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Physical mechanisms of bottom hypoxia formation and movement in Omura Bay, an enclosed 

bay in the western Japan, were investigated using existing field data and a numerical simulation.  

It was revealed that density-driven water inflow from outer to inner bay could play a crucial 

role in the hypoxia formation in the bay, and also in the inshore movement of hypoxia during 

the transitional period from summer to autumn, occasionally causing serious damage to 

fisheries resources in the shallow water.  Long-term increase in the volume of hypoxic water 

and subsequent contraction of potential habitat volume could be responsible for simplified fish 

community structure as seen in the fisheries landings.  Practical field experiments aiming at 

restoring hypoxic environment by aeration from the sea bottom in combination with 

bio-remediation in the shallow water has been started in cooperation with local government of 

Nagasaki Prefecture as a part of the 5-year Action Plan for Environmental Conservation and 

Regional Promotion of Omura Bay. 

 

Introduction 

Nutrient enrichment is now a worldwide environmental problem in marine coastal areas, and 

hypoxic zones in the bottom water are enlarging from coastal bays to continental shelves.  

Depending on the severity and persistence of dissolved oxygen depletion, hypoxia can alter the 

structure and functions of an ecosystem and occasionally cause defaunation in benthic/demersal 

systems.  However, scientific knowledge of physical causes and ecological consequences of the 

hypoxia is still insufficient.  Omura Bay, an enclosed bay on the eastern margin of the East 

China Sea, has been suffering long from severe summer hypoxia, and recent occurrence of the 

aoshio (coastal upwelling of anoxic water) in this bay actually did serious damage to the 

shallow water ecosystem. 

  The aims of this study are to elucidate physical mechanisms of the hypoxia formation and 



movement in this bay using existing field data and a hydrodynamic model, and to look at the 

ecological consequences of the long-term change in the volume of hypoxic water through the 

changes in fish community structure as seen in the fisheries landings from this bay.  Possible 

implication of the scientific knowledge mentioned above for regional environmental 

management including practical planning of hypoxia restoration are also discussed. 

 

Materials and Methods 

Existing data on the physical properties of Omura Bay were used for describing 

three-dimensional characteristics of the oceanic structure related to hypoxia formation and 

movement.  In addition, a numerical model, COSMOS (Coastal Sea Modeling System for 

Hydrodynamic Processes; Taguchi et al. 2014), was applied for exploring dynamic behavior of 

the hypoxic water in this bay, especially in the transitional period from summer to autumn.  

Annual fisheries catch data, which had been reported since the 1960s, were analyzed to look at 

long-term changes in the fish community structure in relation to the hypoxia expansion, using 

some statistical methods (Chung et al. 2015).  Omura Bay is an enclosed bay of 320 km2 with 

the average depth of about 15 m.  Little water is exchanged between the outer sea and the bay, 

although the bay mouth is well mixed because of strong tidal currents. 

 

Results and Discussion 

It was revealed from data analyses and numerical simulations that density-driven water inflow 

from outer to inner bay could play a crucial role in the hypoxia formation in the bay, and also in 

the inshore movement/upwelling of hypoxic water during the transitional period from summer 

to autumn, occasionally causing serious damage to fisheries resources in the shallow water.  

Long-term increase in the volume of hypoxic water and subsequent contraction of potential 

habitat volume could be responsible for simplified fish community structure as seen in the 

fisheries landings.  Practical field experiments aiming at restoring hypoxic environment by 

aeration from the sea bottom in combination with bio-remediation in the shallow water has 

been started in cooperation with local government of Nagasaki Prefecture as a part of the 5-year 

Action Plan for Environmental Conservation and Regional Promotion of Omura Bay. 
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