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Abstract

This paper is to study population ecological characteristics, including growth parameters,
survival rate, instantaneous coefficients of natural and fishing mortalities, and age at first
capture of the soft-shelled clam, Mya japonica in the intertidal zone of South Sea in Korea. For
describing growth of the clam a von Bertalanffy growth model was adopted. The von
Bertalanffy growth curve had an additive error structure and the growth parameters
estimated from a non-linear regression were SH..=79.83mm, K=0.26, and {,= - 0.01.
Survival rate (S) of the soft-shelled clam was 0.26 (SD =0.02). The instantaneous coefficients
of natural mortality (M) was estimated to be 0.78 /year and fishing mortality (F) 0.57 /year for
the soft-shelled clam. The age at first capture (¢.) was estimated as 2.69 year. The mean
densities of the soft-shelled clam by bottom type were 3.40 inds./m? (SE=0.18) in the sand,
63.4 inds./m? (SE =0.53) in the muddy sand, and 0 inds./m2 (SE =0) in the gravelly sand. The
mean densities of the soft-shelled clam by 3 different areas were 4.88 inds./m? (SE =0.09), 2.61
inds./m? (SE=0.13), 7.20 inds./m? (SE =0.18), respectively and the biomass of the clam were
estimated as 131mt, 121m¢, 665m¢t, respectively. An yield-per-recruit analysis showed that the
current yield-per-recruit of about 8.30g with F=0.57 /year and the age at first capture (¢.) 2.69
year, was lower than the maximum possible yield-per-recruit of 9.60g. Fixing tc at the current
level and increased fishing intensity (¥') could produce an increase in the predicted yield-per-
recruit from 8.30g to about 9.40g. However, estimated yield-per-recruit increased to 1.30g by
decreasing tc from the current age (2.69 year) to age two with F fixed at the current level.

Yield-per-recruit was estimated under harvest strategies based on F,. and Fo1.
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%2 3} (Family Myacidae)oll 43t |79 =
Fe AAA 5% e A2 LA 3o,
S8 vt A AAEE 8% Mya)dlE $9
(Mya japonica MAKIYAMA) 1Z8 |t} (&,
1979). 22 FA Wzt ) HFAdo] Zato
S AX G HAEEC] A 5 e &7
F2e A AAsted %S Zolzty A 3
o, 8 vkl A= A Aol A4z 9t

TH AL FRAES 2, B HAEE 1)
AWM A AGE Eol7ted], o] W EALEA
2 2o Fash o) M E 27409
Wl LA ZtA 0.26~3.8mm A7) 9 w2
Bol B 4 qlth o] & AHNEL FAEQ A E
EHlsty, 1 5 Zdd B3y g 82
el wet A FFol AF XAME HE £
of ZAsA T, FAol HAT e FE0) He
RollMe AF Hol &5 Y & B2
Fas A A g3t (F, 1979).

8ol #A AE - AHTH N2AF7 AF
7EA A9 glom, FAH AAY FAL o)L
g e B oty AYHEs 2 APy
Qbell FeF A A o] FolXx] ¥ gtk
B AdFAAE o5 Gl 7] A4Ey

e FHY AR E4H AABHAE
33 olE AAF ol gHA S AU g
#e % A AABE LA BB A EA
E2AgsTA Bk

o

LEZO HF U 5

B dFoE 1998 1292 F 19994 10¢
7hA kel gt 220 (ARA & Fe) o
9d 2R AR A9E 9 1314 538 A
ZAE "3l 98 (soft-shelled clam)S ] % 3}
Ao (Fig. 1).
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Fig. 1. Map showing the sampling sites of the soft-
shelled clam in the intertidal zone of South
Sea in Korea.
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Fig. 2. Shell height and ring length of the shell
used for age determination of the soft-
shelled clam in the intertidal zone of South
Sea in Korea.
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2. 1. Z}-%Ag];ﬂﬁ_}.z:] "—EF/%]
(1) o & 3k A A
A9 7 zto] JeleE &80l A
d”EEPMHI%*JuaJ 3 8

A7) B RS EFRES) A AdA S

(Marginal Index : MI)2] 449 Wa& ZASHA

0 a9 4E (DY Fadth
Mp= B (1)
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A7\ N, Re 2T, ra A2 AR 2HIA n
WA & 727k 9 Aol

S0 239k MR HAE Botns) 95
o] 9@ z}¢Z (error structure)E #¢ls gt &
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).
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Y g Lo g9 2AFEE /MR 4
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z}< ¥ (nonlinear least squares)& A2 A
(SH; : &4, ¢t S3EF). ol A9 +4
of Q3 AIABEE 7 AH 3 BE SF
2} 7 A F ot} von Bertalanffy A NE TS
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1975), Chapman and Robson (1960) ¥ 9] tf
A 71X HE g AFE 39 Y (Zhang, 1991). obA
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Heincke 1} 7} Chapman and Robson B} gl
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£ Lsts) Aol olF FHUEE A3
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wagoh BRI (SSQ2 AFE
A5l @ar el AFHolehE HY skl A (6)

SS@= X [(Inobs. C)—(In est. OF (6)

N

=~In$§ D
2+ A AA A 4 (M= Alverson and Carney
Table 1. Age composition of the soft-shelled clam

in the intertidal zone of South Sea in
Korea

Age(yr) 1 2 3 4 5 6  Total

Number 96 280 522 153 23 7 1,081
% 8.88 2590 48.29 14.15 2.13 0.65 100

¥, Mya japonica®] A4 Bl &2 SA]

(1975) il 8)H o8 F4 skt

M=K )

eK(0»38><tma.x)_ 1
o} 71 A, K= von Bertalanffy A 34} o] A& A 4=
tmaxe A HAHEE ek oh
w7 AL A F (F)= ()2 3 (8)2] ol M 3
Z3H3 M7g (92 o t )bl F=A 3ok

F=Z-M 9

@ A #AADE (k)
FAEES B4 ool AT 1
| EIUES A % old9 T 4y
SR ESE R
el ool LESE A4 FUFE VHZA

il d 9EZ
A7 Aol oA ST ZAH L obd o,
SAEES AUS 278 A FT FANR
ARG 1 AAES) ARRYLS 24 A3
ZAE G Aol
MA7ke] AAafe] g 2o FAl Al e
Aol ANAHE Age o WS AT A
ok whd A, A S Az gellA A
Wz AYFH ZAUE 47 68k Py, 7+ o
AY T AR 2N E 27 .9 Poth 89 o
HANAH ()2 (10)2] & AHE-3te] FA stk
(Table 1)
ty » Po+itp + Py
tcz—mb— (10)
2.2. A =

A4 (B2 7 o] RESRRE 27t
HALE D), BFFH W), A4E8 A) 5&
ol &3t 1Y ez FH s rt.

B;=Di -W, - A; (1D
71 A, i | FE VeI
Do B4 (Var)e 9 4y (Delta

method)Q] (12)4] & 2 34 3} % t}.

Var(B:) =AXW:)* Var(Di) +Di* VarW;)) (12)
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Bertalanffy 4 44 9] Al¢Eol2, M &7HAA
APRAF, G2 AR AR, L' T YEH
Z2 YMAEAH, tad HIAH I, Up=1,
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(14)
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i S
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S+ vk galer 22 M E 9e 9
o] A A A A A dd e i3 XU EE Table 29}
2ok MAH A BFHAYE ] RAS 4334
AAEtGon, 2 ZAAAD £E 1254 F 02 A
22 (S)7} 92 (73.6%), W R (mS)7+ 32
(25.6%), 21813 AR (gS)7F 1 (0.8%)7 A ©]
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rr

T

2.

Table 2. Bottom type and density of the soft-
shelled clam in the intertidal zone of
South Sea in Korea

Mean density of
Bottom type Number of soft-shelled clam  SE
station (Inds./m?)
Sand 92 3.40 0.18
Muddy sand 32 6.34 0.53
Gravelly sand 1 0 0
Total 125
A area (12 samples)

B area (11 samples) C area {16 samples)

Fig. 3. Diagrams of surface sediments obtained
from the intertidal zone of South Sea.

313v1E], W2 (mS)ol A 203wt8], 183 =7
22 (gS)ell A Onte] $ith. Table 204 A & AtH
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R, WA 6.34nel/m*E 74 E9d, B
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(triangular diagram)© & el 21t}
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-/
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Fig. 4. Relationship between shell height and ring radius of the soft-shelled clam in the intertidal zone of

South Sea in Korea, 1999.
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expressed as the mean +95% confidence
interval MI.

A% aA vetgth ekA #zd Jetvde &
7 Atolo = th-s-Ad ol A AT (Fig. 4).

H#o) FAHE A7 g4=HE SrE
3t7] 18 A9 A9 A Y Wt Fig. 58 2t
Fig. 5ol A} Q=4 gho] 290 0622 713 2
3, AE AAscis 1049 0112 744 shoph
wEkA], $89 S5 9€9 1090 A 13 A
25 Y 5 AT

T L0810 A 9 REAEE o) &3t H# &7
S A A2 &7 H9< 14 18.34mm
(SE=0.99)9] A 64 63.57Tmm (SE=1.68)5 =4,
ol FF FAES AWE 4R st

£ 389 7zt (Shell height)9} A% (Total

—239 -



ol A4 2-7%

250
. Observed
Predicted
200 F .
= TW = 0.0006 SH 2%
;’ 150 b n =1,081 ‘
[

80

SH (o)

Fig. 6. Relationship between shell height and total
weight of the soft-shelled clam in the
intertidal zone of South Sea in Korea.

Table 3. Regression statistics for the soft-shelled
clam obtained from the intertidal zone of
South Sea in Korea

o =
80 "
SH, = 70.83 (1 — g 0B+00)
n=1,081
2 .
60 F R°=0.83
H
£
w 40
o
20 t
0 A : . . : . .
0 1 2 3 4 5 6 7

Age (O

Fig. 7. The von Bertalanffy growth curve by the
non-linear regression method of the soft-
shelled clam in the intertidal zone of South
Sea in Korea.

Table 4. Nonlinear least squares statistics for the
soft-shelled clam in the intertidal aone of
South Sea in Korea

Statistics Value Statistics Value
fha+SE ~7.4906 +0.0659 fe 78.8258mm
95% CI for In o (-7.6199, - 7.3614) K 0.2621/yr
np+SE 2.9805+0.0183 % : -0.0093yr
95% CI for In (2.9445, 3.0164) n 1,081 inds.
a=exp(ine) 0.000558 R? 0.8296
95% CI for o (0.000491, 0.000653)
n 1,081 5o 5 2 &l O o
’ o2 A3 9389 von Bertalanffy A A2l-2
R 0.9636 T8 529 y 74

weight)# 9} #7 & Fig. 654 2t} Fig. 6914 =
@l 27t AR Mt A gzt JE T
7bale #9 LA+ X (multiplicative error
structure)& 7HE k. wekA, (3)4 & AbE-ste] A
FHrAcHZ FHE ¢ 429 d5H%
o) At A4 & (15)4 3 2k,

TW =0.0006 SH**® (15)

o] #HAE
olq.

-89 A% Zta e Fig. 7 2ok S/HEs
2l AF (t)o] 7ol wmet Z ol 7t A3
Z78tR 2 §el Qa2 (additive error struc-
7FA 9, ()2 & Abg st v H aAE

YEtl & 4= Table 3o vebrt

ture)S

(16)é4 4 7t
SHt — 7893[1 _ e—0.26(t+0.01)] (16)
A2 el 2% 2 7He Table 40] UEh] L Th

2. 2. AV A

3 mRe) W gAoRNE 2UY 4

ﬂ%cﬂ SERE RSt

4B BAAURFLE BFA DA )
U o 7 AL S A ES —3— Table 59} 7Fc}. A}
vk = Jackson t’o 7} Heincke vHH of

ERRIE S DI

3 & a0
2447 0230190, HAARGE A
7 # Heincke B o] 2] 3 B4l =}3Ho] 7.2762.
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Table 5. Survival rate(S) and instantaneous
coefficient of total mortalities(Z) by
various methods of the soft-shelled clam
in the intertidal zone of South Sea in

Korea
Methods §  Var(S) Z SSQ
Catch curve 023 NA 147/year 8.797
Jackson 026 NA 1.35/year 35.292
Heincke 0.26 0.0003 1.35/year 7.276
Mean age 0.24 NA 1.43/year 8.250

Chapman and Robson 0.24 0.0002 1.43/year 7.238

Table 6. Estimates of survival rate(S), instanta-
neous coefficients of total mortality(Z),
natural mortality(M), and fishing
mortality(F) of the soft-shelled clam in
the intertidal zone of South Sea in Korea

S Z M F

0.26 1.35/yr 0.78/yr 0.57/yr

743 g ghol itk wrEkA, o] A
o7 717 A et Heincke W ol o) gk
A2kl 0.26& o} AFEE QY. 1
3, &7 AAVYA = 1.85/years A AHE QLT
A TAl, A3AF (K+ 0.26/years ©]
Gis AL A A A 5 0.78/yearS A 43
o} 283, &7t F Al A 4= 0.57/yearZ Al AL
HAth o] 27E 2 Table 63 2t}

2. 3. AR A (&)

Table 1o d8zA AFE AME3t9 (10)4 L
ALS-3hod S e g 27k 8o o FfAA

Y (t) T2 50 Y AE & At 5
AH T ()L 34, 2 =49 (Py) 48.29% 2.,
713 ol A Z ()2 14, I 2494 (Py)=
8.880]9th 11 A3 o] g MA A H L 2.694 YT}

2o 7t ¢ PAYEE AS T Da) 4.88
7 (SE=0.09), Ball 7 (Dp) 2.617 (SE =0.13), 1
2] 7 Cal 7 De) 7.207) (SE=0.18)Gt}. 7+ &) 7
W HFET2 As) 3 (Wa) 29.91g (SE=1.99), B
) 7 (Wa) 35.69g (SE =6.64), 18 3 C3)+ W¢)
30.56g (SE=2.01)°] Tt (Table 7). AA A 2w
2 & 518ha (5,180,000m»)Q 7, 7t 3 79 WAL
86.3ha, 129.5ha, 212] 3 302.2ha it} ©| S A8
2 ol (INY SR ANY AAFE 77t

o o

op Bu M i &y

%8, Mya japonica®] QA€ 54 54

Table 7. Area and density of the soft-shelled clam
in the intertidal zone of South Sea in
Korea, 1999

Area Number Mean density SE
of station (Inds./m?)

A 89 4.88 0.09

B 86 2.61 0.13

C 75 7.20 0.18

131mt, 121mt, 665mtC Z AA AL B 91Tmt
olAth (12)H 22 Aatd |98 Ao B4t
& zb7} 8.38 x10%, 2.01 x10%, 12 2 3.11 x 10V
o) At

4. R "ot

89 AAIARL G HHo|FYIhA AHEZ
Z22A317] 93 Beverton and Holt (1957) 2.9 ¢
A ol2H el HAUAF (We)Z 502, 4 3A T+ (K)
£ 0.26/year, Zt317} 04 W o] EHR) AH (t)Z
-0.01A], =7k AA A Al 5 (M) 0.78/year, o1 §
A DE (L) 2.694, AA7FIAH (¢)2 0.56
A, A A (¢S TA7E Zh A E AT &7
ol FAtgAl & (F)o] th g o] FAANAE (L) 7}
JFA A (Y/R)#He] #A = Fig. 854 2t} Fig.
8ol A Moz BFAE FHL A A
AH ()] 2.694, F=0.57/yearl A& 7+ 24
AbeFo] 8.30gd& YEI I Atk A o A}
WA FA A} 7Y FANEFS 271 HEAA
EojEANA AFE of 24 2 WFH o} 312, A9
AGNA AHANN EHAGALAFE ELFF
YT S

B AR (t)ol o8 27>
o} 7t G AT (Y/R) 2 #A
Fzr& 057/9% $X3dAM &
AL o 7td g Aol 71
& T A2 .8 34 ol

rN

YA A 5 (F)
Fig. 99} 72t}
1.54 =& 2.0

N

r\O"‘rTri

lo
b kll'f
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N
>,
N
g
i

g F 2}4 AA Y e 269HMWL F3lol
1.5/ B2 2.0/dd o) oo 7ty A ateol
9.40g2 Ve oW, "9 Fzrel 0.57/d ¢ A
o] 7P LHF 8.30g7 = 1.10g8 =9 Aol 7t
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Age at first capture (%)

Fig. 8. Yield per recruit curve of the soft-shelled
clam in the intertidal zone of South Sea in
Korea. Y/R against the age at first
capture(t;) for various fishing mortalities

(F).
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5 2 25 3
Fishing mortality (F)
Fig. 9. Yield per recruit curve of the soft-shelled

clam in the intertidal zone of South Sea in

Korea. Y/R against fishing mortalities(F)
for various ages at first capture(Z,).

Fig. 103 7t}
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10. Yield isopleths for the soft-shelled clam in
the intertidal zone of South Sea in Korea.
P represents the current state of fishing
mortality(F) and age at first capture(Z.).
AA’ is the line of cacometric fishing,
which means the locus of point Fy,., for
the fixed values of current f.. BB’ is the
line of eumetric or optimal fishing, which
denotes the locus of point ¢,z for the
fixed values of current F.

Fig.

Table 8. Yield per recruit of the soft-shelled clam
in the intertidal zone of South Sea in
Korea under harvest strategies on Fpax

and Fy,
Age at first F F Y/R(g) at
capture max 0.1 Foo Fos
1 0.778 0.407 8.878 8.382
2 2.603 0.763 11.665 10.312
3 >3 1.112 11.936 9.585
4 >3 1.158 9.309 7.342
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