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Summary

I. Title

Development of seedling production of the venus clam, Protothaca jedoensis

II. Objective and significance

The venus clam, Protothaca jedoensis distributed in south and west coastal area of Korea.
In morphological characteristics is similar to R. philppinarum. In Korea, wild venus clam
have been caught commercially in some areas. However, cultivation and seed production of
venus clam have been carried out to increase the productivity. Therefore we conducted the

study of techniques to increase venus clam productivity for its mass culture.

Ill. The contents and scope

To develop the technique for increasement of venus clam productivity, we carried out
the investigation for environmental factors in venus clam habitat, reproductive cycle,
spawning induction, sand immersion ability and rearing conditions of larva. Then, we
defined the dfficiency technique for spat collections in natural conditions and in artificial

control and the cultivation system of spats.

IV. Results

Water temperature, salinity of the habitat ranged from 5.4 to 27.6TC and from 26.5 to
34.5 %o, respectively. Range of pH, DO and COD were 7.82~8.39, 531~11.28 mg/L, 0.13~
1.38 mg/L, respectively. Dominant grain size was fine silt and the IL of sediment was
ranged from 0.76~7.62%. The COD and AVS in the sediments ranged from 0.53~8.67 mg
/g-dry and 0.002~0.113mg/g-dry respectively.

Morphological difference between the venus clam, Protothaca jedoensis and similarity



species. Line similarity relationship among the venus clam, P. jedoensis and the 4 species
the family Veneridae, the venus clam, P. jedoensis and little clam R. philppinarum. The
highest was 0.56, Hard clam, M. lusoria and Purplish washington, S. purpuratus’s simiarity
was 0.40, Vunus clam, C. sinensis was 0.22 at the Venus clam, P. jedoensis and Little clam,
R. philppinarum, Hard clam, M. lusoria. Purplish washington, S. purpuratus is simiar to the
Venus clam, P. jedoensis, Little clam, R. philppinarum, Venus clam, C. sinensis 0.15.

Genetic difference between venus clam, Protothaca jedoensis, and similarity species. The

the Family Veneridae clam was drawn out from adductor muscular by proteinase K-
phenal drawing out methed.
After conotrol the DNA concentration 20mg/ul conposed co-bases 20 arbitrary primers
resulted in PCR products, 15 unit primers were amplified, result in RAPD pattern generally
depends on the primer type at least 1 to 3 at the top band was produced. PCR production
was showed a similar pattern, and a special pattern. Varity pattern depends on the primers
kind.

Genetic similarity between the Venus clam, P. jedoensis and Little clam, R. philppinarum
was 0.84, Purplish washington, S. purpuratus and Hard clam, M. lusoria was shown at 0.87.
Vunus clam, C. sinensis was 0.78 at the Venus clam, P. jedoensis and Little clam, R.
philppinarum, Hard clam, M. lusoria, Purplish washington, S. purpuratus is simiarity the
Venus clam, P. jedoensis, Little clam, R. philppinarum, Venus clam, C. sinensis 0.46.

Proximate compositions difference between the Venus clam, Protothaca jedoensis and
similarity species.

Composition amino-acid of muscle part was glutamic acid, aspartic acid, glycine, alanine,
leucine each one 24.02mg/g, 19.85mg/g, 17.93mg/g, 12.65mg/g, 11.21mg/g these things
totally occupied over 45% in total composition amino-acid, in free amino-acid urea, taurine,
proline, glycine, alanine, ammine, arginine each one 142.36mg/g, 76.74mg/g, 64.53mg/g,
63.72mg/g, 59.72mg/¢g these things totally occupied 65% in total free amino-acid and these
were made a sweet taste, sapidity, and albumen taste compared to other species make a
sweet taste aparagine was the main difference at 64.53mg/g.

The result of the 5 species of the Family Veneridae, Composition amino-acid did not
present any difference between the 5 species. The major free amino-acid made it sweet,

but more or less different. Also, the case of bitter taste was the highest in the Hard clam,

_10_



M. lusoria, Purplish washington, S. purpuratus otherwise, Venus clam, P. jedoensis, Little
clam, R. philppinarum, Venus clam, C. sinensis tended to be low index.

P. jedoensis was dioecious. The gonads are located between the digestive diverticula and
muscle tissue of the foot. The ovary was composed of a number of ovarian sacs, and the
testis was composed of several testicular tubules. The condition index was reached its
maximum (20.6) in February, and then decreased to 11.5 in June. In August, the value was
the lowest(9.6) and then increased slowly. Minimum size for the sexual maturation of
individuals were 38.4 mm in shell length.

One the other hand, the size of mature oocytes was ranged to 50~60um in diameter and
testis-ova was observed in testis of the mature stage. The reproductive cycle of P. jedoensis
could be classified into five successive stages : early active (December to February), late
active (January to April), ripe (March to July), partially spawned (June to August) and
spent/inactive (July to January) stages.

In order to obtain basic information for seedling production of venus clam, Protothaca
jedoensis spawning induction was investigated. Serotonin injection could induce the
spawning in venus clam. Water temperature rising, sperm suspension immersion, UV-ray
irradiated seawater and H»O, addition less affected on induction of spawning than
serotonin. In order to obtain the aquaculture fundamental data for resources enhancement
of the Protothaca jedoensis, the egg development and larva growth were investigated at
different conditons such as water temperature, phytoplankton and density. Water
temperature, at which P. jedoensis egg successfully completed development, ranged from 1
5~30TC. The required time from fertilization to D-shaped larva was 39.7 hours at 15T, 31.2
hours at 20C, 26.8 hours at 25C and 26.2 hours at 30C in P. jedoensis.

In regard to water temperature, growth and survival rates of larvae were high at 24~2
7C. In growth and survival rates of larvae with various rearing densities, the highest
average growth and survival rates were 4~6 ind./ml. When larvae were fed mixed
phytoplankton, such as Chaetoceros calcitrans, Isochrysis galbana, and Pavlova Iutheri, their
growth and survival rates were the high among the groups. In growth and survival rates
of larvae with various rearing food concentrations, the highest average growth and survival
rates were 218 ym, and 45% at the food concentration of 1~2x10* cells/ml, respectively.

In regard to water temperature, growth and survival rates of spat were high at 25C.

_11_



The highest average growth and survival rates were 5 ind./m’. When larvae were fed
mixed phytoplankton, such as Isochrysis galbana and Chaetoceros calcitrans.

Effect of substrate composition and food organisms on survival and growth of the venus
clam, Protothaca jedoensis was studied. Spat collection from the substratum was the highest,
when its sand size was better than 344um. In growth and survival rates of spat with
various rearing food concentrations, the highest average growth and survival rates were

1636 m, and 75% at the food concentration of 1~2x10* cells/ml, respectively.

V. Suggestion for the practical application of this study

We established the technology development of cultivation for new available commercial
bivalve that P. jedoensis. P. jedoensis culture will give fishermen more income and new
species for aquaculture. The artificial seed production technology of regional endemic
species is possible as enterprise product and will prevent the over production of special

species such as oyster, abalone, other bivalve and give an appropriate production.

_12_
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Protothacals Z/NF< A SFAE 2 fSsES FFLo=ZAN AF7F &3kl P. staminea
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(Ewart et al,. 1988), Protothaca %< /3733 ®l (Harrington, 1987), P. grata ©| 2|5 7](Pizarro
and Cruz, 1987) 59| 2=Z/N9} vt Protothacal#ol B3t AF7F Alg Azl o, A
Ao Aolgt B Fo Hg A= AT oo
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Fig. 3. Monthly variations of water temperature and salinity at stations in 2003.

9] AFF pHE 7.82~8399 WHE UHEUWAUSH, 108 ZaolA 7828 HAA

Aol 8392 HTAE HYTHFig. 4). A ZA S A=4 pHE 39
A Ao ZE ZAEAG. A GE AT pHY WHslE AHEWH A% EoA pH
M9 7.98~83990m 790 7982 71 wra 590 8392 714 E=A =AU wol

Lo,

ANA pHY WLE7.95~829% oW, 7Hol| 7952 7} HEal 8292 71 =4 =AH9
=

=
o =9 p

59

H 31090 7.828 71 B

AT 74 AR AFe] AT B pHe £735C0A 811, WoprdX 810 17
=

W= 7.82~821% 01, 549 8212 7}

AN

at

A2 A 8058 Eo]3t 2o]= Holx= kT,
A G o] AZ4 DOE 531~11.28mg/Le HYS Bgon g1 ~0I5F B9 AL
2 ZAE Y tH(Fig. 4). 2= A 1199 531ng/LZ 7 @A 24 HAon, 9A] 2F =0

A 590 11.28mg/LZ 7FE =4 =4 Atk Wokxe] HFS4 DOE 7€ 6.98mg/LZ 71
wA 54 e, 5€ 1038mg/LE 7HE =A 34 =AY FAFY AFF DO= 7¥€
6.86mg/L= 7H¢ A S =HJAom, 54 933mg/LE 7Y =4 S8 HIAS 4 Z=ARAA
H AT A% W DOe 153 WA 75mg/LEth =4 SEJoH, ZAAHAE
2E A27Ax0A Hit 942mg/LE 7P =ga Wopr ol AFo= ZH7zt 8.68mg/Let 8.45mg
JLE & ZpolE HolA Fdtt
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Fig. 4. Monthly variations of pH and dissolved oxygen at stations in 2003.
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A7 AA AMAstAL e 33X ol AFTFY CODE tiRE 153 WA
2 ZAME AtHFig. 5). A 9] AF4 COD M9l 0.13~1.38mg/LA o™ A=A 119
o] 013mg/LE 71 SA A HUow, ZgFddA 69 1.38mg/LE 7HE =4 53 HAh
ZAF AFHE CODY AZE BXE 273=0A 11€ 013mg/LE 713 @gkar, 4¥€9)] 1.35mg/LE
N =4 SAYAJY. 2A TN AF5e CODe B 9153 HHQ 1018 2o} o

A A YEtgoy, 8313 JFSEE 100319 S UEWAR dE T 0.77mg/LE ALY
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229l AZF DOE 7¢89 043mg/LE 7 wsron, 699 1.38mg/LE 71 =4 =3
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2 Bgon, 394 0011ng/LeE 7FF ki 799 0114ng/LE 7P =4 =4 =AUt =
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JLE ZAEATh ZARA Q1 oz o] 79 wWoptu FALR QI8 3|9 7t A3t
A Z3As Aoz weEm, ojjg o] 11€9¥ 1299 T-N@S 45 Az A= A
Zap- =3
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/LZ 7} w31 290 0.041mg/LoZ 7Hd =4 574 HIUth Hofze] A9 €I TPy =
ol o Aol Holn FIhetAY HAstA=d ol oA dFsRAE ukeh o] Q1
e FH7F B W7 Aoz dAdEHH dHHF T-P= 0.016mg/Lo] ot
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2} ZAPAAEE A3 Chlorophyll-a®l 7% 3.05~11.55xg/Le] HeE B A S H(Fig.
8), 3€ll 3.05ug/LE 7} $a 7€l 11.55ug/L2 718 =4 SAHUGY. 24 == 33
Tt Chlorophyll-a® 7.24pg/LE2 HJ43} 71X 10pg/LET A YEPEARE, 2 ALK
AR i =4 et

otz o X ZALE A FF49 Chlorophyll-a®] 3% BZHd thad A SAZHALH, d57H
7Fedd ba A SAHH] AsEHd Faste BFS e
o 59l 34lpg/LE P wska, 1€ 752ug/LE JPE =A SAHHEJG. dBT
Chlorophyll-at 5.27u¢/LE AZFERT= thd BA el AR, Aarvde 25 54 g
S}
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Fig. 6. Monthly variations of T-N at stations in 2003.

X E A9 R (Table 1) 24 =M= #Ado] 421~15.68%92o1, 3
TEE 7HS 885%0lth. Eafo] HELS 2714~38.09%Rew, HaEE e 3291% 4T 2
H &2 55.7~6332%F o™, BHFEE ZhS 5824%ATH Wolrol Jr BRI E Aumuw 2z
o] B 1216% A M, 246~20.71%9 HART. R PSS HE 23.79%J W, 1916~
36.08%<] WHWHATE Wofmo|Ae] Heo] S Ht 64.056% 92, 58.71~68.30%2] AT
Agole 2 ZAA Y Hls] Az Hlgo] Hi 17.03%=2 =A YERRon, 1485~
19.22%9] W ATh 2ol HEL 21.07~2289%9] WQoH, AT e 21.98% At =
o HAEE FE 60.99%= thE ZALA A Hla] thA SHA UEF O™, 59.71~6226%° &

_34_



Chlorophyll-a (ug/L)

T-P (mg/L)

'_\
o

[EN
N

[N
o

0.05

0.04

0.03

0.02

0.01

I —@— Sokyongdo ——Baegyado —A— Garkkum
O [ [ [ [ [ [ [ [ [
Jan. Mar. May Jul. Sep.
03
Month

—@— Sokyongdo —— Baegyado —aA— Garkkum
Jan. Mar. May Jul. Sep.
03
Month

Nov.

Fig. 7. Monthly variations of Chlorophyll-a at stations in 2003.

Fig. 8. Monthly variations of T-P at stations in 2003.
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Ao FFE&e AF YA FL F Av Tl vdEE AoE AFY HEHS

ool FFES AR W 2016~53.65%ATE 2 ZAF A A

HE AdyEH AFEME 2016~35.69% HARSH, Hd FFES 26.63% AT Wolxo|

Aol &L 3013~53.65% HANSoH, Hd FFES 3870% AT A= Fd5E Hele
o

31.02~45.32% HANoH, Bt s

Table 1. Results of particle analysis and water content depending on stations

Soil texture (%)
Water content

Station

GRAVEL SAND SILT (%)
(@2mm=>) (0.063mm>) (0.031mm<)
4.21-15.68 27.14-38.09 55.7-63.32 20.16-35.69
Sokyongdo
(8.85) (32.91) (58.24) (26.63)
2.46-20.71 19.16-36.08 58.71-68.30 30.13-53.65
Baegyado
(12.16) (23.79) (64.05) (38.70)
14.85-19.22 21.07-22.89 59.71-62.26 31.02-45.32
Garkkum
(17.03) (21.98) (60.99) (35.17)

&
Aol FEEF AF}e Fig. 9914 Ee npe 2ok 72 ZAHYE FEREFS A4HEY
27ATAAN ZFEE W= 076~726%9o1, 990 0.75%% 7HF e e Hgon,
1199 726% % 713 =gtk 2459 dgd Zagse 281%2 d

ofy
o2
1>
o,
to
ule
i
N
M\

2 12% oletE =A}F = AT

Wofzo A FEAHE HIAE 095~625%0°H, dF FAF 29y 7]&d 12%°)3t=2 %
AR HAT 1190l 0.95%% 7 WAl A HAA 1290 6.25% % 7HE =A A HAeH
W E 437% A0

Zgelae] ZAEF AT 1.24~428%H 2 FAF 29Y Ve 12% ©lte £x W
AE By QT FEHHFE 2.75%9 01, 490 428%F M = 7€ 1.24% = 7

_36_



80r O Sokyongdo O Baegyado 0O Garkkum

IL%)

Jan. Mar. May Jul. Sep. Nov.
03

Month

Fig. 9. Monthly variations of Ignition loss at surface sediment in stations 2003.

3.2.3 3}3t2A kA8 7 (COD)

Ade] st AhgFFE FFo fFrIEY A= & TEE
W= Aoz 7zt ZAAHE Ad COD #4234+ Fig. 10014 Be= vhkeh 2ok 2 2Ab AH
H 22 CoDe ¥F H3E Ayud A7%dA AHE CODY AE WY 053~4.14mg
Jg-dryom, 299 414ng/g-dryZ 7} =3k 790 0.53mg/g-dryZ 71 WA SAHFATH
Us FAF 29y 71+ 20mg/g-dryR ot SEA AR HIJoH, dFd HF CODE 2,67mg
/ g-drySitt.

Wokzo A A& COD M= 0.62~8.67mg/g-dryRom™, 119 0.62mg/g-dryE 7HF %9
AL, 7€l 8.67mg/g-dry= 7HE EA SAHJT. O FHF 29U 7159 20mg/g-dryE T
SA AN Hoy, E ZAMA G Hle] da Eedto]l HE HALH, A ZAMAGF
71 =4 vetst Bd A2 COD+E 5.37mng/g-dry At

g8l Ad COD W= 2.11~5.78mg/g-dry%942iguﬂ, 490l 578mg/g-dry= 7}

rr

=3 990 211mg/g-dryE 713 A 2AFAT AFoAE dF F2% 2dy 71F2 20
mg/g-dry B th= YA AL HQou oo Heta JowME AFEAGEY dAh =4 U

Elyth d¥ i A& COD= 3.65mg/g-dry A th.

_37_



10.0

O Sokyongdo O Baegyado O Garkkum

8.0

COD(mg /g-dry)

Jan. Mar. May Jul. Sep. Nov.
03

Month

Fig. 10. Monthly variations of COD at surface sediment in stations 2003.

AdFe Frl=o] BllHEA AHavE AnEo] A A AdE o]2H ST S
oste] Gstpart WASA Hol AMAEA GFFS VIAA Hi 2aF 2= FANIEA

FgFS mA Dot AN EE AVS A Fig. 1104 e ukeh 2o

AF A AVS o AF WHIE AyEW 23T AVS #HE WS+ 0.003~0.086
1 1€3 5€9 0.003mgS/gZ2 7 A SH=HA
=9 02mgS/gRth VAl ZAIE Ao H, A 2ALA
A% 7P Fege Uit 2= d¥d AVSY AEHLS 0.019meS/gH Tk
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o
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rr

0.002~0.113mgS/gA o™, 11€e] 0.032mgS/g= 7+ ki, 540
0.113mgS/g= 7Hg =A SAHAUTE d B AVS HE o= 4% 294 71E] 0.2m
S/gHthe WA EAF Hloy dHvity g ARG HE v w2 ge] SHEHA
dd AVS HEHS 0.069mgS/ g% Th.

2ol A9 AVS ®Ifl= 0.024~0.057mgS/ g #131o™, 540l 0.057mgS/g= 7 =A =

o

o
1>

Ao, 997 1199 0.024ngS/g=2 7 2A SAEHJT & B AVS HE HAE &

T A9y 71E<l 0.2meS/g= WA ZAMHA ST, dH T AVS HEFE 0.039meS/gH -
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Fig. 11. Monthly variations of AVS at surface sediment in stations 2003.

33 Az 8%

7 2AL AEE 4AZF ol BERE 23 247 o4 NEHE AR A7 62 AH
]_

stk AxAek 718

2AEAA HFE dxRAE 24AARE 7HE FH2 ARV AY HALL, AT Bd A
MAFE 18RA RS A2 A dxAo HFE&e 28% AT ¥4, vt & A3 7
A 26/MAZ ot ZAAH Boh 584 g2 MAZE AF =HAen, AAHT 3
A AT 4vtg Aot AFEdA BRI e 70%E oE Al vl =2 JFE
S HAoH, 7e ARE F 120A7E AFE] 2% HAFE&S BAATh(Fig 11).

otz o Al APR AN A Fe 27UHAR 24 AFEEE H 23vkrt A =HA
om, Az MAA FHE&S 57%Ah v A F 19970A7F AHHALH, A
T G 170A7E AFERAE ARELS 2%5 AAEAT Hormd e Ve Fe F 59
7F AR HAoH, Hree 1%ATH(Fig. 12).

2ol AFE Az AA = 2BAARE AAHAT B 19787 AF HAeH, A

=Y
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AR A FxANY] HFES 51%E A AT kAR 210A17F AP EH AL, AAHT 3
T 18vtE Aem HAES 49%E A8t Zxr)et visd Jires R FAwoA= 7l

g s F= APHA FAHFig. 12).

Table 2. Comparison of venus clam catched at several farms with stations

Species(inds)
Station Protothaca Ruditapes
. . L Other
Jjedoensis philippinarum
Sokyongdo 214 526 12
Baegyado 271 199
Garkkum 233 221

Az AAFE gz e APE A2 2d8%FE ZAMS A3 Table 39 UERA
Hhel 2ok A TA HE AZPE Azl SdFE R 4A 3T R EEHE A Ao
A 7070 A 7 A EH RS, HEA] 243 o]stE FEE = A Gl 14470A17F AP H AT &
AEe] AAA A dxIle 243 o]5te] HE A Fol A 67%S] AxR7 AR = AT WA
Hpx| ko] - 44] 65%7F AMFE ] Fxote e s B
Aok FASE 71E HFE 47 oFtE HE: HEe Al oA AR HAeH, 247t
o3t =EH = AgdA sAAE AR AT

3
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X

L)
32
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o
i
i

Ir

= AFellX= 1767847 A3
= 22X olstr EE= AFeA 64% S ExA7E AP EJN ™, upxH2 447t ofstz b
2 H= AYA 63%7F AR H A dxIske e FEE A VIE ARe 4230

ojstZ 2tE He Aol DHAZE AP HloH, 223t olstR = EHw AN /AT
A=A
Aol APE ZFRAe 423 olstR EHE Aol 1037HAZ 4%E AASFAL

o, 2A|7t o]3tE tEHE AYGolA 130MAZ 56%S AT viAZe] B9 447 o]}
2 S He AGolA 128704 E 58%7F A HAAT FAFollA= upAF ojeld] AxIet F
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Baegyado Other
1%

R.philippinarum P.jedoensis
42% 57%
Garkkum

R.philippinarum P.jedoensis
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Fig. 12. Numerical composition of benthic bivalve in each stations.

Table 3. The tidal level comparison of distribution characteristics with shellfish

. Tidal Species(inds)
Station level P.rototha.ca }.?L.tdit.apes Other
jedoensis philippinarum

4 hour exposure level 70 344 4

Sokyongdo
2 hour exposure level 144 182 8
4 hour exposure level 95 127 1

Baegyado
2 hour exposure level 176 72 4
4 hour exposure level 103 128 -

Garkkum
2 hour exposure level 130 93 -

= =3

333 NAAE 2] BejeE 54
]

=
SEELIE

=
X = Fig 130 vebd ulo} 2o A7 " 2429 23S 25.2~46.8mm(EH 136.5mm)H 9

Mol 243, zta, 242 9 NF LS Table 40] Yebd nie} 2o, 724 W

A



=
Y= 24 4ol 31~35mm 2719 2%HT =23 Ryt whd wotro e ZHo]
mel FjAEo] 28%, 41~
45mmQl A S0l 26%E ApAst] Zpgo] ARl weEt Haste BFS B Fe 9
31~35mm¢l MASo] 385%= 71 Bo]l 28 Yo} 36~40mmel MAESo] 32%, 41~

45mm¢<l /WA E°] 10.5%= VERSTH

Table 4. Frequence of venus clam depending on the shell length, the shell hight, the shell
width and the total weight

Station Shell length(mm) Shell highttmm) Shell width(mm) Total weight(g)

Sokyongdo 25.2-45.6(37.9) 17.4-40.5(31.4) 9.6-30.8(21.4) 2.85-38.9(17.72)
Baegyado 26.7-43.9(36.7) 21.2-39.8(29.8) 14.7-28.2(20.3) 5.9-32.8(15.2)

Garkkum 27.2-46.8(35.0) 19.8-39.6(28.4) 9.0-26.2(18.3) 3.1-30.7(12.6)

dxofel Zhan, 2 W st Ao AR s BAEAS B A28 29 4 =
AAHE R o8 ApolE Holx] ehgtoh Az ZAH7HSL, mm)ol W 2+ (SH, mm)= 7
Fol AR we HlgHeR Frheen, olgd #AYLS 47F
+0.9256(R2= 0.8047)2 UE}tow, Wolwo| X SH= 0.7636 SL+1.7375(R2= 0.7653), 2ol A
£ SH= 0.7175 SL+3.2947(R2= 0.6882)2 U Elytth(Fig. 14). L3, ZHgo] it ZZ(SW, mm)
o] BAXE LAEH SW= 05516 SL +0.5304(R2= 0.6364), WoFwol & SW= 05748
SL-0.8048(R2= 0.8315) & 2ZFo|H= SW= 05112 SL+0.5002(R2= 0.5841)Z U}E}SHT}(Fig.
15).

Zr7oll et AZTHTW, g)9 BAALS 27 =0l TW= 0.0004 SL 2.919(R2= 0.7734)Z,
ofwol A= TW= 0.0003 SL3.0362(R2= 0.9039)& ueygon, ZFoHdE TW= 0.0005
SL.2.8333(R2= 0.6866)Z L}E}skTh(Fig. 16).

Zraol]l gk AFHe] BAALS A=A TW= 0.0011 SH2.7954(R2= 0.8563)°] Ro.™, W
ofL ol & TW= 0.0031 SH2.4973(R2= 0.7261). 18] ZFolAE TW= 0.0018 SH2.6243(R2=
0.6683)°] A th(Fig. 17).
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Fig. 13. Comparison of frequency distribution of the venus clam catched at several

farms of Gamak bay.
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Fig. 14. Relationship comparison between shell length and shell height of the venus

clam collected in Gamak bay.
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Fig. 15. Relationship comparison between shell length and shell width of the venus

clam collected in Gamak bay.
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Fig. 16. Relationship comparison between shell length and total weight of the venus

clam collected in Gamak bay.
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Fig. 18. Map showing the sampling stations(@) of 5 Venerid species Mollusca
:‘Veneroidae).
St. 1, Yeosu: Protothaca jedoensis, Saxidomus purpuratus,
Cyclina sinensis.
St. 2, Kohung: Protothaca jedoensis.

St. 3, Kangjin: Meretrix lusoria, Ruditapes philippinarum.

Table 5. Five species of the family Veneridae were sampled randomly from 3

sites of the Korea coasts for morphological taxonomy

Common name

Scientific name Shell length(mm) Shell height(mm) Shell breath(mm)
(Korean name)
Venus clam Protothaca
) ] ] 46.82+3.48 37.27+4.88 26.78+1.99
(Sal-jo—gae) jedoensis
Baby clam Ruditapes
B o 36.95+2.23 25.40+2.09 17.58+%1.10
(Ba-ji-rag) philippinarum
White clam Meretrix
) 73.12+4.62 60.66+3.68 38.30£2.40
(Baeg—hab) lusoria
Purplish washington Saxidomus
) 77.62%+3.35 60.75%+1.69 42.11+0.84
clam(Gae—-jo—gae) purpuratus
Venus clam Cyclina
) ] ] 51.38+1.81 53.21+£2.78 33.18%£2.72
(Ga-mu-rag-jo-gae) sinensis
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Fig. 19. External features of the clam.

A: External features, B: Dorsal features.

1: umbo, 2: ligament, 3: posterior dorsal margin, 4:
nodule, 5: siphon, 6: growth rib, 7: lamina, 8: granule,
9. radial groove, 10: radial rib, 11: foot, 12: anterior
margin, 13: growth line, 14: anterior dorsal margin, 15:
shell length, 16: right valve, 17: lunule, 18: escutcheon,
19: shell breadth, 20: left valve(Habe et al., 1994).

S AFsted ¥l extraction buffer(10mM Tris-Cl, 0.1IM EDTA, 20mg/m{ pancreatic RNase A,
0.5% SDS)E #H7lsted 37ColA 1A1ZF §H§-3 & Proteinase K& FHF &% 100mg/ml = 7}t

O 50T =olAM 34 & whe AR tubes AWo] Aol HEER 43 F
1

Phenol:Chlorform : isoamylalcohol = 25 : 24 : 15 1Volum3 7}3l4 15,000 rpm o2 /-l 4|

53 dAEY st FEF duiES AAZSE F5H

10M ammonium acetate 10 w0}



20C, 100% EtOHZ 2Volum Z7}3le] 20Tl 30837 W3 3 15,000 rpm o2 47T oA
587F fAEE e DNAS A A71%& 20T, 70% EtOHZ Al

o,

Fig. 20. Internal features of the clam.

A @ Internal features, B: Diagram of measured parts.

1: posterior lateral tooth, 2: tooth groove, 3: posterior
adductor muscular scar, 4: mantle sinus, 5! mantle line,
6: inner margin, 7: <crenation, 8: anterior adductor
muscular scar, 9: anterior lateral tooth, 10: primary
tooth, 11: shell length, 12: shell height, 13: measured
part of ligament length, 14: measured part of primary
tooth lenghth, 15 measured part of primary tooth height,
16: measured part of posterior adductor muscle scar,
17 measured part of mantle sinus length, 18: measured
part of hinge plate, 19: measured part of distance
between primary tooth(Habe et al., 1994).
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2.2.3 Primer
207FA 2% 10-mer arbitrary primer, Kits A(Operon Technologies Inc., California)z ol 4|
A1-A209] primers ©]-8-3}l PCRYHS-S 3}%3ThH(Table 6).

224 PCR ®H&x1

2010 PCRYH-E- 42 Premix-Top(Bioneer)S AF&3te] 1409] template DNA(3ng/ 1l), 1u02]
primer(5pM/ )¢t 3AEFFFT  18ulF 7t 7R GeneAmp PCR  System
9700(Perkin-Elmer Applied Biosystems)E AF83tc] 94T A 537t 13] denature 3 §, 94T
o Al 30%7%t denature, 34TCelA 1&%F annealing, 72CollA] 147t extensions 403] A3}l
A, HE 72Tl A 5%k extensions} % thH(Fig. 22).

225 Agarose gel 719 %

PCR FH4HE2 1% agarose geloll A 100V, 303 7|9 53t ethidium bromideZ ¢4
St & UV transilluminator 9JolA] &<to 2 &1 ¥ Digital camera & # Y3 AT
226 A A

FAH=E predominent band7} 2t F3kell thete] FASA B EH=A ] Ao wE} o)
He™ Jaccard®] 2, & Jij = Cij/(ni + nj -Cij)oll we} ALFstATHTable 7). ol" Cije H
AHE F 2YF id jollM FEoZ YEhtE =9 Fo]I ni, njE i% oA 27 veRd

k
M

2.2.3 Primer
207FA1 2% 10-mer arbitrary primer, Kits A(Operon Technologies Inc., California)Z ol 4]
A1-A202] primerg ©]&3}e PCR¥-8-S 3} thH(Table 6).

224 PCR ¥H&x1

20/0°] PCRYH3- <42 Premix-Top(Bioneer)s AH&3te] 1409] template DNA(3ng/ 1), 110
primer(5pM/ )¢} 3ABTESFTF  18uF e A8t S GeneAmp PCR  System
9700(Perkin-Elmer Applied Biosystems)E Al&3to] 94Co|A 5&%F 13] denature ¥ 5, 94T
o A 30%%t denature, 34 ColA] 1&%t annealing, 72Col A 1%t extensions 403 AA|saL
U, HE 72T A 5&3F extensionst $ th(Fig. 22).
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225 Agarose gel F71%9%
PCR SZ4HE2 1% agarose geloll 4] 100V, 30437t 71953t ethidium bromide® A

gt 3 UV transilluminator oAl &Qto 2 Q1 ¥ Digital camera = 3T

N

2.6 A

FrAEE predominent band”7} ZF F3toll thate] TAEA AAPEH =AY o Fo whet 3
B2 Jaccard®] A, & Jij = Cij/(ni + nj -Cij)°1 whet Aldek e (Table 7). ol Ciji=
He T RYFE 9 jolM FEoZ JeEhUE wl=e) Foli ni, nje i9) jolM 27 JER

H

1=]
54

0 ztzh &3] TdatAY Sd3s] ELATSE YEh At (Magurran, 1988).
o] FAIE Fs o83l dendrogram® 2 7} FXHY FHH FAMREE EAISHATHPAUP, ver

23 o584 54

231 A B

FAl SEHAA 200000 9~109 Abololl 15~4071 A A AR A S o] thFig. 18). AEE
ahel, ice boxl Wol APUE Lwe thg 41, 244, 4%, $3F2 45T 24 F §4
Bol AR Este] 40T AL RBAVA vl EFs BANRE A85A
o},

Table 6. Five species of the family Veneridae were sampled randomly from 3 sites of

the Korea coasts for RAPD-PCR analysis

Species Shell length(mm) Shell height(nm) Shell breath(mm) Body weight(g)
Protothaca 46.26+3.68 37.07+4.76 96.3542.18 6.11+1.12
jedoensis
Rudltapes 36.95+2.23 95.5542.09 17.58+1.10 3.8340.71
philippinarum
Meretrix 73.4146.05 59.9844.40 38.6143.01 19.69+4.54
lusoria
Saxidomus 79.2944.37 61.90+2.61 42.46+1.61 48.08+4.16
purpuratus
Cyclina 51.6942.09 53.3343.18 33.25+3.32 13.3442.07
Si1nensis
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Shell valve washing and muscle solution
U filtering sea water five times, DW washing three times

Grind tissue(shell valve)

U grind tissue into liquid nitrogen in the stainless—steel cup
Tissue
U tissue 50-100mg in the microtube
Extraction buffer adding 10mM Tris-Cl(pH 8.0), 0.1M EDTA(mpH 8.0), 20mg/ml
pancreatic RNase A, 0.5% SDS
U response in water bath(37C, 60min)
Proteinase K (final concentration 100mg/m{)
U response in water bath(50C, 3 hr)

1Volume Phenol:Chlorform:isoamylalcohol=25:24:1 adding
U 15,000 rpm, 4°C, 5min. centrifuge

10l 10M ammonium acetate
2 volume -20TC, 100% EtOH adding

[’ -20°C, 30min. incubation
DNA precipitation

U 15,000 rpm, 4C, 15min. centrifuge
DNA washing(500uf -20C, 70% EtOH adding)

U 15,000 rpm, 4°C, 5min. centrifuge
DNA air dry

U

DNA pellet extraction

Fig. 21. DNA isolation proceedings of tissue in the family Veneridae(Proteinase K

method).

LRIGE E42 AOAC(1980)A 1 @R ol whel i 15T Addx®, 24922 micro

kjeldahl®, A2 soxhletl, Z3]&2 550C FsPHoZ 431, Ze 542 33 ®bS
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PCR
20 0 Premix-Top(Bioneer)
(2 + 1 0 template DNA(3 ng/ub),
1 0 primer(5 pM/ul), DDW 18 0

Denature

\[2 94°C, 5min, one time
Denature

J 94C, 30sec
Annealing

U 34C, 1min 40cycles
Extension

U 72°C, 1lmin
Extension

(2 72°C, 5min, one time
Electrophoresis

U 1% agarose gel 100V, 30min
Loading

\/
Ethidium bromide staining

J 0.5 £/100mt

Band confirmation

Fig. 22. RAPD-PCR proceedings of tissue in the family Veneridae.

4 AR 05g= Al@He] Hste 6 N HCl 3mlE ¥ Vaccum PumpE ©]-&3}4] sealing
5t & 115C heating block®| Al 24hr& <t 7FE3l5te] YHS sodium citrate loading buffer
pH 222 10ml F&3F &, 0.2m filter2 sl on|=4t A5 &4 7](Pharmacia Biochrom

20, Li' type high performance ultra pack, UK)Z A& FA43}3 .
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Table 7. Five species of the family Veneridae were sampled randomly from 3 sites of the

Korea coasts for body compostion analysis

Species Shell length(mm) Shell height(mm) Shell breath(mm) Body weight(g)

| [rotothaca 46.26+3.68 37.07+4.76 96.35+2.18 6.1141.12
jedoensis

Ruditapes

. 36.95+2.23 25.55+2.09 17.58+%1.10 3.83%£0.71
philippinarum

Meretrix 73.4146.05 59.98+4.40 38.61+3.01 19.69+4.54
lusoria

Saxidomus 79.29+4.37 61.90+2.61 42.46+1.61 48.0844.16
purpuratus

Coelina 51.69+2.09 53.33+3.18 33.2543.32 13.34+2.07
sinensis
Table 8. Operating conditions for amino acid autoanalyzer

[tems Conditions

Instrument Alpha plus amino acid analyzer(Pharmacia LKB)
Column Ultrapac 7 Cation—-exchange(Lithium form)

Buffer solution pH 3.20 0.2M Li-citrate
pH 3.20 0.2ZM Li-citrate

pH 3.20 0.2M Li-citrate

0.4M NaOH
Detection Amino acid-ninhydrin (440 nm)
Amino acid-ninhydrin (570 nm)
Sample volume loaded 20 pL
31.2 WEEHE

shzh el Ao Azt A% Beble T 1 9] B BE WS shAn, wiAg, ug,
ARG el WARES 7D Yok ARAEY AATES FEOZ FISA AL )

o, hAFo 2 HATE FHFRFS HSEl I HIE T4 B Ao}
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Fig. 23. Photographs of 5 Venerid species(Mollusca

: Venerida).
A: Protothaca jedoensis, B: Ruditapes philippinarum, C: Cyclina sinensis,

D: Meretrix lusoria, E: Saxidomus purpuratus

7HER RN A AL oy, Axle B

PP 2 HENA wYsh= Folar
e 93ow Ax

a5 ek Al Al dAETgoR 3
A SR A9, W vizke $Rgo R uAe P uge

9o thi @A eIska gk
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Anterior adductor

muscular scar , >

f’(\ / 1\ Primary tooth
\

Anterior adductor
muscular scar

n,

!
Primary tooth

Anterior adductor
muscular scar
AY

t

H
Crenation Mantle sinus

Anterior lateral
tooth

Anterior lateral =T
tooth , 2

Anterior adductor 4

Anterior adductor
muscular scar
“

muscular scar

e *
Mantle sinus

Mantle sinus — —

Fig. 24. Morphological characters of 5 Venerid species(Mollusca : Venerida).
A: Protothaca jedoensis, B: Ruditapes philippinarum C: Cyclina sinensis,

D: Meretrix lusoria, E: Saxidomus purpuratus
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Table 9. Comparison of external morphology of 5 species of the family Veneridae

Characters Protothaca Ruditapes Meretrix Saxidomus Cyclina
jedoensis philippinarum lusoria purpuratus Sinensis
Shell length 46.82+3.48 36.95+2.23 73.12+4.62 77.62%+3.35 51.38%1.81
Shell height 37.27£4.88 25.40£2.09 60.66£3.68 60.75£1.69 53.21+£2.78

Shell breath 26.78£1.99 17.58£1.10 38.30£2.40 42.11£0.84  33.18%£2.72

Shape Egg circle Ellipse Egg triangle Ellipse Circle
Surface

. — + + —
polish
Axial rib ++ +(45) ++ — — + +
Innule + + + ++ + + + — —
Escutcheon ++ ++ ++ — —
Ligament ++ + +4++ +++ + 4+ + + 4+ +
Growth rib +++ +++ ++ +++ +++
Shell color Gray-Brown Yellow-Brown Brown Gray—-White Thick Yellow
Band color Brown(4-5) Variety Black-brown(2) Brown Gray-Brown
Umbo )

. Front Front Front Front Middle
position
Decussate +++ +++ — — ++

— : Absent, +: Present, ++: Dim, +++: Strong.



Table 10. Comparison of internal morphology of 5 species of the family Veneridae

Characters Protothaca Ruditapes Meretrix Saxidomus Cyclina
jedoensis philippinarum lusoria puUrpuratus sinensis
Pri tooth
rimary too 3 3 3 3 3
number
P}”imgry tooth 2.3 2.3 _ 3 3
division
Pri tooth
rmary oo 2 2 2 Same 2
height
Primary tooth
2 3 3 3 3
length
Anterior lateral - o 4 + B
tooth
Posterior - B B B B
lateral tooth
Hinge plate
length Long Short Long Long Short
Crenation + — — — +
Mantle: sinus Triangle Circle Circle Circle Triangle
type
Mantle si
antie smus Deep Deep Shallow Deep Deep
degree
Polish — + + — +
Color Yellow-White White White Purple White
Adductor
+ 4+ + ++ + ++ + ++ + ++ +
muscular scar
Mantle scar + 4+ + ++ + ++ + ++ + ++ +

— : Absent, +: Present, ++: Dim, +++: Strong.
z7)gto] 20) FA7L 714 BT iR 45E 3] FA7) A4 AR SR 9wt
3!

etz 244 ooz s x, ARAE 1-20e] FAsl YEmoR Wolhrly wit)

=
Nz 3o F27) FZo g wWojurial IATKFig. 24, Table 10).
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>{\1
kI

)

AzMe] wHe 1330+091m=E 2 46.82+3.48mnol] HlE] W& Hola 374 FAE=

AU 3] FAFAA 2HA Y F27}F 4.62+038m= 7 Aok 1Al 12 F32] A
238+021m=E A ZE 77931 Fol= 2¥ol 2.62+037m=E 71 Zo] wHAE 3z ATk

W -

HE oA "olA YA st AR 23 o]t YU FX = FET & gt ddi=
oA FEHI Aol 1040+1.12m= 71 Ho|th upxge] w3 7.83+0.86m=E 7+
36.95+2.23meol| HI3 wH] Fom 3749 FXE A2 YR e QAT MY FAF
o A 3¥o] 245+0.28m= 7 Zow 23 3W o] FX|= JhEA 273 AU 2HY =
o|7} 1.85£0.20mE T A RFFSIAIL FAH Ateld AL 1.39:0.23m=E Ao HlISzsTh
Atie] Zole 857+0.80m=E  ERFol Wl #HATE AERAN= wdo] 19.58+1.57m= 7

77.62+335m0o] BlE] ¥ WHolw 3¢ wWae Fx o ° was A=X2 A3 ggort

AZA = orstith. & Wftel wls) FA9 77hE f1A]o ATk oA€A BE 471 8l
T FA NEE B 5 gk 3We) FA7F 830+0.06mZ 71 Aglem wle) el
425+0.05m= WISzl FA Afol9] kAR 238 Afolzp 2.05+0.16m=E  Zth the

Hls) W Hola
3 W&k, FA
m=z 7 =3 3HA FX7F 11.07+1.05m=E ohE Fo] vl A Aue] B FEJ 7R
wojulel Ak z2Ela Qthel ZolE 11.81+0.88mE TFE Fo] =7]o] Bls) Agtal o|Esh= F

370
/\}0]

e ATk PSRN E o] 9.37+0.71mE ZHE 51.38+1.81mnoll BlE] WS Holw 3F 3
o2 FA7F gtk FA Eole 2¥o] 266+021mE T Z A RFYSIL 2-3W Y FH] 7HA o]

270+0.21m= ¥ L, 3¥o] 597+0.78m= 7Hg A9 28k AT Ao Zol= 18.37+2.01
mz ZHgol] vls) e ol th(Table 11).
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Table 11. Comparison of main morphological characteristics among 5 species of the

family Veneridae

Species Hinge plate Primary tooth Prime_lry tooth  Ligament
length(mm) length(mm) height(mm) length(mm)

Protothaca jedoensis 13.30£0.91 4.621+0.38 2.62+0.37 10.40£1.12
Ruditapes philippinarum 7.83+0.86 2.45+0.28 1.85%0.20 8.57+0.80
Meretrix lusoria 28.3312.34 11.07£1.05 3.34£0.29 11.81+0.88
Saxidomus purpuratus 19.58+1.57 8.30£0.06 4.25%+0.05 25.43+2.00
Cyclina sinensis 9.37+0.71 5.97%0.78 2.66x0.21 18.37+£2.01

Distance between

Mantle sinus

Posterior adductor

Species of length muscular scar

Primary tooth(mm) (mm) length(mm)

Protothaca jedoensis 2.38+0.21 10.46%0.73 11.50£1.20

Ruditapes philippinarum 1.39£0.23 11.16%£1.34 6.72+1.04

Meretrix lusoria 2.35%£0.19 7.45+0.62 15.37£1.29

Saxidomus purpuratus 2.05x0.16 27.75x2.21 20.25x1.05

Cyclina sinensis 2.70+0.21 18.84%+1.33 16.85+1.34

) Ztol] Bls] FHztEo] 1537+1.29m=E #Hgkow oEMo) WYL FIPO T 745+0.62m=

2t TMEE S SEAEE0] 16.8541.34mo AL 2141 viRle- sfjzto] foln, ZpFgo] Tl
Ak 3l O a7t 1/28 52 TRE)
31 SISt Table 11).

oﬂL
Z%

OuF 1884+1.33mzE BAZF| A PEoF A3



1) FATRE FAbE
BhFe] MR SFHE FAFN o] 9Bt W FAFAL shefatel YA
A

BE FAYAEL GehiIthTable 12, 13). o]F ol AL MFH 4T FAEE 2
=

2
o

=

At vix o] 0562 7FF SALEZE =3, Mg AERAE 0409 SAIEE UER AT

Mgt s Azt viAgel 022, HxAReh We, A, wpAE, JHRgERARNY] fAE
= 0159 fFAI=E e ATH(Table 14, Fig. 25).

Table 12. Characters used in cladistic analysis of species of the family Veneridae

No. Characters states Codes
1  Shell length <40mm/40 ~ 60mm/60mm< 0/1/2
2  Shell shape circle/ellipse/triangle 0/1/2
3 Axial rib absent/dim/strong 0/1/2
4 Growth rib dim/strong 0/1
5  Exteral surface polish absent/present 0/1
6 Innule absent/dim/strong 0/1/2
7  Decussate absent/dim/strong 0/1/2
8  Umbo position in the shell middle/front 0/1
9  Escutcheon absent/present 0/1

10  Anterior latreal tooth absent/dim/strong 0/1/2
11  Three primary teeth divison absent/2 ~ 3/3 0/1/2
12 Three primary teeth height same/different 0/1
13 Three primary teeth poistion beneath/front/back 0/1/2
14  Three primary teeth length 2/3 0/1
15 Mantle sinus degree shallow/deep 0/1
16  Hinge plate length short/long 0/1
17  Crenation in the inner margin absent/present 0/1
18 Mantle sinus type circle/triangle 0/1
19 Internal surface polish absent/present 0/1
20  Internal shell color white/purple 0/1
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Table 13. Characters matrix used to analyze the similarity relationships of the family

Veneridae
Species
Characters
Py R p M. ] S p C. s
1 0 0 2 2 1
2 0 1 1 2 0
3 2 1 0 0 1
4 1 1 0 1 1
5) 0 1 1 0 1
6 2 2 1 0 0
7 2 2 0 0 1
8 2 2 0 0 1
9 1 1 1 0 0
10 0 0 2 1 0
11 1 1 0 2 2
12 1 1 1 0 1
13 1 0 2 2 0
14 1 0 0 0 0
15 1 1 0 1 1
16 1 0 1 1 0
17 1 0 0 0 1
18 1 0 0 0 1
19 0 1 1 0 1
20 0 0 0 1 0

P.j: Protothaca jedoensis, R.p: Ruditapes philippinarum, M.l: Meretrix lusoria, S.p: Saxidomus

purpuratus, C.s: Cyclina sinensis.
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Table 14. The similarity indices based on morphological characteristics of the Veneridae

Species A B C D E
A _
B 0.56 -
C 0.46 0.27 -
D 0.42 0.34 0.40 -
E 0.16 0.28 0.42 0.05 -

A: Protothaca jedoensis, B:

Ruditapes philippinarum, C: Meretrix

purpuratus, E: Cyclina sinensis.

0.56

0.22

;15

0.40

O—

05

lusoria, D: Saxidomus

Frotothaca
/8coensis

Ruditapes
philippinarum

Cyclina
sinensis

Mere(rf'x
lusoria

Saxidomus
purpuratus

Fig. 25. UPGMA dendrogram of the family Veneridae based on Pearson correlations.
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32 FAFTIY FAEH Ao
321 7 & DNAS A% 3 &
Proteinase K-phenolFZH | we} FZF%F DNAS agarose gel 17|95 27 =
Al DNA®] EA&Fo] 23kbREt A Yeton, t&e RNAE A F=HAY. 7 4
DNA AZHS A2 64 ug/g, WA 7.2 pg/g, N 5.7ug/g, MZEN 62 ug/g, 7FH-2N
6.7ug/g 0.2 FZEH o] nix o)X 714 B DNAZF FEH ATk 2831 ODa/ODxy SH 2
I} 2Z7) 1.76, vFAE 1.55, W3 1.64, WZ7N 1.74, 7FE-Z7 1.63 o2 ZAZ77F 7H8 o
A o] AA vEtgon thEEY FolA @uldY E]jo] AA Ve TtH(Table 15). 37}
o] Z&FA A PCRo| AH4E +8 DNAS FZE39th 2 3 DNA T4 PCR A
3}

AES &A% 23 FF DNA9 Tt 20ng/ w57t PCRAALES Bol LA A3t
[e)

£

3.2.2 &% polymorphic pattern

7z ¥ AES 42 23 o|H FEF DNA (Table 15)2 20ng/ul s=2 ZH3 F 10
Mol @712 FAE arbitrary primer 20 T/FE TYE A8l PCREFSS A AT A3 47

primer OPA—03 N OPA—17 (GACCGCTTGT) 18]aZ OPA—20 (GTTGCGATCC) #1£]3F 15
Mo & primero| A FFo] Ao, AWAHOZ primerd FHol whet HAE HA 194
Hd 39 band7} A=A (Table 16). PCR ¥H-g B ELS primerd Ff/ol wet FAS
pattern 2 E°]Z 1 17]¢] pattern, T3t patterns UEFY A TH(Fig. 26).

Table 15. DNA concentration extracted from adductor muscle tissues of specimens of family

Veneridae.

Species DNA(rg/g) A260/280
Protothaca jedoensis 6.4 1.76
Ruditapes philippinarum 7.2 1.55
Meretrix lusoria 0.7 1.64
Saxidomus purpuratus 6.2 1.74
Cyclina sinensis 6.7 1.63
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Table 16. Size, sequence, G+C content and melting temperature of tested arbitrary primers

Primer Size Sequence G+C ?m Number of PCR
(mer) content(%) () products
OPA-01 10 5-CAGGCCCTTC 70 34 1
OPA-02 10 5-TGCCGAGCTG 70 34 1
OPA-03 10 5'-AGTCAGCCAC 60 32 0
OPA-04 10 5-AATCGGGCTG 60 32 2
OPA-05 10 5 -AGGGGTCTTG 60 32 2
OPA-06 10 5-GGTCCCTGAC 70 34 2
OPA-07 10 5-GAAACGGGTG 60 32 1
OPA-08 10 5-GTGACGTAGG 60 32 1
OPA-09 10 5-GGGTAACGCC 70 34 0
OPA-10 10 5-GTGATCGCAG 60 32 0
OPA-11 10 5-CAATCGCCGT 60 32 2
OPA-12 10 5-TCGGCGATAG 60 32 1
OPA-13 10 5-CAGCACCCAC 70 34 2
OPA-14 10 5-TCTGTGCTGG 60 32 3
OPA-15 10 5-TTCCGAACCC 60 32 1
OPA-16 10 5-AGCCAGCGAA 60 32 1
OPA-17 10 5-GACCGCTTGT 60 32 0
OPA-18 10 5-AGGTGACCGT 60 32 1
OPA-19 10 5-CAAACGTCGG 60 32 2
OPA-20 10 5-GTTGCGATCC 60 32 0

% Estimating value calculated as Tm = 4(G+QO)+2(A+T) (Suggs et al., 1981).
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OPA-5 OPA-6

OPA-13 OPA-14

- 1 ;

Fig. 26. Gel photo showing random amplified polymorphic DNAs of the family
Veneridae using arbitrary OPA-5, OPA-6, OPA-13 and OPA-14.
M:A/hindIll, A: Protothaca jedoensis, B: Ruditapes philippinarum,

C: Meretrix lusoria, D: Saxidomus purpuratus, E: Cyclina sinensis.
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Table 17. Similarity matrix based on the Jaccard's equation.

Species A B C D
A _
B 0.84 -
C 0.63 0.67 -
D 0.67 0.62 0.87 -
E 0.77 0.73 0.71 0.69

A: Protothaca jedoensis, B: Ruditapes philippinarum, C: Meretrix lusoria,

D: Saxidomus purpuratus, E: Cyclina sinensis.

Frotothaca
/Ba0ensis

0.84 Ruditapes
philippinarum

0.75 Cyclina
sinensis

Mere{rf'x
lusoria

0.46

0.87  Saxidomus
purpuratus

0.5 i

Fig. 27. UPGMA dendrogram based on the similarity matrix data.

_73_



w
w
Jo
re
of\

SIBEL RS N

331 YHtd &

2 AFoNA AR AREE A, wpA", 9, A2, VMR T 5%l tE 25
I el It AES B3 2= Table 187 2o <& A5 FE°] 80.43~84.32%,
Zal Aol 946~12.51%, A o] 0.94~1.32%, Z3]&°] 250~3.54% L o] 1.1~3.15%°]
ATk =3 PHFY ASE FEo] 79.69~83.58%, Aol 9.00~12.01%, FA|Wo] 1.41~
2.69%, Z3]Ho] 256~3.67% = HAF 215~3.61°] Atk

S5 W] IRt E Y A 2ANE A o XdAe 5EHE A0S YERA
gFron, AL WARIE 2SEET 52 H&S Ut Al zolE BY FES
THRE RN 2504 P =2 8432%E yEIlaL, wWieke] WAelA T W 79.69% =
vUetiglon, zamdey A Il ZFdA 7HE =& 1251%E 7HREERN WAl A Tt

SEAA T Ee 094%E B 23)E9 AS WFWAAA 3.67%E vEAE ZHolA
7HE e 250% S YERAAT AT 9]
~345%9) =4 53t YPT, MEAN TSl A 1.1% =2 7 Fe 3S U

w
=
U‘I
U’ >\

Table 18. Composition of 5 species of the family Veneridae

(unit : %)

Species Sample Moisture Curd'e C'ru.de Crude ash Total

protein lipid sugar

Protothaca Muscle  83.14 10.40 1.04 2.74 2.68
Jedoensis Viscera  81.79 9.57 2.69 2.56 3.39
Ruditapes Muscle  82.40 12.44 0.94 2.50 1.72
philippinarum Viscera  83.20 9.00 1.41 2.74 3.45
Merotrix Muscle  80.43 11.90 0.98 3.54 3.15
lusoria Viscera  79.69 11.01 2.02 3.67 3.61
Caxcidomus Muscle  82.67 12.51 1.10 2.62 1.10
purpuratus Viscera  80.42 12.01 2.40 2.63 2.54
Cyclina Muscle  84.32 9.46 1.32 2.61 2.29
sinensis Viscera  83.58 9.43 2.01 2.83 2.15
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G270, vpAE, 9, AxA, MR 5 AR 550l E 25 2 el tid 4
ofm|ieit AES BAS ZAAE Table 19, 209k Zth QIIbA {83 Fa FFolw=ld
threonine, valine, methionine, isoleucine, phenylalanine, lysine, leucine, histidine= <559
Me 7IRgRNe AESFAVE & $3 O 9 458 v =5 el 3, leucine=
Az70, A, E707F 11.21~14.11, histidinew 427
gt AZM7; 11.16~11.860.2 L F3E Ve
A o] 5&7 H|42899 2, leucine, histidines #3to] AY =& £XE e,

lysine= g, viAlg, AXNEo 2 i =4 st AU

o} wWigho] 11.12~11.56, lysine=
WARE QoA Bog B4o}n)

2) Frelopvliit
B AT ARE ASE A2, A, 0E, Az, RS F 5Fel UF 2% o

Wgel thgk 40 7kA19) QRS BEAsAa, F8 #2 otvli=it ¥4 23+ Table 21, 229}
-

ol
N

3] =< I taurine©] & Fol vl 76.74Z 7l
Z70(90.21)9F #o] & FXE UEALL, @8-S W= aspartic acid, asparagine, glutamic
acid, proline, glycine, alanine &% EFEZ vl oA @S FAE AL AU,
asparaginex E}Eol| HIE| 64532 E2 FX& YEAG. &8-S YER = valine, isoleucine,
leucine, tyrosine, phenylalanine2 Wty 7| Z707F X7} =
wiokth WARE asparagineo] SARo} g HLE Y B ARS §AR) FUG

PR

3) FAEIY FALE
NIpE 550 #TIlY FAIRE B4 A AZ viAEte = 089, 7HFEERN 9 W)
7ol 0942 Z1Zte] FEFtolv =L AAIRE BRAoy JMEAe AR/ uiA g1t

m{m

0.889] fFAIEE HYow, 7HFegtxs)el W, Ax7), uiAg, AEzAztd e 0529 fFALE
% THTable 23, Fig 28).
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Table 19. Composition amino acids

in muscle of 5 species of the family Veneridae

(unit : mg/g)

Amino acid P.rotorhalca f?gdl’tgpes Meretr‘[x Saxidomus C yc]fn?

jedoensis philippinarum lusoria purpuratus sinensis
Aspartic acid 19.85 20.57 16.26 25.32 12.94
Glutamic acid 24.02 22.73 18.89 32.62 14.24
Glycine 17.93 26.34 18.80 13.79 15.46
Alanine 12.65 15.22 12.41 12.21 9.91
Serine 8.87 10.77 8.74 11.53 6.73
Proline 11.06 9.85 1.81 13.79 2.39
Cysteine 2.61 3.00 2.36 1.95 2.70
Amine 10.33 7.90 10.10 31.03 12.43
Arginine 9.71 12.00 9.04 12.14 7.54
Tyrosine 6.62 8.55 6.36 6.91 4.59
Threonine 7.00 8.06 6.50 7.96 5.32
Valine 7.43 8.71 7.30 8.03 5.94
Methionine 6.50 6.67 5.81 7.90 4.21
[soleucine 5.33 5.75 5.09 6.04 3.74
Leucine 11.21 12.14 9.63 14.11 6.69
Phenylalanine 4.69 5.74 4.35 5.68 3.43
Histidine 11.12 6.44 11.56 5.79 3.98
Lysine 10.77 10.40 11.16 11.86 7.23
Total 187.77 129.56 172.32 200.38 227.52
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Table 20. Composition amino acids in viscera of 5 species of the family Veneridae

(unit : mg/g)

Amino acid P.mz,‘oz‘ha.ca R_u_ditgpes Merez‘r.iX Saxidomus C yc]fnf'z

jedoensis philippinarum lusoria purpuratus sinensis
Aspartic acid 14.78 15.57 20.45 9.40 12.80
Glutamic acid 15.54 16.20 23.44 11.44 17.04
Glycine 15.74 17.46 19.28 7.43 17.21
Alanine 9.33 10.84 13.39 5.02 9.88
Serine 7.04 9.77 8.73 6.18 6.66
Proline 2.45 1.81 2.81 2.96 1.91
Cysteine 2.59 2.48 2.34 1.89 2.09
Ammine 10.02 7.90 10.41 22.94 9.72
Arginine 7.80 11.00 21.93 4.47 7.08
Tyrosine 4.73 5.48 7.40 2.25 4.64
Threoine 5.99 5.92 6.68 3.65 5.07
Valine 5.91 6.88 7.72 5.10 6.29
Methionine 4.28 5.41 6.78 4.05 4.37
[soleucine 3.52 4.56 5.09 2.84 4.10
Luecine 7.05 9.34 11.67 5.32 7.33
Phenylalanine 3.85 4.08 4.98 2.07 3.11
Histidine 7.74 8.45 11.46 1.97 4.50
Lysine 9.29 13.75 13.62 6.46 7.01
Total 137.34 130.89 198.25 156.99 105.52
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Table 21. Free amino acids composition in muscle of 5 species of the family Veneridae

(unit : mg/g)

Amino acid Protothaca Ruditapes Meretrix Saxidomus Cyclina

jedoensis philippinarum lusoria purpuratus Sinensis
Ureanine 142.36 105.30 208.85 127.52 232.30
Amnine 59.63 13.60 46.32 42.46 45.66
Arginine 10.20 20.89 55.38 29.48 26.46
Taurine 76,74 68.61 68.09 90.21 57.42
Aaba 0.98 0.19 1.78 2.15 1.70
Aspartic acid 1.51 5.94 4.81 10.53 4.72
Asparagine 64.53 1.57 12.21 23.99 0.00
Glutamic acid 7.01 12.28 50.73 42.14 26.37
Proline 63.72 51.43 41.01 114.20 29.41
Glycine 59.72 51.28 41.29 83.67 30.96
Alanine 53.10 19.37 87.05 65.84 59.12
Valine 18.20 3.76 27.39 26.34 14.14
[soleucine 12.77 2.30 21.81 19.40 10.01
Leucine 13.04 3.51 31.72 34.94 11.91
Tyrosine 3.95 1.65 14.44 14.13 3.24
Phenylalanine 3.80 2.04 14.48 15.16 2.49
Total 651.95 602.00 832.93 402.54 871.42

_78_



Table 22. Free amino acids composition in viscera of 5 species of the family Veneridae

(unit : mg/g)

Amino acid Protothaca Ruditapes Meretrix Saxidomus Cyclina
jedoensis philippinarum lusoria purpuratus Sinensis
Ureanine 117.83 117.52 124.53 119.89 160.02
Amnine 65.84 16.00 46.80 42.91 48.82
Arginine 0.00 25.88 47.33 44.22 9.44
Taurine 70.38 71.99 69.46 92.23 54.20
Aaba 0.47 0.44 2.96 1.58 2.28
Aspartic acid 4.22 7.13 4.13 17.08 3.23
Asparagine 3.17 1.42 12.58 28.29 0.00
Glutamic acid 30.45 15.66 48.93 58.93 20.05
Proline 54.58 68.44 40.85 125.13 24.57
Glycine 53.22 61.17 42.20 85.17 25.46
Alanine 40.96 23.25 80.55 61.71 45.15
Valine 17.19 4.63 26.24 30.20 10.68
[soleucine 11.18 2.74 20.57 21.68 6.85
Leucine 7.80 4.33 31.45 35.53 4.97
Tyrosine 2.46 2.27 13.53 13.10 0.89
Phenylalanine 2.49 2.27 15.15 0.00 0.58
Total 534.88 441.97 728.89 473.82 928.90
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Table 23. The similarity indices based on body compositional analysis

Species A B C D E
A _
B 0.89 -
C 0.87 0.82 -
D 0.87 0.88 0.82 -
E 0.88 0.84 0.94 0.75 -

A: Protothaca jedoensis, B: Ruditapes philippinarum, C: Meretrix lusoria,

D: Saxidomus purpuratus, E: Cyclina sinensis.

Protothaca
JBaDBISIS

10.89  Auditapes
—___philippinarum

10.88 Saxidomus
purpuratus

. Meretrix
lusoria

0.52

0.94 Cyclina
sinensis

—

0.5

O

Fig. 28. UPGMA dendrogram based on Pearson correlations.

gz FANE FAE AAUE Rolt wpAT W FEoluHI A=A, 7
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TR, WY S 550 YA, FAHGA, oI5y 4L vw 2Abstel HxAs
1, 02 Bz 42/ & nE 2 A4S A4 A4

J
sk 44 MAUZ L A A WA - gAY AT 59 EZARE duA 5

S3oz Az 4o oF g |EFHE WA 459 Blu E45] FAE

5} 4]
£ 73 A, Azl viAgo] 0562 7HE AR =93, WEH 7= 0409 A

S5 Ugdiddo 7Hret e dxfeh ubAlgtel] 022, AWz ug, Az, wkAE, JHE
g27te FAIEE 0159 FAEE YER R E‘r(Fig. 25). ol ERIAFTAXE A4 o7
FAZANA 27], BAEY {5, TEA §5F, g7 WRIHANME nAFo] AF5H 9
T, idTE, ORI, BYEEe] Aolrt o] 2 FAEE YEUA & Ao AlsdEn

o Awsl WS Fejta GAES] W2 FAVAS FRAFATH(Fig. 25, 27). o9} 2L
jshe AEe FE0 A 2 ool gloiA thisl ol el

o} M 0942 77He] FElE B A4}
0.889] FAIEE H Yt} o]# 3 AR o3t
423 gH, 739420 radA e va g2 Yebdh(Fig. 25, 27, 28). ol A" Ate]

£ oloiRe) AYE FFol AN UE AF £, ARFE, Hol9 F

upebA], Azt WRHE 4F7He] AT FAB/AIE viAge] AR 7T TP e e
B2, 4z & BE g AdSAS AdlA M AEe A4 vridE 2 FA49 299
W2 - ARkl AT Tolle vAFY V|2ARE ol &ste Aol dxY T HE H A
SHol fFaste et AbgET
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Al 3 A" AT
1. A 2

Y =8 {79 AAEEH AFEE "9rEN, Solen strictus®t S Hl, Solen
gordonis( &, 1986), FNF=Z7W, Pinctada martensii(©], 1972), ‘F& A=A, Corbicula fluminea(®] &,
1980), &=, Mactra veneriformis (Chung et al., 1988), & |, Mytilus coruscus(’, 1994), &+
3}, Spisula sachalinensis(©], 1994), A2}, Turbo Solanderdm(©], 1980), X&-F, Haliotis sp.(°l,
1974), W 27), Anodonta woodiana(73, 1980), /NZ/Me] AAMEZAH 2 A2F7(H, 1969), A
Bl(H, 1971), 7Hr=txlY AR S 2, 1990), 33 2 FA(HS F, 1973) W 7}
TR AE, 27188 2 (S, 1971, F, 1975) Tl Avk E3Jh, xRS A AE T}

Hl 23k vpx| gl disfi A= Bz A7 @s] o] oA, upx|ete] A wE FEiwol(H,
1973; 7, 1978; |, 1965; 7 5, 1978), A
B, 1989; K54 5, 1991; %M 5, 1945),

1994), E3 o] AT <0l 1995), 25 H A& HA (R 5, 20000 59 A ©
& AT wast Yo, Agdeln 44
=

2o i3k 2A8 A AF(E, 1957, BEHY 5, 1993;
TEA Aol AL WA= R

= REW, FEFAALeEM AT ZHAT} W 2 o2 VdEe A2 e A
8 7" uk gl 3 o gF AR 2AHA &2 dAolt
1 2 A 7ol w2 XA F

2 Ao AME-S AN, Protothaca jedoensis + g o421 stA™ o] oA A3
st Ao 2, o] AHe viAgy Azt EAsE Xoldoh AFRY AL 20029 9EFH
2003 8¥7FA] 1270E=ete] vl 13 AAEF o™ 7HA 309 = 25x35x20cme] Ice boxol|l &

g3he] APAR Surstel Aol ML
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221 4] ¥+ =
Azr) mlHwe A%y BAF R A7) WSS 2487 95kl 2 (shell length,
0.

SL), ﬂ.’i(shell height, SH), Z}3(shell breadth, SB)< 0.0lmm 7}A] Vernier caliper2 #1335}

i, FFFIW), FTZFBW)S 001g7hA] AAAEZ ZA8, ofefo] (B, 1989) 0.2 +
SF ok
BW(g)
Condition index = =100
SL(mm)*<XSH(mm)<XSB(mm)

222 AAAE FA

A2 Il mE 2AH wstE #Fetr] 9tk A BE 4x8m L2 Adst
o|(Fig. 29) Bouin &l 24 A|ZF 1143 Tk, paraffin FHOE Ewjalil 5~6um T4 9 =
HEES ARt A Al 2 9

A3sle] ©](1986)9] ERF7IFOR B8N

=)
o

l-'l
g
-
M
o

#13ll Harris haematoxylin ¥ 0.5% eosin &

ol

(GALENII. TA-120)3}oll A #2383

A7 AEe dAaFEANAN o] Aoz Hdd Uk ggoz vHeE 7] (Nikon
V-12)2 A8 10078 Welz d8 T 10007H Welel bs ARk, 442718 10m73Ite =

AGste] WEEZ 82+51Y Pearse(1965)] HIEEEXE=Z G @ ddS el i

E dolrR 7] g5t Ae 9 AaErE FHEE 6~799 Z4F 359~50mm H 9

o AE7) FR 1667AA, F2 BIAA el HEF GRAE L A4 F7E 2HgHoR
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224 AAF7]

AAF7I= 245t oz A AL gl e AR T mel 0](1980)¢] &7
7[Eo 2 7] @47 (Early active stage), $7] &4 7|(Late active stage), $+< 7](Ripe stage),
F-E Abgh7](Partially spawned stage) 12]31 E|& 9 H] &4 7](Spent/Inactive stage)e] 57
2 st th(Table 24). B, AAF7]eF FF a7 RAS dotRY] 9)ste] 523}

?_
of wE ke wedge - 2As,

Table 24. The development stage of gametogenesis in Protothaca jedoensis

Developmental stage Histological characteries

QOogonia appeared along the germinal

Ovary . . .
epithelium of the ovarian sac.
Early active stage
Testis Spermatogonia were actively proliferating.
Nucleus and nucleolus were distinct in
Ovary
appearance.
Late active stage
. Rapid proliferation of the spermatogonia
Testis . .
progressed In a simultaneous manner.
Oocytes have grown vyolk granules and
Ovary )
mature oocytes fill up the lumen.
Ripe stage
. Most of the spermatids formed by meiosis
Testis .
In the mature stage.
Note a few undischarged oocytes which
Ovary . . .
are In the ovarian sacs after spawning.
Partially spawned stage
. The mass of the spermatozoa is exiting
Testis
through the sperm-duck.
Ovary Many degenerated oocytes appeared.
Spent/Inactive stage
. A few of remaining spermatozoa were
Testis

scattered but they began to degenerate.
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TCR G 128004 thEsf 280 AAAN dasgelr] AAgege A
AEs viyg 272 75 ~10me 27] ddAZS=2 FAH At vlwA & dg e 9
el F3lgk 1709 <lo] o, AxdE S8 st 2y AEo] AstA A4
IS A AFEE &% JdRAEEC] 4R Edste o= Hop o] AVE &7
sl

24712 FAET AHAE oSdl= AAxs} nEsts2AsE AAA JAATPL 1-A).

AR AN

Fig. 29. Anatomy of the venus clam, Protothaca jedoensis in which right valve and gills
were removed.
A: Anus, AM: Anterior adductor muscle, ES: Exhalant siphon, F: Foot, G: Gonad, I:
Intestine, IS: Inhalant siphon, M: Mantle, PM: Posterior adductor muscle, S:
Stomach, VM: Visceral mass. The rectangle in the middle indicates the visceral

portion of the clam dissected for measurements of egg diameter and histological

examination.
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Fig. 31. Gonad developmental stages of Protothaca jedoensis in male from September

2002 to August 2003.
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Fig. 32. Gonad developmental stages of Protothaca jedoensis in female from September

2002 to August 2003.
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Fig. 33. Monthly patterns of oocyte development in the venus clam, Protothaca jedoensis..
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Table 25. Occurrence of sexually matured in various shell length groups of Protothaca

jedoensis between Jun and July 2003

Shell No. of individuals Matured individuals Maturity(%)
length(mm) o 7 o 7 ° 2
35.9738.9 7 9 - - 0 0
38.0739.9 23 15 11 6 47.8 40

407 41.9 26 22 18 17 69.2 77.3
42743.9 31 27 31 27 100 100
447459 39 35 39 35 100 100
467 47.9 27 19 27 19 100 100
487 50.0 13 10 13 10 100 100

Total 166 137

4. 11 #

duiroz AR A2t WG AZT FX 283 Aol PPAAEZ 6] th
T Ee Aoz FAE FoR2 dHA JdoH(Mackie, 1984; F 5, 1986; ©], 1972; ©] &,

B ATl e Azt dFHoR WAy
SeMI Qe G9MITARNT HRY NTHRY Al Yt PABAEY
Aelo] A Aoz A 9t ACE UeuthFig 29). 1L o5 Ak YR
22 2AGHOR BAA, 7} 23 A% AR4 AAEAY G Ze] A= 2

Fo 722 PAH0] glof, ARAE ANH oA T Bk TEE e RO 2
]
BFe AAFNEe QRHoR ALFA, AolAe 2 Fow A AVEL 5,

1989). 29 dH7Fe Aoz Ao A4 THEol oA@AY, dF HAFAM= 79

H&E ANRe Mg B Aoz 4SS PRE F Aoy Raso] Uvk(Y, 1980;
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Fig. 33. Relationship between shell length and rate of group maturity of male Protothaca

jedoensis.
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Fig. 34. Relationship between shell length and rate of group maturity of female

Protothaca jedoensis.
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grata oA 459 Aule 19 122 AR Qlm Ao AgolAga  Hisa,
Protothaca 4-°] P. pectorina, P. staminea, P. asperrima &% Ap-go]A| ekl R ilxo] ¢lti(Matos
et al., 1997; Hetrick, 1995; Ewart et al., 1988).

7o AXEE t/le B SHE VHeRE EASHA] FoF i
A2 s S7HE = T8 WEed met 44 dss AF@Hoes xdse AT
AFHGS)= F3t7] ol Huh wEbA, HivtEe] AZMHE S A4 EEd BEAA 5=
g FAsHE Al=E°] AW(F T, 1986; Chung et al, 1988; Chang and Lee, 1982). &=
o Biet=e AHAE 4FF Heo F20] stdste Al7IQ) 9¥(283C)FE HA F7tst
ol 29(6.7C)elE 2069 H1AE el 2 5€9(16.2C)9 4% 7IE Wad =
= 184 ol}e FAE Btk o]F 6€d Abgho] AlAEHWA FAS] Ao, AHS w3
2(2427)9 HIvtE+= 9.69 HotgtS EAth 18 9€(23
ol AR E= 3t % HEA7|E AXNEA gA] FsstATh(Fig. 30). FxMeE BlISzE 8t

5, AMENAAL Hivte s BAAEY A3 gEo] Fol mE H=2 S8t
of 5~6dol 7HE =i qteo] FR3I by, Fo] sk 10~-11€9 7S W2 gs e
Wi AaA e Bady A gA Srkske Ao® Hol, AALdgERYn vivtEs 45 9
A Aol de AL =Z ARSI (Chung et al, 1988; Chang and Lee, 1982). o] ] &t
Iz B, 2% o

Batom, 447179 5UMAE oluth 27 e 184 ool g BMole § ofzie] Aol 2

=
filo
Shia
AC)
p‘L
)
2
v}
4o

P
ofN
i)
R
M
o
z
=
k1
rE
oy
0%
ox
filo
f
i
+
B
K
)
flo
N
o
9
N
o
(@)Y
o
u
Lo

AA e} vEeFTEAE0] Bol SdsAHrE AHare AR "deo] 2 7 Fasta,

H3t g vEAg7] dHE JUA oA AAdEs Hede] dFHJATPL 1-T). o3 AlA
Azt el el 5(1970)= HE il Al AAAEe} FEEE AAME
a

(8 &, 1986; ©], 1972; ©], 1980; ©] &, 1980; Chung et al., 1988; 74, 1994). wie}r] A

=
A AR Edste e r A PERITEAS AAEEE AAAx TEHRd
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L
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AZFA =
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719l
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Ak
=

St TH(el, 1974; ©]<F &, 1980).

k<
pud

e ARata

x3

Al

2

3ol H

471 4~699] Atolel] 50~60ume]

M e Aoz AFA oM (0], 1995), HinifEe] npx|et

R EARPS e B

=
=

tel 139 ke

FE0] W3S

Al

ANHE 5~69, 8~10¥ ] 50~60ume] =7]9] FEA

=
23] 9] Akgh7]

Eo] 232

-
X

I A2k A4 A 9

o
=

AAE A

=
=

2l 5€¥9] 50~60um(mature oocyte)2} 60~70um(ripe oocyte)e] Z7]Ho™ 6

2bto] AR ElHA A7 60~70um(ripe oocyte)d] HEA]

o

CH(Fig. 33). ¥1¢ 2=z &,
1 2k B3, uhAEY] 9 Ml

[e]
iy

ok
5

60~70um(ripe oocyte)2] Z7|9] GREMEE YEI}A

L
T

€,

3l A oH(Chung, 1994;

tel=2  Al¢t

=

AAE AL e

TETE

=
T

9z Ao g} o

oA Az el A&7V 6~8¥=E E}

44

=

1994).

ﬁo
)

Joll A Az Arehr] ZALe}

X

o|J
R

AN

ﬁo
)

ﬁo
W

(BH &5, 1993) 4 23]9] AteV|= wiAE = §lS R 24 Protothaca

2717 1~-393 6~8¥9 23| B
of metA Fol} o
A2t A 2] A ol u}ef

Efe]7tell A2
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]

o
Gy

S

o] P. grata
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=

W, v

31 (Pizarro and Cruz, 1987), P.

tal Baso] it o] FEE HiAIHO] F
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o Ab&k
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S
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s
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371,
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=
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U} (Fig. 31-32).

A

L
=

EUE 59AE Y

=
=

3 5o A%

7] #4471, 3~74 9]

ke
T

1~44€ 9]

L
T

i

H] g 7]l

o
=

7] a8 7~19€9 H3}

_97_



o) xow WA e oY AW WE Aoz FEHW ANF/E AWF S0y
A e WME wet ozre] Aol Y AoE
WL SRFEsh WRTRAM B2 ANFFe 4

H
SolAGh B9 HRE, dEdady, AAAZZARY 5 Tl B, 44T/ 1

=
< Atoldll Atatsh= SHA] AbehE(summer breeder), = 7HSH T3l o] & B Aloldl AMEshe F
Al At&E(winter breeder) .2 X 31 (Boolootian et al., 1962)% o] A& 371X HF FollA <A<

HdEE e ANREoR Busdn aeu, Y45l Foisks AR 2ge 2]

o

T Ax7) 3842m, BRI 20m, WF 35m, HZE7) 80mm, THEEERAME 26m= FZre] AKANA
a7|Zele o Be A9 AR FASES AN RolobAAnl, F3ke] fAF EAd0lAY
X2ge) 3429 Aol 7QshE A G7re] AT ot AR ETHTable 26).

webd, A2 FAULE u
B AT 272 V)22 do] AL, FAASEAE 58 B3 AFZEANS 9T A7t

AAsolol & Aow AnH

o

=2 7§

Table 26. Comparison of partially spawned stage and minimum size for the sexual maturation

among 5 species of the family Veneridae

) Partially spawned stage Sexual
Species . .
(Main spawned stage) maturation
Protothaca jedoensis From June to August
38.42mn
(Present study) (From June to July)
Ruditapes philippinarum From June to September 90
mm
(Kim et al., 1986) (From July to August)
Meretrix lusoria From May to Octerber 35
mm
(Kim et al., 1986) (From June to July)
Saxidomus purpuratus From March to November 30
mm
(An, 2001) (From Jun. to Jul., October)
Cyclina sinensis From July to September 96
mm
(Chung et al., 1991) (From July to August)
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71827 (Lee et al.,
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I 2o g acle ZA JFS L=TH(Lim et al, 1992). 15 FH L
2 geA ol IR A, FA4 L X9 A,

o g 42 JFe] that AT (Ventila, 1982) 5o] Tk

As) GARNA L AR BEES W$ Fash

ol e £ B AAAE gelMe BEH BedE Fasht A ARA

aQow A4 a2, FY4EL e
Aol AR ARYEA ML) @AxAe] FHE APHojof & Aotk
weta] B AFoxes fFEAY 2855 fdl MEE FAUNLToE N Thsdel =
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xRN A7 B AFVIE CddEE 39 ~4€0 2 3842mol 4] ALt BijE SE

tod 3T AR RAASS st B FRAMA o gaT, BAvd AFHE 674
o] Fafiet AL Bl & 2~3Y97F X5 FRAYL] o] &35

of

Fig. 35. Schematic diagram for burrowing behavior of Protothaca jedoensis on the various

sediment size.

A: 0.5~2mm; B: 0.25~0.5mm; C: 0.0625~0.25mm; D: 0.008 ~0.031mm; E: Blank.
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W Abole] AALE FASC] W PAE FAWOE, B Ut FAe FRUbHNHFE
B £AVL AT AFPHOE =)

A el
Fxo ¥a 2~-3Y £A A2 F FASI serotoning A& Ao FAFSHE

Incubator ¥ water bathE A}8-3}a] 15, 20, 25, 30C AP 7oA DY FA7LA 2] AHA| 7
Hel 98-S ZAMst71918) 20,25, 30, 35, 40%, 4, 5, 6,

ZAe AT oW, Zt wAaeAE
0% o]Ze] dAGEA ) o2& Ao R o, E A} DY

Ao AEE f9dt AL 4ES Aoz BHSAT.
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o
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Lo
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ol
£
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i3
ox
(UR
oY
=2
o

125 A7HE

B>
fo
>,
)
rlo
r ol
Y
i,
2
Lo
Ut

T4 B AAE BN HelAEY TR, FE, FES A4 B AH AEES =0l
£ ool 228 29002 WAAA AT AR A4 2 Ade HoAEE Y Fo BB
HZEZFA Isochrysis galbana, Pavlova lutheri, TR/ Chaetoceros calcitrans, =251 Chlorella
ellipsoideas Conwy HIAIS ARE-ste] HlFste] ALEstAT. M FE&F= Im FHE o5}
A9 AFNE FHNT HNSE £ 0-80CE 4R BEHO] LSS, WFEE 34
A Eet~A9k 104, 404, 4004 9] olad &7 o] &ste AW wiYsti, 2= 3000~
4000lux, W= 20~24CTE FAstA M Fe HolBES ZE AFP o] &3 th(Fig. 36)

2.4 A

=
ato] HHBAxAS AT 20049 790l FAsE] AMSFA FAS AMEEAT Fex
A 104 9] AR Fxo & 15, 20, 25, 30T 2] A3, 24, 27, 30, 33C 9] APz
S 3MA /1 E G831 Isochrysis galbana, Pavlova lutheri, Chaetoceros calcitranss < 3a}
1~5x10%/m FoldtdA Aol wel TFFE S2FUA 2dvith A4S AP B3t A}
S3FA 1, AMFEEZAE AQindiv./ml), B(dindiv./me), C(6indiv./ml), D8indiv./ml) .2, ¥ o]
AEE ZA= Isochrysis galbana, Pavlova lutheri, Chaetoceros calcitranss &= FTv &3 Fo|gh

Y AFFRORE F2 APV Tt 24T E nASHL AMSHHEES FAAY 95}
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StATh HolAWE w5 ZAb= Isochrysis galbana, Pavlova lutheri, Chaetoceros calcitransg %
aled 0.5x10%, 1x10% 2x10% 4x10* /m¢ Foletda A AR & A7 B9 4TE 1

HEn AU L4987 598 St

Fig. 36. Photograph of phytoplankton mass culture.
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AL 20051 6€ol +F Altete] 5% ARz 831
I 1m A D 2LH A AHESE S5 E ARESt HolAE  Isochrysis galbana, Pavlova
lutheri, Chaetoceros calcitrans, Monochrysis lutheri & &33to] 1~5x10"/mt Fol&dA A3}
Ak olw, & 1244 20T, 2, 3xFA 25T E AMS3le] ARAED HESS ZAEIT Y
Z2) WAL g A8 AFSE] 179 Aol 245m 279 FJEF7] AESaAS 2 2B
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4
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e
filo
N
!
(65
ot
2
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iy
fru

AAAgol| B30 Isochrysis galbana, Pavlova lutheri, Chaetoceros calcitrans, Monochrysis lutheri

g Egshel 1~5410'/nt FolsheA A HEA 4FES 2ASYT

3. 4 ¥
31 R

311 AZAYGAY 2 FdE

HZIN P. jedoensis®] JEFRANE AT AALNYY AP VI T ASFY 2 B
153CHa, 8L 29~31%2 2 W= ¢t DOE 84~87ng/ ¢ 2 3 8.6mg/ ¢ S Ko
AR en, pHE AFFEAIZIA 7.8~799 WS Yehlo] 29 39 Hlug AdHA
o] ATH(Fig. 37, 38). AZIN P. jedoensis®] AANENHS AP A 10/ BAAA AeA 3
ARl M it 40%9] FAES YENeH, AbYAS AP B 34.44%, 1444%°] HUE

% T+ A AE 2 U} o]lFst Fddte FHE UEIT ol gL
48A17 Al A RS w AR 62.22%, AME 56.67%, AU A 48.89%, Y& 50.00%<]
HE&S Yt eH, 96117 BHstds W At 51.11%, AHE 48.89%, At A 36.67%, W&
51.11% % Yeht 8739 gl wet Fhd oS vHEste Ao 2 UEsithFig. 40)

WA, A2, P. jedoensis®] HARES 28A17Fo] At AlUA A do] gle AFTIA
27} 111% 2 HAAPE AZE RO, 34A12F Ao & AA@F oA HAE e T 96417
g F8A HFHow AEd 7.78%, A 10.00%, AU 7.78%, YA 8.89%, A o] &
dolM 1333% = HeEt Ao 7ol wet HAbeo] e Ao YE R THFig. 41).
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Fig. 37. Variation of DO and pH of rearing sea water during the experiment period.
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Fig. 38. Valiation of salinity and temperature of rearing sea water during the

experiment period.
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—>—Fine silt
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27

18

Burrowing rate(%)

60 180 300 420 540

Time(min)

Fig. 39. Burrowing rate of Protothaca jedoensis after 10hours in each experimental tank

with different grain size.
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Burrowing rate(%)
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=¥ Blank
20 . .
24h 48h 72h 96h

Time (Hour)

Fig. 40. Burrowing rate of Protothaca jedoensis after 96hours in each experimental tank

with different grain size.
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A3 A=, P. jedoensis®] =7

rr

el A WE 2 4165m, 2 33.66m, 2HE

2237mm o] em, AtAe] A HAF A 41.76mm, Zr3l 33.81mm, ZHE 22.22mm\ 3, AU A Q]
AL BT 2 4235mm, 2 33.54mm, ZHE 23.09mm Gor 283 UAL HAF ZHA 44.48mm,

T A
derow, 449t 425 e AAE Y] odedsr 255 G Sol@

Aoz YvEhgth EgE AXJN, P. jedoensis®] FYPzol= AFEEA A 9.23cm, AFE 8.47cm, AFY

Z+a1 3525mm, ZFE 2459m = UERY A AZAJAY] @) S 2 AJAAY Zvie & A
=

A 6.03m, YA 646m2 AZPA7L ZAe42 Fhzloles FolAe AFS B A7) R A
Zolol e AAY AxzAdd wat FYzlolel =7

(Table 27).

, e dFe BHe AoE HAAHG
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—&—Coarse Sand
—&— Medium Sand
—&— Coarse silt
—>—Fine silt
=¥ Blank

12

Mortality rate(%)

28h 40h 52h 64h 76h 88h

Time(hour)

Fig. 41. Mortality rate of Protothaca jedoensis after 96hours in each experimental tank

with different grain size.

AAFLo A Fio that dAhirG WA S-S 49 199 86.13+ 1.68%°|AaL, 598 2Y
89.25+0.56%, 5¥ 16 92.42+1.12% % A Z7}5t¥9 o™, 59 30€ o= 94.56+0.69% 2 A5
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Table 27. Mean of Protothaca jedoensis burrowing depth and body condition in each

experimental tank with different grain size

Depth(cm) Shell length(mm) Shell height(mm) Shell width(mm)
Coarse sand 9.23 41.65 33.66 22.37
Midium sand 8.47 41.76 33.81 22.22
Coarse silt 6.03 42.35 33.54 23.09
Fine silt 6.46 44.48 35.25 24.59

20lM Hugs YelRAT o]F 64108 FE 88.25+1.97%, HAF #A4dt7] Al&ste] 69 23
o= 82.34+23%°]AT}H 18TolME 49 1Yo 87.28+ 237%°| o, 59 2Uo] 931+1.95% %
w43 F7tste] 59 16Yol= 94.78+254% % 18TCHFoA Highs Ytk ol HA
3t7] AlZete] 59 309 93.53£0.75%, 6910Y 87.96:2.06%, 62 230 81.36+2.14% = 1}
Atk 2ToAAE 49 1Y€ 87.65+ 1.65%°100H, 58 29 949:201% = 243 =7}
59 16¥dE 96.38+1.36% 2 A Ao A AMSE A2 F 7 =23kS JeERAT o) %
A= gastr] AFste] 59 30YolE 9236+1.32%, 6¥10Q  85.15:1.92%, 6% 23°]=
80.36+1.68% = L}EFU A TH(Fig. 42).

AAF oA Fiao that GRAE WA HSL 4Y 199 47.7616.89%°|A7, 5¢€ 2Y

58.55+3.27%, 59 169 65.72+3.84% % AW Z7}stgom, 59 309o& 72.85:5.83% 0.2 =
F2oA Has YeEhglt o]F 6910901 = 69.3316.94%, 69 230w 53.22+7.52% =2 7
239 18T = 4€ 1€l 48. 99+ 3.67%°1No ™, 59 2Uol|= 64.38+4.96% 2 H 243
S7tste, 5¢ 169 7248+6.46% = 18 CHolA Haghs Yetliddo. oF A Zastr] Al
Zate] 59 30l 70.95+3.02%, 6€10Q 65.29+4.56%, 69 23°]& 5 6.72% % ERH S
T} 2CoME 4¥€ 19 48.72+559% 01001, 59 29 65.94+7.17% %2 FA3| Z718t 5
4 16Ydl= 74.67+3.67% 2 AAAA AMSE H2N T M =2

1 e VA olF R
FA317] AlZESEe] 59 30Y = 71.56+4.11%, 69109 62.38+5.04%, 62 239= 50.4616.43% =

el 2 th(Fig. 43).
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Fig. 42. Percent of the follicles to the ovary of the female Protfothaca jedoensis.
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Table 28. Result of the spawning induction experiments with Protothaca jedoensis by various

stimulation methods

. . Process Number Number Rate
Stimulation of
Date of of of
methods . . . responses
stimulation exper iment 3 o response(%)
Jun. 5, 2004 20C—25C (1h*)—20C 20 - - 0
20C—30C(1h)—20C 20 - - 0
Jun. 6 20C—25C(1h)—20C 30 - - 0
20C—30C (1h)—20C 30 - - 0
Jun. 11 20C—25C (1h)—20C 20 - - 0
Temperature 20C—30C (1h)—20C 20 - - 0
(heating and
cooling) Jun. 24 21C—25C(1h)—21C 20 - - 0
21C—30C(1h)—21C 20 - - 0
Jun. 25 21C—25C (1h)—21C 30 - - 0
21C—30C (1h)—21C 30 - - 0
Jul. 5 22C—25C (1h)—22C 20 - - 0
22C—30C (1h)—22C 20 - - 0
A dr ;384 T 0005257 (2he) >20C 20 - - 0
and sumer e Jun. 25 210 —>25C(2h)~21C 20 - 0
9 o 20°C—27°C (2h)—>25C 20 - - 0
Jun. 11
’ 20 - - 0
Adq sperm 2004 10me/me 20 o 0
suspension solution Jun. 25
20 - - 0
Jul. 9
Jun. 5, 2004 Incision of gonads 20 - - 0
Pulse spawning Jun. 13 Incision of gonads 20 - - 0
Jun. 24 Incision of gonads 20 - - 0
5884 . 1/100 N 20 - - 0
2/100 N 20 - - 0
3/100 N 20 - - 0
. 1/100 N 20 - - 0
F%gesazli;gi1 Jun. 25 2/100 N 0 o 0
3/100 N 20 - - 0
1/100 N 20 - - 0
Jul. 9 2/100 N 20 - - 0
3/100 N 20 - - 0
Jun. 11
. . ’ 20 - - 0
UV-ray irradiated 2004 670.2mw/h 20 o 0
seawater Jun. 25
20 - - 0
Jul. 9

* - Time for stimulation
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Table

various stimulation methods

29. Result of the spawning induction experiments with Protothaca jedoensis by

. . Process Number Number Rate
Stimulation of
Date of of of
methods . . . responses
stimulation exper iment 3 o response(%)
;884 . 2/1000 N 20 - - 0
4/1000 N 20 - - 0
6/1000 N 20 - - 0
8/1000 N 20 - - 0
10/1000 N 20 - - 0
2/1000 N 20 - - 0
NH:OH solution - 4/1000 N 20 S 0
' the tank 6/1000 N 20 - - 0
8/1000 N 20 - - 0
10/1000 N 20 - - 0
Wl g 2/1000 N 20 - - 0
' 4/1000 N 20 - - 0
6/1000 N 20 - - 0
8/1000 N 20 - - 0
10/1000 N 20 - - 0
;884 . 10:? M 10 6 3 90
10° M 10 5 5 100
10 M 10 7 3 100
10° M 10 6 4 100
o 10° M 10 7 3 100
RO 0° 0 oo+ m
to the gonad 1073 M 10 3 7 100
10° M 10 4 5 100
Wl 9 10:2 M 10 5 2 70
10° M 10 4 4 80
10 M 10 5 3 80
10° M 10 6 3 90
Temperature May 17, 2004 17C—25C(1hx)—17C 200 70 50 60
(heating and Jun. 11xx 20°C—30C (1h)—20°C 200 80 60 70
cool ing) Jun. 13*x 20C—25C (1h)—20°C 600 240 200 70
and Injection of  Jun. 24 21C—25T (1h)—21C 200 100 80 90
serotonin Jun. 25xx 21C—30TC (1h)—21C 200 QO 70 80
to the gonad Jul. 9xx 22°C—25C (1h)—22°C 200 60 60 60

* , Time for stimulation

** . Injection of serotonin(10™* M) to the gonad

# ; The method during mass culture(spawning induction)
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Male

Female

Fig. 44. Photograph of spawning of Protothaca jedoensis.

o] A£Q = UtH(Table 31). &xIfol]l Z7] Aol o] Fo] HSFF 7 DDA o2&

=

Are] FolAE AFE RO, Feo] FL4E WASEE LHOo GRS FEL} S
=
3T

o o2 ARAQ] W, o] =os Y f49 ZIdEC] =t dEddA= 20, 2
5kl M= D FACA 71 8-S HolH HARSIAL 30, 35, 400l = 85% ol/del 434

9l WS BWTHTable 32). pH ME 4—67HAE DF $A7A BaaA 2k7, 7-974A =
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i

83% ©]’¢2 3} thH(Table 33).

Table 30. Response time for spawning at each

stimulating treatment in Profothaca jedoensis

Response time(min.)

Stimulation methods Dose
Female Male
10° M 8 8
10° M 3 3
Serotonin
10 M 3 2
10° M 5 4
323 A& 4 F3&

Az FATE A7 A A AR WS 7P HES-&0] 2 serotonine A}
o2 "=y 4 Azle FASY BISS AT 4 w2 bR 45E SRS B3
8o 747 955%, 87.2% = JEFH 10*MolgeH, 10°Moll A 71 wre 894%, 76.6%2] 4483}
383 HtHTable 34)

3.3 FAAS
331 £ FAALS ZAF

1) 13 29

T2 FAAS AFZEd fAe AR BE APFA fFost AolE Holx ko
u, AMS 5YA o] FRE ApolE YEN Y] AlZFSEe] 25T ol A= 135m, 30 CAXM = 147m=E 37
stFomM ALS & 10€Al= 25T, 30C 242 205um, 230mE YERH O] F20] =245 e

AAS JeElY ok 2 AES] A 15T 20ToANA AL & 49A] 22 46%, 57%
ol Ao, 5<4A A7 20%, 15%%2 F43] FATS & F+ JATh 25T} 30T A9 Al 5

3LA o] F FAasky] Alste 4dA 2447k 70%, 65%E WERHIC ™, 109494= 22t 50%, 30%

£ UehlAchFig 46). 2 Az FA0 AAET AESES A 29 Bl o] 1
£ 25T 30CAA F5d 275 YepE S & 5 ATk
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Table 31. Relationships between water temperature and time(hour) required to reach each

developmental stage from fertilized egg of Protothaca jedoensis

Water temperature(C)

Developmental stage

5T 10C 15T 20C 25C 30C
8-cel | ND ND 2.3 2.2 1.9 1.7
Morula ND ND 4.5 4.6 4.1 3.8
Trochophore ND ND 8.2 7.9 6.9 6.5
D-shaped larva ND ND 39.7 31.2 26.8 26.2

ND : no more developed

Table 32. Relationships between salinity and time(hour) required to reach each

developmental stage from fertilized egg of Protothaca jedoensis

Salinity(%o)

Developmental stage

20 25 30 35 40
8-cel | 2.3 2.3 2.2 2.0 2.2
Morula 4.3 4.2 4.1 4.0 4.1
Trochophore 6.6 6.6 6.5 6.4 6.5
D—shaped larva ND ND 26.3 26.3 26.3

ND : no more developed

Table 33. Relationships between pH and time(hour) required to reach each developmental

stage from fertilized egg of Protothaca jedoensis

pH
Developmental stage
4 5 6 7 8 9
8-cel | 3.0 2.4 2.4 2.4 2.1 2.2
Morula ND ND 4.3 4.2 4.1 41
Trochophore ND ND 6.5 6.4 6.4 6.4
D-shaped larva ND ND ND 26.4 26.3 26.4

ND : no more developed
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Fig. 45. Egg developmental stages of Protothaca jedoensis.
A, Unfertilized egg; B, Fertilized egg; C, 2-cell stage; D, 4-cell stage; E, 8-cell
stage; F, Morula stage; G, Trochopore stage; H, Early D-shaped larva stage.
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Table 34. Fertilization and hatching rate of eggs spawning by various doses of serotonin in

Protothaca jedoensis

Frequency (%)

Stimulating method Dose
Fertilization rate Hatching rate
107 89.4 76.6
107°M 92.0 84.7
Serotonin
107M 95.5 87.2
107 90.6 80. 1

2

24 FAAS AEAT FAY AT BE AFFAA FoS AfolE HolA ggkond,
% 104 250/mE E ATk vbH 7R

FE 3BCAA AMS F 494 137m=Z AF HAALE Yepdoh 528 A28 4§ 24T, 27T,

30CAAN 6LdA 2zt 80%, 79%, 75%C1E o] 7UA o] FRE nlwH Z Fog 7Airdty] AlF

ste] 1094 A5 Al 242 45%, 40%, 28%E YERA QAT 33T 9 ¢ 394 77%°1d Ao] 4Y

A 17% =2 F43] 1Faste] 594 A& HAAME e A th(Fig. 47).

SYEE FAALS AFoAE DA F 5~6Y 7HAE A Z Aol HolA &
Ko 795 H C DAFTFNA HAFES] AolE Hol7] AT DAF TN 7HE wE A
S Jetigoen, AF% 1094 i8S 211m=z 7P WE 4Ze ®olu 1094 =&
o] 28%%2 W& AEES YENATE RHE CHAAFANAE 1094 H 2ol 202m= DAF

TR He A4S HIgoy AEL0] 39%E =3, BAETY A 41%2 7P =4 e
wou AEo] Yekth(Fig. 48). 3, A, B A FolM e AZEL & 2ol Holx &

109 2% F BT 240 A B AFT 242 180m, 185mz Heptod 4EEL AZF T
A 2%E g Ee AEES Geigdch 919 Aol wtet B2, P jedonsis F49 A%
A= 4~6/m7hA7F F4 A5 222 71 F33 Aoz Yelydt
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Fig. 46. Effect of seawater temperature on growth and survival of Protothaca jedoensis larvae.
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Fig. 47. Effect of seawater temperature on growth and survival of Protfothaca jedoensis larvae.
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Fig. 48. Effect of stocking density on growth and survival of Protfothaca jedoensis larvae.

A ; 2indiv./m¢ B ; 4indiv./m¢ C ; 6indiv./m¢ D ; 8indiv./ml.
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@

zt APF7bE A AFS BE 05510 cells/ml AP TS 194um, 1x10* cells/ml A
o= 218um, 2x10* cells/m¢ A FolA= 200m Z1E]3L 4x10* cells/ml AT =
184/me AAS HJozZHR 1x10* cells/ml oA 7FF =& AAS BHPon, 4x10* cells/ml
oA 7HE vte AdS Bt AEEQ] AT 1x10° cells/ml AP 45% = 7MY =2 AE

&S BHAU, 4x10% cells/ml AP FoME 11%2 7FE & HEES YeEH A (Fig. 50). 9

flo

<

o Yl Aol Wt 1x10* cells/nt 9 #o] FEE 7ol AL W BEES L AF] 7
¥z st
335 AR L AL A}

AEaAS ddez Agd, AH, AYA, g, g3, E87bAo A B3k (Fig. 51) 309%

A, Atetdo] 487mo 2 7Y Aol F9kal, AHE 403m, H¥
346/m, APUZA 344m, E7FA 224me] £ S HATH AEEE AEEo] 14%E2 JHE
AEE] =3, AFR9I%, AHIZE 5%, 3 2%, B A 1%,+c082 Yelyty B A o

At AFES BES BT dheto] made s £ A0 vhebdvhFg. 5.
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Fig. 49. Effect of food organisms on growth and survival of Protothaca jedoensis larvae.
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Fig. 50. Effect of food density on growth and survival of Protothaca jedoensis larvae.
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Fig.

51. Photograph of late umbo and settled larvae of Protothaca
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jedoensis.
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Fig. 52. Effect of spat collection method on growth and survival of Protothaca jedoensis

spat(30 days after collection).
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ABHo|WE 4237 £3 FFo W XA FZI WELLS sochrysis galbana 7} 1643um
o7 71 wWE AL HYoew, gSo7 T 1593um, Chaetoceros calcitrans 1521um,
Monochrysis lutheri 1302um Pavlova lutheri 736pm ¢ 9 AFES HATh WEEE Isochrysis
galbana 7} 80% S 2 71 £ AEES HAPoW, tgo=2 EIF, Chaetoceros calcitrans,
Monochrysis lutheri, Pavlova lutheri <=2 AEES B A 2™, Monochrysis lutheri, Pavlova lutheri

= 40% °©]3t= @& AEES e A th(Fig. 53).

B sxdo wE A9 4# HELS 1107/l 7t 1636m=E 7HE wE A
S Bygon, oz 2x10% 4x10" 05x107/ml 9 A42S Btk AEFLE 1x10Y/m 7}
75% 7HF 2o PEES BYon, trLo=Z 2x10%, 4x10% 05x10*/ml £ HEES HYS
™, 0.5x10"/mi= 40% ©l&tE P& WEES YER ATh(Fig. 54).

i

33.6 tFRA 2 WA

1) A

Zt Aol AFES B 1AF00)oNM= 78 A 130m=z A3t 14D Aol 161mE
A8, 2, 3 AAS0C)ANAME 155159m= A8t 179 a0 245m= 33t A
£ 12 ARFQR0T)NAME A 7, 8 Ao FA 9] o] 130m BEANA A7 dojupy]
Al Zrete]l AR 149 A A4 161moll A9 HE HAMet] AP FTZIAIL 2, 3A A2

Tyl M HAE dojuth A5 8, 9UAIFE utet AESE Kol 179A ] 45%9] HEE
= YW At (Fig. 55).

l

N

2) oA AL
20043 79 29Ul 250ime] A7)l A EhEol] A HIHFig. 56) X AL 9¥e 1.3mE
we AgS BRioud 252 JdA% AAS steut 20051 59l 5.8m=E wE JEES B
ok X9 2o g Zare) AiAdAS SH=0.8923SL+0.0166(R2=0.995) A th(Fig. 57). 2005
W 69 3099 239um =719 <57 fA8 MBI Xaje] AL 7Y 445um, 8ol 989m=
B A A g AT =
=

bt} ool g A7)d oA e

:L

o

WE AL Holy] Al&Ee] 99 1.6me AR

7123 Ao wWE GEE Holw Al dRte AFEE

ol

A4S Hole Ao ALz Ar)(Fig. 58).
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Fig. 53. Effect of food organism on growth and survival of Protothaca jedoensis spat.
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Fig. 54. Effect of food density on growth and survival of Protothaca jedoensis spat.
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Fig. 55. Effect of seawater temperature on growth and survival of Profothaca jedoensis larvae.
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Fig. 56. Photograph of setting for seed collection.
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Fig. 57. Relation comparison between shell| length and shell height of Protothaca jedoensis spat.
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Fig. 58. Growth of Protothaca jedoensis spat.
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Ll

= AlRto]l FolAls AEFES HYoEN, F3 I e w2 B AV Aes
& T AU ole 2=V AedsE dAREE 2ol S WEQ e dddEn
(Heasman et al., 1996). 2=/ 27U FAHS 2dA o DYoo=

te] 79 20~2BAIZHCNE, 1972), FEA(F 5, 1993b) 2 HuthgH(ol, 1996)8] 4 15T
.4 2¥o] A-HAI} FAFSHI T
Mo A Sre 2R H2Fs oAU GBS dEy 2o e
A, F2ol w=e5s YASEs WHAEAN VI¥gEeER FAAREol =dH Dos
mangrove oyster®] FATE F& 20T, 25C % 30T
&% A 30TelA AZA] Dol AESo] B 1.7+2
1996)9] 4-%-ol= DE FAS 15~27CollH A53d=s W, 2571 =255 4E&°] 4t
Rew B A7 AHRe FASHA YEE T

ZAF A7 Ao Al 8% adew 2, HoldE, FAZE | £ 58 &

EH, A

EN

237 o]

o hE

e

4

rr

Santos and Nascimento (1985)

w
Q1
2
N
—_
ARG
o
/\
s
[
[aV)
5
oY)
=]
)
—_
oY)
—

T doen, I FAME F2& 4Fe Aiste 7P T3 oo
o] HH o] Eebzlith(Loosanoff and Davis, 1963). H3h
o] Zou &2 FRolMe HARE o] F7FH(O’Connor and Heasman, 1998). & <10
M 25T 30CAIA e el o] 15T 20T Ble] whe 434S Btk =3, AE&
AXE 30CTHZIoNA 7HE F2 AEES B £ F2dAc HAEol S7isitds B
(O’Connor and Heasman, 1998)¢}= A oh& S EHAT 3, vpxgte] A4 20T
o Hl&| Aze HAAF2o] o 2 AAE BJAT(FAFAATAE AFEI, 2004). °]9 2
| F22 22 dAabed A ARH s e Fe AR AdHH, AT AT
2o diFANS feide AR BFe A F29 FFS Fetste o] 2T A

o7 AtgEH

sFolA AP AsEE i3 dde F=
1996), 72 %7} (Lee, 1995), 3h7}2]¥](Son, 1997), FEA (% 5, 1993b)5 A Fojx Riw
HE7E It ol& Aol Foll weEl A ASEEe oA GEA Yeiual oy dubE o

o

=
=
o
(4]
»
()
Q
o]
(oW
<
=3
]
c
)
—_
O
N
N
S
=]
—_
Ne}
\O
Qo
7
=

2 ASEET B E ARe wE ¢S Holau YA R FoM AFED Y=

S5 Pladte AALES 1#stAS W 5 indiv/me] BEE ARst= Aol 7Y wigbH st
T Busta ok B EFd g A3 E 2~8 indiv./m7FA ] FH A Z AAAxIolE B
ol & F%o, 8 indiv./mlo] F3ro] ThE FIbel Bl whE S e AT AEE A
© 2~6 indiv./me®] FIFA Mg FFES EolH 2 indiv./mle] Fto] 7MY w2 AEE
S Ry a8y 4~6 indiv./mle] F7ro] AAEI AEE] o] *T3 HEHE Ho Az
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78, P. jedonsis A AlS UEE 4~6 indiv./ml WA 7 FA AMS 22 7P H s Ao

ZNFY AT FTEANS M E AE HolAEY FHIL F 237 (Epifanio, 1979), 71
79 HolZ= Chaetoceros calcitrans, Pavlova lutheri R Isochrysis galbanaZ} o] ©]-& =1 ot
(Marty eta al., 1992). 3=, Crassostrea gigas R C. rhizophorae & 1. galbanas = o]Z A}-&3)
S AF d5d 2745 dJoM(Helm and Laing, 1987), Enright et al(1986)%= 717/ fA4A}
FA| P. lutheri R 1. galbanaw Z7]Ho|2A 43 Holgkal B 3k T3 f 5(1993a)
of o3 I [FAASIAME C calcitrans, 1. galbanas FF3 ABF7F P, lutheri<}
Chlorella sp.& 53 AFTHTG BEENA T2 &HE HAFI
AXE A Aol HolA oy, AAEAAME £V 7HE BAEC] =4 dEdd 1
2|3l FR/REE = Chaetoceros calcitrans, Isochrysis galbana, Pavlova lutheri ¢ £Oo 2 4%E°] U
B}ttt webA, Chaetoceros calcitrans, Isochrysis galbanas 71202 3t= HolHES &F Fol
st Aol A% AEEC] 7ME F5 AR AR EH

Wo| W& [sochrysis galbana, Pavlova lutheri, Chaetoceros calcitranss &-3dto] 0.5x10, 1x10%
2x10%, 4x10* /ml Fo] AFS3 AFE 1x10% 2x10Y/ml 77 £02 AZE L HESo] =
Uebgth mebd dxs) FRAMY Holsrd FojEe 1-2x10Y/m 7} 7HE FE Ao
idani=g

g4, AHd, Ay A, Ud, E#7A, F3te] HE e 3097 AFSSE A3 AMerE 487um,
AHE 403m, T 346im, AP A 344/m, EEZHAl 224m £O2 AFES dEbRoH UFLe
g Axbetdh AEET A 14%, AME 9% o2 e 2
o] At EubthgolM e Aol FAFSFAIHLee et al, 2002), HIAF = HELLS 2T
Qo] 3 AREL WM Bk B Holshl UEpiTiRasNaTe ATRT,
2004). Eefjgo] o] Fe] ofHil

Hw, Udo] HAE AL Ad-E 3 FHIF P AFA ALY SoE ARG Aos

o
o,
odk
o
o
o
)
32
o

EdAo] WolgozA dAE A1 4ol 28 Aoz B

2 R FAME FFETE £ AAS o8t Zlo] Foa AR ET

Aeiffd 250me AHEol MBS A" 500me] AIHNE 30U ARSI A}
Isochrysis galbana 1643m, S 1593um, Chaetoceros calcitrans 1521um ¢ AFES E I,
HEEE 80, 78, 75% 9 o2 JAFEN 22 AFS AT oZdAE FAAFAIS vpzvt
A2 Isochrysis galbana 9} Chaetoceros calcitransg S w°| st= 3ol AFE 2 AEEC] 7}

T FS ASZ AlgHEY o] A= S RANAMY Isochrysis galbana 7} 71 Aol Eoh=

- 135 -



A7 2L H¢ES B AT (Lee et al, 2002).

Wo| W& [sochrysis galbana, Pavlova lutheri, Chaetoceros calcitranss &3to] 0.5x10, 1x10%
2x10%, 4x10* /m¢ Fo] A& AI}E 1x10%, 2x10Y/ml 73+ o2 HAFELS 1636, 1572mE
Uehga, ESE 1310/ 7t 75% 2 7HE Fob ARG 22 AxE Yehith wakA
Az WA Hols Rl FojEe 1-2x10/ml 7} P £ Ao E Addn.

A3 o] e BH Adeol ARE A3 271482 wE Hol ARt

)

=d =2 4%

A |
Holt} Bo] HolEwWA wWE AFE Ho|r] AlZFsle] 590 52~58me AFS RAk o]}
2o A9E BEUE & o AxY AL dFFQ Hols FFEe A2 AV ol AR
T X2 WREs Aol A o] HEgtn dddn

ol e AAE FFE B, AxUlY Bij#de AV 2 AFVE ddE s 39 ~4€9
AArke] FFERF 7] =77 382m o4 A7]9] 3dA oo RuE Rl dAg%
f8Rlo=E F& 2ToFez A FAso] 7Hsdte x7] jbgo] 7t5d Aot 4t&
S g HAE 783 x| FA5H FFUH T serotonin AS5 HAdt= A

o] 744 EHHoIGT el AL 0WAAGOH, b WAe] HAE BHLAoBE
7~

$& 15~30C, pH

4

calcitrans, Isochrysis galbana® YEFSO W, Wo| F%= [sochrysis galbana, Pavlova lutheri,
Chaetoceros calcitrans S E338ta] 1~2x10Y/ml & T3l Aol 7F4 a7#Q Ao 7 %ALY
At

ANE7IAEAME AES AAUAR ZAEJDL, Aejrbs 202 F2 24-~27C, 789
T 5/fAl/aro]lal HolBE-S Isochrysis galbana €} Chaetoceros calcitrans= ZAFE YA &
1~2x10*/ml 2 ZAFE A

g FA 2 XAES A2 fFA8S 5 AHEEe F&S L Tm oAF R AL A
A gt sFE AMEStY HolME  Isochrysis galbamz, Pavlova lutheri, Chaetoceros calcitrans,
33t 1~5x10° /ml FoldtH A, = 25TolA AFS3SHE 17 Aol 245um
oo = Ag7stal 250ume] 2] AlFlolA mejHol] AEst ASEHH 52~58me] XN
AWE ST AS AoE AtsdTh

Chlorella ellipsoideas
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At A7), P. jedoensis

o = -
g 3 %

o
oj
ol
XA

wK

A

4

9

3.46mn o™ (Table 35), Y==
(@ 85mm)°ll 742+ Y= (A, 0.008~0.031
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AATF(EF)E A ol &R AZY Zlol= 100m HE=E zHzh 538 th(Fig. 59, 60).
A x| Zx7N, P. jedoensis A|ME 72 200t ¥ EF 3 &

AT AAES AT AEES A3 TR F XHE AL FYste AAAE

(Olympus CH40)o.2 AE/NAE AFsted ARSEAT. &, 4o &ALl HALel] o

T2 W3tE WA Hete 5/ /min 2 FAaL, F& AdFSdH A e, DO= 6~8

=
mg/ ¢ 2 FABAL, Hol= TFIA Ut BRE AP 3REES] APsAn.

72A17F & A A

Table 35. Mean shell length of Protothaca jedoensis spat in each experimental tank

with different grain size.

Sediment Mean shell length Individual
Mud 3.834.34 20
Fine sand 3.244 .44 20
Medium sand 3.434.49 20
Coarse sand 3.514.44 20

Fig. 59. Schematic diagram for burrowing behavior of Protfothaca jedoensis on the various
sediment size.

A: 0.5~2mm; B: 0.25~0.5mm; C: 0.0625~0.25mm; D: 0.008~0.031mm; E: Blank.
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Fig. 60. Photograph of experimental tank.

22 FAdell gt FHEE FAL
HZEN P. jedoensis Aol Z71E FAeHI AAFA I FHLEE

=
gol 29 Szt AF ssmel AF5F FEZ %ol 1om vtk BeY & =S ALsAch

2005 59 10¥FH 99 10€7bA oF 1209 &< A AFA] E4F AtellA A=z P
jedoensis A 39| oFe] AEEH AGES ZASIAT A2 HT 4 1.206 mme] A=7)
D. jedoensis® A& ZAEd A& 7](60cmx*35cmx30cm)ol] AFE(0.25m)S % ©] 20cm#
A& 22 4007t & “’F%O}‘}iﬂr(ﬁg. 61). AHZH-E7] AT FE 05mm FS Yol ofFA
4 588 & Al A2edar, BEIN P jedoensis XS] ZFE 309 AR
o WEFYF7I(Nikon V-12B)E o]&ste] zZF3 ZtnE FAsAH. ofA3k X P
jedoensis X9 9] #7712 vj¥ PDC-70N(Istek)S ©]-&3te] @A S8tk =3, w4
FAT FxoA FAAZ 307444 A 2 (Shell length: SL), ZHil(Shell height: SH)E
e F 9 7I(Nikon V-12B)Z AS3F & o] Ao wE 23 Zae] Fuiddaa 4
HAE AAANCE YA S, §3¢d7 ofedde 4343 AESS Blasty|

shol FAZFAMENN ARl 5E FFHL ALEL ARR AL Azt Fze] Az, P

=
J

¢

)
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Nannochloris oculata, Isochrysis galbana, Pavlova lutheri

Fig. 61. Analysis of Protfothaca jedoensis spat and experimental tank in field.
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3. 24 ¥

31 AZAYE 2 AEE AL

HZN P. jedoensis X# ] AAE FYES ZAS Ay oS3 Zoh AN P jedoensis
A= AEFG o]F B Ao FAH77HA handling stressoll s 7] 2+ AP
H3kA]

i1 5E

=
7S 2 A2 YA oF 108 F 2ZIN P. jedoensis X o= H2 RS U
taem, 28 AA= Hz4s FHEH Fdste FHE et A3AF 307 F
27N P. jedoensis A 3l= YZANA Hi 10%2 FUE&S Yeld A AR E, AL, ALEE o
A Zy2} 15.00%, 23.30%, 30.00%9] FUES UrEM%O*E‘r( ig 62). AYJT MAE =279 AA
ol whe} AJZEe] zpel7t eyt FHE Wo] &S stk ®bd, el HIekA EshA

FA4% A 2 2 AE A A fZ et o5 § FYste FHE HERATh o

x

_'_'8‘_
99 A9 A RAA AL Aoy ASHew WEHR,

ofs gl‘ 24
2 K
B

40

30

Burrowing rate(%)

20

Fine sand Medium sand Coarse sand
Sediment

Fig. 62. Burrowing rate of Protothaca jedoensis spat after 30min in each experimental tank

with different grain size.
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3AIZY B F AZAN P jedoensis XM= YAANA 76.65%, AHUA 5833%, AbE Alehd
oA 50.00%9 FYPE&EES JeERA Y, 2443 A F YA 85.00%, AFUZE 65.00%, AHE
53.33%, AFFA ol 100.00% 9] FAES EPHSATE 24413 ZF A EE AAFTEe] dg A
ZIN P. jedoensis A= FBHOE FHE Ho] SFULH, o]Fo] AUtk AP FEA
7277 YAl A 90.00%, AFHAE 76.66%, A 61.66%, AFetE 85.00% ¢ U&= WERASIL
T}(Fig. 63).

[o
ro

100

80 -
®
°

@ 60
()}
£
=
o

5 40t
m

20

0 =

Fine sand Medium sand Coarse sand
Sediment

Fig. 63. Burrowing rate of Protothaca jedoensis spat after 72h in each experimental tank with

different grain size.

W, AR, AN AAE Sze] de Rz 18 F oA, dze] I e B
#2 27 Wa ot Fue Fest mgoR Fa U Aol hE wgel A glE

ot —l>

el S BATh P. jedoensis X7 AEELS YAolA 90.00%, AtE 98.33%, AHE 86.66%, At
g4 9333%9 AEES e, iz Ado] e A FAAE 75.00%9 A&
1 3 th(Fig. 64).

mlo
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40
20

0

Fine sand Medium sand Coarse sand
Sediment

Suvival rate(%)

Fig. 994. Survival rate of Protothaca jedoensis spat after 72h in experimental tank with

different gain size

AEARY AFAH BEEC] M =2 AHES o8t BN, P. jedoensis AWE 2+
2~3mm, 3~5mm, 5~10mm 221 10~12mn 47} A T2 FE3o] A F3}A}(Table 36). 2 2T
o AAeHS =A3 A A 2 2~3m AF TN 10mm Zol7FA 10.00%, AE Zo]
10~20mnell A1 53.33%, 20~30mn Zolo] 20.00%7} EZ3stgar, FAYstA Ha AATF 16.66%
ok X9 2 2~3m APFIE 72417 AFEFE/A AU olF S WEIIFOY olF Yy
o] wrekh A9 2% 3~5m APFNAE 10mm Zol7HA 20.00%, 10~20mm 7+A] 60.00%,
20~30mn Zo]7kA] 20.00%7F EEstR oW, =& JHA glo] BT FAYstAch A9 47 3~5
m AT FAELS F 208 AH F MAFT oF 80%7F FH3ALH, 3641t o] F BE I
A7 ZAAsET. X9 24 5~10mme] A= 10mm ZAOI7FA] 6.66%, 10~20mm 2l o] 7} A]
26.66%, 20~30mn ZolE 60.00% EZIPoH, =23 AAE 6.66%A X3 ZHF 5~10m 2
AATF= AIAH F oF INZE o] F 50% TSR, ABFEAQ] 72X A= 6.66%7F A2
9o &= k. AF Z2+F 10~12me] AP TE 2 0] 74 A 3.33%, 10~20mm 2L o] 7HA]
53.33%, 20~30mn Z o] 7}A] 43.33% X3RN, == AA= AT A9 2 =71 10~12mn
APF= 27] ZFA7A 2080 A8 AT, 3AF BAHEJES o oF 80%old FHsALH,
HARAZTEAIQ 7271 o= 100% FAetATh v, X3 27 =7] 10~12me] HPF= AR

o AW F oA =E S WRIHE AAL A9 Ao, AU F FHL Hol EFHE I

ll‘
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g3E YeEl Ao

AL A7 2~3me 50%7FA = 15%, 75%7FA] 90%-°] 343l 3~5me= 50%71A]
= 108, 75%7+A 15802 74 wgkoy}, 100%7FA = 2160%°] 229 Atk 5~10me 50%
7MA = 90%, 75%7FA 36040 A8 FH AT 10~12me 50%7HA= 604, 75%7kA] 180%°] 4
2FAoY, 100%7HA= 300202 714 wWgkth(Table 37).

Table 36. Mean of Protothaca jedoensis spat burrowing depth in each experimental

tank (%)
Shell length(mm)
Depth(mm)
2~3 3~5 5~10 10~12
0~10 - 10 20 -
10~20 70 70 10 60
20~30 30 20 70 40

Table 37. Mean of Protothaca jedoensis spat burrowing depth in each experimental

tank(min)
) Shel |l length(mm)
Burrowing

te(%

rate(®) 2-3 35 5-10 10~12
50 15 10 90 60
75 90 15 360 180
100 - 2160 - 300

EZN, P. jedoensis ANE Ao el olHste] YA HEES A AF vyEH 2

ok AlPo]Fe] o A XA Z<F 59 1927T, 69 225C, 79 24T, 8¥ 245T, 9¥¢
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249C=E AMAQA Fd&FH FAdAM e G Fdol osiA Wstsldt. dEFE= 59 33.0
4%, 64 34.88%, 72 34.39%, 8% 34.31%, 92 31.8% = 9¥dl HlFol 23 HFfHUow v
obH Aot HiF 33.68%S EMA A THFig. 64). B 1.206mm2] A2, P. jedoensis X3 <]
ofe] Y B SdAel W AT o ZT(Fig. 65, 66). 2005 5YHE 9¥7tA] °F 571
A3t S s RSs W SAEE B A% ANAET 6.78m, oS¢ 16.19m 2 oF
26019 AR WAL Zhie] AR AA] okejokA el AL 12.95m, SAkAHE 488m = ZHE
A vz Al UEte Y S¢S "ol Eo|  Chaetoceros  sp.,  Nannochloris  oculata,
Isochrysis galbana, Pavlova lutheri g E93ste] T3 whH, ope| A S ThAE AAHo| =
Aolste] Adigo] wEA Jehd Ao AZEth v oA e 4 10m o 1F
olst ZFZHY Z7] Aol7t AWAFRYG FEHAA YEhy F QAN wE BES yE
Witk ol A AR o An=E #d
ooke e AL y = 08175x + 01353, |FFAFe AL y = 07562x - 0.0177 =
BAFL vz RaL, XA 7o Aol FEHAA UEgt ESS §4E] HE
A%= T 76.58% 2] okl AFHT =A UEhd @740 HAHA FFFdANN =A dERE
o, =3 duart e oY AdHolo] o PHFLE oy AES] Kt HIE

of WA JEytHFig. 67, 68).

rj':_,

30 36

25 35
)
T 20 34
& 8
] >
E- 15 33 =
2 s
‘QCJ n
= 10 32
=

5 —m— Water temperature(C) 31

—a— Salinity(%:)
0 30
May Jun. Jul. Aug. Sep.
Month

Fig. 64. Variation of water temperature and salinity in experimental field.
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15

y =0.8175x +0.1353

12

Shell height(mm)

0 3 6 9 12 15 18
Shell length(mm)

Fig. 65. Relationship between shell length and shell height of Protothaca jedoensis spat in

experimental field.

6
L
= y = 0.7562x - 0.0177
£
E 4
=
o
QO
i
o
L
w
2
O L
0 2 4 6 8

Shell length(mm)

Fig. 66. Relationship between shell length and shell height of Protothaca jedoensis spat in

experimental tank.
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Fig. 67. Survival rate of Protothaca jedoensis spat in each space.

Fig. 68. Growth of of Protothaca jedoensis spat.
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7t A AP FTbo FYPsH AN P jedoensis A= 24X A & AAHo=Z £33
S o] 383 e oFo] Ao Ads ¢ AESES Atste Euf, Xso AR A9
2 AEES AAYZAF AlFg "] £ AoE Yeiy BT IFPAAAHAAM e Ao}

a Aol AgdMe A= 24 3~5m APl 7] FYo] w=
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T4 B AR R Heldwe] TR, FA, FEE A4 R AH AEES =0
toshtel a8 290 AAMA A7 AF 44 L Ao HoHEE AP L A
R ZF Isochrysis galbana, $$ZHZF Pavlova lutheri, 77351 Chaetoceros calcitrans, <2<

Chlorella ellipsoidea, Monochrtsis lutheris Conwy BJA|E AM&3to] v FatAth vlSE&= 1m
dHE oAfste] ALl 715 AT AFE & 70~80CE 7IE Edstq AREstaL,
HjF8-71= 3¢ AAEet==aet 104, 404, 4002 9] ofaE &7]E o] &3t Ahul A,
ZEE 2000~4000lux, AHS== 20~24CTE FA5te] g HolWES RE AFo] o] &
stttk ey, AE Fof o] Ao wEt o] FE& widst=H oE o] Wol o] Al
|

|

N
=2

v o) 2w = Tetraselmis suecica, Phaeodactylum tricornutum, Nannochloris oculata bl o3}
RS deb 43A FRALS GANE oF T MFE FasAW H2 )
¥ Isochrysis galbana, Tetraselmis suecica 59 Y& L= 4 Axd H=Ho|¥ES Fvls

= AFH FHAMY st BFxolgnE ArHh

£

o
i
S

o] 8872 7FA I 15, 20, 25, 30CE 13} AFAAZ AFfE 30CAME AFELS
CollMe HHES 30CEY tda AT HEE] =4 Ueud. wehA
FoM AT AESC] F& ALE YEY F25 24, 27,
30, 33Co2 A3t APt 1 28S 3 Ax, 27CoH AFEo] 714 Wk HES
2 24CT7F 7P 3tk 284 33TCAA = 6dAd A AALSE ez Hol Azl {FAAL

=
6, ZWA7F Fout AEEL WAV 7 0o WA FEEEEe 4~/ A7 7P A

A 2 AEgo] ES ZoE AdHA
43 Hol|AEH ZAL

BEEAME A Aole HolA dou, ARAEAM= EF77F 7HE 4FE<l =4 HE

Wttt 183 FFEE = Chaetoceros calcitrans, Isochrysis galbana, Pavlova lutheri & TO2 A
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HERGRA 0mE AL ARSel BB S0mel ANE 09T AL 2z
Isochrysis galbana 1643um, S 1593um, Chaetoceros calcitrans 1521um ¢ AFES B,
AEEE 80, 78, 75%9] w08 AAEN 22 AT HIh oldd= FAASAIS vhvL

A2 Isochrysis galbana 9} Chaetoceros calcitransg & w°| st= 3ol AEE 2 AEE] 7}

T FS AR AIRET
62 HolWE TxE XA
Wo| W& [sochrysis galbana, Pavlova lutheri, Chaetoceros calcitransS E33te] 0.5x10°,

1x10%, 2x10%, 4x10* /m¢ Fo] AFSa AT 1x10°, 2x10*/ml 73F 02 AAEL 1636, 1572
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Sk 4t AZ7W, Protothaca  jedoensis Lischke, 1874w AA| & & (Mollusca), F=7(Bivalvia), %
&= (Veneroida), ™} §2}(Veneridae)oll 431H (=5 5873, 1997), -2yt Ag<dt(Fig.
[-1)3 Y8, T3 Ao 270dgeA 4 20m 71A]9] Ejoly 22 F50] B2 X uf
A2tz EAY (1, 1982; Kwon et al., 1993; Kim, 1996; Min, 2001).

Tyt Edste AxIEAd = ’\LZ7H(Pr0t0thaca jedoensis), Z+F5AZN(P. euglypta) 2
Fo] & A 9)\‘3]'(:}%% L5783, 1997). d&ol= P. jedoensis, P. euglypta, P. schencki 3%
o] &4eA UThEMEI B 2, 1967). AAIFZE o5 F o]9o| Protothacal#o] P.
staminea, P. pectorina, P. grata, P. asperrima, P. antiqua, P. thaca, -&°] ¥vA Slth(Parker,
2000; Paul and Feder, 1973; Paul et al., 1976a,b; Matos et al.,, 1997, Hetrick et al., 1995;
Urban, 1994; Ewart et al,. 1988). Protothacald Z/NF< NYAY 2 ST ES] YU ZA
A7t st P ostaminea 2] /37 (Paul et al, 1976a,b), iAo #3$ A (Feder and
Paul, 1973), A4} (Feder et al.,, 1979; Hetrick et al., 1995), A A (Paul and Feder, 1973), & -
A4 57 (Parker, 2000), sHZ@ el AAX Y FEFH} =9 FF(Era, 1985), P. staminea ]
J4 5 (Paul et al, 1976), P. pectorina & A+ v AlFZ(Matos et al., 1997), P. asperrima
o] Hl YA (Ewart et al,. 1988), Protothaca %] 73733 © (Harrington, 1987), P. grata ] 325
7|(Pizarro and Cruz, 1987), P. thaca®] 2W|/d(Urban, 1994) 5¢ Hi17} Slth

SHyety] A9, 2AFESREFAANFF 19299 AR 1(1931)2] F 2 Ak HAx
HEo F&IlF ALHF A A AHFo2 Autx|gtl tis)

AFetn Qo) wAg olslel YarFe wA Wvkw mustn YrkH, 1976). ¥, 4=

>
=
el
02
1
>

ol
o
4
o2
off
o
)
X
[-'O

re,
il
i
2
pos
o
M1

O

|H(Kwon et al., 1993; , 1991), 2=/ 7, A2 - Ag 2 A H
Ad7e A3 A8 bt gla, oFgFERAE gt A @#a e dAeln. AggHoes vt
7 EANME HAZINE Venus hirasei Pilsbry, 19012 ™™

HEE AA Protothaca jedoensisZ 4 ™8 3 th(Habe, 1977).

Bae, P.A., 1998. Biological study of the reproductive ecology on the pacific oyster
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