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Growth Patterns of the Manila Clam, Ruditapes philippinarum at
Each Tidal Level in the Intertidal Zone in Tae-an, West Coast of
South Korea

Hyoung Sum Han, Chae Woo Ma and Ji Yeon Kim

Department of Marine Biotechnology, Soonchunhyang University, Asan, Chungcheongnam-do, 336-745 South Korea.

ABSTRACT

Growth patterns of the Manila clam, Ruditapes philippinarum in each tidal level were studied in the intertidal zone
in Tae-an on the west coast of South Korea from April to August 2009. Environmental factors and the specimens of
R. philippinarum were monthly collected at three intertidal locations: low intertidal zone, low-middle intertidal zone
and middle intertidal zone. Temperature of sediment in low intertidal zone were lower than those in other intertidal
locations. Concentrations of Chl-a. were not significantly different between in each tidal level. Exposure hours in
low intertidal zone were shorter than those in other intertidal locations. Density of each year class in low intertidal
zone were higher than those in low-middle intertidal zone and middle intertidal zone. Growth factors of R.
philippinarum in low intertidal zone were better than those in other intertidal locations. The growth rate of under
one year class individuals of low intertidal zone were higher than those in low-middle intertidal zone and middle
intertidal zone, before the main recruitment period of R. pilippinarum. Although the growth patterns of R.
philippinarum may be affected by various environmental factors, we suggests that the exposure duration is the
main affect in the growth patterns of R. philippinarum in intertidal zone.

Keywords: Manila clam, Ruditapes philippianarum, growth, intertidal zone, exposure duration

M E

vlAZ  (Ruditapes philippinarum) =  o|u=7}
(Bivalvia), ™¢r= (Family Veneridae) | &3l= £o%
4 10 m H9]9] 60-80% AHEE et M Al F2 £
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7 gEo] AAlFe] Eol A SHoME S F2
3 Zo|t} (Kim and Jhang, 1999; Shin and Shin,
1999).

SEuel Asficre] A5, 497 64 Aol AEEFAEC]
t5alale, o]of ule} wixA|E-E 56 AT Agks gt}
(Yoo and Choi, 2005). w}A|gh& -4 7|15 74 At
Hog 7o 2717} 0.8 mm A=/} =W vl =& B2
Z271gol AdgAez A4 714 (soft bottom) °fl A=
(settlement)s 3l=d] (Coutteau et al., 1994;
Drummond et al., 2006), °]E2 5| F3l7] wjio
A F 27 42 vET FAEE g Gol e
Alg7He HE 9 7 Ho|AA § ST s et
(Kim, 1988; Kim and Kho, 2004; Toba and Yamakawa,
1993).
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Fig. 1. Sampling stations of the Manila clam, Ruditapes philippinarum in Taean, the west coast of South Korea.
The intertidal zone was divided into three subzones: Middle intertidal zone (M); Low-middle intertidal zone

(LM); Low intertidal zone (L).

A2l 482 Fv] (Fournier et al. 2002; Mills, 2000;
Pechenik, 2005), ©]52] 3] Al7]o] Alga} AE5S =
A= Fe F7e9loltt (Laing and Child, 1996;
Darrigran et al., 2004; Yan et al., 2006). 3} tf7] 2%
= 209 HellA =918k vl ARt E1, 2909 Wst
= olmishFel AttzAdatgel J¥S Fob (Holland and
Chew, 1974).

z7befoll AAsh= o] uslFel sFollA AAlske ol vishF
= Aol7ks Azt Abel7t etk Fi A 74 AZIE AA A
g0z zaid dA7|Ae] AR o|uisiFe o] AEel
ik Aloks W] ofA|RE, 2A0de) AR onislRe 24
7kmke] Aol whg o] FFAITke] AlokE W=t} (Akberali
and Trueman, 1985; Coutteau et al., 1994). 18]22 X
el o 2E A7k Abel= vupAEr A S £ R
A=Y el A abAlEke] A2 9o whE wix]Ete] A4
At ol #gt A= wlv|gk Aol

A7 Hokr ohE udH R ARk gle
RS gike e AR AT 4] AolE st
A zAbekglew, 53] d7] Fof EA7te] wixlEte] A%
wWslol] m|xl= Qg olfetal Yok wF Fu] Fo kA
o el v ] ALAELA ATl V2ARE AlF
shaat ik

Mz o
1. 2] A4 9 2 FES

A5 = 2 AR e} YA 2254 (Tondocom co.) &
A& 5o 10 cm 715F AF9lste] SAsIG 1, AA v 272
Az AL 98] Chl-a & Cored AHE3te] ZHoA A&

i3

o

o,

£ AAsle] UV-VIS spectrophotometer® F3:=E 5
sk 549 $35 5 630, 647 121 664, 37 77+
k& Strickland and Parsons (1972) ¢ ZA1S Al&-3}e]
A3l

Chl- 2 9] <k (1) A& AH&ste] 315l

Chl-a¢ = 11.43 Ages - 0.64 Agso (1)

FAA| A e e A o 27 HAxATE 10
m 7HAL =z wHRsle] SA43gla, €l R EAE TS
o] &3] A x4} NS o] &3] AAH FA4 =
SATE Tk, FA 2E3ATE € A4E o] AMES
ek

FE AR v Ak Aax]el ok E ] o) 9|8
45 7t z] we}l sHEAY (Low intertidal
zone, ©|3} L) ¥} SHA9 (Middle intertidal zone, ©]3}
M) ©% °F 100 m 7tAe® yr i, 74 Agiz Aol
A2]&4 7] (Nikon laser 600) & ARg3le] 322 50 m
tAew 4o s A4tk 20099 445-E 84 7t
Al wfd Abe] wjeol] AAERglow, Fr 0w xeof wef F
3L A9 (Low-middle intertidal zone, ©]3} LM) ol 47 A
A& F718te] 2009+ 6448 84 71A] AT (Fig. 1).
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2. 24y
1) BEg9 &3

Aol ks #Helel wEtA 4 20 mmE 7)E
skgich 20 mm o4 A|S] 77t 7 z
307A1E Ve w 2497 ALty 0.01 mm 7HA]
o] 7} Digimatic caliper (CD-15CP)
315t &7 (radial length: Rn) 9] 374
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Shell length

Shell height

Fig. 2. Measurements of shell length and height of the
Manila clam, Ruditapes philippinarum (Rn: each radial
length from umbo)

3] AT ¥, EFHUEEH] A AR ek,
#3574 5 %75, | =23 A= EE Agsle] F4714]
2 HAAYE A8 (Fig. 2). 20 mm o4 7HA1] A
T B2 7 F) e S LT PHoE AlA
%, W47 54 3915 238l 0.001 g 7HA] SA3G T,
Az K53 47 A4S ke 48N 90C=E

10A17F o] AxAZ1 & 0.001 g 7H4] 4315tk 20 mm
#u|7 snapshot ©|n| ]}
AL |23 Image-pro express v.3.2 = A3l =4 3}

ELERE
2w} el BAE A} AL Agsie] Basise
W, AAE A4} Ane] WAE 7 298 718012 Aeel

o] H]as}3iet.
AR AFAE (2) o 2
SH=axSL+b (2)

o714 SHS Ztx, SL& 72, a2 A¥7 7]187] a8z
2 Aot

27} FoFrke] A= power function A& #-8-3}o]
Telglon, A et A, Ax S5 WAE A

g 71&715 F3l vkl
AHgE Adgale (3) 2 2t
W = a x SLP (3)
7|M W2 5% (A% Ev Ax55%), SL< 24, a
< A 22 by Zae] we ] AAA 71 7]el
9 A& In (W) In (a) + (b x In (SL))9 A2]ez
W37 &, AFAE o] 83t as)t bE FASICH
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Fig. 3. Monthly variations of the temperature of sediment the

intertidal zone in Tae-an, west coast of Korea. The
intertidal zone was divided into three subzones: middle
intertidal zone (M); low-middle intertidal zone (LM); low
intertidal zone (L).

X

FA7E 2918 xo]= Wilcoxon sigh ranks test (©]3}
W-S test) & A5} 1, Chl-a 3} =FA|7ko] AT 2}
o7} 9JE=AE dolr 7] 9J5le] Kruskal Wallis test (°]3}
K-W test) % ]b—]_oﬂ;]. z%;<47}_g] H}x]al 71—1]— 71-"! z%:}
o] 1}017} 21S dolr 7] $]3l] one-way ANOVA
£ AN, 29l AMA#AE= Pearson's correlation
test & /‘a”‘]?"}“"% 2E AR SANA AT E o=
SPSS ver.12& A&-3}3it}

1. ZAA Y 298 AL

49 AR 2= Loj|A 13.5T, Mol 12.8TE LejA
=ttt 594E 897kA 9] AR =& Lol 59¢ 16.
47T, 6€0l 19.4, 7€ 25.4C 18|31 8ol 26.2Co| 1
Mel|A 5] 18.8T, 6%l 23.3C, 7€ 30.7C 2|z
31.2C% MejMe ARLx7} L 2o} =9t} (W-S test, p
= 0.043). 69¥-E] =A% LMeA¢ ARLxE 649 20.
6T, 79 26.6C 121 8ol 27.7CE Mxc} W¥kw, L
= v]5E fEol9lt) (Fig. 3).

2. ZAA| 9] Chl-¢ &) AAZF L d7] &A%
Chl-a+= L 0.57 - 1.99 xg/ml, LMelA 0.67 - 2.54 1
g/ml 18] Mej|A 0.36 - 2.39 pgmlE A7 5 84
o H 2.31% 7P =8k} spA|RE 29 whE Chl- o ¥
o 3HAl AfelubA] kgt (K-W test, 72 = 1.407 p =
0.495, Fig. 4). 2A|7 A7 € 7] =&AL
oA 0.2 hrs/day, LM< 3.6 hrs/day 281 M2 10.7
hrs/day & MellA =EA7ko] AAo R ofE AA e Al
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Fig. 4. Monthly variations of Chl-a in the sediment at each
station in the intertidal area in Tae-an, west coast of
Korea. Error bars indicate standard deviations. The
intertidal zone was divided into three subzones: middle
intertidal zone (M); low-middle intertidal zone (LM); low
intertidal zone (L). The error bars represent S mean +
SD. Different letters on the bar mean significantly
difference (P < 0.05).

=2 Aoz yepgrt (KW test, 22 = 125 p < 0.05)
(Table 1).

A g A Fx g A

AA B2 256744 F 0419 B2 = 2,20870A5 1,
1A o]4ke] BE =+ 3597041 A 379 Al
+= LollA AlLAlT 10704, #2407 1627H7<1] A3AIT 6371
A 28| ALAT 50A7F 28 s, LMelA ALAlT 1
NA|, A2ATF 9NA] 2B A3} xi]M]—TLO] 27y 67A
7} 8 35tk MollAe 28 32 471 14 oJ3lsich

AP vk W LA A0AT 441 inds./m?
ALAT 21 inds./m? A241F 32 inds./m? A3ATE 13
inds./m? 2] Al4A4)7o] 1 inds./m? 7} 338t LM
o A= AN0AHT 88 inds./m* & A|<Jd YA dFFoA 2
inds./m? mgte] &8s}y, M)A A0AT 18 inds./m?

Table 1. Monthly mean exposed hours at each station in the
intertidal zone in Tae-an, west coast of Korea. The
intertidal zone was divided into three subzones: middle
intertidal zone (M); low-middle intertidal zone (LM); low
intertidal zone (L).

Monthly mean exposed hours (hrs/day)

April May June July  August
L 0.4 0.2 0.2 0.1 0.2
LM 3.9 4.7 4.2 2.6 2.7
M 10.8 12.0 11.5 9.7 9.3

FXI& (Ruditapes philippinarum) 2 XY o kA
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Fig. 5. Density of each year class in the intertidal zone in
Tae-an, west coast of Korea. The intertidal zone was
divided into three subzones: middle intertidal zone (M);
low-middle intertidal zone (LM); low intertidal zone (L).

£ Alejg Yz A7 98] dotrh AdAlT meke]
A olA A Go] FoA| AT FH-A| e w]Fle] F
3] 2 Wx7} veydtl (KW test, 22 = 6.385, p <
0.05, Fig. 5).

4. 2914 ¥R g A3 29 Aa3A 24

2918 wpAlge] A3t 2o, A 223 Ax $59E
N w3glS el ZF 95% EAISHA frolgrEellA Hel7t 9l
= 7122 Jepylt} (Table 2). 298 upx|=he] 24ty 4w
o] Al ofele] AHdAA <L: (4); LM: (5); M:
(6)>7} e} LM} MellAl] A% 7127] kol 242 0.801,
0.7682.% LelA9) A3 71&7)nr} AeH oz o} W]
7V7Hiet (Fig. 6).

SH = 0.7003xSL + 0.2461 (4)
SH = 0.8013xSL + 0.0214 (6))
SH = 0.7676xSL + 0.1365 (6)

Table 2. Results of one-way ANOVA for shell length, shell
height, total wet weight and flesh dry weight by each

station
d.f. F-value p
Shell length 2 23.99 0.001
Shell height 2 15.90 0.001
Total wet weight 2 16.34 0.002
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Fig. 6. Relationships between shell length and shell height
by station of the Manila clam, Ruditapes philippinarum at
the intertidal zone in Tae-an, west coast of Korea. The
intertidal zone was divided into three subzones: middle
intertidal zone (M); low-middle intertidal zone (LM); low
intertidal zone (L).
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Fig. 7. Relationships between shell length and total wet
weight by station of manila clam, Ruditapes
philippinarum in the intertidal area in Tae-an, west coast
of Korea. The intertidal zone was divided into three
subzones: middle intertidal zone (M); low-middle
intertidal zone (LM); low intertidal zone (L).
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Fig. 8. Relationships between total wet weight and flesh dry
weight of the Manila clam, Ruditapes philippinarum at
the intertidal zone in Tae-an, west coast of Korea
(Pearson correlation, r? = 0.878 p < 0.05)

2918 whAlge] 43 A5 BAAe L, LM 223 M9
A7l w2 AgEe] AdAA<L: (7); LM: (8); M:
9)>2 ofe] A A3} Aot 7sEE FAdeA
71%7)% Lol 3.113% LM<¢| 2.850%} MojlA] 2.741 2
o =3t (Fig. 7).

TW = 0.0001 x SL3113¢ @)
TW = 0.0003 x SL[284% (8)
TW = 0.0055 x SL2706 9

uir|ghe] Ao w2 AxgSeke] A (10) 4
2k A Agsiga, BAAL olelel ) ASa A
&5 ARAGE 0.88F ADTA7} 9%t (Fig. 8).

FW = 0.0638 x TW + 0.1436 (10)
(FW = Flesh dry weight, TW = Total wet weight)

Z9 apAEe] L 22]a LMO| 2Pl wE Axs5%F
9] AoA$<L: (11); LM: (12)>+ LellA 0.879, LMolA]
0.982% A3wr} Eokeh LolAe] Aol we Axs5%F
A 7187) 3 LelA 2.976% LM 2.924 Rt} o}
T4 7 AL AxHFTFe] LelA LMeA R =2 7
o= vepdtt (Fig. 9).

2E - 05 x SL2976 (11)
2E - 05 x SL*%4 (12)

FwW
Fw
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Fig. 9. Relationships between shell length and flesh dry
weight by station of the Manila clam, Ruditapes
philippinarum at the intertidal area in Tae-an, west coast
of Korea. The intertidal zone was divided into three
subzones: middle intertidal zone (M); low-middle
intertidal zone (LM); low intertidal zone (L).

5. 2918 14 v]gk 23 vix) 8 43

Z98 w1k 14 mak 25l 232 LellAl 44 5.05 mm
o 4¥-E 749 11.68 mm7}A| A3} 8ol 0.1 mm ©|
32 Z43igich MolAdE 49 2.99 mmeollA4E 8Y 5.12
mm7}A] A7 gAY, Lel vjsl] iAoz 4 W ol
vkl LM< 649 3.2 mm, 79 7.2mm 2183 8€4] 1.1
mm= Yepith 49 14] wuk 23 w2 A7) LellA
5.05 mm, Meol|A4 3.0 mm= Lo|4<2] Ze] 2 mm ©|A
PBeon, 74 A9 23] Aol LelA 11.68 mm, MejlA
3.56 mm% 8 mm ©]A Ao]7} yrh =4 14 mnt 23
npAE; Ze] ke MollA] Bt LellA] o =2 o] o
+= 7123 Yeytt} (Wilcoxon signed ranks test, p=0.06)
(Fig. 9).

o

Choi (1965) + upA|ke] A2k 0] k4]l StellA A
g AR 718717} 2ok Aol AV, AejAe s Beby
& FolAE 718717k o} el skt sgidh &
ARG Yol AAE A Zbae] AlF AR 71e7)=

FHAT 5, A elA vpxle] el sk A
732] FAQ] WA 9] AolE Flo] FHglow, xR
AMABhE wix o] 2t Zhae] At 71271+ 0.7489

FXI& (Ruditapes philippinarum) 2 XY o kA

2, Lee et al. (1996) ©] B3k Jaligh okt A 2] u}x]
2 st A3 71471 0.7176 50} Fick 22y of
AE 7oz FY 27H) AAA 2 vpAZe] AREE
sash Aole Febl o) dEel A% e 47 AshE
Eslo] Aol z7belel] AAlslE ke AARA A%
E2 B9, vla 9 2Hsle] Betshs Zlo] wiEAY Aoz
MBIy 298 WA A4 55 AR 712712 v
& A3, 2RAA F, A A sppAdur) ol
PollA 5530] 52 Ze2 Yelylth o= A0l
Aejme 29 AL v sl deln, FekiA|
FRAGe Aoz BF At 257 whe]
o)< Kim (2004) ° 777} 7ro] Ajrez 2
34711%41«1 75 BALE 2l RIS ek, 7]E2] )
A7} A7 EEel webA 37 2EH AR QlE| Apgiie
Z3te} Fedslgitt. Chl- ¢ ool w2 4743 d%d W=
A= ¢l9le), Laing and Child (1996), mills (2000),
Shpigel et al. (1992) 18] Bartol et al. (1999) & A+
Ao} AR, & AFME ZARA G 29 LEA
7k & AE A A%} AAsE vix|Ee] A A5
H e s Fka Akssoh H%e], Won and Hur
(1993) ¢ AT At} v R, vpx|Eke o]EAJo] wjS-
o] Aofe] AR 91x7} uix|ete] WS H9s)w,
zo wE 5FA uA 71 BEEP

Al g W loR Aus) o] A4S wige

LAt vlR| e x99 walbA A oFAF
Z3 9 F3p3Ae] vl
g2l %73‘% I% }71 gzl orlEe] &

= 27 sk e
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2418wl 4] Aol oh] sl8) 20099 49
o 997k o et skl s el abe) AEsh v
2, AALE, Chl-¢ 291 7] =2A7E AR 2 ZA3)
e,

A ARLE: FRe FEAdR} ke
7, Chl-o= 298 A7} gle ez yepyln) di7|=
AR SPASe) S S g3tk A9 &

= Ao FEel FRAcine) St uhA

) A, A%, 55 el AFF 4RE A 9A =
spyA|elo] Faliel YA 1o} egAel Qe
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A A S, FY 29D B 202 Btk v u
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