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Environmental capacity of oyster culture in the northern part of Hiroshima Bay

Yumiko YARA and Tetsuo YANAGI
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The concept of environmental capacity of oyster culture in the northern part of Hiroshima Bay is
proposed using a numerical ecosystem model which contains the cultured oyster. The relation
between the chlorophyll-a concentration in the upper layer and mortality rate of the cultured oyster
was approximated with the TANH function, and the formula about the biochemical process of oyster
was built. As the result of numerical ecosystem model calculation, we suggest that the concept of
environmental capacity of oyster culture fishery in the northern part of Hiroshima Bay is defined by
total phosphorus (TP) load from Ohta River maximizing the standing stock of cultured oyster .
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Fig.1 Map of oyster culture field (black areas) and
observation stations (full circles) in Hiroshima Bay.
Shaded area denotes the box model area.
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Fig.2 Year-to-year variations in harvest(a),mortality(b) of
cultured oyster in Hiroshima Bay.
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Fig.3 Box model in the northern part of Hiroshima Bay.
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Fig.5 Correlation between Chl.a in the upper layer and

mortality of oyster.
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Table 1. Parameters used in the model and their references.

sinking speed of phytoplankton W, 17.0 om d” tuning
sinking speed of detritus Wy 170.0 cm d™ tuning
optimum light intensity for photosynthesis lpt 5x10°cal m2d”’ 1
optimum temperature for photosynthesis Tt 24 °C 2)
optimum salinity for photosynthesis St 28 psu 3)
half saturation constant for DIP uptake by phytoplankton K, 0.03 mgP L’ 2)
maximum specific nutrient uptake rate by phytoplankton at 0°C V. 4.0d7 4)
ratio of extracellular excretion of DOP by phytoplankton A, 0.135 5)
fviev constant of phytoplankton A 720 (mgP L) 5)
threshold of phytoplankton density for grazing by zooplankton PHY* 8.33%x105 mgP L™ 5)
maximum grazing rate of phytoplankton by zooplankton at 0°C a, 0.07d" tuning
temperature dependency of grazing of phytoplankton by zooplankton k, 0.069 °c™ 5)
constant for urine generation of zooplankton: a 0.4 5)
constant for fecal pellet generation of zooplankton B 0.3 5)
mortality of phytoplankton at 0°C M, 14.5 m® gP' d7 5)
mortality of zooplankton at 0°C M, 30.2 m® gP' 4™ 5
temperature dependency of mortality of phytoplankton K,  0.069 °C™ 5
temperature dependency of mortality of zooplankton K., 0.069 °c™! 5
decomposition speed of detritus to DIP(DIN) at 0°C Ve 0.030 d 5)
decomposition speed of detritus to DOP(DON) at 0°C vV, 0.030 d” 5)
decomposition speed of DOP(DON) to DIP(DIN) at 0°C Vg 0.030 d 5)
temperature dependency of decomposition of detritus to DIP(DIN) Ko  0.069 °c™ 5)
temperature dependency of decomposition of detritus to DOP (DON) Koo 0.069 °C” 5)
temperature dependency of decomposition of DOP to DIP Kaip 0.069 °C” 5)
food capture rate of oyster r 0.4 6)
ingestion rate of oyster r, 0.9 6)

1)Hayashi&Yanagi (2001), 2)Nishijima et al. (1990), 3)Yamaguchi (1991), 4)Eppley(1977), 5)Kawamiya et al. (1995),

6) Akabane et al. (2003)

LLTHELTH3S,

4. 743

By 7 AT A OCTEIZ DO TILiE & (2002) 2
BR®OZE - TEROKE (Uu=0.445cm s, Uh=0.275
cm s1) - PERBIIE (W=207X10%cm s}) &KFE
(Ku =3.9X105 cm? s'1) - $AEILBEREL (Kv=0.05 cm?s')
R OREEESIA L, H#E, BHICEL Tk (30)
~ (33) REHAVWTRDT,

ERERETVICAWZBRE (Ky 7 AN EBOKE

(=26.1 °C) . #H4(=29.2psu). FEWE (=3m) . Xv
7 24® DIP #E (£JE:0.003mg L1, F/E:0.011 mg
LY, Ay 7 ZADOHEEE LD DO BEE4mg LD, R
v 7 A5 Chla BE (LE:045 pgll) \ £2RAH
E (=16MJm?) ., Km/II£Y v (TP) &H& (=0.75
tond! . DIP: DOP:DET=6:1:3) iZ2o\WTh, 1
#5(2002)2 @ 1987 4 8 ADEEBIA L, 28, #
W7oy MR VEE (PHY) (B L TliiParsons et
al(19842) " 3 THFENBZRIBER T v 7 N BETO
fli] LLTHRLE C/Chla=30 &Ly F7 44—/ Fi
(CP=106:1)® NbLHEE L, TLTC. EHTT o b



SERR164E

AMKFEREREL SR TERE

BYVRE (PHY) OWEB b LICER T2 by
Y VRE (PHY) . 8757 b BB VB E (ZOO) .
TR REY VEE (DET) O%23:2:25& LT,
ENENDREZHE LTz 2,

REMEIZ SV T R v 7 2440 DOP #RE L DIP #
ELELWEREL 2, Ry 7 XA TFBD Chla A
EBLELVWELTEXT, 2, TROKEBRIZOWTIZ
BHMERFICA Doz, (EEDOAKIE—~4C) &
LTEZT,

5. FtE#HR

BEAERETAHEICL - TEONHERE
(1987 # 87) ZEHIE L W 5 (2002)2 OF MR L
L H1Z Table 2 1Z2FRT, ZOHMEEEIIEAOLLEE
BOEELRELBIZTIEHTI VI b, 2D
Chla BEOBHICEAEE N TVA,

AHROHEMLRIZBNO TS, i 5(2002) 2 LR
I EEOEV DIP BEBBHEOEBRN TE TRV,
MIIBRRERE2 I<ERL WS,

Table 2 Comparison of observed (left) and modeled (center
and right) concentrations of DIP in the upper and
lower layers and Chl.a in the upper layer of the box.

Modeled
Observed result of Modeled
value |Mitsushio et al. result of
(2002) ? my study
DIP in the
upper layer | 0.002 0.0038 0.0048
DIP in the
lower layer | 0.023 0.025 0.026
Chl.a in the
upper layer | 0.005 0.004 0.005

(unit : mgL1)
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Fig.6 Relationship between total phosphorus load from Ohta
River and Chl.a concentration in the upper layer (a)
and standing stock of oyster culture(b).
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