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Estimation of Carrying Capacity in Kamak Bay(1I)
—Estimation of Primary Productivity Using the Eco—hydrodynamic Model—

Eun Il CHO, Chung Kil PARK and Suk Mo LEE

Department of Environmental Engineering, National Fisheries University of Pusan, Pusan 608-737, Korea

The eco-hydrodynamic model was used to estimate the primary productivity of the oyster culture
grounds in Kamak Bay. It is composed of the three-dimensional hydrodynamic model for the simulation
of water flow and ecosystem model for the simulation of phytoplankton. The ecosystem model was
applied to simulate phytoplankton biomass during culturing period in condition of no oyster culture
grounds.

The field surveys were conducted from May, 1994 to March, 1995 in Kamak bay. The results showed
the concentration of chlorophyll o to be 1.00~23.28 ug/l in the surface layer, 1.27~29.97 ug/l in the
middle layer and 1.23~23.08 yg/l in the bottom layer. In monthly variations of chlorophyll o
concentration, very high concentration were found in July, 1994 and very low concentrations in
December, 1994.

As the results of three-dimensional hydrodynamic simulation, the computed tidal currents are mainly
toward the inner part of bay through Yeosu Harbor and the southern mouth of a bay during the flood
tide. The computed residual currents were dominated southward in Yeosu Harbor and eastward in the
mouth of bay and also showed strong clockwise water circulation at the mouth of bay. The pattern
between the simulated and observed tidal ellipses at three stations was very similar,

The mean relative errors of all levels between the simulated and observed phytoplankton biomass at
14 stations in Kamak Bay were 13.81%, 9.31% and 17.84%, respectively.

The results of phytoplankton biomass simulation showed that the biomass increased from june to
September and rapidly decreased to December and then slowly increased to March.

Primary productivity was estimated in the range of 0.99~10.20gC/m?/d with the average value of 4.43
gC/m?/d in condition of no oyster culture grounds. Primary productivity was rapidly increased from june
to August and rapidly decreased to December and then slowly increased from )anuary to March in
Kamak Bay.

Key words : primary productivity, eco-hydrodynamic model, phytoplankton, Kamak Bay
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Fig. 1. Location of the sampling stations in Ka-
mak Bay.
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Fig. 2. Schematic diagram of the eco-hydrodynamic model.
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Table 1. Input data for the hydrodynamic model
Parameters Input values
Mesh size Ax=Ay=250m
Total mesh value 60X75X3=13,500
Water depth chart datum+MSL
Time interval 10sec
Level 1: 0~3m
2: 3~6m
3: below 6m
Tidal level and degree at open boundary A: 101cm, 254°
B: 101cm, 264°
C: 97cm, 265°
D: 103cm, 266°
Water temp. and chlorinity at open boundary 1: 17.15C, 18.35%
2: 16.77€, 18.37%
3: 1621C, 1834 %
Coriolis coefficient f=2w sin¢
Surface friction coefficient 0.0013
Internal friction coefficient 0.0013
Bottom friction coefficient 0.0025
Horizontal viscosity coefficient 10E5(cm?/s)
Horizontal diffusion coefficient LOE5(cm?/s)

Calculation time

20 tidal cycle
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Table 2. Input data for the ecosystem model in May 1994
Parameters Input values
Mesh size Ax=Ay=250m
Water depth chart datum+MSL
Time interval 900sec
Initial condition for compartments
‘DO CoD DIP DIN POC DOC  PHYTO Z00
Level
(mg/D (ug-at/1) (mgC/m®)
1 840 207 0.620 7.000 3400 32700 81281 35.0
2 820 239 0470 7.000 387.0 35900 77740 350
3 810 225 1.000 6.000 4820 3500 83012 350
Boundary condition for compartments
DO CoD DIP DIN POC DOC  PHYTO  Z0O
Level
(mg/ (ug-at/) (mgC/m®)
1 820 2.30 1.000 10.000 400.0 35000 78535 350
A 2 8.10 2.30 1.000 10.000 4000 35000  785.35 350
3 7.95 2.30 1.000 10.000 550.0 3500.0 785.35 35.0
1 8.65 143 0.550 5210 4380 26300  756.80 350
B 2 8.55 222 0.500 7.860 3185 34200  727.04 350
3 8.55 206 0.770 7.360 526.1 32600 77866 35.0
1 8.65 143 0.550 5210 4380 26300  756.80 35.0
c 2 8.55 222 0.500 7.860 3185 34200 72704 350
3 855 2.06 0.770 7.360 526.1 32600 77866 350
1 865 143 0.550 5.210 4380 26300  756.80 350
D 2 855 222 0.500 7.860 3185 3420.0 727.04 35.0
3 8.55 2.06 0.770 7.360 526.1 32600 77866 35.0
Horizontal viscosity coefficient LOE5(cm?%/S)
Horizontal diffusion coefficient 1.0E5(cm?/S)
Vertical diffusion coefficient level 1~3: 0.1(em*/s)
Calculation time 100 tidal cycle
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Table 3. Input data for the ecosystem model in May 1990

Parameters Input values
Mesh size Ax=Ay=250m
Water depth chart datum+MSL
Time interval 900sec
Initial condition for compartments
DO COD DIP DIN POC DOC  PHYTO  ZOO
Level
(mg/) (pg-at/) (mgC/m?)
1 6.94 3.36 0.810 4.810 340.0 3270.0 730.59 35.0
2 647 3.36 0.810 4.810 387.0 3590.0 688.30 35.0
3 6.00 336 0.810 4.810 4823 34500  646.02 350
Boundary condition for compartments
DO COD DIP DIN POC DOC  PHYTO  Z0O
Level
(mg/) (ug-at/l) (mgC/m?)
1 6.4 3.36 0.810 4.801 400.0 3500.0 685.00 35.0
A 2 647 3.36 0810 4.801 400.0 3420.0 685.00 350
3 6.00 3.36 0.810 4.801 550.0 3260.0 685.00 35.0
1 725 2.00 0.484 4.000 438.0 2630.0 340.00 350
B 2 725 2.00 0.484 4.000 3185 3420.0 345.00 35.0
3 7.25 2.00 0.484 4.000 526.1 3260.0 350.00 35.0
1 725 200 0.484 4,000 438.0 2630.0 340.00 35.0
C 2 7.25 2.00 0.484 4.000 3185 3420.0 345.00 350
3 725 2.00 0.484 4.000 526.1 3260.0 350.00 35.0
1 725 2.00 0.484 4.000 4380 26300  340.00 350
D 2 7.25 2.00 0484 4.000 3185 3420.0 345.00 350
3 725 200 0.484 4.000 526.1 3260.0 350.00 35.0
Horizontal viscosity coefficient 1OE5(cm?/S)
Horizontal diffusion coefficient 1.0E5(cm?/S)

Vertical diffusion coefficient
Water Temp. and Salinity

Calculation time

level 1~3: 0.1(cm?/s)
1: 19.65C, 33.34%

2: 19.65C, 33.34%

3: 19.65C, 33.34 %
100 tidal cycle
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Table 4. The biological parameters in the ecosystem model for the Kamak Bay

Typical

Symbol Description Unit vl:ﬂéts 165 Remark
o maximum growth rate of phytoplankton at 0C day ™" 210 0.55~340 Collins and
B temperature coefficient t! 0.0633 Wlosinski(1983)
@ respiration rate of phytoplankton at 0C day! 005 005~059 4
B. temperature coefficient T 00524  0.044~0.0524
@s maximum grazing rate of zooplankton at 0C day™! 0.180 0.180 Kremer and
B  temperature coefficient Tt 00693  0058~012 Nixon(1975)
o  death rate of phytoplankton at 0T day ! 003 003 Jorgensen(1979)
B temperature coefficient 1 0.0693
o natural death rate of zooplankton at 0C day ™! 005 005 Scavia et al.(1976)
B temperature coefficient (o 0.0693
o mineralization rate of POC at 0C day™ 0075 0.001~0237 Bansal(1975)
B temperature coefficient t 007 0041~0070
@ mineralization rate of DOC at 0T day 0003  0.0017~025 Ogura(1975)
B, temperature coefficient T 00693
s  oxygen consumption rate of sediment at 0C day ! 1.000 -
B temperature coefficient o 00693
Ks» half saturation constant for uptake of POS™P at 0C  pgatl 0536  0032~5263  Jorgensen(1979)
Kex  half saturation constant for uptake of DIN at 0C pgath 8571 0214~6607  Jorgensen(1979)
L optimum intensity of radiation for photosynthesis ly/day 1958 Observed
Inax  maximum intensity of sunlight at sea surface ly/day 4615 4
D  length of day day 0.51 “
k, dissipation coefficient of light independent of Chla m™! 0.34 0.34~17 4
k  constant of dissipation coefficient depending on Chla m(mgChl/m®) ™ 0.0179 -
y  IMev index of zooplankton grazing (mgCm®™ 001  0004~0025 Frost(1972)
P* function of grazing mgC/m® 700 400~1900  Steele&Baird(1962)
u  digestion efficiency of zooplankton % 700 39.0~980 Jorgensen(1979)
A total growth efficiency of zooplankton % 300 40~500 4
k  percentage of the quantity decomposed from POC to % 3 21~35 Ishikawa and
DOC to the quantity mineralized from POC Nishimura(1983)
K'so half concentration of DO for mineralization of POC mg/l 1000 0.0035~1000  Painter(1975)
Klpo half concentration of DO for mineralization of DOC mgfl 1000 0.0035~1.000 »
W, settling velocity of phytoplankton m/day 0100 0005~04  Jorgensen(1979)
Weoc settling velocity of detritus (POC) m/day 0.300 00~20 Z
W.! maximum upward velocity at night for diurnal m/day 0 -
perpendicular motion of zooplankton
W2 maximum downward velocity in the daytime for m/day 0 -
diurnal perpendicular motion of zooplankton
K. reaeration coefficient at sea surface day ! 025 0.025~0.650 -
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Table 5. Monthly input data used in an ecosystem model for the prediction of phytoplankton biomass

in condition of no oyster culture grounds

Year 1994 1995
Leve] Mouth 56 7 8 9 10 1 12 1 2 3 mem
Temp. S 1931 2292 2653 2781 2427 2073 1717 943 624 602 1045 1735
(C) M 1874 2213 2552 2744 2390 2036 1674 944 621 58 1037 1697
B 1800 2050 2300 2757 2403 2049 1663 916 561 554 1000 1641
Sal. S 3346 3364 3381 3181 3209 3238 3266 3327 3361 3374 3376 3311
(%) M 3340 3360 3379 3187 3215 3244 3264 3326 3368 3381 3386 331
B 3325 3352 3378 3174 3202 3231 3266 3330 3364 3385 3397 3309
L(ly/d) 4615 4143 5281 4636 4753 3513 2983 2157 2751 3532 3897 3592
Le(y/d) 1958 1758 2241 1967 2017 1491 1266 915 1167 1499 1654 1630
DL 051 040 067 063 073 064 068 064 075 072 061 063
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Table 6. Values -of water quality and eutrophication index in Kamak Bay

Temp. Sal. DO COD PO, %P DIN INDEX

Parameter . 0
C %o (mg/D) (ug-at/D)

May 18.68 33.37 8.23 2.24 057 6.64 247
July 25.02 33.79 6.73 2.57 043 6.51 210
August 2761 3181 - 160 0.62 131 0.38
November 1751 32.65 8.10 174 0.74 179 0.56
December 9.34 32.28 9.17 151 048 354 0.75
January 6.02 33.64 1227 2,03 0.37 2.95 065
February 5.80 33.80 10.53 1.98 0.46 0.94 0.25
March 10.27 33.86 9.84 2.69 0.26 1.75 0.26
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Table 7. Comparison of computed phytoplankton biomass with the observed results at surface (S), mi-
ddle (M) and bottom (B) levels in Kamak Bay, in May 1994

Level s Ol Opened® BB KB
1 832.94 843.05 10.20 1.20
2 897.36 793.24 —104.12 13.13
3 852.08 895.89 4381 4.89
4 1098.50 71853 —379.97 52.88
5 813.54 74161 - 7193 9.70
6 890.32 699.70 ~190.62 27.24
7 840.87 68391 —156.96 22.95
1(S) 8 . 745.37 756.80 1143 151
9 73350 881.32 147.82 16.77
10 861.66 87949 1783 2.03
11 926.72 931.12 440 047
12 893.97 734.93 ~159.04 2164
13 828.77 912.90 84.13 9.22
14 861.34 78535 - 7599 9.68
Mean 862.64 804.13 — 5851 1381
1 804.73 810.25 552 0.68
2 84478 854.31 1953 2.26
3 671.54 79021 11867 15.02
4 818.02 698.49 —119.53 17.11
5 690.65 750.12 5947 7.93
6 631.09 626.21 ~ 5488 8.76
2(M) 7 709.60 728.86 19.26 264
8 699.43 72704 2761 3.80
9 590.02 879.49- 28947 3291
10 779.72 864.31 8459 9.79
11 " 79316 877.67 8451 9.63
12 703.53 711.85 8.32 117
Mean 732.19 77740 4521 931
2 792.98 809.64 16.66 2.06
3 615.75 965.14 349.39 36.20
4 739.82 713.07 - 26.75 3.75
3(B) 8 674.37 778.66 104.29 13.39
9 567.39 912.29 344.90 3781
11 71157 702.74 - 883 126
12 646.59 929.30 282.71 3042
Mean 678.35 930.12 151.77 17.84
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Fig. 7. Distribution of computed phytoplankton biomass in Kamak Bay, May, 1990.
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Table 8. Comparison of computed phytoplankton biomass with the observed results at surface (S), mi-
ddle (M) and bottom (B) levels in Kamak Bay, in May 1990

Level . Ot ey eem 1B-ATm()
1 669.85 82179 151.94 1849
2 716.56 1236.04 51948 4203
3 653.67 691.81 38.14 551
4 861.06 102891 167.85 16.31
5 604.87 832.12 22725 2731
6 624.96 82179 196.83 2395
1(S) 7 499.76 707.60 207.84 29.37
8 342.06 338.30 ~ 376 111
9 460.29 369.88 ~ 9041 2444
10 779.95 676.01 ~103.94 15.37
11 725.00 815.72 90.72 1112
13 697.98 47254 —22544 4771
14 747.13 685.13 ~ 6200 9.05
Mean 644.86 73059 85.73 2091
1 650.59 74131 90.72 12.24
2 687.31 1093.61 406.31 37.15
3 538.07 722.79 184.72 25.56
4 663.13 1038.94 37581 36.17
5 549.68 811.17 261.50 32.24
2(M) 6 540.34 759.23 218.90 2883
7 490.81 619.23 12842 20.74
8 37931 343.16 - 3615 10.53
9 41355 361.68 - 5187 14.34
10 690.14 678.14 —- 12.00 177
1 642.17 602.83 — 39.34 653
Mean 567.73 70655 138.82 2055
2 645.60 951.17 30557 3213
3 49143 753.76 262.33 34.80
4 596.15 1048.96 452.81 4317
3(B) 8 375.25 348.02 - 2723 7.82
9 408.74 353.48 — 5526 15.63
11 574.74 389.93 ~184.81 47.39
Mean 44170 640.89 125,57 30.16

ExRY B GeElgy, 4 AP Adexs B By, 3 EIXE 29 7 Yz H2494
B39 St 13904 47.71%, 229 St 20049 37.15%  400~1,000 mgC/m®, 3 %14 400 mgC/m*~ 1,000 mgC
23 St 4914 4317% 8 BYo o]F AFE A /m® 22 AFAA 375 mgC/m*~800 mgC/m*e]
9% Uz AFqAE vud G JYeAE Y8 HYon, W A FREEE 19949 549
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Fig. 8. Monthly phytoplankton biomass calcula-
ted on the assumption that there were no
oyster culturing facilities.
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on the assumption that there were no oy-
ster culturing facilities.
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Table 9. Monthly phytoplankton biomass calculated on the assumption that there were no oyster cultu-

ring facilities
(unit: mgC/m®)
Year 1994 1995
Leve onth g 7 8 9 0 11 1 2 3
Surface 85397 114742 115726 1226.77 1047.19 96263 80706 81390 798.73 774.15
Middle 72201 90239 88448 97103 87227 81497 70905 71374 70327 69396
Bottom 67034 78989 73164 83563 79164 76029 69642 70267 69487 66023
Mean 748.77 94657 92446 101114 90370 84596 73751 74343 73229 70945
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Table 10. Primary productivity calculated on the assumption that there were no oyster culturing facili-

ties

Year 1994 1995
e Vomh g 7 8 9 01 12 1 2 3
Primary
productivity‘) 748.76 1056.63 1363.18 106536 634.11 390.19 19416 13199 134.19 200.01
(mgC/m%/d)
Primary
productivity?” 5.60 791 10.20 797 4.75 292 145 0.99 1.09 150
(mgC/m?/d)
Y Primary productivity(mgC/m*/d):

d P
(d_Ft) ={~wm(P)}+ Vi(T) + 1n(DIP, DIN) = (1} * P =V,(T) » P=V,(T) - Z~Vu(T) + P—Wp—gz—

2 primary productivity(gC/m?/d)=Primary productivity”(mgC/m?*/d) X7.5*(m)

 Mean depth(m)
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