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From the environmental aspects, primary productivity of phytoplankton plays the most important role in
enhancement of marine culture oyster production. This study may be divided into two branches; one is
estimation of maximum oyster meat production per unit facility(Carrying Capacity) under the present
environmental conditions in Kamak Bay, the other is improvement of carrying capacity from increase of primary
productivity by changing the environmental conditions that cause not to form an unfavorable environment such
as the formation of oxygen deficient water mass using the eco-hydrodynamic model. By simulation of
three—dimensional hydrodynamic model and ecosystem model, the comparison between observed and computed
data showed good agreement. The results of sensitivity analysis showed that phytoplankton maximum growth
rate was the most important parameter for phytoplankton and dissolved oxygen. The estimation of mean primary
productivity of Wonpo, Kamak, Pyongsa, and Kunnae culture grounds in Kamak Bay during culturing period
were 3.73gC/m/d, 2.12gC/m'/d, 1.98gC/m'/d, and 1.26gC/m/d, respectively. Under condition not to form the
oxygen deficient water mass, four times increasing of pollutants loading as much as the present loading from
river increased mean primary productivity of whole culture grounds to 402gC/m’/d. Sediment N, P fluxes that
allowed for 35% increasing from the present conditions increased mean primary productivity of whole culture
grounds to 3.65gC/m'’/d. Finally, ten times increasing of boundary loadings from the present conditions increased
mean primary productivity of whole culture grounds to 3.95gC/m'/d. The maximum oyster meat production per
year and that of unit facility in actual oyster culture grounds under the present conditions were 6,929ton and
0.93ton, respectively. This 0.93ton/unit facility is considered to be the carrying capacity in study area, and if the

primary productivity is increased by changing the environmental conditions, oyster production can be increased.
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Fig. 1. The schematic diagram of an Eco-hydrodynamic model.
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Fig. 2. Finite-difference grid of the

model in Kamak Bay.

three-dimensional

Table 1. Input data for hydrodynamic model

Parameter Input value
Mesh size Ax=Ay=250m
Total mesh value 58X 73X 3=12702
Water depth chart datum + MSL
Time interval 10sec
Level 1. 0~3m
2 3~6m
3: below 6m
Tidal level and degree A: 103cm, 266°
at open boundary B: 97cn, 265°
C: 101cm, 264°
D: 101cm, 254°

Water temp. and chlorinity
at open boundary

10 17.35C, 18.33%
2: 16.97°C, 18.34%
3 16417T, 18.32%

Coriolis coefficient

Surface friction coefficient
Interlayer friction coefficient
Bottom friction coefficient
Horizontal viscosity coefficient
Horizontal diffusion coefficient
Calculation time

f = 2wsind
0.0013

0.0013

00025
1.0E5 (cmf/s)
1.0E5 (cm’/s)
20 tidal cycle
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Table 2. Input data for ecosystem model in May, 1994

ot
i)

Parameter Input values
Mesh size Ax=4y=250m
Water depth chart datum + MSL
Time interval 900sec
Initial condition for compartments
Level DO COb DIP DIN POC DOC PHYTO 700
( mg/ £ ) ( ug-at/f ) ( mg-C/m' )
1 840 2.07 0.620 7.000 340.0 3270.0 812.81 350
2 8.20 2.39 0470 7.000 387.0 3590.0 777.40 35.0
3 8.10 2.25 1.000 6.000 482.3 3450.0 830.12 35.0
Boundary condition for compartments
Level DO COD DIP DIN POC DOC PHYTO Z00
( mg/ & ) ( pug-at/f ) ( mg-C/m’ )
1 865 143 0.660 5210 433.0 2630.0 756.80 35.0
A 2 855 2.22 0.500 7.860 3185 3420.0 727.04 35.0
3 855 2.06 0.770 7.360 526.1 3260.0 77866 35.0
1 865 1.43 0.660 5.210 4380 2630.0 796.80 350
B 2 855 2.22 0.500 7.860 3185 3420.0 727.04 35.0
3 8955 2.06 0.770 7.360 526.1 3260.0 778.66 35.0
1 865 1.43 0.660 5210 433.0 2630.0 756.80 35.0
C 2 855 222 0.500 7.860 3185 3420.0 727.04 35.0
3 855 2.06 0.770 7.360 526.1 3260.0 7718.66 35.0
1 8.20 2.30 1.500 15.00 400.0 3500.0 785.35 350
D 2 8.10 2.30 1.500 15.00 400.0 3500.0 785.35 35.0
3 795 2.30 1.500 15.00 550.0 3500.0 785.35 35.0
Horizontal viscosity coefficient 1.0 E5 (em / S)
Horizontal diffusion coefficient 1.0 E5 (cm”/s)
Vertical diffusion coefficient level 1~3 : 1.0(cm®/s)

Water

Temp. and Sal.

Calculation time

1:19.317C, 33.46%
2 1 1884°C, 33.43%
3: 18177, 33.25%
200 tidal cycle
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Table 3. The results of sensitivity analysis for reaction coefficients

Phytoplankton Dissolved Oxygen

Coefficient Unit Default
Level 1 Level 2 Level 3 Level 1 Level 2 Level 3
al /day 1.0 100 100 100 100 100 100
a4 /day 0.02 24.7 262 215 6.3 10.1 133
a3 /day 0.18 0.2 0.1 0.1 - - -
ab /day 0.1 0.4 0.2 02 31 29 35
KSP pg-at/ 4 0.536 39 42 42 - 0.7 09
KSN pg-at/ 4 8571 334 331 329 371 374 381
a6 /day 0.05 239 236 235 44 14 8.0
a7 /day 0.03 142 14.0 139 38 94 16.8
a? /day 0.05 554 53.6 60.7 59.1 66.2 76.1
WP m/day 0.1 183 173 171 13 29 6.2
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Table 4. Monthly phytoplankton, zooplankton, DIP and DIN of oyster culture grounds for calculation of primary

productivity from June 1994 to March 1995

Culture

ground Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.

I 103361 139928 133126 140043 113906 98071 80758 80892 79734 79946

Phyto- I 8002 105196 104711 109945 89543 76398 62226 62129 61170 61616
‘(’rlnzrg}m M 59130 78738 8249 86933 69124 60708 50198 50711 49620 50526
NV 7928 102967 101279 106347 90717 79836 61638 61826 59729  629.08

I 155 2497 3550 2092 1400 1031 6.86 6.15 6.10 713

ZI"‘;‘kt il 1164 1893 2745 15694 1050 760 490 434 430 5.10
‘()mzc /n‘:r)l m 774 1241 1872 1106 741 547 366 330 327 380
v 767 1281 1911 1091 703 197 3.06 2.67 2.64 3.20

I 056 0.24 0.29 022 043 061 0.83 0.85 0.87 0.33

DIP il 0.39 0.16 0.22 0.17 033 047 065 067 0.68 0.65
(ug-at/ ) m 031 0.12 0.18 014 0.28 037 051 052 0.53 051
I\ 036 0.15 018 014 026 033 056 057 059 055

I 5.78 673 1141 502 339 2.78 3.03 2.59 275 3.17

DIN il 412 5.04 9.04 406 272 2.07 251 215 229 262
(ug-at/ 1) m 329 347 6.23 272 2.24 1.96 231 2.04 217 241
v 445 456 716 3.30 2.42 2.27 317 2.90 310 3.33

Table 5. The monthly primary productivity of oyster culture grounds estimated by an ecosystem model, in case
the absence of oyster from June 1994 to March 1995

Culture

Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Mean
ground
I 6.15 722 893 578 359 1.94 1.07 0.71 0.75 1.20 373
Primary il 354 3.38 534 3.36 2.18 1.14 0.65 0.42 0.44 0.73 212
productivity m 2.06 1.62 332 2.02 1.28 0.71 0.46 0.31 0.33 0.53 1.26
(gC/m'/d) \Y 381 3.07 4.14 2.51 1.90 1.20 0.87 0.64 0.65 1.01 1.98
Mean 3.89 3.82 543 342 2.24 1.25 0.76 0.52 0.54 0.87 2.27
* gC/m/d = (mgC/m'/d) X (6m)/(1000)
AR 031gC/m/dol A &Aoo Hn 893gC/m/de] 9H At BAE dotgdozn T AAFLS NEE
WS Holx U FAFHITE B MER 4xF 4 AEY F wABAG Atk RuEAT ol
ZoF(1)o} 7 B e FERe 9AF Fuold delA sidwe @ @AxdstelM 29 Holrt o
(e} 7b3 #e 7124488 noFyrt. 4dse ABZFaEY VAN FIUANITEE 2 AN
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Fig. 8. The predicted dissolved oxygen distribution of
summer at bottom level in Kamak Bay depending
on increasing of pollutant loads from the
present river discharges.

(a): three times (b): four times
{0): five times (d): above seven times
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Table 6. The estimated monthly primary productivity of oyster culture grounds under four times increasing of
pollutant loads from the present river discharges

(;;l(l)?;g Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Mean

I 9.90 9.17 11.66 8.32 6.75 417 1.87 1.12 117 2.08 562

Primary 1 576 4.35 7.65 5.16 4.33 284 1.27 0.72 0.77 142 3.43
productivity m 3.83 2.58 5.14 3.26 2.88 2.30 111 0.69 0.74 1.36 2.39
(gC/m'/d) |\ 748 528 758 525 482 363 334 242 245 394 462

Mean 674 5.35 8.01 5.50

470 3.24 1.90 1.24 1.28 2.20 4.02
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Fig. 9. The p(rce)dicted dissolved oxygen c(lfs)m'bution of
summer at bottom level in Kamak Bay depending
on increasing of sediment N, P fluxes under
the present conditions.
(a): 25% increase
(c): 50% increase

(b): 36% increase
(d): 100% increase

Fig. 10. The(c;aredicted dissolved oxygerid)djstribution
of summer at bottom level in Kamak Bay
depending on increasing of the boundary
loads under the present conditions.

(a): two times (b): five times
(c): ten times (d): above ten times

Table 7. The predicted primary productivity of oyster culture grounds by 35% increasing of the sediment N, P

fluxes under the present conditions

Culture

Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Mean
ground
I 8.64 13.39 1472 1004 528 2.94 1.62 1.09 1.13 1.79 6.06
Primary )i 5.04 6.10 9.03 6.29 323 1.76 1.00 0.66 0.70 1.12 3.49
productivity m 291 3.16 559 320 1.88 1.06 0.68 0.48 0.48 0.78 2.02
(gC/m'/d) \Y 5.06 5.22 6.90 428 264 1.68 1.21 0.89 0.92 1.38 3.02
Mean 541 6.97 9.06 595 326 1.86 1.13 0.78 0.81 1.27 3.65
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Table 8 The predicted primary productivity of oyster culture grounds by ten times increasing of the boundary

loads under the present conditions

Culture

ground Jun Jul. Aug. Sep.

Oct. Nov. Dec. Jan. Feb. Mar.  Mean

I 1151 1398 1629 1093

759 428 2.25 1.52 1.56 251 7.24

Primary il 6.11 558 848 525

produc
(gC/m’

3.87 2.04 1.09 0.70 0.74 1.24 351

tivity m 393 333 765 410

2.1 158 0.93 0.64 0.66 1.05 21

/d) v 4.73 339 4.86 3.01

2.37 141 0.97 0.69 0.71 1.13 2.33

Mean 6.57 6.70 9.32 5.82

4.14 2.3 1.31 0.89 092 148 3%

20

Primary Productivity{(gC/m/d)

Fig. 11

i s (f I s

Environmentat Condition
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The comparison between primary productivities

of oyster culture grounds by change of the

environmental conditions under the environmental

capacity.

P : Present condition

A Four times increasing of N, P loads from
the river discharges

B : 35% increasing of sediment N, P fluxes

C : Ten times increasing of the boundary loads
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