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Changes in density and culture conditions of the Manila Clam
Ruditapes philippinarum on the West coast of Korea

Kwang-Jae Park, Jae-Hee Song, Yoon-Seok Choi and Kyoung-Ho An
Tidal Flat Research Institute, NFRDI, Kunsan 573-882, Korea

ABSTRACT

Changes in density of manila clam, Ruditapes philippinarum to environment, catch and recruitment were studied in
a few stations (Seonjae, Seongam, Hwangdo and Padori) in the West coast area of Korea from January, 2007 to
December, 2009. Water temperature, salinity, dissolved oxygen and pH in the study stations were 0.8 to 31.2C,
22.1 to 33.7 psu, 5.0 to 12.0 mg/L and 7.39 to 8.99, respectively. The concentrations of dissolved inorganic
nitrogen, phosphate and silicate were 0.016 to 1.281 mg/L, 0.004 to 0.093 mg/L and 0.016 to 1.617 mg/L,
respectively. Chlorophyll-a ranged from 0.2 to 12.1 pg/L, respectively. Substrata were mainly composed of muddy
sand and very poorly sorted in Padori, muddy sand and well sorted in Seonjae and Hwangdo, gravelly muddy
sand and poorly sorted in Seongam. Density was high in Seonjae and Seongam, but low in Hwangdo and Padori.
In clam culture station, in which spat was naturally produced without sowing seedlings, the living density was
decreased by increasing of death and a catch of shellfish, and recruitment was changed. Also, Density affected
condition factor and shape of clam. Condition factor was the highest in Hwangdo, in which temperature in the
winter and chlorophyll-a were high, and was the lowest in Padori. In the shape of clam, the shape in Seongam was
a elongated form, but in Padori was a stunted form.
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Choi, 2001), 7]5H3}2 18 =i}k (Park et al., 2010c;
Park et al., 2013a) WE2o3 <=jA 9}

npx| gl #aljA41 Choi et al. (2000) ¢ Lee et al. (1999)
2] A2, kA AAe] EA4 (Cho et al., 2001), 373} A
2] (Robert et al., 1993), FE)A Hol (Kim, 1978; Yoo et al.,
1978; Kwon et al., 1999), #4724 7% (An et al., 2012),
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Fig. 1. Location of sampling stations in Seonjae, Seongam,
Hwangdo and Padori.

Lee et al. (1996), Kang et al. (2000) ¢} Park et al.
(20102) 9] kA xo| wpg A7 4 ujnk AL zbo], = o)
7+ AANA (Park et al., 2011) o] &3t A3 dAF-Eo] 9}
wAl opAAe] ANRT AAE, e Hakel ot 7
i ube P el 2 zolARt BolAel 47} o
o Aoz xARE dFAE) @A Atk wEbA 2
ATeMe T AdA oz TI8lEo] Ao E ARFHE
S} SH= 4 whAleh P ol fele] AAEEE
APVEAE sjetsb] Sistel 3 B4k AR AL
Akl wiAlete] AAYES 21,

o rE o
ot

ERIE

Aslke] Fagh uiAg A AAUEe] WakE 2
st7] sl ol A HellA AT AA, A7) AGelA kb
Al Ak FARA el A el Sxs) st o] 4 A S
AAsk] 20079 12948 20099 1297HA] vjL $A7} A
Aol ANRA, v AAUES 44 2T (
Fig. 1).

A WAE ek Sistel o, G, pholerE
(oH), £E4L4% (DO) & T}i-244277] (Hydrolab MS
5, USA) £ o]&sto] AAellA A4 FA4slglen, A, <,
74,  Chlorophyll-a®]  ¥%+  SFAFTAANL7E
(Ministry of land, transport and maritime affairs,
2010) o] Wz} 24sisiel.
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Fig. 2. Monthly variations of water temperature in the west
coast of Korea.

o EFAR FE3 FHE SA3IY (Ingram, 1971).
63 1me EFAE 28 YA HAEL Al (Sodium
hexametaphosphate) & 0.5% #7}3F & A5 547
(sedi-graph 5100) 2 ¥+AJs}c}h. w3t 7 =47z =

), Folk (1968) 9] £l we} =4 =2] F75 2Ask3]
HAE B2 sl sisje] AHPARIE AVS), 33t
Aikr e 7% (COD), 324 (L), &S HSAdsA
A& 7]& (Ministry of land, transport and maritime
affairs, 2010) °f we} 43}

AAM g = ARGl A 50 x 50 cm (0.25 m?) W3
ol gelel HEHE vhAlto] AAHA i 27bA) HAT
7 vpAlEE QRS 5 mm A2 A4 33] wHEsle] whA|
AR F AT AALEE Aoch AR vpAet

I
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o

W Az ARz §71 3 Myl s g o] 83)d]
23, ZHES 0.01 mm $97HA] EAsIg e, A
3 g3kl Jdele] 5o, 7 Fee A

fo i I rlo @
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>

Ay
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A7) 3 AAASE 0.1 g7hA] SAs ) o] 72
F ¥ ButE 2|4 (Condition Index) & th&3} 722 2o
ARzt wlnke (CD) = AXAEEFF 1 W AFHE A
B3kt w3t npAEke] Hed 545 slelslr] Slste] 74
| 247§ x 1000] 508t} 2o A4, 50014 Gz ¢
515t} (Choi, 1965).

2 =

Al vl kA 4740 3T AR 2AMA
22 Al G A5l #A JElgen], AgiE s 3wt
=1 Hxgr) @2 AFE B (Fig. 2). A F
20084 14 Fxlo)A 0.8 THen, 1 &2 20074 6
4 FxoA 31.2 TE vyl i #27= idz A
ol =1 Rl @ AdE Bod (Fig. 3). A w2
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Fig. 3. Monthly variations of salinity in the west coast of
Korea.
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Fig. 4. Monthly variations of DO in the west coast of Korea.
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Fig. 5. Monthly variations of pH in the west coast of Korea.

20094 94€ oA 22.1 psugen, i JEL 2007
64 vl=e]o)A 33.7 psuz YeRdTh $EAAE GE

ARl Aol 1 o5l W AeE B3} (Fig. 4). 2
LZ2244E= 20079 649 =04 5.0 mg/Lyon, Hu
AbaE 20074 124 wlEEloA 12.0 mg/LE vEeRGt 3
A pHE 20084 1€ st=elor] 7.39%1°m, %3 pH:
2008 1149 Zxol|A 8.99% Uelgt} (Fig. 5).
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Fig. 6. Monthly variations of DIN in the west coast of Korea.
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Fig. 7. Monthly variations of phosphate in the west coast of
Korea.

4E577144 (DIN) & Al $ A8 £ 43S &
stk (Fig. 6). A 4277144 E 20084 3¥ FmolA
0.016 mg/Lglon, 1 22772 4E 200949 62 A7l
A 1.281 mg/LZ Yepgt} 21k (phosphate) 3} 1A
(silicate) & 571 A 49t Ak Aol WL ofFol =
= 7% Bylvh #A Qi 20084 3¥ x4 0.004
mg/Lger, Hi ke 20099 84 Azl 0.093
mg/LE YEltth (Fig. 7). A 492 20084 249 w9
A 0.016 mg/Lgow, 1 FAL 20099 84 AztolA
1.617 mg/LE Yelgdth (Fig. 8). A 2L 20084
1249 AztellA 0.16 pg/LRon, i FE2222 20074 1
4 FxoA 12,13 pg/LE Yebith (Fig. 9).

Aot viA et oFAlA 47040] 317t E A3 2AlA A
Aok Azt sEele JUAAE Yehsten, 3rs AR
velskt (Table 1). =24 27 B d=v 47| Aztel
A 1.0+ 04 7P Hon BxE 22+ 04, AAE= 25 +
1.1, g=o)A 4.0 + 0.72 7 &gk} (Fig. 10). ¥95+
2 gl E]o)A] 8.3 £ 0.6°0% Bgo] BFslglon, A7k

=
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Fig. 8. Monthly variations of silicate in the west coast of
Korea.
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Fig. 9. Monthly variations of chlorophyll-a in the west coast of
Korea.

2.7+ 0.6, A= 2.4 + 0.5, FEAAE 2.2 + 0.5F 7]
33 Aox eyt (Fig. 11).

npAEl oFAA az)4o] AAZA zAlelA 3= (AVS)
2 ALl G A5l =& Ade B9t (Fig. 12). A 3
=2 20094 2-4€°) A7 20099 1€3 390 Fxo
Al 0.000 mg/g-dry o™, i 335 20074 8¢ e
o4 0.184 mg/gdry® Yepgrh A JHz= AMilo] it
0.012 mg/gdryE 7} 2okew, AAE= 0.029 mg/gdry,
3% 0.033 mg/gdryg i, =27} 0.058 mg/gdry® 7}
A =7 deEksich

HAE etk e 7% (COD) & Aol i o5
Fo 230} (Fig. 13). #A At e 732 2009
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Fig. 10. Monthly variations of mean grain size in sediments
in the west coast of Korea.
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Fig. 11. Monthly variations of sorting in sediments in the
west coast of Korea.
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Fig. 12. Monthly variations of AVS in sediments in the west
coast of Korea.

Table 1. Results of grain size analysis at manila clam beds in the west coast of Korea

Area Mean grain size (o) Mean sorting (o) Type
Seonjae 25+ 1.1 2.4 + 0.5 gmS
Seongam 1.0 £ 0.4 2.7 £ 0.6 gmS
Hwangdo 2.2 + 04 2.2 + 0.5 S
Padori 4.0 £ 0.7 3.3+ 0.6 gmS
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Fig. 13. Monthly variations of COD in sediments in the west
coast of Korea.
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Fig. 14. Monthly variations of ignition loss in sediments in
the west coast of Korea.

T 20079 99 TixE]oA 9.648 mg/gdryZE el
AgH g oA HF 4.998 mg/gdryE 7PF Wekon
A7) 5.241 mglgdry, AAE 6.060 mg/gdryd i, FH=a]
7} 7.606 mg/g-dry®E 713 =4 Ve

HAE] A7 (ID) & Aol 3 o5l =& 432
Btk (Fig. 14). A 77t 20074 49 A7elA
0.770 mg/gdryRom, &1 a7 2007 64 =z
o4 4.346 mg/gdry® YRSt AGEEE FroA] H
1.850 mg/gdry® 7P Worem, A7ke] 2.086 mg/gdry,
AAE 2.684 mglgdryglT, %87} 2.857 mg/gdry® 7}
A=A vtk

HAZH HA T4 20079 2800 A4 11.1%
gon, F3 Id5Ee 20099 94 shwe]olA 31.5%% e}
st (Fig. 15). AlgEzE AgdelA A 18.3%= 7P &
grom, AlAlE 20.7%, F=ollA 22.4% %1, =27} 25.6%
2 7 = Yepdt

AafQE wiAg kAR asfaelA 37 D AAEE H
AAM T = Aol A 1,825 ind./m2E 7P wekon] Azke
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Fig. 15. Monthly variations of water content in sediments in
the west coast of Korea.
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Fig. 16. Monthly variations of living density in Seonjae,
Seongam, Hwangdo and Padori in the west coast of
Korea.

1,468 ind./m? 3=+ 660 ind./m?>@en, skzelo)A 378
ind/m?% 7 Ak (Fig. 16). QA AAE 20074 49
3,732 ind/m*% MAUE7} 7P Eghou x&A 9l o]F o
2 20074 12€0= 840 ind/m?o® ZFAslgion) AeA
ol o]&o] glo} fA= A7} 20081 444l 860 ind./m?e]
A A& ojFlo g 8¢ 220 ind./m’e® AAWE}
7 gl o] 20081 9¥ol= JIgle R <ldle] 2,004
ind/m?E F43] =719 12¥€= 2,316 ind./m?7}A|
Z7lslgeb) oJge g 200993 1€0E 1,052 ind./m?2 7+
&350tk 200990+ &L A ol 10¥el 1,553
Zlslgd e} o8l o2 12890 344 ind./m’%
Zraskglnl. 77) A7k 20079 39l 900 ind./m2elA 44
o] 24 2 A Es} b P 536 ind./m?S vER)
ek o) F 7slell Jzte] AA} Frlste] 99E 2008\ 44
7}4] 2,000 ind./m? W&o AAEEES B35} 20084 49
o FAsALE A FFAsIT) 7hslel oste] AHAl Fots)
o] 9¥3E 200949 42714 1,500 ind./m? Hj<]e] AMaHE

ind./m?2.
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Fig. 17. Monthly variations of shell length in the west coast of
Korea. Shell growth of Manila clam observed in Seonjae,
Seongam, Hwangdo and Padori tidal flats.

£ 39k 20099 7€0lE 7Rslel 23t 2,782 ind./m %
MAEEZ} 7P Egkom ofe] o3le] 11€e] 1,460
ind/m*2% Zrxspgleh. F93 Fx 20074 1€l 924
ind/m*A Zslell oJste] AHA Flsle] 6o 2,092
ind/m*% AU} 7P Eokoy 7S A &A ) AR
20074 12€elE 148 ind/m?% ZrA3gich 200840
300 ind./m* YJE A5t} 7Y o] o) oJsle] 8ol
108 ind./m*Z MAL 57} 7} ek} o] F 7pglo g o3}
o] 20099 5€°] 440 ind./m*7}2] F7}8lgc} o]F o]F o
9J3te] 20099 8€el 200 ind./m?7HA] ZAstgThr) 99
7}le® eldle] 1,552 ind./m’E F43] F7l8lglen] o3
© 7 200949 1289E 524 ind./m*% 742G ¢ ge
2] 20074 29¢) 816 ind./m*| A x|&A Q] o] <] JFo
= 20084 19 MAME7} 71 w2 96 ind./m*E e
t}. ©]F 150 ind./m* W] FAIB} 71del oJ5te] AAh
Z7}ske] 20089 11€3-8 20099 6€7}4] 1,000 ind./m?
Yele] QA eS reict 20099 790 AAAQl ko
MAME 7L ol o) o]F o g qldle] 429 ind./m*7HA] 7
A&kl 7kg] e g olste] 20099 12¢ 1,160 ind./m?2
7Vt

At vpx| e kA afellA 3Wd7F vix e 4
2 vxeo)A 30.6 mm=Z 7HF Zlow, = 30.3 mm, A
A 29.3 mmgler, AztellA 27.8mm= 7P Agket (
Fig. 17). AF%F B> 7 B4 A sheelelA
6.3g2o 2 71 Zlon, 35 59g A= 5.3g%eH, Al
FellA 4.5g07 7P Ak (Fig. 18). i€ SA= wix=t
o] HF oA 20089 29l s}x o)A 36.8 mm=E 71
7om 200949 1090 FxoA 21.0 mmE 7 Aok}
T AFl A= 20089 299 st=gle)A 10.9 go & 71
22w, 20099 8¥el TEeloA 2.1 go® 7P A9kt
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Fig. 18. Monthly variations of total weight in Manila clam
recorded at Seonjae, Seongam, Hwangdo and Padori in
the west coast of Korea.

ol AA) wix o] B 2L 20074 195-H 20084 8
744 275 mmPE 33.9mmE YelEoy 2008 99
g Z99 digriglez 20099 1€ 25.0 mm7HA] 74 s}
St el sty Folsle FE Bt B $H
A 247 A 20079 1958 20084 89714 4.0 g
BE 8.7go% yehtoy 20089 99HE oo diskrle]
22 20094 199 3.0 g7}A] Faslsihr) Al sl =
7Vehes FFE Bolvh A7) A7 A Hi 4= 2007
9 193 49704 29.7 mm%E 31.1 mmE YeERFoU 4
Dof| A HAALR 24.7mm= A3 ©]F 31.6 mm
72 Akl e, 200849 49 AR FHAE 21.8 mmE
ZHa38ith7) 30.3 mm7kA] A37g8lele). 20099 49l A
g AR 23.6 mmE AT} 29.4 mm7bA] ARG
o} Ho TS AT P A 2007 195 497t
A 4.4 g% 6.3go % VEREou 4o S HatE 2.2
gl & ZAasiglrt ol 5.9 g7HA] AAsRGI e, 20084 4
Yol MY AAR 2.6 g7 A3} 5.9 g7hA] A%
ek 20094 4€e] WA AR 28g0F Tt}
5.1 gmm7H] 478l 9 3= wir=re] A 2
2007 19%€ 20089 8¥7HA] 24.9 mm¥F-E 36.5 mm=
velgont 20089 9ol AR FHAR 30.2 mmE 7HAE}
St o]F 32.1 mm7kA] A4A3kglen, 2009 9L o)
o] 2k 71l o® 21.0 mmE A4St} 23.83 mm7FA] A
Aepgick. B T2 Hd A AR 2007 145
20084 8U7}A] 2.6 g3 9.4 g2 YEltor} 20089 9Y
o st FHALE 6.0 g0 R TFAsIGTir) o|& 7.2 9714 A
Astgion, 20099 9€] Fole diF /e E 22g0F
szt 2.9 g7kAl AAskgleh. S sk npx|Ee] o
T 2P 20079 1€93E 20089 1097H4] 28.4 mmYE
36.8 mm% YEPEo} 2008 1095 Folle] d=k 7igle
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Fig. 19. Monthly mean condition index of Manila clam
recorded at Seonjae, Seongam, Hwangdo and Padori in
the west coast of Korea.

2 21.9mmZT A3} 28.3 mm7HA] AAsISick H
e A 4 s 20079 1€5E 20089 1097k
A 4.3 g% ¥ 10.9 g Z Yelto 20084 10€43-E 39|
g 7o 2.1 g0 At} 4.8 g7k ARkl

Zat i L ] o R 0 o Y o B g B o e el Al B
(Condition index) ¢] 3117t H#- F= oA 0.692 7} =
okor A7 0.52, AAlE 051820, st=e]oA 0.462
2 7P stk (Fig. 19). whAlge] vikeales o5 &
I Aol W2 A Bgomn 20084 490 FEolA
0.93°2% 71 310w, 2008 129 AAA 0.302% 7}
& Ao

QA AAL] viAlE kAl 2007 1958 39714
0.35-0.42%1 01, 4936 79714 0.57-0.65% 7131t}
8UFE 20089 19714 0.37-0.46°.% Zr4sliel 200849
293¢ 8U7HA= 0.53-0.715127 593} 690 ¥4 et
won, 99¥E 129704 0.30-0.402.% YAl yEhyih
2009991 194E 847k4] 0.51-0.76%1 21 497 59
=7 vebgken, 994H 1249714 0.34-0.55% A vrebyt
o A7) Adzre] v wmbEAle= 20079 1458 547t
A 0.40-0.459027, 644E 79714 0.52-0.562% S 75}
drhrl 84yE 20089 297bA] 0.33-0.52% 7HAskgich
20084 298] 8¥97kA= 0.53-0.715027 593 69el &
Al Yepgton, 993 129714 0.30-0.402F WA Yelyk
t} 2009900 195-¢ 8471A] 0.51-0.76%07 493} 54
o =7 vebster, 9448 124714 0.34-0.55% W7 1
el S =0 vpAlE kR AleE 20079 194E 7
D714] 0.68-0.89% E9kom, 8ULE 12974 = 0.46-0.64
7 v vebget 2008W0le 1948 79744 0.70-0.932
2 =oton, 894 E 12974 & 0.49-0.56 22 GHA| Vet
t} 2009991 1948 64714 0.66-0.80°.% H9kow, 8
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Fig. 20. Distribution of the shell width/shell length in the west
coast of Korea.
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npAEhe 2, A Sl mEbA 2 ARt Aa; £
232 di2F 1 mg/Leol™ (Kasuya, 2005), HlAtia= vlx]
Aol Al dEFE vA AME TKlEE 78S 7
Al713 o]t Ay} dio] FAukR ofgolAt npA| A}
o] 7aZ JMAStT 8lgltl (Toba et al., 2008;
Sekiguchi and Ishii, 2003). ¥ <1F-ojl4 Atgtz]q] 20073
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7] wEolefiL 3Gtk & Aol ME Unt AFxAL Avpd o)
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et al., 2013b), FF vlA|2e] Holr} B AEAEHIES
n]%3te] AXu|A xR ot @ a7t Hed ez A
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