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east – west: 450 km, north – south: 15-55 km
area: 23,203 km2, average depth: 38.0 m
shoreline: 6,868 km,  700 islands

Fish aquaculture industry became active 
since 1960s.

Fish cage culture common Japanese costal waters
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瀬戸内海における赤潮発生件数と漁業被害件数の推移
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Relationship b/w red tide case number and 
aquaculture fish production

150

200

250

300

350

潮
発

生
件

数

10

15

20

収
穫

量
（
1
0
,0

0

赤潮発生件数

ブリ類養殖収穫量（10,000 t）

de
 c

as
e 

nu
m

be
r

Red tide case number

Yellow tail fish Production  

Production of yellow
 tail fish by a

瀬戸内海における赤潮発生件数と漁業被害件数の推移
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Fish mass mortality was observed in 
about 10% cases of red tides.
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Parallel increase of 
red tide occurrences 
and yellow tail fish 
aquaculture industry 
are obvious.

瀬戸内海における赤潮発生件数と漁業被害件数の推移

0

50

100

150

1950 55 60 65 70 75 80 85 90 95 2000

年次

赤

0

5

0
0
 t）

Re
d 

tid

aquaculture (x 1,000t)

No data on 
red tide case

are obvious.

Fish mass mortality was observed in 
about 10% cases of red tides.

Environmental factors related to red tide occurrence

problem

Increased coastal areas utilizationIncreased coastal areas utilization
aquaculture, tourism, factories, municipality, etc.aquaculture, tourism, factories, municipality, etc.

Red tide occurrence in relation to Red tide occurrence in relation to eutrophicationeutrophication

Increased load of nutrients (N, P) for phytoplankton, Increased load of nutrients (N, P) for phytoplankton, 

Decrease nutrients loads by regulations and Decrease nutrients loads by regulations and 
technical improvement, especially aquaculturetechnical improvement, especially aquaculture

Red tides case number increased.  Red tides case number increased.  
10% of them had harmful consequences. 10% of them had harmful consequences. 

i.e. i.e. eutrophicationeutrophication

Red tide

Australia, Noctiluca

Red tide

Japan, Noctiluca
Thailand, Noctiluca

Germany, Nodularia

Red tide

Japan, Karenia



30.10.2008

3

Red tide

Australia, Gephyrocapsa

Green-grey color red tides occurred in Baltic Sea

cyanobacteria
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Lowering of N and P levels was effective for 
reduction of red tide cases. 
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Countermeasures (management) for elimination of 
red tide occurrences

Indirect: 1. Water and sediment quality improvement
through regulations

2. Water and sediment quality improvement
by projects of rehabilitationby projects of rehabilitation

3. Improvement of aquaculture technology
4. Management  and info. exc. net work

Direct:   1. Spray of clay
2. Filtration
3. Chemicals  etc.

Change of load to 
Seto Inland Sea

Rem: duration of the 
upper and lower figures 
are different.

Reduction of the load has not directly related to water quality.
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Reduction of the load has not directly related to water quality. Fisheries production decreased simultaneously 
with reduction of nutrient loads

Reduction of N and P may have relation 
to decrease of fishery production.

Fisheries production decreased simultaneously 
with reduction of nutrient loads

If so, how to prevent eutrophication 
(degradation) without having reduction 
of fisheries production??? 

FAO 2007

We have already 
reached max???

FAO 2007

Catch of wild fish is decreasing, and 
aquaculture production is increasing FAO 2007
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In Asia, especially China, uses 

FAO 2007

aquaculture for produce more foods for 
growing population 

FAO 2007

Top 7 are Asian countries. 5 of the 7 
are from Western Pacific countries.

River mouth areas along Thailand coast Shrimp farms in Sumatra, Indonesia

Mega scale aquaculture farm

Shrimp culture ponds in Cam Ranh, Khanh Hoa, Vietnam Fish cage culture in Batam, Indonesia
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Red Tide

Gymnodinium in Japan

Noctiluca in Japan by Chattonella in Japan

Red tides

Fish Mass Mortality associated with a Red Tide

by Chattonella in Japan

by Cochlodinium in Korea

by Karenia in Hong Kong

Mass mortality of milkfish, associating with
red tide of Prorocentrum minimum in the Philippines

●Bolinao Bay

late January to 

early February 2002

Red tide occurred in Malaysian and 
Philippine waters (from Azanza 2005)

Cochlodinium 
polykrikoides

Green mussel farms in Manila Bay

Green mussels
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Oyster farms in Manila Bay

Oysters

Clipping of Newspaper
in the Philippines

Now in Asia, especially in developing countries 
in western Pacific region, needs to consider ways  
of coastal area utilization with setting relevant 
policies and regulations.

It implies involving farmers and private sectors p g p
in decision making, which may require clarifying 
costs and benefits of aquaculture industry as well 
as defining rights and duties at all levels.

EAA: ecosystem approach to aquaculture
strive to balance various societal objectives.

We need sound environment
And we need sustainable food production

Problem is how to manage???

Ballast water is used to keep stability 
of a ship, and to facilitate loading 
and unloading cargos into a ship.

A ship without 
enough ballast 
water is very 
unstable

Ballast water

During cargo operation the height of ships is kept same by ballast water 
charging/discharging. 
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Most harmful unwanted organisms in the world
Invaded area and their origin of 59 major cases

（From  Focus on IMO）

Origin Invaded Area

Asia  Oce N.Am S.Am Eur Afr Total

Asia ３ ５ １７ 1 １ １ ２８
Oceania ０ ０ １ ０ ０ ０ １
North Am. ０ ０ ０ １ ５ ０ ６
South Am. ０ ０ ３ ０ ０ ０ ３
Europe １ １ １５ ０ ０ １ １８
Africa ０ １ ０ ０ ２ ０ ３

Total  ４ ７ ３６ ２ ８ ２ ５９

Invasion of aquatic organisms

Negative impact
Predation, competition to

existing species
Introduction of disease
Genetic recombination
Habitat alternation

Positive benefit
Success of introduction, producing

new aquaculture products
such as

Chile salmon from Asia
European oyster from Asia
Tilapia fish from Africa      

FAO 2007

Invasive mechanisms of marine organisms in Japan
(Iwasaki et al. 2004)(Iwasaki et al. 2004)

Invasion from 
outside to Japan

aquarium

Additional invasion to 
Japanese existing strains

2542
taxafisheries ships

25
taxa

Fisheries

Local transfer beyond 
natural habitat

14
taxa

ships

Fisheries

Guidebook of aquatic invasive organisms

Most of organisms in the book are those in 
freshwater environment, quite few in   
marine.  Published in 2005.

At the time of enforcement of law to 
prohibit bring the invasive organisms into 
Japan, this book was published.
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FAO 2007

International Convention 
for the Control and Management 
of Ships’ Ballast water and Sediment

Diplomatic Conference for Adoption: February 9-13, 2004
after 14 yrs. of complex negotiation

Marine Environment Protection Committee (MEPC) is now 
making 15 Guidelines referred to the Convention for uniform 
application of the conference.   

http://www.imo.org/HOME.html
Then “Convention” in the “Quick Links”
and “Ballast Water Management”, in order to know the outline 

of the Convention. 
Also Globallast Program homepage 

“http://globallast.imo.org/” is useful.

load BW

Cargo 
discharging
port

Ballast water

BW tank full

BW tank emptydischarge BW

Cargo 
loading
port


