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Summary

Part 1
Seasonal changes in reproduction, Perkinsus olseni infection and biochemical composition of

the Manila clam, Ruditapes philippinarum in Anmyeon-do Island off the west coast of Korea
Abstract

We investigated the gametogenesis, Perkinsus olseni infection and biochemical
composition of Manila clam Ruditapes philippinarum sampled from 4 sites (Bangpo, Gonam,
Shinya and Janggok) of Anmyeon Island on the west coast of Korea from April 2005 to
September 2006. Gametogenesis of female clams in Shinya, Ganggok and Gonam was firstly
observed in January 2006, while in Bangpo was observed in December 2005. Ripe eggs were
observed in May of 2005 and 2006 at all sites clams. The spawning of clam in Shinya and
Gonam was processed from June to October, while that of Bangpo and Janggok was initiated
one month later from July to October. The monthly average of condition index (CI, tissue wet
weight/shell dry weight) in a regional clam population was ranged from 0.350 to 0.845,
which was declined after showing the maximum value of CI in before spawning. Although CI
value of all sites was similar, CI of Shinya population ranged from 0.350 to 0.557 which was
relatively lower than that of Gonam, Bangpo and Janggok. The infection prevalence and
intensity of P. olseni in clams at Bangpo showed the lowest with 16.8% and 20,373 Perkinsus
cell/g tissue wet weight during this study. In contrast, clams from Gonam, Janggok and
Shinya were highly infected with P. olseni showing the prevalence 93%, 96.9% and 81.8%

and intensity of parasite in three sites ranged from 260,342 to 2,219,304 Perkinsus cell/g
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tissue wet weight. Seasonal infection intensity of P. olseni were no difference between
Bangpo and Shinya populations, it was increased in fall (September-November) and winter
(December-February) for Janggok and Gonam populations (p<0.05) after spawning. The
exchange of total carbohydrate content among 4 clam populations coincided with CI pattern,
whereas protein levels were distinctly different to carbohydrate content. The mean of total
carbohydrate content and protein level in a regional clam population varied from 134.8-222.4

mg/g tissue dry weight and 378.8-425.5 mg/g tissue dry weight, respectively.

Part 2
Annual variation of reproductive effort, biochemical composition and Perkinsus olseni

infection in Manila clam, Ruditapes philippinarum, off the west coast of Korea
Abstract

Seasonal changes in reproductive cycle, reproductive effort, Perkinsus infection
intensity, condition index (CI) and biochemical composition of the clams, Ruditapes
philippinaru, were investigated over 3 years in Sunjae and Sungam and 4 years in Padori and
Hwangdo. Based on the Perkinsus infection level, the clam beds grouped into three
categories: (1) heavily infection area (HIA: Hwangdo); (2) moderately infection area (MIA:
Sunjae and Sungam); and (3) lightly infection area (LIA: Padori). Reproductive cycle of MIA
showed regular annual trend, while in HIA and LIA were irregular annual trend. The mean
prevalence and infection intensity of Perkinsus ranged from 62-100% and 9,388 (+4,869)-

2,063,087 (£917,113) Perkinsus cell/g tissue wet weight (TWWT). Among three clam

@ jeju



populations, clams from Padori showed the lowest infection level, the prevalence and
intensity were 62% and 9,388 (+4,869) Perkinsus cell/lg TWWT, respectively. Hwangdo
clams was 100% infected with Perkinsus during this study, and mean infection intensity of
Perkinsus was 2,063,087 (£917,113) Perkinsus cell/g TWWT. Clams at Sunjae and Sungam
areas showed a high Perkinsus infection prevalence with 96% and 99%, whereas infection
intensity of Perkinsus was moderate level were 351,262 (+207,028) and 317,026 (+186,543)
Perkinsus cell/g TWWT, respectively. CI and total carbohydrate level are closely associated
with annual reproductive cycle of clam. CI and carbohydrate level were higher during spring,
when clams were in the developing stage. In spawning season, CI and carbohydrate level was
decreased. We found that reproductive effort was negatively correlated with the Perkinsus
infection intensity except clams collected from Padori: more heavily infected years produced

fewer eggs during the spawning season.

Part 3
Broodstock selection for the artificial seed production of Manila clam, Ruditapes

philippinarum
Abstract
Reproductive effort (RE) were measured in Manila clam, Ruditapes philippinarum,
collected from 26 sampling sites along the east, west, south and Jeju coasts in Korea 2009

during summer spawning season. To understand spatial pattern of clam RE, an indirect

Enzyme-Linked Immunosorbent Assay (ELISA) was applied to quanty the egg production.
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The gonadosomatic index (GSI) was represented that, a ratio of egg dry weight to tissue dry
weight and it varied from 1.76 (£3.30) to 18.91 (£7.98) in all sites. The fecundity of clams
estimated from ELISA was ranged from 358,382 to 11,373,973. GSI and fecundity of clams
at Duiruini and Wando-subtidal area was much higher than that of other populations.
Histological observation also showed mostly full developed in female clams both Duiruini
and Wando area. The correlation between fecundity and individual size was significantly
positive in the fecundity as increasing egg size of clam. This is the first report on the spatial
distribution of clam GSI, and it will be provide a useful information of the broodstock

selection for the artificial clam seed production.
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Part 1

Seasonal changes in reproduction, Perkinsus olseni infection and
biochemical composition of the Manila clam, Ruditapes

philippinarum in Anmyeon-do Island off the west coast of Korea
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Abstract
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2. Materials and Methods

2.1. Sampling efforts

OfH 0] ArEE BEX[E2 2005 4E2EH 20068 9K SHHE

ot

Io

A, Fa, Aop a2l i 4 X[ i 12| 6071HM|% X & SHACE
(Fig. 1-1). AT E HiX|2t2 ZHt2 HEMZ §7A ZF (Shell length, SL), 55
(Tissue wet weight, TWWT) 2 {2t AZ=2F (Shell dry weight, SDWT)S =745 QICt.
= oMl AR B 0MME ZNSY BES o HAS XA &
Davidson’s solutionf D™SIADT, LIHX| 3070K= OF7t0|E 0O|&%t Perkinsus
olseni YL =0 ALt HEX|2tQ] H|BHE (Condition Index, C= S5

(TWWT)Z} AXE T{Zt (SDWT) EAH|Z LIEFLYRJACH (CI=TWWT/SDWT).
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Fig. 1-1. Location of the sampling sites.
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2.2. Histological observation

e R AIHS TRy 9 WACRHE HolH HXZY ZXS
Davidson’s solution®j| 48A|ZF ™HSIRUCH 11-HO| B A2 3mm FHE HF S
T Powell et al. (1993)Q] HiEHO| [}2} OEF2 S 0|R3}0 Stast =
EO| SIRACE ZOHEl =& A2 6 ym FHE EESIO Harris” Hematoxylind}
Eosin Y (Howard and Smith, 1983)2 H| W &M = AMAIA BIEF NPAH S aHAH SEQICE
HEX|2to| AMAIA HFEICHA| = Drummond et al. (2006)0f 2}, S X|7| (Resting), 7|
8FCt7| (Early developing), 27|2HE7| (Late developing), 2t=7| (Ripe), AZt7|
(Partially spawning) S AR7|-S7| (Spent/Reorbing) & & 6CHAHE FE2SIRULCH
(Table 1-1, Fig. 1-2). EESh AAlA HEER ALAE Q| XAl S2I0|E0|A 2HEEZ|= P

olseni @} trematode Z+2 ZTZ| LY
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Table 1-1. Classification of reproductive stage of the female Manila clam, Ruditapes philippinarum (Drummond et al, 2006).

Reproductive stage Scale  Description

Resting 0 Gonad follicle compose of connective tissue. The follicle is empty, oogonia cannot be
observed.

Early developing 1 Gonad proliferation initiates; increasing number of oocytes at follicular wall, no free
oocyte in the follicles.

Late developing 2 Free oocytes in the lumen but most oocytes attach on the follicular walls.

Ripe 3 Gonad filling large surface area, oogenesis follicle full with polygonal configuration
oocytes.

Partially spawning 4 Numbers of free oocytes in lumen are decrease, empty space in follicle can be
observed.

Spent/Resorbing 5 Follicles appear broken, scatter and relatively empty, only residual oocytes numerous

numbers of phagocytes.

@ jeju
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Fig. 1-2. Histological pictures of female Manila clam gonad (A: Early developing stage, B:

Late developing stage, C: Ripe stage, D: Partially spawning stage, E: Spent/Resorbing stage
and F: Resting stage).

19
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2.3. Perkinsus olseni assay

HIX| O] P olseni &Y =& HOt=E7| 2o, BIX|= OF7t0lE 0|83t

HEEE SEorALL HX[He| &F of7iolE EF ot FAHE FY¢ =

—

, g2

=H|gf =2 E= 5ml fluid thioglycollate medium (FTM) HiX|Of 2t A eF Z0| 4

O d2o LAHOM 1FLZE B LOtRALE B0 B | HEHC P olseni 4'H

|.|-|
A4
ox
jo
40
el
[\
=
Z,
)
©
=
I

£ 0|83t0 2~33| HIX|& ZAF O[ele] =XZ M

-

Sl P olseni tS &= Z22|SISLCE E2|= P olsenic= @A 4+LS 023510 Z
WA © 43| Ht=2 A $SEQ/ALD, P oolseni 4B E+= Perkinsus cell/g gill weight2 LEE}
LHACE HEX|E ZZE MK O CHSE P olseni YT E LIEFLHZ| |8 Park (1999)0|
2 342 0|85t0 2t 7ix|of Ciet =S Ctaut Z0| SHASHAULCE (1).

Y = 2.0417x + 186,572 (Y: total number of Perkinsus cell in clam individual, x: number of

Perkinsus cell in gill tissue) (1)
AZE P olseni 4T HoIE LOIEI| I8 & (Sp: March-May), &
(Su: June-August), 7+2 (Au: August-November) 3! 742 (Wi: December-February)2Q| 4

AZS Feotl, ARE FoAE HLSHAC

MI

2.4. Biochemical composition of tissue

sxztel B OEME B4SE HTS ZHAYCL B DU swe
BCA protein assay kit (Pierce, 23227)E& O|&%|QCt. 7 &St = ME 20mgd| 0.1M
NaOHE H7}stn 37°CO| M 2A|ZF EFE A7l | spectrophotometerS AF23f| 562 nm

oMM S E =HSIQLCE Bovine serum albuming 50-2,000 ug/mlE 3| A 504

BETEACE AIESIRH, OJ7|A LEH HHE 2o

jot

Feotol 4

1z
mjo

O|835t0] Alzo| TR EF= AUt FFotRULt (Kang et al, 2007). & G
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o= stz M2 Taylor (1995)2| Phenol & Sulfuric acid BfH-E O|&SIFCt HAXE
HEX|2F AlE 20mg0f 1mle| PBSE H 7ot XZLbE2f7[E 0[83+0 &St

=8 ML Dextrose anhydrousE 50-500 pg/ml 3| A5}

H
Oof AI23IQCt EZ2Mnt FES St A|29| ASOHO| Phenold} Sulfuric acidS

ra
C

X
4

_

O L}EFLHRACE (Total protein or carbohydrate mg/g dry weight).

2.5. Statistical analysis

S 2M2 SAS 9.1 (SAS Institute, Inc., Cary, NC, USA)S 0|83} & EH
0t EEQKXE ot T, ANOVARQl Duncan’s multiple range test2 $92|X} p<0.05

T A B otRIC.
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3. Results

3.1. Water temperature

O|H AT A= =2 X2 ZENYXZALR (Korea Hydrographic and
Oceanographic Administration, http://www.khoa.go.kr) GO X| 2= X| - A KHE XA
o 7tg 289 28X9e +2 X=rE AESIRACH EZX| e @ Ed 2
Hel= 20051} 2006 ZFZF 4.5-265°CRf 5.6-26.7°CE HEFLCt XX =2
200531 2006 d B 20| 7t Hten 2005H0| 2006 ErCt Hy 1°C 7d

= HA 2EEAD, Y 22 8

IHY

of 7Fg =2 LtEFREt (Fig. 1-3).
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Fig. 1-3. Seawater temperature of the sampling sites recorded by Korea Hydrographic and

Oceanographic Administration.
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3.2. Biometric measurements

O Ao A2 XY HiX|2to| HF 2% (SLHt =X &3FY
(TWWT)S ZtZ} Table 1-29} Table 1-30| LIEFSHCE T 7|0 2 QX2 #|A 3} 8}

7] ®lsil Lot 279 JHME =S 2o ArESIRACH X|FE BHX|EQl &

okl

{7 SLE B 294 (£1.9)-39.9 (#2.4) mm, AIOF 34.3 (+2.0)-38.5 (+1.9), mm A=
33.6 (£3.2)-41.3 (£5.8) mm, 1= 32.1 (£5.3)-40.1 (£2.3) mme| HHQ|RACt X| G H}X|
2to] 2 THZ TWWT HQL= Him 1190 (£0.314)-4.190 (£0.843) g AIOF 1.725
(£0.342)-2.789 (£0.731) g, K= 1.557 (+0.448) g, Lt 1.377 (£0.647)-3.854 (+0.981) g
O|QICt XYY TWWT H| ZI}, AOF x|SO TWWTZ} 2.789 g9 2 CI2 A X|
A ECHEL (3.659-4.190 9Ot R BEEALD, BE X[Yo|M 120 7t H2
TWWT7} ZALE| QA CH

2t K92 Cl Bi9tS Fig. 1-40| LIEFHCE B2 HX[Eo| B CI 89

rir

0.440 (£0.060)-0.792 (+0.110)@ OO, 2005 122 Jt& S CI7} ZHEE|ALCE 2005
H Cls K22 peakE HEO|H 7Y (0.715+£0.120) 7}E &= A LIEISIO M, 20064
Cle= 53 (0.7920.110) 7} =H 2EEJACHE OlF  HAS¢D, 8

(0.63240.082) CHA| 7} & A8

o

2t AlOF HEX|EHO| Cl= 0.350
(£0.058)-0.557 (+0.114)2| He|= CtE M| X[2| CI0f H|5{ A LIEFGCE O] X

HO| CI peak= 621 82 Z+Zt 2Kt3| 2 2005E 1 2006 FALSH IHES HSLCE
A HFX|2HO| CIE 0.382 (£0.055)-0.845 (+0.070)2| HQA O, 2006 62 CI7}
0.8452 A Ot AY|ZH T 7t = LIEHRCE O X|HQ| Cl= 2005 6E 1t 8

=

=

3

2} 0.6313} 0.660C 2 2KI3|2] peakE HO|D 0|S ZASIFEOL}, 20062 6
2 B KOl peak 0|S ZAdHs HOZ LIENYCH MY HIX|Zo| W@ Cl=
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—

0.425 (+0.068)-0.788 (£0.138)2] Q|G OO, 2005H0]= 52 Skl peakZ H QI Hi

T 20060 = 6Et 8F F At peakS H Lt Cle HEX|[E

>

Y Hat

Bt gAeH HeE ERLM,2005H £Ct= 2006 Cia A ZHEE AL

25
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Table 1-2. Shell length (SL) of Manila clam collected from each sampling sites.

Period N SL
Bangpo Shinya Janggok Gonam
2005/Apr 60 34.8 (£3.3) 37.8 (¥4.0) 41.3 (£5.8) 37.6 (¥4.2)
May 60 35.2 (£3.1) 35.9 (x2.4) 38.8 (¥2.6) 37.8 (£3.6)
Jun 60 33.3 (¥2.2) 35.4 (x2.4) 37.8 (¥2.5) 33.7 (¥2.7)
Jul 60 34.2 (£2.9) 36.1 (£2.3) 35.8 (£3.1) 34.0 (x2.4)
Aug 60 33.6 (+2.8) 36.1 (£3.4) 33.6 (£3.2) 35.5 (+2.8)
Sep 60 29.4 (£1.9) 35.6 (£1.8) 35.4 (+£3.0) 33.5 (£2.6)
Oct 60 33.5 (£2.1) 35.4 (x2.7) 34.9 (£2.3) 34.6 (£2.0)
Nov 60 36.2 (£3.1) 37.4 (£2.5) 35.7 (£3.5) 35.1 (¥4.7)
Dec 60 30.4 (+2.5) 35.3 (¥2.8) 33.9 (¢3.3) 32.1 (¢5.3)
2006/Jan 60 32.3 (£3.5) 36.6 (¥2.3) 35.2 (+2.6) 33.2 (¥2.9)
Feb 60 34.3 (¥2.5) 35.6 (£1.8) 36.3 (£3.0) 34.4 (£3.1)
Mar 60 32.2 (£2.2) 34.3 (¥2.0) 38.0 (¢4.3) 37.2 (x2.4)
Apr 60 32.3 (+1.7) 38.5 (+1.9) 34.7 (£2.8) 37.2 (£2.6)
May 60 37.6 (x2.0) 35.0 (x2.4) 35.6 (£3.2) 40.1 (£2.3)
Jun 60 37.2 (x2.4) 35.7 (¥2.3) 34.0 (x1.5) 36.6 (x2.4)
Jul 60 37.5 (¢1.5) 36.8 (£2.1) 35.9 (+1.6) 36.4 (£2.5)
Aug 60 35.2 (¥2.1) 35.5 (¥2.7) 36.5 (+1.6) 36.6 (x2.4)
Sep 60 39.9 (x2.4) 35.7 (x1.7) 35.7 (¥2.2) 37.0 (+1.7)
26
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Table 1-3. Tissue wet weight (TWWT) of Manila clam collected from each sampling sites

Period N TWWT
Bangpo Shinya Janggok Gonam
2005/Apr 60 2.263 (+0.740) 2.311 (x1.131) 3.659 (£1.876) 3.073 (+x1.141)
May 60 2.315 (x0.802) 2.197 (+0.584) 2.684 (+0.872) 3.555 (+1.059)
Jun 60 2.579 (£0.669) 2.253 (+0.624) 2.995 (+0.642) 2.320 (+0.798)
Jul 60 2.166 (+0.578) 2.377 (+0.508) 2.658 (+0.538) 2.210 (+0.521)
Aug 60 2.056 (+0.530) 2.439 (+0.664) 2.121 (+0.609) 2.534 (+0.623)
Sep 60 1.316 (£0.279) 1.908 (+0.433) 2.220 (+0.590) 1.608 (+0.503)
Oct 60 1.689 (+0.388) 1.794 (+0.374) 1.772 (+x0.376) 1.738 (+0.353)
Nov 60 2.068 (+0.550) 2.158 (+0.543) 1.849 (+0.542) 1.762 (+0.812)
Dec 60 1.190 (+0.314) 1.876 (+0.403) 1.557 (+0.448) 1.377 (+0.647)
2006/Jan 60 1.607 (£0.462) 2.229 (+0.566) 1.663 (+0.390) 1.576 (+0.390)
Feb 60 2.125 (+0.464) 2.276 (+0.395) 2.194 (+0.586) 1.812 (+0.533)
Mar 60 1.593 (£0.455) 1.725 (+0.342) 2.992 (+1.119) 2.654 (+0.581)
Apr 60 1.937 (£0.505) 2.571 (+0.528) 2.641 (+0.611) 2.735 (+0.768)
May 60 4.190 (£0.843) 2.400 (+0.649) 2.851 (+0.789) 3.854 (+0.981)
Jun 60 3.676 (£0.902) 2.789 (+x0.731) 2.839 (+0.539) 3.694 (+0.990)
Jul 60 3.043 (x0.505) 2.772 (+0.549) 2.983 (+0.679) 2.762 (+0.775)
Aug 60 2.733 (£0.543) 2.769 (+0.650) 2.861 (+0.473) 3.201 (x0.714)
Sep 60 3.279 (x0.700) 2.528 (+0.491) 2.396 (+0.486) 2.783 (+0.526)
27
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Fig. 1-4. Condition index (CI) of Manila clam collected from each sampling sites.
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3.3. Reproductive cycle

3.3.1. Bangpo

BbE HPX|2Ho| 2 OFZi HRX|2h AJAlA HIEE BIBLE Fig 1-5-10] LbEFLY

QICh X|7| AEfO] HIXIZLS 2005H 109 XS B £/91O0, 2005 T} 20064
7tz sUab 4R KSHoE B g9k O X Az HiX|Zo| B HjSX|

42 2005 128 NZ 2HE E/JAD (15%), £7| LEI| JEJQ| A= 2005
4 720b 2006 527X LIEFGICE A=3F HFX|2I2 200533 2006 2= 52
of Mg 2EE7] AXSIFaH, 987X XESHe = LEtHCE ZE It 5 &
&3k MAIATE AFX|SHe LY H[2L 2005EDF 2006 ZEZb 12.5-30.8%2t 14.3-
100%2 ZHEE|QACE AZES 20053 7RHEE ZHEE7| A|ZSHAT 107X K|
T RACE AFEF peako| HF, 8& (64.7%)dF 9& (75.0%) AtO[|Of EESHL=Z LIELG
Ct. 20062 4t2h D2 7REH MK ZHEER2D, 78 (53.8%)at 9&
(71.4%)0] F&He=z dojt AS =g = UAJUCEL O] X|Fo| d=at M2

20051t 2006 2

4n
=0}
>
_(')_F
El
rm
mjo
H
o
k1
$0
$Q
_I'_I_

3.3.2. Shinya

AOF HEXIZfO| B Q1 HIX|ZF MAA WS B}E Fig 1520) LiEH
RUTh BRI7| AEf 20054 108 NS B E9A00), 200549 FL 62K X
SE(Q1T, 200612 IFIX| LIERITE Of Xl HOXF B AL 20061 12

OF §8.3%0| Z7| WEty| AEH AA

o o

>
N

ZHAF E|Q1O O, 20055 62 1F 2006 St

K| LIEFGEE}. 2t SEf2|

- O

0=
i
B>
|

7tRl HEX|2H2 20054 1F 2006 RE S5

kJ

of Mg ZEE7| AMESIRAoH, 9ZFNA| X[EH= LIEHRC et HH| 2=

r
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rot
0=

A AT REX|SH= 28 H|S2 2005EHD 20064 ZtZE 6.7-41.7%2F 13.3-57.1%

2 ZEEACE ME2 2005H 5E (6.7%) XS ZEEZ| A[HSHO] 107X X|&
A2l o 7|7t & ME peaks 9F (90%)2 =HQIZ|RACE 2006 LHE2 6F

143%2 20l 0=, 78 o 667%2 ZHS| S7KeH 2 sUat 97 A&Hol A
2e oIS & QUL O] X|Q BEX|2 A M apEe 2005H3 20064 SARSH

—

THES H0|D UM, MBS 200510] 20068 HCH S TH YR AIFE/QCE

3.3.3. Janggok

Fig 1532 &3 HIXI2fe] 2E MAL g S LEf 1ojch A

Aavh BN S $X7| AES 20059 108 HS B E00], 200541}
20064 ZtZF 5E0F 427K K|S QUCH HSE MAIATE LIEFCE AlZ7]= 2006

A 19OIUODY O IL1%O| 7| WEI| ME| MAAJL BE HYC YHo=

to

b=oh AEHC| BEXIEf HA = 2005E1F 2006 25 SEHO| Mg BEL|Z] AlH

r

StRALO, 9FMA| XEH2= LIEHGLE dHo= 2b=sf LhEt HH HEfQ] d4
AT7F KpX|SHE 2E H[E2 200510 2006 ZtZ 6.3-56.3%2F 44.4-100%0] A Ct.
Lhet2 2005 78 12.5%7F Mg EE Ol REI S70ts FdE HolH 9
2= 66.7%=2 545 S7t StRAL 108 (12.5%)7HX| K| EE[QICL Of 7[2h & 4
2t peak= 9F (66.7%)2 EOIT|UCE 2006 A2t 2005HD OHEZEX |2 78
(25.0%)0f A|%{5t0] 9F (44.4%)MHK| K| HE[RQACE S5 HX|FO| B @Atdd 1Y

2 2005E Dt 2006 S ALSH IjEIS H QL

3.3.4. Gonam
D4 HER|Efe] BX|7IS HT AR AIEO 2005 4ZBE] 62, 20053 10
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YRE 20064 4YTIR| BE ST WY

r|o

ZE JHHE0| FX|7| HEiE
Ol 20054 128 O|= 20064 18 KSO=Z *x7| SELT| AE{O| AHAlA (4.3%)
7t LEFLE A|ZFE|QACE b3 HEX|2HO| HAlAE 20051 200614 SO RHE L]
7] AIZFSIRD, 107X LIEFLED QURACE O] X|Ho| AtZt2 M=ot MAATL L}
Ebt CHSEQl 6EEE AIREO 1087HX| X[HHoZ LIEtGCE M2 HEE
20054 5.6-31.3%2] O glom 92 (30.8%)Tt 102 (31.3%) = LIEtLED, 2006
Ho| 2 AM2t HIE = 63-583%2 7210 80| ZtZH 54.5%2t 58.3%2 E=I|of
USALCE O] X|Yo| MAIA dE NE2 2005EHTF 2006 FAe HzE HO|

QAURIL} (Fig. 1-5-4).
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Fig. 1-5-1. Frequency distribution of gametogenic stages in the ovaries (Bangpo).
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Fig. 1-5-2. (Continued) Frequency distribution of gametogenic stages in the ovaries (Shinya).
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OResting B Early developing & Late developing & Ripe ® Partially spawning B Spent/Resorbing
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Fig. 1-5-3. (Continued) Frequency distribution of gametogenic stages in the ovaries (Janggok).
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Fig. 1-5-4. (Continued) Frequency distribution of gametogenic stages in the ovaries (Gonam).
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3.4. Perkinsus olseni infection intensity

RFTM/2M NaOH HtHES 0|28 x| 9l 2= o700 M ZHEHEl P olseni
dEE ZA0E Fig 1-60f LIEIRICE O|H AFT|7H S0t X|FE P olseni Z4HE
2 23 HHX[20] 0-56.7%= Y| XY & 7t Zten, dof, &5, 0 HHX[Z
o ZH8e ZtZt 50-93.3%, 76.7-100% U 80-100% ALt ZEO|A ZALE P
olseni ZHE2 CHEE RFTM/2M NaOH 28 HCt WA ZHEZ|QICH Y HiX| &t
Of BF P olseni ZHE2 TH AT 7[2t S 10% O[5t LIOf, F=, 04
HFX|2HO| P olseni ZtEEL ZHZH 17.9-90%, 20-100% % 13.3-100%Z L}EFSICE A

M e 71zt setel &

—

EY

X| o ZFL e 7,588 (£6,170)-1,983.891 (+1,079,985)
Perkinsus cell/g gill weight O, Bt HfX|2to| ZHHE (7,588+6,170)7f 7% A

b

r

izt
1

|91, R HFK|EHO| P olseni 2H & (1,983,89141,079,985 cell/g gill weight)7}
Ve =A LIERRCE JHY dSE7F HUE 2 HEX[Eo| O AL T|Zh ¢t
P olseni ZE T = 533 (+£2,920)-19,851 (+68,299) Perkinsus cell/g gill weight B AU S,
Ct2o2 A7 HIQtE AOfF HEX|2 P olseni ZEE HR|= 83,013 (103,002)-
437,711 (£485,522) Perkinsus cell/g gill weight @Ch ATHMOZ ZHEZ I} =2 x|l
A= b HEX|2e| P olseni HYEZE  Z2EZE 539,312 (£736,766)-4,198,965
(+2,492,229) Perkinsus cell/g gill weightQ} 293,717 (£532,420)-3,377,152 (£2,072,338)
Perkinsus cell/g gill weight H| 2 TALL| ALt (Fig. 1-6 A).

HEX|2F OFZtO|0 A A==l Perkinsus ZYE ZAUE Park (1999)2] HIEH(
[r2p "X 2 28 70K & Perkinsus ZYEE SHMSIRALCE (Y=2.0417X + 186,572). =t

ME Perkinsus 4G = A HA|, OF7t0O|0|A LiEHHS ZFEE At fAIeH TfH

o

|IRelt &S Hetof ME FE XN0|E 20[d UJULE XFE TN = &4

36

@ jeju



= 20,373 (£14,363)-2,219,304 (+1,687,440) Converted Perkinsus cell/lg TWWT 2|
HOM, BFZQt AOF HIX|EHO| P olseni ZYE7} Rz hp 1t HEX|EHO| P olseni
48 HC; ffXe=z WA LIERICH ZYE7t 2 X[FOl 2ot AOof HEX|
2tO| P olseni Z4YE= 22t 3,766 (+20,628)-49,460 (+79,351) Converted Perkinsus
celllg TWWT 9} 147,659 (+115,221)-647,066 (£700,240) Converted Perkinsus cell/g
TWWTRILCH S8z ZHET =2 X[Y9Ql =1t 0 HEX[2He| P olseni 2
A= 22t 2,219,304 (+1,687,440)-1,563,555 (+944,348) Converted Perkinsus cell/g
TWWTS| He|= LIEHGLCE.

AZE P olseni 4T BSIE LOLEY| 2|5 & (Sp: March-May), &
(Su: June-August), 7= (Au: September-November) 3 742 (Wi: December-February)
2 L ARY TR P olseni ZYEE H| WAL (Fig. 1-7, p<0.05). P. olseni Z4'E

I W XY

e
o

r= ot AOF HiX[Ee| AEE 4F = HlU

I

af, HEX| &

0%
H

20l

of S 20061 7te ZYEIt Bt o1Z0| Hef RolNoR H2

Y
1o
o

T AR L, = HXEOM= ARE HEE XHO|7F LIELLEX] QIQUCt HHH

A s O

v

olseni ZHE7t =2 &=zt DY HHX|[20|AM &= 200510 2006 25 728 &

87t CHE AZO Blo Reldez A LIEFL QUL
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Perkinsus cell/g gill weight

Converted Perkinsus cell / g tissue weight

Fig. 1-6. Infection intensity of Perkinsus olseni assessed using RFTM/2M NaOH method.
Result (B) converted from (A) using the equation according to the Park (1999) (Y=2.0417X +

186,572: Y is the total number of Perkinsus in the clam and X is the number of Perkinsus
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Fig. 1-7. Seasonal variation of the Perkinsus infection intensity of clam in each sampling sites (Sp: spring, Su: summer, Au: autumn and Wi:

winter) (P<0.05).
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Table 1-4. Infection prevalence of Perkinsus olseni and trematode (RFTM: infection prevalence of P. olseni from RFTM, HISTO: infection

prevalence of P. olseni from histological observation).

Period Bangpo Shinya Jangkok Gonam
RFTM HISTO Trematode RFTM HISTO Trematode RFTM HISTO Trematode RFTM HISTO Trematode
2005/Apr 33.0 0.0 11.5 83.0 17.9 3.6 93.0 66.7 3.3 80.0 58.6 10.3
May 10.0 0.0 10.0 90.0 233 10.0 100.0 70.0 10.0 97.0 13.3 3.3
Jun 20.0 0.0 10.3 80.0 40.0 10.0 77.0 20.0 6.7 83.0 29.6 3.7
Jul 6.7 0.0 13.3 86.7 20.0 6.7 76.7 33.3 3.3 96.7 23.3 6.7
Aug 6.7 3.3 6.7 90.0 40.0 10.0 100.0 40.0 10.0 93.3 73.3 6.7
Sep 13.3 10.0 26.7 80.0 50.0 16.7 96.7 46.7 6.7 100.0 63.3 6.7
Oct 13.3 0.0 a3 86.7 46.7 23.3 100.0 90.0 6.7 100.0 36.7 6.7
Nov 3.3 3.3 10.0 86.7 40.0 10.0 100.0 73.3 10.0 100.0 66.7 0.0
Dec 3.3 0.0 13.3 80.0 433 20.0 96.7 63.3 3.3 80.0 53.3 16.7
2006/Jan 6.7 3.3 23.3 733 50.0 13.3 100.0 86.7 16.7 90.0 40.0 6.7
Feb 16.7 3.3 10.0 86.7 76.7 0.0 96.7 100.0 13.3 93.3 53.3 3.3
Mar 0.0 0.0 13.8 70.0 90.0 10.0 100.0 56.7 13.3 86.7 50.0 13.3
Apr 20.0 0.0 3.3 50.0 40.7 111 100.0 37.9 6.7 76.7 40.0 0.0
May 23.3 3.3 6.7 80.0 40.0 10.0 96.7 93.3 10.0 100.0 100.0 13.3
Jun 30.0 3.3 16.7 86.7 66.7 6.7 93.3 51.7 6.7 96.7 100.0 0.0
Jul 20.0 6.7 6.7 933 56.7 6.7 100.0 20.7 10.0 100.0 90.0 3.3
Aug 20.0 3.3 6.7 93.3 633 3.3 100.0 56.7 3.3 100.0 88.9 10.0
Sep 56.7 3.3 33.3 76.7  20.0 10.0 100.0 70.0 3.3 100.0 96.7 10.0
40
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3.5. Biochemical composition

3.5.1. Toal carbohydrate concentration

O AFOA LIEtT XHE HIX[Ho| T Btz ofd B=lE Fig 1-8

Of LIEFHACE 28 5 ELASt2 B CI W YT YAR HHES Holn Y

76.4 (2005/Dec)-245.4 (2006/Aug) mg/g TDWT O #1Q|2 Ct2 X|Hof H|s| %

mjo
kot

ol & AT HIT DY B B BR HAHE BYLS L2 455

(2005/Dec)-252.2 (2005/Jun) mg/g TDWTR} 109.1 (2005/Dec)-307.1 (2005/May) mg/g
TDWTS| HRIRLCt W XY E& FX|7| JEIR 2005 1280 7Y RH2 US
20|2 AULH, O|= F7I5t7| AR L2k 0|0 Hadte Fods HOo|d

AL},

AA

3.5.2. Total protein concentration

C}uH X

[ =] =

o

5 T @S Fig 190] LIEHYQICE X X U

Opt
ook

2 g HiX|2o| AL 321.1 (2006/May)-419.1 (2005/May) mg/g tissue dry weight
(TDWT) @2 CHE XG0 H[sl BlWA A LtEFGCE AOF HEX[Eo] THE

SH2ES 376.5 (2006/Sep)-468.6 (2005/Apr) mg/g TDWTE @177 SO H| X

ru

AtOlE HO|X| RRUCEH = HEX|Eo| THA od Blot= 345.1 (2006/Sep)-510.9

(2005/Nov) mg/g TDWTZ HHE [0 H|3l Hat 50| 7k 37| LIEHGLL}. Of |
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ofof CHE EFe 20051 6BEE 20059 1ILNX RFES| S7tHL, 1Y
Tt LR 0% 17 B2 AIFOl 2006 OB U4t HOE LEERECE

A HEXIES| T

1=
|l

ah2k2 343.4 (2006/Aug)-439.4 (2005/Dec) mg/g TDWT 22|

O Tl AN

Ct. O] X[ge| HHE E2 T BIXIEIL FAch HEjol HaE 2O0[d AN

SO, 9 AIHRE S71617| AR che

i BTy B —

oot
oM
rlo

SX|7| AEfQl 20051 119

It 128 S 2O o|F, ¢ TE A HHY ZAshs A

(o] 3 Ol
A

A
= T A

rir
o

ALCH.
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Fig. 1-8. Seasonal changes of total carbohydrate composition in the clam tissue.

43



550 .
500 | Bangpo | Shinya
450 :
400 -
350 -
300 -
250 -
200 -
150 -
100
50 -

550
500 -
450 -
400 -
350 -
300 -
250 -
200 -
150 -
100 -
50 -

Gonam

Total protein (mg/g dry wt)
o

AMJJASONDJIJFMAMJ JAS AMJJASONDUIFMAMIJAS
2005 2006 2005 2006

Fig. 1-9. Seasonal changes of total protein composition in the clam tissue.
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4. Discussion

4.1. Condition Index (CI)

Condition Index (CI)&= 8{Q O|O{IfFO| FUAE] E&= UHIMO| HUEE

LIEt= X|HEE AFEE[ QUL (Rainer and Mann 1992; Crosby and Gale 1990). CIS

re
oA
rE
_H')_F
09
02
rlo
n

I

UBHOR OfL{X MII|ZI HjSAE LI SO0 Bt

o, FLEAIZIOE AaoteE AR LN AN #HAFI| LHFO|Lt AHA 7Y

M2ol AZOl OE MelAe #SE YlSH Ol8EIYCH (Gosling 2003;
Lawrence & Scott 1982; Widdows 1985). O|H AHAIJY M AR E Cles =2 SS21}
Izt A5 Yol 2 AMYSIACH (CI=TWWI/SDWT). 2 X[ CI BiSHE Fig. 1-4

of LIEFRAL, XIFE CIo| Heet peakE LIEtLIE Al7|7F HHE AS =olg =

QIC} O] 7|7k S0t TALE| Cl= AIOF X| 20| 0.350 (£0.058)-0.557 (+0.114)

39

HPZ CHE XG0 BIgH RA LiEtLED ARALeH, FE, = d2(1 Aol CI

0E
-0

rir

2tZ} 0.440 (£0.060)-0.792 (+0.10), 0.382 (£0.055)-0.845 (£0.070) 5! 0.425

(£0.068)-0.788 (£0.138)RL}. CIQ| Z7t= df|£Z=0 Ho| =79t

r
rir
s
|Oo

HO| A
2 Y™ 1, HEE2l ojojijF7t Ho| 252 S MU HHX|= XES=
Z{O 2 L}E}GC} (see Gosling 2003). AlOF HX|2tQ| JIE &2 CI= 0.5572 CHE

X|¥o| X|CH CI (0.788-0.845)0 H|3H 0.2310{|A] 0.288 %A LIEtS=0 (Fig. 1-4),

o

= 22 30l2t= MAXIel Ho| =0 e} c1o| Het Ly0| LS 2/f|

Ol
o

Ct. BIF, O A77F 2AlEl HE X[Fo| MEXY 2t A2l= 14km O At

b

-

O[7b LtX| EX|2, Ojt Z2 ZAit= AHEO XSt X|HE YO| =40| ChE

Zi0|2} AtREIC}
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HEX| 2t 22 O|oiIfRe| Cle dA s LEO| 2=7|2 TASIHAM St

Stn MZH EHO| MEfY f 212 HORXICH ol 2 Clo| Ahpe |F U

oo
mjo
HL
o
-
£Q
|0
=
Jot
oAl
.
oz
=
ro
=
o
il
1
o
[hY
Rl
o
=
N
o2
AL
=
i
st
mn
£Q
[

al. 2005; Pouvreau et al. 2000 a, b), =CH 7|20 &3l=

4o
i
-
it}
2
>
1=
Ot
rir
o
Pl
L

2 42-108 AtO| 1-2 X}2f| At2tSt= AOE LEEFGCH (Chung et al. 1994, 2001; Park
and Choi 2004; Shin 1996; Won 1994). =240t X0 A A= HEX|2H2 72102 At
Ol0f #==0] 20°C FH=OjA 4At2tol O[FO{FO| EFE Hp 1, Park and Choi
(2004) 50| ELISAE S¢ot HAZ =3 ZoM= & 3Kt Q| AEo| O|F0iH
= YHSIRALCH (Table 1-5). O AFANME 0|2 &2 0| 2HEE|A=0], 2005
H o5& LMOF HiX[EE M eleh iR KXo HEX|E AE2 20| 19.3°C 0|4

ol AlZ|0f 2] O|RO{X| 1 ASS & + UM

4.3. Perkinsus olseni infection
PerkinsusS H2Fst7| 23t RFTM/2M NaOH BHH2 =1, DIZtstr| Ij2
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Ol Perkinsus Z4SE ZALY| E2| AFR L] QCH (see Fisher and Olive 1996). 0| HiH

o

0|82t Perkinsus 2B E& 2 74K & OH7t0|0M AZE Perkinsus cellg F

A= Mtz ot Yo 2 LIEFHCE (Perkinsus cell/g tissue wet weight or g gill
weight). O|HH GIO|ME= OFZ}0|E 0|83t Perkinsus ZEEE Z=™SIQY D, Park

(1999)0f 2|5t o&AIS 0[8510] 2t JHN|TS Perkinsus ZHEZ 2 ZHASIRULCH (Fig.
1-6). Ol AJO|M HZEl Perkinsus ZEEQ} ZHE2 XGEHZE Z XI0[E E

Ol QUYACL X[HH ARI|Zt MA| HF Perkinsus Z4HS2 16.8-95.9% HIZ

HEgSX| o] Z =0 713 K WEHE O R = 0l TS X|9o| Zd=E2
2tZt 81.8%, 95.9% 12|11 93.0%= E QL Perkinsus 9= G772 AN H

o+ 20,373 (+14,363)-2,219,304 (+1,687,440) Converted Perkinsus cell/g TWWTS| 2|
Ct. Perkinsus ZHE7F LHQHHE Hhit HiX|2ho| ZHHE T} 20,373 (£14,363) Converted
Perkinsus cell/lg TWWTZ Zt%& SHA LIEHSED, 80% MEJF Z YL /}E AMOF HEX| 2
o ZYUE = 260,342 (£119,995) Converted Perkinsus cellg TWWTZ 2F 95% HE 9|
Z4EE5 HOl M3 (2,219,304+1,687,440 Converted Perkinsus cell/g TWWT)dF 10
(1,563,555+944,348 Converted Perkinsus cell/lg TWWT) H{X|2H0f| H|S| HlmA SHAH Lt
EttCE.

RFTM/2M NaOHZE 0|83t H{X|2Q| Perkinsus ZEE A= Park and Choi

(20017} ®=2 2274 X|So| HIX|S KB

A

AFSE ZDF, 0-873,000 (+839,000)
Perkinsus celllg TWWTL| HE|RULCE O] ZALO|M= F= Qo] [X[et 2%, of
%, 23, AKQt H MOt XIS TATINN £ Perkinsus ZHEE LEE}

UL Yang et al. (2010)2 22[Lt2tE2 =5 S0{= SoHit HEX|2HQ| Perkinsus
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I E =-™ot A4, 2 ™ 18,644-26,933 Perkinsus cell/lg TWWTS| ZAAL ZALtJt
LI2tCE Choi et al. (2002)2 =2 Isahaya BayQ| Perkisus 249 MEE ZTAISIG =4,
S0 A= 22t 57%RF 225,701 Perkinsus cell/lg TWWTSILCt. EESH Park et al.
(2006)2 BA XG0 AMAlSH=E HEX|EHO| 1999 3EE 2000 2€NX| Z7|H
Ol Perkinsus ZEEE ZASIY =G|, 0] X|¥e| AL 1999 122 (70%)S

Melsta 2HE 100%° Zgs2 EHold

$Q

C}.

0y

S HOI= (41,434
(£116,601)-2,037,448 (+1,395,847) Perkinsus celllg TWWTO|Q{Ct. 0|9} Zt2 Zniz =2

M, ol A+ X[HQl LEL} MOFO| Perkinsus = HUWH 2 Aoz £

Ol Z=1t 0 HEX|2O| Perkinsus 4 BEE FATH0| MAISH= HEX|2H0] H|s|
Perkinsus ZYE7t 22 A2 2 AR EICL Liang et al. (2002)2 26l SZ0f 2 X|ot
Dalian K| H}X|2HQ| Perkinsus ZEHEE RAteH A4, 498t 9= 2H2t

20-100%2} 13,178-3,471,665 Perkinsus celllg TWWTZ MZE 7t XM=
Perkinsus 2@ &= XHO|7} SCH O GIROIME XHE X|H7h HE[= 14kmZE H|I

N it H2|O|Ct. Perkinsus ZEE7L &L

Rl

.
ol g=at nd

rlo

HmY ze

Tl Z0] X5t RUenf, F=et dof X[H2 Mz BOHM UL Chu (1996)2]

AR Z0|| =2 M, oyster®| P marinus 24 YL infective cell0] B2 X|HUe-F £

02

A d8ED 4% H=: WECtn ojopr[eh HE QUEh. KESh Lee (2010)=

Perkinsus ZtE 71 W X|Y9O| HFX|EHE Perkinsus ZEE7}F =2 X|9OZ 0|4l

St Aqp, OlAl = 49 F 100% HEES EQON 100 20| = Perkinsus 24
E7F MSE X|go| et ZOMES &1 BFQLCE Jung (20052 QFHE X o

MAfotes HEXIESl B=& ZASIIIEM, 50 1y X9e| HiX[E Zes 4
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Zb 871/m’Q} 1,433/m’Z2 HHE (722/m*)Q} AlIOF (208/m*)0f| H|3l =& Z{OZ L}E}
Lt Soniat (1996)2| E 10| 2 M, Perkinsus ™O|= 2|t 2HA 7} QAL O|Of
7| ot /UOSMO reef to reef ECH= individual to individual®| ZFE 0| W2Ctn M3}

0 QLR BRAl 2l BE7F =2 X[9e Z

1o
|:|\I
oe

Of A&7t B2 XFo| #YE HCf

19
[¢)

k= Cto O|OF7| St QUL HJut 0 X|He| Y= et Aop X|Ho| Hf
X2t MAl Aeof Hig| 52 oz UM QUCL AMEE Perkinsus ZE0| =

Of Me=Xle € = ST O X[9e| =2 dEE=S Ao{df EH X=X =

HEE LIE Perkinsus 4SS H|WSIQYCH gt X|Ho| AAEY Perkinsus G
E= 200542 MZ XO[7t QiRleL), 200682 VIR AYE7t 530 fELL
wolHo=z A LEREC MoF X[o| BiX|EO|M= AZEO| WE Perkinsus &
P X}O[7F 200510 2006 H H5 LEEFLEX] QUQUCE YHH, Perkinsus ZH0| 2l

|.

Rl
12

o F=pp 1

oC
rlo

7H2" ZdgEx EE Zgzo Hig foNoz =X
LIEFSHCH (p<0.05). Park et al. (2006)0| ZAFSH HE Perkinsus 2T HSIE A
BN X273 =712 ZYET) 1,009,522 (£507,798)1F 2,037,448 (+1,395,847) cell/g
TWWTZE Ztzb ZAF ™ 20| H|S| Perkinsus ZEE7t 223 SItste 7242 2
= URUCL O|H AFOME 7tS2H Ha Perkinsus ZEE2 S0 H|]| =47
5715t A2 EEUCE Ol AZHA[Z7|t= A 7L 2 ZAOo|2t ALRE[X|TH
OO Perkinsus cellO] AZEA|Z[Of SEx| WX Lt7b= Z0|X|, HALO] o8 H& st

WM BF otE2 AQIX| OfL[EH Ah2ty] ool Zdet Ho| 522 215 ALy
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R

ol

7}SH  PerkinsusO|| CH3F phagocytosisZt O ZdQIX|0| CHsH &G

AtMleh Aot A EO{0F & A= HOQICH

4.4. Biochemical compostion

S o|ojmyF ol HAls=7|Qt O|F0| AZt KLY O HX[E Mt ATt
= IE2 5T LTSt A E EOLCt (Sastry 1979; Urrutia et al. 1999). Br2 A

=0 &N X0l

2
=
il
dn
mjn
rlo
rc
rn
s
A
=]
my!
rlo
0z
JE
-
o
r
iy

=2 =
B2 Hosty| Rl =2 &2 BrestE= MU =XHSts A= LERRCE
(Robert et al. 1993; Berthelin et al. 2000; Ojea et al. 2004; Dridi et al. 2007). O|&H & J10|
NE, & B532 SBS MAL 20| 0[ROjRIE Al7|el et ® F|zHo] 4
ZHO| A|ZE|D @EE[= Al7] B0 2 AQE LIEHRCE (Fig. 1-8). 2f X|9E=E

Ab2o] ofLbz| M 2005 568 0| Etste BHE0| S| Aast7| ARk

Lt X190 wer da05ks HE2 CHEA LIEHRXIE 1287HX] Za0 OHE 2

|O

= XG0|A 2006 1ZFRE CtAl S7t517] A[ZSIQUCE Ol 22 o2 CHE
X|gof| MAISH= HEX|EO|AE 2HE | QUCH Robert et al. (1993)2 Arcachon Bay0j|
MAISHE HEXIZHel AL BT TIPS 19591 3YRE 19911 3K DR

SO, AZTIQL 19894 SHRE| Z24Bt7| ARSI, 19904 568 Azt M A

102 ZItst 5 CHA| ZASIRACE Venice Lagoond} Jinju BayOf A{AlSt= HEX|2HO||

Kl

N ZEE ErestEs o AL ME HE OFY &2 BHEED LEo] HOojLhE

r

AlZ10f 23 ZASH=E IEHE EO|1n QJURYLCEH (Kang et al. 2007; Marin et al. 2003). O|

Do & Mol EreotE &2 i S 022 HO|™Ql phytoplanktonO| 4|

ba!

[, S7t5le Ao2 22X ULt (Marin et al. 2003). O] AL 7|7t = ZEE X|
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19
nE
rm

teolE gE2 AloF X|Fo| BHE X[Go| High A LERRen, LEet

ol
0

e X ol HuY A ZAEIRACE (Fig. 1-8). O|NE X[ & H=Z= X0[7}

b 22 2t R0 AAjSHs BiXIZte] 2ol X 20|l 27| HEo|at A
Zsict.

Ao HEX|Zto] CHHN BT EASHS Aiteh ¥ W 22 wojm
AT, O|F E4StS EO| Jha K X9l AOF HEX|ZHo| EHE Bhgro
CHE X0 Hloh & ZAPEIUC ErYEE OlBjTiRS M3 2ol F RO

22X, d=2t BHO| 40-50%E KX|StCtl &242{ ™ QUCH (Lee and Heffernan 1991;

Choi et al. 1993; Kang et al. 2003; Park et al. 2003; Park & Choi 2004). Bt O|H H1Z
U= OiEE XAoAM JFX| 7] AEFQN 10-128 Ato|o| HEX|2F KLY THEHE SO

= LIEFGEE (Fig. 1-9). 0|2t &2 Zik= O] X|Fo| MASts M=7H H=H S

0|83t £t T ZHOIME BT Yangeral (011)2 HEt0] MAsHE M=
ol Matst ZEES ZHOICL E4SEI HUE BHYS MR [jyHoz

MZE7Hel CHE ohak2 SX[7] HEfQl 10-12

0

AOO &= = A LIEtLED QURACE
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Table 1-5. Summary of gametogenic and spawning periods in Manila clam, Ruditapes philippinarum, in Korean waters.

Sampling site & date

Spawning period

Spawning peak

Author

Sunjae, Apr 2003-Jun 2004
Begmiri, Jan-Dec 2007
Gomso, Jan-Dec 1999
Gomso, Jan-Dec 2000
Gomso, Jan-Dec 2001

Simpo, Jan 2000-Dec 2001
Kimje, Feb 1993-Jun 1994
Gomso, Jan 2004-Dec 2005
Gomso, Mar 1999-Feb 2000
Jinju Bay, May 2000-Oct 2001
Shi-Heung-Ri, Jeju, May 2001-Apr 2002
Seongsan, Jeju, Jun-Nov 2006
Bangpo, Apr 2005-Sep 2006
Shinya, Apr 2005-Sep 2006
Janggok, Apr 2005-Sep 2006

Gonam, Apr 2005-Sep 2006

Jun-Aug

May-Sep

Jun-Oct

May-Oct

May-Oct

May-OCt

Jun-Oct

Jun-Oct

Jun-Aug

May-Oct

Jun-Aug

Jul-Sep
Jul-Oct 2005, Jul-Sep 2006

May-Oct 2005, Jun-Sep 2006

Jul-Oct 2005, Jul-Sep 2006

Jun-Oct 2005, Jun-Sep 2006

Jul-Aug
Aug-Sep
Jul-Aug
Jul-Aug
Jul-Aug
Jul-Aug
Jul-Aug
Jun-Aug
mid May-late Jun, late Jul-mid Aug, late Aug
Jul-Aug
Early Aug
Aug-Sep
Sep-Oct 2005, Aug-Sep 2006
Aug-Sep 2005, Jun-Jul, Aug-Sep 2006
Aug-Oct 2005, Jul-Sep 2006
May-Jul, Aug-Sep 2005,
Jun-Jul, Aug-Sep 2006

Uddin et al. (2010)
Uddin (2008)
Chung et al. (2001)
Chung et al. (2005)
Chung et al. (2002)
Choi et al. (2005)
Chung et al. (1994)
Son and Kim (2006)
Park et al. (2006)
Kang et al. (2007)
Kang et al. (2004)
Uddin (2008)
present study
present study
present study

present study

@ jeju
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Part 2

Annual variation of reproductive effort, biochemical composition and
Perkinsus olseni infection in Manila clam, Ruditapes philippinarum,

off the west coast of Korea
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Abstract

, HAEE Perkinsus olseni Z+E ., H|BtE 5! Mo}st

zdw Hets et 442 3678 S, mtk2er = 474E S At

9
n
!
S8
%)

Q

s
0y
1%
I

tof et LAIES M| & (heavy infection area (HIA, ZHT),

og WAZy| BE ZT MIAGME ofd YHS TEHO WS mojs uo
HIAQI LIA= O =2et #etE 20| ARACH A7 S8 X[ [HE
P olseni Bt HBE2 62-100%2= LIERECL 0|F, Dtz 2| HiX|2f0| Ha 62%
2 480 71 A ZAEJD, LIHX] X|H2 96-100%= OfL =UACt. A
7|7t SO X|0| M2 B P olseni ZPYES 9388 (+4,869)-2,063,087 (+917,113)
Perkinsus cell/g tissue wet weight (TWWT)Q| HQ| O, Ot 2| HHX|2o| ZHE Tt

tY ®Hpta g HiX[He| ZF =7 78 =4 =ALEIQIEL dxer d& HiX[H

UL BT E S F Eteolas 2 #WAF7| Hetel @HPS #HO| A= A=

o
= dgs EYUCL X90| ME Ax=g HAFE2 OikZ|E Mgt M XA

A= Polseni ZYE0f [t HAZO| HOtX|= AS =2 = AULCE

-

54

@ jeju



1. Introduction

ojofIfFol HAIZFT|ef HMZ A= 0|52 YEHAS Oldiot At@=
2 ARAM Seeh ATl StLIO|Lt O|OjufF MAZ =gip 3z N

ZAtE 7128 o322 Qo 02 £Fok A™O|Ct (Choi et al. 1993; Park and
Choi 2004; Thompson et al. 1996). 7I2|H|E ||t CHEE9| O|jIjF &2 MAIAT}

visceral mass@} SHEEOZ L Q Matol MAIA H2F0| O{EL} (Choi and Park

1993; Lucas 1982; Park and Choi 2004; Thompson et al. 1996). S O|O{I{F O HHAIZF

Tr EASLE SFE wHe M MmOl 2AZ M

U ]

ot

El
rir
0
s

(Deslous-Paoli and Heral 1988; Pouvreau et al. 2000a), 2}stAFEO0|Lt A= S

rz
o

7Y AAH HALE AFStAL RAE 5= 28 (Chung et al. 2001;
Massapina et al. 1999; Toba and Miyama 1991) S0O| QICt. EESH 2HEF CHA|G| 2
S A £35I7{L} (Hadfield and Anderson 1988; Robinson and Breese 1982), 2t 7§42 M

=2tS A xst= 8 (Brousseau 1978), M=gt0| X} U&= follicle?| H|E
(Dinamani 1987; Eversole et al. 1980; Langgo-Reynoso et al. 2000; Perdue and Erickson

1984) &l M=2to| 37|t 23 H|E (Grant and Tyler 1983; Heffernan et al. 1989;

Kanti et al. 1993; Keck et al. 1975) S9| TXlct™ HiHHS 0|23t HAIZF =X HIHQ|

UCt. 2L}, oot W =2 Aterol ohEHo| 2H35| O[F0fX[X| oz H
of 24 O|R0{X|H, dMa =X HEHHO| 2t JiM el TAME st es7|

= UgE MZof olojmFel & HHMES YEOIsH dEH2ZR AL

(Choi et al. 1993; Kang et al. 2003; Park and Choi 2004; Park et al. 2003; Park et al. 2005).
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Park and Choi (2004)= =H2ATHO| MASHE HEX[EHe| & THEEZEO Ot SHS A
S22 JAotH 1 KXo M4t HEXES| BAFEE d3H2=E FHOIAL:

AUS=2FO 7SR Perkinsus= =, HXE & = 52| HFHAS
2o7|s Ao d=2 EoM RUCL Perkinsus ZHO| ot Ml 42, 88 A

of, R2 HT: A HMASH XNotE of7|ots A2z 21k|0] ULt (Choi et al
1993, 1994; Dittman 1993; Dittman et al. 2001; Mackin and Ray 1954). American oyster,

Crassostrea virginica®| A<, Perkinsus marinusO| &StH Z el M S0 A= CHE

Ir

HALS gezien, Eot 4 Xotet dMa §=0] =OXz A= o4&

A
== T

mjo
rk

QUSALL (Choi et al. 1993; Dittman 1993; Dittman et al. 2001; Mackin and Ray 1954). 0|2}

7o
E —

rgt

M2 P marinusO| MotAH ZEE THKMCl L2 P marinusOf| X|[EH2E 0f
HXIE WitA HAY XNIZe oUHX[7t £F57] MEol2t dHE 5+ UrCt
(Choi et al. 1989, 1994).

O|H A= Perkinsus olseni0| Z+E =l HfX|2F YARS A= Z+AHQO| Alst
X (5 gk), 40| 282 XY (7] dA, dzh dg|a HEHo| K2 X
I (g5 s TEeE)22 FESHL, P olseni AT E AT B4 54, H

e 2 dolst ZgE 5SS HlWoH| ?lof HAISHULL
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2. Materials and methods

2.1. Sampling efforts

o =0l A&z BIXIEHZ2 B7[XY 2221t

—_

of
>
19
)
g
mjo
rx
o
Ot
2

H7|K| e 2007 1REE 20008 R2YNK| E 3674, 120 ELHX| AL 2007
W 1S 20104 127HK] = 48700 AN i X E ST (Fig. 2-1). RAHK|

do| 2 A= TEHMSZAR NH=2E U880, G2 A MARE 59 &

oot otre2lep M0k ehRol &k X2z 1 X9 2

4n
2
T
X
i
o
%
o
Ral
I

0] O|A|T Y= XIGOIYCE O A BAEE Fig 220 LIEFRCE 04
Z2 A7lof MNE HEES BHE MHMAER 87 Y oY RS O
S XoHE 104H SHSHYCE T 070K B, 407K s ERDE, AT =H

detet g2 24 A Ot7t0|S 0|8 P olseni JEHE flofl AEEUL, LIH

Al 3074K= HH =E0f ZeE P oolseni HE HRO| O|SE|UCH HLIO| ZZ
HAQL MXIKMEZS 0|23510 2%t (Shell Length, SL, mm), & 2F (Tissue Wet Weight,

TWWT, g) % 1§zt HAZZF (Shell Dry Weight, SDWT, g)

o

g0, H|T=

a
o

=

e
o)

=

5
o
(@]

I

a
rir
o[>
of
o
=]
:||::|
N
™
of
o

to| H|Z L}EIHCH (CI=TWWT/SDWT).

ZNBE Y2 SO HXIY U4 RS Y WAL EHEE 81 7

20 BEEE 1.5~2mm 7}2F H =350 Davidson's solutiondf 48A|Zt D™HSHSCH
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Fig. 2-1. Location of the sampling sites.
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Fig. 2-2. Flow chart for the experiment.
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2.2. Histological observation

WIS BRI o) UOZLE LaE HXY THS
Davidson’s solutionOf| 48A|7ZF ™SI 1, 10| EH A|E&= Powell et al. (1993)9]
AWEO 2t oEfE2E O|8%t0] Eaot =, HigtEoz ZOf SHRACE ZOfE =X

AlBEE 6 um FHE EMESI0 Harris’ Hematoxylindl Eosin Y (Howard and Smith,

1983)2 H|m ¢ AH

ot
0=

Aa @S THHS RUE SHGICH HIXIZHO| M4 St

+= Drummond et al. (2006)0] 2}, ZX|7| (Resting), &=7|2 = 7| (Early developing),

ot

7|2 EH7| (Late developing), 2t=7| (Ripe), AF2t7| (Partially spawning) 5! AR 7|

-

jot

77| (Spent/Resorbing) & & 6T Z TFEOIRACE H4 TE 2E o =

>

20| E0f| Al BHEZ| = P olseni 2t E £ Ngo and Choi (2004)2| F+20] M2t =S}
R, trematode@t 2 ZZE LOM ZAL|E 7[MESol 422 ZASIRICL P

olseni ZtY T+ (0) no infection; (1) the infection limited in the gills; (2) limited in mantle,
gill filaments and digestive tubules; (3) limited in mantle, gill filaments, digestive tubules and

gonads; (4) the infection can be found in all types of tissues 52| & S5CHAZ 23510

xEelE TS S T2E AU XYY HAZS WY 9

2 BEZ 88U SHH 96 well plateOf| 100 ¥ 3HtE oz BHES}

2
B
a

2

>

Ot
M
oc



PBS7} ©¢l REO E10 #EH3S AZl Og dsds Uz 22510 tHHE sk
=X B AI2SIQUCE H20| BLt plate= 0.05%2| triton X-1007} A 7}=l PBS
(PBST)Z Y| Xt2f| M&ES F, 1%2] bovine serum albumin (BSA)O| & 7t=l PBST 150
ulZ blocking buffer2 91 ot A|ZF 20| HH2A|ZICL 20| 4 =, PBSTE
H Xtz M&ASED 1%2| BSAZF H7b=l PBSTO| 1X} 24| @l Manila clam egg-
primary antibodyS 2,000 2 3|8 D= wellof] 100 plA H1 St AjZF Al20| Ht
SAIZCt gS0| 't Fl, PBSTZ CfA| Wl Xt MHSELD 2K} 2H|Ql goat anti-

rabbit IgG alkaline phosphatase conjugateE 1%2| BSAZ ® 7=l PBSTO| 2,000H £

—_

S|A{3}0] 1004 UM B A|Z AI2O| HESAIZCH B AlZH BH2 F|, PBSTZ |

Xbef| MASID UAMI7|ES 100 ¥ 0 2022 ARHNM EHSAFHA S &
HM7|E 0|25l 405 nm LT O|M SZ T (Optical Density, 0.D.)& =S|I FCt A
7| & p-nitrophenylphosphate (p-NPP)Z 0.1 M glycine buffer0f mg/mlZ 3|A5L0] At
E5tALt.

2 AEo BME BEE w4 228 HAY ¥ DuZzsy Sy

0D.2 O|85H0] BHAE EZERMOZELE BASHO LIEFYQICH 2tZto] X/
Q& ™2F (total egg dry weight)2 ELISAZHE ATl CHHZ =0 2445 &
AESIRALCE WA A K| 4= (Gonadosomatic index, GSI)= Zb HEX|2fo| AtZE & FA

Q & A& 2ko| H|ZE LIEILH ALt (GSI=total egg dry weight/total tissue dry weight). I

2t (fecundity)= ELISAS Sl RO Zf HIX|EO] & BAE =+ =2 Al

ne

Tl & 3t 7§o| RAQ 22 ngQ R LtR0| AFESIQIC} (Fecundity=total cgg dry

weight/22 ng).
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2.4. Perkinsus olseni assay

BEX| 2| P olseni 2% HEES YOhE7| I3, HRX|Z Of7tO|ot FA| FE
S AMg310] ZEEE SHSIQICH HIXZ B ofztajet FA XX ZHE BF

ot 2, 02| &H|8| =& ZE &=l fluid thioglycollate medium (FTM) H{j X|0f 24 K| 2t

=13

Zo| En M2o| YMOIM 1FAZ HASYCL HYo Lt T WY

—

oz
il
ro

P

olseni Z9Er ™S

40
=
[\9]
=
Z
)
o
=
I
°

&0t0] 2~33| HIX|E ZAtE 0[Qle] =

A2 MAHSHY P olseni 2t == Z2|SIULCE EE2|El P olsenie S4AFEHS O
8ot0 Zt JHM| & 43| = AotRALCE OFZt0|E O|&8%t P olseni ZE
Perkinsus cell/g gill weight2 LIEILIRID, BN =ZIS 0|3t P olseni ZY
Perkinsus celllg TWWTZ LIEISHCE AEY P olseni ZYEE H|WSH7| {8l &
(Sp, March-May), O{& (Su, June-August), 7}= (Au, August-November) I 7H& (Wi,
December-February)2| 4A|EZ F25l10, 29| A0 [E AHEY KOXE H|

u5h LY.

2.5. Biochemical composition of tissue

dirztel & CHEE Easle wEg SFAUC & oWl gwe
BCA protein assay kit (Pierce, 23227)E& O|&%|QCt. #&St = ME 20mgd| 0.1M
NaOHE E10 37°COJ|A 2A|ZF HEEA|ZI =, spectrophotometerS AFESF0] 562 nm
oMM S E =HSIQLCE Bovine serum albuming 50-2,000 ug/mlE 3| A S50
HEEHCZ AMESIALD, O7|M LIEtH THHE st Xt A S
0|25l A|ZQo| CHZl Shabs LIEFLYRUCE (Kang et al, 2007). & Et3lE e

M2 Taylor (1995)2] Phenol & Sulfuric acid Bt S O| 23} RULCE HAXEl HEX|2h Al
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Z 20mg0f| Imle| PBSE @1 ZZIOEM7|E 0|85t TEHISIRULCE Et3t=
" S 2ot EEE8 M2 Dextrose anhydrousE 50-500 ug/ml S| A4S0 AR SEGILCT
BEEEUD F23} ot A|22| A4S M0 Phenold} Sulfuric acidE Xjai|2 E1 A0

= S|, spectrophotometerS ALSHO! 490nm THEO|N EYEE FHSHOl THY T}

ORI 2 A2 U SEsts g2Es Aottt & HHEa st o

rlo

HNEHo= Chgi 20| 1gof =Zg=l 2=z 2HUst LIEFHRACE (Total

protein or carbohydrate mg/g tissue dry weight).

2.6. Statistical analysis

S M2 SAS 9.1 (SAS Institute, Inc., Cary, NC, USA)S 0|83} & H
20t QXS {3t |, ANOVAR}L Duncan’s multiple range testS A A|SF0 S 9| X}

p<0.05 +ZFO0|A B mafCt
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3. Results

3.1. Environmental parameters

3.1.1. Water temperature

ol R0 ALRE £ ABE FYHAZAIY (Korea Hydrographic and
Oceanographic Administration, http://www.khoa.go.kr) ¢1oHIX| 2= X|HO|A AR XA
3 Jb 2 A%e] +2 AR ALBSIGCt (Fie. 23). A7| AMXlet Mze o

—

HRGe +=2ARE, S Otk AEXFL #2425 12|11 FH ks

BEX Yo +=2X5E 22 ALESIRIC MAeF M X[l 2007-2009H & &
o £ HQL XX $2L2 0.7-0.8°C FI, X 22 244-264°CE LIEFLICE.

A1 422 2E YO BE LAX|EL, HX £22 20073 2008HS 20|

BEEl BHE 200992 190| MY We 422 WOk mEa| X|%o| 2007-

of BMRALCE 2 =22 80| &FO0| EALH, 228-23.8°CE ZALE[RAL}. O]

|ge 2008 E=E O] 2007 HrC} &2 AS =Holz 5 AL, 2009

T22 2008d HOb ol 20108 SFE 22 ChA| 2009 20} ZOpK|
= dgd= =R = X9l 2007-2010d & Ex £2 = 56-289C
o, ofgf 28 7ty 2 25 ERSH (5.6-75), 8 T =A LtEHRC
(28.0-28.9°C). O| X|¥o| & H7 22 2007HEE 2009H Atojoj&= 2 H3HI}
SRR, 20109 d20l= 13FH 63 M09 E Bd =22 20098 ELOt

0.3-25°C W2 Z{o=Z L}EILIC}
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Fig. 2-3. Seawater temperature of the sampling sites recorded by Korea Hydrographic and

Oceanographic Administration.
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3.1.2. Salinity

Y Q2 ZDHE Fig 240] LIERICH M7 XIYo| ¥R SE& 257

333 psu HQZ LIEPGD, MZE X|9e 24.7-33.6 psul| HQQUCH MZ2|Qt Sk

Ko A2 sk Z2tZh 22.5-33.7 psult 18.4-33.4 psu AfO|ZE EALL|RQUCH 2+ X|
Slo| |1 YE SEi 333337 psuR H|ABH HIB X|olE AN QE sro|

HT

FlE 184-25.7 psu2 X[HZF XjO|S EO|= A= L{EtHCE 2= X[HONM 73

92 Atojofl 7bE H2 @& sEE 20[n A= Ol= OEH FE=RE

oo EAHe=2 HotTl Aoz WZECH | X|Fe| E2, 2009 2F 25.7 psu

Hoz AmElCh
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Fig. 2-4. Salinity of sampling sites during the sampling period.
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3.1.3. Density

RE X|of cHet Y9 M4l YE (50X50 cm®)S Fig. 2-50f LIEFHCE T

okl
E

MAMBEE Otrolet & X0 Bl Mijet M4 X|H0| A LietRtt. Xy

—

X|¥o| | W MAYUELS 250-625 JHH[2 2007LH0] TALE H TR MAUE

r|r

625 JfM=Z Ol AF7|Zh S 7t =2 BEE LIEHICE 2 MHEEZE S5
93374 M2 2007 1EOAM 6F =AM 748 = 2EEIQICL dd X Fol| A
Aots HEXESl E MMEZEZE 134696 JHMRALD, H o MAZEE 322-436
WA HAACH Th=2| X0 MASH= HiXFe| & @ M4 = 80-228 7Y
M2 LEEHct, 20072 20081H0] H|5H 20093t 2010 MAZ =7t 2Hf Oly &
tet A EBAEE =+ UAUCL F MHBEE 24436 HHZ Z=AED, F30t
oE fots EEX| EUACL 2= HX[Ho| FE MAREE= 27-523 JiHZ Lt

Etictd, 2008 Z=AtEl MAYETF CHE H=0f HIS| 2~48] Z= 2A ZHEE AT
Of X|ge| & B MAZE= 2007 Ha 268 7HMZ 71 =A LIEHER, 2009

Hop 20108 Ha MAYEE= ZH2ZE 139 JA|QF 130 7HMIE ERALE|R} S, 2008E

o)
EN

MAYEE 62 A QT
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Fig. 2-5. Density of clam in each sampling sites during sampling period.
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3.2. Biometric measurements

3.2.1. Shell length (SL, mm)

Ol 77 [Zt &St ALEEl X|GE HiX[2fo| Y HH 4TS Table 2-1
O LIEFLHCE MZXY HEX|2to] ¥ HF SL Qs 293 (£2.1)-38.9 (£3.7)mmZ XA}
EIRACE 2000 30| B E HEX|EO| SL7F 29.3 (22.1)mmZ 7t HUOLL, CiF
= HiX|EF SL= H|=xgh 27|2 A ACH A& HEX|EE GA|, 2007H 102 *HE
El HEX|E SLOF 279 R29mm=zE 7MY &2 37[Q| JHN 2L, O] HE H Ll
CHE KR! Al7]Q] & TF SLe 32.1 (£2.0)-37.7 (2.9 mmZE 2 X}O|E HO|X| &
= A2z LIEtRHCH (oM MEE HEX|Eel & BHE SLo| "= 306
(#2.0)-38.1 (£1.9mmZE ZAIE|QYD, S HiX|2to] & T SLE 314 (£2.7)-40.3

(+2.8)mme| H2| R Ct.
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Table 2-1. Shell length (SL) of Manila clam collected from each sampling sites.

Period N SL

Sunjae Sungam Padori Hwangdo
2007/Jan 70 36.6 (£2.4) 36.0 (+1.6) 30.9 (£2.0) 33.9 (+2.3)
Feb 70 38.9 (£3.7) 36.2 (£2.1) 31.8 (£1.4) 34.8 (£1.5)
Mar 70 33.8 (£3.3) 36.9 (£2.3) 34.5 (£1.7) 35.5 (£2.2)
Apr 70 35.3 (£3.5) 35.9 (£2.4) 35.6 (£2.0) 35.4 (£3.0)
May 70 36.1 (£3.0) 36.0 (£2.2) 32.9 (£1.8) 37.9 (£2.0)
Jun 70 34.5 (£2.5) 37.7 (£2.9) 34.6 (£1.8) 36.9 (£2.7)
Jul 70 32.8 (£1.6) 33.7 (£3.4) 35.5 (£2.9) 36.1 (£2.0)
Aug 70 33.8 (£1.6) 34.1 (£2.9) 34.7 (£1.8) 36.9 (£2.3)
Sep 70 34.1 (£1.8) 34.0 (£2.0) 35.8 (£2.0) 35.1 (£2.8)
Oct 70 33.8 (£2.1) 27.9 (x2.9) 34.8 (£1.7) 34.5 (£3.2)
Nov 70 33.8 (£1.5) 33.6 (£1.9) 37.7 (£1.6) 34.4 (£2.5)
Dec 70 33.2 (£1.7) 33.5 (£2.5) 36.7 (£2.0) 37.7 (£2.2)
2008/Jan 70 33.8 (£2.1) 32.2 (£1.6) 38.1 (£1.9) 36.7 (£3.0)
Feb 70 33.8 (£2.0) 33.2 (£2.4) 37.8 (£1.8) 38.4 (+2.4)
Mar 70 33.5 (£2.1) 33.0 (£1.9) 35.5 (£1.8) 35.8 (£2.7)
Apr 70 34.0 (£1.7) 32.5 (£1.6) 33.4 (£1.8) 36.6 (£2.3)
May 70 34.9 (£1.6) 33.8 (£2.4) 36.4 (£1.8) 37.2 (£3.2)
Jun 70 35.0 (£2.2) 35.7 (£2.2) 31.0 (£1.9) 37.4 (£3.1)
Jul 70 35.3 (£2.1) 35.6 (£1.7) 35.7 (£1.7) 38.7 (£2.2)
Aug 70 36.3 (£2.6) 35.7 (£2.1) 35.5 (£2.4) 37.9 (£3.4)
Sep 70 34.0 (£2.1) 34.4 (£1.6) 36.5 (£2.1) 40.3 (+2.8)
Oct 70 34.8 (£+2.4) 33.9 (£2.1) 35.0 (£2.4) 39.1 (£3.4)
Nov 70 34.7 (£2.5) 32.9 (£2.7) 35.3 (£3.5) 38.8 (£2.1)
Dec 70 32.1 (£2.3) 33.3 (£1.9) 35.0 (£2.7) 37.6 (£3.1)
2009/Jan 70 36.7 (£2.4) 35.1 (£1.9) 35.9 (£2.0) 37.8 (£3.1)
Feb 70 33.3 (£2.6) 34.3 (£1.8) 35.5 (£2.4) 39.5 (£2.4)
Mar 70 29.3 (x2.1) 34.3 (£1.4) 36.3 (£1.8) 37.8 (£2.2)
Apr 70 31.6 (£2.7) 34.5 (£1.7) 36.1 (£1.7) 38.7 (£2.7)
May 70 31.7 (£2.0) 33.4 (£2.3) 33.2 (£2.0) 37.6 (£2.1)
Jun 70 32.1 (£2.2) 32.1 (£2.0) 31.8 (#4.3) 36.6 (£4.0)
Jul 70 32.5 (£1.9) 33.0 (£2.0) 34.3 (£3.1) 37.8 (£2.6)
Aug 70 34.3 (£1.9) 32.7 (£1.8) 32.3 (£3.1) 37.6 (£3.5)
Sep 70 35.3 (£1.5) 33.8 (£2.2) 32.0 (£2.2) 34.4 (£3.4)
Oct 70 32.4 (£1.2) 32.1 (£2.6) 33.2 (£2.4) 35.9 (£3.2)
Nov 70 33.4 (£1.9) 34.0 (£2.1) 32.5 (£2.1) 35.7 (£3.1)
Dec 70 33.5 (£2.4) 32.6 (£2.5) 30.8 (£1.8) 33.1 (£2.3)
2010/Jan 70 31.6 (£1.7) 37.2 (£3.5)
Feb 70 32.1 (£2.9) 33.9 (£3.3)
Mar 70 34.4 (£2.8) 32.1 (£4.0)
Apr 70 30.6 (£2.0) 33.5 (£3.3)
May 70 32.4 (£3.2) 31.4 (£2.7)
Jun 70 31.6 (£1.7) 32.7 (£4.1)
Jul 70 32.3 (£1.4) 36.4 (£2.3)
Aug 70 32.3 (£1.8) 34.0 (£2.6)
Sep 70 34.0 (£1.6) 34.0 (£2.8)
Oct 70 33.2 (£1.5) 33.5 (£2.0)
Nov 70 34.3 (£1.6) 34.5 (£2.4)
Dec 70 35.7 (£2.1) 33.2 (£1.9)
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3.2.2. Tissue wet weight (TWWT, g)

O QITI|ZH SOt ZAME YW TWWT ZIE Table 220] LfEpC o R

0

TWWTE 2007E2E 2009H0)= OfE 420 63 AO| X|CHZEE EHQl & ZAT
= SASH IHEE EQoLt, 2010 mtE2|et & HiX|2o] TWWTE O™ Zf
Of Ct2 UYAS HACL MX| HiX[2to| € HF TWWTS 1.224 (+0.302)-3.042
(0.415)g HRA=E, HAFI(Zt S 40N 5 AO| 7t = 2EHEQYD, ofd

128 7tg 22 A2=2 ZAERUCE o X[9e| 7ty ®2 TW

=
—
0E
-0
rir
[\)
[\)
B

(+£0.302)-1.427 (£0.262)g O| SO, 7}At

i
32

O CHo| HE TWWTS 2.157 (20.584)-
3.042 (£0.415)gC 2 7}A WOt SHo| ZF TWWT EC OF 225H =2 oz
LIEFSIC MZH HEX|2to] € HZ TWWTLS 1.128 (£0.235)-2.830 (20.700)g =S|
Ct O] X|2o| TWWTLE 20074 62 2.830 (£0.700)g2 2 O|H ®R7|Zt = 74&
= LIEFS D, 0| ZASH0]l 102 1.128 (£0.235)gC 2 AAZS HOl & =718}

Lt 2008 F 2009 Bzl TiEHE Zt2F 780 48 TWWTZ X|CigtS EQl O

ot

ROtX| = FAteh dgE EQALh Oik2| HHXEel 3 o TWWTE 1.099
(£0.262)-2.926 (0.406)g H|QUCt. O] XY TWWTO| %|CHZLE 1.943 (+0.249)-2.926
(£0.406)g2| HY|E 2007EHEE 2009 AtO|o| X|CHZtE 22t 6L, 52 2|1 48
of 2= gHH, 201082 1280 XCHELS LHEFRICE 2 BEX|Eo] EE TWWT
= 1.261 (£0.292)-4.302 (£1.088)g HQIZ C2 A X|0|| H|8 SAH LIEFSICE *|CH
TWWT R/ 3.183 (+0.689)-4.302 (+1.088)g2 2 2010 & %[0 HFZLO| CHE
X0l 88 S

, O X992 4gur sEof| 2EE HHHO| 20102 O|ELCh

=2 THO| XCHgtS LIEHCE
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Table 2-2. Tissue wet weight (TWWT) of Manila clam collected from each sampling sites.

Period N TWWT
Sunjae Sungam Padori Hwangdo
2007/Jan 70 2.001 (£ 0.497) 2.022(+0.381) 1.099 (+ 0.262) 2.271 (x 0.457)
Feb 70 2.320 (+ 0.690) 1.935(+0.385) 1.273 (+0.200) 2.720 (+ 0.453)
Mar 70 1.768 (+ 0.453) 1.963 (+ 0.401) 1.555 (£ 0.231)  3.041 (+ 0.655)
Apr 70 2.620 (£ 0.789) 2.202 (+ 0.540) 1.862 (x0.303) 3.113 (x 0.820)
May 70 2.489 (£ 0.559) 2.052 (+0.444) 2.035(x0.281) 4.030 (x0.722)
Jun 70 2.322 (£ 0.455) 2.830(+0.700) 2.410(x0.383) 3.597 (+ 1.016)
Jul 70 1.868 (£ 0.284) 1.951 (£ 0.521) 2.251 (x0.611)  3.069 (x 0.702)
Aug 70 1.809 (£ 0.339) 1.881(+0.558) 1.880 (+ 0.334) 2.603 (£ 0.563)
Sep 70 1.761 (£ 0.352) 1.549 (£ 0.306) 2.190 (+x 0.450) 1.773 (x 0.577)
Oct 70 1.591 (£ 0.420) 1.128 (£ 0.235)  1.799 (+ 0.342)  1.820 (x 0.500)
Nov 70 1.529 (£ 0.225) 1.395 (£ 0.272) 2.350 (+ 0.451)  1.927 (x 0.580)
Dec 70 1.427 (£ 0.262) 1.211(£0.288) 1.875(x0.717)  3.078 (+ 0.664)
2008/Jan 70 1.875 (£ 0.348) 1.224 (£ 0.186) 2.227 (+ 0.415)  3.398 (+ 0.875)
Feb 70 2.026 (£ 0.319) 1.431(+0.386) 2.202 (+x0.373) 3.755 (x 0.796)
Mar 70 2474 (£ 0.555) 1.779 (x0.360) 2.106 (+ 0.406) 3.368 (+ 0.879)
Apr 70 2.667 (£ 0.521) 2.002 (+ 0.379) 1.831(x0.336) 3.693 (+ 0.750)
May 70 3.042 (£ 0.415) 2.097 (+x 0.492) 2.926 (£ 0.406) 3.891 (+ 1.194)
Jun 70 2.969 (£ 0.569)  2.643 (+ 0.476) 1.547 (x0.298) 3.383 (x 1.023)
Jul 70 2.788 (£ 0.513) 2.732(x 0.492) 2.315(x0.417) 3.552 (+ 0.758)
Aug 70 2.619 (£ 0.580) 2.521 (£ 0.595) 1.901 (x 0.456) 2.767 (+ 0.818)
Sep 70 1.845 (£ 0.420) 1.566 (£ 0.276) 2.005 (+ 0.460) 3.213 (x 0.826)
Oct 70 1.771 (£ 0.418) 1.389 (£ 0.339) 1.740 (x 0.391) 2.575 (£ 0.814)
Nov 70 1.684 (£ 0.476) 1.174 (£ 0.320) 1.850 (+ 0.649) 2.607 (x 0.502)
Dec 70 1.224 (£ 0.302) 1.229 (£ 0.257) 1.781 (x 0.463) 2.719 (x 0.680)
2009/Jan 70 1.932 (+ 0.478) 1.512(+0.281) 1.886 (+0.392)  3.069 (£ 0.935)
Feb 70 1.907 (£ 0.491) 1.539 (£ 0.283) 1.762 (+ 0.420) 3.760 (+ 0.946)
Mar 70 1.359 (+ 0.309) 1.680 (+ 0.308) 1.801(+0.329) 3.579 (£ 0.869)
Apr 70 2157 (£ 0.584) 2.098 (£ 0.492) 1.943 (+x 0.249) 4.302 (+ 1.088)
May 70 2132 (£0.477) 1.782(x0.460) 1.778 (x0.352) 3.657 (x 0.847)
Jun 70 2.027 (£ 0.419) 1.622(+0.400) 1.760 (x0.757) 3.578 (x 1.265)
Jul 70 1.805 (£ 0.292) 1.881(+0.343) 1.834 (x0.601) 3.024 (+x 0.723)
Aug 70 2133 (£ 0.446) 1.663 (+0.372) 1.653 (+0.468) 2.616 (+x 0.836)
Sep 70 2.088 (£ 0.377) 1.480(+0.338) 1.550 (+0.293) 1.883 (x 0.744)
Oct 70 1.293 (£ 0.177) 1.191 (£ 0.350) 1.549 (x0.357) 1.873 (x 0.678)
Nov 70 1.392 (£ 0.353) 1.366 (+ 0.366) 1.365 (+ 0.270)  1.989 (+ 0.673)
Dec 70 1.337 (£ 0.324) 1.185(x0.357) 1.189 (x0.276) 1.778 (x 0.377)
2010/Jan 70 1.223 (£0.237) 2.878 (£0.810)
Feb 70 1.315 (£0.437) 2.375 (£0.767)
Mar 70 1.574 (£0.380) 2.329 (£0.831)
Apr 70 1.201 (£0.265) 2.782 (£0.785)
May 70 1.457 (£0.412) 2.222 (+0.656)
Jun 70 1.561 (£0.320) 2.914 (£1.202)
Jul 70 1.546 (+0.279) 3.183 (£0.689)
Aug 70 1.555 (£0.294) 2.070 (£0.614)
Sep 70 1.715 (£0.288) 1.661 (£0.471)
Oct 70 1.546 (£0.202) 1.261 (£0.292)
Nov 70 1.901 (£0.343) 2.118 (£0.533)
Dec 70 2.251 (£0.441) 2.015 (£0.425)
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3.2.3. Condition Index (CT)

Z X990 g EE CIE Fig. 2-60f LIEFWCL X[HS N2{5HX| @2 A
77|ZF Soto] ¥ A CI HQI= 0.311 (£0.093)-0.892 (+0.168)2 ZAFE|ACH M|
HEX|2to] € Ha Cl= 0.311 (£0.093)-0.734 (+0.130) HQFom, =2 41}t 50
7V =A L0 (0.652-0.734) O|= ZASHO 1280 7t % 42 EQCH M
ZH HEX|2Ho| & ™3 CI H3H= 0.346 (0.097)-0.680 (+£0.102)2 2 X ALZ|QICt OfH
78 "o CI7b Z|Cigr (0.548-0.680)= LIEHH Ol 1131t 12@7FX| HA5I%A,
0|2 Z76t= YAoZ HAACLH IOE2| HEX[ES € ™A Cl= 0.363 (£0.117)-
0.612 (£0.087)2] H3}2 EQCH X|Cf CI= 0.530 (£0.071)-0.612 (x0.087) HQ|F O
T2 SEWM 60| 2EED JAALLE CFE XG0 H[S X2 A2 LtERECE
M 7|7t SO AR e HEX|2to| 28 Cle 0.370 (+0.045)-0.892 (+0.168)0]
o, SEH XCf CIs 0.822 (£0.140)-0.892 (+0.168) Q|2 CtE X|Hof H|s{ =

SR AQUCH E o Clo] 3F Hzt= 480 6F AtO| ZOiZis £¢

ot

Yoo, 1038 X|agts HEHH 0l S7iots OjE 42 TES 20|12 AN

J
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Fig. 2-6. Condition index (CI-I as TWWT/SDWT) of clam in each sampling sites during sampling period.
75



Condition Index (CI-II)
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2-7. Condition index (CI-II as TDWT/SDWT*100) of clam in each sampling sites during sampling period.
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3.3.4. Hwangdo
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3.4. Gonadosomatic index (GSI)

HRx|Zfo| M43 22 0

—

88| HE Jfestn, ELISAZ 0|83 Zt X
H HAIZF (reproductive effort)S =™SIQULCEH (Fig. 2-9). X7 2E7| AEjQ| HEX| =t
2 ELISAO| CHot 30| UOILX| Qfn, 7| HEI| HEfQ| HiX[ZEH
ELISAO|| CHot BHZ0| LIEfL) HHAIZF ZH 0| ZhSSFRAL

MIY X|do| HAlZE =X HQL (.19 (£0.17)-16.90 (£6.56)2 2 L}ELHO
20080 HFE HAIZFO| 2007 EH0F 20090 HlS) =2 A= SAQIE[UCE 2

HEof M2 HAZ B= 2007HE 0.52 (2£0.45)-8.31 (#3.199 22 ZALE|QL,

1]

20083 20092 ZhZE 0.65 (+0.49)-16.90 (£6.56) 2t 0.19 (+0.17)-7.11 (+2.43)2 2 L}
EfSICE olet 22 Znk= Ml A HEX|EO0] 738ap 8 L2t AHO| HEIS
Lo, |t GSIE R2Ql 0| = HAokes A2 ME0| 2o HES LIEHHEL
dd Xge fAMY =8 ZAits 029-16.74 (+5.6002] HRU2H, M X
Aab OREFZER| 2 2008 HAZFO] 2007 H1F 2009 AL =2 A2 LIERRLCE
O X|gje| & Hx AT HoE 2 EH, 2007E2 0.29-12.88 (29.18)2] He|A

T, 20083t 20092 ZtZE 0.73 (£0.47)-16.74 (£5.60)1} 1.00 (£0.44)-11.65 (+5.51)2

ZALEIRACE O X922 MR X1t OpEt7bk|z 738t 88 7t =2 WA

BEEO, & X|Yo| HA| HH

rlo
40
>
_(')_f

ok o2 ML

OtE 2| K| HX|2ho| HAIZE =X HOI= (.85-13.93 (+4.60)22 TALE|
Ch Z X 2 3 X CHZfS 12.66 (£4.62)-13.93 (+4.60) 22 UK S} H ZHEHD|

11, 20073 20082 60 20091} 20102 8O 2t Y = ZALEIRL
Cf. e & HAZE =% ZDb= 2007H 0.15-12.65 (+4.62) ¥ 1, 2008 1.72 (£1.16)-

13.64 (£6.65)F OO0, 20094 0.85-13.24 (£6.01) 12|21 2010 127 (£0.20)-13.93
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(+4.60)2| HP[= LIEF&HCY.

SE X|Q HEX|2HO| HHAIZF BQ|= 0.33-16.8]1 (#4.48)2 XAFE|Q OO, 2010

Hol| S HAZO| CHE A0 B|o§ A LIEHGCE 2, 20098 #HAMZE =
g Zdat= CHE ofof Hlof Bl EA 42 As € + UAACL 4 3= &

Algk =28 A2 A 20, 2007 HAIZES 0.33-11.39 (+4.04)2 LIEFSHD, 2008
H =72 0.36-9.80 (£9.04)2 20070 H|s|f CFA ROtE g & 4= QUCH 2009
4 ELISA =X ZI} 0.62-7.55 (2.21)2] HQED, 20102 098 (0.19)-16.81

(#4.48)2 20092 HAMZ g HCf 28] 0|8 =2 A= ZAE(QICE 2f 4

= 2 g2 2009E S AMeek CHE o] d9 o 7 HHH, 20092 9

Mg =2 & HUEU= A2=2 2Ot 20094 AEH0] CHE S0 Hls =2 A

|0
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Fig. 2-9. Gonadosomatic index of clam in each sampling sites during sampling period.
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3.5. Perkinsus olseni infection intensity

RFTM/2M NaOH &t#1r XZXIstd &S ESt P oolseni HYES

3
NN

Table 2-31} Table 2-40{ L}EFSHCE RFTM/2M NaOH HHH S 0|3t 2t x| H

0y
0R

A A M X|Slo] AL 20078 7RI 12¥ ZHZF 77%8f 57%2 FbE

Mo
AL

Ao CHE Al7[&= 100%0f 7t7t2 ZEES BRIt ML X|Ho| P olseni Z4H

r

2 9Al 2007 6 (80%)= QP CHE Al7] ZEE2 90-100%2] HPIZ LIE}
I Tte2] XY HEX|EEO| P olseni ZHEL 17-100%2 ZHE Hsist O g Cf

EA HERD Eot BE XG0 Hof K2 £&EQ As € + URCH HHH

olot

= HEXIEC| P olseniz O AF7|ZH SQF 2009 9ES Helst 2E HOAM 2

B
ikl
1o
1
rtl
2t
o
ofm
rot
~
S,
(%)

Q

S

oy
0e
Mo
rlo
=
[\9)
<
Z,
[

O
T
0%
s
o
o
op
_(')_P

Z0 2O Ok WO LIERLES A2 Sols 4 99tk W XY BR HUSS 3

97%2 HtkZ| BIX|HO| 7Y H2 3%2| HEEs &

38

T, & HEX|2H0| 97%09)
=2 ZEES LIEtMoH, Mot MZ BiX|2H FA| ZHZt 92%Qt 94% 2 =H Lt
EHCH X P oolseni ZEE2 M| BEX|2H2 48-100%% 10, Mz HEX|2H2 73-

100%2 ZALE|QUCH HDt=2| HEX[2HO| P olseni ZYE2 20093 98 35%Z 7t&

£ LIENSD, DI 15% D30l o2 of¥ A2 Sof ¥ 4 YUNUCL BE

+

HEX[2}2 RFTM/2M NaOH &0 OFSZER| 2 CHEE 100%0 72 dg8&S Lt
EfLf0 QURACE

RFTM/2M NaOH 2t & 0|83t HiX|2f XZEIO| P olseni ZYEE Fig. 2-10
Of LIEHRCE AF7|ZHO| ME WM " P olseni Bz I HHX|EO|
2,063,087 (£917,113) Perkinsus celllg TWWTZ 7t =2 LtEtStD, MI|feb MZH Hf
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Xt ZHEETL 22 351,262(+207,028) Perkinsus cellg TWWTLL 317,026
(£186,543) Perkinsus cellg TWWTE ZALZ|QUCH IbEZ2| HEX|EHO| P olseni ZEE =

9,388 (+4,869) Perkinsus cell / g TWWTZ L2 X| 0| H|s} 7}& 2 &

1%

=5 Lt
EFSLC.

XYY P olseni Z+E T 2tAF A, MX| X|Qo| Y P olseni ZE

1
oL
d0

L 54,631 (£99,761)-1,051,162 (£785,448) Perkinsus cell ¢ TWWTQLCE 2zt el p
olseni ZHE HBHE {EHQ 6Fut 70| HOIF LIt O|F F7tsh= Z{0| 2&

&l

$Q

1, =EQ 381 48 0|F LA Haotks BEXNQ miEsS 2ol URUCL
Mz XY HEX|2te| & " P olseni ZYE+ 98,114 (£130,158)-905,797 (£541,175)
Perkinsus cell/lg TWWTS| HQ|Z2 LIEIGICH HE & WA P olseni ZEE7} =9HH
=2 2007HS| AR 118 (532,2494836,186 Perkinsus cellg TWWT)O| 77 =AH L}

Etta, 2008 0F 2009EH 2 2E2E 108 (484,317+498,821 Perkinsus celllg TWWT)1}

[S—
[\)
40

2l (905,797+541,175 Perkinsus cell/lg TWWT)Z 2tEZ| ULt P olseni ZH L7t F+%
2 22 X X|gur oV 2 ofd 63 Ee 7TEQ ALE LIERRECE O
A XY = P olseni ZYE7F 71 She mOie 2| X|9o| ZHE HL= 1,799
(+3,869)-23,008 (£69,465) Perkinsus cell/lg TWWTZ LIEFLCE ®T7|7+ S0to| MA|
™ P olseni ZE = 9,388 (+4,869) Perkinsus cellg TWWTZ ItE 2| CtSo g2 Y
UE ML X|H2| P olseni Z44H = EC} 30H] O] = AL &= X|o| P
olseni Y= AF7|Zt MH " 2,063,087 (£917,113) Perkinsus celllg TWWTZ

MIjt MZ X|FO| P olseni ZYE HCt= 6HY, ZYE7t 71% e X|H90l

El

T2]o| ®CHe 2008 0|4 £& HMUCH O K|UO| P oseni @ B ZYUTE
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628,872 (£502,979)-4,594,510 (+2,116,849) Perkinsus celllg TWWTZ Z|C{Zt1

bt
>
|

O XtO|ZF 6HY Of2t Lt QURUCH HEof E 2 "t P olseni ZEE2 20073
48 2,617,334 (£1,700,937) Perkinsus cell/lg TWWTZ ZX|C{gfS EQl 2 = ZH=2 Zt
ASHAL, 108X S7t9F HAE BHESIGCE 2007H 108 O|F P olseni Y
= d25H7] AIESER, 2008 SEMK| HORX|D| O i ZX|4gtsS LHEHUCE
(1,142,242+841,632 Perkinsus celllg TWWT). E|AgfS LIEIWHH O =& P olseni YT
= =45 SR 2009 1E ZAVZE F Y =2 48RS LIERRCD
(4,594, 510+2,116,849 Perkinsus cell/lg TWWT). 20093 & EH P olseni ZYE HQ|
= 1,927,633 (+1,087,617)-4,594,510 (+2,116,849) Perkinsus cellg TWWTZ Z2 X|Y
o CtE2 =2t Hlwdl HOot: F2 ZANRUCE 18 0|2 P olseni Y= 6
X #aot7| A|ZSIQA, 0|2 S7tet H4AF B=SHRULE 2010 P olseni 24T
= 18 V& =2 3,052,642 (+£1,870,063) Perkinsus cellg TWWT HQl = CHA| ZtA

Hte RYCH O] X|O| P olseni ZYEE AEY Ch2 #S YA LiE

Ot
rir
0

=
k-

UARULE.
HAEYE P olseni Z4GE HE 2EHSE7| 28] & (Sp, March-May), O &
(Su, June-August), 7}2 (Au, September-November) 12|11 & (Wi, December-

February)2 Liw H|WSHRACE (Fig. 2-11). X BX|&e| AZEE Hst= AFAH

Z27[Q1 20073 HEZ P olseni ZHETL CHE AZO| HIS| =U2M, O§F P olseni

D\I

FEE2t 7H RRUACH 2008 Bt M= 74 P olseni =7t CHE AZ0| H

OF

§ =AM, 2009H0= AS1 7t P olseni ZHE7F =0t O] E0| HIS] 72X

o= & LERTE O|M @IT7|7t SO MAY K|S, 72 AL P olseni Y
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g7t ot ofF0 Hof =2 As =Y = UAMUCL H4F X Fe| AZE P

olseni ZYEE 2007HEE 2009E 77K LEg A 2HEFSE A0F 72 P olseni Y=
7F CHE A= HIsH RolFMl= =A LEtH AZ =2olg = YLt o= X

oo ATY P obseni HUSE ROUKE KOl wI| oKL BE HXIZ A

MY P oolseni YYEE AH EMH, 2007H 7F20| OJEELCH SO Z A LIE}

SECE 2008F P oolseni ZEYE= 0| 7H EA LIEISCH 7t2 P olseni ¥ E
7t OfE1t AZ20| H|s RO|FMLE =AH ZHEE|RUCE 2009 0t 2010 A0 M=
20070t 2008 FH b= L FAQl AZD FO| P olseni ZHZZF O{E1 7+20]
H5) |Roldez =2 A

T UARAL

Ngo and Choi (2004)2| T2 2RO & ZZEO|AM 2HEE P olseni 244 &

WHE Fig. 2-120] LIEFRCH 24 HEs= 0-4 CHAZE LSO BESIYL, 0 BHA =
P olseni Z+H0| LAL|X| 42 MEHO|1D, 4 StA = P olseni ZHEO0| gonad 5! foot
muscleO| M= ZAE|= dZ0h HENOICH ZXOMo| 2tEE A7t Sotol H
M Polseni ZYE= . X|YO|A 3.6 (+0.3)22 RFTM/2M NaOH Z1fo} Opkt7t
X2 7} =H LIEFSCL MAQb MZr HiX|2O| P olseni ZRE= 242y 2.0 (£0.5)
Qt 22 (04O M, TE 2| HIX|ZHO| P olseni ZYEEE 0.1 (20.D2 7}E LA =
ALE|ACH MY X|<o| EY P olseni ZYE = 1.1 (20.6)-3.2 (£0.5) HY Lt XAt
X719 2007 1€ P olseni ZYEE 32 (2052 XDZHES Ol =, ZAASH| A
2510l 20074 8 1.7 (#1.0)2 WOIKICE P olseni ZYUEE= 91 108 LA|XHO
2 Z716ACH7E 11D 128 CHA| ZA8HACE 2008 P oolseni 4P E= X|&HH

A

o=

ol

bt

mjo
k!

PEbeh = AL, 2009 1E O] CHA[ ZHASHRUCE HAs

rir
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O P olseni ZYELS 20093 62 0| CIA| 716t Ads2 H QL)

x

g x

R

O &Y P olseni ZEE H= 1.2 (£1.0)-3.0 (:0.6)2 2 L}EFSICE 2007H ZHA T
= L7 (x1.1)-24 (x0.7) HRIRLO, 7t A HEHEQJE NS Helst CHE

o HlmH b

o

Bt 20| HYUEZE 0|1 QAL 2008E ZHA L 42 1.2 (£1.0)
OS2 ROt 0|2 CHA[ S7tSt7| A[ES 98 2.6 (=1.0)7HX| 23 | ATt 20094 &
Q= 23 (£0.9)-3.0 (£0.6)9] Q| Yol 21t 0|2 Lotrl APEL= Jtent 7

A !

g i B7hsts A B

=

LS
mjo
kl

r
ok

== UUCH mEe2| X|Ygo| =& L P olseni Z4H

=E 0-04 #0.7) Ee|Z CHE XG0 B3l 7HFS K2 d8EE E0|1 U2,

AN AN —

>t

H T BHot HA| ZHEer = QIQICH & HiX[Efo| XA L & A P olseni &

rk
M

P 2.5 (*1.5)-4.02] HRRCE H B HFE& 3.38(+0.22)-3.87 (£0.09)= 2009

H A= B2 off B0t = LtEH 20, O]= RFTM/2M NaOH 20 A 2HE
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Table 2-3. Infection prevalence of Perkinsus olseni from RFTM/2M NaOH method of each

sampling sites.

Period Sunjae Sungam Padori Hwangdo
200701 97 97 47 100
200702 100 100 33 100
200703 100 100 33 100
200704 97 100 27 100
200705 97 97 33 100
200706 93 80 60 100
200707 77 100 17 100
200708 97 100 33 100
200709 100 100 53 100
200710 100 97 57 100
200711 97 100 83 100
200712 57 90 60 100
200801 100 100 73 100
200802 100 100 83 100
200803 100 100 57 100
200804 97 97 77 100
200805 100 100 93 100
200806 100 100 43 100
200807 97 100 67 100
200808 97 100 73 100
200809 100 97 83 100
200810 100 100 57 100
200811 100 100 63 100
200812 93 100 50 100
200901 100 100 47 100
200902 100 100 47 100
200903 90 100 67 100
200904 93 100 97 100
200905 97 100 100 100
200906 97 97 70 100
200907 97 100 70 100
200908 97 97 60 100
200909 100 100 70 90
200910 100 100 57 100
200911 100 100 53 100
200912 100 100 57 100
201001 80 100
201002 57 100
201003 87 100
201004 57 100
201005 53 100
201006 47 100
201007 60 100
201008 33 100
201009 83 100
201010 73 100
201011 90 100
201012 93 100
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Table 2-4. Infection prevalence of Perkinsus olseni from histological observation of each

sampling sites.

Period Sunjae Sungam Padori Hwangdo
200701 100 88 13 88
200702 100 100 5 100
200703 100 100 0 100
200704 95 95 0 95
200705 95 100 0 100
200706 88 98 3 93
200707 93 90 0 98
200708 95 95 0 88
200709 98 95 0 100
200710 100 95 0 95
200711 98 85 3 98
200712 48 85 0 100
200801 95 90 5 100
200802 88 95 10 100
200803 88 90 5 98
200804 85 80 0 100
200805 85 85 0 100
200806 95 93 0 95
200807 98 93 0 100
200808 93 98 0 100
200809 95 95 0 100
200810 98 93 0 100
200811 100 95 0 100
200812 85 95 3 100
200901 98 93 3 100
200902 100 98 5 100
200903 88 100 0 100
200904 95 100 5 100
200905 95 93 0 100
200906 90 93 5 100
200907 93 95 3 100
200908 95 100 0 100
200909 75 73 35 73
200910 93 100 3 100
200911 95 100 0 100
200912 100 100 0 100
201001 8 98
201002 0 100
201003 5 100
201004 5 95
201005 5 100
201006 5 85
201007 3 98
201008 5 93
201009 10 93
201010 3 98
201011 13 95
201012 3 100
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Fig. 2-10. Perkinsus infection intensity of clam in each sampling sites during sampling period.
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Fig. 2-11. Seasonal variation of the Perkinsus infection intensity of clam in each sampling sites during sampling period.
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2-12. Perkinsus infection intensity from histological observation of clam in each sampling sites during sampling period.
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3.6. Biochemical composition in clam tissue

3.6.1. Total protein

F2k

o

Ok

Bovine serum albumin (BSA) kitE O|&23}0] 2} X|S &F CHEE

mjo
b

0

"HoIUCtH (Fig. 2-13). MX| HEX|2to| & CHEA 2 HAE atak2 241.9 (£28.6)-411.9

(£20.7) mg/g tissue dry weight (TDW)2| HQ|SLCt 2007 H CHEHA SHEF Hol= ¢
347.7 (+44.7) mg/g TDWS OO, 82 299.7 (+28.7) mg/e TDWE X|&X 02 ZtABIY

. o|$ 2H3| F7t3t o

1=
|l

shake 112 406.8 (+32.5) mg/g TDWE ZHAHE

ot

CRA| ZEASHRICE 20081 CHEHE! sk 3}

B (|

1

rir
Y

b 29 k2 305.6 (£32.2)2F
315.2 (£26.9) mg/g TDWE ZHEEl & 32 241.9 (+28.6) mg/g TDWE ZtAB}QICE O
= CHeE shak2 9fl bkt ZAStF oLy, 108 CHAl J7tsto 128 411.9

(+20.7) mg/g TOWE #Th2S HRACk 20008 EH4T g2 SEUNK Zasts 3

oS HIAOLL, 62EH Tt A2 =olY = UJCL M2 HiX|Eto| & Ched
Zl SH2F2 2492 (+43.5)-412.3 (424.9) mg/g TDWO| HQ@¥om, M| HiX|2to| &

WE wE Wel9h RASIICE 2007 TUE B N HEe 1W L 24
L Zee EQUCH 2007 1Y THHE S22 4014 (£27.7) mgg TDW D, 1280]
SE G SRS 2666 (£65.9) me/g TOWSICE 200813 EHHE $12r s} obat
S B2 ST 68 120 9F WS HOE FAEIYX|D, 200814 M2 HiFo
ChiE StEre 2007430 ChE2 SOkt ABS =UCH 19 T mae
268.2 (+48.1) mg/g TDW 1, 1230| CHEHA ShEk2 412.3 (£24.9) mg/g TDWRILCE
20091 EHT e BiSh YAS 3Y (316.7:417 meg TOW) 23S LIEHH =

102 (398.3£20.8 mg/g TDW)IIX| SIfst= Ak

oot
mjo

2ol ohg 11gn g2 ZA
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e

o & ol

CC ol
4%

4|

Lpe2| HiX[E el

SFALE.

Z S22 167.0 (£85.1)-415.1

QUEt. OiE2| HEX[E S

(o]
A

[={in

e

il
il

(+24.7) mg/g TDWO| #2007 1Y O] X|¥ HiX|2tQ)

(+85.1) mg/g TDW=Z LCIE AHALAX

ol

(@]
KE
<

—

jod
A|_A

FIZ2 H

EH
O

S 231, (+21.3)-259.0 (+31.7) mg/g TDW

o CHIE B

344.1 (+49.3)-403.5 (£33.0) mg/gc TDWE 20071

i
—

fe1d=1:
=]

Lt Z|CH EreE

b 1Y AFO| |CH

2|
=

x1510] 9

==

1Y wgo| 5
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Fig. 2-13. Total protein contents of clam tissue in each sampling sites during sampling period.
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3.6.2. Total carbohydrate

2 X9 B EABE BY 5F ZIE Fig 2140] LERRCE 2 X
EME| EtSI20| X AZFS 32.0 (£9.3)-43.8 (12.7) mg/g TDWZ = X}0|E HO|X|

, X|CHZIS 172.8 (£53.9)-414.4 (+63.4) mg/g TDWE ST HIX|2to| Eb3

_|_

= 20| tHE XG0 Hlsf 1538 =2 A2z =zt AR BRX|Eo| E

=3tE o H3IE Hlng 2, |Wx Y Esl DjHO0| A AUS & = AN
C. O] X|Qo| EtASIE SHEFS 43.8 (£12.7)-279.2 (£65.2) mg/g TDW =HQ|Z2, 31}

SE AO] AOigrs EQ = 128K XEH2E Zast § BHA| S0t Sd

. —

S HQICh N7 HIX|o| EI43E B HSke MRy HiXol W YA 8

Ateh Aoz =l E[UCt Of X[e| BrelE g2 MM X0 MAS= 8f

Ahzte 2ol o] 3 UMK AT § CHA| B7keks AS BT 4

2| HiX|Eel E go EestE FE2 CHE M X990 Blof 2 LiEtLD

IO, 42.7 (£25.2)-172.8 (£53.9) mg/g TDWO| HQ|QL} 0| XYL Ct2 x|S0
H5 =&t Bl mIfEES Ho| JARUCE 2007EF3t 2008H2 2H2f 6

(124.1427.2 mg/e TDW)I} 52 (172.8+£53.9 mg/e TDW) X|CiZHS HOl & ZtAs}

rir

402 LIEFGLCE 2009 € T EbL3E HlE 52 (93.1+28.4 mg/g TDW)Dt 9
2l (96.6£29.4 mg/g TDW) Z+Zt X|CH7fS HO|1 ZASH= ZATS HQl HHH 2010

H H3 IjEHES 62 (122.9+36.5 mg/g TDW) SHALE| peakE H QI & ZtA SHALCHH

CIE WEQt= CH2A 12€ (156.6£23.3 mg/g TDW)O|| CHA| ZX|CHZIS ERULCH S
HEX[Ete| EE Ef3tE oE Bote= OFE X0 Hlo| == #8F OfL2f, Hgt
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HEE: H: 2 oA HEERALE O X[Fe|

nE
rm
>
_H')_F
Mo
oot
oM
rlo
W

[\)

(e}

(£9.3)-414.4 (+63.4) mg/g TDWS| H|FLCt HE B XA Etpota otEf HE

= 32.0 (£9.3)-80.8 (¢27.1) mg/g TDWSI T, 101} 11Y AFO|Of| RHAFL|QICt ER3}
2 BH20| SQtE A|7|= 42 0|2, 298.3 (+54.4)-414.4 (+63.4) mg/g TDW # &

gt of X[gel d 2 Etol= Biot I{EHZ2 48 XOizis 29 = 1081 11E

ot

A XEHoz Havt 7, CfAl S7tots Bet oS ERACH 0] X[H2 2007

H O|2= E g Eh3t=0 AOigint XAZ0| SiOiCh ZA0ts A= LIEL
Lt QUACE
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Fig. 2-14. Total carbohydrate contents of clam tissue in each sampling sites during sampling period.
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Fig. 2-15. Histological sections of Manila clam infected by Perkinsus (A: Perkinsus trophozoite characterized by the spherical uninucleated
cells with large eccentric vacuole, B: The nodule formation due to high number of Perkinsus, C: Perkinsus infiltrated in mantle, noted that the

thickness of mantle was increase, D: Perkinsus in foot muscle tissue and E: Perkinsus in female gonad follicle).
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4. Discussion

4.1. Condition Index (CI)

Cl= gttqo=z O|OjmjRe| Y HEiQt WXl AEYHAE FH5=
Ol AFEEZICE (Crosby and Gale 1990). CI9| Hzl= EHO| A, MAIX|, 2 A4H S
of Aol on, HAFIE TS 2EHO| UL CIo| HAFT Hzt Ad2 ¢
o2 OofHX] ME7|2tat HiRXHE7[7E SeH0l= S715tae, FLRAZ|0f=
da5ts A2 YoM U0l BAFT| Fg0ILt At JHNZe| AZE e Y
2| MEf HIIE 85| =0 O| 2% RULCE (Gosling 2003; Lawrence & Scott 1982; Widdows

1985). Ol AFOME CIE =% SIS Wiz AT HZ LHFSALE

of

(CI=TWWT/SDWT). Fig. 2-71} Fig. 2-82 K|t CIO| HSIE LIEfH Ho=Z, H7t

HIZH: Holh Xjo|& E2 & HFE FAlet JEiQl Hat mjHS =o|1 ARIE

—_—

HE

Cle =7| ZE7| dHE 20| 3-68 AO|of 243 S7tot= As & &= U
onf, #2to] ofLte 78 0|20 =AY HAdhs A= LIEHHCL 02 Z2
2= 22 AlZIo MEE Hoj2] X[He| BX|HoA 2EY = UARUCE <40l

HFX|2fo| CI= 0.326-0.6152] ¥&F HZIE HO|LD RUR/UCH, dHo=Z JtE b0
SENR 7K CI7t Soteh = LEHE SA
2008). FHEZO| MASHE HIX[EHE FAe ZIFS 20[1 UA=H|, e HTHE
5-78 ARO| E|CHZLe| CIE EQl = LHEto] ojLt= 7-98 A0l =45 #4053
Ct (Yang, unpublished). O A= M3 51 FARSH TjEHO| Hal Fds £
o[ AYULH, X[HE Cle Ko7t UUCE. X[HE Cle &E X HXIEO|

0.370-0.8922| HQIZ C}E M| X|Y0f| H|| HE =A LIEHS HHH OrEZ2| X9
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HEX|Eto| CI= 0.363-0.61220| |2 HlwH S BELIACL CIo| S7te di+F

o HOo| S7tet #HO0| A= A2 €ald UL, HFEEL| ojmijF7F Ho| &

ot
rir

&= o HUi HXIZ XMFol= A2 LIEHACL (see Gosling 2003). &&= X[

o cI7t ttE X0 Hlof &A LtEfLt= OlF& O XSG MAX[Ql Ho| =0

CHES 2l0fetCh BEX|EI 22 OjojIfRe| Cle d4a ZEO| =72 TY

%S ST U MA2 YFo| A2 O|ZORSE olnjst Aotk o# ARX|

4o
o
>+
Ot
rir
oX
oot
o
HT
o
kl
30
|0
=2
Jot
Val
N
0z
i)
ro
=
Y
qr
m
5
Y
>
o
2
N
al

107

@ jeju



4.2. Reproductive cycle & Reproductive effort

O ATOIME EESE W ZANGASHY  (Enyme linked

immunosorbent assay, ELISA)S O|&3}0{ K|t A|Zt0f Lo}

Il
rE
B
o
N
i
rE
>
o

S WSl TNSE YHS 08¢ WAR 5T YHS 2 HNY cocyed
A+5l= B (Brousseau 1978; Hadfield and Anderson 1988; Robinson and Breese 1982),
A

AL OFO| oocyteZ} AHX|SH= H|E (Eversole et al. 1980; Park and Choi 2004) EE+=
oocyte®| A7|L} £ SO| HtHH (Grant and Tyler 1983; Heffernan et al. 1989; Kanti et

al. 1993; Keck et al. 1975)C 2 ™2tg} ol= HIEHO| oL} 0|5 HHoz= Mt

(Kautsky 1982; Pouvreau et al. 2000a) EE= Q& QI Xt=2 E| AM2tZ QUtst0
AEt2FS 4= (Bayne et al. 1983; Chung et al. 2001; Toba and Miyama 1994)5} = Yt
S0 AL} oot 2 = AEO| SO ELFX] @fn X[£HE= O|OjIfF 2

EMAM Hetol H2F0| O{ELCH= THEO0| QULCH (Park and Choi 2004). Choi et al. (1993)

2 American oyster, Crassostrea virginical| ‘3=t 20| &N E 7{es] HASHAN dE
HE 0|88l HAZS MIMo=z =FBIQULCE O F Pacific oyster (C. gigas), butter

clam (Saxidomus purpuratus) Z12|101 Manila clam (R. philippinarum) S2| &S 0|23}

M 7F N[0 o] o|ojmiFel HAIZRS ZFSIRALCt (Kang et al. 2003b; Park et
al. 2003; Park et al. 2004). O|&H GIFLO|A ZHEE ZZRISHH ZANtQt ELISAE 0| 2%t

reproductive effort (RE)= 2 XYM 7o LX|Sl= AOZ LIEHGLICY.

A—|x|.| |:||.x|aro| 045 A AlAN

P i

HJE
JIIE
rE
i

otE HW 2H, MEh KT 2t=7|

— 1L

= 20073 6-7& 2008 At 200932 Zt2f 5-8EMt 5-9EE LIEFSEX|TE 2008H 2|
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Sttt HIX|2HO| B0 20094 HC 7| BAEQICH REQ| #3} 9A| HXo=z
b3k HIXIZH0| RO|= 7|0 & LIERGt=G, 200732 78 T8 & Liett

1, 2008437 2009492 247t 8T THE EAFEYCL MBS GSIF M £ A

71 20 LtERRD, = 2E Ziker fX[otl UL M| X|Fe| dF MEt2

H 1Y ZHEL[RAD, MEF peak= 2007HDF 2009H2| F2 7 8F ALO|R

H

o

2008142 O[=CH B & 7t Lo sYd oF AO[O| WEE U2 % 4 UATH
M2 HEX|ErOl AAIL wer woie MXY BEXIZro| THEIN RAISHUCE A
Moz gttt HEX|2H0| ZHAE A|7|& 200732 6-90|Q T, 20083 2009142
ZtZp 5-82ut 6-103 O|A=H| 2008 HE=O| Rh=xot HEX|EO| H|EO0| 20071}
2009440] I8l =7 LIEFSCE RE ek k579 AXSHYED 20072 788,
200843} 200942 247 7-8@at 72 FAFEIYCE 27| MEjel Hlgo| o3

XNEEAE 200842 F2, CfE offof Hloj REZF %2 0|2t €2 o

02
rlo
rx

M OHERIEOIAM = 2HEEQIEE Of= 2008H= O] X[He| HO| 2FO| Cf

M
el
=2

H|SH

SH
AR

o

Zio=2 AtEEICE 0] X| Yol A2t peak= 2007 8-9¥ 0|,

=]
e

oftl

2008EH0F 20092 242 8-9F it 7-8F= MX X|Fo| AMEh DEIF FA

i
Y
1o

Lol

P AACH

ot
ot

oteg| HiX[g2 HA DE2 ofOict Ch27 2HEEIQIE 2007 63 2t

—

A

oF HEX|2tOo| 2HE £|Qia, 78 1A At O] 8922 et=oh HEX[2hat 4t

rm
10
ot

b

1A
o
ofn
>
2
-
m

rC
_I'_I_
[\]
o
[e)
o0
M
1o
0=
ks
S
ne
ur
rlo
ot
N
ne
mr
N
02
i’
1o
-
=t
N
fim}
M

Ol 6 AtEto| BHS HAUM, AME IHS AN 9Y % 85% HETl 2443}0]
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|

Atah XIFO| AFEfE A QICt 2009 XEISHA

— = = [ i B B |

O M= 7

o
I
m
o
A
ot
=

r

M-S0l 2HE &AL, 20102 6-9FIAK| 2ttt JHMS0| =2 HIEZ LIEKLCE
2| X[9el RE 2utE S M2 A[7|= 2007HFE 20090 = 23] L2
EiS ESL}, 20102 H 19| LHEF ot= Ao =2 LIEFREE. M2 peak= 22
2HAl 6-781t 9-10F AO|Ql Ao =2 LIEHRt2D, 2009 2Kt A2t peaki= O|ELCf

o 2 M 89 OIRACE 2010 4HEF peak= 9-10E =2 CHE ofQ| 24+ AHEF peak

ST BRI GEW MAL ST BSE 019 2R YAS HC
901, 20081AKE| 2000601 5T BEX|ZtO| BB0| 242 7| WEI| eqot

A2t7| AEHO) HEX|ZF O WA LEERGCE 20104 A4

—

1=
B>
113
ur
rE
_H')_P
rir
A
3
Y

>.

2hXH MEfO| HEXIZHO| £ A EIYo0], 78 A 0 T 9108 FEHOZ

rz

2hsle 202 LIERGC O] X|2o| RES S8 AHZHAI7|E 2007Wat 2008132

AN

1HO| peakE HO|11 QUSMH, 20090t 2010EH 2 2HO| peakE HO|D QUIULCE At
2t peak= 2007H1F 2008 HL ZHZF 7.9} 9-10@ 2 ZHAE|QI T, 2009 AtZES

6-82 1} 9-102 = X2 ZQIZ|ACE 2010 At2t peak= 7-8 1} 10-11€E O

-

o oel=n o =2 ot

o

F =2 HOR LIEREICH ZXSH B ZIfet RE ZNHE
HlDe) 2 W, R KGN § ZIPF AXSHe HOR HOp ELISAE RE 5

dar HANT|E 8ot 2atd el S#ol2 A= E L
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4.3. Perkinsus infection intensity

Perkinsosis= & QHCE Q% AMS=Q =, M=1t HHX|Z S92 CHE

HALS 2€27|=

rio

OIMEZ 22X QUCH (Villalba et al. 2004). Perkinsus= = L{0j
M 1997 FAT XTFE HIX[EOM MZIL2 2E AL, 0|F Pak et al
(2005)0f 9|8l Perkinsus olseni2 HWEH T|O{FLCt % 20|= 322 HIES| 5=, ¢
2O|AME P olsenid] ZHEl JHH=0| HAL|D QU (Choi et al. 2002; Hamaguchi et
al. 1998; Liang et al. 2002), Y20 M= Perkinsus honshuensis 2= 2Z0| Z L=l Ht
X|2t0] 210 E|RACH (Dungan et al. 2006; Takahashi et al. 2009).

Ol ATFOM P olseni ZHEE RFTM/2M NaOH Y R0f oot Zitet =

AN 2EE 48 Z0E HEILHRACE =EoA 2

L LS

2t
ul
~
S,
(%)

Q

S,
oy
0e
Mo
rlo
Ral
19

2 E@ 3-97% A0}, RFTM2M NaOH Bf#ig S8 LtEtt ZHE2 62-100%%

Ct. O|= Perkinsus TIEH BIEH = RFTM mehtodE 0|83t RILHO| XZEIS 0|23t

A
ra

2Ot O QIASicts A€ E0j3F1 QUCh RFTM HHE 0|83t X|9E FK|

0]
EN

4= mteg| X|o|A 9,388 (+4,869) Perkinsus celllg TWWTZ 7t% QU

|0

H, &&= HiX|2to| ZHEZ=Tt 2,063,087 (£917,113) Perkinsus cel/lg TWWTL. 2 7%
= A LIESICH MIjeb MZ BEX|2fo| ZAE = ZH2ZF 351,262 (+£207,028) Perkinsus
cell/g TWWT2} 317,026 (£186,543) Perkinsus cell/g TWWTZ H|==$t == 0|QUC}. Park
and Choi 2001 = XNFEE Zatst MZ0| MAISHE HIX|2HS CHA S Z Perkinsus
A2 ZAFSE A}, 0-873,000 (£839,000) Perkinsus celllg TWWTE LFEFLSCE Park
et al. (2006)2 ZATHO| AASH= HEX|EHQ| AT Perkinsus ZEEE AT 2o,

0| X|Y9Q| Perkinsus ZYE= 141,434 (£116,601)-2,037,448 (£1,395,847) Perkinsus
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cel/g TWWTO| He|dn, &

o)

o ZYE = 2F 670,000 cell/lg TWWTRILCE Liang et
al. (2002)2 5= LT SX|0 MAISH= HHX|EQ| Perkinsus ZEEE L0t Zqf,
0] X|<o| MAISI= HEX|EQ| Perkinsus 24 B+ 13,178-3,471,655 Perkinsus cell/g
TWWTZE ZTAL|QUCH [E F=9| Isahaya BayO| MAlS= HRX|2kO| Perkinsus 2t
A= 225,701 Perkinsus celllg TWWTRI 11, ZYUEL 57%RUCtH (Choi et al. 2002). Of

oF #2 Zitet Hlus| = M, 2007H £ E 20107HX] 4 SOt 2t&oh &

o

x| 2

L)
He: =HCf gN

_

O| Perkinsus ZH=e= FE|LI2E HIESH =, &2 HX|EL

o

Al ZF
=1

s
Y
1o
0
}

of 4 QYT WEL M M HIX|Z| ZUEE MW +ES
OtHl Zdo =2 ICtE|LE, 2007EHEE 2009WE 77X 3 =OF 2ESE Perkinsus 248 &
O] 24z} B& 96%2t 99%=2 LIEt A2 0 X[Fe| #FE| /I Of7
A= Ao|2k Ar=E Lt

Ngo and Choi (2004)= H{X|2t ZZRILY| Perkinsus ZYEE 0-4 THAHZE L+

L
-
HT
Ot
4%

H=0, 0 BHAlE HEX[2E ZE] O{C|O|MXZ Perkinsus ZHE0| HAZ|X| &
2 MEfE YUStH, 4 CHA = foot muscleg EBoH TX M| O|M Perkinsus 25 O]

BEE = YEE T Ot Perkinsus 244 ZIEH LR 2 ZXO0[AM 2

r

[l

E| Perkinsus Z+E@E = OtE2| HEX|2H0] 0.1 (£0.1)2 L}EfL} O] X|¥o| ZYx

rir

S Ko HOZ WEt EQUTh MAeF M7 HIRIZIO| ZYELE 22 20 (205)2
22 (#0.H2 LEtGOH, RFTM 20| oot A=t 71y =/UE &z HHX[E9
A2 3.6 (20.3)2 2 T ALE| ULt Yang et al. (2010) EESH Ngo and Choi (2004)2| HhHH

0

o
ok

o sHF0| MAISH= HHX[ZQ| Perkinsus ZHFEE ZAteh ZAdf 2007H 2

b 38 22 1.2 (£1.2)9F 0.7 (*1.0)2 =2 2HOISH HE QIC}. Park et al. (2008) EESH

—>
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(+1.1)2 L}EILID 9S8 B StAC XRESHA nbat Al GA|, & HEX| 2o
Perkinsus ZtE == 1L &2 Z{O2 AZEICE Choi (unpublished data)= HEX| 20|
2ol ¥ Perkinsus ZYEES RFTM/2M NaOH HHRHOZ XAt ZAap, X gilld}
mantle S| ZX0|A ZEHO| LO{LIH OFX|S0| ZEE|= F2|7F foot muscleO|2f

a1l LIEfL D QUCH & HEX|EO| HP, PerkinsusO ~otA ZHEEl BIX|EOM=

-

A

&1 AL HAO| AFE BEL| DT QAT 0|2 Qld| HiX|2H HAIZF LS e A

—

rlo

o2 At2ElC}
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4.4. Seasonal changes in carbohydrate and protein

ojtt AL X|S4ol MX{, Mz, meg| 3 ZE HRX|2Ho| ML Et3tE

oo

2 Hol= U XY 25 AR el AF HSIE HERUCL oY O|OfIfFo| tH
AMFTIeF MUl oHX] ME pE2 TS AAE LIEIHE A2 3™ U
[H (Sastry 1979; Urrutia et al. 1999), -t CHEHZIQE Z2EO MAIA QL B E ZEHZ H3t

571 Slof £ Yol B4B12S MUK FHSHE HO2 LIEIMCH (Robert et al

_—

1993; Berthelin et al. 2000; Ojea et al. 2004; Dridi et al. 2007). O|OI & H|L{S| Bt

+

F2k

o

rir
P
|0
HU

Fot

ok
rlo
oF

2= = 0|S2| 0|22l phytoplanktonO| ZAISH IIf,

ol
N

=
=

224X QULCH (Drummond et al. 2006). Marin et al. (2003)2 Lagoon of VeniceOf|

X
1z

8}

F2F

o

= T philippinarumO| N E4 20| XG0 EO{LtE Al7]0f Etzl=

ok
o

|
S71ota, CI7b ®ob A= AlZ]0] Etzta HAl HOtX|= AS 2ASHRACE O
AF0AME, & Erela 82 4L ZEO[ O|ROX|= Al7|Ql M2 H A7

7t MEHOl AAED BEEE A7| B0 22 AR LIEHCL Z4 X9E= U

o
©
Q
Il
N
>
B
(@)

10
o
ot
rm
+
_}(')_P
1
o
ofu
S
il
I
of

d257| AASHRILE XY
Of el da5ks HE2 CHEA LIEFRXSH 1238 7HK| 240 T2 132 H CHA|
S715E7| AIZSHRULE Ot &2 dME CHE X[Fo| MASH=E HIX[EOMZ 2
At T|QC}. Yang (unpublished data)2 QFHEO| AMAISH= HEX|E2HS 20053 432 H

ZEA

2006 9FMEA| 2HEot A, g H Etesls 20| Sototi e Ol ZHa

—

ot
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Y20 AL}, Venice Lagoonilt Jinju BayOi| A{4{5h= HEX[HO|A &z stz o

o

FOAL AEE HE THY F2 2EEln el Lojbts Ao REH HAshE

5]

INES HO|11 QURUCH (Kang et al. 2007; Marin et al. 2003). O|H AL 7|7t = ZH&

ria

X|

e

2 Eteolz g2 Ohkg| BEXEO0| CHE X[Ho| o) A LiEtH e,

OI-

gk XH0| CHE X0 Blsl = =AZ[RUEL O|ME X[ X F=E= X0
b L A2 4 X e HiX[Fe| HOo|F0| EtE7| IZ0|2t 4ZE It

X9E HX =S| HHE FEF2 Ee=ls 2t § g 2108 20[d

—

UUOLL FB AF W3 YAS H0|D YK| UUCH TS ojfTHFl A
S3 U F HYEORM, Y& BHO| 4050%S KX|SCID YK UTH (Lee

and Heffernan 1991; Choi et al. 1993; Kang et al. 2003; Park et al. 2003; Park & Choi 2004).

dHEH, o[ A= CFE XFoA X7 LENRI 10-12F AFO[Q] BEX[E
L EreE 20l =2 LIEHSCE Olet #2 Zif= Of XFo| MA3Hs M=
Mz=%g o|l8ct tHlE SFME ZHE QAL Yang etal (2011)2 H 20 A 4]

ot= Mz=7He datst 2d2S FEOIAULL Eeetai TR gE2 M2 O

ol 10-128 ALO|O= =A LtEfLE AACH
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Part 3

Broodstock selection for the artificial seed production of Manila clam,

Ruditapes philippinarum
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Abstract

HEX| 2k, Ruditapes philippinarum, 22710 33 2009E 63 =, A,
A MFE 2ot M= 2629 HAZES SHSIUCEL X|HH Xo|of G2
S H|W 3}7| /5 Enzyme-Linked Immunosorbent Assay (ELISA)S
XS HSIACt MAIAX|S= (Gonadosomatic Index, GS)= ZH &

i =% ATl H|Z LIEHHLD, X[H9E dAK = He

rir

(£7.98)2 2 L}E}SCE ELISAE E3t Ik (fecundity)=
(£4,181,091) HQAULCE MAIAX|4$QF Tt =L &
M TS HEX|ZoIAM =2 ZPEE|JACE EESHA abErof

SHe HIXIZRO] M4 wEr EDE CfgE
ettt et
ZEEtas J7|7F AW =748t Qo|X ol
O ML X|0| W2 At7| el BiX|Z}

T2AM, o] Zut= HXEH ASTR Aol 2O MES

fjo
40
rot

g zo|ct.

=
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(R

Z=QF HEX|ZF JHK| 27| (shell length)0f [HE Arzk 2t

0| g3

ELet MY 2k X35

ol
OF
==
re

L
1=
ot

HX| 2

REEES
1.76 (£3.30)-18.91

358,382-11,373,973

FER Ol

oI5t O] X0 M4
OFf L}

= 2,

=

C} (1"=0.6435).
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HEX| 2t (Ruditapes philippinarum)
A

A
e

F

—

1. Introduction
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¥

A
(il

F0 QUCE (Toba and Miyama, 1994; Tirado and Salas, 1998; Ceballos-

Vazquez et al., 2000; Zhang and Yan, 2006). S}X|2t, 0|} Z2 HIH2 O|Ojo)&F 9

3k @QIo| BILIO|CE (FAO 1990). 8 O|Ojml o)

<In

4

FEXPE|2H 2ojLt= Z0| OtL|2f o2 #of LH+ 0] HOojLt

20|

QLC} (Lucas, 1982; Chung et al. 2001; Kang et al. 2003a). O|Z

S 0|82310] =X BILL}. Choi et al. (1993)

Bl

H}
o

sji¢ o| oy

Off CH

ot
=

CHMX=Z (Crassostrea virginica)

o
—

o

KIr

4

= F8ot=H JHEE0 0] &

Al2F
1S

+1

3

2009 6 ™= HEX|

—

—

OftH AL

QU= AHO|Ct (Kang et al., 2003b; Park et al., 2003; Park and Choi, 2004).

o

ot ASF =0

ojnu

w|r

oo
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2. Materials and methods

2.1. Samples
A0 MEE HXEHZ2 HFEE HRS 5. M. Gl & 2570 XF=

MAES D (Fig. 3-1), 20094 62 X SA|0| XHES AA|SHCH (Table 3-1). X{Z &

HX|2h2 ZHIE AMSMZ £ HiX|2Ho| 0|4 |2 E

kot

oloh = X[FEE 30-50
A Gt RALE ML O ZAs[mAet MAXNSS 0|85H0] 2% (Shell Length,
SL, mm), 5% & (Tissue Wet Weight, TWWT, g) & 1m{jzt HZ=2F (Shell Dry Weight,
SDWT, g)& =5l 0, H|OtE (Condition Index, Cl)= &0t I HAS

2 LIERACH (CETWWT/SDWT). R8st gele S8 Hixizie] o4 222 9

of MAAV ESECE 24 JHeH £2£2 152mm 7} MES}0| Davidson's

SHALCH (Fig. 3-2).
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Fig. 3-1. Sampling locations.
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Table. 3-1. Sampling date and number of sample collected from each sampling location.

Locality Sampling date N
Naeri, West coast (KG) 06 Jun 2009 50
Sunjae, West coast 06 Jun 2009 40
Jonghyun, West coast 06 Jun 2009 40
Sungam, West coast 19 Jun 2009 40
Bakmiri, West coast 06 Jun 2009 50
Naeri, West coast (CN) 26 Jun 2009 40
Padori, West coast 26 Jun 2009 40
Hwangdo, West coast 05 Jun 2009 50
Duiruini, West coast 05 Jun 2009 40
Bangpo, West coast 05 Jun 2009 50
Gonam, West coast 05 Jun 2009 40
Boryung, West coast 04 Jun 2009 50
Gochang, West coast 04 Jun 2009 50
Muan, West coast 04 Jun 2009 50
Kangijin, South coast 04 Jun 2009 50
Wando-subtidal, South coast 10 Jun 2009 40
Wando-interdal, South coast 10 Jun 2009 30
Yeosu, South coast 03 Jun 2009 30
Tongyoung, South coast 03 Jun 2009 50
Geoje, South coast 03 Jun 2009 40
Masan, South coast 03 Jun 2009 30
Ulsan, East coast 26 Jun 2009 40
Pohang, East coast 02 Jun 2009 50
Imwon, East coast 02 Jun 2009 50
Sungsan, Jeju 09 Jun 2009 50
Seogwipo, Jeju 09 Jun 2009 40
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Fig. 3-2. Flowchart for the experiment.
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2.2. Histological observation

1F0| Bt AIRE 4 S&E OfE22 0|8510] 3t =

23f0) mOSIIC BOf7F Bt XA ARE OjO|ARES 0|83} 6um FH|2

(resting), X7|2=tT| (early developing), £ 7|2Et7| (late developing), 2t=7| (ripe),
B2 M| (partially spawning) 3 AE7|-S7| (spent/resorbing) = & 6 CHAZE

L0l =HelstRIct.

—
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2.3. Enzyme-linked immunosorbent assay (ELISA)

ZEStY pES S8 PEE o XA HAZS =W 90
Park and Choi (2004)2| HfEH0| [}2} indirect-ELISAE ALESIQILCE 2MS Qo] 52

A= El BRX[E 20 mgS 1 mlQ| PBSY} B 7l REO i =FLiatifr|E 0|85t

2

UL} SIUCH YARE 3 BTAZ 002000842 S/Mst 22to| MBS

Hru
_'E

HEZ2ua S| 96 well plate0]| 100 ul# 3HHEOZ 2=5L0] 4T O A &}
SAZLCL EEE8HE2 d=0t HIXEHZREH &=+ 228 & 20 mgE 1 ml@

PBS7I ©7l REO 1 wES AZl O dSHsS M2 2250 HHE sk

¥
ot

AL BESO0| EH plates 0.05%2| triton X-1007F E7t=l PBS

_|
o

(PBST)& | A3 MxH

L
X
To
o
o]
=
=3
&
@®
Q
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ulZ blocking buffer2 E1 ot A|Z+ A0 HISA|ZICL HH20| B &, PBSTE
H Xt M&AESED 1%°| BSAZ} E7b=l PBSTO| 1XF &A@l Manila clam egg-
primary antibodyS 2,000 2 3|8 @& wellof 100 plA A0 SH A|ZF A20] Ht

SAIZCt gS0[ 't Fl, PBSTZ CiA| Wl Xt MHSELR 2X} A Q! goat anti-

rabbit IgG alkaline phosphatase conjugateES 1%2| BSAZ ® 7=l PBSTO| 2,000 2

SIMSHO 100u% E1 oF A[ZH A20| HFSA|IZCE o AlZt EHS F|, PBSTE U
Xped| MAESHD UYM7|E-ES 100 w4 E10 20272t XRANM HEAHA SEE 5
H7|E 0|2¢} 405 nm LtEO|A SHE (Optical Density, O.D.)E =S} QUCt HHAH

\J

|22 p-nitrophenylphosphate (p-NPP)E 0.1 M glycine buffer0f mg/mlZ S|ASH0] A}
g5t ALt

2t AlRO| EHME S5l a4 228 HpRE 2

o
i
\Ika}
Hu
r
m
p:
ox
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OD.& O|&%ty Ade BERMo=FEH 250 LIEtLRIEL. Z12to| HEX|E



& ™2k (total egg dry weight)2 ELISAZHE AT CHEHZ =0 2445 &

M=ot Y42 X4 (Gonadosomatic index, GSD= 2 HHX|EQ| =&l & 7

Rt & HAEZEO| HIZ LIEILYRALCE (GSI=total egg dry weight/total tissue dry weight). I
2 (fooundity)= ELISAS Sof Q0|7 2t HIX|2to| & RAZ &4 22| Al &

Tl & 3t 7§o| RAQ 22 ngQ =R Lt0] ARESIQIC} (Fecundity=total cgg dry

weight/22 ng).
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3. Results

3.1. Water temperature

HE Ko =22 FE Y= AR (Korea Hydrographic and Oceanographic
Administration, http::/'www.khoa.gokr) AI2E Q9I5| AL2SIQALCt Z RS LFTALR

T2 53 ANgE Sd22 7t¥ 7tz Age My AlEo &FH +=25

Hl
N

SRALE T AlZ|0f 2 XFE =2 Yels 14.5-21.3C L 2009H 63 50

>t

uE s =2y

gtz 2], mea| X0| £ ok K|EO| £20| 145T

7

= b HUH, 2000 63 1920 MEE M X|F0| Hob kit XFe| +2

o X

0 21.3CE 7} =A BHAEE|QICH (Table 3-2).
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Table. 3-2. Distribution of surface mean water temperature at the sampling sites for the past 5 years recorded by Korea Hydrographic and

Oceanographic Administration.

KHOA stations  Sampling location Period
JAN FEB  MAR APR MAY  JUN(Sampling date) JUL AUG SEP OCT NOV DEC
Ansan T::E;L%ﬁ);mf 10 15 56 109 167  21.1(20.0,06/un) 240 258 238 187 113 42
Sungam (21.3, 19/Jun)
Anheung Duiruini, Bangpo 62 46 54 73 110 153(145, 05/un) 199 226 219 192 147 104
Naeri (CN), Padori (16.0, 26/Jun)
Boryung ﬁ\‘l’v’;';éfory””g’ 72 61 72 109 161 20.2(18.0,05/un) 242 273 252 213 160 109
Gunsan Gochang 33 36 62 112 164  206(18.4, 04/un) 236 261 235 192 125 64
Mokpo Muan 54 50 65 112 166  208(185, 04/un) 243 265 242 206 144 93
Wando Kangjin, Wando 82 80 94 122 155 186(17.3,10lun) 209 235 237 200 146 105
Yeosu Yeosu 64 65 88 121 165  19.7(185, 03/un) 229 246 236 203 154 102
Tongyoung Tongyoung 7. § g 103 138  17.7  20.4(18.8,03/Jun) 228 252 242 209 157 105
Geoje Geoje 125 120 122 134 152  17.8(16.9,03/un) 201 240 240 205 165 143
Ulsan Ulsan 105 109 121 134 153  17.9(16.2, 26/un) 196 225 234 203 157 124
Pohang Pohang 73 80 97 124 149  188(17.7,02un) 214 235 232 198 134 93
Mukho Imwon 83 79 88 109 129  17.2(165, 024un) 205 225 207 189 151 103
Sungsan Sungsan 125 121 127 147 169  19.3(18.6,09/un) 226 253 235 208 173 142
Seogwipo  Seogwipo 154 147 146 153 170  19.8(19.5,09/un) 220 246 243 27 205 178
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3.2. Biometric measurements

Al

A%
o
o
-0
O
oo
Pl
o
Pal
L
2
o
o
9
2
oo
Pl
o
Pal

n
rlo
B

Jal

s — —
0|t EEES Soff UESIRICE XHEZ 12-2870M|7F A 7 20| A

AL
U4, &5

goien, 30| A= HiX[He| B

)

% % 45T % Hes

e =

b

S Table 3-30] LIEFLHQICE. 20 ALEE HEX|ECS| B Z4HE2 28.7 (£1.8)-50.5

(:32) mm QICh ZSICHOIM KRS erzol AR Hix|2te] Wz Ztw

rlo

ztzk 50.5
(£3.2) mm®} 49.0 (+12.3) mmZ Zt& IAA LtERFD, S X[Fe| L{2| HEX[E0]
287 (x1.8) mmz 7}& EIQICh HX|2to| HZF SZ2S 0941 (£0.218)-6.975
(£1.487) g0 HQ| ALt Hd ZIEO| 7hY JA| LiEtt 2= =i HEX|2H0] 7}
Y = LEtHen SH el X Gl HtX|=o] b WA LEHRCE H|ZHE (CI)
= 0351 (£0.055)-0.881 (£0.086)2] HQ|Z XAl £|Qem, X|¥ 7t H|QtE Xt0|7}

A LtEFRCE (Fig. 3-3).
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Table. 3-3. Biometry of female Ruditapes philippinarum surveyed in Korean waters (N:
sample number, SL: shell length in mm, TWWT: tissue wet weight in gram, SDWT: shell dry
weight in gram, CI: condition index as TWWT/SDWT).

Locality N SL (xSD) TWWT (£SD) SDWT (£SD) CI (£SD)

Naeri (KG) 19 331118 2.439+0.556 3.8100.836 0.654+0.131
Sunjae 20 40.3+2.8 3.7011.099 6.367+1.607 0.5900.126
Jonghyun 22 33.442.4 2.19240.537 3471£1.392 0.660+0.123
Sungam 13 33.2+1.6 1.690+0.348 3.473+0.585 0.495+0.107
Bakmiri 12 35.4+3.8 2.356:+0.935 4.587+1.092 0.504+0.117
Naeri (CN) 19 28.741.8 0.941+0.218 1.7090.331 0.5520.088
Padori 19 345437 2.190+0.800 4.14541.316 0.528+0.085
Hwangdo 19 37.0£3.6 3.397+1.100 5.275+1.572 0.661+0.103
Duiruini 18 38.0+3.6 4.394+0.959 5.313+1533 0.853+0.154
Bangpo 20 33.045.2 3.349+1.877 4.087+2.140 0.8810.086
Gonam 23 35.243.2 3.173+0.944 4.308+1.504 0.757+0.134
Boryung 25 28.9+2.9 1.470+0.595 1.933+1.122 0.793+0.083
Gochang 24 37.0+1.9 3.317£0.778 4.3131.046 0.7770.114
Muan 24 33.8+2.0 2.307+0.521 4.050+0.824 0.574+0.093
Kangjin 28 34.941.9 2.41740.490 5.034+0.972 0.489+0.110
Wando-subtidal 20 50.543.2 6.975+1.487 9.174+2.241 0.768+0.108
Wando-intertidal 23 36.5+2.4 2.461£0.370 6.066+1.367 0.416+0.065
Yeosu 14 31.120.9 1.340+0.181 3.8730.580 0.3510.055
Tongyoung 19 30.0+2.4 1.247+0.401 2.807+1.423 0.472:0.092
Geoje-subtidal 18 49.0+12.3 6.860+3.719 10.96146.036 0.645£0.117
Masan 15 34.9+2.1 3.0930.731 4.629+1.050 0.6700.072
Ulsan 19 30.941.6 1.534+0.197 3.176+0.429 0.487+0.064
Pohang 24 414424 4.59141.065 8.593+1.875 0.538+0.072
Imwon 24 33.33.8 1.676+0.587 4.606+2.098 0.377+0.049
Sungsan 12 33.5£6.6 2.054+1.533 5.318+3.530 0.378+0.066
Seogwipo 22 33.442.6 2.474+0.661 3.776+1.051 0.659:0.064
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Fig. 3-3. Condition index of clam in Korean waters collected in June of 2009.
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3.3. Gonadal development phase

Fig. 3-40] LIEFLYQICY.

=
=

Hot At

-,

HFC
==

.

A, JX[7] SEjef HIX[H2 ZEE

B AR7| AE|O| HIX|

te Z=ztry ag|o

CO|A CHEE AMRF (42.1-78.9%) ZO|AHLL A2 7| (21.1-52.6%)

=1,

Mjot x| o]

ol

b 2| A

-+
o

feref 2t= =

2l | Rict. Sof

k=1 4O
2!

AHo=Z

Efi !

b

A
o

A

2t
=

2 X9 HixIZS o

UXAEL. Of §fof L

Q27| (50.0-90.5%)

o2
o<

e
ol
od
oIr
ojnu
RN

ol

el

<0

ol
Ml

N
{oF
|

]

]l
il

K

i
il

<Ir
70
70

132

@ jeju



O Resting E Early developing ELate developing ®Ripe mPartially spawning ©Spent/Resorbing

100% -

90% -

LARAR,

ST

SIS,
Tttt tes
CESSRAII

4

et

S
S
2505
0005
25055

80% -

T
2555
botatst
250505

Fodol
5

o

T
IR
Foeteetede!
S
oteletelelele!

et

25

o

70%

60%

50%

40%

Frequency (%)

30%

20%

Yootelel

T
e
NN

10%

T
2
28585

T
2
Botetatetetets
2
sfetetotete

T
2505
5
bode!

=

%
55
25
5

0%

Fig. 3-4. Gonadal development phase of clam in Korean waters collected in June of 2009.
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3.4. Gonadosomatic index (GSI) and fecundity

ELISAZ 0|23 X% T GSI, Yheh AFEHO| M2 GSI 12|11 =7
APEfjO] 22 E=MSIQICH X|QE TI GSI HO= 1.76 (23.30)-18.91 (£7.98)2
LIEGE D, CHREE =7 YEI| JEQ MAATF EE SH 2 HFe it
Ol 7Ht WA ZALEIQIC MAlATE Azt ZIFO| AlEE WOl X|%o] B GSIO|

HO|L 669 (+4.58)-18.91 (+7.98) 0|1, A2tO| ZISHE| T Q= X|2o| GSI H2)
= 3.83 (£2.35)-5.63 (£3.58) O|QIL} (Fig. 3-5).

GSIE dMa E TAZ FEot0 LtEfH 2nt, =7| ©E7| JEjet o

= o —

r
N
0x

s
o
o)
Y

>

>
k>
2

B O| = ZtZk 2,07 (+0.60)-7.60 (0.75)1} 4.41 (+2.26)-
, A2t AMO| et=T| AMEfo| HEX|E B GSIE 9.26

(£3.68)-19.86 (+6.94)2| HLAL, =7| LEHT| JE{LF AHEHY] HEfS| Fo GSIE

QL ok JHATE 2HEE X[FE Mot LA X|gel HWH ZEke H
1,112,045 (£510,622)-11.373.973 (£4,181,091) 7|2 LIEIO N, So[Qto] UL HEX|

L— —

20| 7ty RA ZAME|QAL, 2t Z=SHO| HEX|EO0| 7hY =A LERCE (Fig. 3-7).
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Fig. 3-5. Gonadosomatic index of clam in Korean waters collected in June of 2009.
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Fig. 3-7. Fecundity of clam in Korean waters collected in June of 2009.
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4. Discussion

T2 Y olojIfFol HA Fes F= F HAQQIO L2 YL
X QIC} (Sastry, 1979; Gosling 2003). 2CH X|¥o| AL, 420 A™HSII} A L}

EtLt Of2igt 2 Hale B At dIPgoA A4 =E S0 et 2 2

0| U= HOZ LIELSCE (Darriba et al, 2004; Drummond et al. 2006). O|

rE
ra
-

23 T K 42 HelE 145213C A, KoY £22 45D A= 5
O|{Th. Olo| AHEHO| 50% O|4F oLt XYl B e, M Tt o 17
T S6) 240 £22 162:185C WIUCk WHE, Atzto| YOjLbx| ¥ M
5FO| Yt MEfol MAAES 2ol FY| U2l 55 S2U, My 2o Y o
T, EO| 2 H9ls 145200C2 M0| YojLh XALTt 42 Wzt

Z0| o A LIELSCL ol AFOME E2 XFo| MASHL i+ #8 2k

Lok AR XF90AM M2 CHE ol B4 JEiE 20[1 A=H 0

—

rir
Pl
19
nE

HO[ =40| Ct27| ME0|2t AFREICE MAX[Sl HO| =2 21 A B2

A gapgat Mo des Fe A2z gE[ ALH, €2 J0l2t: Yol =

Aol mfep XYE ARt A7 XfO|7} Lie HOE LIERKCE (Sasty, 1979;
Hofmann et al., 1992; Grant and Creese, 1995). Starr et al. (1990)2 At SHX|E C{2
o2 27 O2 swo| BYAE +x0) Yol MTS QL MM STAE

SE7F O 52 AMET0|A A0 O & LIEFt HS $siMCh 3t Park and

Choi (2004)= FADHO| AAlSLE BEX|2Ho| ABIAI7|7} SZIE ZAIAI7|QF UX|

S 242 2TSHRUCH Shimand Yeo (1988)= H4:0t0] Al2 SY3E RMo| 37
Smot AIZIATHO| M2 B3 YAS ZABIASH, M40 470l F2 2Y3
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= Ho7F AZHCeR Cret HhEH LR FHE A

— —

Holgt

ujo
kot

UARALE. Kang

+

et al. (2000)2| A0 = Shab-AHK ThaE XHEFEEO| Chlorophyll & H| W St =0,

X2 Chlorophyll a 5=+ AZEZE |2(HQ X0|E EOICtn ZE SFRALCL

H| &, O AF0M= HO| =AS 2T SESHA| RUX|T, O MY ALAESE

O|F0] 2Ot =2 HCi= XX HO| 2bF XjO|of et HEX[Zr HAla ZEO
XO| 7} 7 AO|2t Atz EICE

20099 63 HT=O|M XHEE HEX|EL| X[H EH GSI9| Hel= 191

(£1.33)-18.91 (£7.98)0| Q11 Zt JHK| = =™ El GSIQ| W= 0.4-37.6%= LIEFLICH

01F B2 GSI7 10% 0|49l X2 Bt 3|, ME 2%|9 12|1 Safet 1%

Jb A EFo| @Bt AE|RICH BHE, GSIZ 5% O[31S Ol XSl MAls

S HE7F Z=7] LET| HEf (47.6-76.9%) O|A L}, O|O] AFEHO| Lo AEf (42.1-
78.9%) S C}l. Park and Choi (2004)= MAlA EiEto| & = X7| 22| AMEfO| HEX|

o
2ol 49 e HHA

_,_
\J
o
T
£
Ja}

£Q

AL s=71 ot A7t JEE W M8 d=% &

—

of cheh THHE &N HHSO0l RS s ZA0l2} 2Lt Park and Choi

+

(2004)= =20 MASHE HEX|EQ| AT GSIS ELISAS Soff 2ESIA=M

rir

Y B GSIE 025%0] WSS BHUCH FADIO NASHs BRI A7 S
OF 2%o| AbEtO| OILHEG| SFO| Yoith ARt WO 7Ol ojbt AU
Ol 7Ziom A2t 0|3 GSI= ZHZF 18.7%O0|AM 12.2%2 25.0%0|A 10.7%2 SHOFX

Ct. Jasim (2008) fE9F X|F gitnt Z7| #HO[Z|of MAsh= BRX|EO| GSIS
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ELISAE Sdff SESI¥U=H, 5 X929l GSI 2= ZZ 0.9-19.7%2t 4.27-20.63%

£ ERen o & XY E& Z|0f GSIZLO| 2&E o 4Eto] o|F o ALt Of
HOh, HIX|E2 SMFO| TN ST 94 20% Y0 =
g2 2 =+ UANUCH O HHOA GSI7h 1891%= 7hHg
e ZESPOfO| X EE ZAdf, Of 90%7 et HHO| 2t=ol JEIS

- O AN

Ar2EO| ZHEE| ALt O|= Park and Choi (2004)Qf Jasim (2008)2| A2t S AtSH ALt

HO|GICH TADHY| AMAISH= HFX|2F (SL range 30.5-42.0 mm)©| HEt= 945000-
11,794,000 7§ 2 L}EFGEDD (Park and Choi, 2004), X3 A AF (SL range 32.7-36.7 mm)
ot A7| <0J2| (SL range 34.0-37.1 mm) HX|EfO| b= 2H2E 2.420,350-

8,967,7859} 2,544,553-13,839,5427 R QC} (Jasim, 2008). O|F CGIFLO|A U2dZl

HEX[2Fo| ZEt=&= Ol AFO|AM YT =t =Ho 25 =g Z|/fU=0, O
L ol A0 AFRE HEX|2to| SL7| 28.7 (£1.8)-50.5 (+3.2) mmZE LI 7| 2

O|2t AFREICH Choi et al. (1993)2 MS O 2 ofjAt O|OJINF QI Carssostrea virginica
of HAZES FFSID HLEkIF A 7| (total dry weight)2} o 2t2tA7F AUCHD HH

SIS Park and Choi (2004)2} Royer et al. (2008) €A| Z+Zt R. philippinarumit

-

Crassostrea gigas®| EZt=7} 37| (meat dry weight)Q} LHSH 2#&HO| QUL AE
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LPEFH B QICH O ITO|ME QARSH 948t BEX|2o| 37| (total dry tissue
weight)@} EEH4olo| ABBAS ME A}, A7|7 EIEAE mEts 94
Qo|xom BIKtE HE TEE & AUCH (Fig. 3-8, r'=0.6435).

ol T HXZ OZER B MHS 93 2000 62 MI0M S

Alof BiX[=ES XSO GSIE =8ORt AHE= HHX|ES| GSI= 2 X0

Ul

HROH, Ol HX|HO| a4 it Z#0] RURUACH =AAF Zaf, et A
el 2t=7| HEf7F oF 90%F = EEE XFQ SH ==Lt MY 2k =S
HEX|ZF GSIZ7F ZtZ 14.6%2t 18.9%2 LIIOM, E2tE= 6,111,687 (+4,072,375)2%
11,373,973 (+4,181,091)7} QUC}. O|et Ze ZAIME ELC|Z 2009H 62 HiX|Z o1F

THE MAIg 42, 3 ==Lt e&tr Xoiof HEX|2H2 AR8dte Z0| HEX|F

Ko MAY |2 AOZE ALZEIC
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Fig. 3-8. Correlation between clam dry tissue weight and fecundity estimated from ELISA.
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Table. 3-4. Concentration of chlorophyll-a in the water column reported from various locations in Korea.

Locality Range (uglL) Peak (ug/L), Month Author
Chonsu Bay (north), west coast of Korea 3.0-6.0 6.0, September Shim and Yeo (1998)
Chonsu Bay (middle), west coast of Korea 3.5-15.5 15.5, March
Chonsu Bay (south), west coast of Korea 3.0-10.5 10.5, March
Josan, south coast of Korea 0.4-45 4.5, May Kang et al. (2000)
Osu, south coast of Korea 04-2.8 2.8, April
Gomso Bay, west coast of Korea 2.0-11.8 11.8, September Park and Choi (2004)
Seonjaedo (east), west coast of Korea 0.9-45 4.5, April Kim (2005)
Seonjaedo (west), west coast of Korea 1.0-8.5 8.5, April
Seongsan, east coast of Jeju, Korea 0.5-2.6 2.6, August Uddin (2008)
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