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Characteristics of
the Seto Inland Sea, Japan
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Area 23 203 km2

Mean depth 38 m
Volume 8.8 x 1011 m3

Islands 1015
Precipitation 1000 ~ 1 600 mm/yr-1

River (class A and B) 664
Run off 5.0 x 1010 m3 yr-1

Water temperature 8 ~ 26 ˚C
Population 3.0 x 107

Fishery production 6 x 105 ton yr-1

Aquaculture production 3 x 105 ton yr-1
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The law concerning special measures 
for conservation of the environment of 
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Total pollutant load control

COD loading:
1700 tons/day in 1972

717 tons/day in 1999
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Decrease of 
seaweed and 

seagrass beds, and 
intertidal flats in 
the Seto Inland 
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Large scale 
reclamations have 
been conducted in 
shallow area of the 
Seto Inland Sea. 



Harmful algae in the Seto Inland SeaHarmful algae in the Seto Inland Sea

Bars=20μm, E=100μm
A-G: Red tide algae
A: Chattonella antiqua
B: Chattonella marina
C: A cyst of Chattonella
D: Heterosigma akashiwo
E: Noctiluca scintillans
F: Karenia mikimotoi
G: Heterocapsa circularisquama
H-K: Toxic algae
H: Dinophysis fortii
I: Dinophysis acuminata
J: Alexandrium catenella
K: Gymnodinium catenatum
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Large scale red tides 
had been frequent in 
1970’s and 1980’s
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Recent increase of 
Cochlodinium polykrikoides

Revival of Chattonella and 
increase of C. ovata

Long-term decrease of
Heterosigma akashiwo and
Noctiluca scintillans
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Fishery damage amounts (yen) given by main 
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Table 3. First occurrences of red tides and notes on the origin of the 
representative red-tide organisms in the Japanese coastal sea.

Speceis First red tide (year) Notes

Chattonella antiqua Hiroshima Bay (1969) Hidden flora *
Karenia mikimotoi Ago Bay, Gokasho Bay (1933)  Inherent red-tide species

Tokuyama Bay (1957)
Heterosigma akashiwo Bingo-Nada (1966) Hidden flora
Heterocapsa Uranouchi Inlet (1988) Introduced species (?)

circularisquama
Cochlodinium Yatsushiro Sea (1975) Hidden flora and/or 

polykrikoides transported species by 
Tsushima Current

* These species have inhabited at low cell densities before the occurrence of red tide 
(Smayda 2002).
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Warning levels of main red tide species in 
Hiroshima Prefecture, Seto Inland Sea

Warning levels of main red tide species in 
Hiroshima Prefecture, Seto Inland Sea

Chattonella antiqua, Heterocapsa circularisquama and 
Cochlodinium polykrikoidea are extremely dangerous 
red tide organisms.
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1978- 1982
Scallop

Scallop, Blue mussel, 
North type of 
Chlamys farreri , 
Short- necked clam

Scallop, Blue 
mussel, North type 
of Chlamys farreri 

Blue mussel, 
Equilateral venus
Blue 
mussel

Short- necked 
clam

Noble scallop

1983- 1987

Scallop

Scallop, Blue mussel, 
North type of 
Chlamys farreri,  
Short- necked clam

Scallop, Blue 
mussel, North type 
of Chlamys farreri 

Blue 
mussel

Short- necked 
clam

Short- necked 
clam

Scallop

1993- 1997

Scallop

Scallop

Scallop, Blue 
mussel

Blue mussel,Asiatic 
hard clam, Sakhalin surf 
clam

Blue mussel,  
Short- necked 

clam

 Short- necked clam

Short- necked 
clam, Noble 
scallop

Short- necked 
clam

Coast of Hiroshima pref. : 
　Blue mussel, Japanese 
oyster、 Short- necked clam
Inland coast of Yamaguchi pref. :
　 Short- necked clam

Short- necked 
clam, Japanese 
oyster

Short- necked 
clam, Noble scallop

Scallop, Blue 
mussel

Japanese 
oyster

Noble 
scallop

Japanese 
oyster, etc.  

Short- necked 
clam, Noble 

scallop

1988- 1992 Scallop, Sakhalin surf 
clam, Sunray surf clam, 
Megangulus  venulosa, 
Short- necked clam

Scallop, Blue mussel, 
Japanese oyster,  
Short- necked clam

Scallop, Blue mussel, 
North type of Chlamys 
farreri

Scallop, Blue 
mussel

Blue mussel Blue mussel, 
Asiatic hard clam

Short- necked 
clam

Japanese 
oyster

 Short- necked 
clam

Short- necked 
clam

Coast of Hiroshima pref. : 
　Blue mussel, Japanese oyster, 
  Short- necked clam
Inland coast of Yamaguchi pref. :
  Short- necked clam

Scallop

1998- 2001 July

Scallop

Scallop

 Blue mussel

Blue mussel

Blue mussel,  
Short- necked clam, 
Japanese oyster, 

Blood calm

 Short- necked 
clam

Noble 
scallop

Coasts of Hiroshima pref. : 
　Blue mussel, Japanese 
oyster, Short- necked clam

Short- necked 
clam

Short- necked clam, 
Noble scallop

Japanese 
oyster

Japanese oyster, 
Short necked clam 

Scallop

Scallop, Blue mussel,  
Japanese oyster, Sea 
squirt

Blue mussel, Japanese oyster,  
Short- necked clam, Equilateral 
venus, Sakhalin surf clam

Japanese 
oyster

 Short- necked 
clam, Noble 
scallop, Japanese 
oyster

Short- necked clam

Blue mussel

 Blue mussel

Japanese oyster
Japanese 

oyster

Japanese oyster, 
Short- necked clam 

Blue 
mussel,  

Japanese 
oyster

Blue mussel, Japanese oyster,  
Short- necked clam, 
Equilateral venus, Sakhalin 
surf clam, Blood calm

Megangulus  
venulosa

Every five years changes in the restricted sea areas and shellfish species 
for shipping and marketing, due to PSP outbreakes.

Scallop



SummarySummary

Total incidents of red tides in recent years have been about 
100/yr and stable. 

Heterosigma akashiwo and Noctiluca scintillans have 
decreased in long-term trend.

Cochlodinium polykrikoides and Chattonella spp. are in 
increasing trend. C. ovata is new.

PSP problems have been established in the Seto Inland Sea 
by Alexandrium tamarense from about 1990
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