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A 3D hydrodynamic-ecological coupled model was applied to estimate carrying capacity in Geoje-Hansan Bay where is one of the
most important oyster culturing grounds in Korea. We considered the carrying capacity as the difference between food supply to the
oysters and food demand, considering monthly difference of the actual growth. The food supply to the system was determined from
the results of the model simulation (tidal exchange and chlorophyll @) over the culturing period from September to May of the
following year. The food demand was estimated from the food concentration (chlorophyll 2) multiple the filtration rate of oysters
that is considered monthly different growth rate of oysters and food concentration. The values of carrying capacity for the system
varied from 6.1 ton/ha (minimum carrying capacity) in February to 14.91 ton/ha (maximum carrying capacity) in April of marketable
size oysters (>4 g wet-tissue weight) depending on temporal variations in the food supply. The oyster production calculated from
present facilities was 9 ton/ha in wet-tissue weight in Geoje-Hansan Bay. This value corresponded to 60% of maximum carrying
capacity of the system. The optimal carrying capacity without negatively affecting on oyster production was 5.5 ton/ha when calculated
from annual statistic data and 6.1 ton/ha when determined by this study. These results suggest that it must be reduced 32%~39%

of oyster facilities in the system.
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2 o]RofA 1 gloy, FANE AAFL A TxFAY § 9
B F71eHA g3 gle Aot o)y d Ao gE oy sHA 7}
QAR Ll o AE FANE HAFE FAATE A2HYy
598, & 844 % (canrying capacity) o) 238 230 FTsx
A g

A W #88%Y MNd2 MAT Aoz Re FHad
I (Verhulst, 1845; Pearl and Reed, 1920; Errington, 1934), Dame
and Prins (1998) € #7234 %F S AeiAY SH22 739 ofd
NAZ AEZo] o o) F718kA && o o) g 4 87
gl FFHe YEFY F52A AN §748%F (maximum car-
rying capacity)°12t2 AL, AFA o] whet Ao 8ol
§o18 Age7Ie B (FH, 1992).
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meter) 24 ABE & Yot HAKEZFEREHS (1989) = &7
4% Mge A, oFg Ho Qug =& Ho 8, €A,
AFE FAANFI 98 BAHr & FHZH, AA, A9 W
g dod)7] AFste d9FY T FAZ R 9,
Caver and Mallet (1990)2 A4 & B4 FA 43L& XA ¢
T AdF Azst Hoo =28 w A2 FEF (stock den-
sity) 22 AFEH] FA L o Z dAgre) Ze v FAHLTL A
ety

A, BA8FY AL utEgE Getolvt o] AgH e
2 A= v LT B9 FAH9 FHAM By FAoj7e
B3A448E dod)7] AFse LEEA Ry dA & A
T8 FAE gvista, FAAEY FHAM BH FojA #H
Z3 oA FAolge Ho F4olE T F o (FF,
1992). 2B 2 A% e AT 7 4F A44FL 58
BALF o3 LHUEA FUFS A w2 $4 B
2 & do} &n, YANEY ZHNME H 587 o3z ¢4
Aldg MR spede} gt

FolHe) £48g 247 I3 A (1986) s A
A4 Ee HolFozRY £4¥E 7 PHS AUdd,
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1244 Ee Yol TF M HL ZF AFY 4oz A%
A @ormg ¢4 29 JuAY AY TS (Kim, 1980)& ©)
43t Cho et al. (1996)& 7HI g gdos 4F HAd) a4
< 2 E b Y

HA2de AFHEe 5% Holdd ¥F 44 (ncze and
Lutz, 1981; Rosenberg and Loo, 1983; Wildish and Kristmanson,
1984; Fréchette and Bourget, 1985)% $EZH3E FdM 1
FE XEE 98 A44AT Hol3 A (Hanson et al, 1986; Ro-
dhouse and Roden, 1987' van der Tol and Scholten, 1998) %
FA4ET A - A £ A gHeE YL ¥HE
A B9 S o) §ate BHEF Ago] B 977 w3 A
=2 ok (R - PE, 1993; Dowd, 1997; Bacher et al, 1998;
Bayne and Warwick, 1998; Ferreira et al., 1998; van der Tol and
Scholten, 1998; Chapelle et al,, 2000).

&8, ¥4 2718 7 ARA e AEo2A Y BF4F
g Fdo) A=sgded (Héral, 1993), Bacher et al. (1998)3}
Campbell and Newell (1998)2 /A8 AFES ¥ 33t Azt
Al BAFE A% AF AE 27 (seed size) S} U= (seed de-
nsity) & 1537) Slste] RdY JiEe ojgsiden, F ¢
s A 8H48FS A Ae E (cohort) ] Az At
o) A7} d W9 BEF (standing stock) &2 H st F=Z3
AFgAd s 47 $Z8FE At =&, AF4 e
%% (cohort)o] Hu) AT 2T W) AE A7 FH
€ AA3NH 87L& (exploitation carrying capacity) ¥ rol7}
A AL NGRS BATH 2Pz fAd AFA sle
*J%Ql Ho AAFRoe Faol A Ho oo} Ywkez

L% BHog YMse AAH #7HL% (economic carrying
capac1ty)-°—i77}1] g gobd wet ggstA FIHT AT
(Smaal et al,, 1998).

webd, & A7 BHEe FAAT RAAY dFe A %
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Fig. 1. Distributions of ovster (W), sea squirt (CJ), net cage
((I) and others ([7J) facilities in Geoje-Hansan Bay.

2. Ho| SE2¥ ¥

AR - @aw F o1 BFLFS A Adtd oy
§99 A5FES AQ] 4 A4HF 2D (hydrodynamic
model)# chlorophyll a, COD (chemical oxigen demand), DIN
(dissolved inorganic nitrogen), DIP (dissolved inorganic phos-
phorus), POC (particle organic carbon), DOC {dissolved orga-
nic carbon) §9 Y #EXE YYARZ A48t GYA T
HEEFIEY Q4% & 72AMEE 4537 94¢ AHA
29 (ecosystem modeD® EHE 2 YHAEE Park et al.
(20023 2ot £ dFolMde AA - adete) 71248 S iy
g 4 2o Ho] FFFoZ TFIIYC

3. g =29 Ho| g7

3.1 oF8

SHUte F4x0] FAGIL Q&L F2E ez &
Kobayashi et al. (1997)9] &9 of4&& A E3lgen, 1 4L
g2 2o

20 g<Wd; FR,=2.51W 02"
We<20g FR,=0.117W— 1.05W,2+3.09W,+0.133
FR,T"
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FR: filtration rate (L/individual/h)
W, dry meat weight (g)
T: Temperature (C)

FR=
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%o 9588 Foto AT 9denl (Carver and Mallet,
1990), 2 GFANE F39 Yol 8 7FL 9 A%e 1A
oegd AejA mdd) s ALE 92 chlorophyll @ FEE
F3ted A
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Carrying capacity (ton wet tissue/ha)

_ Food supply (gC/m*/day) @)
Food demand (mgC/g wet-tissue/day)
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AZEZFaEY T AP} 599 AEE d3E Ed= ¥
NEEZHIE $& A4 €8 A2 EF3E dEF ¥
Z A3} 938 AAxANEHe dFE vAE LU E FL,
2, A dzA 2 o9 —'?‘3}'"* %3_ 13gch
Fa Zo] Ho] 2T FLE AA - FA% ¥4 =Y 4E 4F
ARE o83t 2 (Do o3 48 ‘4 & 78, AHA =
dz 73 €4 JEEFIEY l"‘Eg F3te FA3H

4529 d9e 2 MAZ o4& (L/individual (ind.)/day)
TE 2 99 $%9 d5& (L/g wettissue/day) 2 T8, o
71} AESHIAE TEE FT Ho| &4T7FE 2 AT Hol
£7% (mgClind/day) FEx %2 9¥ FFF Hola+%
(mgC/g wet-tissue/day) &2 FHE} 848 FFd ol Yol
ST7% e 4F FF7F 9o 27 %F (mgC/g wettissue/
day) & 71202 4
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1. oAl 24 =29 43
1.1. 29 & A%

29U Z ¥4 6~84 Aloell R3] Zut2 FAF
F3tam, ol 58 4€7AE YRE FEU. 29 AL HZ
AT dAR AReg Uudy, A 4FL £ Asld, @
AR AFL $g0] g7Aste /HEAREH Ha2A dojve Rl
JdutAoltt (Bae, 1998; -, 1979; 2000).

29 § A%L AA - a4 Wl AT FYT I dF
g M £8tA) 4 9URH o B3 547tA €ER 2AMG EH
(NFRDI, 1993)& o] 43l @29 243 4AF4E ?sﬂ% 4
I Y=04502¢"7 (R?=097) 2 JElRZ, 997 1099 $5FL
ez H43gd (Fig. 2).

220 N AFe dgstA 299 o3 A & YA
23], YA 4F dPd w2} o)yt Atk 2L AAFHY

a. .

Meat weight (g)
w

o
olt
ol
-
it
lo‘l
4
o
fiing

5| y = 0.4502e%"® (R = 0.97)

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

Month

Fig. 2. The growth patterns of wet-tissue welght of Crassostrea
gigas in Geoje-Hansan Bay, which is of the form, Y=
0.4502¢"” (R*=0.97) (after NFRDI, 1993).

AL ED A2 (detritus) ) AA7E AR AHAY
89le] =9 (Askew, 1972; Lim et al, 1975; Agius et al, 1978),
2AMEETe] ZYAA (Hanson et al, 1986) Sl 23t ¥

%g wedh
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B AT d5s AFE A3 AL A (D2 €29 3F
B3 2xe 52 U goy, 44 B ARE w5
2 F850] Aok $£5 %9 4 W3 E AFFoE R A3
Kang et al. (2000)¢] A=A - ghatgtoln @82 A& HH3Ho
BN ARE o)t AFHY $FFY AVHE TIUAG

=01757X2 Fa=gen 434 (R*=086) ¥
. AFFH £33 43S o839 Fig 29 €E
W3lE AsFeR %*Pf‘s}wl o && A o) &gt
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Fig. 3. The relatlonshlp between wet and dry-tissue weights of
Crassostrea gigas in Geoje-Hansan Bay.
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Table 1. Filtration rates of Crassostrea gigas

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

Parameters

Water temperature

) 237 196 164 122 117 75 19 125 173

Wet-tissue weight

(gind) 059 078 10 13 21 24 29 35 6l
Dry tissue weight 010 014 018 023 037 042 051 061 107
(g/ind)

Filtration rate

(Liind ) 1128 1296 1426 1481 2091 1844 2688 3139 5347

Filtration rate

(L wet-issuc/day) 1912 1662 1426 1139 996 768 927 897 87

2. Yo| 22

34 29 YoldozAM AeA Bd=2 ALE AR - e ]
24N Z o] FFFEL A AF AE 98 1.12 gC/mY
day9d B2 gh& YERH olF, AA FAso 290 0.19 gC/mY/
day® HAAAEZ JeEhiiew, 594 127¢C/mYday2 HAA S
et (3 062 gC/m¥day) (Park et al, 2002). 183,
Ho| FFFL Aol AFFE Ao get A @A)
29 (Incze et al, 1981; Wildish and Kristmanson, 1984) 31
Fe Aoz gy ArfFe Pl 55T EHE A
de AR - FAEE Fig 13 2o} A~ERA & dAdEE &
gto] AelA mdol o3 AGER A7 Ho] FFFL AL
Qom, I ge Park et al. (2002) & viely} Qi

3. ¥4 Zo| 90| 7

31 MEo ME do| 27

¥ Zo g Hol aTFFL A5EH Ho] Fx9 FF (Carver
and Mallet, 1990)019, F&L& £23 MAA §5FY U5
(Kobayashi et al, 1997)2 ¥4 #88& AF3e $4T 24
ot B dFA o4& Table 19 Vehien, S Hel
MEQ chlorophyll a8 €% dEFL AeiAl 24 o] 43t
AN AT 98 ol 8T FL Table 29 2ol o5& A=A
2dd o8] A4 €9 chlorophyll a TEE F38t A3k

AeA md2 Ag 49 chlorophyll a @E%2 50.0~101.0
peC/L (10~20pg/L) B9, B 65 pugC/L (130 pg/L) oI 21,
AN ALERE HAA A GelAm, BAz AHolEHA
Axt golAE A%S LA Choi et al. (197)2 AA - @Ak
9] chlorophyll @ ZAIA 29 BT 1.98 pg/L (098~3.09 pg/L),
598 B 173 ug/L (096~276 ug/L), 1182 Hi 1.09 pg/L
(ND~344 pg/L)E BAFAAG, A Wit 98 #33

8738% 411

Table 2. Food demand of oysters obtained from multiple chlo-
rophyll a by filtration rate

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

ltem

Ch“’“’ghyu a 1010 605 510 505 500 20 595 660 %40

(1eC/L

Filtration rate per
individual oyster
(L/nd /day)

Food demand per
individual oyster
(mgC/Ind /day)

Filtration rate per
% wet-tissue
Lig wet tissue/day)

11.28 1296 1426 1481 2091 1844 26.88 3139 5347
114 078 073 075 105 096 160 207 503

19.12 1662 1426 1139 996 768 927 879 877

Food demand per
% wet-tissue
mgC/g wet-tissue/day)

193 101 073 038 050 040 055 059 082

59 "art 2A JeEgd £, Lee et al. (191)-2 99l A
SE7A HE 170pg/L (1~2pg/L)E BRFFT oW, FL£9
Be3e YN FE7t $7K] AFE o) w2 AR 7
=7b @A Ueht A e FE X A% & A7 YeRd
Azg} 2o AL Boli Uk 2, Choi et al. (1997)3 Lee
et al. (1991)9 €4 BRA e 2 d79 ZAXNEG g4 #AY
o)} S Z& e AT, FY¥4537384 (unpublished
data)©] 2000 29 RE 1 o| 58 297HA] 2AVE ARl ofetH,
Fool e AR (10~2%9) 021~036 ug/L (BT 026 pg/L) 2

& chlorophyll ¢ B ¥X& YT, F20] 45dte A 3
A (3~88)l 121~280 g/l (7 196 /L) 5= ¥EE
e webd, 2l o5 ALE 2ol ge 2ACANY
AA - @AY 7 98 BE AEEYAE FEEEE VEA F
APE Aoz BT

Z A1z 949 2 /AT (53%F 059g ol a7F
1.14 mgC/ind./day°ldch. 11€& 0.73 mgC/ind./day2 H4 Ho] &
FEE UeR o]F MM F7hE7) ARE 197 28 (3%
04g BF)& Ho] 8 7%F°] 1 mgC/ind/day AFAL, F& &<
3 5% 712 599E 2 AAD (§5%F 61 g 503 mgC/ind.
/day®] Hd) Ho] 27 #FE YehiAct

dZo o9 £F% V|FELEE 9€9] 193 mgC/g wet-tissue/
day2 7H¢ ¥& #e UEidL, 2 o)F $o| A sl
et 2487t 2991 040 mgC/lg wet-tissue/day 2 7H3 w2 o
o] R7FS HAoH, BHZ FoEUA Ho QFHE A3
78t AL Q. 39 Bayne (1976)2 AFFA Y o
Q7% F ATFA 20~100 mgPOM/g dry-tissue/day® B3
3 vl Qed, o) He ARFF VIEYE AMIHYE F2Y H
o] @ 7o v A33 A Ve dot o) 2L dd2
Holgo & YAF7E (particle organic material, POM) < ©]
£3ux, 32 AFHHY 45 Zo] Fo VY Aoz
Az,
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3.2. £2 37]4 ojo] @ et

Hol 7 FE ¢4 29 AV wg d2A JehtEZ Car-
ver and Mallet (1990), Fang et al. (1996)& ZF @2} 7}gjv] 9
T8Y A4E A% W] a7F FHA £7 AVE Ee=2
AT grAo R F& FFYOE 4~7g YN AuHEE
Table 3% Zo] F¥F A7 Ho] Q7L AU

4g A7) 29 Mol 2T FL 140~482 mgClind./day (H#
249 mgCfind./day) HHAZ 2€0°] 71 ¥& & BAx, 9¥9
7+ B & JEUdL 7 27 22 1.96~6.77 mgC/lind/
day (B¢ 3.50 mgCfind/day) WAL, 4g 27 vpA7tA 2 2€
o] 7b4 w1 9€¥o] 7MY ¥ AFE Yo, 4g Av]of HE
P 149 B FHo] 87 FS el

Table 3. Food demand of oysters in each marketable size
~ (Unit: mgC/ind./day)

Month
. . Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Tissue weight

Food demand for 4%

4g oyster 263 203 173 168 140 201 229 386

Food demand for 559

5 304 235 200 194 162 233 265 447
g oyster

Food demand for 623

6 339 262 224 217 180 260 296 498
g oyster

Food demand for 671

4g oyster 369 284 243 235 196 282 321 541

4 2 YNOIF +87 MY
2 %Y F8YE eI Ao Hole Yoz
chlorophyll ast ER7IEC 29 Hol2A oj&HH, v &
Y ALY HAAFo] BE FHARAA S FFo] &

is}t}i el A 3leh (WK, 1986; Rodhouse et al, 1984; Pazos
et al, 1997). =& FZ] A% chlorophyll @ ¥FHE A &
F8A7 9oz geA dom (Kusuki, 1977), 2 F4739 9
olF 2L dYE F9 {7484 $EIE chlorophyll @ &

Aile Aol o A} (Kusuki, 1978, Brown and Hart-
wick, 1988). TetA & dAFAAE 7|ZA S oqF Ho|FT 1
A gn, RIS YolFE 10028 AFITn 7MFIAS
(Rose and Nisbet, 1990; van Haren and Kooijman, 1993).

tg #4de 2d 99 ddAe o ZRABAZ, FEEZA
E, AMEE (benthic filter feeders), T ¥ 8o ¥
HANE Bx 27 Yol AAAA Qo E AddNe 55
AL T Hol AHTE LGk
&719 98 RE o5 597A g T FAF fle
AZEFIE €4 V2ALEE A 2d= 74]43}
Hol FFFoE HAFAL (Park et al, 2002), ©| A
°] 2TFFOE Yo £48S 435 ZHE Table 49‘}

Ul
—Q: i Y 02 of
a2 ?11%: ‘kuo ‘E

i e 8 I

%ﬁ% 8482 A4 (Ind) 2 198X 10°~3.16X10°Ind /ha ®
%), ¢F FARE 411~1545ton/ha BHE %2 29 A7) (&2

Table 4. Carrying capacities calculated from the difference be-
tween food supply and food demand during the oyster
culturing periods in Geoje-Hansan Bay

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

Item
Food suppl
(gC/mz/dayg 112 078 037 024 026 019 054 076 127
Food demand per
individual oyster 114 078 073 075 105 096 160 207 503
(mgC/Ind/day)
Food demand per
%wet -tissue 193 101 073 058 050 040 055 059 082
mgC/g wet-tissue/day)
Carrying capacily — gec 999 507 316 253 198 335 367 253

(Ind X 10%ha)

C"‘mf‘“§ capacily ey 779 507 411 532 476 971 1284 1545
(ton/ha

Remark

(g wettissue weight) 350 6.10

059 078 100 130 210 240 290

£33 d wg £ g2 AP 9 49 49
B 99 (€2 059g) MASE 986X10°Ind/ha, EF FAZ
€ 582ton/haZ 7+ 2& AAFE F£E F AWz, 1282
(&2 130g) AAF2 3.16X10°Ind/ha, 2 FAZE 4.11 ton/
haZ Ueh} &2 FAZA 714 L £48S Jedgid. ¢4
299 44L& (¢ 2409 MAFE 198X10°Ind/ha, EZ F
AE 476 ton/haZAM 718 L AASE £48 & UUT, 5499
F88e (€2 610g) MAFE 253X10°Ind/ha, 2 FAT
1545ton/haZ €2 FAZE 7MY Be $#48L Yl

Cho et al. (1996) 7tetekg WO 2 69 %-H o] E3) 34714
10718 Ftel 49 712448 & o) &3l A 7t 44
o] AE Y2 AFIdn MRS & 99 WFG @F
HA) AN V5 %L 2142 ton/haZ AAE v len B ApdA
78 42 Ju) A4 7b5 Y 1545 ton/ha Bohke oA ¥ ol
o oA 9 o] FFFY AoldA VN Aoz HztEn).

olg Zo] A FEFHE GAAE9 Ao we da2A e
UE 2 Carver and Mallet (1990), Fang et al. (1996) % Zo] &
d5E 29 AVE 71Fe2 £48E Hse Ao uigy &
Aoln], oA A AL Table 59 UYEHHIA T Smaal et al
(1998) & A0l v BFELZA 9 Ao Hujsl E o
I AEe FEFS #AL T HAstn gl

FoHE 29 37 ~7g9 4 5432 299 544~678
ton/ha (BT 6.10ton/ha) HHE HAXANE JYENAL, 49°]
1329~16.58 ton/ha (BT 1491 ton/ha) WHE HUWAE el
et

FE£EE A 71222 e E 290 097X10°~136X10°
Ind/ha (F7 1.14X10°Ind/ha) HHAZ HAEHUR, 4490 237X
10°~3.32X10°Ind/ha (FF 2.73X10°Ind/ha) HHZ o) AA
FE Jeidd.

9 Fig. 13 Zo] £ 9z F88E 29 37 I~T19E



Table 5. Carrying capacities calculated from the difference
between food supply and food demand of oysters at
each marketable size in Geoje-Hansan Bay

Month

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

em

Food suppl

(gC/mz/dayg 112 078 037 024 026 019 054 076 127
dg 482 263 203 173 168 140 201 229 386

Food demand  Sg 559 304 235 200 194 162 233 265 447

(mgC/lnd/day) 6g 623 339 262 224 217 180 260 296 498
Tg 677 369 284 243 235 196 282 321 541
4g 233 298 182 137 158 136 266 332 330

Carrying capacity 5g 201 257 157 118 136 117 230 287 285

(IndX10%ha) ~ 6g 180 231 141 106 122 105 206 257 255
Tg 166 213 130 097 LI3 097 190 237 235
4g 9321193 728 546 632 544 1064 1329 1320

Carrying capacity 5g 1005 1267 785 589 6.82 587 1148 1434 1424

(ton/ha) 6g 1081 1385 845 634 733 632 1235 1542 1532
Tg 1162 1488 908 681 788 678 13.28 1658 1647

VELE 9EHH o] EH 497Xy ¢F AN JhsFe A
A (Fig. 4). 2ol F3%F°] & D 9L 551~1605 ton/ha
Hedl W 88lton/haZ 7HE ¥1, E sig7 B dyge 4z
B 875ton/hast 8.57 ton/hafith. ¥ AZS 1 Ho) FF
ol 7 A& C 9L 0.50~681 ton/ha Ml FF 267 ton
/aZ T&go] HYch

18

<--®-- Max. —e—Avg. '

15 +

n

©
T

Carrying capacity
(ton wet tissue/ha)
[e2]

w

(=]

Subarea

Fig. 4. Estimated carrying capacities at each subarea.
4, 3 (199207 Héral (1993)2 FA9 AN Holn ks
FA ARE o] &3t A &8 A v glo] ¥ 5 (1988)
o] ZAVG AA| - dakete] 1980~1987A7HA F A FE wFFo]
g AHEYY. = AAFL Fig SelA HE wpe) 2o) 198032
548ha®] 2 FAFAA 2172t0nd FE& ANIYen, ¥4
AZo] F7HEFE AAaFe] F7h3te] 1984 HI 4,980 tond)
AMEE e o|lF AR WHe A9 YASAT gaFEe
Zaste AF%E JeRNY,
49 A3G ANFL Fig 63 20) 1982~198432 53~55

ton/ha WY 7} 19853 ©]F = Ston/ha o]3HE ol ZA
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Fig. 5. Yearly variations of oyster production (ton) and cultu-
ring area (ha) in Geoje-Hansan Bay from 1980 to 19
87 (after Park et al., 1988).
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Fig. 6. Yearly variations of oyster production (ton/ha) and cu-
lturing area (ha) in Geoje-Hansan Bay from 1980 to
1987 (after Park et al., 1988).
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Table 6. The production of oysters observed in Goseong cultu-
ring grounds (Unit: wet-tissue)
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