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Abstract

Noble scallop, Chlamys nobilis, is distributed off the temperate and subtropical
coasts including Jeju island, Korea. The scallop is famous for wvarious shell
colors in early life stage. Even the scallop has known inhabiting in Jeju coast,
the population is very rare.

To investigate its possible aquaculture in Jeju coast, larval and adult C.
nobilis was imported from Oita Prefecture of Japan in 2001, and performed serial
experiments on inducing spawning, larval rearing, and outdoor cultivation in

relation to different conditions.

1. Reproductive cycle

The matured scallop gonads were slender and convex like a waxing crescent
phase of the moon in common, but differed in color: reddish for female and
milky for male. Microscopic observation of the gonad tissue confirmed that most
of the scallop were dioecious with 4 distinctive stages: multiplication stage,
growing stage, mature and spent stage, recovery stage (resting stage), while
some were hermaphrodite. Main spawning season were esteemed between May

and July.

2. Spawning induction and larval culture

Four spawning stimulations were applied for spawning induction. Most effective
method was exposure method with sunlight as 100% induction rate in 40 minutes,
and followed by the U.V. irradiation method as 1009 induction rate in 70 minutes.
The working water temperatures for spawning were 15~30C (P<0.05). The time
to the first D—shape larvae were strongly dependent on water temperature. They
were 63.5, 31.5, 185 and 17.0 hours for 15, 20, 25 and 30C experiments, respectively.
The biological minimum temperature for reproduction was 10.44C on average.

To find the suitable environmental conditions, D-shape larvae were tested for 12

days. The best water temperature for larval culture was 24C in which the larval
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survival was 58.8% at the size of 192.7 um. Better growth was achieved at larval
culture densities less than 2 inds/mL (P<0.05). The growth and survival were 183.4
m and 36.7% for 1 ind/mL experiment and 1756 mm and 37.2%2 for inds/mL
experiment, respectively. The scallop larvae fed on combined foods (Chaetoceros.
calcitrans, Isochrysis. galbana, and Pavlova lutheri) gained better growth over those
fed single food (Pavlova lutheri) (P<0.05). Larval size fed combined foods was

196.7 um, while the larvae fed single food was 174.6 um at the end of the experiment.

3. Larval attachment and spat growth

The larval attachment rates were dependent on the substrates with the best result
in horizontally—settled polyvinyl plate, followed by light shading screen, onion bag,
and polyvinyl plate vertical. The spat growth after the attachment was expressed
as the equation of SL = 0.1664e"™"P(+* = 0.924), where SL is shell length and D is
day after the attachment. The spat grew to 4.1, 13.0, 23.1, 30.3, and 33.6 mm in 1,

2, 3, 4, and 5 months after installation in the nursery ground, respectively.

4. Nursery growth

4-1. Environmental parameters of the nursery ground

The water temperature of two nursery grounds were 13.6~25.9C for Jigwido and
12.8~26.7C for Ongpo with lowest in February and highest in August. The
salinities of the surface water for both locations were 29.6~34.5 psu with lowest in
February and highest in August. The variations in dissolved oxygen for surface and
bottom water masses were 6.38~10.91 mL/L and 6.24~8.36 mL/L with the highest
in February and lowest in November. The levels of chlorophyll a for Jigwido and

Ongpo were 1.05~4.61 pg-at/L and 0.21~1.34 pg-at/L, respectively.

4-2. Nursery growth

1) Spat growth by depth

The spats at Jigwido nursery ground gained shell lengths of 76.7+7.7, 73.3+7.3,
09.4+8.4, and 68.7+8.5 mm by depths of 5, 10, 15, and 20 m for 390 days cultivation,

_ix_



respectively. The daily gains of the shell length for each depth were 165.6, 154.0
140.0, and 137.4 gm/day (P<0.05).

2) Spat growth by density

The spats at Jigwido nursery ground gained shell lengths of 77.5+9.8, 71.0+13.0,
63.0£8.1, and 59.8£7.5 mm by densities of 10, 20, 40, 80 inds/cage for 390 days
cultivation, respectively. The daily gains of the shell length for each density were
168.3, 145.8, 115.2, and 101.8 pm/day (P<0.05). The spats at Ongpo nursery ground
gained 63.8+6.5, 62.1£7.0, 60.0£6.0 mm in shell lengths by the same culture densities
for 196 days cultivation. These density-dependent spat growth was similar to those
at Jigwido nursery ground.

The relative growth of the spats in the nursery ground were:

SL = 0.9982SH - 2.8326, and TW = 0.4 x 10 "SH**¥, where, SL is shell length,
SH is shell height, and TW is total weight.

4-3. Spat tolerance to water temperature and salinity

When the spats were exposed to high water temperatures of 28, 30, and 32T
for 20 days, they had shown 13.3% mortality at 28 C condition for the period.
And the lethal temperature 50s were calculated as 96 hours at 30C and 36
hours at 32°C. While the spats were exposed to low water temperature of 7, 10,
and 13T, the lethal temperature 50s were shown 36 hours and 168 hours at 7
and 10T, respectively. But no mortality was observed at 13C condition for 10
days.

When the spats were exposed to various salinities at 15C condition for two
weeks, the mortality at 28 psu was shown as 30%. The lethal salinity 50s were
261, 222, 126, 45, and 42 hours at 26, 24, 22, 20, and 18 psu conditions. In
salinity tolerance test at 20C condition, the lethal salinity 50s were 315, 189,
141, 33, and 12 hours at the condition of 26, 24, 22, 20, and 18 psu, respectively.
But the spats exposed to 28 psu had shown only 6.79% mortality. In salinity
tolerance test at 25°C condition (highest in this salinity tolerance test), the lethal

salinity 50s were 246, 156, 120, 30, and 5 hours at 26, 24, 22, 20, and 18 psu

- X -



conditions, respectively. But, the spats exposed to 28 psu at 25C had shown

only 6.7% mortality for two weeks.
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Fig. 1. Schematic diagram of indoor rearing tank for broodstock and juvenile
scallop. A: aerator, B: water inflow, C: sand filter, D: feed tank, E:

rearing tank, F: broodstock, G: water outflow.
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by sunlight, B: U.V. irradiation, C: exposure, D: water temperature raise

by heater.
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Table 1. Composition of Conway medium~ for mass culture of phytoplankton

Solution Constituent Formula weight
Solution A FeCl; - 6H20 1.30 g
MnCl; - 4H,0 036 g
H3BOs 3360 g
EDTA 45.00 g
NaH»PO4 20.00 g
NaNOs 100.00 g
Solution B 1.00 mL
Distilled water 1.00 L
Solution B 7/nCls 210 g
CoCl; + 6H20 210 g
(NH4)§Mo07024 - 4H>0 210 g
CuS0q - 5H20 2.00 g
Distilled water 100.00 mL
Solution C B2 10.00 mg
B; (thiamine) 200.00 mg
Distilled water 100.00 mL

* Conway medium: (solution A, 1 mL + solution C, 0.1 mL)/seawater 1L.
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(20, 24, 287C)

— @
\/

Rearing density
(1, 2, 4, 8 inds./mL)
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N R\ '/ J§ D)

Food supply

B C

Fig. 4. Schematic diagrams determining the suitable culture conditions for water
temperature (A: 20, 24, 28C), culture density (B: 1, 2, 4, 8 inds./mL), and live

food (C: Chaetoceros calcitrans, Isochrysis galbana, Pavlova lutheri).
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Fig. 5. Schematic diagram of the hanging culture facilities for outdoor intermediate
culture. A: rearing cage of attached juvenile, B: rearing cage of young shell,

C: intermediate culture.
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Fig. 6. Photo images of matured gonads of Chlamys nobilis. A: Male, B: female.
Scale bar = 10 mm.
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Fig. 8. Monthly changes of the frequency of sexual developmental stages.
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Fig. 9. Microphotographic images of ovarian sexual developmental stages for
histological observation. A: multiplication stage, B: growing stage, C:

mature and spawning stage, D: recovery stage.
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Fig. 10. Microphotographic images of testicular sexual developmental stages for

histological observation. A: multiplication stage, B: growing stage, C:

mature and spawning stage, D: resting stage.
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Fig. 12. Histological photo images of the hermaphroditic gonads of Chlamys

nobilis. oc: oocyte, sc: spermatocyte.
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s@sbelH] Ao &9 AgH] 2AEY 2001d 1095E 2002 397 =
§F - o Aol =2Wsklyh ¢F - o Aol Thed 2002 49 HE 2002
d 997kA] 385vhe] AWAlE e ¢F - o] AHlE AR A 670dite] -
T A JhAel Agw= Chi square, P = 01601031, 4958 94744 oF - 52¢] A
7b LIZ fo@ A2 YehiA 2 THP) 0.05, Table 2).

A AFE T AP dd g g AnE i Aozt gdglen, 2001

d 109538 2002 5€7bA] AR A oF - A FRo] B JfAEo)

Table 2. Monthly variations of the sex ratios of Chlamys nobilis from April to

September in 2002

Qx

Month Female Male Total Sex ratio X
(No.) (No.) (No.) (F/F+M) (P-value)

Apr. 31 33 64 0.48 0.16
May 30 31 61 0.49 0.15
June 32 35 67 0.48 0.17
July 32 3o 67 0.48 0.17
Aug. 32 34 66 0.48 0.16
Sep. 30 30 68 0.50 0.15
Total/Mean 187 198 385 0.49 0.16

“The critical value for goodness of fit test of equal numbers of females and

males was a = 0.05.
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Fig. 13. Monthly variations of the sex ratios of Chlamys nobilis by histological
observation from May 2001 to July 2002. N.D.: no distintion.
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Table 3. Comparison of the spawning response and the fertilization rates by four

inducing methods

Inducing S Response Spawning Eggs spawned Fertilization
ex
methods time (min.) rate (%) (10%/ind.) rate (%)
Water ¥ 11~39 100 1,000~ 3,000
temperature 328
raise by
Sunlight d 5~15 100 =
£ 12~56 100 500~ 3,000
U.Vv.
. _ 79.3
irradiation
£ 8~17 100 =
¥ 43~98 60 100~1,300
Exposure 38.6
) 12~35 70 =
Temp. ¥ 51~110 70 100~1,500
raise 86.1
(wp to 6C) 4 13~51 80 -
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Table 4. Elapsed time and size to reach the distinctive early developmental

stages under the condition of 25C

Elapsed time after

Developmental stage tertilization Size
Fertilized egg 0 71 um

1 polar body emission 35 minutes

ond polar body emission 55 minutes

2—cell 1 hour 30 minutes

4-cell 2 hours

8—cell 2 hours 30 minutes

Morula 7 hours

Trochophore 16 hours

D-shaped larva 19.5 hours 93x75 um
Late D-shaped larva 50 hours 105%84 ym
Umbo larva 8.5 days 180x146 m
Attached spat 13 days 210x190 pm
Juvenile 31 days 1.0 mm
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Fig. 14. Microscopic photo images of the early developmental
stages. A: fertilized egg, B: 1% polor body emission,
C: 2™ polor body emission, D: 2-cell stage, E: 4—cell
stage, F: 8&-cell stage, G morula stage, H:
trochophore stage, I. D-shaped larva, J: umbo stage
larva, K: attached spat (13 days old), L: attached
spat (20 days old). Black scale bar: 10 gm, white
scale bar: 50um.
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Fig. 15. Comparion of the rates of hatching, D-shape larva, and survival rate at
various water temperature conditions. Vertical bars denote standard
deviations of means. Superscripts on the bars mean significantly
different (P<0.05). N.D.: no development occurs.
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@&27] ¢ 1/t = 0.0058T
DA fA 1/t = 0.0030T - 0.0282 (r* = 0.9731)

A9 ARG TAR Y=o] 09 v XFo Hole &, 5 E37gne 2o
Aol lojA W Aol AXA|Ft= AESHE o L (biological minimum temperature) =

it 1044°C Arh(Fig. 16).
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Table 5. Time in hours to reach the distinctive embryonic developmental stages

after fertilization at various water temperature conditions

Water temperature (C)

Developmental
stages

5 10 15 20 25 30
2-cell N.D. N.D. 3.0 1.8 1.2 0.8
8—cell N.D. N.D. 9.0 4.0 2.3 1.8
Morula N.D. N.D. 25.0 9.0 7.5 5.0
Trochophore N.D. N.D. 36.0 21.0 115 9.0
D-shape larva N.D. N.D. 63.5 32.5 195 17.0

N.D.: No development occurs.
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& 2cell
A Scell 1/t=0.0606x-0.6194 (r2 =0.9791)
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® Trochophore

10 O D-shap.

1/t

=00304x-0.3453 (r2 =0.9941)

=0.0066x-0.042 (r2 =0.8437)

1/t=0.0044x -0.037 (r2 = 0.9082) -
oo 1/t=0.0027x - 0.0223 (r2 = 0.9279) & :
0 10 20 30

Water temperature (C)

Fig. 16. Relationships between water temperature and time in hours to reach

distinctive developmental stages after fertilization.
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Fig. 17. Relationships between integral water temperature and time to reach
distinctive developmental stages.I: 2-cell (16 hrs), II: 8-cell (37 hrs),
IM: morula stage (102 hrs), IV: trochophore stage (177 hrs), V:

D-shape larval stage (304 hrs).
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A3l 24.0C AdT7F 20.0C Al ol vls] 309 mel A4 2S5 B 12¢
A= 20.0C A PT 163.4+19.6 mm, 240C A BT 192.7+155 um, 280C AP F+=
181.0+21.5 e 2344 4S e th(P<0.05, Fig. 18).

Mg A7 2

o,

FES F2 200C AlFFoA 46 p

=
N}
I
(]
(@)
>,
a
-
\1
—_

um, 280C A& 61 m=Z 2 240C AFFAA 71 =2 AFS BATHP
<0.05, Fig. 24A).

Fed A TolA ARl mE AEES A 3dAE 200C AFT7Y
97.8%, 240C 96.3%, 28°C 84.8%= Hlu 4 ¥& AEES HIoY AF 99 A <
BEEL 200C 71.6%, 240T 745%, 280C 40.2%= e} =2 28T A3 o
A dEFHAZE eyt HF AESS 200T 54.2%, 24.0C 58.8%, 280T 21.1%
2 P2 200Ce 240CelE= HaH A AEES B AFTF 280Ce
A Mg we AEES e Y (Fig. 19).
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Fig. 18. Comparison of the growth in shell length of Chlamys nobilis larvae
reared in three water temperature regimes. Vertical bars denote

standard deviations of means.
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Fig. 19. Comparison of the survival rate of Chlamys nobilis larvae reared in
three water temperature regimes. Vertical bars denote standard

deviations of means.
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ZE Al 24 e A 64F IHA/mL Al 136.7+£13.8 m, 270 A
/mL AlE 1280£10.3 m, 47HA/mL AP+ 123.3+134 m, 87HA/mL A&
1214145 m= A&AelE Wetyr] Alzbstela, #HE 24443 &9 84 91
WA/ mL A& <F 270 A /mL A& Foll Al 2h2F 183.4£20.5 met 175.6+18.8 m= 7t
Aol detsou 8/MA/mL A&l s A A 1487196 m= Aol
7HE A28 A TP <0.05, Fig. 20).

A7 2 AAELS 10A/mL A 8T 6.3 mm, 270A/mL A&7 5.6 gm, 470 A/mL
NETF 45 mm, WA /mL A& FolA 34 m= 17§A/mL A&7} 87§A/mL A &8
ol el 2w 77k A7 A FE e A TP <0.05, Fig. 24B).

SUEE AEES AP 394 AAFFANA 90.5%~972%=2 v e AEES
BAY. AlE 6dAd= DHA/mMLAE 2k 270A/mL Al ol A 22 82.8%,
87.0%F oW, 4/ A/mL A& < 8MA/mL A& FolM= 242 65.2%2F 59.0%°] A
g HF AEE AET IAA/mML A, 270A/mL Al T, 470 A/mL A E el
Me 47 36.7%, 37.2%, 304%° AEE&S HEAILL, SIHA/mL A E Tl =
10.0%= 7H¢ Az AEES YHEFATH(P<0.05 Fig. 21).
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Fig. 20. Comparison of the growth in shell length of Chlamys nobilis larvae
reared in four different larval densities under the condition of 22.0+0.

5C. Vertical bars denote standard deviations of means.
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Fig. 21. Comparison of the survival rate of Chlamys nobilis larvae reared in four

different larval densities under the condition of 22.0+0.5C. Vertical bars

denote standard deviations of means.
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A= C calcitrans+I. galbana+P. lutheri 3377} 128.3+5.6 m= 7} %3 sttt
283l C calcitrans 357 123.0£9.0 um, P. lutheri &9 7 119.0£6.1 tm, I. galbana
Fa97 11732177 m o2 Yelst. Ald 99 A= C calcitrans+1. galbana+P.
lutheri & w7 173.6x187 um, C. calcitrans 3w T 168.7+23.7 um, I. galbana 3+
160.3£14.0 gm, P. lutheri 337 158.7+20.1um <o = eyt HE AFZS C
calcitrans+1. galbana+P. lutheri & w77} 1967229 ym= 7}7% Aol Eka, P
lutheri &3 77} 174.6+21.2 m= 7} A zZ39tHP <0.05, Fig. 22).

A A AAe C  calcitrans+tl  galbana+P. lutheri 357 74 m, C
calcitrans &+ 6.5 um, I galbana 3571 59 mm, P. lutheri &+ 71 56 m=Z 4
Eb sk tH(Fig. 240).

HoldE FTHEE TFE FaaAd A& ASEEH 45 39A C
calcitrans+1. galbana+P. [utheri w7 91.8%, C. calcitrans 3 w7 826%, I
galbana ¥ T 83.9%, P. lutheri 357 81.7%% A A& oA Hluz o+A A
ol AEES YeUYAL. A8 F8 Al¢l 12970 = C calcitrans+I. galbana+P.
lutheri =71 43.3%, C. calcitrans &+ 1 456%, I galbana -+ -7 33.3%, P.
lutheri 97 41.0%% C calcitrans 3w 7T7F 713 =& AEES HA ¥H [
galbana &3 77 7HE A xR THP<0.05, Fig. 23).
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Fig. 22. Comparison of the growth in shell length of Chlamys nobilis larvae

reared in various food organisms under the condition of 22.0£0.5C. C:

Chaetoceros calcitrans, 1. Isochrysis galbana, P: Pavlova [utheri.

Vertical bars denote standard deviations of means.
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Fig. 23. Comparison of the survival rate of Chlamys nobilis larvae reared in

various food organisms under the condition of 22.0+05TC. C:

Chaetoceros calcitrans, 1. Isochrysis galbana, P: Pavlova I[utheri.

Vertical bars denote standard deviations of means.
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Fig. 24. Comparison of the daily shell length increment in juvenile scallop,

Chlamys nobilis by three different culture conditions. C: Chaetoceros

calcitrans, I

Isochrysis galbana, P: Pavlova

temperature, B: rearing density, C: food organism.
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3. F&AR g} 27X A

= T8 HdAg Ao] 148% = 71 v % tHTable 6).

Table 6. Settling rate of Chlamys nobilis larvae on the various collectors

installed indoor rectangular tanks of one ton volume

Collectors Methods  Floating larval stage Settling larval stage
No. No. No. Rate Rate
larvae collectors  larvae C/B (C/A)
(A) (B) ©) (%) (%)
Polyvinyl Horizontal 100,000 100 2,934 29.34 2.93
plate
Vertical 100,000 100 1,483 14.83 1.48
Onion bag Vertical 100,000 28 1,868 66.71 1.86
Light shading Vertical 100,000 28 2,011 71.82 2.01

screen (50%)
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Fig. 25. Growth curve of Chlamys nobilis larvae at an temperature—controlled

indoor tank of 22.0+0.5C.
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o X 4%

o

o

79 216CHom 8¥o 251CE 7MY =2 &8 et

tol 129 149C = 7 v2 22 dHetd v (Fig. 26).

23

b 7T A

d

tew, 124

4

A

3

o= 7+ 13.0, 23.1, 30.3 mm=

of Z-% 336 mm= d7gstdet. A
°F 32.6 mm ‘73t vH(Fig. 26).

s

Fol 10 o

| S7ts

%

8¥ol 106.8 um/day o, o]%

Hol 12¢de+

=

PEES

7]
Ami

<
=

4

&

123.4 um/day & tH(Fig. 27).
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Fig. 26. Monthly growth of Chlamys nobilis spats reared at the hanging

culture method in Jigwi site
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Fig. 27. Daily increment in shell length calculated by the monthly growth of
Chlamys nobilis spats reared at the hanging culture method in Jigwi

site.
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& Zag 4% 3 A5H BA

Sz 314rke] & ZFa(SH)eF Z(SL) R ZHan(SH) e A E (TW)2te]
A 2 3 A Za(SH Wk 2 SL)Ee] g g SL o= 0.9982SH
- 283268 YERRaL(Fig. 28) Zhate] diet dF el AU gAe TW = 04 x
10 °SH*™™ o A7} 92 TH(Fig. 29).
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Fig. 28. Relationship between shell height and shell length of Chlamys

nobilis.
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Fig. 29. Relationship between shell height and total weight of Chlamys nobilis.
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Fig. 30. Monthly variation of water temperature and salinity off Jigwido and

Ongpori coastal sea from January 2001 to December 2002.
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20019 29 FE 20029 11974 9inlE] AR AtelA o] AdH x5 &E4
o] WalE 20019 2€o] 1091 mL/LE 7 =3, 20019 119 6.38 mL/L=
7HE vtk SxE dtel A% A E=e HlS=shAl 2001 29l 9.87 mL/LE
7 =k, 2001 1199l 6.08 mL/L= 7FF wekth AAES X8 ko] A
A g5 §EMNLFE AL Aol tha ¥4 YERtH(Table 7).

AR AZ 304 Hile A2 dAotelA= 2002 299 865mL/LE 7H

=
|ENE T

o[)lv

=oka 2001 1199 624mL/LE 7F kvl %7 ok
W= 20029 249 934 mL/LE 7HE %3, B9 1194 574ml/LE M @
2k tH(Table 7).

1_/
1z
Ay}
Do
(@]
(]
Do

L
=,
—
e
S
)
>
o
N
o~
offt
e o
of
o2
ults
1
o
=31
o[)lv
r o
r b
r o

—at/LA9I 2 2001 29l 7Hd =240 YERUSl oY 2001 59 7 WSkt
AFA g SEP At BF Y A FEE 011~1.30 pg-at/LE 20014 11
ol 7H Eoka, 2002 89l 7HE @itk AHAE A AF Al TEE
ZAVIZE B9 028~1.65 pg-at/ /Y= 3 2

g dot AF9 <4kl FEHYE 0.01~220 pg-at/Lo = 549 7HF Eoka 29

gElS SxY ActelA &EAF FUIEAL R BT olA 445~4865 pg-at/L M
=

2 YEH(Table. 7).

1o
)
M
2
o[)lv
=
o
rlr
C)J
]
O
C)J
(o))
o0
N
=

UQ

&1
=

5) Chlorophyll-a

A9 2714 Chlorophyll-a®] %% AHAXEA AFAE At A= 1.05~4.61
pe—at/L HYE 2001 1193 2002 29 zHz 1.05, 1.09 pg-at/LE 2 #<S
e AL, 20000 2€ 37 2001 8€ell= 4.61, 326 pg-at/LoZ = YERSTE A
FA FElg sxE dActd] AolME 021~1.34 pgrat/L MR FAHZA A 73t
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ok AANEA FAF 9l A

tH(Table 7).

_63_



Table 7. Seasonal variation of DO, PO4-P, DIN and chlorophyll-a at Jigwido and Ongpo coastal sea

Site 2001 2002
Feb. May Aug. Nov. Feb. May Aug. Nov.
DO Jigwi  Surface 1091 7.92 6.78 6.38 8.66 8.45 7.03 6.90
(mL /L) Bottom  8.36 7.60 7.06 6.24 865 8.32 6.34 6.80
Ongpo Surface  9.87 8.00 6.92 6.08 9.39 7.82 6.81 6.90
Bottom 892 7.92 772 5.78 1934 7.64 6.97 5.74
PO4-P  Jigwi Surface  1.09 0.29 0.54 1.60 940 0.11 0.25 0.57
(pg-at/L) Bottom  1.33 0.28 1.65 0.90 1.90 0.57 0.52 0.68
Ongpo Surface  0.40 0.38 0.50 1.30 1.10 0.99 0.11 0.84
Bottom  2.04 0.01 1.16 1.30 2.20 0.84 0.62 1.90
DIN Jigwi  Surface 1376 425 8.19 21.06 17.69 6.60 8.48 12.53
(pg-at/L) Bottom  12.78 8.25 12.87 16.26 16.90 6.81 713 11.76
Ongpo Surface  7.04 553 4.45 4865 15.74 19.95 4.45 11.19
Bottom  14.52 5.00 8.62 3682 | 1465 20.72 3.70 17.31
Chloro-  Jigwi  Surface 461 198 9.49 1.05 1.09 2.97 3.26 242
phyllza “nopo  Surface  1.34 0.95 0.60 1.20 0.70 0.70 0.21 0.50

(ug-at/L)
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Nlo
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gl
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+

Al SlmE]l A =

N E

o A

o)
=

X At A 196
A1

oA 390¢ &<k, 4 5 10, 15, 20 molA

mlE A

BRI

73.3+7.3, 69.4+8.4,

76.7£7.7,

5~10 m W oolAM o2 =4 HEbs

68.748.5 mmo| L T

1 THP>0.05, Fig. 31A, Table

o] o
A

BA

Aol =

8).

5, 10, 15, 20 mell A ¢}

Al
=]

AA 1969 &<

T 59.045.7, 57.7+7.5, 54.845.4, 53.1#4.8 mm ©|

tH(P<0.05, Fig. 31B, Table 8).

Zk7} 1656, 154.0, 140.0, 137.4 um/day= E}SETHFig. 324,

5~20 m H el A

Table 8).

o Woll A Z}7t 199.6, 1832, 161.8, 145.8 ym/day = e} TH(Fig. 32B, Table 8).
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Fig. 31. Monthly growths in shell length of Chlamys nobilis cultured under

different rearing depths off Jigwido (A) and Ongpori (B) coastal sea.
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Fig. 32. Monthly changes of daily increment in shell length with different

rearing depths off Jigwido (A) and Ongpori (B) coastal sea.
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)

MAZA ] deke] =41 5,10, 15, 20 mol A FAAAZ A HFTHE Al
3 F8A 77} 7724226 g, 73.2t160 g, 66.6+17.6 g, 64.9+153 g2 e o}
ZF AT Fo)AE 32T & gl thP>0.05, Fig. 33A).

A=A EE Are] 74l 5 moll Al A A 9= AlY FEA] 4484121 g2 7+
w2 A A sk (P<0.05), 541 10 met 15 mell A= Z+7 40.2+13.1 g, 32.9+102 g
o7 o7 A, FA 20 molA 205487 gow P =gA s

(P<0.05, Fig. 33B).

AAEA FAG A AFE Agteld 1k FAol mE AF el A
e AR 9 AnARI WS ARNe BAT A FeA7A LR ol

3l 2€97hA = AT Gl 4 520 m WA 100 pg/day ©lstE
UEl . 2 99 Aj7]el A= 100.0 wg/day o] dollar, 7E5E 9ddl= 207.4 ug
/day ~351.7 pg/day= =4 YEFETHFig. 34A).

AFA FHhF X AdelA F3 G e dsFILTS AFEx7IA 5E
I 68 = A 520 m HLlodlA 343~86.2 pg/day= ki, o] = 7THHEH 9
7HA] 66.7~3429 pg/day® EobH oy A FE Agtel] BN = XM Fd Tl

sHA eSO (Fig. 34B).
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Monthly growths in total weight of Chlamys nobilis cultured under

different rearing depths off Jigwido (A) and Ongpori (B) coastal sea.
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Fig. 34. Monthly changes of daily increment in total weight of Chlamys nobilis
cultured under different rearing depths off Jigwido (A) and Ongpori (B)

coastal sea.
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Table 8. Comparison of growth and survival of Chlamys nobilis cultured under

different depths off Jigwido and Ongpori culture sites

Culture Rearing Initial shell Final shell Daily Survival Rearing
site depth length length increment rate days
(MVeentSD/mm) - (VeantSDY/nmm) (um/day) (%)

Jigwido 5 m 40.2£3.8 76.7+7.7 165.6 70.0 390
10 m 40.2+3.8 e Beeing 154.0 70.0 390
15 m 40.2+3.8 69.4+8.4 140.0 5} 390
20 m 40.2+3.8 68.7+8.5 137.4 01.6 390
Ongpo 5 m 85.085% 99.0+£5.7 199.6 60.0 196
10 m 39.9+3.2 57.7+7.5 188.2 65.0 196
15 m 39.9+3.2 54.8+5.4 161.8 93.5 196
20 m 39.9+3.2 03.1+4.8 145.8 46.3 196

*S.D.: standard deviation

-71 -



MAZA e Aol A Ht 24 40.243.8 mm A | &} A FA] SEAPN A H it

713 39.9+32mm AHAE Fekay AE HFSEAHE Ael 10, 20, 40, 80 v
g Fgatel £ 5mol F3el o F AARAAE 390, Sxe] Ak A 196
9 For FAF 3| Wit 244 WsE A

MFAZEA uAgtol A d=dE AMSE A3E B 10vke] PR A F = A
=3

FFEA 775:08 mm= Astel z2Hge] AT F LS 1683 m/day= 7HE WE
Al 4gs A THP<0.05). 20mke] DR A s BEA 7102130 mmE A
gtol 724l Abd S 1458 m/day R 40vke] DETFANAE AlE 5 Al

T2 63.0:81 mm= A dete] Z4Ae] AT 1152 mm/day Atk 80vte

Fol ZHe] A7 101.8 m/day

ol
L

S A= HZbd 598475 mmE A%

2 Aol 7 =Rlth(P<0.05). ok o] MAEA AnlE] Ak 5 m FFolA 1
0~807te] & &3 ATl XA S Brrl =555 Ao =oX= 2

#}E AATHP<0.05, Fig. 35A, Table 9).
AFA x At A AAF 10ve] DETolA AdE FF4YE 638465 mmE

208.1 un/day R 2L, 0vteE] LEFolA Hul= Al T8 A H A 585+7.0 mm=E
Aayste] Zbabeol A7t A ES 1952 mm/day vl 4709 W A& oA A E 7]

LFol "ol wE Ao gL Zpol7k fIATHP>0.05, Fig. 35B, Table 9).
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Fig. 35. Monthly growths in shell length of Chlamys nobilis cultured with

dirrerent rearing densities off Jigwido (A) and Ongpori (B) coastal sea.
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MAEZA 9w Ao A 10vte] BEFNA XA AE 8 A T AF
¥ 832232 g= 7HF whEAl s vH(P<0.05). 20vkE] 9k 40vke] DI ARol A A
WA FL 7184250 g, 56.6+16.8 g2 AAsY D 80vteg] LWEFoAE= Hit AZFF
A3 = 49.0£15.2 g= A dol 7Hd =3 tH(P<0.05, Fig. 36A).

AFA GEE AbelA 10vte] B EFol Al X siAd S 50.1+11.7 gol AL, 2072
Asd 487+142 golfth 40vhe] WZFolA AT
46.2+14.8 g 18)al 80vty] WEFol A Hit AT HF 43.2+15.1 golAth 4719 H
T A TFAA AFASTEE 7 AMSEE AJE Y] A5 dig e

A THP>0.05, Fig. 36B).
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Fig. 36. Monthly growths in total weight of Chlamys nobilis cultured with

different rearing densities off Jigwido (A) and Ongpori (B) coastal sea.
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Table 9. Comparison of growth and survival of Chlamys nobilis cultured with

different culture densities off Jigwido and Ongpori culture sites

Rearing rearing  Start Finish Daily Survival Finished

Site density  Mean Shell Mean Shell Increment rate Rearing
(inds.)  length length (mm/day) (%) days

(S.D."+mm) (S.D.tmm)

Jigwido 10 40.2+3.8 77.5£9.8 168.3 60.0 390
20 40.2£3.8 71.0£13.0 145.8 65.0 390
40 40.2+3.8 63.0£8.1 NO% 77.5 390
80 40.2+3.8 59.8+7.1 101.8 53.8 390

Ongpo 10 39.9+£3.2 63.8£6.5 239.5 60.0 196
20 39.9+3.2 62.1£7.0 225.7 55.0 196
40 39.9+£3.2 60.0£6.0 208.1 575 196
80 39.9+3.2 58.5£7.0 195.2 26.3 196

*S.D.: standard deviation
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o fed 98 U4

DA
AR A 22 28, 30, 32T Rl tiske] Zhzhel 50% HARAIZS AL
T AE7IZE 38441 E<F 133%9] #HAE dAs AT 2 3
3t

A3} & 28T A
AR 7 s 964

WAE ®olX @rhrh ol

0ColAE S5IA7HA =
FL 32T 36A17F vl 50%7F #HAsF tHFig. 37).

7ol 50%7F = AFat At

2) A2 WA
AFedd Ade F
FAZE 1TA AR E AAAA L YEntA)
U7l Alzbste] 36417 kol 50%7F AR T
NIAAE A4 855 Boltrt 6648 AL Yehd o
50%7F HAFEF AL, S 13Tol A= 240417F FeF HAF A7 Ad YERUXA

2k cH(Fig. 38).

2 7, 10 2 13T xZoA AASATE = 7TCAAE Al
R o 18 AIZHEH HAWAZE e
AFFEL 10CoAAE AEAZE 65

T 168A17F ke

o)
=S
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Fig. 37. Tolerance against the high water temperature of Chlamys nobilis (mean

shell length: 40.2 mm) cultured with ambient seawater of 23.5C mean

water temperature.
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Fig. 38. Tolerance against the low water temperature of Chlamys nobilis (mean
shell length: 60.4 mm) cultured with ambient seawater of 14.8°C mean

water temperature.
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3) ¥ A

e APFe 2 15 20, 25T Z7o Fxd4 diEse 18, 20, 22
24, 26, 28 psucll thato] A9 717t 3544 7HE o 50%HALAI 7S 2 AVES T

A e 15CoA ] AW AdAH diEs®E 28 psudlAle A7 1374]
AA = HARAIZE iAo AlE7]RE 138AIZHRE] FHAMRAIZE YER ] Al #Fe)
o] Alg T AI7ZFA(354417h) 30%<] HAME UERISITE 1Eal 1 ot A
%26, 24, 22, 20 2 18 psu oA & ZH7ZF 261A1%F, 222413, 126A1%F, 45A1%F 2 42
A ZE qkol]l 50%HAFS YUER o] dEFE 20 psu, 18 psudlAE UE JEF LI
3 @Azl 50%7F #HAFSE BH(Fig. 39).
T 20ToAAY dtsE AP A= FddRel 77 28 psucl A= 315

A

1]

AZF B 6.7%9 HAFS UEwla, 26, 24, 22 psuol A E 315417k 189417 2 141
A ZF Zoto] Wk ALS e B FE 35S 20 psuet 18 psuol A9l 50%FH AFA]
be 247 33A1%E, 12417k 2 A hel] YERTH(Fig. 40).

NF2 25T AR AP A AFEARE 28 psudl A= 339 Alzkell 50%
HALS YRR, G5 % 26, 24, 22 psudl M= ZHzE 246417F, 156417F, 120412
of 50% #WALE YERUATE AR 20 psugt 18 psudl A& A& G2 15, 20T

3 Aoz 50% HAFAIZEE 30A1%E, SAIZEeZ @A 7hel| HALE e
ol oFgt 43E e tH(Fig. 41).

_80_



100
éi 80
2
<
F S
=
2
> —0— 18 psu
5 60
7 —— 20 psu
—&—22 psu
—&— 24 psu
—S—26 psu
—@— 28 psu
40 ' ;

27 42 66 99 126 162 192 222 255 285 315 345

Time (Hours)

Fig. 39. Tolerance against the low salinity of Chlamys nobilis (mean shell

length: 40.2 mm) under the condition of 15TC.
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Fig. 40. Tolerance against the low salinity of Chlamys nobilis (mean shell

length: 40.2 mm) under the condition of 20C.
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Fig. 41. Tolerance against the low salinity of Chlamys nobilis (mean shell

length: 40.2 mm) under the condition of 25C.
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(Naidu, 1970). &3t FAAF S7Feuo A A4 =AW es dA ZAUKA &
2.7%°] A THChang et al,, 1997). A-&SA S A& v d FALE Zd7te 0ol
ek A2 F7] AL A 240 A T 2vkE]7F A EAR e g7k H] A F Al 7] 9
AX = MG L st o A 7he Aol e Aer Husgtt
(Komaru and Wada, 1988). 72|l A% A9l Al7]ol&= A2 7/MAZF Aol

A BFANA A A FA oz HATNS 5= Flo] =

rft

HaL Qlar, AgsA A
T FF #HEHEH(Osanai, 1975). Pecten maximuset Aequipecten irradians
concentricust A& A 7tEH 24 ATt o] dojti(Sastry, 1965; Wilkins,
1978).

Abgol A 2 Adul= A 11 o] AN ¢hFle] FAR
Toll M A8, T2 R AMEA 82 Sl e Ao dojuyrw AHu|rt de
ZtH(Naidu, 1970; Mackie, 1984). =Wl A 2sl= WEZI, Gomphina melanaegis
AU AR A 10 0.79% F7lo] ARG Hokoy 24 =7]o W& Anje & Aol

E HolX ¢S owM Al s A 7L st Ao s HusdtHlee

i
12
o~
52
of\

o] al,
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et al.,, 1999).
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1983; Chang et al., 1985).
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A3t =2 7W, Potamocorbula amurensis®)
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Fa (B - 4424, 1989; Lee et al, 1997; Lee et al,
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o2 HIEa AT
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o) 90.6% % 7 =¢kai(Na et al.,

=1 O
S

o 3}38ka}=(serotonin) S H Y

5~61T9) 7heAF ol #ashathSon et

al., 1998, Oh, 2000; Oh et al. 2000)). = 7|2l Z 7N, Panope japonica®l A1

Hk7kelvlol glel A

9]

&l 72wl o

1995),

AF A AT Sl el A A 2

1944, A4 22870, NH,OH S}

9]
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)

o7 ZHAMN AF7) o] Fo]H th(Lee and Rho, 1997; Lee et al., 2002b).
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2170 AlFFeR F2 15T = BASEEYF oAt Fo] Fopdas o w
Aol wetA = Ao yeyt bE heureke] TS
A5 mldrbEvls 40Ate R FAREE AE ®mela, sjrkevls e 20T
45A1ZY, B ZFEI M R 24TCellA 28Atew St uIvF thAe mE AIE
ekt =3 DA7AA S AE e glojAM= mldkrbeE] =2 20Tl A 60.5%, S
Zhelnl= 2 20Cell A 104~252%, sivt7heivl= 2 24T o 252%%0a &
7Rl = 20T 9 7182 tE Zhenl iRy DA7EA S AEE] = o
ERtH(Son et al, 1998; Oh, 2000; ®}, 2002).

T3 2t @A A zEake] A St R e W wAo] FA s e

rr

_1
d

S

A Hr 1044C=2 A= e, sl 718l 2 e 3.82TCTReY &
Yoish2 55CHT =A vekskar, 2140 vksSl=, Crassostrea nippona< 10.9
6CT= Hlgh Folx Aol o]Fojxe Fo= FEH(Yoo and Kang,
1996; Lee and Rho, 1997; Lee et al., 2002).

)
of

[

j
a-

£

i

AAEAE & &S v A (Loosanoff, 1951).

H GAALS AFLLe 25CE 5 2009 121529 28CH

i}
o,
=
&
-
o 2
o x
filo
(ot
T @
R

2]

WAL, Ak 20, 24 B 28ColAM e AL A ES 4.6,
71 % 61 m/daydt F&7|7HA = 129 ZHE 205 mm)o] A8 E o] S

v 15643+ 2 298.3 ), si7reln] 174 (8w 2 2344 ), Bl<re]H] 18Y
(F 2+ 1754 m) Bk w24 YEREtH(Son et al, 1998; Oh, 2000; =, 2002).

| 23 Aol tiste] AE-aFolM A balloti= 25C ool =

-z
do
+
S

al
AFE g 28T dAAbeo] =okAl L AE 9dAol= 2zl =2 28TelA A=

& 402%= YEry o FEARE e, Al SRAA 1294 a2 20Tt
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AL 2 9SS vt 3, Crassostrea gigas® -+ ARl A AR
T 1 mLE 1RANA SAAR fFA8e] D7t S7etA HH DR A5ol=

Aol 16% sk wbd, olmth we H$olE 60%7F #AsH) tHHelm and
Millican, 1977). &= A& A7E2 F8UEE Deste] A7 Ay 54 &
1~694 (24 75~120 m)ol = A<= 1 mL9g 10704, 7~142 4z 130~200
ol = 5~1070A 2lar 149 F F2AA(ZHE 200~300 gm)ol = 5271 43t

tH(Breese and Malouf, 1975). #7181 %7 4 L=E AFSA A Ht 244 A

A

A2 /A o]stell A 1765~188.9 = 717 whskar AEE2 370A o] shel A 25.
2~415%% 7} =%tH(Lee and Rho, 1997). vl @7lglH] FAALS Ao e A
S5 1mL2 1IRAFlA 24 187.9 um, 5744 Fell A 1833 m= Z7Fgk v 1074
AT 20MA A= 22 24 1632 um, 1589 iz A o] Axsta YEE
JAME AEF 1 mLE IAA T SAATANME 22 287%S 22.3% S LEH
Rovt A= 1070AF, 2070 A Tl M= ZH2E 9.8%, 5.6% = AEE] AFXET A
o2 Busg o, 2002).

o] Ao &E37tEH FARES 1 mL3 1, 2, 4 2 S/AIZ dto] FALE
A3, DT 4 A4S FAAS 64 FHE AT dERT] A FEe] A
8 Ao+ A9 1 mL3/1 A Foll A 183.4 mm, 270 A ol A 175.6 m= =713}t
Atk ANA T SAA TN = 1562 m, 1487 ym= A3 Fo] Axsa ool Azt
AZAAAFELE A5 1 mL2 1, 2, 4 2 8/HA/mLA 47 6.3, 5.6, 45
A 1 mLE 1A -7 87RAI Rl vl 2u Zh7ke A b d s ek
Ak AFFEA AEES AASST 1 mLE 1MAIFol A 36.7%, 278 ATl A1 37.2%,
A TFA 304%2] AEES YEH oy aEEQl AT A= 10.0%2 AE
&o] Azttt

olmjslF= AEFFA=ES oA AAste AdolmR ofujilFe JATFRA

2 AaME HolgRe Hut ALKl ¥ # vk =@ olvjulFe] ahiA
e 9
s

f
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AEEFFIAES Mxde 3 JSFEZD wet FAe A4, W 2 Ao &
| Al ®thH(Halland, 1978; O’Connor et al., 1992).

of AFollM= 3F9] Holless W e &3 Fuste Z=7] 108.0me] =

of
ol
ftlo
3
1

ol

7] D FAEE 1297 A5 A3 AFS C cacitrans+l. galbana+P. lutheri

196.7 im= 71 =%, 9 C calcitrans, 1. galbana, P. lutheri®] <=

S To2 HolAE 3FS &3 Fos A|F

7F kol 71 Mgk o P lutheris @& ww e AT 7HE AxsEAT o

o) ANAAAAF LS C calcitrans+ I galbana+P. lutheri &°)77} 74 m, C

calcitrans 337 65 mm, I galbana &5 59 um, P. lutheri &+ 77} 5.6 m=
LHERE

AEENAME Al FT=5 A 129 A9 C caalcitrans + I galbana + P. lutheri

w1 43.3%, C. calcitrans & w7 45.6%, 1. galbana &7 33.3%, P. lutheri &

=T 41.0%=2 C calcitrans w77 7 =2 AEES Bl ¥ L galbana

ok

T A Azsgn ot M2l R FEA F49 Yoz UET nge

& FFehe Aol Wolmgol o nnd AN ANBTHE 5, 1993, b).

o
'_Ei_
59 3% £F FHSE Aol MFAdm AFUE oM 1~20hel/mL 7

A3 Fgwe Ad el med Fdel Mg Fawd, Ausle sde
of A3 HAARTE HEE = A& o]

o1} E9o 555 #Haai = or® tH(Thorarinsdottir, 1991). 281} <19 &<l x

8
@]
=]
o
jawg]
&
8
(@)
=
A=)
>,
il
u
(il
N
A
i
=2
o
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Wb ALS AT e ] R RHEo] Be 714 Folulo] Amats
Aol whgra st
vjebe ] AeE A AL AN EFAA BuE Fgatet

2 176 um AFo = BE A7 AR FFeo(dr 2002). o] Aol A &3
X2

Zhe] FAL oA &Es] Fstithrt A 205 m AFelM = BE RATE
FAE o] FAVIE BAehs Aol RRHAT leAR A Ao
FAES dFHdAE FHoR F2 Zlo] 293%E JPF FEela, 1 vaol

9

S0 WEbohs Ashebs @ekth(Son, 1997 4 2002). ol dlzkelulzk &gt

o FAle] HAe] kg W Zafol @ ¥ 7ko]

98 Fe ANA 54 WEe 53 Aurt ders) e getad g Ad

S8 2% ARBRTE A7 SldE duw Friy )
(<3|

PN
T
of We o] AN P WALN WelN T FAE
o}

_VE
L
=
auS
N
Ak
=
do
ox,

O

5t £ 12d4 BA Aol A A 604 AZA FH T FF Ao Ao
mE Ze] gAe SL o= 01664 (7 = 0.924)9] 3 AH Moz ey

AFALA 1 mmAES] P A4S ggoz 2750 44 2AE A

Ao olu A7 JojME 8EH-EH 10¥€7FA 1069, 240.5, 306.1 m
/day®E A &2 o7 =olxtirt 11¢¥ 230.2 m/day, 129 123.7 m/day = 743} L

AL 2 20CTE 71z I ojdd we AFHer Ado] S7/HEFINL

kv

Z=20] 20Col3t=E WE7lE 1195 HE 243517 A 23
Ao A E3h7bgln] F-A8Y B2 d AESES A 31-90% BAAT £ F
itk Uk Az F 2b 1 mm 2] AERS 07~88%% 1, 8E ZATE

FxNA FAAEFA AEELS 90%ATE ] F 1 mm A3 AEELS 1.9%= O
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Gazol A RAAA AFI5 Y AAs Ao, 1973).

= , BER2 S o AL
gow, Fee darged Agel we dge mAa, ke 4K gl vt

8-S tH(Sanders, 1968; Hong, 1987; Choi and Koh, 1990; Lim et al.,

%
riu
of

19522 Amusium ballotiv~= 552 59 AH2 19~24T

rfo
jut)
do
=2
>,
>,
i
ol
ol
oo
=
o
w
D
(¢}
—t
&,

, 1988), A. pleuronectes (Linnaeus, 1758)= 2
A = T o Aol EFEsH AL F22 26~28T= %A Ao
(Beldam and del Norte, 1988). si®t7t&]H] &= AE 7Fssh 2HS7F -1~-31C=
A9sta, Aol A s 18~28T o™ 10T olstol A= Aol A A
a1, 5C o]stell A= AHXHTHYSFRI, 1991). C. opercularis® 3% 29 <4
3-8 WE=tH(Broom and Mason, 1978).

T2 23T olBelA e 7tegln] AEEEo] AFS Wil ¢ 5T o|st 7|3to] 2

ot A &E do = Ao IFS v tH(Yamamoto, 1964). =rujeoll A Z7tE4] <&

Ao @ AFelA U= HF AR dcte] A§ 7EFEH 99714 #54E Hu
F&ol FZ 272C, 10 m & 252T, 15 m = 244CE 10~15 m FZAHE 7€
TTHE 99 AebA A SAIFE o]de] o] 50 o) A &E EH-F
Aol A FAFl Z7tE R Y] HAAAde]l A EA A tH(Park, 1993).

5
Fol sbsatglon], ol8d nse AZlel AN BASA Bt HoE Hol

AGHQ Sewsl Weld St 4E AR 2 9Pl gk AOE 4
71k
Qui o ZHu R DRl ANsts Fow dud o g 2 W

zo Qo s Yelo] e EE HAlY o]E 4% 9th(Andersen and

Nass, 1993). AlFAtell M2 3st= af7bejH 7 EEsk= AMFE At AdE &

ZAbol 93 AT 3157~3514psu W A. pleuronectes®t A.

ballotiol H]3ato] tha v AitolAl Ax AIRE kA o= A2 Etar ITH(Son,
%

AFAete] dEE A 717+S Fate] 31.5~355psu W A

e

1997). A1 371
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S as FAAEY AEo AdJAAR AGste] o Fo] thate] Bad F
%= 43 mL/2olstoll M= A4 FelE Wi 3.6 mL/ 2 olstell A= alA el A
A AMAE £xE A8, 22 mL/ /o]t = dFolE Y gFS F= A
oz dela vt EEALT 14~27 mL/ 2ol A oH7E HAAZITAL &5 o
A= Aeld WsE dod|= 55 27~43 mL/ 22t stATORA - i,

1992). 44 AR AN dAIH A o2 E Y 5 9t 53], 19954 9
(Park, 1998). weba] ZAASHS] &4t

7heln], A Aol At s=ATh
B LA T ATl A AFAY] AT FE+= 0.01~240 pg-at/ 4 HE
= 1980t el AZt 0.03~1.76 pg-at/ ¢ °] A3t fFASHA Bt o FAY E 4
Mo Aol gle 48 DowTe B9 W =23 #lud AL E Kol
1 dtHKang et al., 1996).
Chlorophyll-atx= HolAE 42 HHPHo=E god ¢ e ANEE LT 4 9
thoakrbe e o] A HAAES

[}
o
colgold FRatn], HEAEFAE gast AW JPAel T Ao

ofy
o

b

fo
[40
o
tt
2
o
ro
i
=
s
=
o

3 tH(Wildman, 1980; Andi, 1993). #l=A] $HH & &3
2] A<kl A Chlorophyll-a+ 2001 8¥oll 0.21 pg-at/ 4 = HAAE 2001d 2€
1.34 pg-at/ ¢ & HIAE B, MFAZA FU4F g AFE Aol A= 2001
W 119 1.05 pg-at/ ¢ =2 HAXE, 2001d 299 461 pg-at/ ¢ = FHIAE
ol AFL= Aol FHAA oL &xel Ajbe] HiAet nHIs=d AdFo|At
Chlorophyll-a@e] A9 Hlal= 2= 1ol A BAl= 4 7bA] A9 <A ]tell A
Chlorophyll-a@Fo] = kt}. o] gL =

AAE Atoll e F3FA Al A3 Aol A= Al =A vehd A3
7F %yt olyel Chlorophyll-a®o] =2 dlox 1 Y] & Aoz et

o,

Al 7 o
= =

pos
rlo
+
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3 o]Folx i 9t 1t A

o 9|

=

=

Fdel 9

SRR

[¢)

w9l WAY Ay

TTEA

1 ; —_— = T = w) T
RERHMETER EFUREPTRERIIEFTEEL 2U
" - EICEL ) g 9 9 & du B N I~ B W
S i ~ O @ o T oW ;) ) ©
T T L g R S n
o n EN g S 3n T o m T -
W xo o) o = 2 9 gl | o ! ~
L To =W ™~ OC o @) s < = o ) N 3 HL <
QTN Y o B2 womx PH o o>
N ® L x g o KT N N
No ©& L i e =) m o — T s =~ B vl m ™ wooH
" oo g W & % © N ST TI U s W ol
~ = s E * X0 oy
= =~ & o = ¥ 2 3 oy ooy L T S mor R T o)l
CNCH- B & Sl W PN W% " ~
— — N
Moo T, © R U - - G - o) 3 = B =
TSI 0 = < 82 M = B % T T
w23 % gy g s 5 s ™ € WoE %o
W B B 8 o o P o O B S B = Y
< g 3E 28 BT 4N TR e w3
labvmmgﬂm T o)) m\ N o) Koz @ 95
TTESEwe TRELBEEEY T w3
= S e PR ES S = g
R - R " S I A &
™ P R R K =) Now oG N Ko L R o v
s g ®a Ny A ® An Nz j W Y ey TS B2
SEhgzE? T2 Tt ozud 3
TR B o 2R o= B M N 2oy X WS
m o R 0 gl O Mo X 35 o W o o0
= = TR Mo CONGGI S T B = ST
F 3 =2 2R 2 i g Tk o N e =M S
_#O#l S 0 OO =0 =S 11_A| " ) i ) Q
1%1_ = o 3 e = og 50 E N ot 0~ E.E m
Poaw 8§ & ° CRC) N Yo ! " oul g ag £ © <
= X = e o o Moo N ]
F e B S ooy TR A=i\s S Lmoo} T M g
¢ o0F ¥ E o - § v g AR -
Toom £ 2 B N = ® %o ©L s W e o) A+ SN
5 %o 8RR " oo R o= P = o o=
Joo & o = T om0 9 = o M SR
e i I = T o £ g ol = ©
BT g T o E 5 2 w o ~ 8 ° Lo o R E
o o 0o K ) ) % T M T T m = = — — W
o Mo T w4 E Sk ® Y =T £ 9 N @ 2
X ~ | = e R =) nox 0 o ) <}
ﬁg+mwﬂoﬁgmﬂnm@cmvmw@mo_ﬂm
mE P o o — L3 [a¥] [©) ~ oF a
Faewm 5w 25 T I N .~ B g oL o= 0B
Mok odom T TR B = BT o ®m 10 % 3u (

_95_

°
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5

R4

3ltH(Wallace and Reinsnes, 1985).

I g

9]

ol
°
o

12~17 m
Fo] = th(Park et al, 2000). ©o]¢} o] E7}e]H]

18 C islandica®) v&) 21 3A

-

1

, Ae27190 129 ~ o] 58l 3971~

H
Ho
gl
_z_o
¢+

o)

o
]
i

—

<

ol

G

10 2 Al ¥t (Broom and Mason, 1978).

o] A

i~

Uz

o)
!

_z_o
2!

ol

Joje] A A}

o

o1

[e]
=

Sea scallop

=

A

o
T

SFA T, 2002). ol 9 2

<

%

]

(e}

K
N

0
K

b ThCa,

°

o

]

o

A 5he}

3F A tHSon, 1997). giant scallop,

[}
A7 Akl =4 5, 10, 15, 20

A}
islandica®]

[e)

i

7k B] )1 =] of <]

I

L2
1

o

°©

| Avis}

=

Al
[

Foll A
Hlerkejul gk C

o
A

i

-

=

po 27telm]

o

e
MERE R

SN EN

A

1

=

k)

=

=0

o

=} O
Pl

stthal ®ar
%

ol A1

o

-

-

1

A}
AE 54 10, 15, 20 molA 907 AL%F A3, 24 20 mel A A

o] el A

(MacDonard, 1986; Parsons and Dadswell, 1992).
o} A]

tH(MacDonald, 1984). #|5¢
P. magellanicus

Ald

=2
=~

L7k 8] 6 mm X = o

3
R

ol
-

)

hSS

=

}

LI

}

LI

7
7

]
]

I} 44 15 moll A 6.14 mm, 2

37 0109 gmelar, =4 2.0 mollA LG 0121 pm, =4 2.5 mell A 2

AxeEe 0124 = YERY A

= e

e 6147 =4 15, 20, 25 m 4

ol

O/\] UE]

¢1o] 9)tH(Widman and Rhodes, 1991). A &A1&

1

2

I

"
)

O

hSS

)

ol
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A7+ Aol 0124 pm/day, FEEE 1870A+= 0.098 um

571 A of] A

M
il
olo
+

1

Foll A

AO

1670 A o]

]_

7 Z+a 10.3 cm® wobA

|

P
= 3
—

Fo}(Park, 1998).

w43

Jo] nf

F7reH] 6 mm el s, 100vke]/AH S, 2007/ A 5

ol
T

o]t} of] 4]

Mz A8E A7 1009 ol A
A 100 m, 1009k Fol A 2= Leb RS, 1985),

A7

bk 117 gm, 2009}E] ol A

A
o

T4

j
a-

=i}
=

10, 20, 40, 80vtel/AH & H=E

3 o
i S

REN
Ve mFA 10mhe)/A gl 7

H2 Aol "y veEst 10vkE ek 207t

<

%

[€)

20, 40, 80m}]/A)

_'c-[);
JFAAE FolAE AT 40nhel, 8ovhe] 7ot

o

=
o

= o ol

Jol7b e

Z

10~20w}2] /=)

1.
.

=i
=

ATt

Aoz AdHA

Tw
Top

il

A}

(Newell and Kofoed, 1977, Venables, 1981), ¥+ <

g el

el
fro

(Kinne, 1966; Rippingale and Hodgkin, 1977). th

ﬁo
B

ol

el
fro

2l

ol
=

BRI

o

el

N
ﬁo
B

o

)

Y EA Bastar ¢ tHOtto, 1973).
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eEvgel B8 ATE ofelA A shd LEuA @ R AALEd B
o "—I’L T o

rol

A7 35 A 2™ (Menasveta, 1981; Wiliam, 1997), siFold= Ad 2 A8 4
wxel 2Ewste] g tiAREEH FAe 2R TS5 K astth(Wilson,
1981; Wright et al., 1983; Hilbish, 1987; Wilson and Elkaim, 1991; Urban, 1994).
HiFell WA= 2E JFS A, AE 2 AAEA dF S A= Hder &

) [¢]

24 glth(Calow, 1981; Wilson, 1988).
B 3% Aol digh A=W AFelA A RS 2 33TelA 204
b A F10%9] AALE YERAIAL, 2 34TolA LTS0S 2241 7ko] 9, &
A7 % F& ACTHAE A A AANAZE GEdA] @3A R+ 3BTAA =
LT502 24A17t 0.2 F43 HALE YERAT. &ehs 2 36T A= 10% 9
ARANA 7 dERE o =2 37Tl E LTH0S 284 7o = HEoly Q¥ a7
Hl A 150 3 Ao ® Wastal 9rhH(Won et al, 2001).
, Ruditapes philippinarum®l] ™3] 18C<} 25T A 1047+
SAIZ F R 1T 28 AsAA SRUdS Ags 29 & 30.1~33.
7C HHA WFAALE YEa, F3A17 S5 w2 WFAAL 229 3o
UetdA] ggtod, Al dAeEE 18C £SAF A 36T, 25T &

Eol tE Aol tha Aves RS

i

S

£

£

-

[40

jur}

—_—

)

I
Wi
>0

rfo

FroMe 37CE £S2E7 SHETS

X 3138 vH(Shin et al., 2000).

¥
rlo
2,
g
rol
E
ox

< 2 20, 25, 28, 30 H 33Tl A
99 Ft ARSAIZIEA AEES TARRE A3 30T ool A= TIA 5 AMget

Rom, 28TolM = 25%, 22 25T o]dloll A= 90%0°] 4 AEES VERA L,
BEET HEAAL FES 27.09TCA0H, 95% AFHTAE 2662~2752CT WA

33t Mytilus coruscus® il

(Shin and Wi, 2004).

AFALY EAN FAYEST YEFFUoR 15y AGET 5= A4S
7F FF st k. AR 19969 8¢l HdHEtE A e AARSFI &

dste] AlFE Fade] & FslE FACh
of AolA Eezbule] mF FLeuA AP S 2832 WA AT
=o} 133%¢°] FAMWS UER o 30, 2 3

2TCol M= 2zt 96417, 36417 whell 50% #HAFS el o] o]l 791 npx|ga) B

Sie A&, LEA7], 2 Bus gl ek Aol shtov ks v
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AU A e Ao yEytth A2 ol 2 13ToAE A4 &
TS Holal HAMNAE SAEA GAA T =& 10TAM = 168113, = 7Tl
M 36417 WAL S UERYo] Al A AeH o] FHA 11T A

EA UEs 497 dou WAk 2 9e 74 92 o tuhg

1989; Maslin, 1989; Navarro and Gonzalez, 1998).

A 7Rl R Bl adE sl A A Ak olvisie A vk e
W gafol A AAste ZheH] FEde QA ow sntrtefdle w2 ywke]
w7 skt Akl A= A ¢ 9lom 10~38 psu W9 @EelAAE Aol 7hest
. et mas e webd o e AR

0ColM = Aol 48A12EEQE obf o glo] AEsA 2 24TolA =

Y
H
.
e
4»
s
2
4
o
—_

AEE A E3h(Belding, 1931; Gutsell, 1931; Castagna and Chanley, 1973;
Dugan, 1975).

=3t o WAd Al 2 20, 25, 28, 30 # 35T 7Z}7te] == 335,
26.8, 20.0, 134, 6.7 ¥ Opsuz= < )
FolA A2 0-335 psuZkA 993 =FAIZ el RbEAAL i 17.01~
21.79 psu L, & 7kl mel 20.0 psu o]kl A w=EAIZbo] A LDFE AA T

AEE2 A oer, 268 psu ool s FIl7 S dFS HEA &=

rol
jais
M

=
o
2
i
o
M
=
<
>
B
>
N
)
e
ol
Ol
ol
X
do
)
)
rE
=2
DO
S
X
)
Ot
ol
lo
jults
Sh
g3
o)

Ir
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€ WAZE A tHWiddows, 1985). Le]al 18Tl &% wpA|gtY A¢%
192 psu ol3tellA= PiEs®E i wel SFE H o5& dAE s AT
(Shin et al., 2000). si9t7}g]H] o] =& 27.0~30.0 psudl A& LA3F o 18~
21 psu A= FZAsAtH(Palmer, 1980). o] ¢} 22 Ay olufdj /o o] tiA}
e "Wojx= AlHe] 20 psug Vo E HAbeH ol A3 "olA il qlo], #

A%t M AL dAS Hols Ay #EAo] = Aew AyzhE)
C 4

A E 354A 7 =<t 30%9] HAMF vhERRE oL
ol M= Z+Z; 261417F, 22241 7F, 1264 7hakel]l 50% A7 YEST dAEFE 2

S
=)

18 psudll A& 7tz 45417, 4272k e 2 A Zhell Wk HALE UGERQITH S
20Tl e AW xA 23 28 psucl A= 315A1F &<k 6.7%9 #HAALE YERH
O 20 psu ¥ 18 psudl Ao REFFHIARAI RS ZhZ) 33A17F, 124172 YERY

g i v 1429l 25TeA e ARuAd APRAY AwEs®E 28 psudllAE 339
Azl 50% HAFS vEbgth dEFE 20 psu 2 18 psul A9 50% FARAIZES
747y 30A1%F BAIZEe. R ©AIThel] HALE e 0] EolA s AR 1
g wAde] oFgk Ao uEpytal, koAl Fkoju, HiAEre] AR id A el A
o} o] dEUAY FZAT A= 200 psuS 71F R FAI AAES e

Fol HA W HAAZAL Fig. 303 o] &
gl

2
N
[-'O
[-‘O
o
)
o
)
&
il
1o,
ol
rlo
_\3
n&
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(_')_]:

V. 8

| §=3 &37ten], Chlamys nobilis

A

B!

3

B
i)

A= Aol
olt}d 7heu %A A (Marudo co.) o ZFE o]A3 & 7|

—_—

R4

@bl FE A

T

bl M o] &

belet.

S

o
-

G2 5

=K

1. B F7]

uy
3l

= o )
 wAe %

XN
[CX |

o =
e T

o}
=

=]

K]

ol 4427} By

=0

m
T

s
)

4

—_

<

bl ot

)

h £ W

i)

-
SR
—~

o

el
=r

o

&o] 17HA)/mL+-°ll A 183.4 ym, 36.7%

15, 20, 25
7t 104

(e}

|

Ry

-

e ol

=

A
40+ ©]u] 100% = ik 2 A

8 ==

e n] AA AFSEEE 270 A

R4

k)

T

ko3

5t

°

<

&

o,

< Chaetoceros. calcitrans, Isochrysis. galbana,
- 101 -

% &= (Biological minimum temperature)

24 CA AT A 271 1927 i, BE8 588% = 7+

175.6 pm, 37.2% =

L
-y

St 1967 = 7V =kar, P lutheri A& 7F 174.6 m= 7}

=
=

Pavlova lutheri

t2 HERsteH(P <0.05).

9 THP <0.05).

°

&7], FA7I(

o

F

A

W B The 22 156~30T ot
2 30CelA 247 635, 31.5, 185 R 17.0A%Fo] AL ¥ I thHP <0.05).

2. ATH FANS

o} 270 Al /mL-oll A

4T .
/mL ©]

1SRN
g Az



i

)
O
A

o
p3
B

o~
T

602 A 7k A o) B2k AF (Xl w

<
T

] =0l A h(P<0.05). -3
Absf o] 7hH(SL) A4S SL = 0.1664e" ™G = 0.924) 3|74 A4 o2 el

Atk AAEel A AbsgE ZH 1 mm A 3= 170D Fe 4.140.8 mm=

T

3. &322 € XA}
3,4 % 5Ll = 247 2P 130419, 23131, 303243, 336452 mmz 44

=

R

Mo & ok %o %o Ak ™ o W
oo mx OO F AR z G
T ) ML
oE S = I ~ ol
BL e S = . NO & :Md
2 —
T o) m — = B < 5 =
o < ,m % = m A+ T - §
£ % © o E
P Sk ~ Lo T8z
NPF e 8 o 0 I
AN . v H 9 3 @
L £3 % W
e g 2, X & 5 T oo o
. — " ~
2 nnm = = S M__ = g 8 9
o 3 Ty a2 Y2 < 5 oo
o TR Yol & do o3 oF
3 R B s g s 3 ® 2 g
S S
ol ki 14 ol s 5 o g 3
Nlo ) iy B < 2 .
T G W o4 . s X A .
iy ﬁi N ho + ) &~ - WO . o \_.mw
P\ ’ oo B = 9w S
B w <! .n_la 7 A m — I‘mM m = Y,
o g < B 3 O C E o~ o= &
B X = ) o) & . 5 ° £
o) ok N S o S 3 -
o ~ ~ — S Oa N = ‘aM
o) F oo 8 = o % = g VX i
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Cr Lty ZzTPErL o= oV
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62.1£7.0, 60.0£6.0, 585£7.0 mmZ WXL} EE&FE G0l =FHHP>0.05).
ErtEule] Ao @ Aufol] e Za(SH)9 Z-(SL)e] Aulggae SL =
0.9982H - 2.8326°1Qx, Zta(SH9F AS(TW)e a3 TW = 04 x
10°SH**™ 91 o}
= 2 498 WA
T2 28, 30, 32Tl wigh nFE2W AT A, 72 28TodA = Ald7IRE 20
ok 13.3% #H A3 AL
© 2 iEpgrh
AeUlA AE Ad, F2 7Cd A= 36413 vl 10T A= 168X 2kl 50%
HAS AL 2 13T s AA7173A0Y) &<t #AAF A7 et
dEUld A 2= 2 15TAA 9w 28 psudll A= Ald T5 A|7HR] (354 A]
ZF) 30%7F HAEEITE 4
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