identified and weighed.

The ratio of fine sand (0.075-0.25 mm) of the surface sediment (0-0.05 m) increased
from 2005 to 2006 at most of sections. The apparent change in grain size distribution
might be occurred owing to huge disturbance of sea water caused by the typhoon (T0514)
which crossed the Ariake Sea on September 6 in 2005. The effect of sand capping on
grain size distribution was recognized except for section SW01, in which the ratio of sand
ranged 0.075-2 mm was larger from the surface to deeper layer for capped and
non-capped point, i.e. outside the section. Species, population and weight of benthos at
sand capped point were obviously larger than non-capped point in NE02 and NEO3.

The improvement of the bay environment recorded in a
sediment core at Asou Bay in the Tsushima Island,
southwestern Japan

. . 1 e, .1 . 2
Shigenori Kawano " *, Toshiaki Irizuki ', Ritsuo Nomura

1 Department of Geoscience, Interdisciplinary Faculty of Science, Shimane University,
Nishikawatsu 1060, Matsue, Shimane, 690-8504 Japan
*E-mail: s059702@matsu.shimane-u.ac.jp
2 Foraminiferal Laboratory, Faculty of Education, Shimane University, Nishikawatsu
1060, Matsue, Shimane, 690-8504 Japan

The Tsushima Island is located between the Japanese Islands and the Korean
Peninsula, eastern Asia. Asou Bay is present in the middle part of the Tsushima Island.
The bay opens to the west and is connected to Miura Bay on the east through the
Manzeki-seto Strait, which is an artificial strait and was constructed by the Imperial
Japanese Navy in 1900. At that time, the strait was 40 m wide and 4.5 m deep. Afterward,
it was extended and dredged in 1975 (width: 40m, depth: 4.5m). We collected a sediment
core 18 cm thick in the inner part of Asou Bay (34° 18.069° N, 129° 20.869° E, 16 m in
water depth). The core was sliced in 5 mm thick, and 36 samples were obtained. We
conducted several analyses to reconstruct the temporal changes of depositional
environments; gamma spectrometry (210Pb and 137Cs) analysis, CHN (total organic
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carbon (TOC) and total nitrogen (TN)) analysis, grain size analysis and meiobenthos
(Crustacea: Ostracoda) analysis.

As a result, the sedimentation rate based on 210Pb and 137Cs dating was 0.11
cm/year. Therefore, the estimated age for 18 cm level is about 150 years. The C/N ratio is
constant before the 1900s and afterward it has decreased up to the recent. Before the
1980s, grain size was constant, but it became coarser gradually after 1980s.

The result from the ostracode analysis reveals that the construction and extension of
the Manzeki-seto Strait have influenced the distribution and composition of ostracode
assemblages around the inner part of Asou Bay. Before the 1900s, Bicornucythere
bisanensis, which lives in oxygen-poor bottoms, was abundant. On the other hand
Nipponocythere bicarinata, which cannot tolerate anoxic or oxygen-poor bottoms, was
rare. Between the 1900s and 1970s, B. bisanensis decreased although N. bicarinata
increased gradually. Since the 1970s, there are no significant changes of the species
composition of ostracode assemblages, but the total number of individuals has increased
up to the present.

Thus, seasonal hypoxia was developed in the study site before the 1900s. The
construction and extension of the Manzeki-seto Strait, however, have promoted the
inflow of oxygen-rich waters from open seas and have improved the environment in the
inner part of Asou Bay.

THE PROJECT FOR ESTABLISHMENT OF A
MONITORING SYSTEM AND CONTINUAL UTILIZATION
OF FISHING GROUND IN THE BAYS OF PARANA
COASTAL AREA, BRAZIL

The team for the environmental technology exchange in Hyogo and Parana
The Japan side representation : Hyogo Environmental Advancement
Association ',

The Brazil side representation : Federal University of Parana’

! 3-1-31,Suma-ku,kobe,654-0037 Japan
2Rua XV de Novembro,1299 80060-000 Curitiba-Parana-Brazil

Background to environmental technology exchange
Paranagua Bay is located in Parana State in the south

of Brazil. The bay covers an area of 612 km2 and is a
classic shallow enclosed coastal sea that is prone to
environmental degradation. The bay can be generally
divided into two parts: a southern part with an international 3.
port city, and a northern part with a national nature ¥
preserve that marks the southernmost point of the Atlantic
rain forest.
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Mangrove forests also have a considerable area, there is a leading port, in one side
which is also many citizens' resort, culture of a shrimp, a crab, an oyster, etc. is also
carried out and various use is carried out in the inside of the bay. However, the common
problem in enclosed coastal area is discovered, due to increased pollution load resulting
from the centralization of population, development and so on in coastal zones in recent
years and the loss of natural ecosystems and so on, environmental preservation in the bay
has become a pressing issue.

1. Construction of the project by a JICA technical cooperation

JICA assistance was obtained in 2004 and 2006 - 2008 for these efforts as a
grass-roots technical cooperation project aimed at building monitoring systems in
Paranagua Bay. The project was conducted jointly by the Hyogo Environmental
Advancement Association and relevant organizations in Brazil.

The program will be executed in cooperation by the following institutions from Brazil
and Japan: Hyogo Environmental Advancement Association, Kobe University Research
Center for Inland Seas, Hyogo Prefectural Technology Center for Agriculture, Forestry
and Fishieries, Department of Marine Bioscience, Faculty of Biotechnology, Fukui
Prefectural University, CEM/UFPR, IBAMA, TAP, SEMA and PUC/PR.

2. Composition of a project

The project framework can be generally divided into two
parts. One is a long-term program in which trainees from
Brazil are accepted and training is conducted by the Japanese &

side, primarily in ocean monitoring technologies. The other |
involves the dispatch of specialists from Japan to Brazil to
work with related personnel on the Brazil side in studying
the water quality in Paranagua Bay, the environment of
fishing grounds, the approach to biological monitoring and the methods that should be
used and so on.

3. Future sustainable efforts and approaches
Beginning in 2006 the Brazil side created an alliance of entities that would conduct
monitoring, and also established a venue for coordination and pursued organizational

efforts. Subsequently, the Brazil side personnel worked with the Japanese side to form
monitoring teams in each area (water quality, fishing ground environments and biology),
implement joint monitoring, create a website and so on. These model efforts were
conducted on an autonomous and independent basis and were widely praised both at
home and abroad.

This project has been conducted since FY 2006 with the goal of achieving long-term
monitoring in Paranagua Bay, and in this final year the framework, personnel
organization for promoting monitoring and construction of processes will be made even
more robust to help preserve the environment of Paranagua Bay.
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Up-to-date technology for treatment watery sediments
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111-0051, Japan

The Project of Environmental Restoration of Enclosed Coastal Seas in Agobay of Mie
Prefecture in Japan was carried out by a group of collaborative researchers assigned by
Japan Science and Technology Agency for five years since 2003. This project deals with
efforts to clean up the deteriorated sediments that are accumulated at the bottom of the
sea. Agobay is known as the starting bay on the culture of pearl oysters by Mr. Kokichi
Mikimoto and has been contaminated in the continuation of pearl culture spanning 110
years. Attempts are in order to enhance the self-cleaning capability of the natural water in
the bay by using the many kinds of artificial restoration technologies, that is, dredging
engineering, re-forming artificial tidal lands and seaweed beds.

As one of the innovated investigation results, new technologies for dewatering and
solidification of the dredged sediments were developed by the original coagulant, named
‘AGOCLEAN-P’, which was made of paper sludge ashes wastes and/or coal ashes as raw
materials.

The coagulating mechanism of AGOCLEAN-P is explained that ettringite crystallites
are firstly formed in the watery sediments when the powdered coagulant and wet
sediments are mixed. The mixture reacts with water to make soil particles by
cross-linkages of silicate networks. Soil particles are agglomerated to become diameter
several 10 um and does not disperse into water as silts. The separation between
agglomerates and clear water is performed very well and sedimentation of agglomerates
is happened very short time. After dewatering by press, treatment dredged mud can reuse
for the raw materials of artificial tidal flats, granular micro-habitat beads for
microorganism, seaweed beds, and marine blocks. This treatment will improve the
turbidity of sea water in order to reach the sun light in the bottom of the sea.

This technique will be applied to the environmental cleaning about river catchment
and estuary areas in Asia. Wetland restoration actions, in general, for lagoons, lakes,
rivers, and reefs grow yearly on a point of view for global environmental problems.
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CREATE: Monitoring of Macrobenthd® and Bivalve for Biologically
Productive Artificial Ti lats, Ago Bay, Japan

| ARIAKE BAY, o of 8 st presmsnant fafing gFound in Ja
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Akihiko FUJII Daizo IMAI
Proper Management of Fishery Resources Using a  Monitoring of Macrobenthos and Bivalve for Biologically
Bivalve Growth Model which Included Fishery Catch Productive Artificial Tidal Flats, Ago Bay, Japan
and Feeding Damage

Satoshi CHIBA Hideki KOKUBU

Nutrients, Organic Carbon and Oxygen Budget in  Evaluation of Restoration Effect in the Coastal Unused
Semi-Enclosed Ago Bay, Japan Reclaimed Area by Promoting Sea Water Exchange in Ago

Bay, Mie Prefecture, Japan

—01340 —



Satoru TAKAHASHI Masaaki TAKAHASHI
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THE SHANGHAI DECLARATION

Environmental Management of Enclosed Coastal Seas
EMECS 8
October 30, 2008

Staying the Course in Troubled Waters

We are more than 450 persons who participated in the 8" International Conference on Environmental
Management of Enclosed Coastal Seas in Shanghai, China, under the theme of “Harmonizing River
Catchment and Estuary.” We are researchers, policy makers, educators, students, businesspersons,
governmental officials, and members of non-governmental organizations. We have come from our
workplaces, academic institutions, schools, and homes in China and 36 other countries near and far.
We are here because we have a shared interest in a sustainable future for coastal seas around the world.
This is our conference declaration.

We applaud the fact that restoration, conservation, and management programs are underway on most of
the world’s coastal seas. We have learned that many have been in place long enough to demonstrate
some successes, among them reduction of the oxygen-depleted dead zone in the Black Sea, nutrient
pollutant reduction in the Delaware Estuary, and increased public awareness as a result of
environmental education for school children and citizens in every country represented at EMECS 8.

We are delighted with the increasing levels of commitment and intergovernmental cooperation that our
leaders have shown in addressing such critically important environmental matters.

Nevertheless, we recognize that we are navigating seriously troubled waters today. The recent
economic growth that is so beautifully reflected in the gleaming new buildings of Shanghai gives us
hope in our ability to accomplish great things. But we have seen in the past how economic
development can neglect environmental concerns because they are viewed as being inconsequential to
a country’s well-being. In stark contrast is the world-wide economic turmoil within which EMECS §
has taken place. This, too, draws attention away from environmental quality as governments search for
immediate solutions to their economic problems. The consequences of both economic condition can
be serious for our coastal seas: decreasing water quality, loss of resource productivity, and even
complete ecosystem disruption.

We simply must not allow governments to neglect our coastal seas regardless of their economic
condition. To do so would not only erase the successes many of us have worked so hard to achieve, but
also threaten the environmental services that our coastal seas provide which are the foundation of the
well-being and prosperity of coastal communities. Further, we have learned through experience that
restoration of degraded coastal seas is far more expensive than the cost of implementing programs to
prevent that degradation in the first place. Finally, coastal seas, like other ecosystems, are dynamic and
changing. These changes have ecological, social, and political aspects, all of which are increasing in
rapidity. They require monitoring and adaptive management programs that are only possible through
continued vigilance. Global warming is an extreme aspect of this last concern. If effective responses
are not implemented, global warming and its consequent effect on sea-level rise could subject our
coastal seas to irreversible change with serious worldwide consequences.

We believe that advocacy for our coastal seas, no matter how vigorous and no matter how strongly
supported by scientific research, cannot be assumed to compete successfully with perceived economic
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concerns for the attention and action of our political leaders. We must convince those leaders that
healthy, productive, and sustainable coastal waters are vital to a country’s economic well-being. We
therefore encourage understanding and adoption of a perspective that correctly includes people as an
integral part of the system of coastal sea after coastal sea around the world, in every country and within
every political context. We identify the elements of this perspective as follows:

1. Coastal seas and their river catchments must be understood to be components of a single system
so that harmonization between them from both environmental and policy making perspectives
will benefit the entire system.

2. Similarly, the economics, cultural, and creative activities of coastal communities must be
understood and harmonized as integral components of that same coastal system.

3. Consequently, degradation of any component of a coastal system has negative effects on all
other components; activities that improve the condition of any component will improve the
system as a whole.

Past EMECS conference declarations introduced the term “working landscape” to indicate the
relationship between land, water, and human activity that generates sustainable economic return
through activities such as fishing, farming, commerce, and recreation that can be passed as an
economic and environmental asset from generation to generation. At EMECS 8 we learned an
informative new concept, sato-umi, which signifies “high productivity and biodiversity of a coastal sea
as a result of, and in harmony with, human activity.” Both of these concepts speak to the economic
value of a positive relationship between coastal communities and coastal seas. We understand that
relationship to our potential benefit; we neglect it to our peril.

Sato-umi places increased emphasis on promoting positive interaction between humankind and our
enclosed coastal seas. That interaction can take many forms. It may be realized through concerted,
continuous environmental conservation programs. Sustainable economic return through ecosystem-
based resource management and agricultural practices are other aspects of sato-umi. So are activities
that bring people in contact with coastal systems through recreation and artistic creativity. Especially
during these times of rapid economic and environmental change, governments, businesses, and
philanthropic organizations alike need to invest significant financial and intellectual resources in
programs that will have positive results according to sato-umi — projects that empower local
communities to undertake activities to improve water quality and manage living resources with
demonstrated success that will be sustainable into the future. Finally, sato-umi places a high premium
on an education that connects young people with the natural world and provides them opportunity to
learn through hands-on experiences how their sincere concern for the natural world relates to the well-
being of their community, family, and themselves. We hear their collective voice in the EMECS 8
Student Declaration. We strongly endorse what they have written. We promise that they will not be
disappointed with our response.

Our EMECS 8 Conference Declaration is simple: We must act on the principle that land, water, and
people are integral components of the world’s coastal seas. Economy and environment are intertwined
with art and nature. All are bound together by education. This is the lesson of sato-umi. This will help
us keep our course on today’s troubled waters. This is what we wish to pass to the next and future
generations. This is our commitment. This is our promise.
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