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Effects of available food on growth of commercially cultured Pacific oysters, Crassostrea gigas in Goseong Bay on the south coast
were studied using a numerical model. Levels of total protein, carbohydrate and lipid in particulate organic matter in the water column
as well as chlorophyll a concentration were determined for estimating total available food for oyster growth. Environmental parameters
including water temperature, salinity and total suspended solid were also monitored for the model. Oyster growth was also monitored
by means of measuring shell length and tissue wet weight increase on a monthly basis. Simulation results from the numerical model
indicated that chlorophyll a is not a good representative of available food for the oysters in Goseong Bay. In contrast, available food
in the water column measured by filtration of the organic particles and analyzed in terms of total lipids, carbohydrates and protein
was well matched with simulated oyster growth in the Bay which is similar to observed growth, The model also suggested that oysters
have relatively low retention efficiency of 50% or less. This result indicates that oysters in the bay utilize only a part of food particle

available in the water column, as reported in other studies.
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Sevete] AE AL g ds Faoln, £34 AF
FAHL 19609 TR A 5Y A¢S FHoE EEHo0g
A ZEHRI (Choi et al, 1997). 28 $4oZL gt Ao
e eSS FAHLE MgHen Mdxrlde ¢y A4
oot Bl J4Fel st 19879& FHFLRE FA
2487 AAET (Choi et al, 1997; Park et al, 1999). ol & &
G HS ST A ddez Yy A4HA o8 A}
LgRstel o o e tste FAYY, AT ¥ T4,
TE, 98 FREE 2 HolREH £ FHUAY A71F oA
A& Wl o] AE5 o] gt (Spark and Chew, 1959; Agius
et al, 1978; Thompson and Nichols, 1988; Grant et al, 1990;
Park et al, 1999; Kang et al, 2000).

A2 go] A2 VLT AAIE o7 Yo FE 4
A o} Y $4Y AL A% Bd Aol w3 o
FojA 1 At (Heral, 1993; Raillard and Menesguen, 1994;
Smaal et al, 1998). Smaal et al. (1998)& H7F %4 3 o
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odte Aol 71 Fasdtd, o #HEF A4 RdL 5 RF,
A HHAETY] 2 18, ojvjd{ A 2 AAE AF AAF
Fol WA o g ¥Feoof oty B ub 9T} Powell et al.
(1992)2 tiN} 29 HFd] B¢ £33 rd g ARsigen,
ol o3ty FAUAG Fo AP FFAAL v 3
t}. o] 2dL Hofmann et al. (1992; 1994; 1995)%} Klinck et al.
(1992}l 93ted &4 M= dor, AFY F=2 4 2 )
AE ggte dFd o] &d vt it $Euet Hy A=Z 4
Zo #3 £X 2de AZF $4FY 549 ZHE 9% 53
o2 Fagty stete, nAdw 2 BN FAFd A2 Uy
o2 Mg B3 HY% (Cho, 1996; Jeong, 1998; Lee, 2001).

o] dFE vt FE YA F oAU A ATy FF
G4 g By A £88 A 24 s dgoz
3 2d& o] &3 2 AL 4FE B g7l A%
? 2de A2 NAT 98 wd2 A Powell et al. (1992; 1994;
1995)l 23 /dE Rdg vpeoz A FEo YeF B
< vtgste] 3 A=At Powell et al. (1992; 1994; 1995) 9l
o3t JaE A2 NAE 982D Kobayashi et al. (1997)l
g8 d& F2Avl 2 e7toku} S FA Fze) HEH v}
ok T3 o} X Bde fEitel shdt F A2 AAT
g8s o)Fdle Holx 4" v 3ld (Hyun et al, 2001). ©]
ArdMe dg S £X3e 7HE Hols AF e FAe 4
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Fig. 1. Location of the study area, Goseong Bay. Korea. Envi-
ronmental data were collected from El, E6, and E9
and oysters were sampled from B1, B2 and B3.
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3ot
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A2 QAT 9% 2de gdy Fo] FAFd oHE F A
Asta 857|742 4FAGE ghopatr] Y3 BEoY. L
Al A FAHT e FE AFGhE d7Ey) A3 dF
FoUAANS RAANZEL nATY #4F F2d A £4 -
Basin 2l A4E F2 WEAs BAYEL Table 1%
2t

g A2 I AL 015113}71 Hgto F=e AVl
gz ?TK}Sﬂ o 2t 3L AZT AFF Alely #A
2 o] g3ta] A3 A (Table 2). ol xde F3IH 3§
o A s & Aol AdgoAEs dwAQA oA B
AN EWE F3 glow, & ANFE 4ZF A4y goz
Uetdt, 2de RE AL dUA (calon)FozE AAHM,
A2 W QA ABAFE 5112cal/g, Holol WF Z2E
RBAFE 5168 cal/golth (Hofmann et al, 1992; 1994; 1995;
Powell et al,, 1992; 1994; 1995; Kobayashi et al, 1997; Hyun et
al,, 2001).

FA 2dofAe] Holza

2L 32 AEEFAEL Ho|Z o)&dw HHAARE 49
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g8 B3 2& A2 ABEFAEY A7} FRE AER
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Table 1. Equations and correlations used in the population dynamics model for the Pacific oyster C. gigas in Goseong Bay, Korea
(modified from Hofmann et al. (1996) and Powell et al. (1995))

Governing equation
NPj:ng+P.j:Aj_Rj

dOy/dt=Py+ P,
+ (gain from j—1)—(loss to j+1)
+(gain from j+1)—(oss to j—1)

Filtration rate

at Wd,>209 g Fij: 25 lwdj0.279

at Wy<209g

FR,;=0.117W4’ ~ 1.05W 4+ 3.09W 4 +0.133

FR;=FR.; T*%/4.47

at 8220 % FR,;=FR;
at 10 % <S<20% FRy=FR;(S—10)/(20~10)
at S<10% FRy;=0

71 = (417X 1079 (10°418%)
FRy=FR,[1~-0.01((log,st.-, +3.38)/0.418) ]

Ingestion
L=fFR

Assimilation
Aj = I}Aerr

Respiration

at Wd_,SOl g

at 0.1 g<W4<05¢
at 0.5g<Wy<0.6 g
at 0.6 g<WdJSO7 g
at 0.7 g<de

at T<10C

at 10C<TLI15C
at 15C<T<20C
at 20C<T<L25C
at 25C<TL30T

R.=0.0005T*¥
R,=0.0026T"*"
R,=0.0056T""
R,=00102T"**
R,=0.0017T*’
R;=0.6693W 44" XR,
R;=0.7552W"** X R,
R;=0.7934W X R,
R;=0.7754W5 "2 XR,
R;=0.7103W4*>*X R,

speed
1 . 1,2sA—FRy

= — 4+ — W,
(=65 + (AR,
Reproduction
Juvenile/adult boundary
Py=RerNP;
at TZO27C Renj:O.S
at 23C<T<27C  R.z=02T—46
at T<23C R.;=0.8
when NP;<0
Spawning

Male/Female ratio
frio=0.021L, —0.62

Eggs spawned

R=0.500j

No, eggs spawned =R;1/6133
Weee =214 X107V,

Caloric conversions
Oysters
- Food
Eggs
Energy

Model Solution

NP;, net production; j, size class
Py, somatic production

Py, reproductive tissue production
A;, assimilation; R;, respiration
O;, numer of oyster population

FR,;, Filtration rate (mL filtered per individual min "

Wy, the ash-free dry weight in g per individual for
each size class

T, temperature

S, ambient salinity

7, total particulate content (inorganic+ organic) (g/L)
x, the percent reduction in filtration rate

I;, ingestion

f, the measured food value (mg/L)

A, the assimilation effciency

R., the ratio of respiration

f, average food in area of interest (mg/L),
fs, food upstream (mg/L),
A, width Xheight, s, speed (m/s)

029 g ash-free dry weight, about 50 mm long
for adult oyster
R, Reproduction efficiency

preferential re-sorption of gonadal tissue

when the reproduction biomass exceeds 50% of total biomass
fraio, the ratio of females to males
Lo, lenght (mm)

when the reproduction biomass exceeds 50% of total
biomass

Ve, Oyster egg volume (um?*)

5,112 cal/g dry wt.
5,168 cal/g dry wt.
6,133 cal/g dry wt.
4833 cal/mL O,

Crank-Nicolson Tridiagonal solution Technique




330 27338 - w3t - Bileen E. Horvany + 3 & - A4 -

Table 2. Opyster size classes used in the model

Size Class Weight (g dry weight) Length (mm)
1 0.46644X1077—0.46132X 1073 1-10
2 0.46132X107°—0.59935X 1072 10—19
3 0.59935X 1072—0.32462X 107! 19—-29
4 0.32462X107'—0.85918 X 107! 29—-37
5 0.85918X 107! —0.15662 37-43
6 0.15662—0.36111 45—53
7 0.36111—0.76711 53—64
8 0.76711—1.37010 64—74
9 1.37010—2.27350 74—84

10 2.27350—3.56330 84—94
11 3.56330—5.54450 94—105
12 5.54450—9.45270 105—120

29z =49 34 EEUY chlorophyll ¢ AEE o] 43 .

F2FU H2HY 2 AEEHIEL 2FFUH 29 F 9
ooz deiA e, AT £0] Fo] HJEZTHAE ojgdx
AZE 718U weH ol e A4 F7IEE HIddE
B39 &4 chlorophyll @ $=% T2 A 7718 =% 4
BHAZ o] &£ 718 Yol AFAE0] BT} (Parsons et al,
1961; Widdows et al., 1979; Soniat, 1982). Soniat et al. (1984;
1985; 1998)9] W3 TexasF Galveston Bayoll £X35e tjA %}z
& Aoz F HolFFdY 84 ¥ /MY F FA BT
Bo o3 2o Holdoge AEZHAENS uHF Yo
%, % chlorophyll @ =& FA3E A But JEEHIESH
FEAAG F718 2 e 2e F YA RIS Hol#F
o2 e Aol 29 AFE oty o Bg o As
Aol Aoz BuF ul gt} gelN, o] AFAME chlorophyll
a 99 4 F7IEHdM FHE D AE, g58ES 2
o] 47T & e 7ME Holdo g A EY o] Ed I 29
23E FAR3 4

e FolAd AT "z HolFTHE, F&TY FEFEE
dolr 7] 993 Wilson-Ormond et al. (1997)0] AA g AN &
2do} HEat Al BE d5F9 7HE ol Wale o
53 2ol AAZY 57 Bolo AAZ e £ glow,

daf _ _

a
at v f )]
Holo} f&9 FAe FIF WY 57t & HFozT s58G
3 MY g 2ol yed 5 gl
d _1 df__ e
dl s dt sV f @

o714 fe FFHE HolF (mgll), t& AL, o 158 (Lho),
Ve AR (m), s& F5 (w), 1€ 2] HAolF (mglh), 18
Al 2ol (eng) & £ F AN £232 EX
gue Fa54 e A0 BINT o} #4) BE F49)
dshe & Q7oA neista stk (Powell et al, 1995). A

Z 2o Holzke g1 o] HEH Ao EXIE Yol9
Hooz Jed 4 3eH,
_ fs+fb
fi= > (3)

4714 fsg EFo] EXste Ho|, for A EXdte Yol
vetdth 919 A58 ol &ste A5 Fo EAdte HolFe A
Arste

el 1, 2A-a
P=tlo + (S )] @)

olt}. of7]14 Ax BF (m?, widthXheight)olt},
4 i

g2y g0l

Fig. 2& 14%lA #3549 4 A4 (El, E6, E9) 9] 27 ¢
B 245E3 chlorophyll aof i3 €d Hdgg Jebd Aol
ZANTE F FLE 4~25CE 4 AP o] H&E EEE Hon,
Ao te s¥oll, A2 290 BEHAUT (Fig 24). AR A&
HAE oF 275~340009, &4 AW 25 HAge 9¥d #3HY
T, A¢E nzA 52 4% BXE 2Yd (Fig 2B). 34 E6
7 B9 A9 #& BEXE veled v, 34 EldAMe &
gol o 30022 g AFRTG A JERd d5F $HE
A FET 15~30 mg/LelUt (Fig. 20). AT ¥ $3€
chlorophyll @& 02~62mg/Le] £XHAE BAeH, 42F
AE dF4o] dojue 4937 9¥d HARE, 28 HAGS
299 (Fig. 2D).
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Fig. 2. Time series of the averaged (A) water temperature
(), (B) salinity, (B) total suspended solid (mg/L)
and (D) chlorophyll a concentration (ug/L) in Go-
seong Bay from June 1999 to May 2000.
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2% (Fig 3B). 5382 03~13mg/LY U E
o, 393 8€l 713 A JebRd (Fig 30). ©] A+
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Fig. 3. Time series of mean concentration of (A) protein (B)
total labile lipid, (C) labile carbohydrate and (D) sum
of three factors (Lipid+ Protein+ Carbohydrate) in
water samples collected from June 1999 to May 2000.
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Fig. 4. Time series of the averaged (A) mean shell length
(mm), (B) mean wet tissue weight (g), (C) mean dry
tissue weight (g) and (D) a ratio of dry tissue weight
to wet tissue weight (g).
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JP).
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AG AFFe BAALE BAFHOR F9 YFARE 0|45
o, g3 22 g2 Jebdd. SL=aWw® (Kobayashi et al,
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[=1]
o>
ol
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o
uu
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o, Wee £ AFF (9%, nd F2E AT AYFE U
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FIEG ME 4SS 2k HT A4S 7 A5 P A
He BN AZT Aol AE AR o)fHgAoH,
=9 27) 55& dFAEY o ¢=HUn

4% A2 g AFFH 529 AL oL 2o
frEAeH, A5} $5F ¥ & 0259 (Fig. 5D).

W=025W,+03006 (n=10, 2=0.8877) (8

HFE9] 2 AAZAA gl AF B $F % BAE AR
BA gLl RAHEHH (Kobayashi et al, 1997), gxtd o2 %3
AZ%Fe A¥AFE 022 15T 0 (Klinck et al, 1992).
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Fig. 6. Simulated time-dependent growth of C. gigas popula-
tions using only chlorophyll-a (mg/L) as a food supply
in the model. Contours represent number of oysters
with an interval of 0.5, Size class boundaries are defi-
ned in terms of shell length and biomass as shown in
Table 2. The dashed line indicates the time develop-
ment of C. gigas populations, which was obtained from
oyster dry tissue weight that was measured for popula-
tions at a farm sites in Goseong Bay.
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L . N A A A L L A
J J A S o] N D J F M A
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Fig. 7. Simulated time-dependent growth of C. gigas popula-
tions using lipid, protein and carbohydrate (mg/L) in
particles retained in the filter as a food source with
100% retention efficiency, assuming that most of the
food is available as small particles by oysters. Other-
wise same in Fig. 6.
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Fig. 8. Simulated time-dependent growth of C. gigas popula-
tions using lipid, protein and carbohydrate (mg/L) in
particles retained in the filter and considered as a food
source with 10% retention efficiency. Otherwise same
in Fig. 7.

Size Class

Time (month)

Fig. 9. Simulated time-dependent growth of C. gigas popula-
tions using lipid, protein and carbohydrate (mg/L) in
particles retained in the filter and considered as a food
source with 50% retention efficiency. Otherwise same
in Fig. 7.
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Fig. 10. Simulated time-dependent growth of C. gigas popula-
tions using lipid, protein and carbohydrate (mg/L) in
particles retained in the filter and considered as a
food source with 35% retention efficiency. Otherwise
same in Fig. 7.
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