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ABSTRACT

In this study, we transplanted Chinese (Liaoning Dandong) and Chungnam (Taean) manila clam seeds to
Gochang tidal flats in Jeonbuk province, and compared growth, mortality, and condition indices from May 2015 to
August 2016. Within 2 months after transplantation, clam mortality of Chungnam and Chinese origin were 6.9 +
4.3%, 16.9 £ 7.9~21.0 £ 6.3%, respectively. We supposed that higher mortality of Chinese manila clams might be
due to higher stress and weakening of physiological functions by air-exposure and unavailability of food intake for
5 days harvesting, transportation, quarantine procedures. Unlike the local clam farmer’s opinion based on their
field experience, growth of Chungnam clams in shell length and total weight were a little better than Chinese
without statistical significant difference (P > 0.05). Condition indices of Chinese clams showed declining tendency
after reaching a peak in May 2014, and in June 2015, respectively. Meanwhile, Chungnam clams has reached its
peak of condition indices in May 2014 and in April 2015, respectively. From this result, we supposed that there
might be at least one month difference in reproduction between the Chinese and Chungnam manila clams during
the first-transplanted year. Because the mortality of adult clam have sharply increased from June 2015 (due to
high temperature, few rainfall and spawning) in Gochang tidal flat, it would be recommendable that farmers harvest
the clams before June when its shell length are larger than 40 mm. In conclusion, we could directly compare the
productivity of Chinese and Chungnam manila clam at Gochang tidal flats by field experiment, and these results
are also meaningful to manila clam farmers.
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(Ponurovsky and Yakovlev, 1992; Lee et al., 1996;
Goulletquer, 197; Yoo, 1998; Min et al., 2004) 3}+, -
gyl Ae Al B sl kel "e] QFE o= Ax
e o FACER A 23417 He ellATE 5
Al 8-4m Apolel 27l F2 AA3ka 9lt} (Kang et al.,
2000; Min et al., 2004; Choi et al., 2011; Park et
al.,2013; National Fisheries Reaserch & Development

- 175 -



gob iAol 4, Higte

Oft
;

80,000 4

—o— Annual production —e—Import
70,000 4
¢ 60,000 4
2
< 50,000 4
2
O 40,000 A
=
£ 30000 -
20,000 4
10,000 A
O WO - N O T W O©NRDDO — N O W
P PO 000000 T T T & o=
o= = R e e Y e N = I = I = B = T = i = == e e e R e == )
- = NN AN NN NN AN NN NNN NN

Fig. 1. Annual production and import of Chinese spats of
manila clam since 1990.

Institute (NFRDI), 2014).

U Ak WA wixEe A iR F 2, 28T e
o7 gon oA Qs siFEAE A7 Ak Hol
A FAgAe s TP Fad ofiAloltt (Ministry of
Oceans and Fisheries (MOF), 2015).

eyl vl Ak ol slat Asjekale] WEew
AbEe] F AR 19809 HHE  F1Eke] 19901
74,6812 % H1AE 7|58t 22t 1 o] AAkeko]
T3] it 2015900 25,5178 A (Fig.
1., MOF, 2015).

ole} 22 wix| Ak ghae] fdolo g Aot Tl
4 AR sk H7] sl g AHe el 29 (Choi
et al., 2013), "7t 73} v ez QI s F AAe] &
4 (Chung et al., 1994; Park et al., 2011), 1¢tE]4&2]
AgpetA 54 st ral=Ae] %4 (Choi et
al., 2013), Perkinsus olseni®} 722 n}x|2 7| A&l &3t
ol 9 A A}, AL A Al g HAR a
(Yang et al., 2012; Kang et al., 2015), 7|3 #H3}=Z 2l
A} (Park et al., 2010) 5°] AA=| 3 9le} F3F 2007
W F eickell A EAigh Fuljo] AzjelE
e ke
1% ulx ) (Park et al., 2015).

el A ATARQ] vpAlE Pake FAel A A e
Ao FHol FAF AEEY, A7t AAdA g APsA]
A= ol Aol A Askat 4] AlAle] gl wel e
A Qof| A FHE tfFo R o)alele] FAlE 3T 3t} (Lee et
al., 1996). o]} -2 Follo] ok o] A2 ol kx| e} oFA
A Ad 379 Apo], 7] F &Fol e 2EHA FoF
Qlalf o]a] 7ol e HAxke] HEAS kL glew, 1 olF
o= A 2@ ALE Al kA 23R A sA} B
Helez ®y= vl 9t} (Lee et al., 1996).

A okt 137 Alolel] $jxske #4ante] & H

=

24 =

= )

5% 2 A
[e)
=

A3} uAe st JEE FoE A0R B

He

HAN S4 Hlw

A& 9F 100 km® o o] & °F 75%7} 27HH|Z HA =] 9l
o} (Lee et al., 2012). w41 o] vlx|2h o] W3]E 20159
o 1157, 1,039 ha = = AA2] upxI2t ¢4 H3ojitel
oF 17%el sPEbe, 20119elE AT wpx|E AYAEF
(87,929%) 9] & 47%F AATE wIF viA|g ofalo] hiksjr)
(Korean Statistical Information Service (KOSIS),
2015). v} 22 A AR Qg 250 Wt}
YA §9] Z7} 5 (Baek et al., 2013) &7 Fauk o z}
oA Fole] AdFo] HEfAe we} FAE THE e AY
& T 4ol oEstr ol AAelth 20096l A
o7 354€0°] o4 Fold Tk v Folle 20100
£ 1,563%, 2012990 4,903€7H4] )] 543] 57}
slgithrl 201540l 83,3478 0% tha 7h4dh vl 9} (Fig.
1., National Institute of Fisheries Science (NIFS),
2015).

AA7LA] o] wiA )] et A2 kA 373 (Choi et
al., 2000; Cho et al., 2001), SFAIMwof w2 A% AYAA
widsl AZE (Chung et al., 1994; Lee et al., 1996;
Kang et al., 2000; Park et al., 2010) , B]7t=2} £39] &
¥ (Won and Hur, 1993), 22} A4 (Shin and Shin
1999), WA1F7] (Unddin et al., 2012), HA=F 2 54 o
(Lee et al., 2012), 714 444=2] 2 2 54514} (Chot
and Park, 1997; Nam et al., 2015), P. olseni 7+<3¢] u}#]
2ke] WAle] W)X ¢d3¥F (Kang et al., 2015), &%
Ul (Shin et al., 2000) 5o ik 2} AE A G
& Ak} oAt FHE 29 717 ojEF o] Alsle] SkAlsle
AGeAx oA 27|FE HF ArbdAe o]27|7kA] niA]
2te] et dak, viRks § ok S WK 4 gl )
% A5 vFs ARl webA E dFellMs FAE F
FHE 2 e o|Asta A, wuke
SAS vl EAeEH A ofgelEe] vhA
j_ A

% )z ARE ATl

i)
=

i.,

1. A1 R 24 9 F9) o)A

Skt Sk viA e Fele) 4% 2 s S-S Bt
7] 913l, Fauk el $ixshs AR 23T A9 shAle] of
A FAF F B E ATe] 4-54710] frAlE = A el
Z17rel Sl E ol Asly] Adt Aldel (5 x 10 m, 27H) =
zAskd}. (Fig. 2).

SaAE apAE F3lf (o3t b = T 2134 e
oA Ak Aoz Hd 2 26.31 £ 2.35 mm, A%

oy 12
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Fig. 2. Location of the Experimental manila clam rearing site
in Gochang tidal flat.

3.29 + 0.79 g 2719 £91E 20149 4% 18U ]}
th. Sk AR ) (o]8t b & S Eik W A&
A Gu] oJEA A AHE B 2 17.79 + 3.36 mm, A
%% 1.07 + 0.61 g ] 912 20144 5¢ 200l 23}
T 2o ulete] AL A EN Xt v 5
9 3del| Alsksick. Fofl 914 e dA] o]l dnkA
ol 3| glAl=kel 10-40 ton/ha 52 71eFste] 25 ton/ha
Wxr}t HEes AR 27k 125 kg S QA

42 F Faakat FAAL vk el djg Aeleaks 20144
545-H 20154 847k & 167147 A

2. kx| o) o A&

A 7 AR E22e oF 10em vm 25 x 25
em 2719 HFE olste] HART wixDE A% A%
T, 5 mm AR AS F 3 BFEA %}Hmw AsiE A
Saisich wlal Aake AgE 46} Az, sizke W=l A 5

APk AR G A, S kel %] ot 9l 7, 5
A AR YAl A 4] 9 17 4o o
& o) BAE SASE ol AT ASeigh g 4
& Sla Wi AE 7 AR 8 swe e alslsr,

3 A A 2 vl

npxEe] QA QA A A S Sl AAR akA
2 5 9= 100 v A9t 279} FAE S48
vlAlZhe] =7]= Vernier calipers ©]83l9 2% (shell
length, mm), Z}3 (shell height, mm), ¥ ZZ (shell
width, mm)< £54 E4) 2] (0.01mm) 7HA] 453

A5 (total weight, g) AA AeS o]-83le 0.01g 4l
742 S35l

ulz2he] 8|vkxE (Condition Index, CI) + " AA=E
FAEE 3 JARAE A5 Fo| A _,7_} 304 nlE]RS 9lo
7 Agste] FAsGich WA wixgrE sjzbete] S50} o)
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74 #e8lal 90C StollA] 2447 AxAT - 4
A% (tissue dry weight, TDW, g) 3} 9|2 71 55 (shell
dry weight, SDW, g) & 0.01g 7}4] 34 ¥ ohg-3} 22 4]
o7 AE3sith

CI = TDW (g) / (TDW + SDW)

4. XA 8E 29

o] g U 2RI FHHSkEA (Korea
Hydrographic and Oceanographic Agency (KHOA),
2016) 9 #FH= B4 2Alg £ A 3ol A =3 2014
d 5¥rE 20159 897HA] 9 23 G ARE S8
o}t 2 eA T 4%, =k Ak Al A7 249
27} AR glo] 1 AR HA L7 FAo] o] Fojzl=d], 9]
o] #5AETE Jl R 2Hd5LE AT
AL Yol & B QR #5o] wAI} Aol Aew

ghdE]o] Ak #EARE LISl Ve P V)
A (Korea Meteorological Administration (KMA),
2016) oA #53 F A9 FAARE S&3H5

AR Pl HAE 27 B4E AR 9 vl
AAeke B2ozys] 20 10 om e H4EE A}
of AT AAE W (2010) o el HAES =
(Grain Size), ¥& (Water Content, WC, %), 3}82 At
4273 (Chemical Oxygen Demand, COD, mg/g), 722
7 (Ignition Loss, IL, %) ¥ A 331E (Acid
Volatile Sulfide, AVS, mg S/g) = 7+ #4335t}

O

5. 54 ¥4

npA Fofle] QakA]e] whE A, vve 9 sAEe &
9z} -5+ one-way ANOVASt t-test (IBM SPSS
statistics 21) & A5} 20 ALF AL Tukey HSD test
£ o]&sto] Falspglch

2 n

1. uhA] g¢f ﬂlk}-&

Tt AR 2014 449 o]a] & of 27)€e] A3t 6
7k B uﬂl*}go] 16.9 + 7.921.0 £ 6.3% 2 =7 e}
o 7948 20159 597HX] BHF 0-7.8 + 2.3% <] v|xA
9A A=, 20159 695 8A7kAE= A7 17.2 +
8.9%, 7.0 + 3.0%, 25.9 + 7.1% & Z7}3lgc} (Fig. 3).

St viAlE2 71 276l E H 6.9 + 4.3% 9 sAE
S ®o]x 20149 799 18.1 + 2.8% & FA3] 78l 8
AR o]Ed] 6Y7A HF 2.1 + 0.7-9.4 + 2.2% 9] HALE
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Fig. 3. Mortality rate (Mean + SD) of Manila clam, Ruditapes
philippinarum.

= Rolt} 20154 7€ AH F= Aol 47 13.6 + 6.6%
9} 34.1 + 6.5% = 735t} (Fig. 3).

Sk Ak vpA ] HARES A A 717 F 78]
%7191 20144 445-¥ 649 Abolel, 2015Wdell= o Fo] A&

= 693e) Z7ekgom], 20144 598 Adehut FA
7 FAb upe s frelAl Aol gt Ao el

Sk

2. v g9 AR

FaAE AR 4 T As 71 A Hd A 26.31 +
2.35 mm o4 20149 8¢l 31.17 + 1.52 mm & BT 5
mm 7} AAsGT 9¥3iE o153 2971A] 34.30-37.32
mm # FH7 3 mm 9 tih kgt AAS 29 (Fig. 4),
T3}k 20149 11€0= 24 40 mm oAl A7} Ao
W=, 201549 5¥%EH= Hd o] 40mm (B
40.44 + 2.65 mm, & 2 4542 mm) o =E3lg
A 28 AAHql 8¥o: 39.74 £ 2.93 mm (Fo ZF
48.41 mm) & A& 7|17+ (¢F 16.5 /1Y) 5 HF 13 mm 9
e Btk St vk TS Al HE A 17.79 +
3.36 mm °f|A 2014 890l 31.39 + 1.32 mm & T °F
18 mm 9] 3o|& YeiH 22 717} 5k FrAlel] vls wh
2 A%E Holxw 99¥E 20154 29704 32.64 +
1.36-36.40 + 2.15 mm & 7 % 4 mm 7} ARSI}
(Fig. 4.).

27 40 mm ©)AFe] A7 HEE= A)7]1E 201449 119
2 F3k) v)selgia, 20154 59 FEE H 2 39.35
+2.36 mm (F o 24 48.85 mm) o]y er AP =g AA
ol 2015\ 8ofl: 38.48 + 1.89 mm (Hd 24 42.23
mm) & A A 717 (F 1671Y) T Hd F 21 mme] A
e BoloemH, ] FThAE FHAte] FaatkE
Q7o) Sk Ao Uit

AFFe] Age 2R A7 S04 vixEe Fx 7R

&b HEXIE el 8&, HIgtE

HAN S4 Hlw
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Fig. 4. Monthly change in shell length (Mean + SD) of Manila
clam, Ruditapes philippinarum.
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Fig. 5. Monthly changes in total weight (Mean * SD) of
Manila clam, Ruditapes philippinarum.

(20149 4%) A HF 3.29 £ 0.79 g A 20149 89
6.08 = 0.87 g ©=F 3+ °F 3 g o] AAs3laL, FHA7] A
ol 11€) 9.67 = 1.18 g A L% F7]9l 20154 2=
8.50 = 1.04 g ©% thh 723 A4S 2} 201549 5€
of thA] 18.01 + 2.50 g 7kA] Aol Eel=lgly, A& F
A (20154 89) o= 12.83 + 2.83 g 22 A A AFI| T =
ot A 954 g o A JelY (Fig. 5).

g, TR aRA=R k) Al T 1.08 £ 0.61g oA
201441 8€9l 6.01 + 0.92 g 22 FF k5 g o w2 47

8153, Sk Ak 1190 9.17 + 1.43 g oA ¥
%9] 20154 2€e= 816 + 244 g ©F Ttk A B
N E8 AolE FF 11.90 + 1.81 g 22 A A&7
ok 10.82 g o] A7E B WA, A S
M= FAAte] SR o] $p3k 1o Yeyit

28y FAgAHCRE St A wiA|Ee] e
g Fro)A Abol= A Wkt (P > 0.05). AFHFE
7k AFE 897kl FAL Bl Ee] Fapatel] w]E) o
gk AjolE Holw o] F9ron, 99 o|FiE A¥ Fw
AR = A Wkl FARBH Tata) gl uix|E Aol
o frolAql ztel= et (P > 0.05).
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Fig. 6. Monthly changes in condition index (Mean + SD) of
Manila clam, Ruditapes philippinarum.

3.8|ex

npxEte] i v|vke AeE Y 2R A9, Fake
20144 49 ¢ 714 Al H7 0.10 = 0.0114 629 0.13
+0.01 & 7kt 786l thA] 0.10 + 0.02 & 7HAst §
20141 8¥HE] o|F3) 297x]+= H¥ 0.11 + 0.01-0.12 =+
0.02 o] ¥ At ®3 Ago] Erke 20154 3
A3 64 Aololl= FF 0.15 + 0.02-0.17 + 0.03 & =7}
st 74 e o] Raske AdE YeR i) (Fg 6).

Al viA =] minlsE 59 ¢ 718 Al 0.14 £ 0.02
2 69714 vt #EoE FABTF A v &
ARHA 7€) 0.10 £ 0.01 & B2 Askglo) 20144 894
g o]F3f 29711+ F¢ 0.12 + 0.01-0.13 + 0.02 = <7H
2 S7}F WAl AAsE Aoz yehdar 7€l 0.13 + 0.01
2 FofsH Zaske A7E 2o} (Fig. 6).

Faak vpR = Sdal kAl D i vRkE A
71 AlE] 20149 597FA] oF 109 SedellE oAl A
o7} Q3o 64 o]FHH AY Fr A7A vlvkee] S}
o QlojA F Ak 7ke] F-o] A= gle AoE e (P >
0.05), A1@ 717k 5 wpAlEke] wukert 5438 s A7)
T Ak ulE Fate] oF 1h€e] A eS¢ 4
At (Fig. 6).

¢

o

4.8 FAZ 23 2

AB7I F IAAG el #E5H E9gd T
0.6-25.0C<] Wy, AT 4F k2 20154 8
ol 29.9CE 7 &9k A #)7)&2] 3¢ 32 20159
1] - 3.6TC=Z 71 sk} (Fig. 7).

AR Ge] 24| HS LA ASE > YT 4.3-27.
1T w9191, 4 15482 20159 840l 28.27C, HAFL
< 29 35CE 712t #5= 30} (Fig. 9).

A 99 26.1-20.7% ASH T, 1 Y HA A
2 2% 20154 790l 27 33.0, 21.4 ©|¢t}h (Fig. 9).
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Fig. 7. Monthly variation of air temperature at Gochang.
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Fig. 8. Monthly variation of water temperature at Gunsan
outer harbor.
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Fig. 9. Monthly variation of sea water salinity at Gunsan
outer harbor.

Aol i B AEe] A= 24 A clay®] ¥l
g0 thh STk Wk silte] ulgo] FojEs AE ¥y
SAE 25 APAY (sandy mud) 2 APA Wshs G4 5k
t} (Table. 1). A A7t 5 EAE2] o U+ 4.49-5.88 0
(BT 5.13 0) 2 silt7} 7P W, sand®} clay 0.2 EAE A}
AY (sandy mud) 9] S4E VeI 55 1.03-2.17 @
(F 1.58 o) WSIZ A} ohh Bt o s et

s (WO & 20-30% HeldelA, dadzk=F dL) &
1.0-2.5% WA Fdata F=at ATl 42 At
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Table 1. Textures, statistical parameters and sediment type of experimental clam rearing site

Textures (%)

Statistical parameters Sediment type

Month = el Sand  Silt Clay  Mean (phi)  Sort (phi)  Skew Kurt  (Folk, 1968)

14May 000 2281 7143 626 473 141 038 218 KY;
Jun 000 2158 7251 591 4.80 1.25 039 1.0 M
Sep 0.00 2596 7019  3.85 4.49 1.03 028 181 M
Nov 011 1797 7391 801 5.02 1.49 049  1.63 M
15Jan 136 1719 60.15  21.31 5.88 2.17 052 0.86 M
Mar 020 1282 6952  17.46 5.87 1.91 054 113 M
May 997 1504 7504  7.66 5.01 1.46 0.40  1.84 M
Jun 179 2872 5719 1230 5.29 1.88 048  1.05 M

Sl Wes, AR BHE AVS) & SR AVTAE A A5 AT AT Y A S FAE 9 29

2014 790l ZAF Aol A= 20154 493 89e] 7+ (Shin et al, 2000). WHAIZHe] A %—r} Aol AgFS m]H)=

Zr AAAQl S Beloy ywz] 7tdle AR 25 37 29l F 2 dpET 29 9 oyR] 4] 5ol A

Holm 2 Apo]7} vA] gskel (Fig. 10). 34 33h4 Akk g AAQl oJ3FS w22 (Choi et al., 2014), HAE] gz x

Fee FR ARTAAE 20144 795 109 0 20159 A wpe] AAst REe] 3L v Aoz Leidn

4-69°l 6.2-9.7 mg/g dry weight (°]3} mg/g), SHAF A& (Park et al., 2011; Choi et al., 2014). v}A|EL 2% 0 o
o

TolAE 20149 10€3} 201549 5L 27 10.25 mglg &
7 oHlaA g7 SAsNed kA 29y 71 200
mg/g = I3+ Attt (Fig. 10).

Kkl
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2 ATl g TGRS SRS FAAE
g, Adel VAT B A BE 4ol
4327.1C o 912 vhAeke] AA5e A 99 el gt
Aoz yepgtt (Fig. 8). 181 =HAZY| Hddl=x
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Fig. 10. Monthly changes in geochemical characteristics of surface sediment in the sampling site.
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4.49-5.88 0 B4 4 g oA 7 AFHSIY, EFEE 1.03-2.32
o o WE Euol thh Bt AU Ao g A FA4
ub 27k npAE kAo AA 54S AR Cho 5
2001) o A7 AR AAE YRl

Ak Aoz £3AAL S 3 AEH 2| 1
ZFeHA| w-3hH (Kim and KhO 2004) el A Ak
upA|EkE o] Alsle] eSS gt Ao ot o5 3
F2of| A3k A A Jﬂ"}ﬂ"] = Yol A4} <k
Axle= 7oz Busly o} (Lee et al., 1996). g=Akz) o)
Bk o] AHelA oFalE 918t oA
Azt oJ3hH o)A 1Y F A A} velyted ol
gk A2 o] Al A =e] ol AF el o7t A AFET <k
/‘37‘]@'—4 37 Aol &gk 2EH A 5 =] Ao A
Qe Aoz 21 vl 9lt} (Park et al., 2013). E3 u}
]al% v 2o o3t ~EHAZ wron o)Eule|A] W} 7
A% A4 akstas (SOD, CAT ) 9 &40 F7lsta
glutathione ©] 43} (Zhang et al., 2013), T3
= H9s dele AL (NO) o 527t S7He2H
e wkgol] A QS Fo] 2EHAE AL 9l
o= 2 1% it} (Park, 2013). Jiaozhou BayellA 194
| gE o] ASlGlS wf o] A F 277t w2 dAbES U
o= A7 27 (Ren et al., 2008) 9} o], & 7ol A
o]Algk & 27H°EJ S Tk S vhAl e B 27 wab
o] E¢W AL 7MY A vl % A o 2EHA
&, &=o] A=l AeelA Zﬂﬂﬂ°i T3} 7)&0]
olx|= Al7el o] A= gl7] wFel ME-E FA el gk A
2o ofglz lete] & AAbES Uehills ZeR ddks.
ux|gke] B dalel B3t Q- (Park et al., 2010) A=
FAe] A W AMIARGE 295 2 7] Hsle}
3-49°] FZol gt AA WFo] 2EHAR AFsto]
At BAPE e g Rusly 9lom, 24 ouz]g} ulA]
Zo] o Aol gk AT (Back et al., 2011) oA = B4
HAL BAYA 7|7} 3547 B FEo| BAZNA FEEeR
upH ] gk F4o] 24 AUAE M7 ER HAET R
W o] SUisle] HA%E wEel whd Aol aghe|of
ulx|gto] F5o LE2FHAY 2EH AR 23 elS A
T Zle® A vt Qlrh & AT Folle ol#d 71 d
shel] oJgt 54 sas velA] ekgkot o] $ 14o] At
3 20154 64 8ol T wiA|Ee) FHabgo] 343
Z7V8k3ek Park 5 (2010a) & AAHET} =545 vpx)et
9] FHaES =1 o] AAgE Zagk vf olw
o} AY whAoll= AAAA 7} 71 o7 ¥ 33 v} (Ford et
al., 2002) 7} YEH], £ AFolA = %‘i""h} gk vRA =
o] o]A] o] &3l 6€4E Aol Tkt A Hd A ok 4

ol

F 2ol U AT

_:

a, H)duh:

Korean J. Malacol. 32(3): 175-184 2016

W w B b
88 8 8

Accumulated precipitation (mm)
BEEE

w
o

(=

14 May
Jun ]
Jul
Aug
Sep
Oct ]
ov
Dec
'15 Jan
Feb ]
Mar
Apr
May 1
Jun ]
Jul
Aug

Fig. 11. Monthly accumulated precipitation at Gochang.
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