"The Sea, The Journal of the Korean Society of Oceanography
Vol. 2, No. 1, pp. 21-30, April 1997

Vel =tz (Sinonovacula constricta: Bivalvia)e] A& YA
(7] ekt 3 z=7H)

g - i) AYUE
Mejeta syt

Growth and Production of Sinonovacula constricta (Bivalvia)
from the Hwaseong Tidal Flat in the Namyang Bay, Korea

CHUL-HwWAN KOH, MEE-RA YANG AND WON-KEUN CHANG
Department of Oceanography, Seoul National University, Seoul 151-742, Korea

Ao ZF 143)0] AA %R{ ALt 50% o) dE Ak HEgtEAE AVl 34 230 A 7H
FurzAfe AL eE 1 'Y 92~165704 2 Vet Autd o 2 ndel PUFE AL Er) vgkon, oA
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{-4.31xexp(-0.043x )} 2 AUt 58] SRR Al vl 84| HA FFAY 30% H =7} 34
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Hch 72t A TE R B, 199294 slelgkzol el gakake 875 ¢ DW-m™ yr', 191442 534 g DW-m* yr',
1990342 59.0 g DW-m™ yr', 19893 4L -30.0 g DW-m™ yrlo]gix}. 7lelatzs) o) itk thE olufof Fof
Hla) o 2-508) A= & Aoz Jehgr).
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The present study reports the density, growth and production of a razor clam, Sinonovacula constricta,
which is known to be one of the important fishreies catches from the Korean tidal flat. The annual yield
reached to about 6,000 metric tons per year till 1994. The study was conducted on the Hwaseong tidal
flat located on the central west coast, 40 kilometers south-west from Seoul. The annual yield of the razor
clam in this area reached to about 50% of the total catch from the whole Korean coast. Samples were
colleted monthly at 14 occasions from May 1992 to August 1993. Density of S. constricta ranged from
92~165 individuals per square meter during the study period. General trend of decreasing density was
observed when the animal became older, but an exception was the year class of 1991 whose density was
lower than that of 1990. The size of the shell was clearly separated into two classes during fall and
winter (from September to February), however, the maximum frequency of the length of small size
classes moved to right after February. It indicates a fast growth of young clams from spring to summer.
Fast growth of the shell could also be examined by the growth curve. The shell growth of the whole life
span was described by the von Bertalanffy equation of L,=89.3X{l-exp {-0.58X (#++0.73)}]. The
growth in flesh dry weight was well fitted to the Gompertz growth model with the equation, W, = 5.00 X
exp {-4.31 Xexp (-0.043X0)}. The clam lost about 30% of the body weight during spawning in August.
The annual production calculated based on the data from September 1992 to August 1993 amounted to
150 g DW-m'z-yr'l, which was 2~50 fold higher than those of other bivalves occurred in Korea. This
estimate was patitioned by each year classes; 87.5 by 1992, 53.4 by 1991, 59.0 by 1990 and -30.0 g
DW-m”-yr' by 1989 year class.
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Fig. 1. A map showing the study area marked by black quadrate on the Hwaseoung tidal flat, west coast of Korea. Dotted lines

indicate the mean low tidal level.
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Fig. 2. The frequency distribution of the shell length of Sinonovacula constricta catched from May 1992 to August 1993. Samples

Shell Length (mm)

were collected on the Hwascong tidal flat, Namyang Bay, Korea.
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Fig. 3. Monthly variations in the density of each year class of Sinonovacula constricta. Vertical lines represent 95% confidence interval.
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7 ARTE AAEEe] MES AW, 19929 Ao
AAEE FAuEo] 7HE & Ao velton, 19899 A1
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Table 1. Mean of the annual ring Jength (mm) of each vear class
of Sinonovacula constricta. The abreviaton, ¢, is ordinal
number of growth rings; 1=1st annual growth ring; 2 =
2nd annual growth ring, etc. The mark of * represents
the annual ring length grown from January 1991 to
December 1991

t

Year Class 2 3 4 5
1988 4498 63.78 7613 82.48* 84.00
1989 44 .94 65.89 72.53* 86.46
1990 4576  60.63* 77.88
1991 44.16* 6495
1992 47.05
Mean 45.38 63.56 75.51 84.47 84.00

He A FAEI o, o)A AR TLSFE 2] A=l A
th ALE AE e 7 A% Az 3499 &3 HR
& L,=4538, L,=63.56, L;=75.51, L, =84.47, Ly = 84.00 mm3.
WElstH(Table 1). 1992304 19933717 1d B4 2 244
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Fig. 4. Seasonal growth in shell length(A) and flesh dry weight(B) of each year class of Sinonovacula constricta. Combining the
growth curve over age, we obtained the equation curve of shell length by von Bertalanffy equation, L, = 89.3 X [1-exp {-0.58 X
(¢40.73) } ] and flesh dry weight by Gompertz equation, W, =5.00 X exp {-4.31 X exp (-0.043X#) }. —+—1989 —&—1990 —

v—1991 —A—1992 —®—1993—



26 23 - gt

B2

Table 2. Relative growth rates of the shell length(SL) and flesh dry weight(DW) of Sinonovacula constricta

Year Class 1992 1991 1990 1989
Date SL DW SL DW SL DW SL DW

'92 26 Sep 0.0004 0.0080 0.0103 0.0103 0.0002 0.0111 0.0000 0.0113
28 Oct 0.0003 -0.0033 0.0002 -0.0056 0.0001 -0.0067 0.0001 -0.0073
30 Nov 0.0007 0.0031 0.0000 0.0040 0.0000 0.0050 0.0001 0.0058
29 Dec 0.0004 -0.0040 0.0002 -0.0046 0.0002 -0.0043 0.0001 -0.0046

‘93 31 Jan 0.0014 0.0045 0.0007 -0.0009 0.0002 -0.0011 0.6001 -0.0018
26 Feb 0.0018 0.0185 0.0013 0.0138 0.0005 0.0106 0.0008 0.0102
30 Mar 0.0014 0.0151 0.0012 0.0192 0.0006 0.0195 0.0012 0.0227
29 Apr 0.0014 0.0005 0.0013 0.0020 0.0012 0.0023 0.0006 0.0013
30 May 0.0040 0.0157 0.0009 0.0073 0.0010 0.0081 0.0009 0.0078
26 Jun 0.0016 0.0029 0.0002 -0.0003 0.0006 0.0019 0.0002 0.0011
30 Jul 0.0004 -0.0109 0.00001 -0.0080 0.0004 -0.0040 0.0001 -0.0030
24 Aug

o] Zole 1992 AHETHE 1989 A F7EA <k 21.0 mm,
12.8 mm, 12.0 mm, 10.4 mm 3 £33t} 1993 A&7 34EE
8872 oF 325 mmA® FUFET &, Zlelgtz e OE o
vl o} o] Ao ol E zhge] FAro] E3E L YL
£ 4 F Utk 49 APSENE Hotslr) $siA] Table 1004
AAE AR E o] 83te] hHZ o2 125 = von Bertalanffy 4
e Adsia. dETE 4 X9 Hv Walford
(1946)°) AAEE 0]-23}4] von Bertalanffy A1) A7)
o, Hzte] AT L,=89.3%[1-exp {-0.58x (t+0.73)}]} 2
th. #EE @)l 0001018, AFAFE)} 09914 ¢
2 HEEA e ARG EE Table 29 AAEHH ),
BRE 7E7lE B @8 Agdde ke e g
Bk

SAR A3Y ALEA A5 S BA BRE AFHgo) &
glo] F7ket7] AlZtste] o §ol AURkE 7 chFig. 4). ol %
8L & Zo= 7Adhe vl ol 7SR Ao QF A
ot} Aol Byt 9874 YA F o2 FU1BI Yt the &)
EA] dAE A5E #4812 deh 2y Aeke A g
02 (el: 1992 A T)& 7HEA A Fo] ZHhdA] ga A
& Fubshe g BolFa grh. Atgte] By 99 o] RE
ol 5d 8¥ Al dal B3t e T 1992d AHE TS 111
g, 1991 A 1.76g, 1990 AHFL 256g 18]m
19893 AT 34go 2 Jepdth 43w AFFe AR
A z} d3E S JAAE AFBE 0] 8-3l] Gompertz
Ao A7, FAR AEF] AFTA L W,=5.00%
exp {-4.31Xexp (-0.043xH}7 2} WFFo FJudFEL
19923 JH TS AYstne B 452 ¥ 3E 2ok A
@712 8¢ A e gto g HojHri(Table 2). 121yt 1992
AGFe A$ T T 1992 99l HFeke] Tl b
7t glo] thgal 8974 A &R 02 Sl

Zhelatzslel wSAdeE Jehe dexes 1d
0.22~0.609] A& B} oju A5 TSAHE

E 4R $ARAS T vEN W L HEES
(Fulton AYelR]4=, Bagenal, 1978). AE|Al4 EAld)
19923 A FRE 1989 QIR M| GHTL /A
TS BIE b, 712l AR R g, A8de &
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Table 3. Monthly vardations in Fulton's condition factor of
Sinonovacula constricta

Year Class
Date
1993 1992 1991 1990 1989
'92 26 Sept 0.30 0.25 0.23 0.22
28 Oct 0.37 0.34 0.32 0.31
30 Nov 0.33 0.27 0.25 0.24
29 Dec 0.34 0.31 0.29 0.29
'93 31 Jan 0.29 0.26 0.25 0.25
26 Feb 0.29 0.25 0.24 0.23
30 Mar 0.44 0.35 0.32 0.30
29 Apr 0.60 0.56 0.55 0.53
30 May 0.54 0.53 0.53 0.52
26 June 0.59 0.60 0.60 0.60 0.60
30 July 0.50 0.56 0.59 0.60 0.62
24 Aug 0.53 0.48 0.48 0.53 0.57

#FE B9k 89, 19933 AR FL el #E e g2 1993d
643 89 Alolol| AFejzlgrel ¥zl Falo] VehA] @gkth
(Table 3).

AZHFL 7122 dod Ae 2 d¥ e HT AEFL B
5 7VERE AR HAAZE AR gl BvE 249 o
ZRE A8 Frer] Azt okFig. 5). Bl F43HA
AAAsta o2 g 7 gkel o /x| ool F ). Abgto] dojydt 89
o A ve ez Hold AEE Ayth Hz d¥EA
1989 % F-& el Fol w3l A EFe] @A FHHAEH,
AT} 10 ind-mRT} Zobx] ElA#H Fo vla] wlf 2A
FAHU}. 53], 1299 1990 o 1gm”2 A2ge Hole
AL ANEE7} 1 ind- m’2o} H317) W o). 1990d I
& 590 153g-m’2 HogS BAT7} 98 14gm’E
FA8A Zastdt. o) 59A 99 Alele] MAEETT 68
ind-m*JA 17ind m*8 44} B 7hisn, A8 A5
AA] Abgo g ¢lsf 2.254+0.253 goflA] 0.834+0.682 g2 8 1/
2~1/32 YolA7] wio|tk. AAHE T 1992 AF e Y\
e 19923 5Yol] 1.5 g-m7ol|A] 19934 690l <k 80g-m’2 F
73| 7

EFQEZo) g Z AP P v &L I 2
1990d AT e 1992 SYEE] 1993y 3Y7x] M E o
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Fig. 5. Fluctuations in biomass of each year class of Sinonovacula constricta.
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Fig. 6. Monthly variations in daily production of each year class by means of the flesh dry weight of Sinonovacula constricta. The net
production of Sinonovacula constricta estimated by Ricker's method was 149.9 g DW-m?-yr’.

doll met Aoz Qe NAUEE A 7Fad Aov, 7+
QRETY A ML v &L mdFYFo] A
& A vebd Aojth. F M4 9A] Q2
et LA H oz FUsIATE Ha ghdhe Ro) dwtAQ
@olthA#H 1, 1995). vt B 2AMAME XHe 7igde
2 QaiA FAMALE} F7kshe A4 Algez 93 14
BT AAEEI}F At me ZrAshe o] FEEA B
HA Zaith & reEntzle 7ijle] o] FoR|E 5, 697
o] &(Fig. 2l F2A < 20m = oz ZAX| A
< 0A AIEo] 14 o] AAET) 238 HA QAU
(Fig. 3). o|8l&t A= 71927t A7l wal A2
£ ol Fs] Wi vehte Aetn §538 & Uk & &
ol Al BZE vl 9J3lH, A7) 2~6 mm F 9] 7wz
A F42 £ mm ZHolo] HHE&NA Doz A2)st
I AT o & A MAR|QA FEReM e slIRzANY 4
Ae A8 gllen, g 25204 oF 20 mo]d oA
oAM tgez XAttt ol2ld A4S 4 mm A7) o3
A7} Frae £Eol e YA HAHE B34 43 7
AR T FHOZ Aol FEE AR F BE A G
A Al 2 el 7hglo] oluR] ¥m AR 5 Aot
st dA717HE B The, AAe MR E Aol g
HolEo} 3zt o] gh 2]s)o] o] Fol #ejA = thE o] wig)
£ 3oz 3o olu] gld ul Ut} (Armonies, 1992; Beuke-
ma and de Vlas, 1989; Sigrudsson ez al., 1976). el 2 Al

HE ol F4=2 AIAAXE XA Frlddl o™ X9
Mzl 71l E o] F38HA vt = 2] R8Tt

71zl AWNEY FaF 2590 R o] XA 1d
Zt 9F 4000 o] 8= 3 glct. wjg o 30 B F=E J)A
F2 A o 1.5x10M] Axo|t) 53] e o3 &
g e ZHEgRAe g 2327171 50 mmo) 49l At
< WO E 3o o|FoRch X3 oRIEL VR RRANE A
g u), 22 dRAGE d93te] slejgz) AAE JAF
o2 o]} o2t o] FH4] o2 QlefA Fig. 33 ol A
Aol WalZo] A3HA vepgd & itk a8y AN =
XA E4 A7 e AAEC] dFor Add=
3 BEE R ol ofF sir BF QBT MAFrt
A Aaste AL Fe=x] gt

£ 2AETCA 19919 743 el gtz A xr}
AtiHegz nAHFQ 19903 QAH T vl e3)E] AU
Z2e #&o 2 Yehgrh(Fig. 3). ole 1991d A% 29 71817
Tt dodoz FAL-E ouiFcl. IWtH o R ofuu Fo
TR EE Fo1 2L 4 0 A3 x| wet T FA3E
9] 7ol wte} 23 dctn ¢gelA Jti(Beukema and de Vlas,
1989; Gunther, 1992). ©] 2| H-& 1991\d 39| A& Fall3t
SAR/7IEAL T} o|FolA FAjdl slelstzsle] o g
AZE g Ete] slelgtzale] ofwl Aol 50% HE FAH
Aoz Bug AFo|thEA, 1991). wahA] 1991 FA] 9
o XHE o] o]F AAUEs} AvtEo T e AL



7Vel 8tz 7l (Sinonovacula constricta: Bivalvia)e] 43t AAr (A7) Fokgt 3443 271) 29

—
Nel
2
L2
2 =
o N,
FJ ool
Yo
RO o2
o
o
tlo
o
i
tfo
>.\l
3
_Q
AN
FN
_‘Z
i
\l
lﬂ
0,

o 6
0 03_ v’jﬂr 1992d AHT
3 23, 1991 AFE o] 1990 A+

o

d i
B} o] d¥dole BEFsla d5 AAE Zo| ArHFig. 4).
wak, Z3e] AAASN AT 1991d o) 19903 A3
TR B BriEdn, A7)0 A Ueldh(Table 2).
A

o] AT 4] A9 vehds % 04 #dol g
HoET wE TEEE AREAD, ES *JEH% YERl = Ful-
ton&] A} ef 2| 4=(Fulton's condition factor) P A] 6¥ ol 0.6012
e HQl T 795H fadte g A% HleiA deg

5 w2 A Alzsta ok AFdd Ayt 9A) oF 534 g-m?
219924 A3 7(67.5 g-mP)F} 1990 A8 7(59.0 g-m7)el] H)
3 duiH g v srtelo] sheigtzA MATFAN a8 F
2% A2 31 G2 dHTez Yk 4 o

7H%EI, §F, v 53 22 ojuldle MAxo] FHAY
T F AR AAM AFo] A FUIRE AT AbA7)¢
AR & A Aasta, ol % Z.%i% Sl ARZFECHR
3 31, 1995; &3} v, 1994b). 7heiukzs) HA] FaFo] F7lsta
agto]l HAHATHFiE 4). 28, 1993d AR BHAHT
3 2] AFArE ER1EA] ekt 39 7FYE 19933 A
T2 ZHAo] 4.8 mm, AETo] 0.002 gol|A 8¥AdE 37 mm
0.14 g A== AU =dl(Fig. 4), AF047F T2 A] Lk
thool2fd AMEE 19928 AT AFME B
1992 AT JA] 7Fd e alQl 199290l = AT dAr) #dH
2] ek, 7FIEEA] 1id Fo] AR 19933 7ol of dhg
Zoll Blsf oF 30%2] A|Fo] At o) 2R sle|gtzAe
F 1do] At Foflof Moz ey EAROR A
= Ao At} R el Azt 94 ol
A5 7H Alololl et el 4o] 4%
% AF7H4E A% Aotk 19939 ARFE
E AR Wt AL glol A E%o] oyt
o 2 HerETH(Table 3).
Mol BARAY AEFM 7t A& o] AA|sHe
B, 1992 992 E 19939 3971 1990 &
1991d A Fol AA WEF 30% ©]dE 742} 2R
3t 39 ol FREE 1992d AT AEYo] IA =
st ALl oF 40% o1& AAISHA HUTHFig. 6). ©]
1992 Fell= 1992d AH T A Fol UF oM e 4
TR 2 MAdTox B7stn HEake] AA A" A
oltt. 11d 7235 A7 Folle SR AdF o] AA HA A&
g 2 3 U228 X5 AR Fo g HrE Y B o)A
e RtzEN = lﬂ A At AA WEFF EHFE A
A gt Ao E wkdE.

7le)gtzA e AL 1992d 9YEE 1993 8Y7A] &
AR AzxZgoz B 1499g DW-m™yr'2 FF Ut o]
€ ¥=9 the F8 ol REY] A v o & @t

mlm

ol
¢
>—

1A%

of

A o do
N

i
)

o

X

fo AL
O

il ©

= )
&2

poc)

PN

HJ o L
ot &
g
8

K

ar 3

olth. &, A FERI AN FPE siegtzsl et %AW ot
2 (Solen strictus)e] AZHAY2eFo] o 2.83 g DW-m™yr'(E7
B} 1994b), 7t Tl Mgl ol wix|g (Tapes phi-
lippinarum)e] ¥ 503 g DW-m>yr'(gd, 1986), 123 AHEE
AE z27H o] A& st = (Mactra veneriformis)?) 67.9 g DW-
m”yr'2 Bug v ghalsh 1, 1995). 71l gtz e Aatee
o) 5 o|uj 3 ol Bla] 2k 2~50u) XJE Z Aoz vepgtt 18
Uzt gAEAE e A8 2T 7Fo g 3l 1122
F4 o] T ojulsFot 2A T2 ¥t

25

il

ek

7% 7120, 1983, SFAHSPETR e T3 Ak 3.
B2k E-nrdl §H(Spisula sachalinensis)e) AM T} A4g. A=EAE
3]7), 16: 82-87.

2714, 1994, Aaok dojat mB 20 HH2e) A7
. ol &A=, A &5t 83 pp.

794, 1986. V2t vlx|(Tapes philippinarum)2] 3%, A%
2 AL o) BFAALEN Y =B, S th ki, 44 pp.

FAAP 2T, 1994 FABATHAR LT ADL.

ofn

]

e

gty

Jim

“’F‘ﬂ‘l’u@ Z3}, 1995, FAEAS A 15 AGR.
AdE 7AF, 1995 M3 £ AU F=(Mactra veneri-

formis: Bivalvia)o] 2373} 2. g 3423 1 30(5): 403-412.
AL, T4, o] A3, 1995. %"o‘“ﬂ mE e A7k BE
W} gk 8 oksha] <], 30(5): 390-402.
AF4, 1989. g2k oﬁxﬂ%DA om0z

Suppl., 1: 1-90.
B A}, ukE4], 19%4a.

. Korean J. Malacol.

VAL A F2 AN GEe) Y

AEAA L AAAG 7FAR]Y] Aalsl= akzs)] Solen(Solen)
strictus @] A, Sk b als] 7], 27(5): 549-559.

A, 2HEA, 1994b, QHIE AL Fa A AR A
AEAA I BAXS ZHR G A2sE ubZz7) Solen(Solen)
strictus & B2k, 3-8t 8] K], 27: 560-571.

A, AR, FAY, FAE, 1994 AH 57
AAFEA AAAEE, 88: 34-50.

A, 1991. IAAIG A 2 99 Hdd 34 Hel. 10 pp.

Armonies, W., 1992. Migratory rhythms of drifting juvenile molluscs
in tidal waters of the Wadden Sea. Mar. Ecol. Prog. Ser., 83: 197-
206.

Bagenal, T., 1978. Methods gor assessment of qish productron in
fresh waters. Blackwell Sci. Publ. 365 pp.

Beukema, J.J. and J. de Vlas, 1989. Tidal-current transport of thread-
drifting postlarval juveniles of the bivalvia Macoma baltica from
the Wadden Sea to the North Sea. Mar. Ecol. Prog. Ser., 52: 193-
200.

Gompertz, B., 1825. On the nature of the function expressive of the

o)
o
=
s
‘T"

Fus9e) s

law of human mortality, and on a new mode of determining the
value of life contingencies. Phil. Trans. Roy. Soc. Lond., 115: 515-
585.

Gunther, C.P., 1992. Settlement and recruitment of Mya arenaria L.
in the Wadden Sea. J. Exp. Mar. Biol. Ecol., 159: 203-215.

Koh, C.-H. and H.C. Shin, 1988. Environmental characteristics and dis-



30

tribution of macrobenthos in a mudflat of the west coast of Korea.
Neth. J. Sea Res., 22(3): 279-290.

Lee, Y.H. and C.-H. Koh, 1994. Biogenic sedimentary structures on
a Korean mud flat: spring-neap variations. Neth. J. Sea Res., 32:
81-90.

Oh, S.-H. and C.-H. Koh, 1995. Distribution of diatoms in the sur-
ficial sediments of the Mangyung-Dongjin tidal flat, west coast of
Korea. Marine Biology, 122: 487-496.

Ricker, W.E., 1975. Computation and interpretation for biological
statistics of fish populations. Bull. Fish. Res. Bd. Can., 191: 1-382.

Shin, H.C,, J.W. Choi and C.-H. Koh, 1989. Faunal assemblages of
benthic macrofauna in the inter- and subtidal region of the inner
Kyeonggi Bay, west coast of Korea. J. Oceanogr. Soc. Korea., 24:
184-193.

Sigrudsson, J.B., C.W. Titman and P.A. Davis, 1976. The dispersal
of young post-larval bivalve molluscs by byssal threads. Namre,
262: 386-387.

Von Bertalanffy, L., 1938. A quantitative theory of organic growth
(Inquires on growth laws. If). Human Biol., 10: 181-213.

Yoshimoto, M., 1989. Ecological study of jack knife clam Sino-
novacula constricta-V, Fluctuation of physiological indicator and
morphology with growth and maturity. Bull Saga Pref Ariake

SR

Fish. Exp. Stn., 11: 57-66 (in Japan).

Yoshimoto, M., 1994a. Ecological study of jack knife clam Sino-
novacula constricta-VIII, Predation by ‘eel-like goby, Odontam-
blyopus rubicundus. Bull, Saga Prefect. Ariake Fish. Res. Dev. Cent.,
16: 7-14 (in Japanese).

Yoshimoto, M., 1994b. Ecological study of jack knife clam Sino-
novacula constricta-IX, Morphological comparison between
domestic clam and Korean one. Bull, Saga Prefect. Ariake Fish,
Res. Dev. Cent., 16: 15-24 (in Japanese).

Yoshimoto, M. and T., Shutou, 1989. Ecological study of jack knife
clam Sinonovacula constricta-IV, Growth and survival of cultured
clam, properties of mud in the culture ground and its im-
provement by scatiering sands in clam bed. Bull Saga Pref
Ariake Fish. Exp. Stn., 11: 39-56 {in Japanese).

Yoshimoto, M., M., Yuzuriha, and K., Nakatake, 1990. Ecological
study of jack knife clam Sinonovacula constricta-VIl, Experiment
of natural spat collection by the method of setting up bamboo.
Bull. Saga Pref. Ariake Fish. Exp. Stn., 12: 53-65 (in Japanese).

Walford, L.A., 1946. A new graphic method of describing the
growth of animals. Biol Bull. Marine Biological Laboratory,
Woods Hole, 90: 141-147.



