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Effects of culture density on the growth and

fecal production of the oyster Crassostrea gigas
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The effects of culture density on the growth and fecal production of the oyster Crassostrea gigas in Hiroshima
Bay were estimated using a numerical model expressing physiological processes of the oyster by changing the rate
of water exchange into and out of the cultivation raft. While the individual-based growth of oyster was higher with
decreasing culture density, total production was highest with 850 wires per raft. The individual-based fecal
production increased with decreasing culture density, but the total amount of fecal production was highest with
950 wires per raft. From these results, it was concluded that 850 wires per raft was the appropriate cultivation
density under the environmental conditions of Hiroshima Bay with no consideration of sediment deterioration.
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Table 1 Constants used for the oyster physiological model (cited from Songsangjinda, 1998).
Subscripts o: organic matter, m: mineral matter.

Parameter Definition Value Unit
Fo Maximum filtration rate 48 Iday~1g™!
kr Filtration exponent for clogging 0.07
Tses Clogging threshold on filtration by seston concentration 200 mg [~!
by Allometric exponent of filteration 04
PFX,, PFX,, Pseudo-fecal production step of organic and mineral seston 0.4,0.8
kpl,, kpl,, First step pseudo-feces exponent of organic and mineral seston 0.15, 0.1
kp2 Second step pseudo-feces exponent 0.01
C1,c2 Pseudo-feces thresholds 120, 2400 mgday 1g-!
ASSy 1 Assimilation efficiency for organic and mineral seston 0.746, 0
Ec Energy conversion of organic carbon 47.7 Jmg-1C
art Slope of respiration curve vs temperature 0.768 ml/Qyday-tg-1°C?
arQ Intercept of respiration curve vs temperature —0.528 m/ O, day~1g!
by Allometric exponent of respiration 0.7 .
cg Avogadro’s number 224 [mole~!
Naw Atomic weight of nitrogen 14
Ep Energy conversion of oxygen 20.33 TmiO;!

Ey Energy conversion of nitrogen 19.4 JmiIN-!
ds Spawning period 141
as Proportional constant of spawning 0.57x1072
bs Allometric exponent of spawning 1.28
DwW Dry weight conversion of energy 0.05 gkJ-!
M Mortality 0.0017 day~!
Table 2 Parameters and equations used for the oyster physiological model (cited from Songsangjinda, 1998).
Parameter Definition Equation
SES Total seston SES,+ SES,,
F Individual filtration rate Fprelbfemin(0, Tsgs—SES)}s WPy
Pr Pumping rate 0.5943n(T) —0.9958
Q, Qe Filtered organic matter and mineral seston SES,*F, SES,,*F
PFrym Proportion rejected as pseudo-feces (either organic ~ PEXp, e[ —e{kplrymmin(0, C1—CH})+ (I—PFX(ym)*
matter or mineral seston) (1 —e{kp2pymmin(0, C1I-CH)}]
Ct Standardized oyster consumption F«SES/ Wt
Trom Ingestion of organic matter or mineral seston (I = PFrom) * Qrom
Egrom Egested organic matter or mineral seston (1= Assgm1) *Irom
A, Assimilation of organic seston AsStom1* Lrom
EA, Asgsimilated energy from organic matter A, CeEc
oxy Specific oxygen consumption arteT+ar0
R Individual oyster respiration oxys W
ER Energy loss by respiration REp
DN,,. Specific dissolved nitrogen excretion 2.34(0xy/cg) 063 Ny
EX,, Individual dissolved nitrogen excretion DN, s W24
EEX,, Energy loss by dissolved nitrogen excretion EXyEy
Sfg Scope for growth EA~ER-EEX,,
S Total energy loss by individual oyster spawning as Whs
ES Daily loss of energy by spawning S/ds
dW,/di Daily energy storage Spawning season: Sfg—ES; Pre- and post-spawning season: Sfg
w Oyster dry weight DWsdWt/dt
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Fig. 1 Framework of the oyster physiological model used
in the present study.
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Fig. 2 Effects of rate of water exchange into and out of
the oyster raft on (a) concentration difference of ses-
ton into and out of the oyster raft and (b) increase of
individual oyster weight.
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Fig. 3 Effects of oyster culture density on (a) individual
weight and (b) individual growth rate.
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Fig. 4 Effects of oyster culture density on ingested or-
ganic matter by individual oyster.
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Fig. 5 Effects of oyster culture density on (a) raft-based
filtered organic matter and (b) raft-based inflow of or-
ganic matter from the surrounding water.
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Fig. 6 Difference of raft-based oyster production with
culture density.
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Fig. 7 Decrease in individual egestion with increasing
oyster culture density.
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Fig. 8 Difference of biodeposit (feces) production by the
difference of oyster culture density.
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