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Evaluation Model of Farming Density of Japanese Pearl Oyster,
Pinctada fucata martensii, Based on Physiology
and Food Environment

Katsuyuki ABo,™" Satoru Topa?

A numerical model, combined by pearl oyster physiology submodel (POPS) and food density dynamics submodel
(FDDS), was developed to evaluate the farming density of pearl oysters. POPS describes relationships between physio-
logical parameters (assimilation rate, respiratory rate, growth rate and development of reproductive system) and envi-
ronmental parameters (temperature, salinity and food density). Food density (as chlorophyll a) of FDDS is determined
by the balance among the phytoplankton growth, filtration of pearl oysters and outflow by water exchange. We applied
this model to Gokasho Bay, central Japan, and simulated the food density and growth of pearl oysters associated with
change in the farming density. The calculated food density and growth rate of pearl oyster were higher when the farm-
ing density was lower, while the food density and the growth rate were lower when the farming density was higher.
Thus, the filtration intensified by overcrowded pearl oysters have a possible impact on the planktonic ecosystem in the
farming grounds and then restrains the growth of the pear] oysters. This model also suggested that the present farming
density of the pear! oysters is appropriate under the food condition of their habitat in Gokasho Bay.
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Figure 1. Schematic view of energy flow in pearl oyster.

Table 1. Conversion factors for caloric unit.

Caloric equivalent for oyster tissue
Caloric equivalent for phytoplankton (diatom)  3.34 (kcal/g)**
Caloric equivalent for respiration 3.4 (cal/mgO,)*
Ratio of chlorophyll for phytoplankton (diatom) 1/250%*

6.1 (keal/g)*

*Powell et al., 1992, ** Tanaka, 1997
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Figure 2. Relation between relative filtration rate of pearl oyster
and water temperature. Solid triangles, solid diamonds and
solid circles represent 2, 3 and 4 year pearl oyster, respec-
tively (Miyauchi, 1962). Solid squares represent 3 year pearl
oyster (Numaguchi, 1994). The curve indicates the empirical
relationship [relative filtration rate=2.568—0.5451 Temp
(°C)+0.03597Temp®—0.000667 - Temp® (10.9<T<32.2), rel-
ative filtration=0 (T<<109, T>32.2)].
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Figure 3. Relation between relative filtration rate of pearl oyster

and salinity. Solid triangles, solid circles and solid squares
represent 2, 3 and 4 year pearl oyster, respectively (Miyauchi,
1962). The curve indicates the empirical relationship [rela-
tive filtration rate=1/(1+exp(—0.5353(Salinity —23)))].
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Figure 4. Relation between filtration rate and shell length of
pearl oyster. Solid triangles represent 2, 3 and 4 year pearl
oyster (Miyauchi, 1962). Solid circles and solid squares rep-
resent data measured by indirect method and direct method,
respectively (Tsujii and Ohnishi, 1957). The curves indicate
the empirical relationship [filtration rate (/h/ind.)=0.0075¢-
length (mm)"*]. « represents a parameter of filtration rate.
The figure shows high gear (a=2), low gear (=0.5) and the
intermediate (o=1) curves.
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Figure 5. Relation between assimilation efficiency of pearl oys-
ter and food concentration (Itoh, 1978b). The curves indi-
cate the empirical relationship [assimilation efficiency=
B/(B+food conc.(ig/!))]. B represents a parameter of assimi-
lation efficiency. The figure shows the curves in the cases of
B=1,2 and 5.
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Figure 6. Respiration rate of pearl oyster as related with water
temperature and dry weight of oyster tissue (Itoh 1976,
1978a). Numerals in the figure indicate the respiration rate
(ugOy/h).
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Figure 7. Fluctuations of gonadal tissue weight (a) and ratio of
gonadal tissue weight (W,) to wet tissue weight (W) of pearl
oyster (b). Solid circles, solid triangles, solid squares, solid
diamonds and asterisks represent 2 year pearl oyster rearing
at 0.5m depth in 1974, at 2 m depth in 1976, at 7m depth in
1976, at 2m depth in 1977 and at 7m depth in 1977, respec-
tively (Itoh, 1978a).

W, =W~ Y(W—w,) (10)
ZIT, wZ0THEDTRANFENS.
y=wi/(w—wi)—wg/(w—wi)éwi/(w—wi) (1D

yOfEld, ERERER (wy) 255 6 HVOTIERIZIERKY
bk, Sk wiw—w) UTFTH5ZEn4n
5. —7, B (1978a) ISR &N F — 2 & HIOTEEL
7o wil(w—w) DIEIZ0.25~0.52 DFEHTH - 7=, yDIEIE—
ETHBEWELTNBDT, yidEL025THB I LA
B, TITEy=025 L CHETEEERFEEL A
(Fig. 7). BNZIZ, 2NERICHD 2 EFEHEEBROEA S
VORLTH S, EMBEEROHAE, sA»LTHIZE
WHER L, AIESHDORN20% TH -7-. F7-, ik
HEWR—EHE TRERIZ K A REFAEE TR AA 57,
TBTILTI, Mg (NP) A4 & (RMMEICT D (1-1)
DEIETHRSENBLEELTHS L (1), LaL, &
Y& (B) 2 AHTH 5 - IEHEA B3R 5 h o,
ZIT, FTEINBE=0LNEL THRBAFEL 7=,
Fig. 726 S L D AR E R OB NEHE (dg/dt) & AE
BEORENGEE (dw/dt) &3R5 &, IR (E=0) IR
ELEBRICB IO AEEr & %%, Fig 8i121&, 20
KL TRD =GB EKRIIH LTIy FLTH
5. EEONE GHA~8H) 121X, R EAXLIESE DT

— 138 —



T A A OB APEBIEED { SRIEEEERE E Y

e
[\
1

> 1.07

5 4ol

5 0.8

&

= 0.6 L]
2

54 N

2 0.4

e 2
53

e

Y/ N SR SV L R

10 15 20 25 30
Water Temperature (°C)

0

Figure 8. Relation between reproduction efficiency of pearl
oyster and water temperature. Solid squares, spawning sea-
son; solid triangles, non-spawning season. Solid and dotted
lines indicate the empirical relationships in the spawning sea-
son and non-spawning season, respectively.
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Figure 9. Schematic view of the box model analysis. Q,,, Q5
and Q,, represent transfer coefficient from Box-4 to Box-2,
from Box-1 to Box-3 and from Box-2 to Box-1, respectively.
D,, represents vertical mixing. R represents inflow of fresh
water.
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Figure 11. Map of Gokasho Bay, located along the Pacific coast
of central Japan, showing the observation stations (solid cir-
cles) and reservoirs of the box model analysis.
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Figure 12. Comparison of dry weights (solid lines) of individ-
ual pearl oyster simulated by POPS (see text) with those
(solid circles) observed by previous works (a: Itoh, 1978a, b,
¢: Seki,1972) in Ago Bay adjacent to Gokasho Bay.
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Figure 13. Mean values of water temperature, salinity and
Chlorophyll @ concentration in Box-1 (solid diamonds), Box-
2 (solid squares), Box-3 (solid triangles) and Box-4 (solid
circles).
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Figure 14. Transfer coefficient and vertical mixing calculated
by the box model analysis. Solid triangles, solid squares and
solid circles represent transfer coefficient from Box-4 to Box-
2 (Qyy), transfer coefficient from Box-1 to Box-3 (Q,;) and
vertical mixing (D,,), respectively.
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Figure 15. Parameter conditions for the food density dynamics
submodel in Box-1. a: the number of pearl oysters (X10%),
total filtration rate (X10%m?®/day), Residence time of basin
water (day) and chlorophyl! a concentration (ug/!). b: growth

rate of phytoplankton in Box-1 and Box-2 (day ™).
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Figure 16. The calculated food density in Gokasho Bay in the
cases where the farming density is @ 0.5 times, @ 1.0 times,
@ 2.0 times, @ 7.0 times as much as in situ farming density.
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Figure 17. The calculated weight of individual pearl oyster in
Gokasho Bay in the case when the farming density is @ 0.5
times, @ 1.0 times, @ 2.0 times, @ 7.0 times as much as in
situ farming density.
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