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Filtering Rate Model of Farming Oyster, Crassostrea gigas with
Effect of Water Temperature and Size

Yong-Sool Kim
Department of Aquaculture, Gyeongsang National University, Tong-yeong 650-160, Korea

Filtering rates of Crassostrea gigas were experimentally investigated with reference to effects of water
temperature and size. Absorptiometric determinations of filtering rates with oysters being fed diatom
Chaetoceros calcitrans were carried out in a closed system. Optical density of 675nm in path length
100mm cell used as the indication of food particles absorption was appeared directly in proportion with -
the concentration of diatom pigment chlorophyil-a.

In the closed system where C, is OD¢s at initial time 0, C, at time t, and Z is the decreasing
coefficient of OD as meaning of instantaneous removal speed, then C,=C,* ™%, Z=-In(C./C.,)/t. On
the assumption that the filtering rate is constant, then removal rate per unit time (d) is d=1~e"". If
t is used to time unit of hour (hr), the flltermg rate (FR) in I/hr is given by FR=V - d=V(i— e‘z)
where V is the water volume (1) of the experimental vessel.

Filtering rate increased as exponential function with increasing temperature while not over critical
limit. The critical temperature for filtering rate was assumed to be between 28C and 29C. And the
weight exponent for filtering rate is 0.223. The model formula derived from the results is

FR, thr™ 1‘Exp(O 208 - T—4.324) + (DW)**, (T<29T)
where T is water temperature (C), and DW is dry meat weight (g) of oyster.

Key words : oyster, filtering rate, temperature effect, size effect
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Table 1.

Filtering rate of oysters reported in the previous studies

Species Filtering rate

Author

0.195 1/hr/animal
0.65~1.00 1/hr/animal
0.3~0.6 1/hr/animal

Ostrea virginica
Ostrea virginica
Ostrea virginica
Ostrea edulis
Ostrea gigas

Ostrea edulis FR=AF - Wb

—4.802+1.044 - L. m)/min/animal
4.1057+0.437 - L ml/min/animal

Galtsoff et al. (1928)
Loosanoff et al. (1946)
Galtsoff et al. (1947)
Walne (1974)

Walne (1974)
Rodhouse (1978)

log(AD) = —0.685+0.046 - T
log(FR) =0.213+0.4771 * log(DW)

Crassostrea gigas

log(FR) = ~04775—0.7791 * log(WW)

Lee et al. (1981)
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Fig. 1. Diagram of a measurement system of filtering rate of Crassostrea gigas.
filtering indicator: Diatom, Chaetoceros calcitrans
absorption cell: path length 100mm silica cell dual
wave length: 675nm
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Fig. 2. Relationship between OD¢;s using 100mm
absoption cell and then amount of pig-
ment chlorophyll-a in a liter of the cultu-
red diatom, Crassostrea gigas.
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Fig. 3. The changes of ODss by chlorophyll-z in
the measurement system.
A, the case of non-filtering by oyster, B,
the case of filtering

-1.0
0.20F J-1.8
.
L 1\ 4-2.0
0.16f -
s \ {25
F N {30
0.12 X ™
8 ; 'y N -2 {35 ‘sé
5, f-40 ~
o0.08} e \’\;\ °
- M 1-4.5
- ™ ™
0.04 - 1-s.0
4-5.3
0.00 [ - -8.0
o ) § 1516 20 24 o8
Tima, mtn.

Fig. 4. OD;s curve and decreasing coefficient Z
obtained from the data of Fig. 3.

592



Fe8 A719 9FE 13 %4 E, Crassostrea gigas®] EAKE R

A71H b'—1& (-)@& ZA HEE p-1=-b
g1 2

FR
——=c- (DW)"
oy ¢ W

o] 4% 42 HEsn, n(c)=a8 FH
FR
In{ —)=a—b - In(DW) )
DW

oz "r}

4. =24 o{E

10T, 18T, 23C, 26C % 29C9 57 27 W2
d5gd A AEE A(D et 72 Fe) A
B AZ% gFA n(DW)E T3, H2Fd @9
A3 4589 5% n(FRDW)E Fof Yehia
. 59 #}

4

2

S

1

mry

4

1n(FR/DW)

B S e W W I T
1n (D)
Fig. 5. Relationships between logarithm of dry

meat weight In(DW) and logarithm of
weight-specific filtering rate In(FR/DW) of
Crassostrea gigas. The lines represent
least-squares fit to the data of filtering
rate in each cluster as five temperature 16
T, 18%C, 23C, 26C and 29T,

AR BT TRIEY e O2H FH.

(D 3AAATe AT

O 279 In(DW)$ In(FRDW) Ateld] 74
Aol FPse TFY HAAFE ML

593

Table 2. The parallel linear regression equations
assuming a commen single regression
coefficient of overall the five groups by
temperature treatment. RSS is the resi-
dual sum of square
Model My: y=a(i)+b - x

Treatment a(d) b
T —2.227TE+00 =7771E—01
Tis —6.1056E—01 —7771E-01
Tas 4454E—01 —7.771E—-01
Tas 1.109E +00 —7.771E—01
Ta —1.002E+00 —7771E—-01

RSS(M,) =3.752E+01

Table 3. The one’s own linear regression equa-
tions of each temperature treatment
group

Model My y=a()+b(i) « x
Treatment a(d) b(i)
Two —2.099E+00 —6441E-01
Ts —6.558E—01 —8.668E —01
Tas 4391E-01 —7983E—01
Tes 9917E—01 —8.668E—01
Tao —9420E—01 —=5.726E—01

Residual sum of square, RSS(M,) =3.629E +01
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Table 4. Testing of the paraliel property of regre- Model Mz y=atb - x

ssion coefficient from the residual sum a=—0.1192
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A2 =171,
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Table 5. Testing for linearity for the regression lines
Ho: population common regression coefficient =0

Factor SS df. MS Fy
By the regression Sk 4.866E+01 1 4.866E+01 1.582E +02**
Error RSS (Mo) 3.752E+01 122 3.076E—-01
Sum Sy 3.752E+01 123
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Table 6. Testing of the defference among levels
of temperature

Ho: a(1)= - - =a(5)
Factor SS df MS Fo
Level 1344E+0Q2 4 3360E+01 1.092E +02**
Error 3752E+01 122 3.076E—01
Sum 1719E+02 126

3t} 2t #2742 In(FRDW) S ZHT 7IHhA 9

AEA g 95% NHFTE 7349 Table 7 R Fig
6% 2o,
Table 7. Estimate the mean of population of

In(FR/DW) and confidence inervals as
95% in each temperature group
total mean: X =—0.4265

Confidence interval(95%)
—2.196 ~ —1.59%
—0470 ~ —0.088

0547 ~ 1006
1165~ 1537
—0.900 ~ —0441

Mean of pop.
Tw —1.895
T —0279
Tas 0.777
Tas 1.351
T —0.671

Group B

2.0
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Fig. 6. Relationship between water temperature

() and logarithmic mean filtering rate of

Crassostrea gigas estimated with confide-
nce interval as 95% level.
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Fig. 7. Relationship between water temperature
(C) and y intercept of the each regres-
sion line. A cross point semmed to over
critical temperature.
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FR, I/hr/animal=Exp(0.208 - T—4.324) * (DW)"*
(10)

Table 8. Relationship between water tempera-
ture, T below 29C and y intercept a (i)
of the each regression line
2=0.208 - T—4.324 (r*=0.9997)

Temperature a®
10C ~2.099E+00
18C —6558E—01
23T 4391E-01
26C 9917E—01
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Table 9. Comparison of decreasing coefficient, Z
with decreasing rate, d=1-e"?

Z d=1—e?
0.001 9.995E —04
0.005 4.988E—03
0.01 9.950E —03
0.05 0.0488
01 0.0952
05 0.3935
1 0.6321
2 0.8647
3 0.9502
5 0.9932
10 0.99995
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