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EUTROPHICATION ASSESSMENT OF COASTAL & MARINE WATERS
- EUROPEAN APPROACHES -

Ulrnich Claussen

Crerman Federal Environment Agency

Eutrophication and its adverse effects in Northem Europe have been dealt with
for more than two decades inter alia in the context of international conferences such
as the North Sea Conferences, the Oslo-Paris Convention for the Protection of the
MNorth-East Atlantie (OSPAR) and the Helsinki Convention for the Protection of the
Baltic Sea (HELCOM). Consequently, OSPAR and HELCOM decided to
substantially reduce inputs of phosphorus and nitrogen into marine areas by 50 %.
Furthermore, OSPAR developed a Strategy to Combat Ewtrophication to achieve, by
the year 2010, a marine environment where eutrophication does not occur. An
integrated eutrophication assessment 15 undertaken by the OSPAR “Common
Procedure” consisting of a set of assessment critena allowing a holistic and
harmonised assessment. The criteria cover all aspects of nutrient enrichment as well
as possible primary and secondary elfects. Based on the OSPAR approach, a pan-
european activity has been launched to develop guidance for European water policy
aiming at an integrated harmonised assessment of the cutrophication status for rivers,
lakes, transitional, coastal and marine waters. HELCOM has started a thematic
eutrophication assessment using the HELCOM Eutrophication Assessment Tool. In
Movember 2007, HELCOM agreed on the Baltic Sea Action Plan which inter aha
sets challenging national reduction targets for nuirient inputs into the Baltic Sea
aiming at a status in 2021 latest, where eutrophication does not longer occur.






Environmental Management of Coastal Seas in Japan with Special
Reference to Eutrophication Status, Environmental Standard and
Utilization of the Sea

Osamu MATSUDA (Professor Emeritus, Hiroshima University)

Introduction to the coastal seas in Japan

In relation to the utilization of the sea, coastal seas in particular of enclosed
coastal seas in Japan are very important for human activities since they provide calm sea
condition that are suitable for developing urban area, industrial zone and recreational
sites, Ports and harbors are often constructed in order to promote regional economic
activitics. These coastal waters are also important ground for coastal fisheries and
aquaculture. Increased population and human activities brought more pollution loads to
coastal seas, and consequently the water quality of coastal seas has degraded and many
negative effects of eutrophication occurred. Reclamation from the shallow scas has
often been camied out to support the increasing economic activities, Land reclamation
has been often accompanied by destruction of seaweed beds, tidal flats and natural
coastline. Corresponding to these changes above, the approach to the environmental
management of the coastal seas firstly made emphasis on water pollution control.
However, the approach has gradually shifted recently from water pollution control to the
wider goal that includes the conservation of the biodiversity, biological productivity,
restoring and ensuring the healthy hydrological eyele, well-balanced nutrient cycle,
ensuring opportunities for people to contact with natural beaches and so on.

History of pollution and legal svstem

Serious water pollution and environmental deterioration in the coastal area of
Japan occurred after the postwar reconstruction following World War [1 although some
small scale water pollution and environmental destruction had already occurred before
WWII. Rapid ¢conomic growth of Japan during the mid-1960s to mid-1970s was
accompanicd by serious water pollution and ccological disaster such as frequent
occurrence of red tide. In 1967, the Basic Law for Environmental Pollution Control was
enacted, and then in 1970, the Parliament passed a number of pioneering anti-pollution
laws at the Diet nicknamed “Environmental Pollution Diet”. And then in the following
vear of 1971, the Environmental Agency was established.

The Seto Inland Sca, the largest and one of the most typical enclosed coastal scas
in Japan, had suffered from serious pollution during the rapid economic growth when



the sea was called “Dying 5Sea”, but has gradually recovered by struggling efforts of
varicty of groups and bodies with the strong support of legal treatment. In 1973, the
Law on Temporary Measures for the Environmental Conservation of the Seto Inland
Sca was enacted and this law was made permanent in 1978. This law has played a very
important role on the environmental conservation of the area after that since area wide
total pollution load control in terms of COD load control is one of the major mechanism
of the law, This mechanism worked successfully and further countermeasures against
eutrophication in terms of total nitrogen and phosphorus load control were also applied
in the Seto Inland Sea. These measures are highly evalvated from the viewpoint of
improvement of water quality.

In 1993, Basic Environmental Law was firstly enacted in Japan and Ministry of
the Environment (former Environmental Agency) established in 2001, However, legal
system related to coastal management has been still highly complicated due to many
laws based on the individual objective of the utilization of the sea, for examples, land
use, fisheries, mineral resources, marine traffic etc. These individual law svstem is
actually controlled by the individual governmental sector, more directly, individual
ministry. Also in 1993, a series of standards was enacted to prevent further chemical
pollution of public waters. Environmental Quality Standards (EQS) relating to human
health were greatly enhanced and strengthened, and environmental standard related to
conservation of the living environment of sea was also enacted in order to prevent water
pollution { pH, COD, DO, Coliform group number and n-hexane extract ) and
eutrophication { total nitrogen and total phosphorus ) of the coastal area,

As a new type of the legal system, the Law for the Promotion of Nature
Restoration was enacted in 2002, and the Special Law on Restoration of the Arake and
Yatsushiro Seas enacted in 2003, In these new tyvpe of laws, “Restoration™ is the key
word indicating the shift of the policy from water pollution control to promoting
restoration. Ocean Basic Law was enacted in 2007 in which integrated coastal
management (ICM) is one of the key concept. These new tvpes of legal svstem are
expected to play an important role on the future environmental management in the
coastal area of Japan,

Non-legal approach for environmental management
1) “Health examination™ of the coastal seas

“Health examination™ of coastal seas is essential not only for diagnosis of the present
status but also for planning of the treatment or environmental restoration. Since the
present status of coastal seas in Japan 1s more or less "damaged” or "deteriorated™ mainly



due to prolonged impact of human activities, “health examination™ was conducted in the
officially designated 88 enclosed coastal seas and some additional areas in Japan
following the proposed examination scheme based on the “Master Plan and Guideline
{2002)"and “Concept and Method (2006)". In these schemes, two major functions of
marine ecosvstem which are "ecosystem stability” and "smoothness of material cyveling”®
are highlighted.

Although “health examination™ of coastal marine environment is widely accepted
as a concept of analogy to the human health examination, definition of manne
environmental health and practical methodology of examination has not been adequately
developed. As a new ecosyvstem approach to environmental management and monitoring,
concept of “health examination™ and scheme of “health examination™ which consist of
preliminary examination and advanced examination have been proposed as a pant of the
activitics of Ocean Policy Research Foundation. In the present report, concept and
scheme of “health examination™ as well as outlined results of preliminary examination
will be introduced.

2} Creation of “Sare Umi™

Recently new idea of the creation of "Sate Umi" 15 proposed. "Sato Umi" in
Japanese, means coastal sea under the harmonization of sustainable wise use with
conservation of appropriate natural environment and habitat conditions. Compared with
deteriorated coastal environment, "Sate Umi" is able to provide higher biological
diversity for habitat and higher biological productivity for living resources. These
characteristics of "Safe Umi® are also suitable for demonstrating multi-functional roles
of fisheries.

In order to establish functionally efficient "Saro Umi™, development of new holistic
approach for sustainable biological production and control of eutrophic level are
strongly requested. Promotion of integrated environmental management towards
environmental restoration of many varieties of habitat is recommended under the
international exchange of information, ideas and methodologies. In this context, "Sara
Llmi" Session will be held in the international EMECSS conference which will be held
in Shanghai, China in October, 2008.

Conclusive remarks

As was already stated, the approach to the environmental management of coastal
seas in Japan has gradually shifted recently from an initial emphasis on water pollution
control to the wider goal that includes the conservation of the biodiversity, biological
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productivity, restoring and ensuring the well-balanced nutrient ¢yvcle ete. These holistic
approaches may also play a vital role on the 1CM.

As examples of these holistic approaches, concept and some related activities of
“health examination™ and “Sate Umi™ are introduced. In Japan, “clean sea”, from the
viewpoint of only water quality, has already realized to some extent, although there are
still some many water quality problems. MNext target to be tackled with might be
“biologically rich sea™ with varety of living resources. In order to restore or create
“biologically rich sea”, idea of “health examination™ and “Safo Umi™ are expected to
contribute,

Owerall goal of environmental management in the next stage with use of
assessment for cutrophication status and environmental standard might be “Better life
through wise and sustainable use of coastal environments”,



Current Status of National and International Oceanographic Database

Toru Suzuki
Marine Information Research Center, Japan Hvdrographic Association

The oceanographic data and its related information are valuable resource, and
then they should be shared and exchanged within marine and environmental science
community, To promote and encourage the exchange of oceanographic data and
information, the International Oceanographic Data and Information Exchange (10DE)
of the Intergovernmental Oceanographic Commission (I0OC) was established in 1961.
The IODE system forms a worldwide service oniented network consisting of Designated
national Agencics, National Ocecanographic Data Centers (NODCs) and World Data
Centers for Oceanography (WDCs), and [10C Member States have established over 60
oceanographic data centers in many countries in past 40 years, The network has been
able 1o collect, control the quality of, and archive millions of ocean observations, and
makes these available to Member States.

In Japan, the Japan Oceanographic Data Center (JODC) was established in the
Hvdrographic Department of Maritime Safety Agency (present Hvdrographic and
Oceanographic Department of Japan Coast Guard) in 1965 as a national marine data
bank of Japan to fill the role of acquisition of oceanographic data and information
obtained by manne research institutes and projects in Japan and providing these data
and information to various users, In addition JODC is a leading oceanographic data
center in the western pacific region. When the computer system was very expensive and
there was no network connection, JODC digitized data and information from analog
media such as documents and field notes, and formatted and stored in large mainframe
computer and provide them by magnetic media such as magnetic tape and floppy disk.
At the present the computer runs much faster and become small vear by vear, and the
Internet is most widely used, then each marine research institutes and organizations
establish Web site or database for provide their oceanographic data and information
directly. The role of JODC, however, 15 vet more important because the purpose of data
acquisition is not only providing users with these data but also avoiding lost or missing
them by unexpected accidents, especially by natural hazard such as big earthquake or
Tsunami in Japan. In other words the JODC also has a data backup function, therefore
every marine research institutes and organization in Japan should consider submitting
their oceanographic data and information to JODC for safety and long-term archive.
Furthermore the Global Oceanographic Data Archacology and Rescue (GODAR)



project is promoted by 1ODE in order to increase the volume of historical
oceanographic data available to climate change and other researchers by locating ocean
profile and plankton data sets not vet in digital form, digitizing these data, and ensuring
their submission to NODCs and WDC systems. In addition, data on electronic media
that are nisk of loss due to media degradation are also candidates for rescue. JODC
supported the GODAR activities in the western pacific region in 2002-2006,

In the Intemet age, it is needed to search an appropriate Web site or database
server in various them in order to obtain some oceanographic data and information.
Internet search engine, such as Google, is tremendously useful wol for all Internet users,
and the result of search by keyword usuwally shows a great number of Web sites but not
every site 1s necessary, To facilitate a search for required oceanographic data and
information, an intermational network for data and information exchange using a
Clearinghouse 15 being constructed. The Clearinghouse, developed by Federal
Geographic Data Committee (FGIDCY), is a distnibuted svstem of servers located on the
Internet which contain field-level descriptions of available digital spatial data and
services, This descriptive information, known as metadata - data about data -, is
collected in a standard format to facilitate query and consistent presentation across
multiple participating sites. Clearinghouse allows individual institutes, organizations
and communitics to band together and promote their available digital spatial data
through a metadata service. In the present, several sites in PICES (the North Pacific
Marine Science Orgamization) Member Countries are registered in NSDI (Mational
Spatial Data Infrastructure) Cleaninghouse Network to provide marine ecosystem and
other related metadata in the north pacific region supported by TCODE (Technical
Committee on Data Exchange), one of PICES committees. Although the Clearinghouse
Network functions as a detailed catalog service with support for links to data and
browse graphics, the fundamental goal of Clearinghouse is to provide access to
oceanographic data and related online service for data access and visualization. In
addition the Global Change Master Directory (GCMD), operated by NASA, is also the
metadata-base for oceanography and other sciences, and their information 15 compatible
with FGDC metadata standard.
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IOC/WESTPAC Occan Remote Sensing Program
~ Toward a satellite-based system of the Asian coastal marine environments

Hiroshi KAWAMURA
{Graduate School of Science, Tohoku University)
{Leader of the IOCWESTPAC Ocean Remote Sensing Program)

The first remote sensing project of IDC/WESTPAC was “Remote Sensing lfor Integrated
Costal Area Management (ICAM) Project {Leader: HUANG Weigen)”.  Inthe WESTPAC-V
(August 2002), i was reformed (o be “Ocean Remote Sensing Program {(ORSP, Leader:
KAWAMURA Hiroskiy’. Terms of reference of the ORSP are as follows;

13 Promaote of application activities using satellite observations in the WESTPAC region,

2) Conduct international remote sensing projects for better understanding of the WESTPAC
region and development of applications, and

3) Contribute to the regional GOOS through the above-mentioned activilies.

Under the ORSP, two projects started; one was “New Generation Sea Surface Temperature
Project (NGSST-P, Project leader: KA WAMURA Hiroshiy" and ancther was “Red-Tide moniforing
Project (Project leader; HUANG Weigen)”. The Red-Tide monitoring project was terminated and
Joined to the new project “Ocean Color Project (Co-Leaders: ISHEZAKA Joji and AHN Yu-Hwan)
wits established in 2003,

Since the establishment of NGSST-P, four NGSST meetings and one NGSST working group
meeting were beld in 2003-2005, [z strategic plan was made in 2003, mentioning that the regional
cloud-free, gridded, digital, quality-controlled NGSST should have 1) Spatial resolution: 1km, 2)
Temporal resolution: d-hours, and 3) Coverage: NEAR-GOOS region, then extended to the southern
WESTPAC region. It was recognized that the regional high-resolution 88T products need to deal
with the diumnal 55T variations explicitly. The NEARGOOS has established NGSST-Working
Group, and its first meeting was held in 2005, The SEAGOOS Consuliative Meeting discussed the
new satellite-bazed 55T development through cooperation with the ORSPYNGSST-Project in 2005,

Demonstration operation of the real-time NGSST product generation has staried in September
2003 (hop://www . ocean.cacs. tohoku ac jp/%% 7TEmerge/ssthinary/actvalbm.cgiteng=1). Cloud-free,
high-resolution (5-km grided), daily, quality-controlled 85T {called NGSST-0) is generated through
cooperation with DRSP and space agencies.

“Red-tide monitoring project” cooperated with “Red-tide watcher (PI: FURUYA Ken)”
supported by a Japanese research fund,  The “Red-tide watcher” has organized several international
workshops, inviting marine biologists and remote sensing experts in the WESTPAC region, The
Red-tide monitoring project was dissolved in order that “Ocean Color {OC) project”™ may be formed ini
2005, The mew O project made significant progress in the regional R&ED of Caze-2 ocean color
algorithm. Cooperating with the Yellow Sea Large Marine Ecosvstem (YSLME) and NOWPAP
(Morth-west Pacific Action Plan), the OC project has formed a regional OC expert group which was
funded by ¥SLME. The members are from China, Korea and Japan, and are related to the ORSPAOC
project. NOWPAP and YSLME. They have developed the regional bio-optical dataset (Y OC-2007
common datazet) and the Yellow/East China Sea Case-2 algorithm,






AN ECOSYSTEM-BASED APPROACH TO MANAGE THE YELLOW SEA

Connie Chiang
UNDP/GEF Yellow Sea Project

ABSTRACT

The UNDP/GEF “Yellow Sea Project” aims to provide the Yellow Sea with
management actions to combat environmental problems that it faces. Transboundary
problems such as overfishing, unsustainable mariculture, eutrophication, reduction in
biodiversity and habitats, and change in ecosystem structure and function were identified and
listed in the “Transboundary Diagnostic Analysis.,” The scientific information was then used
o develop the regional and national “Strategic Action Programmes (SAP)” for the Yellow
Sea, which are the management actions to mitigate these problems. The goal of ecosystem
management is to maximise and sustain ecosystem services; however, managing these
services is a complicated issuc as there are linkages and tradeoffs among the services.
Because of these linkages and trade-offs, sectoral management fails, and each service should
nol be managed separately.

The SAP, with its central theme of “Ecosystem Carrying Capacity (ECC)." strives to
provide an ecosystem-based approach that will allow the Yellow Sea to sustain its
provisioning, regulating, supporting, and cultural services. In the project’s context, ECC is
defined as the capacity of an ecosystem 1o provide its services or the sum of all the ecosystem
services it can provide. The SAP will offer a comprehensive and holistic way to allow the
Yellow Sea to achieve this.

ECC 15 determined by various ecological processes that are inter-dependent, which in
tum are determined by ecosystem configuration and state, and will change under difTferent
environmental conditions as the ecosystem structure and processes change. Environmental
conditions will change as society’s requirements increase, and events such as climate change
accelerate. Thus, an ecosystem-based approach is needed to ensure a healthy Yellow Sea.

The presentation wall provide an overview of the Yellow Sea Project and some resulis
and outcomes of the project. Activities related to marine environment assessment will be
introduced, as well as economic tools the project uses to assess management actions.
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Interim Report of HAB Case Studies in the
NOWPAP Member States



Report of HAB Case Studies in the Coastal Area of Qingdao Region

Yongquan YUAN and Zhiming Y1
Key laboratory of Marine Ecology and Environmental Sciences,
Institute of Oceanology, Chinese Academy of Sciences

7 Manhai Road. Qingdao, China 266071

Abstract

liaozhou Bay and eastern pant of Qingdao coastal waters, are some of the HAB
occurrence areas in North Yellow Sea. This report takes Jiaozhou Bay and eastern part
of Qingdao coastal waters as the target sea area to study the HAB cases, which is also
considered as the epitome of North Yellow Sea. The scale of HAB events increased
significantly from less than 10km® in early 1990s to 50~70 km® on average in recent
vears. The major causative species include diatoms—meostly Skeletonema costatum,
as well as zooplankton—mostly Mesodintum rubrum and also Heterosigma Akashivo
in recent yvears. Duration HAB events, the maximum density of the HAB organisms
reached 9.34x10°cells/L. Eutrophication 15 one of the important reasons of HAB
events in the target sea area. The concentration of nutrients in recent years has been
present at a much higher level as compared to the eardy 1990s. Moreover the

meteorological conditions in summer and early autumn are suitable for the growth of

HAR organisms, especially after nutrient input caused by rainfall, with most HABs
events occurming during this period.

Key words: Report, HAB case studies, Coastal area of Qingdao region, Morth Yellow
Sea

" Cormresponding author: ryw@qdio.ac.cn
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Report of HAB Case Studies in the

Coastal Area of Qingdao Region

(Draft)

Yongquan YUAN and Zhiming YU’

Institute of Oceanology, Chinese Academy of Sciences

7 Nanhai Road, Qingdao, China 266071

August 2008

" Comresponding awihor: pyuimgdioac.cn
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1. Introduoction
1.1. Objective

The objective of conducting the HAB case study in the coastal arca of Qingdao region is to
establizh the most effective and least laberious ways for sharing amoeng the NOWPAP member
states, information on HAB events and associated oceanographic and meteorological conditions.
Furthermore, commen HAB issues within the NOWPAP region will be identified through the
case study. In the case study, both red-fide and toxin-producing plankfons will be referred as
HAB species.

1.2. Definitions and rules used in the HAB case study

Harmful algal blooms (HABs) were called red tides in the past vears because of the intense
(ofien reddish) discoloration of the seawater by the pigments in the algae involved. However, the
term red tide 15 too general: it includes dense accumulation of phytoplankton species which can
visibly discolor seawater but have no harmful effects, and it excludes many other blooms which
cause negative effects at very low density without any associated water discoloration. In spite of
the name, red tides are often not red, and are seldom associated with tides, and in some cases
exert no negative effects,

“Harmful algal blooms™ {or HABS) is the term now wsed widely 1o describe blooms which
have negative effects. They take many forms and have equally diverse effects, but they are
always toxic or harmful. These effects involve different toxing produced by the algae, killing fish
and other marine animals, as well as having more general environmental effects,

Traditionally, Chineze are used o the term “red tides” to describe any marine phytoplankion
blooms that either causes water discolorations or results in harmiful and toxic evenis. For the
scientific communities in China, HABs is widely used. HABs in this repon, therefore,
encompass both harmful or toxic blooms and harmless red tides,

1.3. Overview of the target sea area
1.3.1. Location and boundary
The target sea area covers the eastern part of Cingdso coastal area and a semi-enclosed
interior gulf of Qingdao named Jiaozhou Bay, which jointed with the Morth Yellow Sea. The
location of the target arca is from 35*35"~37%09'N and 119°30"~121°00°E (Fig.1).
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Figure 1 Proposcd target sca area for the case study in China

1.3.2. Environmental/geographical characteristics
The target sea area is surrounded by the continent in the northwest and laces Morth Yellow
Sea in the southeast, which includes the waters of Jizozhou Bay (390km") and east coastal waters
of Qingdac (140km’). With an average water depth of 7Tm and a maximum depth of 64m, most
part of Jizozhou Bay is shallower than 5m. Located in the northern temperate zone, the farget sea

arca is neither extremely hot in summer nor severely cold in winter. The multi-vear mean air
temperature is 1377 |, the sediment depth 1s about 662 mm and the scawater salinity is between
30.54~33.29.

Major rivers discharging directly into the target sea area include the Haipo, Moshui, Licun,
Dagu, 26 rivers in total. The Haipe, Moshui, Licun, Dagu Rivers around the Jiaoshou Bay have
impaortant effects on both salinity and hydrography of the target sea area, All rivers have peak

runcfT in summer and minimum discharge in winter,

Qingdao is a littoral city with a population of approximately 8,300,000 and a population
density of about 151 Tpeoplefkm’.



Z. Methodology used in the case study in the Qingdao Coastal Waters
2.1, Methodology used in the case study

Red tide monitoring program in Ching is conducted by State Oceanic Administration (SOMA).
The monitoring program started from late 19803, and the monitoring network is still under
construction. SOA has issued “Annual Report of Chinese Marine Environmental Quality”™ since
1990, in which the dats on HABs case is reporfed. The HAR event in this repori is based on two
ways, one is the seawater color change found by fisherman or air remote sensing, which is then
identified. The other is based on the regular monitoring by SOA. That is one of the data sources
in our HAB case study of Qingdao Coastal Waters.

In order o ensure the coastal water quality of Qingdao for the Sailing Regatia of 2008
Olympic game, a HAB monitoring and routine sea quality monitoring programs are conducted by
Monh China Sea Environment Monitoring Centre (NCSEMC) which awhorized by S0A in
recent vears. NCSEMC has issued “Monitoring and warning repont of HAB events in costal
waters of Qingdao™ daily during the July and August since 2005. That i= another data source
reporied in the case study,

Besides, many research programs on HABs are conducted in Jinozhou Bay because it is a
tvpical bay in Nonh China sea, Related data on HABs event is also used in the report.

2.2, Waming standards against HAB events

In order to prevent damage from HABs, monitoring organizations in the target sea area have
established HAB waming standards for major causative species in Qingdao coastal waters by
using refated international standards as a reference (Table 1). In general, the standard of waming

and action is the same in all cases — If exceeded, it will be reported to local government

followed by actualization of certain countermeasurements, such as sprayving modified clay,
moving fish cage, ¢ic..

Table 1 HAB warning standards of Qingdoo City

Mame Standards(cells/L) Toxin
Mesodinium ribriam 5x10° No
Noctiluea scimtiliars sx10° Mo
Skeletosenta cosialumt sx10° Mo
Heterosigma akashivo sx10° No
Encamipa soodians 10* No
Alexandrivm tamarense 1" Yes(PSP)

In China, harvested shellfish are monitored 1o check the presence of any algal toxins, Safety
limits are established by the Government, which are 80pg STXeg/100g of meat for PSP and less
than detection limit by means of mowse bicassay (0,05 MLVg) for DEP,



2.3. Target HAB species
The causative HAB species in Qingdao coastal waters are basically non-toxin plankton and
rooplankton, therefore, in this case study, the following 3 species of HAB are referred as “farget

HAB species’.

Table 2 Target HAB species in this case study

Name Red tide causative species Toxin-producting plankion
Mesadiniam rubrum Yes
Noctiluea seiwiiifans Yes
Skeletomema costatum Yes
Helerosigma akashivo Yes
Evcamipa toodians Yes




3. Monitoring framework and parameters of HAB
3.1, Monitoring framework
As mentioned above, Morth China Sea Environmental Monitoring Centre (NCSEMC)
conducts HAB monitoring in recent vears to prevent HAB3 in Qingdao coastal waters, There're

43 monitoring stations set up in the target sea area, distributed among Jaozhou Bay. Huiquan

Bay. Tuandao Bay, Taipingjiao Bay, Fushan Bay, Maidao Bay, Shazikou Bay and adjacent

coastal waters, The boundaries and locations of the monitoring stations are presented on Figure
2
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Figure 2 . Monitoring framework in Qingdao target sea area

3.2,  Monitoring parameters
In the coastal waters of Qingdao, the following two types of HAB related surveys are

conducted: post-HAB survey and regular HAB monitoring survey. Post-HAB survey is
conducted when discoloration of water bas been observed and HAB event has ocourred. Regular
HAB monitoring survey is conducted repularky at fixed locations, irespective of any HAB
EVELS,

This case study will focus mainly on the results of the post-HAB survey, which monitors
HAB causative species, cell density, affected area, water temperature, salinity and DO,

Meanwhile, the regular HAB  monitoring  results  such  as  nudrients, wind



speedidirection, weather condition and other water quality as well as meteorological parameters

will be used for further discussions.

3.3, Data and information used
Information on HAB events will be mainly collected from ihe following sources:
Reports published by organizations that conduct HAB monitoring in the target sea area
Monitoring and wamning report of HAB events in costal waters of Qingdao (2005-2007)
Annual Report of China Marine Environment (2003-2007)
Annual Report of Marine Environment of Shandong Province (2006)
Annual Report of Oifshore Water Environment of China,(2001-2007)
Annual Report of Marine Environment of Qingdao.(2004-2003)
Published references and data
Results from related research projecis
Personal communication

Table 3 shows the monitoring parameters that will he referred in the HAR case study

Table 3 Monitoring parameters referred in the HAB case study

Monitoring parameter Survey type

- HARB species
(dominant/causative app.) I

HAB - Cell density Post-HAB survev

- Bloom ares

- Water temp,
- Salinity Post-HAB

Water quality DO Sy

- Water quality _
Others : H"':?ﬁﬁ:gr;t}'. Nutrients Regular HAB  monitoring

Weather, Wind, e
direction/speed




4. Status of HAB events
The target sea area, Jiaozhou Bay and ecasteérn part of Qingdas coastal waters, 15 one of

HABs occurrence areas in Morth Yellow Sea. Therefore this chapter will emphasize the records
in the past fen or more vears of HAB status in Qingdao coastal waters as the epitome of Morth

Yellow Sea.

4.1. Status of HAB events in the past decades or so

As summerized in table 4, 38 HAB events have been recorded by SOA in North Yellow Sea
since 1990, in which, 24 HAB evenis occurred in Olingdao coastal waters, Therefore, Oingdao
coastal waters is the typical “target sca area”™ to study the HAB events occurred in North Yellow
Sea.
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From vear [997-2007, a total of 20 HAB eveniz were recorded in the Qingdao coastal walers,
The most frc-u;]nmll;g.I observed HAB species were Skelefornema cosfafum and Mesodinium rubrim,
which constitwied almost halfl of all recorded events.

Table 5 Yearly Trends of HAB enents

HAB cvent HAB area Causative species Squares

OB/ 1997 Centre of Jiaozhou Bay Skelelonema cosialm small
03/07/1998-08/07/1998 | North-cast part of Jinozhou Bay Skeletanema costaiim 10km”

061999 Morth-cast part of Jiaozhou Bay Encampia zediacus Small
230771999-24/0771999 lizozhou Bay 26km’

Skeletowema costatum,
Encampia zodiacus

26/07/199% Fuzshan Bay Mesodiniwm rubrim 60km*
200720040 Centre of Jiaozhou Bay Noctilwea Scintinllans 92km*

04042001 Fushan Bay Noctiluca Scintiniiands sl

1170672001 -1206/2001 Jimozhou Bay Noctiluea Scintillands Skm’
07072001-13/07/2001 Mouth of Jiaozhou Bay Mesodiniwm rubrim 9.8km’
ZRA06/2002-0207/2002 Fushan Bay Mesodimisem rihrm o0km®
07 2003- 10072003 - Mesodiniwm ruhrnm 450km’

Tuandas Bay, Huiquan Bay,
Taipingjiao Bay. Fushan Bay

0272004 Morth-cast part of Jinozhou Bay | Guinaradia delicatula Smiall
09/02/2004-28/02/2004 |  East part of Jisozhou Bay | Rhizosolenia delicatula | T0km’
Z20372004-2503/2004 | North-cast part of Jisozhou Bay Thalassiosira 70km’

morclenskiNdi
0772004 North part of Jiaozhou Bay Coscinodisens Small
eRsferrnpitcl s

HOWOE 2004 Fushan Bay Mesodirinm rufrionm 54.‘.Il.:r|:11
1206/2005-1 7/06/2005 Lingshan Bay Heterosigma Akashiwo | 80km®
O07T/06/2007-10/07/2007 Shazikou Bay Heterosigma Akashiwo T0km*
20/08/2007-23/08/2007 Eastern costal waters Skeletanema costafum 15 km®

25/09/2007-28/0%/2007 Shazikou Bay Gomyaulax spinifera Skm’

According to table 3, the HAB area expanded obviously in recent years, Jiaozhou bay was
the major HABs arca of Qingdao coastal waters during the whole 90s, however, Fushan bay
became fo be another main HAB area from the early years of 215t century, Moreover, the HAB
area expanded much seriously in recent 4-3years, which was from the western part (Lingshan
Bay) to the castern part {Shazikou Bay) of Qingdao coastal waters as shown in figure 3.
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Main HAB area in recent years
Figure 3 HABs arca expansion of Qingdao coastal waters

4.2. Yearly trends of HAB events
Dwuring the 10 vears between 1997 and 2007, a total of 20 HAB events were recorded. The
frequency of HAB events has increased significantly in recent vears than before.

2%/
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Figure 4 Yearly trend of HAB evenis in the target area
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According to figure 4, almost half of HAB evenis recorded ocourred in the 4 vears, especially
in 2004, in which 5 HAB events have ocowrred—accounted for about 23% of todal,
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Figure 3 Yearly trend of HAB events in the North Yellow Sea

For the North Yellow Sea region, the same conclusion could be obtained that the frequency
of HAB events has increased significantly in recent years than before, Figure 5 shows the vearly
trend of HAB events in Morth Yellow Sea from 1990 to 2007, There're 38 events recorded and
among them 11 among them occurred in recent 4 years. The trend of HABs occurrence scemed
smooth and anmual average was just 2 from 1990 to 1998, The HABs events dramatically
increased from 1999 and then appeared a peak valuwe of HABs occurrence in every 2 or ¥ years,

4.3, Yearly trends of HAB season

According to the HAB data from 1997-2007, approximately E0% of HAB evenis occurred
during June-September (Figure 6). June. July and August are considered to be the most frequent
months of HAB occurrence. OF these 4 months, June and July are considered o be the dominang
durations of HAB events, with over half of the total HAB events ocowrring in the 2 months,



i Feb Mar Apr  Jun  Jul Aug  Sep

Figure & Seasonal trend of HAB events in the target arca

The record of Morth Yellow Sea indicates the same situation. Only less than 20% HAB events
occurred during the yvear except for June to September, with not even o single HAB event recorded
during the months of October 1o December and January. July is also believed to be the dominant
durations of HAB events in the whole vear, followed by June.
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Figure 7 Seasonal trend of HAB events in the vellow sea

4.4, Yearly trends of causative species
Table & shows the HAB species that were recorded in the Cingdao coastal area during
19497-2007 and their frequency of ocourrences. A total of 10 HAB species were recorded and the

most frequent species were Skelefonema costafun and Mesodinium rabrom, In general, most
species belonged to diatoms.



Table & Yearly trends of causative species

Specie name

1997

1998 | 1999 | 2000 | 2001 | 2002 | 2003

2005

2007

total

Diatom

1 3

10

Ekeleionema cosiaiian

1 1

Eucampia zodiacus

2

Craimaraia deficatulo

Rhizosalenia delicarula

Thalarziozira
mardenskbONdii

Coscinodiscus
asteronphalis

Dinoflageliate

Mocifliea Scintinllans

Cremmpanlay spinifera

Zooplankion

Mezodinium rihrum

L LA | == | Rl | R

Others

Heterasigma Akasfriweo




5. Status of recent HAB events and results of environmental monitoring

2.1

Mumber of HAB events
Beconds of HAB events in 2005-2007 are chosen to illustrate the status of recent HAB events.

A total of 4 HAB events in the target sea area were recorded in the period (table T).

Table THARB events occurred in recent years

HAB event HAB area Causative species Maximum
DensityicellsL)
1 200620051 706 2005 Lingshan Bay Heterosignma Akashiwo O 5dx 1o’
OTAGZ007- 100062007 Shazikou Bay Heterosignna Akashivo 5.31x107
20/08/2007-23/08/2007 |  Eastern costal waters | Skeletorema costaim L1x10"
250002007 -2 B0 2007 Shazikou Bay Crownvendar spinifera )

Besides the HAB events, there were 3 records of high biomass, in which the maximum
density of causative species closed to the waming levels {table 8), The most frequently observed
HAB species were Heterosigma Akashiwo and Skeletonema Costanion respectively.

Table & High biomass events closed to the waming levels in recent years

Event Arca Causative Maximum Waming
species Density(cells/L) | Standards{cells/L)

12106/ 2005 Fushan Bay Skeletonema 3.6x10° sx10®
costlaem

057 2006-09/07/2006 | Fushan Bay Mesadinium 5.6x10" sx10°
Faehrume

23/082006-24/08/2006 | Fushan Bay Chaeloceros 2.6x10° 10"

socialis

5.2 Period of HAB evenls
As shown in the figure 8, June is the most possible period of HAB events and high biomass
events that approach the waming levels in the target sea area. Summer and early autumn are the

mosl possible seasons,
4
3
2
l
0
June July August  September
Figure 8 Period of HAB events
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5.3. Duration of HAB events

Table 9 shows the number of HAB events and high biomass evenis by duration (number of
days) im 2005-2007. A wotal of T events occurred during the period, in which 1 event lasted for 5
days, | event was 4 days, 3 events were 3 days and 2 events were just | day. The longest HAB
duration was 5 days by Feterosigmea akashiwo, which occurred in Lingshan Bay with an area of
80 km’ during June, Therefore, we could say that the HAB: events in the target area are smaller
and the duration of each event is shorter.

Table 9 Duration of HAB events in recent vears

HAB event Diuration Causative species
12065200 5= 1 706/ 2005 5 days Heterazigma Akashivo

1 20672005 | day Sheletonema Casiarnm
05/072006-0907/2006 4 days Mesodinitms ribrim
2308 2006-24/08/2006 1 day Chaetoceras socialis
07062007 = 100652007 3 days Heterosigma Akashivo
200082007 -2308/2007 3 days Skeletomenra cosfalum
250920072805/ 2007 3 days Cronyanlax spinifera

5.4, Location of HAB cvents

The lecation of above HABs and high biomass events in the target sea areas is shown as the
table 10 and figure 9, The events often occured in Fushan bay and Shazikou bay during the
period. Eutrophication and the weaker water exchange in the two bays are considered to be the
major reasons. The two bavs are the smaller semi-enclosed pull and 1he water exchange is
weaker. There is a major living waste-water discharge near Fushan bay, which often results in
the eutrophication of nearby waters. Shazikou bay is surrounded by many culture fishery places
and fishery ports, and as a resuli, the water there i3 believed o suffer from serious
cutrophication.

Table 10 Location of HAB events in recent years

HAB event HAB area Causative species
1 2A06/20035- 1 TI062005 Lingshan Bay Heterozigma Akashivo

120062005 Fushan Bay Skeletonema Costalum
0507/ 2006-0907/ 2006 Fushan Bay Mesodinium rubrumr
23082006=24/08/2006 Fushan Bay Chaetoceros socialis
0706200 7= 1 062007 Shazikou Bay Heternsigma Akashivo
2008/2007-23/08/2007 East costal waters Skeletonema costatum
25092007 -28092007 Shazikou Bay Cromvanlax spinifera
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September, 2007
Figure 9 Locations of HAB events in recent years

Comparison with the historical records, Jisozhou Bay is believed to be another source of
HAB eveniz, especially in the portheastern part because of s weak seawater exchange ability
and great pollution. However, more attentions were attracted to the eastern pant of Qingdao
coastal waters from 2005 to 2007 due to where will be 2008 Olympic sailing competition waters.
Therefore, more data on the HABs from 2005 to 2007 in the eastern part of Qingdao coastal
waters were available, As a result, this chapier will discuss the status of recent HAB events and
resuliz of environmental monitoring mostly based on the data on the eastern part of Qingdao
coastal waters.

5.5. Causative species
As shown in the table 11, there were 5 causative species in the events and the most freguent

species were Heterosigna Akashivo and Skelefonema Coslatom, 2 limes respectively,

Table 11 Causative specics of HAB events in recent vears

HAB event Causative species Causative genus
[ 12/06/2005-17/06/2005 | Heterosigma Akashiwo |  Raphidophyceae

1 206/2005 Skeletonema Costatum Diatom
05/07/2006-0907/2006 Mesodinium rubrion Micro-zooplankion
23/08/2006- 240872006 Chaetoceros soclalis Diatom
0706 2007-1IW62007 | Heterosigma Akashivo Raphidophyceae
20/08/2007-23/08/2007 | Skeletonema costafum Diatom
25/092007-2809/2007 | Gonyawlax spinifera Dinoflagellate

According 1o the monitoring results during 20042006 conducted by the NCSEMC, disloms
are the dominant species of the community in the target sca arca, 86 species of diatoms were
tested out of 108 species in tofal, and the percentage was 79.63%. The Skeletonema Costalim
was the most common specie of diatoms, Besides Skeleronema Costatum, the Mesodiniam
Rubrim and Heterosigma Akashiwo are another important species that occurred during HAB
evenis and have caused HABS o occur more and more frequently in the tanget arca.



5.6. Maximum density of each HAB event

Table 12 shows the maximum density of each HAB event that occurred in the target sea area
during 2005-2007. Within these HAB events, the maximum density was recorded in June 2005
at Lingshan Bay, reaching 9.58x10" cells/L..,

Tablel2 Maximum density of HAB events in recent years

HAB evert Causative species Maximum density{cellsL)
| 2006/ 20051 T/06/2005 | Heterosigmea Akashivo 9.54x10°
07/06/2007-1 V062007 | Heterosigme Akashiwe 5.31x00°
20/08/2007-23/0872007 | Skelevonema costation L1x1o’
25/09/2007-28:09/2007 Craryaidax spinifera /

2.7. Status of HAB induced fishery damage

There were not official statistic dota on fishery damage caused by HAB events in the tanget
sed area. According to the estimate from the fishermen, the HAB event occurred in the Lingshan
Bay 2005 caused great fishery damage. This HAB event was caused by the Heferosigma
Akashiwe and resulied in serious damage of culiure and capiure fishery, During this event, the
total catch decreased significantly and most yellow croaker captured were dead totally.

5.8. Status of target species

According 1o the recent 10-year record of HAB events in table 5, the major causative species
are Helernsignna Akashivo, Mesodinfum Riubirun and Skelefonema Costatunr, with distoms and
zooplankton especially played a significant role. In some cases, although the maximum density
did not reach HABs level, the density of Mesodinfum Bubrum and Skeletonmema Costafim
frequently maintained at a higher level. Therefore, the target species in (ingdao coastal waters
should be were diatoms, Heterosigma Akashive and micro-zeoplankton, especially Mesodinimm
Rubrign and Skelefonema Costatury (Table 13} A decreasing wend of the size of the causative
specics is also present, and as such, some small micro-diatoms and micro-zooplankton are
taking the place of macro-plankions such as Nocriluca Scintindlans,

Table 13 status DflilE species of HAB and h'i,_g'_h biomass event in recent years
Specie name 2005 | 2006 | 2007 | total
Diatom

3
Skeletonema costalm 1 1 2
Chaetoceros socialis 1 2

]
[
1
1

Dinoflagellate 1
Crenpperndar spinifera I
Zooplankion
Mesodivinm rickum |
Orthers
Heterosigma Akashive 1 1 2

5.9, Environmental monitoring results during HAB events
The environmental parameters were monitored during the HAB event of Skelefonema



Cosfatiem ocourred in 2007, The major monitored parameters included temperature, salinity,

pH. DO as shown in Table 14. During the HAB event, the water temperature ranged

in22.68-2532°C, salinmity ranged in 27.928 - 29.599, pH ranged in 6.97- 8.2 and DO ranged in
666 - .81,

Table 14 Environmental monitoring nesults dm‘i.nE HAB event

Spot | Temperature{"C}) Salinity pH DN mg/L)
6 22 7~2508 29.141~29 599 6.97--8.05 &. 66742
8 22.68-25.21 28.528~29.495 7.93~8.09 6.9~7 46
g 23-252 29.032~29.461 7.96~8.14 6.990-7.49
14 | 23.56-25.12 29.012~29.298 7.93-8.2 6.91~7.57
15 23482517 2903929334 T7.94-8.19 T.04~T 68
15 24.08-25.32 28.197-29.171 8-8.16 7.15-7.68
1% 2394251 J8.A48-29215 7.99-%.19 T17=T.81
20 24.22-25.32 279282831 1.597-5.16 T.22-1.73
21 24.16-35.3 2 A28 627 7.98-8.15 T.2~-1.71

Because there was a continuous rainsiorm before the HAB event, the salinity was lower than
the normal level and the water temperature was also lower than multi-year mean level
Skeleromema Costatm 15 a species that can grow in @ wide range of salinity. As a result, the

Skeletonema Costatum became the dominant specie during this HAB event.

5.10. Water quality parameters of regular HAB monitoring survey
Table 15 shows the regular HAB monitoring survey results duning the Skeletonema Costaliom

HAB event occurred in 2007, The major monitored parameters included temperature,  salinity.

D0 and nutrients. Figure 10 shows the change in nutrients during the HAB event.

Table 15 Water quality parameters during the Skeletormema Costatum HAB event in 2007

Spot | Temperature | Salinity DO(mg/L) | SiD3-8i | PO4-P | NOZ-N | NO3-N | NH4-N
("C) (wgll) | (gl | (el (eel) | (el
22.7-25.08 | 29.141~-29.599 | 6.66~7.42 | 338470 | 2.25~-63 | 31.5~38.9 | 71~198 17.6~T76.4
22.68~25.21 | 28.528~29.495 | 6.9~746 | 242~430 | 1.35~3.6 | 29.3~41.4 | 84.6~261 | 23.2-200
23~25.2 2903229461 | 699749 | 308448 | 0.9-3.6 2T1-32.3 | 83.6=171 | 13.5-82.1

14 | 23.56~25.12 | 29.012-29,298 | 691-7.57 | 290-308 | 0.9-4.95 | 2565-29.2 | ¥4-132 | 24.1-32.9

15 23.48~25.17 | 29.039-29.336 | 7.04~7.68 | 282378 | 1.35~-5.4 | 26.1~-31.7 | 56.4~138 | 23.8-69.9

18 | 24.08~25.32 I!-IW:EHI 7.15~7.68 | 253~326 | 2.25~4.95 | 30.5~44.3 | 122~265 | 32.7~-59.6

19 | 23.94-25.1 |2848-29.215 | 7.17-7.81 | 242~326 | 2.25-4.5 | 25.2~35.9 | 57.4~185 | 16.7-59.9

20 | 24,22-25.32 | 27.928-28.31 | 7.22-7.73 | 271-326 | 1.8-3.4 31.5-38.5 | 174-222 | 33.6~-52.6

21 24.16~253 | 28.439-28.627 | 7.2~7.71 | 245~319 | 2.25~4.05 | 33.4~45.3 | 110-277 | 6.4~52.9
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Figure 10 Nutrients during the Skeletonema Costatm HAB event in 2007

According to monitoning results by NCSEMU, there were several times of rainfall in Qingdao

before the HABs event, especially on 10th =11th of August the rainfall was over 240mm. The
rainfall input terrestrial nutrients into the target sea area. Asa result, the concentration of silicate
increased over 10 times, along with the significant increase in concentrations of other nutrients.

As shown in figure 7, the concentrtions of both silicate. nitrate and ammonium were over

30pmol/L, and the concentration of phosphate was over 0.6umel/l, Therefore, sufficient
nuirients and suitable environmental conditions resulted in the HABs event that lasted for 4
days,

5.11. Meteorological observation parameters

The meteorological data were recorded in table 16 during the Skelefonema Cosfafm HAB

event in 2007, The major parameters included temperature, air pressure, wind speed. wind

direction and so on.

Table 16 Meteorological observation parameters during HAB event

Spot | Temperature | Air pressure Wind Wind direction]") Weather
("C) (hpa) speedim/s) | 20th | 21th | 22th | 23th | condition
i 222268 10004~ 1008.1 | 0-5.3 C 164 H e Sunny
8 222268 1000.4-1008.1 | 0-5 C 144 34 EE Sunny
G 22.3~26.9 1000.4-1008.1 | 0=5.7 C 124 | 24 54 Sunny
14 22.5~26.9 1000.4~1008.1 | 0-5.7 C 144 34 84 Sunny
15 2252740 1000410081 | 0-54 [ 104 14 94 Sunny
18 229268 1000 3--1008.1 | 1.5-5.7 I 134 24 L Sunny




19 22 B~26.8 1000.3~1008.1 | 1.3~5.5 174 134 44 B4 Sunny

20 26.2-26.9 10003~ 10081 | 1.9~4.2 184 124 34 EE Sunny

21 26.1-26.9 1000.3-1008.1 | 1.7-4.6 194 | 124 | 24 94 Sunny

As shown in the above table, during the HAB event, the weather maintained sunny with no rain,
which was favorable for plankion growth because of strong photosynthesis, The wind was mild,
less than S5m/s in most cases, and in some spols only static wind existed. Slow wind speed is
favorable for phyioplankion growth, without being disturbed by sirong waves, In summary, the
meteorological condition was also fit for skeletomema costatum blooming.

6. Conclusion

The target sea area in the report, Jisozhou Bay and esstern part of Qingdao cosstal waters, are
some of the HAB occurrence areas in Morth Yellow Sea. The scale of HAR events increased
significantly from less than 10km’ in early 1990s to $0~70 km® on average in recent vears. The
major causative species  include diatoms-—mostly Skelefonema cosfatun, a5 well as
rooplankton—mastly Mesodimizm rubrume and also Heferosigma Akashiwe in recent years.
Duration HAB events, the maximum density of the HAB organisms reached 9.34x107cells/L.
Eutrophication is one of the imporiant reasons of HAB evenis in the targer sea area. The
concentration of nutrients in recent years has been present at a much higher level as compared to
the early 19905, Moreover the meteorological conditions in summer and early aulumn are
suitable for the growth of HAB organisms, especially after nutrient input caused by rainfall,
with most HABs events occuning during this period.
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1 Introduction
1.1 Objective

The objective of comducting the HABR case study in the northwestern sea area of Kyushu region
{hereinafter abbreviated as ‘case study”) is to establish the most effective and laborsaving ways for sharing
among the NOWPAP member states, information on HAB events and associated oceanographic and
metecrological conditions.

1.2 Background information of the case study

The case study provides information on the red tides and toxin-producing planktons that have occurred in
the nonhwestern sea area of Kyushu region, As defined by NOWPFAP CEARAC (2005), red tides can be
merely & water discoloration event or can be harmful and in some cases induce fishery damage. On the
other hand, toxin-producing planktons can contaminate fish and shellfish even under low densities. In this
case study, HAB refers to blooms of both unharmfulharmful red tides and toxin-producing plankions,
Information on toxin-proeducing planktons is provided through two sources: regular monitoring data of
toxin-producing planktons and records of shipment stoppage due 1o shellfish contamination.

In regards 1o the scientific names of the HAB species, in principal, the names used in the past CEARAC
reports (e.g. Integrated Keport) were used. However, updated names or country-specific names were also
concurrently listed as far it was possible, The information presented in the case study was mainly based on
the published reports and websites of the national or local government monitoring organizations.

The status of HAB events is presented for two time periods. Chapter 4 describes the yearly irend of HAB
evenls from the initistion of HAB monitoring 1o the present. Chapler 5 descnobes the HAB evenis in 20046,
which include information such as the season and location of eccurrence, and the associated environmental
conditions,

In addition, the case study discusses the prospects and issues of using satellite remote sensing technology
for red-tide monitoring,

1.3 Owerview of the target sea area
1.3.1 Lecation and boundary

The northwestern sea area of Kyushu region (hereinafter called as “targel sea arca’y was sclected for
Japan's HAB case study. The target sea area faces the East China Sea, and includes the sea areas of
Magasaki, Saga and Fukuoka Prefecture, and the Sea of Japan side of Yamaguchi Prefecture. The target sea
area was broadly demarcated into the following 4 sea regions: coastal area of Yamaguchi Prefecture, north
Kyushu sea area (coastlines of Fukuoka, Saga and part of Nagasaki Prefecture), west Kyushu sea arca
(Magasaki Prefecture) and remote islands (Magasaki Prefecture). Inland seas such as the Arnake Sea,
Yatsushiro S¢a and Seto Insland Sea were not included. Figure 1.1 shows the locations of the above 4 sea
regions. The mondloning areas/sites of each prefecture are described in Section 3.1,
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Figure 1.1 Target sea arca of Japan's HAB case study

1.3.2 Environmental and geographical characteristics

The target sea area is strongly influenced by the Tsushima Warm Cuwmrent. The topography of the
coaztline is complex: comprised of many beaches and amall inlets, In 2ome areas, such as in the west
Kyushu sea area, numerous small islands (Kujuku-shima [slands) are scattered along the coast. Also there
are many remote islands such as the Goto [slands, Tsushima and Tki,

Fishery is a major industry in the coastal areas of the target sea area, and many squaculture farms operate
along the calm inlets. Table 1.1 shows the types of aguaculture product and the amount of aquaculture
production in the prefectures of the targel sea area. Figure 1.2 shows the areas where the
fish/shellfish/seaweed aguaculture farms are operated in the target sea arca.

The main aquaculture products in Yamaguchi Prefecture (side of Sea of Japan) are seaweed (Undaria
pinnatifida), amberjack, red seabream and flatfish, In the norh Kyushu sea area, the main aquaculture
products of Fukuoka Prefecture are oyster, seaweed (Undaria pinnatifida) and prawn; and the main
aquaculiure products of Saga Prefecture are red seabream, amberjack, prawn and pearls. The main
aquaculture products of Nagasaki Prefecture are amberjacks, red seabream, pufferfish, oyster and seaweeds
(laver, Undaria pinnatifida); with particularly high production of amberjacks. Within the 4 prefeciures,
Magasaki has the highest aquaculiure production (21,424 1ons in 2004),

Apart from aquaculture, the coastal fisheries in the target sea area generally target migratory fish species
such as sardine, horse mackerel and Pacific mackerel; although there are some variations in the farget
species between the prefectures.



Table 1.1 The iypes of aquaculivre products and the amount of agquaculiure production in the

prifectures of the target sea area

Adqquoculivire
Type of aquaculiare
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mzmily caught by the coastal fisheres:
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Figure 1.2 Areas where fish/shellfish/scaweed agquaculture farms are operated in the target sea arca

2 Definitions of HAB and related regulations and standards
2.1 Definition of a HAB event
2.1.1 Definition of a red-tide event

Most red-tide events that were recorded in the reports of the monitoring organizations resulted from the
red-tide surveys that the monitoring organizations conduct after water discoloration or fishery damage
event is reporied, such as by fishermen. In the above reporis, a red-tide event was considered as °1 event’
from the initiation to the cessation of water discoloration.

In this case study, the statistics on the red-tide events are based on the reporis of the monitoring
organizations. The reporiz also differentiate red-tide events that induced fishery damage, and provide
information on the extent of damage caused by cach red-tide. The case study, therefore also includes
statistics on the red-tide events that induced fishery damage,

2.1.2 Definition of a toxin-producing plankton event

In order to prevent shipment of comaminated shellfish by toxin-producing plankions, monitoring
organizations in the target sea area regularly inspect toxin levels in the harvested shellfish and also monitor
for the presence of texin-producing plankions in aguaculture areas. Howewver, there are no established
regulatory standards for toxin-producing planktons because shellfish contamination 15 not necessanly
related to the concentration of toxin-producing planktons, i.e. shellfish contamination may occur even
under low concenfration of toxin-producing planktons, Monitoring organizations conduct the shellfish
inspections mainly during the shipment period and stops shipment when the toxin levels exceed the set
toxin standards (in Mouse Unit: MU, In Japan, inspections are conducted for toxins of diarrhetic shellfish
poisoning (DSP) and paralytic shellfish poisoning (PSF).

In the case study, the monitoring results of the toxin-producing planktons and the status of shipment



stoppage are presented.

2.2 Regulations and standards for HAB events
2.2.1 Regulations and standards for red-tide events

In order to prevent fishery damage, monitoring organizations have sel "waming/action standards” against
red-tide species known to induce fishery damage. If the concentrations of these species exceed the set
warning/action standards, the monitoring organizations issue wamings to fishermen and coastal users.
Tables 2.1, 2.2 and 2.3 show the waming/action standards set by Magasaki, Fukuoka and Yamaguchi
Prefecture, respectively. Table 2.4 shows the red-tide species with waming/action standards for each

prefeciure,
Table 2.1 HAB warning/action standards of Nagasaki Prefeciure
‘Warning/sction standards
{cella’ml)
| Speciesname Waming level” | Action level™ | Note (Affected fislishellfish)
Chattanella antigia 1 [ Yelbowtall, cockles cle.
Chaitarella maring 1 10 Yellowinil etc,
Karermio mikimoied £ S04 Fish, shellfish, crustsceans el
Coekledinium pobdeikoides A0 S Welbowtail, red seabream, pailerfizh,
striped jack etc,
Hererosima akashivwao 1 A 10, (i Yellowail, grouper elx.
Hererocapsa cinewlarisguoaar o 50 Shellfizh (mainly bivalves)y

" Action level: Stop feeding or mave fish cage
Source: Magasaki Prefectural Instibute of Fisherics
(et fwew. maninelabo. nagasaki nagasakl jp'acws gyosandayort ™ 131 30Tno T Sakazio-tyulpdl)

""Warning level: Track plankion movement/Stop or prepane 1o stop feeding! Move or prepare (o move fish-cage

Table 2.2 HAR warningfaction siandards of Fukuoka Frefecture

Warning/action standards
(cellz/mi ) i
Specics name Warning level | Action level ! Maote
Heferasigma akashiva - L0, DN

" Action level: Levels thal could cause fish mortality
Source: Websile of Fukuoka Fisheries and Marine Technology Research Center
Thappa'fwww. sca-net. prel fukuaka jpv'y

Table 2.3 HAR “rnlngm:unn standards of Yamaguchi Prefeciure
Warning/sction standards (cellaml)
Specics name Warning level Action level ™ Note
Karermia nrikimotod 200 £.000
flererasigma akashive RELE 501,000

T Action Jevel: Levels that could cause fish nmrul'iw

Source:Yamaguchi Prefecture Web Site” thitp:fwowew.pref, vamaguchi, lg. jpems'a ] 6300/ uminariuminari-top, html )

Table 2.4 Red-tide species with warning/action standards by each prefecture

pp Iy oL
Dinophyocac
Karemia mikimotod L ¥ L L
Cochlodintum polykrikeides » w
HMeferacapsa circnlsrisquoma w L v

4B
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Raphidaphyceas
Chaitanella ambigua W
Chaitorella maring W
Heterosigme akashive v

SUrCe:

Magasakl Prefoctural Institute of Fisheries (2007)
(hiip:!vewow, maninelabo, pagnsaki nagasaki ipnewsgyorendaver 1131 30 Tne] Sakasio-tvai pdSaga Prefoctural Genkad
Fisheries Promoson Center (2007)

Fukuoka Fisheries and Marine Technobogy Rescarch Center (2007)

(halpsitvww. sea-nel. prel fukuoka [pgaivo’oshirase him)

Yamaguchi Prefectural Fisherbes Rescanch Cemter (20607)

“(hatpadwenw, pref vamaguchi, g jpdonata 1 6300 uminar wminari-top.himl )

[
W ' w

2.2.2 Regulations and standards for shellfish contamination

As deseribed previously, there are no regulatory standards against toxin-producing plankions because
shellfish contamination occurs even under low concentration of toxin-producing planktons. However,
monitoring organizations regularly monitor for the presence of several toxin-producing plankion species
during the shellfish harvest seasons. Table 2.5 shows the toxin-producing plankton species that are
monitored by each prefecture.

Table 2.5 Toxin-producing plankton species that are regularly monitored by each prefecture

Dinophyvoeae
Limcpkysis Spp.
(Dineploeris forfil, Dineplaysis w w v "
aciminrky, Diraminaiy candara)
Crvmmodinium catenaiwm » W » w
Alexandrimm spp.
[ Alewarradrinm calermella, Alexrardrinm w W W "
LTmTrETE b

Spurce:
Magasaki Prefectural Institute of Figheries (2007)

Saga Prebectural Genkai Fisherbes Promotion Cenper {2007)
Fukuaka Fizheries and Marine Technabogy Research Center {2007)
Yamaguchi Prefociural Fisheries Rescarch Cemter (2007)

In order to prevent shipment and harvesting of contaminated shellfish, monitoring organizations conduct
regular inspections of shellfish that are produced at the shellfish farming areas. If the toxin level in the
shellfish exceeds the regulatory standards, shipment will be stopped voluntarily. Wamings will also be sent
to recreational shellfish diggers via the media. The regulatory standard is expressed in terms of per unit
gram of wel shellfish meat, which is based on the notifications of the Ministry of Agriculture, Forestry and
Fisheries and Ministry of Health, Labour and Welfare. The regulatory standards are 4 MU/g wet weight for
PSP and 0.05 MU/g wet weight for DSP. In principal, shipment of shellfish will be stopped until the toxin
levels return to accepiable levels for 3 consecutive inspections.

For reference: Website of Mindstry of Agriculture, Forestry and Fisheries

W o, i fisheav fish-top. i



3 Framework and parameters of HAB monitonng
3.1 Monitoring framework
3.1.1 Framework of red-tide monitoring

To prevent fishery damages from red tides, monitoring organizations of each prefecture conduct “regular
red-tide moenitoring” and “post red-lide monitering’. Post red-tide monitoring is conducted afier receiving
reparts of red-tide events from fishery associations. Table 3.1 lists the sea arcas that are regulady monitored
by the monitoring organizations of each prefecture. Figures 3.1-3.3 show the locations of the regular
red-tide monitering sites in Fukwoka, Saga and Magasaki Prefecture, respectively, Figure 3.4 shows the
locations of the fishery associations in Nagasaki Prefecture that report on red-tide events to the monitoring
oFganizations.

Table 3.1  Sea areas thal are regularly monitored by the monitoring organizations of each

prefecture {red tide)
Monitoring organization Monitared sea area
Magasaki Prefisctural Institute of Fisherics Honhern Eosash
{hetpwww. marinelabo nagasski nagasaki jp) Hirsdo (UsukaFurue Bay)
Tachibana Bay, coasts of
Kitamatsu, Kujukushima, coast of Seihi, Anake
Sca
Esmaots [xlands
Giodo, Ik, Tsushima
Saga Prefectural Geenkai Fisheries Promation Center Morhem Kyushus

[hetp:/iwww, pref. saga. g ip/at-contents/shigoto/suisan/gensui’ Karssu Bay, [Nagoyaurd Kariva Bay| [lmari Bay]
I

Fukuoks Fisheries and Marine Technology Research Center
{hatptfwwew. sea-net. prel fubkuoka. jp'h

LRI R RIS

Fukuoka Bayl Karatsu Bay, Genkai Sea, Hibiki

Sca
Thamgoehi Prebotal F isheis Resemny Coate Coastal arca of Yamaguchi Pref,
(hitp:ifwowew, pref yvamaguchi.lg. jp'oms’a | 65 M uminari unina
ritop.bmi) (R nl Jagct

Male: II:}ul. reds=tide monfloring s conduded in the sea arcas enclosed by sguare line

Soairce:

Magasaki Prefectural Institute of Fisheries (2007)

Saga Prefecturz] (renkai Fisheries Promation Center (2007
Fukuwoka Fizheries and Marine Technobogy Besearch Center (2007)
Yamaguchi Prefeclural Fisheries Besearch Center (20407)
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Figure 3.1 Regular red-tide monitoring sites in Fukuoka Prefecture
Source: Fukuokn Fisheries and Manine Technology Research Cender (2007
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Saga Pref.(Imari Bay & Kariyva Bay)

Figure 3.2  Regular red-tide monitering sites in Saga Prefecture
Source: Sags Prefectural Genkad Fisheries Promotion Center (2007}
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Magasaki Pref (Ohmura Bay)

Figure 3.3  Regular red-tide monitoring sites in Nagazaki Prefecture
Source: Magasaki Prefectural Instivute of Fisherbes (N7}
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Figure 3.4

Locations of the fishery associations in Nagasaki Frefecture that cooperate in red-tide

monitering (the black dots indicaie the locations of the fshery associations)

Source: Magasak] Prefecturad Institute of Fisherics (2007}

2.1.2 Framework of shellfish and toxin-producing plankion monitoring

In order to prevent shipment of contaminated shellfish by toxin-producing planktons, monitoring
organizations conduct ‘regular shellfish-contamination monitoring’, which include inspections of toxin
levels in shellfish and monitoring for the presence of toxin-producing plankions in the aquaculiure areas,
Table 3.2 lists the sea arcas that are monitored by the monitering organizations of each prefecture. Figures
3.5-3.8 show the locations of shellfish sampling and toxin-producing plankton monitoring sites in

Yamaguchi, Fukuoka, Saga and Nogasaki Prefecture, respectively.

Table 3.2 Sea arcas that are monitored by the monitoring organizations of each prefecture
(shellfish and toxin-producing plankions)

(heipztwww,prel.sapn. g jp/at-contenis shigela/suisan/gensui’)

Hmmmwﬂmn Momiiored sea area
Magasaki Prefectural Insticute of Fisherses %
{hilpa , Aabo, magasski napasakijp'y ¥
1p=www. marinelabo. mag inag Lip’
Tsushima
Saga Prefectural Genkai Fisheries Promsotion Center Menhern kyushu

karatsu Bay, Mapoyaura, Kanva Bay, lman Bay

Fukwoka Fisherses and Marine Technobogy Fescanch Cenler
Thapsfwww. sca-net, preCfukuoka p)

Fukuokn Bay, Karatsi By
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Yamaguchi Prefoctural Fisheries Ressanch Cenler
{hetp:tiwww. prel yvamaguchi. lg jpdome'a | 650 uminart\aminari -0
op.html)

Bource:

Magasaki Prelecrural lnstitute of Fisheries (2007)

Supga Prefectursl Genkai Fisherves Pramotion Center (2007)
Fukuwoka Fisherics and Marine Tochnology Rescarch Center {2007)
Yamaguschi Prefectural Fisheries Rescanch Center (2007)

Yamaguchi Pref (Sensaki Bay)

Figure 35 Locations of shellfish sampling and toxin-producing plankton monitoring sites in

Yamaguchi Prefecture

Spurce: Yamaguchi Prefectural Fisheries Research Center (2007

-
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Fukuoka Pref.(Fukuoka Bay & Kafuri bay)

Figure 3.6 Locations of shellfish sampling and toxin-producing plankton monitoring sites in

Fukuoka Frefecture

Source: Fukuoka Fisheries and Marme Technology Rescarch Center (2007)
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Saga Pref (Imari Bay Kariya Bay efc.)
Figure 3.7 Locations of shellfish sampling and toxin-producing plankton monitoring sites in Saga

FPrefecture
Source: Sagy Prefecturad Genkan Fisheries Promotion Center (2007)

=i

Figure 3.8 Locations of shellfish sampling and toxin-producing plankton monitoring sites in

Nagasaki Prefecture
Source: Magasaki Prefectural Instibute of Fisherbes (2007}
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3.2 Monitoring parameters

As described in Section 3.1, the following three types of HAB related monitoring are conducted in the
targel séa area: post red-tide monitoring, regular red-=tide monitoring and regular shellfish-contamination
monitering. Table 3.3 shows the objectives and monitoring parameters of the above monitering types.

Post red-tide monitering is conducted only afier water discoloration or flshery damage is reporied.
Repular red-tide monitoring and regular shellfish-contamination monitoring are conducted regularly at

fixed locations, irrespective of any HAB events,

Table 3.3 Ohbjectives and monitoring parameters of the HAB monitoring

gpe ||l AT HAR | gy | Meswlep | Ot fequensy
Pomt red-lide To momitor fishery  [-Typa of red-tide ~Wisler lemp. el it Immedistely afier
meiluring damage by rod Lides  [spp. ~Salinily walber discoloraleon
[priority/casative | -D0 or fishery damage is
3PP} reporicd
~Ciell comceniration
~Bleanm area
-Waker color
Fishery damage
Begular red-tide | To momitor the <Type of red-tide <Wiater temp. SWenther Sedimsent Fusiomodo - |imionth
Ml Oring oocuTene of |spp <Salanity <Cloud cower quality Sagn ;| fmant
red-isde regularly <Cell pomcentration | <[40 Wind (MzyOictobery
= ater color apH directinn/speed Megasali ; 1 /'month
<Siedimeniation <0 sFrecipilmion {June<Oictoaber)
<Transparency <Dandight time
Muiricms
<Chiloropkyil-a
Regular Tia Esoniton the “Tvpeof ~Wiler lermip. 12-165ar
shellfish-comts | occustense of tnxin-producing ~Salwnily {approx. 1ot}
ik tenan-piaduiing plankton spp. -0
i ofing planklon spp. el -pl
{unsimbialion ~Transparcncy
-Wirler onlor -Mulrients
-Chloreptndl-a
T meomitor the Toxim levels | ek until toxin
shellfish podsoning i shellfish levels in shellfish
(MLYgH satisfy the regulatory
standards

Souree:

Nagasaki Prefectural Institute of Fisheries (2007)

Saga Prefeciurs] Genkal Fisheries Promotion Center (2007)
Fukuaka Fisheries and Marine Technobogy Research Center (20007)
Yamaguchi Prefectural Fisherves Besearch Center (20007 )
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3.3 Data and information used in the HAB case study
Information and data on HARB events were mainly collected from the following sources:
Reports published by organizations that conduct HAB monitering in the target sea arca
* Reports of the Fisheries Agency Kyushu regional office

Since the monitored parameters are slightly different between the monitoring organizations, the
non-moenitored parameters are lefi blank to indicate that there are no data,
Table 3.4 shows the monitoring parameters that will be referred in the case study.

Table 3.4 Monitoring parameters referred in the case study

Mooorg parseneter | Informssion/de source
=HAHR species (pricrity/causative spp |
el comceniration
HAR Post red-tide monmoring
=Aloom area
=Fishery demage
=Wl Lempeialuic
Wintcr quality -salinity Tost ped-tide manonng
ke LY
=Warler quality : e
; Regalar red-tide monitoring
Transparency, nutricnts, chicgophyll-a ;
Chhers Regalar  shellfish-contamzination
-Meteorology itori
Weather, chowd cover, wind directionspeed IR
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4 Status of HAB events
4.1 Stats of red-tide events from 19792006
4 1.1 Number of red-tide events
Figure 4.1 shows the number of red-tide events that occurred in the target sea area from 1979-2006. A
total of 1,274 red-tide events were recorded during this period, in which 112 events induced fishery
damage.
g%

0 No damagea
(M=1172)

@ Damaga
(N=112)

B1%

Figure 4.1 Number of red-tide events in the target sea area from 1979-2006
Mote: Data of vear 2035 snd Yamagachi Prefecture are not included {Data of 2005 should b available soon)

4 1.2 Number of red-tide events by year

Figure 4.2 shows the number of red-tide events by year in the target sea area. The annual number of
red-tide events Muctuated between 2992 events, and was highest in 1980 and lowest in 1997, The annual
number of red-tide evenis that induced fishery damage fluctuated between 1-12 events. High number of
events occumed in 1991 (10 events) and 2000 (12 evenis). The dinoflagellate Karenia mikimotei was the
main causative species of fishery damage in 1991 and 2000,

100

| Totak 1274 events B Damage{M=112)

. | IO Mo damage(MN=1182)
&0 - T 4

80 -

Al

MNumber of events

20

_ o mm omm mm mm wm pm wm m mm mm wm wm mm mm pm pm mm

Figure 4.2  Number of red-tide events by yvear in the target sea arca (1979-2006)

Mote: Data of vear DS and Yamagochi Prefocture are nod included { Dt of 20605 should be avaslable span)
Source: Fishories Agency ([ 2006)
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4 .1.3 Number of red-tide events by month
Figure 4.3 shows the number of red-tide events by month in the target sea arca. Approximately 50% of
red-tide events occurred during June-August. Fishery damage occurred most frequently during

July-August.
@ Damage(f=112)
Total: 1274 evants 5
i@ Ma darnage|{N=1182}

250

ha
=

2

g

Mumber of events

3]
=]

0 | |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 4.3 MNumber of red-tide events by month in the target sea area {1979-2006)

Mote: Data of year HM05 and Yamagochi Prefecture are not included {Data of 2008 shoald be available soon).
Source: Fisheries Agency (2006

4.1.4 Types of red-tide species

Table 4.1 shows the red-tide species that were recorded in the target sea area and their frequency of
occurrences from 1979-2006. A total of 98 red-tide species were recorded and wene comprised from the
following groups: dinoflagellates (35 species), diatoms (32 species), Raphidophyceeae (7 species) and others
(24 species). The following 7 species were recorded 50 or more times during 1979-2006: the
dinoflagellates Frorocemirim  denfatums, Keremla  mkimorel  (=Gywnodinfum  mikimolof), Akashive
sangrinea (=Uymnodinium sanguinewn), Nocliluca scimtillans; the diatom Skelelonema costatum; the
Raphidophyceae Heterozigma akashivo; and the ciliate Mesodinium rubrim.

In regards 1o the red-tide species that are known to induwce fishery damage (refer to Section 2.2),
Cochiodimivm polykrikoides was recorded 38 times and its frequency has increased over recent years.
Kargnla mikimofol was recorded 142 fimes and has been constanily being recorded from [979-2006,
Heterocapsa circwlarisgrama was recorded 16 times and was all after 1996, Chattomella antigue was
recorded 10 times and was all after 1990, Chattomella maring was recorded twice each in 1990 and 1992,
Heterosipma akashive was recorded 84 times and has been constantly being recorded from 1983 onwards.
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Table 4.1 Red-tide species recorded in the target sea area and their frequency of occurrences from
19792006

Cienus and Species

1979
1980

1986
19490

191
1995

L3
-2

2001
-2MHI5

Total

Cymmopinoeae

Mebderonyiatin sp.

1

Trichodesmium erythrorus

i

Trichudeaonium sp

| Cryplopiyces:

Derpénccae

FProsocentran balvicam

FProsogenirm compreiimm

Prorocentram dewanim

B El=]l=

Frovrig e I i il

¥

Frovocentrm stpmodies

Froraceiirarm [riedtis

o | om | 2 o i L

Frorogenlraem 5.

—.-—uqh.-u-.—";

P i

IER R E N

= bd b

oedlndinreem sp.

LA

Ciymanodinim Arowe] = Larcaig Arevisl

=i

Ciymanaliningt mkimons = Kaveni mikisiond

20

28

L]

i

%

Crymnoalin e sangwre =4 kpdnteo

Lymunadinmmem colemTiae

Gymnodinisem sp (midorishic)

[ ]

Eiymandinime sp.

47

Liyroslimise 5.

Fleopoddrdior borimem

—

Polvkrikos 3p.

Nociifwea srinimilome

23

_
| o | | un

Nociiwea sp.

Heterocapna ingeeira

Heterocapna sp.

Ferddmm p.

B | oy | oa | e | | Bt | Bt | e | e | | T

Bl
=

i [ e |

B | B

Frymnernm &,

o | | |

= | B | B
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Mesodirmam sp.

Stromadmiem sp.

Tontomia sp.

hiivong hrevicamin

Unadenbaficd

14

2

&

t———HHE

Mate:

*1: The underlined spocies Indicate red-tide species that are kaown to induee fishery damage (refier 1o Section 2.3)
*3: Dats of year 2005 and Yamaguehd Prefiectune ane nol included (Dhata of 2005 should be avalable seom).
Source:

Fisherics Agency Kyushu reglonal allice [ 19792006}

Magasaki Prefeciural lnstitute of Fisheries {2007)

Saga Prelectural Genkal Fisherbes Pramotlon Center (2007)

Fultwaka Fisheries and Marine Technology Research Center {2007)
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Yamaguchi Prefocisral Fisherves Bescanch Center (20417 )

4.2 Status of shipment stoppage and the causative toxin-producing planktons

Table 4.2 shows the status of shipmeni sioppage caused by shellfish contamination in the targel sea area,
Shipment of shellfish has stopped 10 times during 1978-1999, and their duration ranged between 22-367
days, Shipment sioppage occurred in Senzaki Bay (coastal area of Yamaguchi Prefecture), Tsushima and
Goto (both Magasaki Prefecture). The contaminated shelifish were bivalves such as Japanese oyster and
noble scallops, and were all contaminated by PSP-inducing toxins. The toxin levels in their meat ranged
between 7.8-135 MLU/g. The causative toxin-producing plankton species were Gymnodinin coalenarmm (al
Senzaki Bay) and Alexandriven catenella (at Tsushima). Information on the status {e.g. cell concentration)
of the cauzative specics was not available,

Table 4.2  Status of shipment stoppage caused by shellfish contamination in the targel sea area

(1978-1999)
“Toosn level
Dimte [uration Reghn Spal Contamingcd | o)ig whal g Causmive
: PSF DSsP Hpecics
Coasial mrea of
24 Mow _ 1958 il [ ovTen "
% 1 ater | Unkniovwn .
. 10 Jan, 1589 Yamnaguchi By apanese oy m‘m“
Pref. AP
Coastal arcs of
27 Mo, 1591 hemaka Pl
4‘ -
- 14 Jan, 1942 Usnpuchi Bay | J#Penescoyser | Unknown A
Prel cfrngfnm
Coastal area of
6 Dec, 1995 E Sensaka G
“» | Unknown -
.23 Jan, 1956 T' Bay apanesc oyster nwdmﬂ_
Coastal ares of
4 Dt 196 Semsaky -
i u =
.31 Jn, 1997 Yamaguchi Bay | APemeseoymer | Unknown .
Prefl cutenainm
Coastal mres of
7 Jan., 1998 : Sensska t
1 1 Unknown 4
- 28 Jan , 1968 Tl Bay apanese oyster Lymnodin
Coastal wea of
22 D, 1993 Sepmali
L. ) Japancsc oviter | Linknown + Uriknows
- % Mar, 1999 Hay
Prell
20 Jan., 1994
o Offshore island | Tsuskima | Naoble TR .
« 28 Apr, 1954 scallop Unknows
& Feb., 1%
10 Ofshore tland | Tiushama | Moble scallop 17.5 5 ] TR w——
= 25 May., 15
1T D, 1596 s
SR g7 | 3% | Ofboccisland | Touskima | Noblescallop | 335 . T
30 Mdar,, 19T Pivalves such
J&T Offshoee tsland | Tiusbima 135 = we
o £ oysters Llsiksi

Source: Japan Fisheries Resource Conservation Association (JFRCA) (2001 )
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5 Status of recent HAB events and the associated environmental conditions
5.1 Saatus of red-tide events in 2006
5.1.1 Number of red-fide events
In 2005, & todal of 40 red-tide events were recorded in the target sea anea, in which 4 events induced
fishery damage.

5.1.2 Mumber of red-Tide eventz by month
Figure 5.1 shows the number of red-tide events that occurred in the target sea area by month. Red-tide

events were recorded during February-March and May-Movember, The number of events was highest in
July {15 evenis). Four events that eccurred during Julv-August induced fishery damage.

16

v B Damage(N=4) -

34 O No damage(N=35)

10

Mumber of gvents
o

n -ﬂ

Jan. Feb. War. Apr. May. Jun. Jul  Asp Sep. Oel  Wow Dec

Figure 5.1 MNumber of red-tide events by month in the target sea area (2006)
Source:
Magnsaki Prefectural Institute of Fisheries (2007)
Snpa Prefectural Genkai Figheries Promaotion Center (2007)
Fulkuoka Fisheries and Marine Technobogy Research Center (200F7)
Yamaguchi Prefectural Fisheries Reseanch Center (20407)

5.1.3 Duration of red-tide evenis

Table 3.1 shows the number of red-tide events by duration {no, of days). Within the 39 events that were
recorded in 2006 {the diaiom red tide that occurred in July 2006 in Fukuoka Bay was excluded from the
total as its duration was unknown), 20 cvents were under 5 days, 8 events between 6-10 days, 9 events
between 11-30 days and 2 evenis were over 31 days. The longest duration was 45 days by Hererosigma
akashiweo, which occurred in Ohumra Bay during May-June,



Table 5.1 Number of red-tide eveniz by duration (200&)
Luu,gﬂ'
Region < % days 6-l0days | 11-30days | =31 days Toaal duration
[days)
Cogsial arca of
Yamaguchi Pref, 3 200 1 62 23
Moarithern Kyushu ] | 20 i 17 21
Western Kyushu 5 200} k] | 1342} 45
Remate islands i i i k| i2
Tatal 20 B(2) U 2 19 (4)
Male:

*1: The numbers in the parenthesis show the number of events thal indoced lishery damage

*2: The distom red tide that ooourred in July 2006 i Fukucks Bay was excluded from the iotal os its duration was
unknwn

Source:

Magasaki Prefectuml Institute of Fisheries (2007)

Saga Prefectural Genkai Fisheries Promation Center (2007)

Fukuoka Fisherics and Marine Techmobogy Rescarch Center (2007)

Yamaguchi Prefeciural Fisgheries Besearch Cemter (2080T)

5.1.4 Location of red-tide events

Table 5.2 shows the number of red-tide evenis by sea area and the causative species. Figure 5.2 shows
the location of the red-tide events and the causative species. Figure 5.3 shows the location of the red-tide
events by months. In 2006, 6 events occurred in the coastal area of Yamaguchi Prefecture, 18 events in the
north Kyushu sea area, 13 events in the west Kyushu sea area and 3 events in the remote islands. Red-tide
events were particularly frequent in Imari Bay (north Kyushu sea area), Ohmura Bay and Kujyuku Island
(both in west Kyvushu sea area),
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Table 5.2

Mumber of red-tide events by sea area (2006)

Sea arca Mo, af’ : :
Spot SR Causative species Mabe
Coastal area | Between the coast of 6(2) | Neelues seimtillans. Nochifuca sp.
of Shimanaseki and Karersia mikimedel Mesodiniom b
Yomaguehi | Hagi Ciy
Pref.
Barth Fukuodka Bay £ Diatoans
Eyusha sca | Karatsu Bay 2 Mesodiniwm ruhrum, Thelessiostiea sp,
area Kartva Bayv i Skelelonema castatune
Imari Bay W) | Ceravium forca, Karenda mikimoral,
FProvoecentrim sigmoides, Prorecentrim
driestinin, Distoma
Hirado {UsukaTFuarue 1 Cochlodinium palykrikaides
Bay)
Others . Noctluen seimillane. Karenly miliimatal Chikween
Sea,
Honh
Kyuashu
{K.anmaon
Saraits)
Wipst Cihmara Bay T Cryplophyceae, Meferorigme akashiva,
E.vushu sea Karenia mikimoied , Prorecentrim
arca sigmaides, Prorocemirum spp.
Tachibana Bay i Caraitun fiarcg
Foujusku [sland S5 | Srrambidium sp, Prorccentrum spp.,
Mesodimiem rishrun, Karenia meikimolof
Frovocenirien iR
Remoe Gt Fsland i Hererosigma akashiva
islands Teushima z Cachledinium palbvkrikoldes, Mesodirium
rrehrum
Tatal 40(4)

Mate: The rumbers in the pasenthesis show the mumber of events that induced fishery damage
Source:

Magasaki Prefectural Institute of Fisheries (2007)

Saga Prefectural Genkai Fisheries Pramotion Center (2007)

Fukuoks Fisheries and Marine Technology Research Center (2007)

Yamaguchi Prefeciural Fisheries Research Cenier (2007)



Figure 5.2 Location of red-tide evenis in 2006 (red dots show the location)
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Figure 53  Location of red-tide events by months in 2006

(red dots show the location)



5.1.5 Types of red-tide species

Table 5.3 shows the red-tide species that were recorded in the target sea area in 2006 and their frequency
of occurrences. In 2006, a total of 15 red-tide species were recorded and were comprised from the
following classes: Dinophyeeae (9 species), Bacillariophyeeae (2 species), Raphidophyeeae (1 species) and
others (3 species). Several red tides were caused by a mixture of diatom species. The most frequently
recorded red-fide species were the dinoflagellate Karemio mikimaotol and diatom species, Karemia mikisoiol
wits 2lzo the only species that induced fishery damage in 2006,

Table 5.3  Red-tide species recorded in the target sea area and their frequency of occurrences (2006)

Genus and Species

Yamaguchi
Pref.

Narth Kyushu
s0E prea

West Kyushu

Remnte
i.ﬂnﬁ_

Total

_ Prorocenirum Fiestinun

_Prorocentrum spp.
e

Indil
=

bk |t [ { o (b | =
|

]

11}

Mate:

*1: The numbers in the parenthesis show the nember of events that induced fshery damage

*2; The underlined species are knvwn 1o cause fishery damage

Source;

Mugasaki Prefectural Institute of Fisheries (2007}
Saga Prefectural Genkai Fisheries Promaotion Center (2007)
Fukuoka Fisheries and Marine Technology Regearch Center (2007)
Yamaguchi Prefectural Fisheries Research Center (2007)

5.1.6 Maximum cell concentration of red-tide eveniz

Table 5.4 shows the maximum cell concentration of each red-tide event that occurred in the target sea
area in year 2006, The highest maximum cell concentration was recorded in May 2006 at Ohmura Bay
(west Kyushu sea area) by Helerosigma akashive, which reached up 10 225,000 cells'mlL.
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Table 5.4 Maximum cell concentration of each red-tide event that occurred in the Larget sea area

(2006)
. _ ity

Year | EveniNoo Cmasative species {eelln o indsnL
2006 | VhA-B00-1 | Neerdluer semniflons 214
2006 | Whi-P006-1 | Meciiuon sp. Linknown
2000 | VA 20043 NowerilusT sp. Uinkniwn
200w | - 20064 e i mokimulod L7500
i | Y-2008-8 | Kavenio molimorod 4 800
2006 | VM-T00-6 | Mesodum rubeus HE
2006 | FO-206-=1 Noctifuor scmillonsy L]
2006 | FO-ZHG-T Prorocemiraw Eriealinnm 10,060
Sheletonrma 5p. 25 240
Leptocylindrus 5p. 11,800
2006 | FO-EH6-3 Chietoceror gp. 1,710
dther Dialoim 0
Frorocemira e 14,000
Skelerancia i 47,110
2006 | FO-2HG-4 Chaeraceras 5 2,020
wther [haiom 1,21
2006 | FORZHM-5 Kranic mokimarad 43,146
2006 | SA-FHG-T Ceratisme fror L7 71]
2006 | SA-ZFHG-E Mierodpmnmg rufrumy 1,180
TRy Nieschia sp. 15,5900
2008 ,W’F = 5040
2006 | 5A-ZHG-10 | Skelemonvess corimim 11,1440
Thalassierina 25M
2006 | SA2006-12 | o T ¥ i
200 | SA-ZHG-13 | Thalaicriea g 2002}
2006 | SA-RMG=1E | Prorovendrcs fresiinum 7240
2006 | SA-PMG-19 | Prorccemirss resimam 2940
2004 | K5-2H6-1 Cryplephyoeae 4B THHI
2 | WIS-2iHI6-3 Strcmbioive sp £4
3006 | MS-2H6-4 | Medernigma akashiea 11,800
2006 | ME-2H6-5 Heteroripme mhashieo 225,000
2006 | WS-2iHM-T Frorocemiri ip 3 A0
20 | WS-2MM-K K ring mokinioluf 15,800
200 | WS- 2G-S Ceratias frad 550
2006 | MS-Z006-10 | Mool rufrum 13,570
2006 | MS-ZHM-11 | Kavennd mokimoiod U2 M
20008 | WS-206-12 PriroCe e spR T21
i | MR-2HG-14 | Kavemie mobimonod R.404
2000 | MS<2006=1% | Cochioodimius pohdrilods 1348
2006 | MS-ZMHG-16 | Ceranus forca 47
20 | ME-206-17 | Ksvemic mokimaiod 1, 141
2006 | WS-2HE-19 P OFRCE TFAR (TR 12800
2006 | MS-2006-2 | Hederorigme mhashnes 11,500
2006 | N5-26-21 | Distoims 16,210
2006 | WE-2006-2F | Cociiodimiun pohibriboider b6
1006 | M5-2006-13 | Prorocemivum sigmaoides 16
1006 | N5-2M06-14 | Prorocemivus ripmoides 14,980
2000 | WS-20-25 | Miesoaiaiue Fubros A1)




5.1.7 Status of red-tide induced fishery damage

Table 5.5 shows the fishery damages that were caused by the red tides in the target sea area in vear 2006,
Fishery damage occurred 4 times in 2006 and was all dunng July-August, All incidents were caused by
Karenia mikimotoi, The fishery damages occurred in the coastal area of Yamaguchi Prefecture, Kujubkuri
Island {west Kyushu sea area) and Imari Bay (nornth Kyushu sea area). Cultured fish such as amberjack and
puffer fish were affected and the financial losses ranged between 120,000-10,350,000 yen. Fishery damage
by Karemia mikimofot has also been reported from the Kanon Straits in July 2006 (Fukuoka Prefecture,
2007y, but i1z details are unknown,

Tabl: 5.5 Fishery damages caused by red-tides in the target sea area (2006)

Fishery damage
Month/ Event : Economic
S i Regian Spot Casative Species rmum O i
Hocks (1,000 yen)
Ty, 20W0 WA -0 Comial arca | Cosstline  of | Kovewia seilidmodsd Amberjack elc. Ambezjack 15
ol Shimsomcscks 5 imedl
Yamaguchi | City
Prei
Dy, 2000 | MS-2006-14 | West Kyushy | Kujubu bsland | Karewds seibimonsd | Pulller flsh Paffer fish; ([
564 aPea Hed seabressn I ied
Red
sesbeeam T
il
Dy, 210G WE-2NH=1T Tawth Imari By Karewaa mlomoton Puflor fisk 5, S il 10,350
Kyusha sca
arca
Aug, 2006 | YhA-200-5 Comstel area | Between Hagl | Kovewds siimodd | Kisgllsh Kingfish [P
af City and Abu B0 insd
Yaomapachi | Town
Prefl
Source:

Magasuki Prefectum] Institute of Fishernes (2007)
Yamaguchi Prefeciural Figherves Besearch Cenmter (2007}

27

-



5.2 Status of oxin-producing planktons and shipment stoppage in 2006

9.2.1 Swtus of toxin=-producing plankions

Table 5.6 shows the concentration of PSP- and DSP-inducing species that were recorded in the target sea
area in Y. 2006, The highest concentration of Gwmnodinfun cafenafir was 1,211 cells/l., and was
recorded in 17 January 2007 m Station 1 of Senzaki Bay. The highest concentration of Afexandrinm spp.
was 20,084 cells/L, and was recorded in May 30%, 2006 at Station 4 of Kariya Bay. The highest
concentration of Dinophysis spp, was 512 cellsL, and was recorded in May 30", 2006 at Station | of

Eartzu Bay.

Table 5.6 Concentration of PSP- and DSP-inducing species that were recorded in the target sea
area in F.Y. 2006 (Water depth: 0 m)

datc onganization Oyweadinins
AHIEET Alezandrivm spp. | Dvmopdoas spp.
2006, 10,26 Yamaguchi Sensaki Bay 1 ] 0 LU
2006.11.6 Yamaguchi Sensaki Hay 1 T3 0 o
2006,11.13 'I"I:rl.lE.r:hi Sensaid Bay 1 L 2% L
20061127 Yamaguchi . Sensakl Bay 1 164 152 LI}
MMM, 11 30 Yamaguthy Senmsalo Bay 1 4 7 LU
2004128 Yamaguchi Sensaki Hay 1 114 L] 0
20046.12.15 'I"ITI.Ifm:hi Sensak Bay 1 a3 ] L
2006, 12.22 Yamagushy Sensala Bay 1 77 L L
27,15 ¥ emagucht Sensaln Hay 1 74 12 LU
271,12 Yamaguchi Sensaki Bay 1 ] 4 i
2007.1.17 Wamaguchi Sensaki Bay 1 1211 115 L]
2007.]1.24 Yamagochi Sensaki Bay 1 57 L1 L
2017131 Yamagoch Sensaly Hay 1 12 L LU
200727 Yamaguchi Sensaki Bay 1 12 I [
2007218 fﬁnl!n:h.l: Sensali Bay 1 i L] L
2007 116 Yamaguchi Semsaki Bay 1 ] L] ]
2IHH: 11 26 Yamaguh Sensaln Bay F {1 o L
200461 1.6 YVamapochi Sensalc Hay 2 ¥ 12 Ll
201113 'I"In.lr.l:h.i. Sensaki Bay 2 4 10 L
200M.11.27 Yamaguchi Sensala Bay 2 425 65T L
2006,11.30 Yamapuchi Sensakl Hay 2 31 216 L
204M,12.6 ¥amaguchi Sensaio Hay 2 255 1% Ll
20046.12.15 'I'I115|:H:I:|.i Sensalo Bay 2 52 L] L
2004, 12.22 Yamaguchi Seniaki Bay 2 Ef 18 L
2IHI7. 1.5 Yamagucht Sensuln Hay F 5H 14 LU
2007.1.12 Yamaguchi Sensaki Bay 2 [ [ [0
2007.1.17 'I'mlrrrhi Sensaki Bay 2 16 L] 0
20171 24 Yamaguchi Sensaki Bay 2 1z 1l L
27131 Yamagocht Sensaki Bay F £l L LU
2007.2.7 Yamaguchi Sensald Bay 2 ] L] il
2007219 'I"ITl.l!nd'l.i:. Sensalk Bay 2 0 0 ]
217 2 26 Yamaguthi Seniakn Bay 2 {1 n ]
2006.4,11 Fukuoks Fubiusodia Hay | 1] i 1
2004517 Fukuoks l-Lhnh.E'l-q.' 1 ] L] i
204667 Fukuoka Fubkscka Bay 1 o L1 Ll
2006711 Fukuoka Fubkusalka Bay 1 0 L] n
2R 1D Fukuoka Fubisska Hay 1 Il il LU

5




20069 14 Fukuoka Fubuscla Hay I 1] i 1
2006.10.12 Fukuoks Fukuoka Bay 1 ] L] LT
2006.11.15 Fukuoka Fukucka Bay 1 1] 0 Ll
2061212 Fukuoka Fukuska Hay 1 1] 0l T
2007.1,10 Fukuoks Fubscia Bay 1 ] 1 1
2007249 Fukuoka . Fukucka Bay 1 ] L] i
2007.3.8 Fukuoka Fukucka Bay 1 ] L L
LR Saga . Raratsu Bay 1 L] 0l 1
200,53 Saga Karstsu Hay 1 ] 40 1
200 525 Slr. Karatsu Bay 1 ] AR 128
20HM.5 30 S? Karatsu Bay 1 ] L] 512
2006.6. 8 Raga . Karatsu Bay 1 i 712 i
2004 8 8 Saga Karstsu Hay 1 ] g 0
2006.8.13 Saga . Karaisu Bay 1 0 [’ 18
20HM6_B 20 Saga . Karatsu Bay 1 1] L1 i
2HM B .27 Ragd Faratsu Hay 1 ] L) 24
2006,7.3 Swga Karatsu Bay 1 ] 1 &0
200482 Slr. Karstsu Bay 1 ] L] 16
20069 4 ET. Karatsu Bay 1 ] L] L
2006 1105 Eapa . Faratay Bay 1 193 120 n
2006112 Sapa, Karstsu Hay 1 44 1 1
2N 11 20 511 Karatsu Bay 1 fd L] Ll
Z2006.12.1 ST. Karatsu Bay 1 ] iz &0
2007.1.8 Saga Farstiu Bay 1 n Tz L
207,116 Suga Karstsu Hay 1 1] 48 1
2007.1.18 SIE. Karatsu Bay 1 fd il L
2007.1.22 Saga . Karatsu Hay 1 ] L] 4R
207125 Saga Raratsu Bay 1 ] 0 B
2007.2.2 Sga, Karstsu Bay 1 ] i 5
2007 5.2 ST. Karatsu Bay 1 ] 208 1]
2006.10.2 Saga . Nagoyaura ] 0 a8 ]
21 1.1 Sagd lgvaura F ] 3z L
200612 4 Saga Hagoywura i i i 1
20071 4 ST H.Tgr-m b ] L] L
2007.1.12 5!:- HT-}M P 1] H4RE L
2IHI7. 1. 16 Saga Migoyaura P 1] 1056 Ll
2007.1.14 Saga Hagoymira 2 ] 180 1
2007122 Slr. hh!q.-'-n 2 ] pal Ll
2007.1.25 Saga . Nagoyaura 2 32 3T [1
200722 Sagad . Mligoyanira P 1] Bl L
2007.5.1 SEga . agnyEing 2 o 16 [}
2006.10.2 Saga . Eahiura 3 16 L] Ll
2006111 ST. Eushiura 3 ] 32 B
200412 4 Xaga . Eurihiura 3 i L L
20071 .4 Sega, Kuashiura 3 1] L i
2007.1.16 ST Exshiura 3 ] L] Ll
207,118 51!. Racchiura 3 L] 0 L
2007.1.22 Kaga Kahiura 3 I it il
2007.1.20 Suga Fashiurs 3 o L] i
200721 ST. Kashiura 3 ] L] Ll
20731 Sag . Kachiura 3 1] 0 Ll
2004, 5,24 SEga Kariya Bay 4 ] 114 L]
200530 Saga, Kariya Bay 4 0 2R 16
2006.8.2 Saga, Kariya Bay i 0 TEE 16
2B .6 3? Kariya Bay 4 ] T2 B
21HM YU R Sag Fariva Bay 4 n 0 L
2006,4,15 Suga Kariya Bay 4 i a L]
2006.9.20 Saga . Kariya Bay i 0 [l 1
206927 Saga . Rariya Bay 4 1] L] L

]



20061103 ST. Kariya Bay 4 BR 40 L
2006, 11,2 Raga Kariya Bay 4+ ] L AN
2004125 Saga Kariya Bay 4 1] L 1
2007.1.5 Saga, Kariya Bay 4 0 0 [
2007.1 22 ST' Kariya Bay 4 1] 0 1l
200722 Sag . Kariya Bay 4 ] B 1
21417 5.2 Saga Kariya By 4 ] 1 L]
200M. 5 24 ST. Imosari Bay ] o L] 16
21045 30 ST' Imvsari Bay 5 ] 0 16
ZIHM.6 T Saga . Irmeari Ehay 5 ] 1} B
2006 6.8 hEga Imnari Bay 5 o 0 1l
206,69 Saga . Imari By 5 0 0 [
26,13 SIE. Imari Bay 5 1] L] 4
206 2] Baga . Inari Blay 5 ] L] Ll
2006.10.2 Saga Imari Bay 5 ] 1 i
26111 S!l Imriary Beay i L1 i L
2006.12.4 Sapa. [rmari By 5 0 [ [
2007.1.4 Raga [mary By 5 ] 0 L
2007.1.22 Sepa, Imeuari ELay k] ] 1] 14
200721 Slr. Imweari Elay % ] [1] L
2007.3.1 ST- [riari By LY ] L] LI
2006 43 Saga . Immar) Bay L] ] 0 Ll
2004.5,1 Sppa, Imaari By [ 0 1 [T
20065 24 S? Inari Bay ] ] L] Ll
2N 530 ST. Irmari Fay L] L] i L
20066 2 Saga Imnari Bay L] n 0 124
UMM 8 Suga lonari Bay ] ] 24 52
20069 SIF Imari Bay 1] 1] L] 8
2IHH6.13 Saga . Imiari By L] 1] L1 Tz
20HM 6.2 ] Raga [rmar) Bay L] L] 0 1l
204mi 628 Simga Innari Elay & ] 1l 1
2006.7 5 Slr.. Immiari Eay 1] ] L] X
2B, | Saga . Immiari By ] L] 0 L
21,9, Saj Imari By L] ] L 1
2004.12.3 Saga {mnari Ehay L i L L
200714 SIE Imari Elay 1] ] L] Ll
2007.1.22 Saga. Imari Bay [ ] [ ET
2720 S Imnari Bay ] 1] L] 5B
2007.5.1 Saga . Inari Blay ] ] L] U
28 13 Magssaki .. Tzushima Teraashima ] L] Ll
20 5. 16 Magaaki . Taushim Terahima 1] 0 L
2UHM 6. 19 Majgiak Taushi Termbiima 1] il L
2000.7.12 Magsaki .. Tsushima Termhima 1] i 1
2006822 Magasaki .. Taushimm Tershima ] L] Ll
2006919 !-I:!n:lki... Taushimma Termhima ] 0l L
2006, 10,10 MNagaaki Tsushims Termhima ] L] L
2046.11.13 Magasaki Tsushima Termhima ! L L
2N 12 6 HIFJ:E : Taushima Termhima 1] L1 L
2007.1.15 MNagmaki Taushimm Terahima ] 0 L
2007.2.13 Mapsaki Tsushima Teraihima ] i i
2007.5,12 Mogaaki . Tsushima Termshima ] L] i
2006.8.17 HIFh Tsushima Hctajima ] L] Ll
2006 5. 16 Magmaki Tsushima Ictapima 1] L] Ll
20 6,19 Magasaki Tsushima HeLapima ] 0l 1l
2004.7,12 Magasaki .. Tsushima Hetajima 1 L 0
2006.8.22 Hliﬂi... Tsushima Hetapima ] L] Ll
ZINK.9.19 Magaraki .. Tsushima Hetapma 4 1l 1
2004, 10,10 Nagasaki . Taushima Hetapima o 2 L
20061115 Magasaki . Taushima Hetajima ] i L
a0




2006.12.6 Mugmaki Tsushima Hetapima ¥ L] i
27118 Mapmaki Tsushima Hctapima i L L]
2007.2.19 Nigasaki . Tsushima Hctajima B [ [
20073,12 Nagasahi Tsushima Hctajima 0 0 [l
2006.4.18 Nagakaki Tachibana By | . 5""! th 0 2 0
200658 Nagasaki Tachibana Bay | 5"‘""'! i o o
2006.6.6 Magubaki Tachibans Bay | . 500 0 0 0
2006.7.12 Magasaki Fachibana By | 5""‘“!. i o i
2006.8.16 Nagasaki Tachibana Bay | . SO0 0 o 0
2006.9,13 Nagaaki Tachibans Bay | , S 0 o o
2006.10.18 Nagasaki Tachibana Bay | . St 0 0 6
2006.11.22 Nagamaki Tachibana By | , S0 0 0 o
2006.12.13 Nagasahi TachibanaBay | . SO0 0 0 0
2007.1.24 Nagasaki TachibansBay | 5"""“!. 0 o o
2007221 Nagasahi Tachibana Bay | . 5""! wth 0 0 0
200739 Nagasaki Tachibana By | 5""““!. 0 0 o
Source:

Magasaki Prefoctural lnstinute of Fisheries (2007)

Sapa Prefoctursl Genkal Fisheries Promaotion Center (2007)
Fukuwoka Fisherics and Marine Tochnology Rescarch Center (2007)
Yamaguchi Prefeclural Fisheries Rescarch Center (2007)

522 Status of shipment stoppage

Table 5.7 shows the status of shipment stoppage by shellfish contamination in the target sea area in F.Y,
2006. Shipment of Japanesc oyster was stopped in Senzaki Bay, Yamaguchi Prefecture from December
2006-February 2007, During the shipment stoppage, the toxin levels in the Japanese ovster's meal ranged
between 6.18-12.2MUVg. The cousmtive species was the PSP-inducing Gymnoddiniiem catenahem, and its
maximum cell density reached up to 1,211 cells/L during the shipment stoppage.

Table 5.7 Status of shipment stoppage by shellfish contamination in the target sea area (Y. 2004)

Dz Region Spat Affecied Species whole o 'E'ﬂ. sl
Pap Dsp £
Cippmmonlimium
Coastal calrscium
26 Dec,, 206 area of Sensaki (el COCENDTali
B=12, - ;
- 21 Feb, 2007 | Yamigochi | Bay | USRS | G18-152 during  shipmen
Pref. Sloppage e J1
eelllL)

Source: Yamaguchi Prefectural Fisheries Research Center (2007)
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5.3 Status of red-tide species that cause fishery damage in 2006

Monitoring organizations regularly monitor several red-tide species that are known 1o be particularly
harmful to fisheries (refer to Section 2.2). Within the monitored species, the status of the following red-tide
species is presented in this section, namely: the dinoflagellates Karenfa mikimotefd, Coclilodiniiem
polykrikaides and the Raphidophyceae Heterosigma akashiva.

$.3.1 Karenia mikimotoi

In 2006, Karenia mikimotai blooms were recorded 7 times and were all during July-August. The blooms
occurred throughoan the target sea area, such as: the coast of Shimonoseki City, the coast between Hagi
City and Abu Town, Kanmon Straits, Imar Bay and Ohmura Bay. Figure 5.4 shows the locations of the
Karenia mikimoiol blooms. The cell concentration during the blooms ranged between 8,504-92.200
cells/mL. Mortality of cultured fish was reperted 4 times out of the 7 blooms.

5.3.2 Cochlodinfum polykrikoldes

In 2006, Cochlodinium polvkrikoides blooms were recorded once each in July (Tsushima) and October
(Hirato). Figure 3.4 shows the locations of the Cochilodinium polylrikoides blooms. The cell concentration
during the blooms ranged between 135-646 cells'ml. There were no fshery damages reporied through the
Cochlodinium polykrikoides blooms.

5.3.3 Heterosigma akashivwo

In 20845, Heterosigma akashiwa blooms were recorded once each in May (Goto Islands), June and
September (Ohmura Bay), Figure 5.4 shows the locations of the Heterosigme akashive blopms, The cell
concentration during the blooms ranged between 11,500-225,000 cells'mL. There were no fishery damages
reporied through the Cochlodinium polykrikoides blooms.
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Heterosigma akashive
Figure 54 Location of blooms of harmful red-tide species in the target sea area in 2006 {blue dots
show the location)

5.4 Environmental conditions during post red-tide monitoring

During the post red-tide monitoring, sea surface temperature (S5T), zalinity and DO are measured, Table
5.8 shows the 55T, salinity and DO values obtained during the post red-tide monitoring in the target sca
area in 2006, According to the monitering results, 58T ranged between 10.0-28.2 C7; salinity ranged
between 26.3-34.9; and DO ranged between 5.2-14.5 mg/L.
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Table 5.8 S5T, salinity and DO values obtained during the post red-tide monitoring in the

target sea arca (2006)

Between Yuya Hav, Nagato City
2 Yivi2006<] | 220227 and the coast of Yoshimao, 100 = .

Ehimenoscki City
2006 | YMa0062 | 225035 | ComstofMagato City (Sensaki - . :

Bay, Pukapivva Bay)
2006 | Yw-20063 | 327329 m"‘"" of Fagate Cley Fexmld . g

Camt of Shimonooscki City
2006 | YM-2006d | 70334 sl 154 8 E

Between Hagi Cay and the cpast .
20HM Yii-ooe-5 | R2-E101 of Abu Tewn 2
2006 YM-2006-6 | 10.16-10.1% Hﬂ"]"" 1y Wb Rty 130 & :
2006 FO-2006-1 | 686102 West mea of Chikuzen sea - .
2006 FO-20062 | 621637 | Fukuoks Bay : :
2006 FO-2006-3 | 6202 Fukuoks Bay 5 2 :
2006 FO20064 | 7.11-731 | Fukuoka Bay . F :
2006 FOR2006-5 | 7.18:726 | Kanman (North Kyushu) : - .
ZIHM SA-2006-7 | 720722 lmarni Bay - ' =
2006 SA-2006-8 | 720-79% | Karmisu Bay : I
2006 SA-20069 | 7.26-T30 Iman Ray = 2 .
2006 | SA-2006-10 | 727730 | Kariva Bay : : -
2006 | SAZ006-12 | K21825 | Iman Hay : - =
2006 | SA-2006-13 | 523831 | KarmisuBay ; .
2006 | SA-2006-1% | 11.20-1122 | iman Bay z F x
2006 | SA-2006-19 | 1127-11.28 | iman Bay : : 5
3006 | NS-2006-1 | 224305 | Ohmesa Bay 17 174 TE
2006 NS-2006-3 | 5.1-52 Kujiosshima 177 334 a6
2006 NE-2006< | 5155396 | Golo 195 10 03
M MN5-2006-5 | 516529 Cihisars Bay = - -
2006 NE-3006-7 | 6.1-63 Kujuburshima : :
2006 N5-20068 | 7.3-7.14 Ohawars Biy : <
2006 | NS-20069 | 74702 Tachibana Bay . 5 %
2006 | NS-2006-10 | 79-7.11 Kupakushima : : :
2006 | MS-2006-11 | 78131 Ohnvar Bay . : :
2006 | N5-2006-12 | 7.14-7.08 | Ohmsara Bay 253 9.1 il

2006 | N5-2006-14 | 720725 | Kujehushima ; 2 -

2004 hiS-2006-15 | 7.20-738 Trushima g ] X 54
2006 | NS-2006-16 | 721:733 | Iman Bay 260 T :
2006 | NS-2006-17 | 725211 | Imani Bay . x x
M ME-2006-19 | E21-E 2% Kujsloshima el il 101
MM MS=2(M0=20 | 96921 s Bay IS 01 i
2006 | NS-2006-21 | 922926 | dman Bey 230 .
20 MS-2H-EE | 10111013 | Hirado{Usuka/Furue Bay) k11 EEN] T8
2006 | NS-200623 | 1026-106 | Ohmers Bay : :
2006 | N5-2006-24 | 1030-127 | Iman Bay - - -
LM fS-2006-25% | 11.1=11.3 Toshims 15 a9 54

SMIFCE:

Magasak] Prefectural Institute of Fisherics {2007)

Saga Prefeciusal Genkal Fisheries Promotion Center (2007)
Fukuoka Flsherics and Marine Technobogy Rescarch Center (2007)
Yamaguchl Prefecharal Fisheries Rescarch Center (2007)




5.5 Environmental conditions duning regular HAB monitoring
5.5.1 Environmental conditions during regular red-tide monitoring

During regular red-tide monitoring, water quality parameters such as transparency, nutrients and
chlorophyll-a are measured in addition to the parameters (85T, salinity and DO) measured during post
red-tide monitoring. Table 5.9 shows the water-quality values obtained during the regular red-tide
monitoring in the target sea area in 2006,

In Fukuoka Prefecture, regular red-tide monitoring was conducted at Fukuoka Bay during
April-December. In Saga Prefecture, regular red-tide monitoring was conducied ai Imar Bay, Kariva Bay,
Magoyaura and Hokawar Bay during June-October. In MNagasaki Prefecture, regular red-tide monitoring
was conducted at Imari Bay and Ohmura Bay during June-Ociober, The above regular red-tide monitoring
wiere conducted approximately once a month.

Table 5.9  Water-gquality values obtained during the regular red-tide monitoring in the target sea

area in 2006 (Water depth: 0 m)

Moanormg | Ovpaniaat o Rt Ty | oy sty | DO | DO | WOSN | NOMN | MHAN | POLP | CMa

date o ;}1‘ L= dmgL) | fehl) | M) | Gl | M) M) | L)
20064 = Fualgokia Faksokin Bay & - 14.5 e s 19 45 = e o 3z s
205 - Fraknkia Falosoka Bay " ' 178 LN = 33y ' ! : nis .
20066 - Fukuoka | Fuboka Ry - - n N - LEL - - 000
20006 7 - Fakuoka Faksoky Bay - - HE ELE] - [JTLE] - - - 046
206046 8 - Fuakuoka Fukweolis Bay s - HE1 %8 e Lo sy = - - 0.k
2006.9.- Fukuoka | Pubowoka Bay . - 14 w9 - oo | - - . 047
3006 18- | Fuksoks | Fukecks Bay - - ns 6 - na | - - - o4z
2036 11 - Fabwoka Faksadea Bay - - 7% Lr ] - §3 30 - - - 02r
20 12« Faloakn Fakuokn Bay = E 143 Lrard s Ja34 = = : D&% =
Wil | fam It flay i aj 1% MTHEEEETEETE R 0 | oo | 13
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2036 5.1 Saps Lereisri By 3 4% 172 £l B 29 1.3 LR 13 S B 009 21
2006 6.1 Saga Livusst i Hlary I 5T IL% ] A T8 247 1,45 ] L) 0.1% 12
T I By i % L sa | o [ am | eer | om a0 | oan | a
2036 6 | Sapa lrvesri lary L} ar A Lh R L] Im 1] an oK 008 |12
200673 Raps Lereieri Plary I pL) i 150 LE] 403 240 a0 .54 o E%
206047 3 Sags Limsti By 2 1E bl 252 LE] 216 LEL] 208 1.3 01% 73
Wil | fam Imari Dy 3 1% M1 #3 | ooy [ | e | em CTEETENT
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weel | s i Ty ] 1) M8 501 69 [ amw | 1w | e 1te | oos | 3%
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e e Kanya Blay A ab B #r | owy [ B0 | we [ ex | 2p | o | ér
2R 2 Saps Koariva Flay A a3 i KR a3l .53 Tid @il axl oar 1
204 Sapa Foatiya By A T w2 5 9.1 iar T @13 435 0.0 Ta
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d056 4 1§ Sapa Mapovaars d L T3 158 RIS I} 01 e Eq7 a8 1 [ &
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269 Saga Mapuvaa 4 (TIT 0 ilé 64 366 L4l & 116 i Ty
206182 | Saga Maguymara 4 57 LN | 3T 61 534 362 22l 1 097 53
203651 Sapa Setoniy E] Gl 145 Erd ] ag 114 Loz ¥ N .31 il
A0 6.1 Sap Spdreui 4 13 A Nd L1 134 LS &0 an 0.kl i)
2066 7.3 Saps Seointw 5 1% e el L] Lt fulrc) @15 4101 0.4 41
200632 Saga Solutiu 5 a2 He E1 ] al 3 13 a9 &5 005 22
200694 Saga AL | 41 o | E) 73 £ ik i Lag 047 23
200619 X Sapm Sdonig 4 i1 3 Ja 0 198 $60 L ¥~} 1.2 0.1% L13
J006 6 31 Hapmaki | I Bay I Ll e A4 50 066 @ 1§ LT @Al 031 %
2006 5 21 Mapsiaki | Tl By E] 50 ns 37 50 024 o 2m ol 0.4 15
2006 531 Magmsakl | L Bay 4 a0 LE 137 43 04l on8 208 210 08z 14
20067, 1K Wapmsaki | lman Day ] L1 M Ny 43 - - - - - a7
206718 | Mapmaki | I By 3 0 T e | 47 - B p _ : 1
036718 | Mapsald | Lo Bay 4 10 i) EEE] 49 - = - - : 23
100687 Magsaki | Imomi By i 74 1 33 £ L% [E3) 2 a3l 082 20
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I T Magmiski | Imoi Bay 1 10 HE 3T 54 044 ool a0 L% 00k I &
20061818 | Mapmaki | Imosi Bay ] T ms 33 50 054 an 08 287 0a7 43
2006 1918 | Mepsaki | lmsi Bay ] 33 ne e 47 037 08 204 L) (] 63
2006 1218 | Wapeaki | Do Bay 4 LE T X9 a8 054 LT @0 L 0.7 45
2006829 | Mapmaki | CHenara ay b 24 HE | 44 042 ol i o 064 1%
2006329 | Mapmaki | Olbemara Bay P am M5 L) 43 185 217 207 L4l 0 27
2006829 | Mapmaki | Ohevers Bay F ET w1 Wb 43 141 210 2 (BT 067 X
006 R Y Hapmaki | Chemara fay ' 3b fu Fik i 044 00 i @i 0.0k b1
2006920 | Mapmski | CHnura Bay b is L] 295 ET 453 1.4 LT X 087 kT
2006920 | Mupmald | Obmars Bay < 35 1455 E1 ) 50 073 o 05 L] 006 37
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J006 9 20 Hapmsaki | Chaomara ey & L put] hI K a8 |24 LA @ LE 03k i

Mobe:

1™ The values of Fukuoks Prelectine are the average ol & moailoning slalions,
2% The nuiricnl concentration unis of Saga Prefecture are in pg/l.
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apaeaki Prefociural lastitute of Fisherics (2007)
Saga Prefoctural Gienkal Fisherics Promotion Ceonter {2007)
Fukuwoka Fisherics and Marine Technobogy Rescarch Center (2007)




9.5.2 Environmental conditions during regular toxin-producing plankton monitoring
Table 5.10 shows the water-guality values obtaimed during the regular toxin-producing plankton
monilering in the targel sea area in 20086,

Table 510 Water-guality values obtained during the regular toxin-producing plankton monitoring
in the target sea area in 2006 (Water depth: 0 m)
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Souiree:

Magasakil Prefoctural Institute of Fisheries (2007)

Suga Prefectursl Genkai Fisherves Pramotion Center (2007)
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5.6 Meteorological conditions during regular red-tide monitoring

The reporis of the monitoring organizations of Saga and Magasaki Prefectures provide information on the
meteorological conditions observed during the regular red-tide monitering. Table 5.11 shows the
metearological conditions observed during the regular red-tide monitoring in the target sea area in 2006,

Table 511  Meteorological conditions observed during the regular red-tide monitoring in the target

sea area (2006)
date Faticn _paint fin cover | direction | (Besalon scale)
iU | Saga Imari Bay | A5 Climady L] AW |
| 200651 | Saga Imari Ray z .55 Closdy 10 SW [
2005 5 1 Lmga Iman Bay E (LU R Clomady 14 i) i
LT | Saga Imari Bay | G4l Cloady [ L] M |
2006 6.1 Saga Imari Bay 2 955 Clowady 10 N |
D006 6.1 Saga Iman Bay 3 1011 Clciady L1 M |
205 T3 Sia Iman Hay i p ] Rainy LY sw |
s T3 Swza Imari Hay ] S35 Rainy [ W I
0T Saga Iman Ray 3 S0 Cloasdy L] NW |
H0G E 1 Smga Iman Bay | 10 Sunny 1 HWW |
JO05E 1 S Iman Ray r S25 Sy 1 M |
ML E Saga Imari Bay | 937 Sunny 1 M 1
o, LN | Smga Imari Bay | p] 1 Closady E KE |
200691 | Saga Imati Hay 2 935 Closady 19 KE 2
200691 Sapd Iman Bay 3 5946 Clossdy 10 KE 2
0 10F Swga Iman Hay | g2 Sunny T M r
H06103 | Sam Imari Bay 2 923 Sunny 5 M L
J00G 102 Sapa Iman Ray 3 235 Sunny 5 M 2
0065 K Smpa Ky Bay A 10:14 Clossdy I KE I
T 62 Saga K ariva Bay A 1018 Cloady i 2 2
0674 | Sam Kariya Bay A 10:03 Cloady 10 5 |
D006 & 2 Sapa Kariva Bay A 10:10 Kunny £ MW I
0065 4 Siga Kanva Bay A 1011 Kunny 4 HE I
2008103 | Saga Kaniva Bay A 5:5g Sunny 3 NE 2
2006515 | Saga | Nagoyaura 4 11:20 Clowady 10 SW [
T 6.1 Sapa Mapoyaura 4 11:50 Clowdy 10 NE I
200673 Sega Magayaurs 4 11:30 Closady L] KE I
Pl F N | Smga Magoyaura 4 11:05 Sunny 1 M |
2006.9.1 Saga Magoyaura 4 107 Sunny 7 N |
2005.002 | Saga Mapayaura 4 10:04 Sunny z NE I
2006 5 1 Sgga S 3 11:40 Clessdy L1 W )
i Snga Sololza 1 11:11 Closady L] NW |
| 200673 | Saga Solotss 3 11:01 Closady 19 KE I
06 ED Saga Salolse ] 1442 Sunny E MWW |
SIS 4 Sija Sl F] 1438 Sunny T M |
Mk 103 Saga Sololsa 5 1055 Sunny 4 WE r]
006621 | Magmsaki | Iman Bay ] 31 Closady 19 EW 4
2006621 | Mapssaki | lman Bay 3 10:56 Suiny 7 W 4
20066 21 Mugsiaki | Iman Bay 4 1004 Sunny & sw 3
B0 T IE Magsaki Imari Bay 1 11:59 Cloasdy 14 s 3
2006718 | Magasaki | Imari Day 3 13:22 Clondy | 10 SW 5
2006718 | Nagamsaki | Iman Bay 4 13:04 Cloady 10 EW 4
06 E T Mapsmaki | Iman Bay I 13:42 Hunny 2 M 5
Hs KT Magsaki Imarni Bay 3 ;50 Sunny 3 NW 4
200687 | Nagmaki | Imani Bay 4 16:53 Sunny 1 N i
206 101E | Wapssaki Imaii Ray | 11:32 Suntiy ] KE i
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2005 1008 | Magssaki | Imani Bay i 14:54 Sunny 3 MW 5
2006 00 1§ | Magsaki Imari Bay 4 15:08 Sunny 1 ] 5
2006829 | Magmaki | Ohnwera Bay b 247 Clomdy 10 W 2
PLLLE ) Mapanaki (Hirtwara By £ 1445 Suniy T hE i
2006835 | Nagwaki | Cuer By B 12:50 Sunny T W ]
2006829 | MWagmsaki | Ohmwer Bay FA 13:36 Clondy | & E I
D0 0 Mapasaki (Humvara Bay 1] 10:26 Sunny 1 - v
2006920 | Magssaki | Ciivarn Bay E 14:51 Sunny I -

2008 5 30 Magssaki Cinsara Bay P 11:52 Sunny F; -

2006920 | Mapsaki | Ohnvern Bay Z 12:08 Sunmy 2

Snarce:

Magasaki P'refectural Instituze of Fisheries (2007)

Saga Prefectural Genkai Fisheries Promotion Cemler (2007)
Fultuwoka Fisheries and Marine Technology Resesrch Center {2007)
Yamaguchi Prefectaral Fisheries Reseasch Center (2007)

& Monitoring with satellite remote sensing images
6.1 Satellite remote sensing daa used in this study

The following satellite remote sensing data were obtained and analyzed in this study referring to
Eutrophication Menitoring Guidelines by Remote Sensing for the NOWPAP Region (2007),

Period Parameter Resolution | Sensor Satellite Data source
Jan 1, 2006 | Chlorophyll-a | 1Km MODIS Aquaand Terra | Marine  Environmental
o Dec 31, | concentration Watch
2006
Chlorophyll-a | 500m MODIS Aqua and Terra | MODIS Near Real Time
Conceniration Database of JAXA
True  color | 10m AVNIR-2 | ALOS JAXA
image

6.2 Lhilization status of satellite remote sensing images

Several organizations in the target sca area provide SS5T images, which are mainly for the local
fishermen.

Yamaguchi Prefeciure provides 55T images of i1 sea arcas (Sea of Japan side) through the following
website  <hop:www.pref yamaguchi g jp/'gyoseisuisan-suminarisateliteindex htm>. The 55T data are from
NOAA's satellites, and are received at Japan Fisheries Information Service Center (JAFIC).

Fukuoka Prefecture provides NOAA'S S5T images through the following website:
<httpuwww.sea-net.pref fukuoka jp/eiseifeisei_jpn.him=

Since 2004, Yamaguchi Prefecture has been developing red-tide monitoring methods by using samellite
chlorophyll-a images (Yamaguchi Prefecture, 2007).

Figure 6.1 shows the distribution of chlorophyll-a conceniration in the coastal area of Yamaguchi
Prefecture before and during a Karenia mikimotof bloom in August 2006, which was estimated from

safellite remote sensing images. Areas of high chlorophyll-a concentration were confirmed on the coast
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of Hohoku Tewn and along the coast between Hagi City and Abu Town, which incidentally was where
red-tide warnings were announced during the above Karenia mikimortal bloom.

Satellite chlorophyll-a images used in the above analvsis were oblained from the website of JAXA's
Earth Observation Research Center (EORC). The satellite chlorophyll-a images were processed from the
sea-color data measured by the AquaTerra-MODIS. The MODIS data are received and processed at the
Toka University Research & [Information Center and JAXAEOC (Yamaguchi Prefecture, 2007).

Another example of the use of satellite remote sensing images is Miyahara et al, (2005}). In this paper,
the movement of Coclilodinium Polylrikoides blooms was traced by referring to the satellite images of
chlorophyll-a concentration observed by MODIS. Field meassurements verified that the high
chlorophyll-a comcentration in the satellite images was predominantly due o Cochifodinfm
Polvirikeides.

Thus, monitoring of transportation of high chlorophyll-a concentration (algal blooms)} by satellite
remote sensing iz becoming feasible in recent vears. In the near future, it is expected that satellite images
will become a useful tool for forecasting of harmful algal bloom.
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Figure 6.1 Distribution of chlorophyll-a concentration in the coastal area of Yamaguchi Prefecture
before and during a Karenio mikinofof bloom in August 2006

(estimated from satellite remote sensing images)
Soarce: Yamaguchi Prefectural Fisheries Research Center (2007
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6.3 Satellite remote sensing images of HAB events

Table 6.2 shows the best visible safellite remole sensing images during past HAB events. Satellite images
of some HAB events could not be obtained due to cloud cover.

Chiolophyll-a concentration images in northwest sea area of Kyvushu region obtained from Marine
Environmental Watch Project and JAXA MODIS Mear real time were studied to see chlorophyll-a
concentration distribution around HAB evenis area, and enlarged images were culout o sec spatial
distribution of HAB events. High resolution true color satellite images obtained by AVNIR-2 onbord ALDS
were also analyzed 1o spatial distribution of HABs.

Table 6.1 Satellite remote sensing images during HAB evenis in the target sea area
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7 Conclusion
7.1 Status of recent HAB events in the targel sea area

During the recent years, there have been no major variations in the number of red-tide events in the
target sea area, with around 50 red-tide events occurring each vear, Fishery damages by red-tide events
have also occurmed every vear,

Since monitoring started in 1979, around four (20 events’S year) Karewla mikimotol blooms have been
recorded every vear, and is still one of the major species that cause fishery damage. Apart from Karenio
mikimotoi, blooms of Cocldodinium polvirikoides, Heterocapsa cirenlarisguama, Chattonella antigue,
Chattewella maring and Heterosignra akasihiwo have also been occurring contimuously. Within these
species, Cechlodiniion polykrikoides 15 considered as a high priority species in the NOWPAP region; and
wiebsites and pamphilets have been developed specifically for this species. Coclilodiniim polykrikoides does
nd only bloom and remain in the coastal area but is reported 1o transpon o other regions with the ocean
currents (NOWPAP CEARAC, 2005). It is thercfore necessary to continue the observations on
Cocllodinium polykriboldes,

During 1978-1999, shipment of shellfish has been stopped 10 times due to contamination by
toxin-producing plankions; shipment was stopped once in 2006, Although shipment stoppage in the target
sea area is less frequent than it is in the Hokkaido and Tohoku regions, toxin=producing plankions are still
recorded every year in the target sea arca. Prior to the 1980's, shellfish contamination was not a common
event in the target sea area; however, despite yearly variations, shipment stoppage has become maore
frequent since the 1980°s. Therefore it 15 necessary to continue with the information collection activities on
shellfish contamination and the causative toxin-producing planktons.

Monitoring organizations of each prefecture monitor planktons that cause significant fishery damage
such as Karewia mikimotol, Cochlodinium polylrikoides, Heterosigma akazhiwo, Chattonella antigue,
Chattenella marine and Heterocapsa circularizguaniaf, and notify the local fishermen when the cell
concentration of these species exceeds the set waming/sction standards. PSP- and DSP-inducing speceis
(Dinophysis spp., Alexandrium spp., and Gymnodinfum catenatums) are also monitored regularly. These
species should alzo be considered as high priosity species az in the case with Cochladinium polykrikoides,
and information should be collected and shared among the NOWPAP members.

7.2 Environmental conditions during HAB events

During post red-tide survey, 58T, salinity and DO are measured to understand the environmental
conditions during red-tide events. Regular red-tide monitoring is also conducted in addition 1o the post
red-tide monitoring. During regular red-tide monitoring. red-tide related environmental parameters such as
nutrients and chlorophyll-a are also measured in addition to 55T, salinity and DO, However, the reports of
the monitoring organizations have not made any detailed analysis on the relationship between red-tide
events and the measured environmental conditions.

Data on HABz in the target sea area will be collected continuously through the HAB case study and are
planned to be presented in an integrated manner. The collected and integrated data should hopefully then be
useful for the understanding of HAB mechanisms in the target sea area, For fufure activities, it is necessary
to collect and share information {e.g. scientific literatures) that investigates the relstionship between HAB
events and environmental conditions.
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7.3 Monitoring with satellite remote sensing images

To aszsist the local fishermen, several monitonng organizations in the targel sea area provide daily
satellite images of S5T. The use of satellite chlorophyll-a images has been limited for studving large-scale
red fides due 1o its pelatively low resolution (around 1 km), However, as described in 6.2, wiilization of
sabellite images for monitoring of red-tide is becoming feasible and expected o be more useful in the near
future. Particularly, someCochindiniiom polykrikoldes blooms that occur in the Chugoku region of Japan
were suspected o originate from the Cochlodinium polykrikoides blooms in the Korean coastline
(Miyahara, 2005). To understand the transport processes of Cochilodinium polylrikoides from Korea to
Japan, satellite chlorophyll-a images are myost effective 1ool, Further research and trials will be required fior
forecasting red-tide events..

The satellite images of JAXASALOS satellite have a spatial resolution of 10 m (see Figure 7.1}, which is
sufficient even for identifving the spatially small-scale red tides less than 1km that occur in Japan, However,
since ALOS does not orbit the same path every day, only three ALOS satellite images for comparison were
available for the periods that red tides occurred in 2006, Despite some limitations, the high-resolution
ALOS satellite images should become an effective option for monitoring and forecasting spatially
small-scale red-tide events in the future.



Figure 7.1 ALOS images of Magasaki Prefecture sea area (July 27%)

7.4 Information sharing among the NOWPAP members

The target sea area is located close to the HAB hot spots of East China Sea and southern coast of Korea,
Recent HAB events in the target sea area are known to be partly triggered by the transboundary transport of
HAB species from the above menfioned HAB hot spots. Therefore, in order o advance measures against
HABs in the target sea area, i1 is necessary 0 understand the status of HAB events in the other sea areas of
the NOWPAP region. Finally, it is hoped that information sharing of HAB events will be promoted through

¥
a7



L

the HAB case studies, and consequently lead to the reduction of HAB events in not enly the target sea area,
but the whole NOWPAF region as well.
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1. Introduction

1.1, Ohbjective
The objective of conducting the HAB case study in the southesstem sea area of Korea s to estzblish the mos effective and

laborzaving ways for sharing among the NOWPAP member sates, information on HAB events and associated oceanographic and
metearological conditions, Furthermore, common HAB isues within the NOWPAP region will be identified through the case study,
In the case study, red-tide and toxin-producing planktons will be referred as HAB species,

1.2, Definitions and rules used in the HAB case study
Mention that in peneral, the schentific names in the “Imegrated Report’ and ‘Booklet on Countermeasures’ will be wed in this e
& study,

1.3. Owerview of the target sea area

1.3.1. Location and boundary
The target sea area (fongitude © 24735'43"-34°57'54%, latinude: 127°30°1 17-128°36'60") is located in the eastern past of South Sea,
Korea, which faces East China sea, The Bay surrounded by Goseong-jaran Bay, and Jinju Bay has shellfish farms including ovster
and Myt edhlis and fish Farms shown in right and befi below of Fig. 1.

Figure 1. Target sea area for the case study of Korea

1.3.2. Environmenial/geographical characteristics
Three sides of the target sea is sumounded by land such as Tongyeong-Si, Nambse-5i, Goseong-5i. ts south & opened to
offshore and has Jong ria coast with imegular coast line, The depth of water is generally Jess than 10 m and the area has a less wave
due 1o geographic characters of deeper depth of water in offshore. While, this area is directly affected by a Tsushima wamm current
with abundant nutrient supply and smooth currest flow. Therefore, fishery industry including fish farming has been developed in
this area. However, since 1995, Cochlodinium polvkritoides blooms have occurred in this area in every August and Seplember,
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causing mimerous shery demages.

2.  Methodology used in the case study of southeastern sea of Korea
2.1 Methodology used in the case study
HABs and dominant species are regularly investigated during March 1o November by NFRDI's personnel. HAB species i
idertified and reported to NFRIDI by bocal fishery stations whenever HABS oceur in walers, However, Once HAB initiate, all
relevamt agency conducts their dadly HABR monitoring using vessel and helicopter. National Maritine Police Agency i
responsible for HAB monitonng by helicopter. KFRID's persotme] monitor all southem coasts for forecasting octurmences and
dispersal of HABs during July to September. All the collected data from field survey, meteorology and remote sensing by
NOAA and MODIS are sent 10 HAB emengency center under NFRIHL

2.2 Warning/action standards against HAB events

HABs monitoring syslemn covering whole Korean waters was established for minimization of fishery damages. HAR species, its
abundances and econoric damages are monitored by the system, and these daia were sent to fishers and relative institutes through
ARS{amomated telephone response svstem), SMS service, satellive TV, Bacsimile, and internet webs site (bitpewww.nirdi.re kr). To
give previous attention 1o fishermen and aquaculturists, NFRDI deploy alert system. It consists of Red Tide Amtention, Red Tide
Alert and Waming Lift. The notice of stention and alert are issued when the density of O polidrikoider exceed 300 cella'ml. and
1.000cells/ml., respectively as in Table |. When HAB sttention and Alert issues, we lead the way to withdraw feeding, supply the
liquid cocygen and disperse of yellow clay.

Table 1. HABR warning/action standards of Korea
Waring Classs Seale Cell densiiyicelisiml)
R tade afiction HAHE blooims and over i{'l i m..wmmnﬂuw
rodius 2-Skm (1279 | 4 gﬁ:mm
i) and potential - Epyredingom . © over S0
fishery daenages = Kreremia weldmsotnd. over 1000
= Ese. - onver 30000
Ol Haom: over 50,000
oo blooumes, over SO0 cells {over 50ffa) of dmollagelle

o Dinallapellaes: depends oo cell o and oogaty
Fd tide Alert HAB blooms and aver | - Ohottonella 3p. 2 over 100

rudinzs Sken (7HE) and = Cochiadiier gp, : over 1000

- Ervrodinitom sp. ;- over LIKKD

= e, ¢ over S0,000

o haiom ; over 10KLKKE
O i blooms ; ovor B0 ool (over S0%a) of dinodlageliat:

Warming: Lifl HABs arc extirsct, no risk of fisheries danspes
= The presicent of MFREIM can authorize red tide attention in ¢aze of alarming potential bloom dsmages regardless cell
densites.

Source: Natioral Fisheries research and Dxevelopment Instiute (hisp: fportal nfidi re kr'redtie indes jsp)

In MFRI, harvested shellfish are rowsinely monitored to confinm the presence of algal texins, Safety Emits are established
by the Government, which are 80ue/100g for PSP So, NFRDI notifies fisherman ned 1o harvest the shellfish when the toxin
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beveld exceeds over B0je/100g mest

2.3 Target HAB species

Dinoflagellates such as Prorocentrion minimuem, I dertatn, Heterosigma okashivo, Akashivo sagwimeum, Ceratium furca
and Cochindinien polylrikoides were found 1o be the major dinoflagedlates in the case study area. They exclusively formed
monaspecific boom of kgh density in the summer sexion. Besides, it reveals that some cyst-forming dinoflagellate species makes
the bloom at the samse place and same time (Kim et al, 1990},

. polvkrikoides is a major causative organism of HABs for fishery damages in Korea, Major blooms occurred in end of July
10 end of September, its blooms have caused mortality of Barming fish every vear. Other than O pohdribaides, fish kills have not
been reported by organisms listed in Table 2. In addition, Chattomello spp. cousing fishery damages in Japan have oocurred in
Korean waters but no fish kills ocourred,

Table 2. Target HARB species in this case study (MFRIDI)
species

Dimoglyens
Al sogriieg
Cocldpelinfum polidrimiles
Froncerrum e
Fricermirus murme
Cerwium fispa
Baphidophyccas
Hekerookgmu whasitwo @

Sourve: Natiorul Fisheries ressanch and Dievelopment Instieute (hitp:portal nfd re ke'redtide/indes j=p)
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3, Monitoring framework and parameters of HABR
3.1 _Monitoring framework
In NFRIM of Korea, HABs have been regularly monitored 10 prevent HABs induced fishery damage, The routine monitoring
has been condiscted by National Fisheries Research and Development Instinte(NFRDIY's personnel. Also, fooused HAR
mionitoring survey has been conducted by each fshery station located in Korean-wide, The detailed monstoring on HABs is
conducted by NFRIDI, SFRDI, Aquscubture environment research center, Monitoring areas are shown in Table 3,

Table 3. Monitoring organization and monitored sea areas

Manitoring orpaniration Moniloned sea anca
Saonith Sea Fisheries Research and Development [mstitute (SSFRDI, | South Sea, Tongyeong, Geaje
Aquaculture environment research center
| Togyeong fishery station{ TFS) Mircuk Do, SarangDo
Sacheon [Ehery Aation]SFS) Finju Bay
Crnspong Gisheny statbon{ GFS) Craspang By, Sanmn By
| Geoje fishery sation(GEFS) e
amhae lisbery siationHNES) Mamhae Do, Changam Do

Source: Matioral Fisheries research and Deevelopment Instieie (hitp:”portal nfidi re kor'redtideindes =)
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Figure 2. Monitores sea area in the case study of southeastern sea of Korea



3.2. Monitoring parameters

In the extern part of South Sea arca of Korea, the following three types of HAB related surveys are conducted: regular HAR
moniloring survey, focused HABs monitoring survey, HABS in South Sea mvestigation. Regular HAB coastal monitoring has been
carried ot monthly = 90 stations from March 1o November by NFRDI o investigate the status of water quality and outbreaks of
HAR. Mozt of the coastal environmental parameters are monitored simultaneously. Focused HABSs moniloring survey is conducted
when water discoloration, HAB event or fishery damage occur, HABS in South Sea nvedigation is conducied during early HAB's
Blooms w their extinction and uwsed for HAB's warning. Regulsr shell-lish poisoning survey iz conducied regularly at fixed
locations. Table 4 shows the objective and ronitoring parameters of each survey.

This case study will focus mainly on the results of the focused HABS monitoring survey, which monitors HAB causative species,
cell density, affiected arca, fishery damage, waler temperatire and salinity.

Table 4 Objectives and monitoring parameters of each HAB survey

A Weggss | Mewhe [ freency
Fecgudar HAR To check presence of (=T AT species -W¥iatey ernp. none Wyear (March -
Mg [LAB spp. LCell dermity ~Salinity [xecember
anvey “Waler color RE
Iraeparancy
“Mutricrs
“hila
Fiscused HAS Momoreg el HAR  [-LAB speces -Wtes e, -ty Irmmhaicly afler
Mg s dommmacamatve | -Saliniy Lloud cover waler
AEVEY I{m:l -l discoliration t5
-l ity dracton/specd peputed
oo mea
-Wster color
HAHS i Sout Tocheck presemce of | ~Species that isdoce | -Watey b - Tyem
Sea mvestigamon | HAH i waters, shellitsh prssoeing | -Salinicy (esch other week)
changes in gpcis Loell demiy -1
COHTRR IR Wimer cobor =T ressparency
~Hutriens
{Tis
Ropubs shellfish: | To chok presence of | -Spocics thal iduce | - Weater seerp. Shalliizh v
posoning arvey || LA spp dhat induor shellfish poseing | -Salimty oontamirshon {kfmamth}
Comtamsmtion of ~'iater oobor
shellfeh produds

Source; Mutiora Fisheries reseurch and Dievellopment Instatute (hitp:fportal nfrdi re o' reditidedindes jsp)

3.3.Data and information used

All the collected data are sent to HAB emergency center in WMFRDL, immediaicly. Table 5 shows the monitoring paranseters that
will be referred in the HAB case study. HAB's species, cell density, and blopim areas are investigated for early warning blooms, and
water quality is investigated for distribution of HABz, When the O polvbriboides bloom s cutbroken, B gradually develops into
plusmse like patch and get enlarged arownd plueee in slightly estrophic wates. Their movement and distribution B dependent on the
wind direction and tidal cusvent. The bloom approaches the coast at flood current and wind. So, we investigated all parareter such



as water quality and meteorology in HABS in South Sea mvestigation. Total data for HAR's monitoring is used for warming and
predicting HAB's migration and dispersal.

Table 5 Monitoring parameters referred in the HAB case study

Monitoring paramiier Surecy type
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4. Status of HAB events

4.1 Status of HAB events from year 1995-2007

From year |995-2007, a total of 795 HAB events were recorded, in which 18] events induced fshery damage in Korea
Especially, a total of 169 HAB cvents were recorded, i which 47 events induced fishery damage i the case study area. This

frequency of HAB & determined from data of local fishery office, and a bloom ocoumence in each temitory was counted as a

singh HAB acourrence and additional HAB event was added if the dominant species is changed 10 other ongandsm. The meost
frequently observed HAB species was flaterosipma ahashivo, Prorocentrion dentatum,  Akashivg sangrinea and O
podetritiondey, which was recorded 181 times. HAB specices that inflicted the most fishery damage war O, podybrifnioles

4.2 Yearly trends of HAB events
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Dwiring the 13 years between 1995 and 207, a total of 16% HAB cvents were recorded, in which 47 cvents induced fishery
damage in HAB case study arealFigure 2. Since 2005, non-harmful red tide occumrences have been decreased, and the non-karmfl
red tide occurred only 1-2 times during 2005-2007, While harmiful red tide occurred 2-5 times. Total frequency of HAB has

decreased in gemeral.
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Figure 2, Number of HAB events in case study area (1995-2007)
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4.3 Yearly trends of HAB season

According 1o the HAB data from 19952007, the highest peak season was high temperatune season from June io September, of toeal
red tide pocurrences, 574 blooms ocourred i August, And Fishery damage oocurred most frequently dusing August. The Majoriny
of the events during the high water iemperature season were atiributed to the O poldrioides blooms.
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Figure 3. Mumber of HAR evenis by month in southeastern sea of Koreal 1995-2007)

4 4 Yearly trends of causative species

Table 6 shows the HAB species that were recorded in eastern pan of South Sea between 1995-2007 and their frequency of
occurrences. A total of HAB species were recorded and the most frequent species were dinoflageilates such & O pohatrikoides,
Akashiwo somguinea, and Heterosigma akavhiwe elc. The organism causes fishery damages is C polvlritoides.  HAB by
dinoflagellates are nauch more frequent than by dimoms. HAB, in general, begins 1o occur from January 1o February almost every
year, and shows its peak from August and September during which C. pohdriioddes makes its blooms.

Table 6 HAB species recorded in the in southeastern sea of Korea between 19952007
and their frequency of ocourrences
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Mote: The underlined species caused significant fishery damage
5. Status of recent HAB events and results of environmental monitoring

5.1.Number of HAB events

Records of HAB events in 2007 are provided in Appendix. In 2007, a total of 38 HAB events were recorded, in which 21 events
induced fishery damage. The most frequently observed HAB species was C. polybrikoider and Chattomella spp. In the case stady
area, a total of & HAB evenis were recorded, in which 3 events induced fhery damage. The crganism causes fishery damages was
€ pobkrikoides.

5.2 Peniod of HAB events

According to the HAB data in 2007, it occurred from Agril 1o November, HAB occurred during July to October, and 0% of
HABs occurred in July and August (Figure 4). The blooms in this case siudy area mastly occurred in July and August and fishery
damage oecurred most frequently duning Auguss,
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Figure 4, Mumber of HAB events by month in Korea(2007)

5.3 Duration of HAB evenis

Table 7 shows the number of everts by duration (no. of days) in 2007. Chattenells blooms in West Sea lasted for 10days, while
Chochiodinium blooms lasted for 30 days in the same waters. In the case study area in southeastern Sea, HABs lasted for the
whole bloom seasons. In Tongyeong covering wide areas, HAB originated from Yeosu was dispersed to olbver areas afler 3-5
days. The other blooms not causing fishery damages became extinet after 7-10 days,  However, the duration of HAB by C



protylrikoides 18 much longer, range from 1-2months,

Table 7. Numbers of HAB events caused fishery damages by duration (no. of days)
Dhuration 1

Unganisen

C. pobrikoides

Tomgyoong

Louge

Linssang

Sacheon

=4 Rl b b b e

ME&&]

Chattonella i,

Source: Mational Fisheries reseanch and Develapment Inststuie (hitp.dportal.nfindi re ker'redtideinde jap)

5.4 Location of HAB events

Table 8 shows the number of red tide ooourrences in the case study area n 2007, Figures 4 and 3 show the location of the HAB
events. In 2007, C podvbrikoides blooms were dominant except for | event, one bloom event occurred in Mizn, South Sca for 42
days, and HABs occurred in Tongyeong, Kosoung, and Finju Bay. In this yeas, the nurmber of HAB event was low bul the blooms

dispersed to other aneas and high density blooms resulied in mumerous fishery damages,

Table 8. Number of HAB ovenis by arca

Yenr Sea arca M ol Casative specics
Sagh-aren Spot avents
i) Tomgyenng Tangyeong [Dosan | At sumgmatied
Tongyeeng Warmbae Mim I Cachlmtimiam polykrikoddes
Mamhae Tengyeong Sarang Savou-do I
Croeeong Bay 1
Jimjju by i
Upper Sarang-do [
Tosal 5

Source: Matioral Fisheries reseurch and Develapment Institute thitp . Cpoctal nfrds re kor'rodtide/indes j=3)

Figure 4, Location of HAB events (event no. and causative species)
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MNote : Bed one (s dispersal area of HAB

Figure 5. Location of HAB events by months (red dots show the location of HAB event)
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5.5 Causative species

Tahle 9 shows the HAB species that were recorded in castern part of South Sea. A tal of HAB species were recorded and the
mos frequent species were dinoflagelbates such as Akashien savgisines and O polykrikoider. HABR occurmed in Tongyeong became
extinet on |7 September and then the blooms re-occurred in upper Sarang-do and becams extinet.

Table 9. HAB species recorded in southeastern Sea of Korea in 2007

and their frequency of occurrences
CGienuss and Species é % Total
Lochiodinim poflriloides 3 3
Abashiver samguinea 1

Toial h L]
Mote: The underlined species cured stgnificant fishery damagze
Source; Mational Fishenies nesech and Development

9.6.Maximum density of each HAB evemt

Tabke 10 shows the maximum density of cach HAB event that cocurred in the case study in year 2007, Within these HAB events,
maximum densities peaked on 4% September at 32,500 cells'ml in Namhacdo and dominant specics was © pofkrikeddis The
ustal number of maximum cell density in Korca remains at the level of several thousands cells/mL.

Table 10. Maximum deasity of HAB events that occurred in southeastern Sea of Korea

Mlarruim
demity Affiocsed Area

Year Evecn Mo Consalive spocics P dardy

indséni.
200 BE-2(N17-1 Abcrslitar smpanes ] Tl i
2T HE-2NIT -2 £ peahiratedes ALS0 50
2000 BE-2001T-3 i eyl 25000 Tk
2007 SE-20074 | podiribuides 4,000 3
27 BRI i ek Pl 1] r
2007 SE-2HT-6 - poddraoules 2130 2 |

2.7 Status of HAB induced fishery damage

Tabde 11 shows the fishery damage caased by HAB in castern part of South Sca in year 2007, Large fishery damages ocourred in
South and East Seas due to HABs in offshore. O palydrikoides blooms occumed and caused fishery damages in the mid August.
Approximately 10 million LS. dollar lesses and 25 million fish kills (Rockfish, parrot fish etc.) in farms were estimated during
the bloams.



Table 11. Fehery damage caused by HAB in southeastern Korea in vear 2007

5.8.5tatus of target species
- In previous year, Prorocentrum, Heterosigam, Akashio sanguinea blooms were dominant in Bay and Noctiluca blooms
occumed in Yokjido, While A, sangrines and O polibritoides blooms occumed in castern part of South Sea. A sanguineg
blooms kested for short time bat £ polfkrikoides blooms occurmed over 40 days, High density blooms kested for long time
singe blooms were dispersed 1o other arcas through wind or current, Blooms in eastern pant of South Sea occured ot high
density and basted for long time occuring from the end of July, which is early than last year blooms occurred in mid August,

5.8 Environmental monitoring results during HAB events
During the focuwsed HABS monitoring survey, water temperature and salinity are nxasured, Table 12 shows the data obtained for
each HAR event, During the HAB events, water temperafure ranged between 22.4-26,5C7, salinity between 31,1-33.2,

Table 12 Data of focused HABs monitoring surveys in the southeastern sea of Korea

Yo Eviort Mo, Dhuration Spat Waler b {C) Saliuty
W07 | SE-2007-1 724 Tongyeoeg pr¥ Bl 332
oLl SE-MN07-2 LA ol 233257 L]
2007 | SE-20073 B9 12 Totgveong 240 326
07 | SE-20074 AN Cumscong 265 31
2007 | SE-2007-5 9305 sachoon n7 EIL
T | SEMOTS | I0S-10.29 Tomgyeong 210 332

5.10. Water quality parameters of regular HAB monitoring survey
Tishde 13 shows the resuls of the regular HAB monBoring survey
Table 13 Water quality data obtained during regular HAB monitoring survey in southeastern sea of Korea

Fiehery damape
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Specis md) {ELe ]
woni
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Saranpdo Parot fish fish |, et 1.9

de.

Aurg, 07 bt PO LTS Mamhae<D | Mamhaeslo | O podabriioider Hed e Baodkclish, 0 6K, 1654
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Hockish, (L3189, Parrol fish

parmod fish IS, Bams 061,

Sea bastes 0,149

Source: Mational Fisheres reszech and Development Instibate
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5.11. Meteorological observation parameters
NFRIN uses data of wind direction, wind speed, solar imadiance, amount of precipitation, typhoon etc. from KMA for predicting
HABs. Wind and current affect HABs dispersal to East Sea. Weather forecast s important for predicting HABs occurmence and
dispersal because environmental factors such as amount of precipitation are related o distom blooms causing changes in dominart
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6. Eutrophication monitoring with satellite image
6.1_Framework of Satellite image monitoring
The following remote sensing data are available for the HAB case study:
- NFRID has been recelving SS5T images derived from NOAA series, ocemn color (chloropliyll-a and suspended sediment)
images derived from SeaWiFS and MODIS for HABs prediction, respectively,
Observation parameters: s6a surface temperature (55T, chiorophyll-a (Chil-a), suspended sediment (55) ete.
Available data period (55T, Chil-a 55 etc ) see table 14,
Observation frequency: 6-8 per a day (NOAAAVHRR), 1-2 per a day (SeaWiFS and MODIS)
Resolution: 1 km x | km, 4 km x 4 km and @ km x 9 ki, respectively.

NOAAAVHRR has been receiving from 1989 by NFRDI, The data opened to the public via the internet homepage in NFRDI.
MODIS dta s been receiving from May 2001 by NFRDL NFRDI also has SeaWiF$ data with LAC (local area coverage)
spatial resolution supported by KEOC (Korea Earth Observation Center) from 1999, OCM (Dcean Color Monitar) of IRS-P4
Chla concentration data has been received from May 2001 tirough October 2004 in NFRDL IRS-P4 OCM Launched 26 may
1999 from India. OCM Chl-a dats are processed by NASA OC2 algorithin,

6.2 _Parameters of satellite image monitoring
Table 14 shows available remiote sensing data for the HAB case study.

Table 14. Remote sensing data available for the HAB case study
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6.3.Results of satellite image monitoring

The case stady will provide the following information:
- The amounts of cells and dispersal in South Sea are monitored with SST and Chl-a measured by satellite remote sensing.
- The following table shows satellite images during HAB events.

Table 15, Satellite images during HAB events in Korea walers
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Figure 6. Monthly sverage SeaWiFS Chl-a imagics in the South Sea of Korea from 1995 to 2005,

7. Conclusion
For the last two decades, the economic impact of HABs on fisheries has increased with the increase of scale of HAB3 in Korea,
Particularty, the blooms by fish killing Cochlodinies potikrikoides have been the direct and severe impacts on the coastal
aquaculiure indusiries in Korea and Japan. Therein, there is growing concems to minimize fisheries damage by establishing early
waming system from the initial stage and take emergent action against the blooms.
In 2007, C. pohdritoides blooms lasted for long time in Korean waters, and high density blooms occurred in South Sea.
Approximately 10 million LS. dollar losses and 25 million fish kills (Rockfish, parrod fish ete.) in farms were estimated during the
Bloorms, The reason is that Tawshima curment water was weak in the end of July and early August bt strong Tsushima current water
afler mid August resulted in extinction of cold water column in Geoje-Do and dispersal of HABs in South Sea to East Sea. Fishery
damages mainly occured in South and East Seas. Plytoplankion species succession occurred due to heavy rainfall and nutrient
increase, and remained HABs were exting because of direct/indirect effects of yphoon. Therefore Tsushima curment wates,
thermocline, wind direction, wind intensity, and amount of precipitation need to be investigated. HABz in South Sea were dispersed
to East Sea by wind direction, wind intensity, and Tsushima current water, These factors also influence a large scale blooms and cell
density. Species succession between O polidriboides and diatom due 1o nuirient supply from heavy rainfall a the end of red tide
occurrences resulted in extinction of HABs. All parameters of HAB are the same in each country.

Herein, information on the bloom for the species would be essential to countermeasure against the blooms. In addition,
collahorative research program to get scientific knowledge and networking for the monitoring and prediction of HABs among

Lif



NOWPAP member countries would be very beneficial in resolving the problems, The information of HABs by collaboration
amang NOWPAP member countries monitor and control land-based pollutants which might play a key role in accelerating blooms
in coastal arcas of NOWPAP member countries, This, it B highly encowsaged o develop Korea appropriate policies amd
technobogies o minimize the leading of land-based polhitants into the sea of MOWPAP area.
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Session 3
Review of Procedures for Assessment of
Eutrophication Status Including Evaluation of
Land Based Sources of Nutrients for the
NOWPAP Region



Interim review and refinement of Draft Procedures for assessment of
eutrophication status including evaluation of land based sources of nutrients for
the NOWPAP region and a case study in Toyama Bay

Genki TERAUCHI', Dongzhi ZHAQ®, Sang-Woo KIM® and Leonid MITNIK®

INOWPAP CEARAC
‘National Marine Environmental Monitoring Centre, China
'National Fisheries Research and Develapment Institure, Korea

‘Satellite Oceanography Departmernt, V.1 Iichev Pacific Oceanological Institute, Far Eastern
Branch, Russian Academy of Sciences, Russia

ABSTRACT

Eutrophication in the Northwest Pacific region (hereinafter referred as NOWPAP
region) is a major environmental issue, as population and industries continue to grow in this
region. In order to solve eutrophication i1ssues in the NOWPAP region, it 15 important at first
o understand and assess its current eutrophication status. However, at the moment, there are
no established eutrophication assessment procedures that could be commonly applied to the
NOWPAP region.

In order to help address cutrophication issues in the region, CEARAC proposed a new
activity to develop procedures lor assessment of eutrophication status including evaluation of
land based sources of nutrients for the NOWPAP Region for the 2008-2009 biennium. The
proposal was approved at the 12" NOWPAP Inter-Governmental Meeting.

Northwest Pacific Region Environmental Cooperation Centre (NPEC), hosting body of
CEARAC, has conducted a case study in Tovama Bay and developed the *Drall procedures
for assessment of eutrophication status including evaluation of land based sources of nutrients
(Draft Procedures) (Appendix 1)° by referring to existing approaches in other region.
Summary of the case study in Toyama Bay is attached to this abstract as appendix 2.

For the purpose of shanng of common procedures for assessment of eutrophication
status among the NOWPAP member states, the Draft Procedures are being reviewed and
refined by the nominated experts in China, Korea and Russia. An interim progress of review
and refinement work of China, Korean and Russia will be reported during the workshop.
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Draft procedures for assessment of eutrophication status including
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1. Imtroduction
I-1. Background

1.1. Development of the ‘Draft procedures for assessment of cutrophication status including
evaluation of land-based sources of nutrients for the NOWPAP region (Draflt Procedures)’
was proposed and approved at the 5th CEARAC Focal Point Meeting (FPM).

1.2. As part of the development processes of the Draft Procedures, NPEC has implemented a

case study in Tovama Bay (Tovama Bay case study), by referring to the "“Common
Procedure for the ldentification of the Eutrophication Status of the OSPAR Maritime Area’.

An interim progress of the Tovama Bay case study was presented at the 5th CEARAC FPM
and First Coastal Environment Assessment Workshop held in Toyama from March 6-8,

2008,
1-2.  Objectives of the Draft Procedures

1.3. The objectives of the Draft Procedures are to enable cach NOWPAP member state to
assess the status and impacts of eutrophication im their respective sea areas, by using

data/information obtained through existing monitoring activitics. The assessment results
could hopefully then be wtilized by each NOWPAP member state for consideration and
development of monitoring systems and countermeasures against cutrophication. Figure |

schematically shows the concept of the Draft Procedures.

Role of Eutrophication Assessment by
developed NOWPAP Procedure

CEARAC NOWPAP Member States DINRAC
MOV AR
Crena ethodology To assess Information iaa b
procedures for ' eutrophication status ' for
assessment of : & :
sutrophication its driving force miggié:w
; amaronment
Data
Databases To manage eutrophication through
I~ N countermeasures for iImprovement : POMRAC
HAB ted ;
Occumrence Asqst| Working Group
Tt S for
e GOAL ICARM
Remote
Sensing Improvement of eutrophication status

- and decrease of red bdes occurrences

Figure | Concept of the Draft Procedures
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1-3. Charactenistics of the Drafi Procedures
1.4, The Draft Procedures was developed based on the following principles:

i) It should be adaptable to various tvpes of sea arcas in the NOWPAP region.

1) Remote Sensing data should be used in the assessment procedure,

iii)Eutrophication status is assessed through a holistic approach by integrating the following
eutrophication aspects: degree of nutrient enrichment, direct/indirect effects of nutrient
enrichment and other possible effects of nutrient enrichment.

iviIn general, eutrophication status is assessed in relative ways within the whole assessment
area.

1-4. Owverall strugiure

1.5. The assessment procedure is broadly separated into six parts, namely i) scope of assessment,
ii) data processing, iii} setting of assessment criteria iv) assessment process and results, v)
verification of results and vi) conclusion/recommendation. In the “scope of assessment” part,
an assessment area and parameters are selected. In the “data processing’ part, raw data are
processed into data sets for the assessment. In the ‘setting of assessment criteria’ par,
assessment criteria are sel. In the “assessment process and resulis’ part, eutrophication
status of the assessment area is identified. In the ‘verification of results’ part, the
assessment results are reviewed and verified by new monitoring technigues such as remaote
sensing. In the ‘conclusion/recommendation’ part, future issues and actions are identified
on the basis of the assessment results. Figure 2 shows the implementation flow of the Draft

Procedures.
Scoping
2L G S et S0 AR
Bl o0 O S L PR
= W N T N
S4w = Bl QTR G S
RS Tl EEL T S Sl b
Earm =g & el T D o
N .
Drata processing Setting of assessament criterla
- B L0k = e oS ] & IS 35 g kR A
=k bawdn =g = T R | Ak e T
E - TG T 0. TR b 1 Dol | L v Rl i e e
s b | LR e e o Bl Ry B 4 i B
e
Assessment process and results Yarification of results
—_—
Sy BT ST D T FE R T —e. BT Ty TR I T RO TN D

e

A
Canclusion/Recommeandaticn

. FEL e e R et )
LLITE PR ol SRR ey

Figure 2 Basic MMow of the Draflt Procedures
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2-1.
2.1.
2.2.

2.3,

i)

2-2.
2.4.

2.5.

2.6.

2-3.

2.7.

2.8,

Scope of assessment
Setting of assessment objective
State the objectives of the assessment,

In order to facilitate the understanding of the assessment results, clanfy the preconditions
and limitations involved in the assessment.

State any scientific uncertainties that future users of the asscssment results should take note
of, such as:

Application of the asseszment resulis for forecasting environmental changes could be
inappropriate.

The assessment resulis may become less reliabledvalid when scientific data‘information are
updated.

Selection of assessment area
Select an area that can be considered as a single sea area.

An azsessment area should be an area that has ongoing environmental monitoring and

Assessment programs.

An assessment area must be an area that has ongoing water quality monitoring and
assessment programs.

Collection of relevant information

Collect information on the assessment area such as, status of waler qualily moniloring
{locations, frequency, parameters), ocean observations by satellite remote sensing, status of
waslewater reatment, status of coasial wse (e.g. location of recreational beaches),
population of catchment area, land use and industrial activities (e.g. industries that have
potential impacts on eutrophication).

Collect data from organizations that monitor chemical, biological and physical parameters
that directly or indirectly relate to eutrophication. The following are some relevant

organizations;

i) Organizations that monitor water quality for environmental conservation purposes
i) Organizations that observe ocean with satellite remote sensing

iii}Organizations that monitor harmful algal blooms for protection of fishery resources
v} Organizations that monitor shellfish poisoning for food safety

v) Organizations that have other relevant information such as ocean current and water
lemperatune,



2.9. Collect existing survey data/information from the above organizations as in Table 1.

Table 1 Survey data/information collected from monitoring organizations

Survey | Governing Survey | Aim Survey Main Survey Mo, of
area organization | title period SUrvey frequency | survey
parameicrs poinis

2.10. Select the most appropriate data source for the assessment process in section 5.
2.11. Types of data sources which should not be used for the assessment procedure:

i} Surveys conducted at very limited frequency

i) Diata that are not directly related to eutrophication

ili)Surveys that are not conducted at regular locations and frequency

iv) Surveys that are not conducted for moniorning water quality and aquatic organisms
v) Surveys that employ uncommon analytical methods

2-4. Selection of assessment parameters and data

2=4=1. Categorization of monitored/surveyved parameters
2.12. Categorize all cutrophication related parameters that are monitored/surveyed within the
assessment area into ong of the following 4 assessment categories:

i) Category | Parameters that indicate degree of nutrient enrichment

i) Category Il Parameters that indicate direct effects of nutrient enrichment
jiijCategory Il Parameters thal indicate indirect effects of nutrient enrichment
iv)Category IV Paramecters that indicate other possible effects of nutrient enrichment

2-4-1. Selection of assessment parameters for each assessment category

2.13. After the categorization process, select assessment parameters that are applicable for the
assessment procedure on the basis of their data reliability and continuity (e.g. data collected
at fixed locations and at regular frequencies). The selected assessment parameters should
also have established methods of analysis.

2.14. In principle, all surveved/monitored parameters relaied o cutrophication should be
selected for the assessment procedure. If certain parameters are to be excluded from the
assessment procedures, the reasons must be staled.
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2.15. Table 2 shows examples of assessment parameters that are relevant to the 4 categories.

Table 2 Examples of assessment parameters

Category Assessment parameicr

I Degree of nutrient enrichment Riverine input (T-N, T-F)

Total nitrogenTotal phosphorus (T-N, T-P)
Winter DIN/DIF concentration

Winter N/P ratio (DIN/DIP)

f] Direct effects of nutrient enrichment Chlorophyll-a concentration (field data)
Chlorophyll-a concentration (remote sensing dara)
Sea area ratio  with  high  chlorophyll-a
concentration (remote sensing data)

Red-tide events (distom specics)
I Indirect effects of nutrient enrichment | Dissolved oxygen (DO}
Abnormal fish kill incidents
Chemical oxvgen demand (COD)
v Other possible  effects of nutrient | Red-tide events (Nactifuca sp.)
enrichment Shellfish poisoning incidents

2-4-3, Setting of aszessment value
2.16. In order to understand the interannual trends of cutrophication, assessment should be

bazically conducted with annual values.

2.17. Set the assessment values (e.g. annual mean, annual max., annual number of events) 1o be

used for each assessment parameter.

2-4-4, Selection of data source for the assessment
2.18. Sclect the data source to be applied for cach assessment parameter.

2-5. Division of assessment area inlo sub-areas

2.19. In order to understand and assess the causes and direct/indirect effects of eutrophication at

more localized scales, the assessment arca may be divided into sub-arcas.

2.20. When dividing the assessment area into sub-arcas, factors such as location of riverine
input, monitoring locations, fishery activities, underwater topography, salinity distribution,
oceantidal currents and red-tide events should be considered.

2-b, SBetting of assessment period

2.21. Set the assessment period in accordance with the assessment objectives and availability of
reliable data,



3-1.

3.1.

3.2,
3.3.

3-3.
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3-4,
3.5,
3.8,
3T

4.2

Data processing
Setting of data processing procedure

Based on the set assessment values, establish a common data processing method for cach
assessment parameter.

Dana screening
Within the selected data source, exclude data that are not suitable for the asscssment.

If data are excluded in the above process, state the reasons for their exclusion. Possible

reasons could be related 1o survey location, data reliability and 20 on.
Sorting data into sub-areas

If the assessment area 15 divided into sub-areas, the data used for the assessment of each

sub-area should be sorted by the location of survey/monitoring sites,
Data processing of assessment parameters

Based on the set data processing method, process the collected data.

In principal, data should be processed by each survey/monitoring site.

Data sets should be prepared for each assessment parameter and  sorted by

survey/monitoring site.

Setting of assessment criteria

. In order to assess the eutrophication status of an assessment arca, identification criteria for

ecach assessment dafa® and classiflication criteria for each assessment parameter, calegory
and assessment criteria for area’sub-area must be set.

*Assessment data: data to be used for the following identification process, which is

calculated by assessment value.
Setting of identification criteria for the asscssment data

The cutrophication status of each assessment parameter is assessed by its current status and
future trend. The current status and fuiure trend of an assessment parameter are identified
by its assessment data with the following identification tools. Combination of these

identification tools  must be applied for each assessment parameter,

i) Identification by comparison (identifies current status): The cutrophication status is identified
by comparing the assessment data with either the value established by environmental standards
or background value set by the values measured in an area that have had negligible influence
from anthropogenic activities. This identification tool is used for assessment parameters that can

be represented in terms of concentration or ratio.

il) Identification by occurrence (identifies current status): The cutrophication status is identified

6



by occurrence or non-occurrence of events. This identification tool 15 used for assessment
parameters that can be represented in terms of number or frequency of occurrence.

iii} ldentification by trend (identifics future trend): The cutrophication status is identified by
predicting future trends. This identification tool is used for all parameters.

4_3. The basis behind the set identification criteria must be stated clearly and objectively.

4-2.  Setting of classification criteria for each assessment parameter

4.4, Sei the classification criteria of each azsessment parameter based on the current staius and
future trend identified by the combination of the identification tools.

4.5, Table 3 shows an example of identification tools applied 10 each assessment parameter.

Table 3 Examples of identification tools applied to each assessment parameter

- 7]
Category Assessment parameier Assgsament valug .Id-.'.n.ul'mtmu L Remarks
Comparison | Occarrence | Trend
' Rivering input (T-M, T-F} Annual mewn v
Total nitrogen/Total phasphorys | Annual mean . ”
(1=, T-F)
Wimter DIN/DIP concentration Winter mean v ¥
Winter NP ratio (DIN/DIP) Winter mean v o
I Chloraplivil-a concentration { feld ':1::: :“m v .
diata)
Chi I tration | Annual max,
arophyll-a conceniration Aitiian] Wi ” s
{remote sensing data)
Sea arca ratie  with  high Annual max.
Annusal mean
chlorophyll-a Eoncentration ¥
(renate sensing data)
ed=tide ovents (diabom specied) 50 ces W o
1} Dssolved pRVEEN [m:. Annusal min. .‘,r" .,‘ll"
Abaormal fish kill incidents Annual o "
CGCCWITENCER
Chemical oxygen demand (COD) | Annual mean ¥ ¥
¥ Red-tide events { Nocilluca sp.) Annual o W
DEEUITENESS
Shellfish poisoning incidents Annusl v 7
DECIITERCES

}) Eam.pmisnn: comparisen with enviranmental standard or background value

Chocufrenas: GCCRTERce OF OB-OCCUITERs

Trend: degree of increase’decrease

4.6. The propesed classification criteria for each assessment parameter are as follows. The

identification result of the current status is classified as either “high status” or *low status’,
and future trend is classified as ‘decrease trend’. ‘mo trend” or ‘“increase trend’.
Classification results of the current status and future trend are then integrated and classified
into & eutrophication groups shown in Table 4. If the assessment parameter can only be

F
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assessed by the trend method, the assessment parameter will be classified as enher
*decrease trend’, ‘no trend’ or “increase trend’.

4.T. Table 4 shows the classification criteria for the assessment parameter.

Table 4 Classifiication criteria of assessment parameter

{Low status and Decrease Trend)

Classification Identification result
HI Current status high and increasing trend
(High status and Increase Trend)
HM Current status high but no increasing or decreasing trend
{High status and No Trend)
HD Current status high but decreasing trend
(High staius and Decreaze Trend)
L1 Current status low but increasing trend
{Low status and Increase Trend)
LM Current status low but no increasing or decreasing trend
{Low status and No Trend)
LD Current status low and decreasing trend

Classification by trend only

Classification

Assessment result

I
(Increase Tremd)

Increasing trend

N Mo increasing or decreasing trend
(Mo Trend)
[ B] Decreasing trend
{Decrease Trend)

4-3.  Setting of classification criteria for the assessment category

4 8. Set the classification criteria of cach assessment category based on the classification results

of the assessment parameters.,

4.9, Classify the assessment category by selecting one classification result of the assessment
parameters within the assessment category that most appropriately represents the
cutrophication status of the arca. However, if the classification results among the
assessment parameters in the aszessment category are contradictory, and therefore it is
unreasonable to select a representative classification result, this assessment category can be
excluded from the classification procedure with its reasons stated.

d-4, Setting of assessment criteria for the assessment area/sub-area

4.10. Set holistic assessment criteria for the assessment area/sub-area so as to diagnostically
explain ¢lassification results of each assessment parameter and category.



5.1.

5.2,

5.3.

5.4,

5.5,

6.1

6.2.

r

7.2

Assessment process and resulis

The euwtrophication staius of the assessment area should be assessed, on the basiz of the
identification results of the assessment data and classification results of cach parameter and

parameter’s calggories.

Identify the eutrophication status of the assessment data of each monitoring site based on
the set identification criteria.

Classify each assessment parameter based on the identification results of the assessment
data. If there are multiple monitoring sites in each sub-area, the identification results from

all the monitoring sites should be taken into account,

Classify each assessment category based on the classification results of assessment
parameters.

The eutrophication siatus of each area’sub-area should be assessed based on the

classification results of each assessment parameter and category.

Verification of results

. The assessment report should have all necessary information required for review.

Use of remote sensing is recommended for the verification of the assessment results.

Conclusion and recommendation
Based on the assessment results, provide recommendations for future actions.

The results of each classification process should be clearly presented, so that policy makers

elc. can consider the most appropriale monitoring or counfermeasures  against
eutrophication.



Appendix 2

Summary of Phase 1 of Toyama Bay case study

Aug 7, 2008
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I Introduction
| Background and objective

Eutrophication in the Northwest Pacific region (hercinafter referred as NOWPAP region) is a
major environmental issue, as population and industries continue to grow in this region. In order to
solve eutrophication issues in the NOWPAP region, it is important to first understand and assess its
current eutrophication status. However, at the moment, there are no established eutrophication
assessment procedures that could be commaonly applied to the NOWPAP region,

Assezsment methods for eutrophication have developed by OSPAR Commission, NOAA and
Mediterranean Action Plan of UNEP. Among these, the procedure developed in OSPAR (OSPAR
procedure) seemed to be the most suitable reference material for the NOWPAP region in respect that
it has been already implemented by many of the OSPAR countries, and that the selection of
assezsment parameters and their assessment levels for the uses in the eutrophication azsessment and
final judgment on the eutrophication status are entrusted to cach country.

In order to develop an objective eutrophication assessment procedure for the NOWPAP region,
the Norlhwest Pacific Region Envirenmental Cooperation Centre (MPEC) has conducied a case
study in Tovama Bay (Tovama Bay case study) and developed the ‘Drafi procedures for assessment
of cutrophication status including evaluation of land-based sources of nutrients {Draft Procedures)”
by referring to the OSPAR procedure,

While remote sensing data are considered as a supplemenary tool in the OS5PAR procedure, the
Toyama Bay case study incorporated remote sensing data into the assessment and verification
processes. The aim was to establish an effective assessment and verification tool for eutrophication
by utilizing remote sensing techniques.

2 Implementation processes of the Toyama Bay case study

In F.Y. 2007, the Tovama Bay case study was implemented to examine the validity of the Drafi
Procedures (Phase 1 of Tovama Bay case study).

As part of Phase |, the assessment procedures set out in the OSPAR procedure were reviewed by
using data obtained in Tovama Bay, and an appropriate assessment method for eutrophication in
Tovuma Bay was considered in the process.

The progress of the Toyama Bay case study was reviewed by experts of the following committees
established by NPEC: Red tide and HAB National Review Committee, Ocean Remote Sensing
Mational Beview Commitiee and Tovama Bay Project Beview Commiiiee,

Based on the expeniences gained in Phase |, the Draft Procedures has being completed. The Draft
Procedures will be finalized after being reviewed further by the experts of the NOWPAP member
slates,

3 Structure of the Tovama Bay case study

The Tovama Bav case studv broadly consists of six parts, namely i) scope of assezsment, i) data
processing. iii) setting of assessment criteria iv) assessment process and results, v) verification of
results and vi) conclusion/recommendation. In the *scope of assessment” part, assessment area and
parameters were selected, In the “data processing” part, raw data were processed into data sets for

141
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the assessment. In the “setting of assessment criteria® part, assessment criteria were set. In the
“assessment process and resulis’ part, eutrophication status of the assessmeni area’sub-areas was
identified. In the *verification of results” part, the assessment results were reviewed and verified by
remote sensing. In the *conclusion/recommendation” part, future issues and actions were identified.
Figure 1-3-1 shows the structure of the Toyama Bay case study. Also necessary feedback was made
to update and improve the contents and methodologies of each part.

Details of each part are described from Chapter 1.

1
| Scope of assessment |
=1 {
| R —— |
12 i'r
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1-3 |
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2 _ 4
I Data processing |
2-1 !
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=2 L
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3 = ¥
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33 1
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Figure 1-3=1.  Structure of the Tovama Bay case study.

4 Assessment results of the Toyama Bay case study

Since the pnmary focus of the Toyama Bay case study was to establish a common assessment
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procedure for various types of sca arcas, the assessments conducted in the case study were hased on
uncertain assumptions and assessment criteria. Therefore, it is necessary to note the possibility that
the obtained assessment results may not be an accurate reflection of the eutrophication status of
Toyama Bay.

In F.Y. 2008, cutrophication status of Toyama Bay will be re-assessed by re-implementing the
Tovama Bay case study (Phase 2 of Tovama Bay case study) with an improved assessment
procedure.
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Il Toyama Bay case study
| Scope of assessment
1-1 Selection of assessment arca

In the OSPAR procedure, for the assessment of eutrophication, it is recommended to select an
assessment area by considering factors such as cceanographic characteristics, availability of existing
water quality monitoring and assessment programs.

In the Toyama Bay case study, the arca for the assessment was selected by referming to existence
and reliability of data’ information related to eutrophication,

JITTTTTA
J

i
o

Figure 1I-1-1-1.  Scopes of Toyama Bay sea area.

1-2 Collection of relevant information

In Tovama Bay, under the Water Pollution Conirol Law, the environmental depariment of the
Toyama Prefecture government conducts monthly water quality monitoring in its public waters.
From FY. 1997, to understand the status of eutrophication in Toyama Bay, the environmental
deparimeni has supplemented the above moeniloring program by adding new monitonng paramelers
and sites. Surveys and researches related to eutrophication have also been conducted in Tovama Bay.
Water pollution incidents such as oil spills and abnormal fish kills have also been recorded.

To monitor and protect the fishing grounds in Tovama Bay, the fisheries department of the
Tovama Prefecture government conducts monitoring of fishing ground (e.g. water quality, red tides,
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marine organisms) in the coastal arcas of Tovama Bay. Oceanographic conditions are also
monitored at fixed locations along the coast.
Table [-1-2-1 summarizes the monitoring and research programs related to eutrophication in

Toyama Bay.
Table ll-1-2-1. Monitoring and research programs related o eutrophication in Tovama Bay,
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1-3 Division of assessment area into sub-areas

In order to understand the status and causes of eutrophication at localized scales, the assessment
arca was divided into 5 sub-arcas as shown in Figure 1[-1-3-1. As water quality and oceanographic
characteristics within each sub-area are to be similar, factors such as riverine input, fishery activities,
underwater topography, salinity distribution, oceanftidal currents and red-tide events wene
considered in the division process.

Also to best utilize and to enable comparison with the survey results of existing monitoring
programs, the boundaries set by the red-tide monitoring program of Tovama Prefectural Fisheries
Research Institute were utilized as a basis for the sub-area division.

Hir

T m
P EE S - T

Figure lI-1-3-1.  The sub-areas of the Toyama Bay case study,

1-4 Selection of assessment parameters

All eutrophication related parameters surveved in the assesament area were categorized into one
of the following 4 assessment categories.
1) Category | Parameters that indicate degree of nutrient enrichment
i} Category 11 Parameters that indicate direct effects of nutrient enrichment
1) Category 11 Parameters that indicate indirect effects of nuinent enrichment
iv) Category IV Parameters that indicate other possible effects of nutrient enrichment

Among the available surveved parameters, only the parameters that were applicable to the
assessment procedure were selected based on their data reliability and continuity (i.e. data collected
at fixed locations and at regular frequencies). Table [I-1-4-1 shows the assessment paramcters
selecied for the Tovama Bay case study,
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Table I-1-4-1.  Assessment parameters selected for the Toyama Bay case study

Category Assessment parameater Survey litle
Degree of nutrient |Nutrient load |Rivenne input (T-N) | Data collection for simulation model
ennchment i . [Depardment of environmental
(nutrient load, Riverine input (T-P) |congervation, Toyama Prefecture]
mutrent Nutrient [Total nitrogen (T-N) | Seawater quality survey [Depariment of

concentration, efc.}

concantration

anvifgnmental consarvation, Toyama

(annual) Total phospherus (1- | refecture], Toyama Bay project
P} [NPEC]
Muftrient Winter dissohved Seawater quality survey [Depariment of
concentration (inorganic nitrogen  [eavironmental conservation, Toyama
(winterl) (DIN} Prefecture)
Winter disschwed
inorganic
phosphorus (DIF)
Whnter DIN/DIP rateo |(Calculated valwe)
Direct effecis of  |Chlorophyll-a |Chliorophyll-a Seawaler qualily survey [Depariment of
nutrient enfchment concentration (field  |environmental conservation, Toyama
(increase of data) Prefecture], Toyama Bay project
phytoplankton, [MPEC]
turbidity, etc. ) Chiorephyll-a Environmental walch-system of the
concentration Morth wes! Pacific [Minisiry of
(remole SEnsing EnvironmentNPEC), Ocean Color
data) WEB[NASA]
Sea area ratio with
high chicrophyll-a
concentration
(remotle sansing
data)
Phytoplankton | Red-tide evenis Red-tide survey [Toyama Prefectural
[diatom species) Fisheres Research Institute]
Indirect effects of |Oxygen Dissabved cxygen Saawater quality survey [Deparfiment of
nutrient enrichment | deficiency (DO environmental congervation, Toyama
lincrease of Prefecture], Toyarma Bay project
organic matter, | [MPELC]
decrease in Figh kill Abnarmal fish kil Repornt of mantime accidents
dissalved axygen, incidents [Department of environmental
efc. ) conservation, Toyama Prefecture]
Organic Chemical oxygen Seawater qualiy survey [Deparimeni of
carbon/oragni (demand (CODY) environmental conservation, Toyama
« matter Prefecture], Teyama Bay project
[NFEC]
CHher possible Plankicn Red-tide avenis Red-tide survey [Toyama Prefectural
effects of nutrient  |blooms {Mocliluca sp.} Fisheries Research Institute]
annchment
shellfish Algal loxins Shelifigh poisoning ﬁ:tpuﬂ on food poisoning {flapanmenl
poisoning, ate.) rcidonts

of Health]




2 Data processing
2-1 Organization of collected data

To prepare for data processing stage, the collected raw data were first organized into tabular
formats, Table 11-2-1-1 and [1-2-1-2 show the formats used for regular monitoring data and satellite
image data, respectively, The collected data were also organized by survey year to enable
interannual comparisons.

Remote sensing data were processed into monthly merged data by calculating the monthly
averaged concentration of each pixel (size: 1 km x | km).

Table [1-2-1-1.  Format for regular monitoring data.

Sine fnfo. : Resalis
Survey Sampled
D DIP Chlorophyll-a Remarks
wear Hile no, Sife name date
mg'L mg'L ngl
| 95E J=5 Jintzu Kiver 5 LR B .2 ook 1.6
199% I=K Jintzu River B 19958 1.1 005 1.7

Table 1I-2-1-2. Format for remote sensing data,

20H2 2002 2002 2002 2002 2002
F| L Longitude Lastitiede
I 2 3 4 5 ]
| I 13750400 375000 . E40H0 1. 10 (A4 1.2 E0 07741 .16l
I 3 13763463 3TAIRT 1. 5400 1, D) [ BHi4 1.2 1M 0.774] L1616
L 3 1373726 375674 LU ] 0,TRET 05760 . 8i-E3 055310 OLHZGT
L 4 1379045 73001 1680 0, 220Ky Llel3 {2420 0. 1544 L232¥

2-2 Screening and sorting of data into sub-areas

After the data organization process, the collected data were categorized either into regular
monitoring data, remote sensing data or other types of data, and then were soned into the relevant
sub-areas after excluding any unsuitable data for the assessment.

2-2-1 Regular monitoring data

For water quality parameters/data that were collected under regular monitoring programs, data
cbtained from the mixed waters at surface (0.5m) and middle laver (2m) were generally used for the
assessment, However, surface laver data were used for monitoring site located in the central area of
Tovama Bay, az only sea surface laver is being monitored.

Data that were not obtained through standardized analytical methods and data obtained from near
the rivermouth areas {i.¢. arcas affected by freshwater input) were excluded from the assessment,
Adter this screening process, the collected regular monitoring data were sorted into the sub-areas by
the location (latitude/longitude) of their monitoring sites. Table 11-2-2-1 provides information on the
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regular monitoring sites in Toyama Bay.

Table 11-2-2-1.  List of regular monitoring sites in Tovama Bay,
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2-2-2  Remote sensing data

Some pixels in the assessment area could not acquire sufficient quantity of monthly merged data
for assessment, due to factors such as cloud cover and land effects. Therefore, for the Toyvama Bay
case study, pixels that had less than 80% monthly merged data were conzsidered as invalid and were
excluded, since they mav affect the relability of the assessment. Pixels near the river mouth areas
were also excluded. After these screening procedures, the monthly merged data were sorted into the
relevant sub-areas,

Table 11-2-2-2 and Figure [1-2-2-1 show the pixels that were used in the Tovama Bay case study.
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Table 11-2-2-2.  Pixels used in the Toyama Bay case study.

1 2 3=]-2 4 § =34 i
Sub-arca liotal no, ol | Mo, af pixcls Total mo. o Moo al iavalld B o Percentages of
paxgls 3] pixels paxels Prasels used valul pixels
ravermouth {excluding fiar
anca rvermsoaii) ASECSANLCNL
A 183 183 43 144h 76,5
B 1549 ) 3 58 24 6E.1
L | i T ik 40 51.3
[ B] 122 122 T4 48 353
E 13 (k3] '] 30 89.3
Tidal 15EGO L) | BT Fi4 654 KE.2

Table [1-2-2-1. Pixels used in the Tovama Bayv case study. {Pixels colored with blee

wiere used for the assessment. Pixels colored with brown were excluded from the assessment)

2=2=3 Chler 1ypes of data

Data that were not collected through regular monitoring or remote sensing such as amount of
riverine input, area of red tide events and location of pollution/food poisoning incidents were sorted

into the relevant sub-areas as shown in Table 11-2-2-3,
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Table 1I-2-2-3.  Sorting other types of data into sub-areas.

Amount of LAOEHI0 O
Sub-arca vk Areca of red tide event pollutionfood
verine dopat poisoning incidents
: Between boundary of Niigata
A | KurobeRIvEr | pref and Kurobe Clity
B Joganji River Between Kurobe City and
Jintsu River muth of Jintsn River
c Sho River Between mouth of Jintsu Sarl i seeordance b
Crvabe River River and Ovabe River Latitude/Tongitude
Between mouth of Chabe
D - River and boundary of
Ishikawa Pref.
E - Central arcn of Toyama Bay

2-3 Data processing of assessment parameters
2-3-1 Preparation of data sets

Following the sorting process, assessment values were calculated and data sets were prepared for
cach assessment parameter. Table 11-2-3-1 shows the format of the data sets,

Table 11-2-3-1. Format of the data sets.

Calegory | Asscigiment | Assessment | Sub-area | Nameof |Unit| Daa range [kata ramge Cakulated
parameler valluse survey sale {initial year) (final vear) assesimenl

viligs
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2=3-2 Caleulation of assessment data

Data that were used for the assessment {assessment data) were calculated from the assessment
values. Table [1-2-3-2 shows the calculation methods of assessment data.

Table 11-2-3-2. Calculation methods of assessment data.

Assessment data Cabculation methods
Comparison | Latest data (b) Calculate the mean of the last 3-vears assessment values
Ratio (hia) Calculate bia

a; background value

Occurrence | Mo, of occurrences in the last 3 | Caloulate the total ne, of occurrences in the last 3 vears
YCars
Trend Resulis of est (all data) Calculate i there are any statistically significant
increase of decrease trend with t-test of oll data

(significance level=5%)

Resulis of ~iest (data after 1997) | Calculate i there are any statistically significant
increase o decrease trend with t-test of data after 1997

{significance level=5%)

3 Setting of assessment criteria
3-1 Basic assessment policy

In order to assess the cutrophication status of the assessment area, identification criteria for the
assessment data, classification criteria for the assessment parameters and categories, and assessment
criteria for the assessment area/sub-areas were set.

3-2 Setting of identification criteria of the assessment data

The eutrophication status of the assessment data was identified by comparison, occurrence and
trend identification tools, and on the basis of identification criteria set for each identification tool,
The *companson/occurrence” identification tools identify the current status of eutrophication, and
the “trend” identification tool identifies the future trend of eutrophication.

3-2-1 Identification by comparison (current status)

With the comparison method, eutrophication status of the assessment data was identified by the
ratio of assessment data and background value, Based on the calculated ratio, the assessment data
was identified as “relatively high', "moderate” or “similar or lower than background” on the basis of
the set identification criteria.

A} Betting of background value

The background values {a) were set cither by using the values of an established environmental
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standard or by using values measured in an area that have had negligible influence from
anthropogenic activities, In regards to winter DIN/DIP ratio, the ratio in the deep ocean laver of
Tovama Bay was used as the background value. Table 11-3-2-]1 shows the background values used in
the Toyama Bay case study for each assessment parameter.

Table 11-3-2-1. Background values (a) used in the Tovama Bay case study.
Assessment Assessment | Reference Background
Category parareler vl sile Dats used value (a)
I T-M Annual mean Average of annual mean values 0,100 mg/L
Open 0Cean | 4 erween 1999-2005
T-P Annual mean Average of annual mean values 0,008 mg/L
Open 0¢€a0 | 4 orueen 1998-2008
Winter DIN Winter mean | Open ocean | Winter mean value of F.Y. 2003 0080 mg/L |
Wimter DIP Winter mean | Open ocean | Winter mean value of F.Y. 2003 0,009 mg/L |
Winter DINIMP | Winter mean | Deep ocean | Deep ocean water data of 2001 12.3
waler
n Chlorophyll-a Annual max. Average of annual max. between 1.000 pgL
(field data) Open ocean | 15003005
Annual mean Average of annual mean values 0.362 pe'l
Open ocean | 4 iween 1999-2005
Chlarophiyll-a Annual max, | Max, of Average of annual max. between 1.180 pg/L
(satellite data) background | 1998-2005
area
Anmual mean | Mean of Average of annual mean values 0406 pgl
background | between 1998-2005
area
1] [0 Annual min, | - Fisheries water quality standard 6.000 mg/L. |
Cop Annual P Average of annual mean values 1.004 mg/L
average Oy between | %98-2005

B) [Identification criteria of comparison identification tool

Table 1-3-3-2 shows the identification criteria set for the comparison identification tool.

Table 11-3-2-2.  Identification criteria of the comparison identification tool.
Score Identification results Identification criteria
+ Relatively high ba=1.1 (upper 33%)
Moderate ba> 1.1 (under the upper 33%)
* Similar or lower than
background Wzl ]

MWaote: b= average of last 3.years
w~ background value
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3-2-2 ldentification by occurrence (current status)

The eutrophication status was identified by occurrence or non-occcurrence of events. The score
was “+" if there was more than one occurrence in the last 3-yvears, and °-* if there was no occurrence.

Table [1-3-2-3 shows the identification criteria for the occurrence identification tool.

Table [1-3-2-3. Identification eriteria of the occurrence identification tool,

Score Identification resulis ldentification criteria
+ Chcourrence More than cne eccurrence in the last 3-years
- Moen-occurmence Mo occurrence in the last 3-years

3-2-3 Identification by trend (future trend)

The future trend of eutrophication was identified by whether there was any statistically
significant increasing or decreasing eutrophication trend in the assessment parameters. Table
11-3-2-4 shows the identification criteria for the trend identification tool.

Table [1-3-2-4, ldentification ¢riteria of the trend identification tool,

Score Identification results Identification criteria
Statistically significant increase dentified by t-test

{significance level = 5%)

Mo significant Moo staistically  significant  increase or decrease
increase/decrease identified by i-test (significance level = 5%)
Statistically significant decrease identified by t-test
{significance level = 5%)

+ Significant increase

= Significant decrease

3-3 Setting of classification criteria of the assessment parameters
3-3-1 Identification tools of the assessment parameters

The cutrophication status of each assessment parameter was classified by combining the
identification resuliz obtained by the “‘companzon/occurrence” and “rend” identification tools. Table
11-3-3-1 shows the assessment values and identification tools applied for each assessment parameter.
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Table I1-3-3-1.

Combination of identification tools applied for cach assessment parameter in the

Tovama Bay case study.
Category Asseisment paraneler Asseszment value Identification twols™
Comparison_| (kurrence Trend
| Riverine imput (T-M, T-F) Annual mezn W
T-M. T-P Annaal myean o o
Winter DIMTHP concentration Winter mean o o
Winter N/F ratio (DIN/DIP) Winter mean ¥, "
]| Chlorophyll-a coscentration {feld | Annual max, o o
daia) Annual mean
Chlorophyll-a concentratton (remole | Annual max. ¥, vy
sensing data) Annual mean
52a mrea matin  with  high | Annual max,
chlorophyll-a concentratbon (remode | Annual mesn ¥
sensing duta)
Red-tide evenis (Hatom specles) Annoal oo of < o
evenls
[ Do Annual min, ¥ o
Abaoemal fish kil incidems Annual  noe of o "
everls
Ci Annual mcan o W
kY Shellfish poisoalng incdenis Annval o of o oy
evenls
Red-tide evems [ Nochilvea 5p.) Aamial  no. of v o
evenls

¥ Comparizon: comparizson with environmenial slandard or background value
Checurmence: GOOUMTence oF non-eoourrende of events
Trend: degree of increasedecrease

3-3-2 Classification by comparison/occurrence

For assessment parameters that the comparison or occurrence identification tools were applied to,
the eutrophication status of the assessment parameters were classified as either “high status’ or *low
status’ on the basiz of the set classification criteria. Table 11-3-3-2 shows the classification criteria
for the identification results obtained by the comparison and occurrence identification tools.

Table 1I-3-3-2, Classification criteria for the resulis obtained by the comparizon and occurrence
identification toals.
Classification Dicfinition Classification criteria

H (High status) Relatively high | When there was more than one survey site within
eutrophication level the sub-area that wis identified as “+"
Moderate eutrophication g oy

L (Low status) level or similar to i"':'t""'.‘E:: i PRI R
background level

3-3-3 Classification by trend

For assessment parameters that the trend identification tools were applied 1o, the eutrophication
status of the assessment parameters was classified as “decrease trend’, “no trend” or “increase trend”
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on the basis of the set classification criteria. Table [1-3-3-3 shows the classification cnferia for
assessment parameters that the trend identification tools were applied to.

Table [1-3-3-2. Classification criteria for assessment parameters that the trend identification wools

were applied.
Classification [refinition Classification criteria
I Increasing eutrophication | When there was more than one survey site
{Increase Trend) | trend within the sub-area that was identified as "+
™ lﬂmuﬂ:mmmg °F | When all survey sites had no increasing or
(Mo Trend) " N oot i il decreasing trend (Meither | nor D)
(K Decreasing When all survey sites within the sub-area were

(Decrease Trend) eutrophication trend tdentified as *-*

3-3-4 Classification of assessment parameter

Adfter obtaining the classification resulis for “curment siatus’ and “future trend”, the assessment
parameters were then classified into 6 cutrophication groups in accordance to the classification
criteria shown in Table [1-3-3-4. If an asscssment parameter could be assessed only by the trend
method, the assessment parameder was classified as “decrease trend’, “no trend’ or “increase trend”,

Table I1-3-3-4.  Classification criteria of assessmenl parameter.

Classification Classification results
{High status mf.:]ulumm Trend) Current status high and increasing trend
(High mnuﬁl Mo Trend) Current status high but no increasing or decreazing rend
m@m,_ﬁa,:g“mrmd] Current status high but decreasing trend
(Low mu.man: Jlnmm gigary, | SUTORANTY DR IAR Rioug o
(Low mmﬂd No Trend) Current status low but no increasing or decreasing trend
_‘nl.-i'“;’“_“_“;"."’mﬂﬂum Trend) Current status low and decreasing trend
Classification by trend only
Classification Classification results
{hmmi Trend) Increasing trend
(Mo :rend} Mo increasing or decreasing trend
{Dmr:lf-n Trend) Decreasing trend
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3-4 Classification criteria of the assessment categories

In the OSPAR procedure, the assessment categories are classifed as “+°, if there is more than one
assessment parameter within the assessment category that is classified as *+'. The assessment
categories are classified as ‘-, if all assessment parameters within the same assessment category are
classified as ",

In the Tovama Bay case study, the assessment category was classified by selecting one
classification result of the assessment parameters within the assessment category that most
appropriately represented the eutrophication status of the area. However, if the classification resulis
among the assessment parameters in the same assessment category were contradictory, and therefore
it was unreasonable to select one representative classification result, the assessment category was

not classified with its reasons stated.

3-5 Classification criteria of the assessment area'sub-areas

In the OSPAR procedure, the assessment area is classified into “problem area’, ‘potential problem
area’ or ‘non-problem area’ by integrating the classification results of the 4 assessment categories.
An assessment area is classified as ‘potential problem area” when the quantity/quality of data were
insufficient to perform an assessment. The OSPAR procedure developed this classification system to
identify areas that require further environmental monitoring and nutnent reduction measures n
terms of eutrophication.

In this study, holistic assessment criteria were set for the assessment area'sub-area so as to
diagnostically explain classification results of each assessment parameter and category.
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4 Assessment process and results

The eutrophication status of each sub-area was assessed based on the set assessment critena.

4-1 Azsessment results of sub-area A

Table [1-4-1-1 shows the classification results of the assessment categories of sub-area A, According
to the classification results, there were no categories in sub-arca A that showed progress in

eutrophication,
Table Il-4-1-1. Classification results of sub-area A.
Category Basis of classification Classification results
Current status of all parameters were LM In terms of degree of nuirient
I classified as low status and all parameters enrichment, current status was relatively
had no significant inereasing trend low and there was no increasing or
decreasing rend
Current status of all parameters were LN | Interms of direct effects of nutrient
" classified as low status and all parameters enrichment, current status was relafively
had no significant increasing trend low and there was no increasing or
decreasing trend
Current status of all parameters were LW In terms of indirect effects of nuirient
1 classified as low status and all parameters enrichment, current status was relatively
had no significant increasing trend low and there was oo increasing or
decreasing irend
Current status of all parameters were LM | Interms of other possible effects of

A

classified as low status and all parameters
had no significant increasing trend

nutrient enrichment, current status was
relatively low and there was no
increasing or decreasing trend
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4-2 Assessment results of sub-area B

Table 11-4-2-1 shows the classification results of the assessment categories of sub-area B. According

to the classification results, the assessment categories [-111 were at relatively high levels with no

decreasing trend.
Table I1-4-2-1. Classification results of sub-area B.
Category Basis of classification Classification results
T-M, T-F and winter DIN were at high HM | [noterms of degree of nutrient enrichment,
I levels with ne decreasing trend current status was relatively high and there
was no increasing or decreasing trend
Chilporophyll-a of field and remote sensing HMN | Im terms of direct effects of nutrient
i were at high levels with no decreasing trend crrichment, current status was relatively
high and there was no increasing or
decreasing rend
COD was ot high levels with no decreasing H | In terms of indirect effects of murient
m trend enrichment, current status was relatively
high and there was no increasing or
decreasing wend
Current status of all parameters were LM | In terms of other possible effects of

A

classified as low status and all parameters
had no significant increasing trend

nuirient enrichment, current stabus was
relatively low and there was no increasing
or decreasing trend

From the above resulis, sub-area B has been identified as “having relatively high levels of

eutrophication and direct/indirect eutrophication impacts’. Therefore, it is necessary to strengthen

monitoring activities and consider countermeasures on the basis of the monitoring results.
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4-3 Assessment results of sub-area C

Table 11-4-3-1 shows the classification results of the assessment categories of sub-area C. According

to the classification results, the assessment categories [-111 were at relatively high levels with no

decreasing trend.
Table Il-4-3-1. Classification results of sub-area C.
Category Basis of classification Classification results
T-M, T-P, winter DIN and winter DIF were | HN | Interms of degree of nutrient enrichment,
I at high levels with no decreasing trend current siatus was relatively high and there
I — ____| was no increasing or decreasing trend
Chiorophyll-a of field and remote sensing HNW | Interms of direct effects of nutrient
i were &t high levels with no decreasing trend enrichment, current status was relatively
high and there was no increasing or
decreasing trend
COD was al high levels with no decreasing HW | In terms of indirect effects of nutrient
" irend enrichment, current s1atus was relatively
high and there was no increasing or
decreasing trend
Current status of all parameters were LN | Interms of other possible effects of nutrient

kY

classified as low status and all parameters
had no significant increasing trend

enrichment, current status was relatively
borw and there was no increasing or
decreasing trend
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From the above results, sub-area C has been identified as “having relatively high levels of
eutrophication and directindirect ewtrophication impacts’. Therefore, it is necessary to strengthen
monitoring activities and consider countermeasures on the basis of the monitoring results.
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4-4 Assessment results of sub-area D

Table 11-4-4-1 shows the classification results of the assessment categories of sub-area D). According

to the classification results, all the assessment categorics were at relatively low levels, but categories |

and 11 showed increasing trend.

Table lI-4-4-1. Classification resultz of sub-area D,
Category Basis of classification Classification results
Current status of all parameters were LI | Interms of degree of nutrient enrichment,

I classified as low status, but T-N and T-F current status was relatively low but there
showed significant increasing trend _was an increasing trend §
Current status of all parameters were LI In terms of direct effects of nutrient

i classified as low status, bt chlorophyll-a enrichment, current status was relatively
{remote sensing) showed significant bow but there was an increasing trend
increasing trend
Current status of all parameters were LM | Interms of indirect effects of nutrient

" classified as low status and all parameters enrichment, current s1atus was relatively
had no significant increasing trend bow and there was no increasing or
decreasing trend
Current status of all parameters were LN | Interms of other possible effects of nutrient
v classified as low status and all parameters enrichment, current status was relatively

had no significant increasing trend

borw and there was no increasing or
decreasing trend

Since some categories were under increasing trend, it is

activities so that the causes can be identified.

-21 -

necessary to strengthen the monitoring
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4-5 Assessment results of sub-area E

Table 11-4-5-1 shows the classification results of the assessment categories of sub-area E. According

to the classification results, there were no categories in sub-area E that showed progress in

eutrophication,
Table Il-4-5-1. Classification results of sub-area E.
Category Basis of classification Classification results
Current stafus of all parameters weng LN | Interms of degree of nutrient enrichment,
| classified as low status and all parameters curtenl status was relatively low and there
_ | had no significant increasing trend | was o increasing or decreasing trend
Current status of all parameters were L™ In terms of direct effects of mutrient
Il classified as low status and all parameters enrichrment, current status was relatively
had no significant increasing trend low and there was no increasing or
decreasing trend
Current status of all parameters were LN [ Interms of indirect effects of nutrient
m classified as low status and all parameters enrichment, current status was relatively
had no significant increasing trend low and there was no increasing or
| decreasing trend
Although there were some red tide events L™ In terms of other possible effects of

{(Nectilinca sp.), it was probably wind
transperted from another sub-arca

nutrient enrichment, current status was
relatively low and there was no mcreasing
of decreasing trend

5 Venfication of results

5-1 Verification of water characteristics of ficld monitoring sites by remote sensing

Water characteristics in two regular monitoring sites in sub-area B were verified by comparing
the remote sensing chlorophyll-a (satellite chlorophyll-a) data,

5-1-1 Venfication by satellite chlorophyll-a mean concentration for the entire assessment period

Mean chlorophyll-a concentration for the entire assessment period in the regular monitoring site
pixels {monitoring sites J-3 and 5-5) and the spatially averaged sub-area B were compared,
The mean chlorophyll-a concentration in J-5 and 8-5, located near the mouth of Jintsu River and

in between Jintsu River and Joganji River, respectively, were higher than that of the spatially

averaged sub-area B.

5-1-2 Verification by satellite chlorophyll-a monthly mean concentration

The monthly mean chlorophyll-a concentration in J-5 and spatially averaged sub-area B was
compared. The resulis are shown in Table [1-5-1-1. Large differences between J-3 and sub-area B

values were observed especially during summer, which explains why chlorophyll-a concentration in
J-5 was higher than that of the sub-arca B.
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Figure [I-5-1-1. Comparison of monthly mean chlorophyll-a concentration in J-5 and the spatially
averaged sub-area B from 1998 1o 2006,

5-2 ldentification of new regular monitoring points

In order to identify new regular monitoring points, values such as maximum concentration and
fMuctuation range of satellite chlorophyll-a concentration were calculated for each pixel in sub-area
B. Based on the calculated values, arcas that require more intensive monitoring were identified by
taking into account the locations of existing regular monitoring sites.

According to the above examination, there were no regular monitoring sites in areas that had
large Muctuation range of satellite chlorophyll-a concentration (Figure 11-3-2-1). This showed that
remote sensing data could be applied when considering locations of new regular monitoring sites.

n
Figure [1-5-2-1. Locations of the top 10 pixels with the large fluctuation range of satellite

chlorophyll-a concentration (vellow pixels) and existing chlorophyll-a regular monitoring
sites (purple pixels).

5-3 Verification of chlorophyll-a concentrations of regular monitoring

The monthly averaged chlorophyll-a concentration from F.Y. 1998 to 2005 obtained by remote
sensing and regular monitoning were calculated and their seasonal variations were compared.,

Chlorephyll-a concentration obtained by both remote sensing and regular monitoring gradually
increased towards summer. However, while satellite chlorophyll-a peaked in July and decreased
afterward, chlorophyll-a concentration obtained by regular monitoring remained at high levels until
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October, Causes of these differences should be further examined.
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Table 11-5-3-1. Comparison of monthly averaged chlorophyll-a concentration of remote sensing data

and field data from F.Y, 1998 to 2005,
5-4 Venfication of sub-area boundares

Sub-area boundaries were verified by monthly averaged satellite chlorophyll-a data from 1998 to
2006. For seasonal comparison of chlorophyll-a, the data from February to April were merged to
represent spring seazon chlorophyll-a, and April to July 10 represent summer season chlorophyll-a,

The result showed that chlorophyll-a concentration was higher in summer season than in Spring
season in the inner bay arca and along the castern coast, and it cormesponded to the boarder between
sub-areas A-C and [-E.

Figure [1-3-4-2, Lefl image shows areas where chlorophyll-a concentration was higher in summer
season than in spring scason (purple pixels). Right image shows the sub-areas of the case
study.

6 Conclusion and recommendation

®  Re-examination of the Draft Procedures
The identification criteria of assessment data should be re-examined to improve its reliability
with more appropriate scientific approaches,

®  Furiher utilization of remote sensing techniques

= 3l =



Assessment and analysis techniques of remote sensing must also be improved in accordance
with itz technological development.
Improvement of the Draft Procedures

The validity and effectiveness of the Draft Procedures must be examined by collecting
opinions from experts of various fields.
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