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SUMMARY

A study was conducted for aquacultural development of the sun and
moon scallop, Amusium japonicum japonicum, about artificial spawaning
and consequent spat production at a laboratory, development of spat
collector for wild spat collection, investigation on the scallop population,

and release and recapturing of the remarked individuals.

1. A. japonicum japonicum was most common along the subtidal sandy
area at a depth of 20~30 m along the southern coast of Chejudo.

2. A correltion between shell length(SL) and shell height(SH) was found
to be SL=0.9141SH+3.6124(r=0.9979). Shell height and total wet weight
(TW) was correlated as TW=3.1919x 10 *SH*™® (r=0.9961).

3. An averge value of the ratio adductor muscle weight(AW) to total
wet weight measured over twelve month was 0.16 with maximum ratio
recorded in June as 0.21 and minimum recorded in November as 0.09. A
ratio AW to total wet tissue weight(TWTW) measured over an annual
period was found to be an average of 0.39. The ratio was highest in June
as 0.49 and lowest in November as 0.27.

4. A. joponicum japonicum exhibited distinct separate sexes, and herma-
phroditism was very rare. Gonadosomatic Index(GSI), a ratio total wet
weight of gonad to TWTW was found to be highest in November as
0.222 for female and 0.150 for male. GSI decreased rapidly after November
and the lowest value observed in May, 0.034 for female and 0.025 for male
in June. The minum reproductive size of this species could be around 90

mm.



5. Based upon analysis of annuls on the shell, one year old could be
6.28 cm, in shell length, two year old 9.07 cm, three year old 10.74 cm,
four year old 11.74 cm and five vear old as 1234 cm. It is postulated
that A. japonicum japonicum must be at least two years old for sexual
maturation.

6. Temperature elevation and air exposure methods have been attempted
to induce spawning in an aquarium. Temperature elevation method was
proven to be better for induced spawning, 52.4% of the individuals
spawned while only 32.7% of the spawners submerged in ultraviolet ray
exposed seawater after air exposure for brief period spawned. Most
spawners spawned when water temperature reached to 21~26C. Each
female individual discharged an average number of 9.2 X 10° eggs.

7. First polar body formed 30 min after hatching, two cell stage formed
two hours, four-cell stage 5 hours, and eight-cell stage 8 hours after
hatching. Blastula formed 18 hours and trochophore larvae appeared 22
hours after hatching. Mean diameter of an egg was 72 pm. Settlement of
the larvae occurred when umbo was formed and shell length become 232
pm.

8. Three differnt types of mesh bags were used in spat collection expe-
riments; a synthetic net mesh bags with 0.5 mm mesh size, an onion
mesh bag with 1 mm mesh size, and a PVC plate. Among the three,
types of substrates the onion bag with 1 mm mesh size was found to be
the most efficient for spat collection, 8 to 463 spats collected per bag.

9. Growth of the spats after settlement was 1.0 mm in shell length 50
days after settlement, 1.5 mm in 70 days, and 55 mm 110 days after

settlement. A correlation between shell length(SL)of the spat and the



number of days after settlement(X) could be expressed as SL= 257.75
" (r=0.91).

10. An experiment was conducted to determine an optimal seawater
temperature for 35 dav-old spat at 20C. An optimal seawater temperature
for the growth of A. joponicum japonicum spat was found to be at 207T.

11. Recapturing rate of the remarked and the released scallops was
5.05% and all of the scallops were recaptured within 1 km of the site

originally remarked and released.
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Zbeldle 58 BEHFSY 9A%EE(Mollusca) #% 7 (Pelecypoda) AHAHot
7H(Filibranchia) X th2 2 (Eutaxodonta) 7}e]H] 2} (Pectinidae)ol] &3t A7)
Ao 2 3009 Fe°] ESFL YTt

ogupatell MAsteE 7helvlE #7telw), Patinopecten yessoensis, = A7t
2)8) Pecten albicans, Bl©7}2]8), Chlamys farreri farreri, 5% 3%17Fely]
Chlamys swifti, 787}Y28}®8l, Lima sowerbyi, 3}7}el8l, Amusium japonicum
japonicum S°) MAstE Aoz ¥ UTHH, 1979).

M7teul e EMEEHY dAote REE Foz AGdHoREE o AF
Fgh dRFRoG I FIAWQ F It AoR2 delH dHWaller,
1991). A7 4
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A A sbA7E & 2WFE shrtelth
drtenle F2 AFE 939 MAX HEH FAEARE FHeE 54
20~40 me R#Huige] BES{eoz AHoe] sted Axz RS
sted 21 ek shrreivie wjztel WL Hesn wjuew FEo] 3
o} Azh(FRzhe A °d HMoln ZH$ZHE FruAolt) et &9
ke 7tA 1 Yt} sl 9O E sun and moon scallopolEt 2™ ¥
“gsretne gk 2y o] L ofddide]l B AERE AAdFo] FE
atA] Eate] HIR HFAoZ ol R Rt Uk
AAHCZ Amusium % 7helvle) AFRIE 35 MAsE Amusium
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(1988)9] ZRAIAATF, Cropp (1993)9] FA2AAT o] Ul AW ©)

Exrzo shgl s 7hel¥], Amusium japonicum japonicum

f
L

ol 4

o

_1_



ze o
s fd+9
Ao
Morton TR /\—1 ) =
(1980) ¢ _}6}"’\_—:
SRR E: o fgol B Amusium pl
b AR 5 e 4, B euronect
$-2) ol sl s - Beldam and del esol de @
1 4 . el Nort coeTE
(1979) belvjol 23 e(1988)9] 2
.ol e A gt
g a7 Z (1980), % % ] F= o] - &A(19 e
' ulo] (1982), % $(1977), F
(1 SA] = (199 - 11
996)0] o]t &) 7}zl = AR ( 1. £(1991), U4 5 978), #I %
o H n[(1994) s -
U AERA | aleat e B 4)e] A2 A8 e o} 995) S°]
© "19 = \—-6‘_1’ 3 '{7]‘:”'
_8_ “'iljo A A;
s /:\l—cd%qd = H]' ]’] .‘i_’l—’_7]_ 9\1_& Huo]g &2
’ zar w1 2 ]:}.
=, _\417}] - .
S 0] Z]’i .
& Akl

o
ol
oty
20
ox
5
o
c]
o
>
ES)
Jo
"
BN
o
B
Jo
Fo
3
1o
s
o
o
b
o
T
1o
ﬂ)~J_,

19943 1%
3 1249
7}el vl e 19963 12¢
. O]H AABAT A A7A AFE AF
0y 3 T8 = EA
g #7hejy) & = FARSHAL b #9
wols QEERA A ARG A% ( (Fig. A =
o_u_A A S o F'
N -y s AHE3t
18w
2 Al83
o)

A

Lo
o



E
Korea )
Chejudo
Chejudo
o
Sogwipo
main study area O
D Moon Sum
Bum Sum
33" 09 126" 40°

Fig. 1. Map of Sogwipo coastal area where Amusium
japonicum japonicum were caught
and experimented.
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Fig. 3. Diagram of shell radius used for age determination of
Amusium japonicum japonicum.
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FA ZAE 9895H 11971 e, T8, stz FEskd 9 384 9
ol A HaHR FHASAA AAsAT HA A A 24 o,
%42 65 m<! plankton netE A3t AFAM ZF7HA FA Y A8t
Aol 5% 4 x28doz uAstAt 1Y AEE dFHM ¢
%4 7](Nikon V-12A)¢} JAduZ o8 FAS AAsAH.

~

olf

1% S I <

aztelu] AANEE AAS7] 95t 1995 9¥FE 119 Aleoldl 339
Az AFT MATA P& dAcke] FA 30 m ojFo AAH 40 m BEE o]
g3t} ol 100 m, 524 3E AR &A. HB7I= Table 3ol A 9 2

x50 cm)¥ W= 1 mme ¥3H(30X50 cm)
Zo RANAZM ZoEd AL E 300 g W2 AR FArted 2UHlE
2 cm Ao 1574 92 2, oy FAE 400 g€ ¥ A 4FFY AR
718 AH&stth A E7IE Fig 4914 EE uvie} o] FHolzd] 5 m 3o
A 25 m7HA 1 m AR FHoz uggton AFE At A:=E
Ag F UA &7 ety ZFH RIS BFol 200 kg wiEol AAsAT
(Fig. 4).
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Table 3. Dimension of a spat collector of Ammusium

Jjaponicum japonicum

Collector bag Mesh size Materials Weight Number of
(size) (number) g collectors
Onion
_ 1 mm PE Mo 300 2,000
(30x30 cm)
Synthetic fiber
_ 0.5 mm PE Mo 300 300
(3030 cm)
Onion
1 mm scallop shell (15 shell) 200
(30%X50 cm)
Onion .
1 mm palm string 400 200
(30x50 cm)

PE Mo: polyethylene monofilament.
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CREE R

7] A 1Y 35 AFMY rolleryd 71%7)(boom winch)& F38t4

S AAoz QlYdste AHuE AHE F 20 L EGAEFAAMN HEES T

gletd FAsIY. WA T Bols WIAXNIAE &£o2 AY FIINAL,
)

dag s L 1 mm 2719 A AN FA% Fegel ¥

2
o

Arghfo] A& BilE MAX AdelA Fgoz AMHT 72+ 985~
1252 mm , AF 680~1753 g8 & Ao zA 199530 3 1399t8] +A 61
opg], 19963 4R 53ntel FH 100kl & A4z AlRstATh dPdE ewt
g 2= vietol] 20 cmAE RAE 22 48 FRPFE (100X53 cm)oll &+
28t B+ E 20~30¢/min= A FFAESIA T Hole dF 2xa
Isochrysis galbana$} Pavlova lutheriZ 50,000 cells/m# & g3ttt &3
172 A% <t AAFAZ F A4 A5 $2 ANE §gos B

sto] Abebgurol AlgEgul AHEzE wHoZE OB oA 208 HEAIE

gFato] AAstAT} Abgho] A& FxE ofad AMZFFZER(50X35%25 cm)

24 7t Fxo o 5~10v¥ S der F&3AU

_16_



ZAtk. #3t¥ trochophore A& HAA 2&Ez-F
0CZ &A% FRP 3 €949

Bl okstA aerationdtBA wjUF vlAEFE Z7] e 10,000 cells/miol A
AAgko] web 60,000 cells/m7hA] @dAIH oz H7 aFo 2xtd FHEA
o AF&FE 3 me] cartridge filter2 A#3 F Al 1 m2 AL o 38}
£ 20C9 52 wd 1/3¥% dFston 5~7¢ Ao vy g
TEF 2 AAZNE AA}Y st FxE st FAG.

FAe AY AL THEY] Asted ol ZHAMAFR(50%35%25
el LEWE 247t 9E52(15%25 cm) 648 ¥ BAA AFL
£ ZANE o|&3lo AlZFxe £28& 20, 256 % 30£1TE AASAU
FzZ 1403 Held 39 DRSS 200 A4 F83td AbSERA R, 24
AEek 29 Aoz AZEzE A9 A% R AEES ARG 749
AR BELEE FA 187 E 71F22 3o du| A stelA]  micrometer2

23

g 2A489R, obed F4 EFFH ¥R §3, o
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A Zetxa 9 200 FelB7E AR, WAPPSTE Mgt 2%
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244 AEFL&ZANE 20, 25 30C ¥ o3 AAs|5(13.3~174TC)E o] &3
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Table 4. Experimental culture by hanging method for
Amusium japonicum japonicum caught from
the study area

Rearing  Shell length Number of Hanging

Period .
facilities (mm) shell(total) depth(m)
1996 lasti
PRaste  378~435 20 (60)/box 10, 15, 20
Mar. 28~ Aug. 28 box
1997 1 net
Peat Nt 417~447 25 (75)/cage 10, 15, 20
Apr. 28~ July 29 cage
1997 .
earring 1016~1029 15 (30)/roll 15, 20
Aug. 29~0Oct. 2
Table 5. Release experiment of the tagged shells of
Amusium japonicum japonicum
Dat Number of Shell height Total weight
ate
release ( mean, cm ) ( mean, g )
Nov. 8, 1995 79 3.6~12.2 (6.98) 6.0~168.0 (39.5)
June 13, 1996 80 25~125 (762) 1.8~175.3 (70.8)
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Table 7. Grain size analysis of the bottom sediment
of the study area

Grain size (mm)

Station 2< 05~2 025~05 0.062~0.25 0.004~0.062
1 0.2% 6.0% 37.0% 56.5% 0.4%
2 . 5.3% 45.3% 49.1% 0.2%
Mean 0.2% 5.65% 41.15% 52.80% 0.30%
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Table 8. Experimental catch by a dragnet to survey
the abundance of Amusium japonicum
Japonicum in the coastal areas of Chejudo

Number Depth (m)

Trawling of

Location time(min) shells 10 20 30 40 50
caught

Sogwipo, Popwan 100 12 -3 7 2 0
Sogwipo, Kangjong " 13 0 6 7 0 0
Sogwipo, Chungmun 9 0 5 4 0 -
Southern aeiong  Hwasun ! 3 0 3 0 0 -
areas  Namwon, Wimi % 4 0 3 1 0 0
Pyoson, Pyoson i 5 0 2 3 - -

Pyoson,  Shinsan " 4 o 1 3 - -

Kujwa, Sohwa 100 0 o o o - -
Chochon, Hamdok " 0 0o o o - -
Northern Cheju, Tho " 0 - 0 0 - -
areas  pewol,  Kwidok ” 0 - o o - -
Hallim, Hyopchae 7 0 0O 0 0 - -
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Fig. 7. Relationship between shell height and total weight
of Amusium japonicum japonicum.
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Table 9.

Composition of flesh of Amusium japonicum
japonicum and Patinopecten yessoensis

Adductor muscle

Viscera

Amusium  Patinopecten

japonicum  yessoensis

Amusium  Patinopecten

japonicum  yessoensis

japonicum japonicum
Moisture (%) 75.3 80.4 80.3 84.1
Crude protein (%) 19.2 15.7 10.8 104
Crude fat (%) 0.5 0.7 2.3 15
Ash (%) 16 19 2.0 2.0
Calcium (mg/100g) 49 59 135 20.8
Phosphorus (mg/100g) 30.8 94.2 1194 149.6
Iron (mg/100g) 6.4 56 7.3 8.1

“Viscera :

soft part except adductor muscle



Table 10. Amino acid composition of Amusium japonicum
Japonicum and Patinopecten yessoensis

(mg/100g)
Amino acid AM AV PM PV
Taurine 810.858 300.946 633.287 343.273
Aspartic acid 1575.351 1038.667 1921.202 1031.240
Threonine 578.141 471915 721.164 441.473
Serine 793.569 593.772 886.212 578.124
Glutamic acid 2812.183 1659.818 3265.876 1555.380
Glycine 2493.625 1801.333 2970.600 1855.916
Alanine 315.374 324.283 368.059 197.693
Cystine 1286.441 1013.203 1687.578 728.236
Valine 526.881 402.944 635.413 362.030
Methionine 274.178 238.137 370.654 216.029
Isoleucine 419.377 279.324 496.837 257.813
Leucine 1078.197 642.093 1280.697 581.076
Tyrosine 2772 227.938 306.087 208.883
Phenylalanine 370.310 257.139 452.057 239.700
Lysine 1195.507 672.093 1484.384 579.714
Histidine 126.048 97.981 173.572 125.731
Arginine 1011.760 505.033 942.374 486.352
Proline 288913 312.504 392.398 299.261
Total 16233.920 10839.120 18988.450 10082.920

AM: Amusium japonicum japonicum, adductor muscle; AV: Amusium
Japonicum japonicum, viscera; PM: Patinopecten yessoensis, adductor

muscle; PV: Patinopecten yessoensis, viscera.



Table 11. Fatty acid composition of Amusium japonicum
japonicum and Patinopecten yessoensis

Fatty acid AM AV PM PV
12:0 - 0.087 0.021 0.034
14 :0 1.386 6.254 2.307 3.874
14 :1 - 2.209 - 0.639
15:0 0.760 0.790 0.772 0.582
151 0.090 0.143 0.156 0.156
16 :0 22.348 24.191 22.077 17.602
16 @1 1.924 8.292 1.141 11.306
17:0 2.620 2.193 1.240 0.878
17 : 1 0.889 0.668 0.616 0.847
180 9.415 7.418 6.220 4.097
18 11 5910 8.940 4.889 13.216
1812 0.388 0.440 0.285 0.650
190 0.280 0.273 0.192 0.169
19 11 0.199 0.280 0.274 0.171
18 : 3 0.181 2.034 0.269 2232
2000 3.221 1.074 2.131 0.570
20 1 1.415 0.972 0.830 1.136
20 1 2 0.396 0.455 0.204 0.712




Table 11. continued

Fatty acid AM AV PM PV
20 : 3 0.278 0.411 0549 0.889
21 0 0 0.166 0.087 0.111 0.097
2 : 4 45% 3192 2738 2779
2 : 5 11.072 11349 21.313 21,503
221 0 0.366 0.239 0.196 0.066
20 1 0.180 0.164 0.136 0.116
2+ 2 1181 1.105 0.769 0.897
29 : 3 0.433 0.371 0.366 0.182
22 ¢ 4 0.542 0.474 0.363 0.261
205 1.801 0.110 2014 0.340
241 0 0.306 0.361 - 0.266
2 ¢ 6 27614 15.020 25,004 13.488
24 ¢ 1 0.116 0.173 0.340 0.157

Saturated  40.700 42,842 35.160 28,137

Monoene 10.723 21.840 10.230 27.743
Polyvene 48577 35.318 54.611 44,120
EFA 5.004 5936 3292 5.661
TOTAL 100 100 100 100

AM: Amusium japonicum japonicum, adductor muscle; AV: Amusium
Japonicum japonicum, viscera: PM: Patinopecten yessoensis, adductor

muscle: PV: Patinopecten yessoensis, viscera.
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Table 12. Mean value and standard deviation of ring
radius in each ring group of Amusium
japonicum japonicum

Ring Number of Ring radius (cm), SD (cm)
group  sample I ra I3 Iy
0+ 60 4.67 (0.94)
I 7 6.86 (0.66)
I 16 6.61 (0.80) 9.83 (1.00)
m 49 6.34 (0.84) 941 (0.78) 11.23 (0.58)
\% 11 6.17 (0.74) 893 (0.82) 10.99 (0.65) 12.16 (0.47)

Total 143 Mean 6.50 (0.76) 9.39 (0.87) 11.11 (0.62) 12.16 (0.47)




Shell height (cm)
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Fig.

SH; = 13.25 ( 1 — e—o.5103(to22598) )

Age
11. Calculated growth curve of shell height by

Bertalanffy's equation for Amusium japonicum
Japonicum.
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Table 13.

Calculated values shell height(SH;) and total
weight (TW,) at the time of each ring
formation and at each age Amusium
Jjaponicum japonicum

Number of rings or age

1 2 3 4 5)
SH: (cm) 6.28 9.07 10.74 11.74 12.34
TW, (g) 18.82 59.99 102.36 135.77 158.98
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Table 14. Survival rate of Amusium japonicum japonicum
reared under various water temperature regimes
in laboratory

Water temperature (TC)

Time

thr.) 5 10 15 20 25 30
0 100 100 100 100 100 100
4 50 100 100 100 100 100
8 0 60 100 100 100 100
12 0 100 100 100 90
16 100 100 100 40
20 100 100 100 0
24 100 100 100 0

Table 15. Survival rate of Amusium japonicum japonicum
reared under 20T, various conditions of salinity
regimes in laboratory

Time Salinity (%)

(hr.) 10 15 20 25 30
0 100 100 100 100 100
4 0 0 100 100 100
8 60 100 100
12 40 100 100
16 20 90 100
20 0 90 100
24 80 100

_51_



6. B4 F7]

b A& % dele Pz

S olth 4 A%l AYHY AL A e FHA e
WS Wk gAss WRETFEE 5 Bo] ARACMFICE B8

o]
=
B rEROIA £dH AdAtold AFAHE ¥z FHEY FPBESo] B

2 HAAE Yetdd 38 79 ol% GSIZt-Z7bsly] AlZete] 119
14989 HnAE Bx, 12¥9ele 8312 743 F 6¥ol HA7 =Yg}
6HFE F7Hsl7] Alztete] 8ol 1001402 o] 1Yo 22179

A% woldA ofHyE] Aol UAlshe AT ABHT 43 wg

oi2
>
rlo

st RAIZE B 202 Bol Ado X Atgto] Az s A7z A
o 12%9elE 9942 A% 3 599 HA7) HYc)

ol AEAHE 2ASY] Hstel WAL 10 m A7) BAoz RS A
ot Aold FHENEZ Uebd Zabs Fig 163 2o 29%H 4 10

e} Z7] FERAFEE] FHsY] Atate 5974 AL FrrsAa, 79l

_52_



Fig. 14. Structure of Amusium japonicum japonicum. A,
female: B, male: AM, adductor muscle; F, foot: G,
gill: GO, gonad; M, mantle: S, stomach; ST,
sensory tentacle: V, velum.
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Fig. 17. Transverse section of the ovary of Amusium
Japonicum japonicum. A, the multiplicative stage: B,
the growing stage: C, the early mature stage. D, the
mature stage: E, the ripe stage: F, the spawning
stage: G, the degenerative stage: H, the resting
stage(scale bar=50 um). Dc, degene rating oocyte:
Eg, eosinophilicg ranule; Lu, lumen: Mt,
mesenchymal tissue; Oc, oocyte: Og, oogonia;: Ot,
ovarian tuve.
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Fig. 18. Transverse section of the testis of Amusium
Japonicum japonicum. A, the multiplicative stage:
B, the growing stage: C, the early mature stage: E,
the ripe stage: F, the spawning stage: G, the
degenerative stage; H, the resting stage(scale
bar=50 m); Dz, degenerating spermatozoa;
Lu, lumen: Sc, spermatocyte: Sg, spermatogonia;
St, spermatid: Sz, spermazoa
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Table 16. Shell length of Amusium japonicum japonicum
at the time of maturity

Number of matured

Shell length(mm) Number of shells
shells
20~ 40 12 -
40~60 18 -
60~70 9 -
70~80 14 -
80~85 10 -
85~90 12 5(%:3,8:2)
90~95 12 12(%:8, % :4)
95~98 13 13(%:6,8:7)
Total 100 30
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Table 17.

Occurrence of the D-shaped larvae survey
of Amusium japonicum japonicum

Site
Size :
Popwan Kangjung
Date
>200 pm <200 um >200 pm <200 tm

1~10 - - - -
Sep. 11~20 - - 3 -
21~30 3 - 7 -
1~10 6 - 8 2
Oct. 11~20 7 3 7 2
21~30 11 5 8 5
1~10 3 10 3 6
Nov. 11~20 2 5 - 5
21~30 - 3 - 2
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Fig. 19. Variation of attachment per collector in various
depth of hanging.
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Table 21. Early development of Amusium japonicum
Japonicum at 20T of water temperature

Elapsed time after

Stages fertilization Size
Fertilized egg 0 72 um
2 cells 2 hour
4 cells 5 hour
8 cells 8 hour
Blastula 18 hour
Trochophore 22 hour
D-shaped larva 45 hour 124X96 m
Umbo stage larva 9 days 166 X142 ym
Full-grown stage larva 13 days 180x160 gm
Spat attached 17 days 232X 204 m
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Fig. 20. Early development of Amusium japonicum
Japonicum. A, fertilized egg: B, 1st polar body: C,
2nd polar body: D, 2cells stage: E, 4cells stage: F,

8cells stage: G, morula stage: H, trochophore stage
(scable bar= 50 un).
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Fig. 21. Development of the larvae and spats of Amusium
Jjaponicum japonicum. A, D-shaped larvae(scale
bar= 50 um); B, late D-shaped larvae: C, umbo stage
larvae; D, metamorphosing stage: E, attached young
spat; F, spat(35 days) after fertilization: G, spat(40
days) after fertilization: scale bar= 500 wm): H,
juvenile (50 days) after fertilization.
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Fig. 22. Growth curve of the swimming larvae of

Amusium japonicum japonicum.
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Fig. 23. Comparison of shell length growth of Amusium
Japonicum japonicum larvae reared in various
water temperature regimes.
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Fig. 24. Comparison of survival rate of Amusium

Japonicum japonicum larvae reared in various
water temperature regimes.
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Fig. 25. Comparison of shell length growth of Amusium
Japonicum japonicum larvae reared by various
ptytoplankton feeds. CH: Chaetoceros calcitrans:
P Paviova lutheri; 1. [sochrysis galbana.
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Fig. 26. Comparison of survival rate of Amusium
Jjaponicum japonicum larvae reared by various
phytoplankton feeds.



3) AlBY ol w2 4 NT

@9 &G AlSdEe WE FAe AAL Fig 273 2tz A7
M e AR 49 FRE ztol7h e ARt A" (12d 8o 5
AA/metA A 2165 iz Ad7gel 7bg wgtm, 1A A/m ol A E 2135 mi
1070 A /mérell M= 1925 imo) A3e o, 2070 A/meFoll 4= 180.3 sm

2k Az 44E By

28 16LATE G 9= 24 dehy el sdwE 50a/med
a9 2735 mok Aol b A =F 207RA/meFe] 2024 meE 71 me)
B oo 23 24949 e SAHA/mTEIF 4637 mE 7FA whsh
ouf, 170/ me+ 450.8 gm, 1070 #/me 7 361.8 me) A AL Helow 2074 A/
mi AEME 3020 mE MY Azsty

Abs ol e fFAe] AMS R MESS Fig. 289 2o A¥ 8UH
of 17hA/mev2k S A/ meT = 78.3% % 754%] MESS HAou 1074x
mert 22070 A/ me el M 62.1%9 51.3%9 AEES BT 2¥ 24
oAz 1A/ me79F SAHA/meFoll M s 232~263%2 H]5d AZLS BPGO
v 2RE AL 10 /meTE 7.1%, 200 A/m s 34%2 YES] &
AsHAl S RTHFig. 28). wakA ey RggAe] ASREE 4R
&AM SAA/ M7 M F& ARE B

i)
oz

1= S I -

TA 1349A 7 208 mz BBt ZAo] HAsE 247 KA DA
M RS FYadh AR AAE 2 ZEL Table 229 o] P4 18]
G vE R By F3EA e on FHIBANE A4S FAH 2B
of A4 Fdste] A AP TN 2315702 ARG 463.0~484.070 A

(i 473507 FAd ey 28 e A AYTFe) 68~



T8RA(HFTINA)A vls) 59~7Iuhe] S RAFLS nu) T
0

DER AN FHS FUR Ao BE

At 200A7E o RASAt. 4IRS gz AAY AT E g
b atE Aol Ael gtk dstuldabel AA WY RAES £ o)

FHoP A ARTFRY ARG A 73447 o B AeA

_87_



500

—&—1ind./ml

400 F ——5 inds./m{
—— 10 inds./ml
—4— 20 inds./md

300

200

Shell length (m)

100 F

0 1 1 1 1 1
0 4 8 12 16 20 24

Rearing days
Fig. 27. Comparison of shell length growth of Amusium

Jjaponicum japonicum larvae reared in various
density conditions.
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Fig. 28. Comparison of survival rate of Amusium
Jjaponicum japonicum larvae reared in various
density conditions.

_89_



Juaweijouow dUdAIYRATCd (OIN Hd

(wuur 60
7070 89 ve ¢ 000002 005 [RIneN 3 007
O Ad)
. ) 5 1ou 1aqy
. C aULIno,
Al PRy 02r', g 000°002, 00G LNO SIS
(|
7200 ) 6¢ g 000°002 00 [RINIEN 9 o
3 00z
_ . OW Hd
a1 069y CIE'T S 000°00¢, 00S uLno 5 )
B UuoIu()
200 0€ 0¢ 01 000°002 005 [PONIIA owed
00 €0l €01 01 000°002 00S [PWOZLIOH  [AUIAK[O ]
(V/D) ) (D) (Y)
a0 3u113108 $10709[{0D () (9Z1s ysow
(%) 0wy Jo IoquunN - jo pquny pquny o Aoeded que] SPOYIOJA ‘uoRW)
AeAIR] UG IRALR] BUIUWIMG SI0120[[07)
SI10129[[0V

SNOLIBA 3Y) U0 SBAIR] wnoluodel wnoiuodel wnisnuwy jo djel sUl[}193 'Zg 2lqel



9. ¢ A

I E LK

WER7] Alztete] sfzbele] s dey 542 2H3EUcH(Fig.29-B).
714 4 mmolde] Aoz xFMo] HAle] site Moz Wo)HTkFig.
29°CD). 2t% 3~10 mm A= AMZE ZebaE nppyo] Qo] 998 FRP4&2
(3E)e] ol HYA F4 AS3IHtHFig. 29 E). 2% 10 mm o]4o2 A=
g A (¥ FebaE v U275%85 cm)oll Yol AFS-5H% tHFig. 29-F).
717 6568 mm(H T 6.7 mme AHE 4gAe] & 15 20, 25, 30C ol
el A4S Fig. 303 2tk ALS HE Y 359 Fo] 442 20T (2% 9.75
m), 25C(Zt% 973 mm), 15C(Z% 9.0 mm)
ToFERT 2L AFgzddMe AEELS 15CG6.7%), 20T (50%), 25T
(43.3%)9] To.2 F&o] YSFE MEGo] =4 UeuEs Aol 30T
o nFE2FlME A8 7Y F 75 mmE AAS o)F FA HAIHA o
oqut 4 14¥ olFol= AP HAeHY thFig. 31).
309 ol FQ Ry FARE 135U714 o b Aol e Zhe
44 Fig. 32014 BE vhel 2o 70947 A = 9uks RS Roltirt
ool FAFE A4S RAoH AKAFX)9 ZA(SL)AFolo= SL-=
257.75¢" 7o) A EF Aoz Jehdtd ole o] 43 o 500 Awsiw
A2 oF 1.0 mmE A AAEC] FHatT: 135U AFstEA 73

ok 96 mmz A At

o

TO 2 20T A Aol 7}
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Fig. 29. Growing young shells of Amusium japonicum
japonicum. A, shell length(1~1.5 mm): B, shell
(1~2 mm): C, shell length(2~6 mm): D, shell
length(6~10 mm): E, shell length(6~15mm); F,
shell length(10~20 mm).
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Fig. 30. Comparison of shell length growth of Amusium
Japonicum japonicum spats reared in various
water temperature regimes.

_93_



120
100
R 80
9
©
— 60
©
2
2
3 40
(p)]
20
O ] (] [l
0 7 14 21 28 35

Rearing days
Fig. 31. Comparison of survival rate of Amusium

Japonicum japonicum spats reared in various
water temperature regimes.
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Fig. 32. Growth of shell length of Amusium
Japonicum japonicum spats.
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A7 Aol WErdel A QlFFuA siztagel (24 09~21 cm)
of et &4 248§ AAEAT A2 PoME o] A8 79 5 ek
R, 228 HEME 4 15 mot 20 mollA AFES 23 158~16.1
mm(H v 160 mmAA o] A& 60Y F Z+F 36.1~367 mm(FF 364 mm)
2 st o, AT ES F4 20 molA 24 0343 mmE F4 15 m
o] 0338 mmXitt E=A YeERdY MESES 233~416 %(HIT 325 %)2A

Tl A& 20 mellM A% % AER] A U tH(Table 23).

AAE BT ofdd Add sirtelne] F84S 95t T
2842k A 9 Ao g Fatalel o gk AR Table 249 @t} Z3h
S 7IRbEe] Ade) 4 AEE T Fig 33, 34, 359 2ok AE A
& 4 20 mol A dzbd ol 2 0306 mmeb ZHi 0303 mmEAM 7HE
A WER L, EebaE AeE 4 16 meld 24 24 0121 mme}
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Table 23. Growth of Amusium japonicum Japonicum
(spats: artificial seed production)by hanging
culture of pearl net cage at Sogwipo area

o ) Daily
Initial Final )
icrement
Numb
Period Depth Samber Number .
(m) of SL SH SI. SH SL SH
voung (mm) (mm) ) (mm) (mm) (mm) (mm)
survival
shells
1997 10 32 102 109 - - - - -
Mar. 22~ 15 32 10.3 1109 = y — - -
Mar. 28 20 32 10.2 108 E 1 - - -
1997
Mar. 31~ 15 120 158 16.0 28 36.1 350 0338 0316
ar 20 120 161 164 50 367 356 0343 0.320
May 30
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Fig. 33. Survival rate of the spats(SL: 37.8~43.5 mm)
of Amusium japonicum japonicum the spats were

cultured in prastic boxes in various water depth
(10 m, 15 m, 20 m).
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Fig. 34. Survival rate of the spats(SL: 41.7~44.7 mm) of
Amusium japonicum japonicum the spats were
cultured in the pearl net cages in various water
depth(10 m, 15 m, 20 m).
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Fig. 35. Survival rate of the scallops(SL: 10.16~10.29 cm)
of Amusium japonicum japonicum the scallops were

cultured by earring hanging culture in various water
depth(15 m, 20 m).
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THEE MAREA 1 2 dege n)xiz sHgole Tolgtxn &
T A Amusium% ol ¥-Xol ek Amusium balloti= T FHe A
2 19~24T & ¥l N 48 (Rose et al., 1988), A. pleuronectes
(Linnaeus, 1758)1= felazt g2 % g 2o TESH, Aok 5o
= 26~28C2A WA At} (Beldam and del Norte, 1988). 5o A o]
T TR ol gEoR AA v au WY Agres 95970

1 S} (Chaitanawisuti and Menasveta, 1992). Waller (1991)o] <]&}m 4

ohn

pleuronectesy= Indo-west Pacific %] A ballotiv= Indo- West Pacific )
New Caledonia®} Australia®l 18] 2 Amusium Japoncium japonicum (Gme
lin) West North Pacific=9 9] Qd®3} Z3o] Bxas= Aoz PR3
=3

F-elutetell A ast= si7ka vl A japonicum Japonicumyv A|F EAE O R
AZTE £ ¥ AFE it Fz Myse gl A 2 4o
29 W= 128~266C M Amusium & FolMe ¥y pox
shiz Fo2 Selue AF sjdo] Bio] AstAo) ABHe oz Ay
o AFE=W 1270 2 -Hol A AAE s sba)y) TXEZEAAM MIAEE FAT

Hrsleld F2 st e Ae AFax B9 Amusium:e] 7}a)

e
rfI.
>
lo
U
)
ic
g
u
rlr
kd
o2 M1
ehd
=2
>
>
)
=
rr
ofy
o
K
2
AnJ
2
30
lo
i
1<)
r‘;

del Norte1983), A. balloti A A] GRE 359, FHo A AFS8l )

(Cropp,1993). “relvt o] At A japonicum Japonicum©o] A A&t Q)=
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ML Abe] AEE ARzt ooty mEo) A$ AF 3157~3514%H
[ez ]

t}.

FArE A o] §EAFLFL 560~805 me/ ¢ A A Eo] that 9o S Al
A 1994 8ol A Fol A HA 536 mi/ v S YeElWol AyHoz B uj
T el Aol A WY JAAFE QAN AFE YR A

bai ol A AZF 0.03~1.76 ug-at/ ¢ BAATHZ 5.1996). o] oA Foll A4 %00
6~1.27 pg-av' ¢ 2 1980 e 7 5(1996)e] A9} SAbeAl e o
FAEES Mol Aol gl 8 O5F59 WUl Sojgle] vln A
RFRGEE Mol Ut}

Rhodes and Wildman (1980)°l ¢]st@d s wt7}ely), Argopecten irridians®)

HA BEE FA87] A e F229 g $%57 140 ug/ i o) o] =R
stobil shch 25 (1996)9 AF= FAME dotside ZFegw go o7t
FERHAE 0.04~236 g/ L2 53] BHo) 2 yg/iolde 2o e ny

Aol E 2224 g9 AP % WE 014~511 g/ ¢ (BT 145 ug
FO)R 3k} Adw Hit ke 29 077, 499 285, 89 1.39. 119 0.79
ug-al/ ¢ 24 Aol H A E dEh Qlo] dRsi oA wolz <l
Az P& Aoz AzhE

AmusiumZ:2l A5 4-& A balloti7h 10~75 m FANAM ol 9o

Mo

U AU ETE 2 48 25~55 mol® A pleuronectess 44 18~40 m
o} At A Yol M2sta 9ltHLiana, 1983). o] AFolA AZEAF &7}
dule] MAFAL 20~40 m AFEdA A F2 A3 Qo) A pleuronectes®
MAAeE3 dxsn o

Zhul i iR AFgolAlols] A EAQl A% Ak ALolAd] s
oM E s MR AgFAddel Yt ® $ch(Naidu, 1970). =

7Fejul, Patinopecten yessoensis$! 7% vt I\dsjel A 14vle) & 3vula] 7} =}
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A ANAE JHAL A Ao B1sta Joh(Mor et al, 1977). 3
Pecten maximus(Wilkins, 1978)%} Aequipecten irradians concentricus
(Sastry, 1965 2H&5 A 7hejul 24 2p7ba=go] dojyr)x $rhy v 1s)
Lotk a2y o] Aol b4 60~140 mm S 7ele] 461mbE] & ZA}E
A ghvl s 51492 A A9l 1119 My, ZAF sampled] A= 2F-4-E )
& A48 = F A

Chlamys septemradiata (Anscll, 1974), C. opercularis (Taylor and Venn,

"..ﬁ. }-Y

1\&'

A

19792 Pecten maximus (Stanley, 1967 : Comely, 1974)% 3| FF ko] 7+ a
obiz AL SN G Fheko] FojE 1 A Ao AWEtako] Z7)s)

7| wfFelebsr gk Mori (1975)% A 3HA (digestive gland)®] #)uFat o) 3= 9]
S| ZAFFE Aobeld] A s wdde) gxM ZAastEtty Rod ©
3hg(1991)2 F7telnl, Patinopecten yessoensis Z3}viido] A a}o)
2spdde] At A Ao whdy g MAAR oldEE AMWMES ¥
ekt Placopecten magellanicusol Qo] M= AsbA ol xwal et4sl2
rea o) grstE wi oA e gAs 2 o]l Hojo o2
of A9 Ax 53t} (Robinson et al., 1981).
of AtelM st ule] MF el Wi AFTF, AT o] W SAFY
3 OSHET A g AT FEue] 9 Wi 592
ANEHdFFol F7tat Aoy HFFFE A G4 B 28y 5
=

o] stolA = 9~11€¥ol: HFF

ol

ol 2A A3t

2 % AFe) ol gastel ANE Fdol FrsL Ui olEd
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9|

o

FAos sroflAe oe] dzte] Aol & A= Q)

safiqtel #7helv], Patinopecten yessoensis 9F AT o] j7ielu] o) A
VoAl A drbeldle] sieet WS e wwide] Hy e
13.1% 3L sh7hedulss 15.0% % shzheulzt oF 2.0% WA vepwtoh 22
FHE Fek el Hetgh e Fubenl L1%e vlste] sivtelul s 1.4%
2 odnh 5o obvlmAt g o 2L ofF, #HAFEY ofviwit
2% va Aozt low HF
mg/100 go 24 dHrafFe] 409~856 mg/100 goll Blety Y38 =1} (o]
s, 1993).

o] Ao A sjrztelv]e] glycined &S 1,801 ~2971 mg/100 g &2 ¢ =
A veby AR 2 ztolyg B4do) daAwk dhubs el e ofn At

ot

7hed AEL glycine $F#Eo] 1.509

AU
o
_(::
o
ot
flo
£
-N

3 ol A 633~810 mg/100 golA, WAl A 300~343
mg/100 g2l W EA olF9 31~500 mg/100 g, 2F 146~406 mg/100 g
wrp Y55k ol AntH o7 AFF U HFIt o) FHU} e Fas no)

ack

g Feol Aol tsted EM1974)E vpAlge] 2bal 24 AL w9
Az Aot dgdew, 2x7F A&d $F docosahexaenoic acid (DHA,
Cn=0)° 2=EF3Pbe] F 33, palmitic acid (Cis:008] E3}4boln} oleic
acid (Cix=1)%2 monoenette] ZAu¥|7} Astgivtn B asAct 37iely] 9
wESEVE sivteu Ry A JdEetdE AL #Jvbeu)zh Feicke] 220
S gl A AMAsta, sirtelvle AFE Aty nHFR| G M A=
el Aojol A UetUdE Aoz oldd Ade AW ZA Aozt el H
oz AAea 2P Bdo] ek km, 19743 ¢ Hueh Azt ck
utetr 7heju] o] EPA W DHA® S o f(aiet 2ol 53 A Folet A
2t}
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sizbelvlel Awsk el thstel MREFS A balloriel HZe|

pigmented rings® x£A= AE7HA gFed H L g ringo] Faisle 7heln)
o] A& Ao AAEal dvk(Joll, 1988) 2 B d: g} zeu} ol
Aol M shzbejule]l B9 dE7kA sebstr)e o siAg 3 A g

AN AEE ofite] v, olMel A YEE annual ringx 3 B4

17§9] annual ringe] &Ask= 3lo] obye} shdriols Hubxdog fFelx R
st ot a7l FaEol AgHe EWA F£23 ringol EAHIL AN
t}.

AFEFol MASHE A balloti®] 9L 3~438 2FeA] ¥y Aoz
XY 13t Heald and Caputi, 1981). o] Ao A &)7tgjy] ASE A77
e}t o dE Hd ZHEQ) 1265 cme P Aol A QD ringd £ 4702 3
o=z Hol AHH £ 4d HEZ Heald and Caputi (1981)2] B9}

7

4

—_—
J..a

-+

AFEAE kel S Faeh dalt 2gn Aste) We oG of
A7e4 B2 Fotshs) Astel siztelule]l few ARUY 2UL AAls
Atk B A gEe ALH HASL 5T, 1002 wske] Aeuye
AR O Zh7h 4N, 8AE WX Retn AAS Y. n4 e gel
A 30TAM 204 Aaka AT Azt 6714 &

ol uEbd Bhe} o] 15T, 20T, 25T E HAAQ AHS §x At
AFE Gracte] A% £ ¥elv U 15~25TAA} Age] Anrt
Aok Qlom, 5T, 10CALNH FAZtge] Ag AL 2w arheu s
5., delickel ol A9 AW 4o A4 Qe Aoz Azt

ye] sleluFe vay 1R A5eld s oAz el

oy 42 Wikoluy ekt At ME A4 lom 10~38%E el &k

A Aol bsdith Bae Fed med e e ARz AYs 9l
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of & 10ToAA = bAoA 484 7HESH o} o] akgle] MEEHA|yH >
& 24T M= AESA X h(Belding, 1931 : Gutsell, 1931 ; Castagna
and chanley, 1973 | Dugan, 1975). o] Aol A sj7t2d] = 10%, 15%:°0 4 =
1A PR el 20%00 M= 2041 3bell A3 A AL Th o] 2f3t Az RE st
Ul 30%00178 el R EANM Aste] o] R #FWE A WwA o
of 2 HEF st vy o JdFAle siadoj el ut A 3
Zhelu) 7t Aol itk Re FAd Astetn Azidct

M55  Shark Bay®l A balloti®] 2b&e 1293} 1YAlolo] dojriy 7
o] 2 a7} Aol Zojgtth(Heald and Caputi, 1981). Eitol] MAst= A4
pleuronectes®| 1FaHe 1193 29 Apolo] Yojdttx 519 tH(Chaitanawisuti
and Mennasveta, 1992). o] Aol A AFwat s7teju]e) YA Aax$= o

T B 11del 2217, 14988 HAAE BYou AFHE 1190 19Ako]

dofwtth 3 A AT K APolM A@wtSEo] Y =:dd
A7) 118 28 ~11€ 279 Alol 2 A o] Al7]7F AF 4o s AraAd 7|2

F4 5o 3529 Shark Bay9t Elzioll A B} A 4o ALar)eh Ay 7}
Ua weA el ol #2577 Agsts oA FI nYE o)
A E Aol vate wzA el 43 dxHE Aoz Qe
FU92)= AFzRe] A4 IS 6DA(ELDEAT], AR, A&
71, BEV], HE7l 2 FAVDHR FESAY. o] AFAAE (19729 6
GAM 5718 F o MEsste 3uA(RY) A%, A&7, S5

F7kstod 87 A
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mme]d e 2 Higal JAchDredge, 1981). ©] Aol A sirbeln]e] A2 A7}
g=7ld o2 A7le ZH 90~95 mm AFoldow 11~12€d A 3
Y A719 2% BV AdHEa e WS Aeg wol A ballotist A
o] dAxg AH}E BY

iztenl o AN FHE FHEy] Y5l WEFAAN BHgH RAS
dAAeY A 2AIEE Bt fA FESI 23 @y} oJRe A

Aol sizkejulel A Aztele]l FE A Rax, AFaAd ANFPH =AY
oh9 FAdolut AFFHo gz MEsHY Je WAZ ReHde]l T
Had7l WE) Aoz Azt 35 Queenslandol M483 Y& A balloti
of tE AAABAE ZFeM Hrrldl 22AF A7E 90%7F ALH|A
oul yrjAles xEoldth Fanlalss Hurd 2z 02~1698] 24 o)
$4AHRobins and Dredge, 1993), Z23Y Mimachlamys gloriosa®
Pecten fumatus<= 2tZt A E7)1F H 599v9te], Hd 5000te) 7t B2 o)
Robins and Dredge(1993)2] “& 5 otdd] Jigte] 7teju] A4 thgh #)
A 3 5T AFAdA A balotiel FRAHE A Ao Bago
o= FAte] FF2o] AL glo] RFA e At BRHTE 5 QY] wWZol
21 32tk Rose et al. (1988)2 A. ballotit: Ao 9@ 27|13k v
A #G3 AHe AT o] AFA Amrjd R RAHE A AT &)}
Ayl A= A7) 20700 3MA AE2 Bxoigs} ofe Hed bsie ®
Auierteld], ZbeEste], i, 7120, Pteria brevialata 2 A3 Z7)
ol i FAste] AA X 90%oldE A st ol AlAZ
= o AAX PRFdn FAFAAN AHES 4742 ARl E sty
of A7t Ao BAHA R A AAX A dF 2{F42EH o

18t} frAo] FFsted o) gol A& ¥k olye} Robins and Dredge
(1993)¢} Rose et al.(1988)%5°] A. balloti®l MEANA A A& Amusiums: 3
Ao} £Ab o] thds] kgt A wwH Fe RH7E Rt

e

¢
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A% & QA" A%z AZAc o ATl 2N $RA 7} 25 =

AL wEidgtllM ASode Y2A ERANE AFE Ak 928 o Fo

o 2P A% Ak YFFl wel Feid 3hEo L BRHALG. 53,
A Sael Fz 443 At

U= Atrina pectinata japonica®t 2& )8
Aviso]l Mid A AAQga o3 7%
N Fao] o]Fo] Aoz M7t

ojmfjaf o] -E4kFF FWY © 2= Loosanoffer and Davis(1950)9} Kanno
(1962)¢] 2225, +E &S, kanno (1962)9) A71A3 59 223 223
Sagara (1958)¢} Iwata (1971)9] NH,OH, H:0:, NaCl5 < Azl o3+ 3}st
A AR, AdE 2 dss, AFAE d8d9x3F 5ol Axdn o
Amusium balloti®] A3 WHE 18T AFs)FE 2dHe Ho 4~
> A5AA AA ABAE F AAYG (Rose et al, 1988; Cropp,

6 C '1— L
1993).

FolN ded exdsAs, 1dn dEAIH 4SS Wasta WA
Aol A wggol 7Y wA el ot wad 43e Ay e

BN

Aol st Qe dlizbeiule A9 F83) A5 MAle vy ze
Sx9 Wgle] f4A AFE Wy oz WA AmusiumE ol $R 9
A7) et A balloti®) HE3F NATLS GH HBFE 76 mAdn BEE
Queensland’H H =2 63 m=2 B 1= AcHRose et al, 1988). o] AT A 3
Zhelvle) 4R 72 m2AM A baliotid]l MEZEF AT Rus ZAgxm
Queensland 7HA 9] A BTG tda ok A ballotis F& 18~19CelA
#3 F B8N0 BEAL LD, £3 F 2”6) DA S0 Hof
2 ge 123 mAoh 8¢ A= o] dAHYen HFAHL 154 md
o A F 20940 B 242 mog R AV 407 Y1, 252

- 111 -



dg A (5 & 3d)= Ho 2 333 m7bA A FEAY. =R 5 o
dzboll ZAF A7 Fo] Yehdam A3 9
ZHe 350 mH 2 At tHRose et al, 1983). ©] AFolA &) 7eju) =
S 20T1CHN $4 2247 Fo] FEAGHOZ Rty n, 4547 Fol
4% 124 o] DY FAS2 HESAT £ 3 9dAdAAE Z4F 1662 mm
o2 AAsEA 447 fAeg HA £4 F 179”0 E 2 2324
2oty B27] FAoZ HAoo 4dAdE BF Y 4358 mo.g
AehEA FA2e 2 & AT A2 A% Asol BE by 4ol
a71¢} TAGAZE A ballotioll Blste] 21 thA w2 A JERER|gE o] =
A 2ol 1-2TEUY 2 Fol @& jold 7)A8 Aoz Azts Yt
Fard7Iel F23 de distd M¥ ZFAM A ballotis 25T o4
A= FAe HAMgol Rolxtin sATtHCropp, 1993). ©] Aol A &7}
gul o] s FALGY MELES BY 20T, 25T, 30CoAM 28 F 99
7HAlE v 43S Rolurt 15U AdE 25T AFE7E 20T v 3o
719) 2] AAAE B £2¥ YELL BW 3UR 30CAM FAI
HAAPE dojtn HPZFAE 1% FELS Yo}t 20TANE 2
YEEo] 106%2 7Y FE3td Cropp (1993)2 39t §ASHAl Jdebgt}, ©
A E WY R FAIG SEUA AP 30T A 204 7hgkell A W)
AR Ade Z dxEo] uFoMe WAL FATIAA Huje oz 7

>
ndz
rL
2‘,
o
\)
oo
e
o
rIm
é
ﬁ

el

2

ol

ox

shrAde] Abgele 23e 279 YRS 2E HolAEY Y Buy 2o
sto] S3lYole AA xHe FA WERY AP Uk 223 247}
€. Whyte (1987)% olulalf 44S fato 6% 424 Zata

AsterA AR AUA WgE B3 AT TFF2F F, Thalassiosira



pseudonana, Chaetoceros calcitrans, Chaetoceros sp. 3% HRzH
Isochrysis  galbana, Isochrysis aff galbana(T-Iso)28)l T  Tetraselmis
suecica 3% & WFdt] AEFA 1 g@ oY A(Kea)E AZ vasdrt. 6

5N L of galbana (T-Iso)7} 23} @l Ao A o] gto] 7}& =9k

£

T ErdtEs FEY 37 JUHES FF ge 442 Keal@:m, Ao

465 Kealdth 2915 a4& & QA I galbanaz A 37bA) o ok
#E 42 371 Kealfl A4 olyx g 422 KealE Ul 4 Hg=
C cdcitrans24 A7bA] Qdah & &3 AL 298 Keal i1, 4oz
&2 304 Kcaldth olwialf Holg F2 o8 £& C clcitrans, P.
lutheri ¢} I. galbana S 2.2 °12|3 WAHE AZZPAaEL A EYo T8H
el met KA A4 WHE R AT 2 AdFgS uxA "y
(Halland, 1978 ; O’Connor et al, 1992). o] @FolA o}ite] 37} 28 ©
5 5E 2% ol st HAY 6712 AP TN FHS A8 AT} A
B2 A F& ERY FAGI MR $E A 9EREQRNE [
galbana?}t 7} 538 A1 P. lutheri7t 744 A 23] Whyte (1987)2] ol U
2 FF A7ATe dxd A%E B}

Helm and Millican (1977 #Z C gigas® 2§54 AHSold A& 1
me'e 17RANAN S5HA2 frAe RErt FrbetA HW DA S ASd=
16% Zrasts vb o] ok AW ASole= 60%9] ZAAFS gD 3
o AEEE ASEE 2 dgL BEY F (199)E Zr RN A
= ASAEAN I AF] 4Ae 5 o|stel M 1765~1889 mz 7}
U, YEEL 3IMA oldtelM 252~415%2 7HF =) o] Ao
At dizteiule f4e 2EE 1 mF 1,5 10 D 04N 2AS A
A RAAAAE AT 1R TFAN F Bzt A9 YRz A
g 24 Aol s SAHA T 463.7 i, 1HAT 4508 mz A S5 AT o] shol A
o owE Y-S 2 e AdolMe B 37 zNe SAAS Ae)

ﬂ-||0
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 dAsn Aok ABEAME 57HA ool A 23~26%F 7HR =A e
2 A ARE Holn gt o9 o] SAAS Lno) wE A
o] A7 BF FASA YEhd R A7 tA HE S =7

g
TN, A4, AT Hol4BY FF Sol RE $Al@d mE adnz

AeAR FHANA HEr) 248 RFge Astuld sato] 30~10.37)
/AEZ]el vete] ®E 05 mm AN HE7INA 6.8~48470 A/ 77
2 25 1 mmYA3Y AR A 78~4630 MA/ANRIE @A =
S FHS BAY ole AU FA49 HA W g MY BrpE 21
BHHo] A WAL el 7199 Aoz AZAHAY, AR M
doll & MuFH F dstud 33 YE/NF F4 HAES S o4
10370 A Q1 ell whste] F22ol M 30WAE ZA Hzech £8 A
t Fg ARIAMNE FEUQ FHog 3 ddd RoA 68~787A)
/AR, Bl BE7) FAE FAAY RAelA 463~4847M A/ MR 2
A Ao]lE Btk o]RLS YoM Robins et al(1993)3 Rose et al.
(1988)5 ol AAF Amusium & R27) FAe ZAle] o] ok Hx
FAtel o3 F27|bo] thiE] e A SA g o] R xuy} gt
571 A& dgud g QAR oz a8 AW Bue QR
717b EoldE 28 FoiY U2 2347 $42 Yo ¥e o] 2o
g2 A ARHAM T 402 AS F AUY Hog A

Zhejul o] FFg Aol tishe] ¥ (1995) ZHE 1~2 mmel AAdH MHE
g st F7HulE pearl netol &YX 20vte] 2 FHo] 102U7F A}
8-, 15 mek 20 mell X Ak 4FE 0435 mmS 0430 mm A Aatg A 0,
T4 10 moll M= 0363 mmZ ¥l d HxF 44 Y T3 S8 ug
2 AR F4 15 molld e HE 65%A 2, pearl netd 20mta)E 4
ot AT E HAMAE A9 gl Aoz Bl o] AT WA

g>~
.‘_.

X
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ol

d 158~161 mm JAFAHNE FHEHS Ao, 249 Ak 4FBLS 0341
mm=A T8 atol= gATh 28y 24 41.7~447 mme) RAAM 2
pearl net & 2570 E F&3td 44 10 m, 15 m, 20 mol A 90Y 7+ AFS- 3
A3, 4 20 mell A e 2+ 0306 mmEAM MR 2L e R

54 VI FY AESAA £ 15 mollA 100tel7t A&t vt
A 20 mel M 17vket AES FAY YT FoAd Y 2o A4

F

£ ol
=4
a

sizbeln] Ao Ut HgFoz E AALrrs 244 158~161 mme 4
FA A= 4% 0338~0.343 mmH Bt ZHg 40 mmul o] B =
7t 0121~0306 mm 2 433 7teuAM E3se 4FS vygch £33 vjs
¢ A7 A% 1~2 mme #Ertelvl AAse Ao fAbeAl Jebhg
sizteiui st Hrtejulel 4 AAn AEL unE Ao z7I) g=
78 wEel AHARJ] v AYRAL AR BELLS 20 m FE2AM B F
F353 AARE B A FHu g}

of d7lM JATFE AAE ZH 102 mm Ao I FHKA AHo
A 1ol s 79§ AF Aoy, 2aiel = oF 33%9) AELS Uey
ok 1akek 22k0] AY 2WS RAFY dn 14 oo JFFAFE < 102 mm
b 23w o 16 mmEA ZAgo] ok 58 mm © 2 XHE A}gEg
a2, AEE ALSFEZRAM NAL A 71A] ol Fate o 2417 Ftol] x| Ho)
A 2EdAE Ha3) 3] 95t 1M E 109 1000te] AEE $43
QAR 22kell= 109 107he) =2 $£8UEE 23 3o o]4slgt) olut
o 12 M E 2¥AAE olfstq =
S Tt FAARA oM AgFd FTERZ
2ol Ad 3 AF HAsAE Y02 FAHJG. T3 1, 230 B A
AR e Ao F SALPAN BEgo] ¥(1995)9 sty FHsA
Aol vl AA Mz AL AUty FHe FAdHAN AuHo] =

l

A&y AL B2 AN W

B2 LEHAE FAW



del HARIQlo] Atk n AZhA . weba sjrbejule) AR s
ATz AFH £ 544 AdHRd o3 Zne e HAYazs

A& HAolmg AFEFL AA71E o] JEsE Aol

rlr

b

7l Ay
AN Fasittn Aztdd. AFFR B4 J)&wo] s A
Aol A5 At e] vl 2834 o2 HeA9)7] Yax= e 23
el WEt AHA AN FRSH G2E WA 27, HAAAL) HA
A So TAAHA A7) olojHor F Aoz MzbE

H7keln] AHE FF s PP dEtd 2 10 cmW o) R
Amd7l ol ot 35U S A} 97% ol4te] e MELSS B
T AU 2y 2 3 emAHE AviRr) & A A A} sz 4
mm, A2 3 mmZA FAzteH 24 3 cmANY AY A7) 2 8 mm,
A= 7 mmol Blate] A9 A7 7} 2m wE sjzte] gFo} 1~2 cmA )9 o™
AME Avh27] el e B oj3 e Aoz Azt

ATTRY HFAL 712 e Sd FAANYANE FQ8HR T 2o
AR HF BR Ao F71E J)ste sbEjule) AEAPL s
= HE 83t A AYF 2} AFAA WwEENE 2AVE )
oF BAFRAA FFel st Y BF 2AL £F ARBGAY
HE AE 23 HPgely EE 5o 93 o8 72 wo] o)gHq
A (Golikov and Scarlato, 1970; Mason et al., 1982 Orensang, 1984).
Dredge (1986)= Queensland®] ¥ ¢ Amusium balloti®) QAL = | m’e ]
WA olst2 45t Queenslandol A AAHE = slelu)e] B e 19691 o)
80EA 19873 1200€ 2.2 Aato] 158y Z7tsldttn s},
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MAZ HEojZollA si7telu) MALEE tholujo] olste] marst u}
& 10 mx10 m ®Wolel 17047 M yste Aoz At olz]d A
= e Eud AFE FRA%) A Aol el S g Wi
si7keld] XA 42 FhE FF Queensland®t Zo] o} E
o ojFozA s e AL FF FAHoor & HAF stutatn A
Ztg o}

Dredge (1989)°l 2l&t¥ A. ballotiZ 35 Queenslandol A 446vie) & w&
stef 180 F<tol 58utal & AMEste] 13%9 AL LS BRI o] Aol
izbelvle] EAGF AETAEY Al F 159vhE @Felo] 39U HA =

SAZE Et Yo ojdF A} 8utgst HE o AEEL 503%%
B BRI F 12 202~482Y, 23R e 106~265%°] 285 %le
4 AEE AW dF7E 1 kmolWol N AEE S BY WE 2 o)ze
3t ¥ Aoz AZdng. o] AFoA #ralu)e A 3 & ©] Dredge (1989)
o 13%2 9gd AL ATy HFo o] &3 o Tt Py So IF

of 710% Aoz WEAHA 2AFUIL 2FoW O He HEEL AL

2

>

i

2

e
Ol

2
2
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=
MG 8, AW, AR5 4%, AAF7], Ad A

5
Jo
i
+
o
)
1o
i3
o=
B
oX
22
2}
N
R
2
i
2
ia|
o
o
'3 l:[]
=2
_'EL
ru
2
l:tl
-z
L
>
o

L o#ztelnle $¥X= F2 AFE GRide) 2 128~266C, 9% 315
7~3214% WMol A= FA 20~30 mo] AUARE FAo2 NAgdm ¢
A

2.2 Aol WY doAFe Z}SLFH ZSH #AE  SL -
0.9141SH+36124(r=0.9979)2 Jelwtz, zZt1(SH)T HAFH(TW)e BA=
TW = 3.1919% 10 *SH*®(r=0.9961)8 }e} o},

3. AFF(TW)ell izt HFFFHAW)S AFFRE 159%9 1, 69 21.3
%, 89l 206%= Egten], 99 RE 11971x] PolA 1196 92%z 23
Ag B AY2FFAFGSDYE 948 AL

FHTZFBW) e HFFFHAW)Y v AP F 7} 39.2%%H 2, 69
of HuA2A 485%, 119 HA 2 272%E R}

CANA FRFAFGSDE g EF 798 E7187) AFeld 1194 o
2 AL 14982 Hnxgen 129%E F23) 248 F, gA

TETH7(4~649), 4371(6~89), 27143%71(8~9Y), H%
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71(109), #£71(10~119), #E71(11~14), 327](2~349), F27)(3~49)

2 TEE 5 Ao 4E%y H29e 45 BT 2 90 mmA T

5 @ zhael 44e 14 628 cm, 24 907 cm, 34 10.74 cm, 4411174
cm, 54 1234 cm@ 3, AR AE L] AR 149 A 1882 g, 3410
10236 g0 Z7areloh

6. T2 g WAL £ 10CAME 12A2 Aol A FHAsg oy 4
& 15TAME A7 1550 #50] st HA AAE AU +

& 30TCAM = 20412 ol Foll dF AT o N YHE IF 1

0%0°1 45, 15% A= 1A12F Fol A #HAtat g,

7 FEEE 2EAS ATHAA 648~915%A 00 BEAFS WY

st EEZT ASE A PHAME 524%Hon, AH zAVsS 9}

TEds ATEE BT A5 ME 2.7%Ah AdHE weEee ALY
¥ 163~183TA 31~85T <9 214~264CHon, AAPF HF A

_/}:
TFE 92x 10°7] ALY

TAZ A7E 72 mAL, FAH F 308 A1ZFA} 2P oy, &
3 oF 2417l 24 7], 8A1ZF Fo)) BAIE7], =4 18AI1ZF Fol Fuj7), 22
AlZE Fol= & & 2 A (trochophore larva)©. 2 4313 o},

__%__
13 EEekn FAZol YHE 2% 300 mol A Bhriol RAsh
A AAY 2ae B2 05 mm B AGwol 68~484 A/ AR
95 1 mm F5ol 78~463A/AE 2N Ak udH 30~10.3 A/

27wk FEadch A4S THYRES Faguel Y FAshe A



MR AETE 4630~4840 AA/AHENZM T2 AT uls AAaA
wol sl dstuldwel My Rage =740 103 A/ A
271, 24 30 AA/AHE7) G}

A7) ol % Aol ABe 4 o 5040l ZH% oF 1.0 mm, 702 & ol
L5 mm, 1102 #e] 55 mm, 135¥0°] ZA#}stAA 28 96 mmEe A A5t o

H, dHdFXel g Z2HSL)) AFe  SL= 257.75e"97X (p=
FXMN o2 Vel

0.9100) =

9. A9 Fd AEe 3BY F 20TAN 2 975 mm, 25CAA 2%
973 mm, 15CAM Z+% 90 mme] £o2 20CAA H4Fo] 74 Fgoh A4

N

4 oo

& 15TaA 56.7%, 20T ol A 0%, 25T A 433%9 £08 F2o]
£ MEE ¥4 et Aol

o
=

10. EAYF sf7teu)o] AE gL of 503%AL, U AFBe Zmr

0O

0.02~0.16 mm/day°lRQ 1, F&FE 002~024 g/dayoldth. MEH = A3
= BFAHAA 1 KmolWol A A E5QYc}
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