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Location of Hiroshima Bay

10 m x 20 m x 10m
850 wires/raft



Etajim Bay

Etajima Bay

2003/8/1 2003/8/30 2003/9/18
Hiroshima Pref. （2004）

DO
 

<2.0 mL/L (2.9 mg/L)

DO
 

<3.0 mL/L (4.3 mg/L)



Measures by Hiroshima Pref.

・10% reduction of culture rafts 
by autumn of 1999

・30% reduction for 5 years by 2004

Present status in Apr. 2006
・ca. 11,300: 

12% of 15,000 rafts reduced

“Guideline for Improving 
Oyster Production”

・Shortening of wire
・Reduction in number of collectors

Scientific corroboration



Analytical techniques applied in this study

・Oyster Physiology Model 
- To estimate the water exchange rate between inside and outside of a raft to 

meet the observed oyster growth, giving observed water quality and prey 

plankton density. Then, using the estimated water exchange rate, growth of 

oyster and fecal production were estimated.

・Ecosystem Model
- To estimate the optimum culture density at bay-scale in terms of the   

balance of individual oyster weight and total crop. 

-To evaluate the effects of fecal production on the DO concentration 

in the bottom water.



Framework of the oyster 
physiology model

modified Raillard et al. (1993) Modified in 
the present study
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V: volume of a raft (m3)
Q: water exchange rate between inside and outside 

of a raft (m3 day-1)
Cout : particulate matter concentration in the outside 

of raft (mg m-3)
Cin : particulate matter concentration in the inside of raft
F: filtering rate per raft (m3 day-1)

Q0 : water exchange rate with no raft 108 m3 day-1

（ref. Ueshima and Hayakawa，1982）
α: decreasing coef. of water exchange rate（0.47）
N: number of wires (std. 850 wires/raft=4.25 wires/m2)

Equations



Filtration

F = Fmax×e｛kf×min( 0,TSES- SES )｝×Wd0.4×PT

PT = 0.5943×ln (T) – 0.9958
Fmax : Maximum filtration rate
kf : Filtration exponent for clogging
Tses : Clogging threshold
SES : Seston concentration
Wd : Dry weight
PT : Temperature coefficient

Ingestion

I =γ×F (PHY + DET)
γ：

 

proportion of particulate matter ingested

Pseudofeces production

PF = (1 – γ) I
γ

 

：

 

Ingested proportion in filtered particles

（Songsangjinda et al., 1998）

（Lee and Hoshika, 2000）

（Kusuki, 1977）

□

 
Oyster



Reproduction

Re = Sfg×ε

27℃ ≦T               ; ε = 0.8
23℃ ≦T < 27℃

 
; ε = 0.16T – 3.2

T < 23℃
 

; ε = 0
Sfg：Assimilated energy

ε：

 

Reprodution efficiency

Excretion

ExP = 0.08×δ×IP

IP：Ingested phosphorus
ExP：Excreted phosphorus

（Kobayashi et al., 1997）

（Richard et al., 1989）

Fecal production

Fe = (1 – δ) I

δ

 

：

 

Assimilation rate （Powell et al., 1992）



Equations and 
parameters



Equations and
parameters (cont’d)



Water exchange rate and individual oyster weight
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Egestion and biodeposit production

Wire numbers per raft



Framework of the ecosystem model
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Vmax  :  Maximum nutrient uptake rate (day-1)
Kp

 

:  Half-saturaration constant (mg/m3)
k     :  Temperature dependent coefficient for photosynthesis

 

(℃-1)
T     :  Temperature (℃)

Iopt :  Optimum light intensity (μE m-2

 

day-1)
I    :   Average light intensity of water column (μE m-2

 

day-1)
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Phytoplankton

)exp(3 TkMA MPpo=Mortality

( )TkG gexpmax=γ
{ ( ) }PHYPHYB −−= *

1 exp1 λγ
□ Zooplankton

Gmax

 

: Maximum grazing rate (day-1)
λ

 

: Ivlev constant (m3

 

mgP-1)
PHY* : Threshold feed concentration at grazing rate             

becomes zero (mg m-3)
kg

 

: Temperature dependent coefficient for feeding(℃-1)

Growth

Grazing



Parameters used in this model 
Definitions

Maximum specific nutrient uptake rate by phytoplankton
Temperature coefficient for photosynthetic rate
Half  saturation coefficient for inorganic phosphorus
Optimum light intensity
Ratio of extracellular excretion to photosysnthesis 
Siking speed of phytoplankton
Siking speed of detritus
Mortality of phytoplankton at 0℃
Temperature dependancy of phytoplankyon mortality
Maximum grazing rate by zooplankton
Temperature dependancy of grazing
Ivlev' constant
Threshold of phytoplankton destiny for grazing
Constant for urine generation
Constant for feacal pellet generation
Zootoplankton mortality at 0℃
Temperature dependancy of zootoplankyon mortality
Decomposition rate of detritus to DIP at 0℃
Decomposition rate of detritus to DOP at 0℃
Decomposition rate of DOP to DIP at 0℃
Temperate dependancy of decomposition rate of detritus to DIP
Temperate dependancy of decomposition rate of detritus to DOP
Temperate dependancy of decomposition rate of DOP to DIP
Sedimentation rate of detritus

Values Dimension
1.3 day-1

0.063 ℃-1

4.34 mg m-3

21.6×105 cal m-2 day-1

0.135
0.05 m day-1

0.5 m day-1

0.0145 day-1m3 mgP-1

0.069 ℃-1

0.2 day-1

0.069 ℃-1

0.72 mg P m-3

0.0833 mg P m-3

0.4
0.3

0.03 day-1m3 mgP-1

0.069 ℃-1

0.03 day-1

0.02 day-1

0.02 day-1

0.069 ℃-1

0.069 ℃-1

0.069 ℃-1

4.11 mg P m-2 day-1
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Individual oyster growth and crop

Culture density (%)         50     70    100    130    150
Ind. meat weight (%)     113   108    100      93      88
Crop (%)                          52     75    100    121    132



Oyster feces production
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sedimentation in northern area of HB



Diffusion

Schematic diagram illustrating oxygen budgets

Oxygen budget calculations
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Results
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3 mL/L: lower limit of DO conc which should be maintained       
for aquatic organisms (JFRCA, 2006)
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For example, in the case of 30% reduction of the culture density,

1. The individual oyster meat weight will increase 8%, but the 

total crop will decrease 25%.

→Estimation of income for farmers should be performed in the  

next step; whether the increase of income due to increase of   

the size could cover the decrease of income due to decrease of  

the total crop.

Summary and conclusions



Farmers habitually tend to increase culture density to earn more. 

The results may be a great help for the local government to 

guide farmers to perform sustainable culture with conserving 

the benthic ecosystem by reducing culture density. 

Summary and conclusions (cont’d)

2.  Fecal production will decrease 25%, and DO concentration  

will be improved to 3.3 ml/l. 

→Decrease in the fecal production is quite good, but DO 

concentration is not so sensitive, because the contribution of  

oyster to the total sedimented matter is only 20%.
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