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Density Dependent Growth of Ark shell, Scapharca satowi
in the West Coast of Korea

Hong-In Song, Kwang-Jae Park, Young-Rok Cho and Young-Je Park

West Sea Fisheries Research Institute, NFRDI, Incheon 400-201, Korea

Effect of density (30, 40, 65, 90 or 120/cage) of lantern and bottom cages on growth of the ark shell,
Scapharca satowi was studied in the Korean west coast from April 2000 to October 2001, when the
following range of environmental conditions prevailed : temperature : 4.2 -25.5 C, salinity : 30.23-32.15
%o, dissolved oxygen : 5.12-716 ml/l, pH : 7.84-8.17, phosphate : 0.22-0.56 x M, dissolved inorganic
nitrogen : 3.16-9.10 # M, suspended solid : 7.6-17.9 mg/l, chemical oxygen demand: 0.46-1.61 ng/l and
chlorophyll-a : 0.92-5.93 pg/l. Daily growth rate of shell length ranged from 0.066 to 0.071 mm/day for the
lantern net cages, and from 0.079 to 0.082 mn/day for the bottom cages. Total weight also ranged from
0.067 to 0.082 g/day in the lantern net cages, as against 0.099 to 0.114 g/day in the bottom cages. Hemo-
globin content of S. satowi (55 mm shell length), which was about 3.9 g/dl during February, 2001, in-
creased to 6.0 and 7.0 g/dl during October, 2001 in animals culture in the lantern and bottom cages,
respectively. ANOVA test of the growth rate showed that the growth rate of S. satowi was significantly
dependent on rearing density and the tested culture methods (P <0.0001). The daily growth rate of the
shell length was more significantly correlated with water temperature; the growth rate of shell length
and total weight showed a tendency decrease with decreasing temperature. In cages suspended at the
bottom, not only the increase shell weight but also the meat obtainable from comparable sized S. satowi
was greater. Survival decreased with increasing density and was optimal at the density of 30 individual/
cage.

Key words: Ark shell, Scapharca satowi, Rearing density, Culture cage, Shell length, Total weight,
Hemoglobin content
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Fig. 1. Map showing the culture site of S. satowr.
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Fig. 2. Long line and bottom culture system designed
for culture of S. satowri.

- 146 -



ZelFa =AY ¢

width, SW)& Vernier caliper® 0.01 cn7}A] A%
weight, TW)3} 145 &2k (meat weight, MW)-2 3ljol]
93 F% 225 Fol7] Al FA9 dHFE R v}
WA AA AR &(A&D FY-300)& 0.01 g7hA &=

Y AFee] YRS EA ATk Ricker,

Z-%(total

3]

¢

A
"F'r"é

FolFu] =] *“111 gy 5
and Henry, 1969)el] &3l E4s}3ich. Mda 5 N
9] Bele AAE NG F H242 o) 25ml &
teur Al holl Wi 4~8T 2] A ollA 24417+ RAHAIZ)
e AL vzln AAR WL Agslels

PHUE AELE AT 244 AR AAFE
shelstel w2 gs EANI, PEEEER
AlX el SAS program (1985)% ol &3le] HA Fx}
ARoz HFR fo4e ARk

pas-

=]

w3 mE

o]

o}:Ag

2273
F3 A4
:;:
o 2ol 64HE] 104744 9] —r%
2000L4°1]L 185~250T2 HF 214°C, 20016l

ro o {4

184~255C2 H1 219CE Velich &2 3023~
3215 %, £FEAAE(DO)E 5.12~7.16 ml/L, 40|25 %

(PH):= 7.84~8.17, R-8-EA(SS)& 7.6~179 mg/L, 3}3
222 Q@ FZHCOD) 046 ~1.61 mg/LZ FA ol vl 4
3k WS Jebin) daiF F A4 (PO 022

=]
S

2l

A= g4

~056 pMo.Z 1296 HY 49e] Y9fom, &5

71 A A&(DIN)+= 316~910 y Mo = 8Yol] ZT 5Yol

gk}, Chlorophyll-a¥ 0.92~5.93 ug/LZ 126l %k
1o} gtrH(Table 1).

uxy 4%

Zhzke] Azt
BF 2+ 1956 +2.50 i 2715 197047 e Z oF
As Az, A EsEA)(Table 2)9] 30MATF HF 22

57.63 mm, 4070 AL 56.87 mm, 65704 T 56.25 mm, 9071
AT 55.98 mn, 12070471 55.33 mmE A A3kl vt
=H2)(Table 3)} 3070417 63.89 mn, 657HA-& 63.21 nn,
IO AL 62.44 mn, 12070A X 61.97 mnE A A5k o)

AP ) ARE ABFekA W vhe B5 69
BE] 109(52 184~255T) ArolollA] wzkom, 119U (5
2 12T o]sh¥E] Yolr|7] Alzrste] 1294 o] 5l 4
Y(FE 42~920)7HA= Al =3ich A E = 4%
£ AUE7Q 307N Al A Fha Wik, ET} Fobd

F Azro] E3}E|o] a9l 120704 Foll A 7 =

A AL A F814] (Table 4)2] 307HA 7+
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AATE 0.014~0.239 mn/day, 907HA = 0.012~0.197
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Table 1. Monthly changes in environmental parameters at the culture site of S. satowi in Taean from April 2000 to

October 2001

2000 2001

Parameter

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
W.T () 85 135 185 247 250 215 173 120 68 50 42 50 92 147 184 252 255 220 186
Salinity (%) 32.1532.1432.0231.7230.3231.6631.8230.88 30.95 32.14 31.76 32.11 32.06 31.72 31.8730.86 30.23 30.83 30.74
D.O (ml/L) 6.88 636 621 586 542 526 6.06 693 7.02 712 716 714 695 627 6.02 586 512 5.33 6.26
pH 7.86 8.16 814 817 8.02 813 816 7.92 795 802 786 794 784 813 8.09 8.07 809 8.02 798
PO,P (M) 031047 052 047 048 053 042 033 056 045 049 047 022 046 036 054 051 048 053
DIN (¢M) 467 316 546 735 9.10 7.06 556 6.83 8.05 726 735 824 476 434 638 658 726 509 659
SS (mg/L) 106 128 93 152 76 84 88 106 118 146 179 166 113 98 116 13.0 108 98 113
COD (mg/L) 1.16 0.85 1.03 1.19 123 1.61 1.04 1.04 118 082 046 064 106 112 125 138 157 112 1.16
Ch. a (xg/L) 3.89 411 4.88 525 5.02 493 511 515 593 092 429 280 560 442 510 512 3.98 3.54 549
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Table 2. Growth of shell length (mm) of S. satowi at different stocking densities using lantern cages from April 2000
to October 2001

Density 2001
(No.

/cage) Apr. May Jun.

30 19.56 22.36 26.98 35.36 42.41 44.05 45.56 46.12 46.57
40  19.56 2217 26.31 34.47 39.58 41.35 43.53 44.73 45.24
65 ~ 19.56 21.96 26.08 33.25 38.12 39.56 41.94 43.16 43.73
90. 19.56 21.47 2525 31.17 35.63 37.34 39.97 40.56 41.23
120 19.56 21.25 24.93 30.28 34.52 36.12 38.32 39.36 40.37

2000

Jan. Feb. Mar. Apr. May Jun. Jul

47.00 47.56 48.49 49.53 50.53 51.86 54.37 56.26 56.91 57.63
45.65 46.23 47.14 48.27 49.15 50.34 52.67 55.24 56.14 56.87
44.14 44.69 45.34 46.32 47.28 48.35 51.12 54..67 55.56 56.25
41.60 4215 42.98 44.12 45.23 46.34 50.01 54.18 55.32 55.98
40.73 41.53 42.76 43.87 45.12 46.12 49.23 53.43 54.69 55.33

Jul. Aug. Sep. Oct. Nov. Dec. Aug. Sep. Oct.

Table 3. Growth of shell length (mm) of S. satowi at different stocking densities using bottom cages from April 2000
to October 2001

Density 2000 2001
(No./cage) Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct.
30 19.56 21.63 37.94 42.36 45.26 46.21 50.46 54.76 59.67 63.89
65 19.56 21.05 35.35 39.73 4248 43.32 47.15 52.34 58.30 63.21
90 19.56 20.86 34.39 38.67 41.46 4222 45.93 51.50 57.21 62.44
120 19.56 20.75 33.97 37.62 40.24 40.98 44.71 49.45 55.38 61.97

Table 4. Daily growth of shell length (mm/day) of S. satowi at different stocking densities using lantern cages from May
2000 to October 2001

2000 2001

Density
(No.

/cage) May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Mean

"0.014 0.019 0.031 0.035 0.033 0.044 0.084 0.063 0.022 0.024 0.071
0.014 0.019 0.030 0.038 0.029 0.040 0.078 0.086 0.030 0.024 0.069
0.014 0.018 0.022 0.033 0.032 0.036 0.092 0.118 0.030 0.023 0.068
0.012 0.018 0.028 0.038 0.037 0.037 0.122 0.139 0.038 0.022 0.067
0.012 0.027 0.041 0.037 0.042 0.033 0.104 0.140 0.042 0.021 0.066

0.093 0.154 0.279 0.235 0.055 0.050 0.019 0.015
0.087 0.138 0.272 0.170 0.059 0.073 0.040 0.017
0.080 0.137 0.239 0.162 0.048 0.079 0.041 0.019
0.064 0.126 0.197 0.149 0.057 0.088 0.020 0.022
0.056 0.123 0.178 0.141 0.053 0.073 0.035 0.034

30
40
65
90
120

Table 5. Daily growth of shell length (mm/day) of S. satowi at different stocking densities using bottom cages from

June 2000 to October 2001

Density 2000 2001
(No./cage) Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct. Mean
& p &
30 0.035 0.272 0.074 0.048 0.016 0.071 0.072 0.082 0.070 0.082
65 0.025 0.238 0.073 0.046 0.014 0.064 0.087 0.099 0.082 0.081
90 0.022 0.226 0.071 0.047 0.013 0.062 0.093 0.095 0.087 0.079
120 0.020 0.220 0.061 0.044 0.012 0.062 0.079 0.099 0.110 0.079

A7 AR MBS 0] 2000 599] 27144 /day =g, o AekTol hQlsteza) Aol

£ 0.056~0.093 mn/day S LFERH 3 Aado] whekz) 7] Azt
sle] 74l 0.178~0.279 um/ day= 712 w2 A A-S- L}
Bhllchrh A1 48] ZoiH7) A 2ske] A% e7)el 129 Re]
ol 58] 297 A L Aol ZEerh. 1 & vhA) 4 e
8HAM A= AAS ALksiclrt 9ol 0.022~0.042 mn

A Aoz Holch vk o) ABAT 28 o
20000 69 9 7|4 A7) oll= 0.020~0.035 mn/ day 2. oH-$-
38 7S Jeho) 84l 0.220~0.272 pp/day 2 7}
A 2 4R Jehlicrl AAs] Yol A7) Azstel A
527191 1294E o]} ) 297A & Aol FEatirh.
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g 40/HAITE 4450g, 65/HATFE= 4136 g, 0MATFE
39.38 g, 120/0¥| 7%= 38.12 g2 Z7}5}3 3, vp=hA] (Table
7)2] 307HAHFE 63.33 g, 6570 TE 61.08 g, Y0/NAF =
57.06 g, 120/MA 7= 54.91 go. 2 Zr}sldct.

A7) AFF2 e AR el Ae5etA] ° nt
=4 B5 6478 109744 = A% 7 wgteov
T&o] B2 129 7E o] Fal 4¥A = vl =Fch &
A=Y AFHFe] F7he ALEFA 30744 7h
& M3y, 957 Fopda s Fabse] RSl 120

MAFNA 713 =g}

D

ot o

AFFe AL e Y 307 - 0112 ~
0.199 g/day, 4078817~ -0.110~0.188 g/day, 6570
E -0109~0.141 g/day, 90/HxTE - 0.077~0.117 g/day,
12074 - 0.078~0.127 g/dayo] 91t} (Table 8). upek
A12] 307047~ 0.004~0.263 g/day, 6571417 0.003~

0.292 g/day, 907§ 0.002~0.273 g/day, 120707
£ 0.002~0.261 g/ daye] ¥t} (Table 9).

A 714 A AZTshA o] 20000 59 9] 27447
ol 0.020~0.035 g/day & "} & g e & =
7Fs17] AA L] 790 30, 40 4 657)A1 = 0.141~0.199
g/ day, 90 g 120704t 84Yel 0.117~0.127 g/day®E
W =& T7HE UEbNt A A3] Yol 7] A2kt
eI 12978 ol 297 A= /M 2 e
VERH o] 3 thA] Frtsbrl ARk ARRbRQ) 74l
= ZHA 49.23~54.37 mn 270l A AAgke] 0.132~0.224 g/
daye]gl o1} Azke] )&=l 8ol 0.054~0.138 g/day
5 dotxlm, A7l 9ol -0.077~-0.112 g/day
o] AAg Byedl, ole 24 50 m Wl Aot At
el 7hdgre 24 5 ko] hAdk Z1eg Hojzlo vh
=212 20000 69 9] Z7|AA7] ol 0.002~0.004 g/day
2 of§ 2 ke vehiev 8¥ellE 0131~0.158 g/
day2 7b4 ¥ 7+ WERthL A3 gl 7] A
zhslod 2791 1295 2001 297k = S77t
Flirh ol % oA 4 RE 697t A= Al Frhslehrt
8ol 0.059~0.066 g/day & =gt}

Table 6. Growth of total weight (g) of S. satowi at different stocking densities using lantern cages from April 2000

to October 2001

Density 2000

2001

(No./
cage) Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct.

30 173 278 4.19 10.17 14.63 17.23 19.16 21.25 22.95
40 1.73 2.66 4.07 9.70 13.17 16.58 18.46 20.31 21.82
65 173 254 4.02 825 11.16 15.06 16.92 18.23 19.95
90 1.73 242 394 725 10.77 13.39 15.62 17.01 18.16
120 173 234 3.87 6.72 10.54 12.24 1515 16.34 17.39

24.56 26.32 28.55 31.95 34.35 38.60 42.56 44.18 40.83 45.93
23.25 24.89 27.14 29.72 31.62 35.12 40.49 42.85 39.56 44.50
21.38 2312 24.98 26.43 28.55 32.03 38.75 40.60 37.32 41.36
19.32 20.89 22.27 23.92 26.97 30.12 35.27 38.42 36.12 39.38
18.42 19.85 21.38 23.48 26.37 29.02 33.53 37.66 35.31 38.12

Table 7. Growth of total weight (g) of S. safowi at different stocking densities using bottom cages from April 2000

to October 2001

Density 2000 2001
(No./cage) Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct.
30 1.73 1.97 11.46 18.33 22.79 27.28 36.53 43.56 47.53 63.33
65 1.73 1.92 10.58 17.47 21.34 25.48 33.47 39.66 43.59 61.08
90 1.73 1.87 9.95 16.23 20.24 23.65 29.83 37.15 40.69 57.06
120 1.73 1.84 9.68 15.86 19.28 22.78 27.02 35.24 39.23 54.91
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Table 8. Daily growth of total weight (g/day) of S. satowi at different stocking densities using lantern cages from May
2000 to October 2001

Density 2000 2001
(No.
/cage) May Jun. Jul Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Mean
30 0.035 0.047 0.199 0.149 0.087 0.064 0.070 0.057 0.054 0.059 0.074 0.113 0.080 0.142 0.132 0.054 -0.112 0.170 0.082
40  0.031 0.047 0.188 0.116 0.114 0.063 0.062 0.050 0.048 0.055 0.075 0.086 0.063 0.117 0.179 0.079 -0.110 0.165 0.079
65  0.027 0.049 0.141 0.097 0.130 0.062 0.044 0.057 0.048 0.058 0.062 0.048 0.071 0.116 0.224 0.062 -0.109 0.135 0.073
90  0.023 0.051 0.110 0.117 0.087 0.074 0.046 0.039 0.038 0.052 0.046 0.055 0.102 0.105 0.172 0.105 -0.077 0.109 0.070
120  0.020 0.051 0.095 0.127 0.057 0.097 0.040 0.035 0.034 0.048 0.051 0.070 0.096 0.088 0.150 0.138 -0.078 0.094 0.067

Table 9. Daily growth of total weight (g/day) of S. satowi at different stocking -densities using bottom cages from June
2000 to October 2001

Density 2000 2001
(No./cage)  Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct. Mean
30 0.004 0.158 0.115 0.075 0.074 0.154 0.117 0.066 0.263 0.114
65 0.003 0.144 0.115 0.069 0.065 0.133 0.103 0.066 0.292 0.110
90 0.002 0.135 0.105 0.067 0.057 0.103 0.122 0.059 0.273 0.103
120 0.002 0.131 0.103 0.058 0.057 0.071 0.137 0.066 0.261 0.099

5)9le} (Fig. 4).
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Fig. 5. Survival of 5. safoui at different stocking densities (ind/
cage) using lantern cages from April 2000 to October 2001.

SAA=
Faubell whE 4Bl fo17 Aol T AFY A
(Table 12), 272 AZ5shala} vleba] BF £914 2
ol7} giglovt (P =0.08), AEHel A F27} glgieh
(P =0.0004). wrehA] zhakol e A Falilt upeha
2% $AsE, AFES ulebaol o] & o g ehikeh
ATl w7 g foA olE AT
73} (Table 13), A=oll whE Zbhe] Ho)7} FElslgle
] (P<0.0001), *Z<=a441-2 30704, 4070A] 72k 6570

219l

A FE, 90N 120702 FeAlA] S22t (P<

Table 10. Total and meat weights of different size classes of S. satowi reared in lantern and bottom cages

Total weight (g)

Meat weight (g)

Shell weight (g)

Shell length (mm)

Lantern cage Bottom cage

Lantern cage

Bottom cage Lantern cage  Bottom cage

11~20 1.73 1.73 0.65 0.65 0.87 0.87
21~30 3.28 3.12 1.07 0.96 1.94 1.75
31~40 11.70 10.93 425 327 6.29 5.92
41~50 22.26 1957 7.61 5.05 10.90 10.02
51~60 3942 43.07 12.37 13.99 19.10 19.59
61~70 - 59.91 - 19.64 - 25.30
Table 11. Monthly changes in the hemoglobin content of S. satowi reared in lantern and bottom cages
Lantern cage Bottom cage
Month
Shell length () Hemoglobin (g/dL) Shell length (mm) Hemoglobin (g/dL)
Feb. 51.19 3.92 5147 3.94
Apr. 51.09 4.38 46.84 5.02
Jun. 53.74 4.98 54.46 5.54
Aug. 58.26 5.56 59.27 5.96
Oct. 58.10 6.02 63.19 6.97
Mean 54.48 497 55.05 5.49
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Fig. 6. Survival of S. satowi at different stocking den-
sities (ind/cage) using bottom cages from April 2000 to
October 2001.

0.0001), whebAl-e 30079} 65041, 907HATe} 120
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AFFe Frhe F&0] U Wil =2 A7l F7hs
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Table 12. ANOVA table for testing the significant difference in growth of shell length and total weight between

two culture methods

Source of variation N Mean SD Min. Max. T df Pr>T
Lantern cage 1,161 41.39 +11.40 14.84 65.13

Shell length  p iom cage 1130 4045  +1418 1388 002 1779 21681 0.082
. Lantern cage 1,161 21.30 +13.64 0.40 61.57

Total weigh . . 0004

otal welghl  pottom cage 1,130 2362 +1740 040 7650 ~ o-oel 213880000

Table 13. ANOVA table for testing the significant difference in growth of shell length between two culture methods

Source of variation DF Sum of squares Mean square F value Pr > F
Density 4 9,398.28 2,349.57 20.86 0.0001
Lantern cage Error 2,737 308,259.99 112.63
Corrected total 2,741 317,658.27
Density 3 6,190.32 2,063.44 10.52 0.0001
Bottom cage Error 1,126 220,860.07 196.15
Corrected total 1,129 227,050.39
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Table 14. ANOVA table for testing the significant difference in growth of total weight between two culture methods

Source of variation DF Sum of squares Mean square F value Pr>F
Density 4 10,961.31 2,740.33 16.79 0.0001
Lantern cage Error 2,737 446,601.08 163.17
Corrected total 2,741 457,562.39
Density 3 4,808.71 16,023.90 5.36 0.0012
Bottom cage Error 1,126 336,960.25 299.25
Corrected total 1,129 341,768.96
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