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A 3D hydrodynamic-ecological coupled model was applied to estimate a food supply to oysters in Geoje-Hansan Bay where is one
of the oyster culturing sites in Korea. In this study, the primary productivity (PP) was adopted as an index of food supply, and the
spatial patterns of average chlorophyll a concentration during a culturing seasons from September to May of the following year were
simulated by the model. The numerical result showed that PP was high in the inner part of the bay and the adjacent areas of Hwado
island, but low in the outer. This result indicates that PP is essentially influenced by anthropogenic nutrient loadings in the system.
The model was calibrated using the field data in May which is non culturing season of oysters and a simulated phytoplankton biomass
agreed fairly well with the observed data (R*=0.70, RE=10.3%). The computed food supply varied from 0.19 to 1.27 gC/m*/day
with a mean value of 0.62 gC/m*/day from September to May. The highest value was showed in May (1.27 gC/m’*/day) and the

lowest was in February (0.19 gC/m’/day).
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Table 1. Input data for a hydrodynamic model
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Table 2. Input data for an ecosystem model

Parameter Input values

Mesh size Ax=4y=150 m
Water depth chart datum-+MSL
Time interval 100 sec

Initial condition for compartments

DO COD DIP DIN POC DOC Chla ZOO
( mgL ) ( pgat/L ) ( mgC/m’ )

1 100 135 030 599 200 1,650 100 10
2 956 130 0306 500 180 1,600 95 15
3 900 125 035 516 200 1,750 9 20

Level

Boundary condition for compartments

DO COD DIP DIN POC DOC Chla ZOO

Area Level ( mg/L ) (pgat/L) ( mgC/m’ )

Parameters Input values
Mesh size Ax=4y=150 m
Total mesh 85X87X3=22,185
Water depth chart datum+MSL
Time interval 4 sec
Level Ist: 0~5m, 2nd;: 5~10 m,

3rd: below 10 m

I: 8374 cm, 255.66°
II: 84.65 cm, 255.50°
I0: 80.00 cm, 252.74°
Level 1: 16.9°C, 34.07 %
Level 2: 16.3C, 34.07 %
Level 3: 1567, 34.07 %
F=2awsing (y=34°47")

Tidal level and degree at open
boundary

Water temperature and chlorinity
at open boundary

Coriolis coefficient

Surface & internal friction 0.0013
coefficient
Bottom friction coefficient 0.0025

3.0E5 (cm¥sec)
3.0E5 (cm?/sec)
Level 1~3: 02 (cm?¥sec)
80 tidal cycles

Horizontal viscosity
Horizontal diffusion coefficient
Vertical diffusion coefficient
Calculation time

1 964 155 055 850 250 1,800 200 12
I 2 960 140 052 800 200 1,500 150 13
3954 137 058 800 220 1,650 150 15

1 943 163 058 901 300 1680 250 11
II 2 940 160 054 800 300 1,690 200 12
3 926 155 057 800 300 1,720 200 14

1 1116 109 0.18 583 200 1440 78 8
1 2 1100 109 020 452 220 1440 170 8
3 1026 1.08 024 612 250 150 70 10

Horizontal viscosity coefficient 3.0E5 (cm?/s)
Horizontal diffusion coefficient  3.0E5 (cm%s)
Vertical diffusion coefficient 02 (cm¥s)

Calculation time 80 tidal cycles

Pollutant loads

Name of DO COD DIP DIN POC DOC
stream ( ton/day ) ( kg/day )

Dundeok 0.53 0.13 024 9828 1189  86.80
Gandeok 030 007 220 3084 708 5169
Sanyang 127 0.32 746 11197 2999 21891
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Table 3. Parameters used in the ecosystem model
Parameter Nomenclature Unit Value
Phytoplankton
Maximum growth rate Gimax, Pomas day™!, €' 0.50 - exp (0.0633T)
Half saturation constants fornutrient uptake Ksp, Ksn uM Phosphate 0.2, Nitrogen 2.35
Photosynthetic light optimum Lot ly * day™ 195.8
Light extinction coefficient k m™! 0.40
Respiration rate Presps Pores day™!, C™! 0.012 * exp (0.05247)
Sinking rate of living cells Wp m * day ' 0.173
Rate of natural mortality Puots Brmot day™!, €™ 0,013 - exp (0.0693T)
C/Chl-a ratio [Chla:C] by weight 47.62
Zooplankton
Maximum ration Ruas, Prmax day™!, 7! 0.193 - exp (0.0693T)
Ivlev's constant A (mgC/m*) ™! 0.01
Growth efficiency v - 30% of the daily
Assimilation efficiency U % 70.0
Rate of natural mortality Zoot, Pzma day™!, C! 0.053 - exp (0.0693T)
Detrital carbon
Mineralization rate Veoc, froc day™!, T™! 0.01 - exp (0.0693T)
Fraction of biodegradation K - 25% of mineralization
Sinking rate Weoc m * day™' 0.432
Dissolved organic carbon
Mineralization rate Vooc, Pooc day™!, T! 0.001 * exp (0.0693T)
Others
Aeration rate ka day™! 0.25
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Table 4. Monthly input data used in an ecosystem model for
the prediction of phytoplankton biomass in the abse-
nce of oyster culture grounds

Month
Sep. Oct Nov. Dec. Jan. Feb. Mar. Apr
Ite[n”"
Water Surface 237 196 164 122 117 75 119 125
temperare  Middle 230 195 164 122 18 75 119 123
(©) Bottom 223 194 163 122 119 76 18 121

Surface  3LIS 3291 3343 3355 3368 3411 3400 3421
Middle 3177 3292 3348 3355 3369 3413 3400 3425
Bottom 3238 3293 3353 3356 3370 3416 3401 3429

*Imax (ly/d) 3367 2942 2328 1872 2016 2811 3290 4124
**opt (Iy/d) 2017 1491 1266 915 1167 1499 1654 1806

***DL 050 047 042 041 042 o041 050 053

*Imax (ly/d): Surface light intensity.
**Jopt (ly/d): Light availability.
***DL: Day length.

Salinity

Table 5. Monthly variations of pollutant loads discharged into
Geoje-Hansan Bay

Month

Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr

Parameters

Dundeok 011 003 002 001 001 003 005 0l1
Gandeok 007 004 001 001 001 002 003 006
Senyang 026 0I5 005 004 005 008 012 026

Dundeok 048 020 015 007 012 018 022 049
Gandeok 025 012 008 004 007 009 011 027
Sanyang 113 048 036 018 028 041 051 L7

Dundeok 048 034 024 005 014 041 112 287
Gandeok 539 181 090 036 047 052 066 156
Sanyang 377 565 0356 024 049 121 2327 Sl

Dundeok 5493 2149 2160 1334 1949 2945 4467 9681
Gandeok 4977 2359 1348 533 778 829 985 2333
Sanyang 3955 7021 5098 2489 3283 3871 2830 6808

Dundeok 1052 265 184 081 131 255 441 1017
Gandeok 706 343 096 078 118 167 264 331
Sanyang 2493 1388 434 366 497 778 1166 2413

Dundeok 7679 1932 1341 590 954 1860 3219 7422
Gandeok 5151 25.04 698 572 858 1216 1926 4024
Sanyang 18195 10135 3166 2671 3625 5675 8513 17617

CoD
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Fig. 3. Horizontal distributions of mean chlorophyll @ (ug/L)

at the surface layer in Geoje-Hansan Bay, in May 1994
and 1998.
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Fig. 4. Horizontal distributions of mean dissolved inorganic nitrogen (ug-at/L) at the surface layer in Geoje-Hansan
Bay during 1980~ 1998.
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Fig. 5. Horizontal distributions of mean phosphate phosphorus (ug-at/L) at the surface layer in Geoje-Hansan Bay
during 1980~ 1998.
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Fig. 6. Horizontal distributions of mean chemical oxygen de-
mand (mg/g.dry-wt) and acid volatile sulfide (mg/g.
dry-wt) of sediment in Geoje-Hansan Bay, in May
1994 and 1998.
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(A) and ebb tide (B) in Geoje-Hansan Bay.
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Table 6. Comparsion of annual primary productivities in diffe-
rent regions

Primary productivity

Region Reference

¥ gC/m*fyr.  gC/m*/day
Upwelling water 300 082*  Ryther (1969)
Continental water 100 027 4
Oceanic water 50 0.14* s
Subtropical oligotrophic % 0.10° Kobrentz-Mishke (1967)
water : (Pacific Ocean)
Coastal water 105 0.29* 4
Estuarine water 237 0.65* ”
Seto Inland Sea 122 0.33* Uye et al. (1987)
Cheonsu Bay 150 041* Jo (1988)
Kyeonggi Bay 320 0.88* Jung and Park (1988)

~ k¥
Gamak Bay 0'99(4}8')20 Cho et al. (19%)
0.11~361

Gamak Bay (091  Leeetal (1991)

. 0.22~1.02 ,
Geoje-Hansan Bay ) v
Geoje-Hansan Bay 0'19(6652)7“ This study

*Primary productivity (gC/m%day) calculated from annual
primary productivity (gC/m*/yr.).

**Primary productivity (gC/m?day) computed on assumption
that there were no oyster culturing facilities.

dr) YU4dy BBY AYYEY dA g1, drgEY @de #
S vt 9ok 3z AFW (Jo, 1988)F dE AEWN
(Uye et al, 1987) Bohe thd ¥ 94 Jung and Park (1988)9)
4713 Cho et al. (1996)9] 7hetwh Hope wE *101%14
39 Lee et al. (1991 0] BAFHA4 ¥ (CDeZ AA -

Abgke] AAE JzA4EE SR8 e, 022~1.02 gC/mz/day
Hae) HE 052 gC/m¥day2 £ ANAHY A FAE A
2 ez, € F5= 1199 FT 047 gC/m¥/day FEANA
A Qo] #adte 19o HAA (041 gC/mY/day)E Eolth
7t A3 7kt 59 (057 gC/mYday) & A 8¥el HE 0.62

gC/m¥Yday2A HuXE yehlle Aoz Busta glo] Rdd
o8 A ZxANEY A vk w9 AdWF S e
Wich 9, AR - e A& Fdo) wek FHEF) HED
BHEANE Aol7} Jem Fig 1% 2o A B,C,D 2 E #l
gog TR Yo FFFE FHHAUG (Fig. 13). 24749 &
9 ZF dHozyy FARFFo) dger JPHeg FYH
T HFFEol ofF ol A9 AAGY E #AFGel 023~1.58
gC/m’/day Mol B 078 gC/m¥/day2 7+ ¥& 712N L
Yehiglth D sige F8 F F4%0] 4@ f922 E {9
3 A L £F9 J2ANEE Boln Jlov, St AR
EYus gein Z olF ¢ $HYo] o] EAH e A 3
9% F¢ £29 B dgo) g 9o, J49H 928
C AY (0.03~0.69 gC/m¥/day, BF 026 gC/m¥/day)°] 7}¢ =&
N2 E Jehigid.
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Fig. 13. Monthly variations of food supply (gC/m?/day) at
each subarea.
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