creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

A THESIS FOR THE DEGREE OF
MASTER OF SCIENCE

Seasonal changes in the Perkinsus olseni infection in an annual
reproduction of Manila Clam Ruditapes philippinarum from a

tide flat on Jonghyun in Incheon bay on the west cost of Korea.

JiEn, Im

Department of Marine Life Science
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

AUGUST 2019



Seasonal changes in the Perkinsus olseni infection in an annual
reproduction of Manila Clam (Ruditapes philippinarum) from a

tide flat on Jonghyun in Incheon bay on the west cost of Korea.

JiEn, Im
(Advised by Professor Kwang-Sik Choi)

A dissertation submitted in partial fulfillment of the requirement for the
degree of

Master of Science

June 2019
This dissertation has been examined and approved by

0L 2 S

Thesis directdr, Dr. Kyung-11 Park, Professor, Department of Aquatic Life

Medicine, Kunsan National Lﬁ@

/7 /. - g
Dr. Kwang-Sik Choi; Professor, School of Marine Biomedical Science, Jeju

National University

:j:ﬂ"‘r > Sn LW,V’

Dr. SukgeuannQ,’Professor, Sefool of Marine Biomedical Science, Jeju
National University

2019.06
Date

Department of Marine Life Science
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



CONTENTS

ABSTRACTS. . et b bbbt bbbt bt et s bt e st e bt e bt et beebe e b nre s ii
LIST OF FIGURES ...ttt sttt st sb e nbe e b e iii
LIST OF TABLES ... bbbt bbb sre s v
L INTRODUGCTION ...ttt sttt e sbe e sae e nne b e 1
2. MATERIALS AND METHODS. ... .ottt 5
2.1, SAMPIING .o nra e reanee 5

2.2. PErKiNSUS OISENT BSSAY ... ...everereeireiieiisiistesie sttt 8

2.3. Histological ODSEIVALION .........ccceciiiiiiieic e 8
2.3.1. ANNUAI QAMELOGENESIS. ......viveeiiieitesteriete et 9

2.4, STALISTICAl ANAIYSES ...c.veevieieciee et sre e 11

S RESULTS ettt et bt bt e bt et e e be bt e nbe e nbe e b sanennbe s 12
3.1. Environmental PArameters ........cccoioiiieiieie ettt st 12
3.1.1. Water temperature & SaliNITY..........ccocoieiiiiiiiiiieeeee e 12

TN R @ 11 [T (0] o] 1177 | - WU 14

3.2. BIOMELIiC MEASUIEMENTS. ....c.cviiiieiiiiiisteist ettt 16
3.2.1. Shell Length (SL, MM) ..o e 16

3.2.2. Tissue wet Weight (TWWT, 0) .ocveeeiiciece e 16

3.2.3. DBNSILY vttt 16

3.2.4. Condition INAEX (C) cuvcuviieiiie e 19

3.3. Perkinsus olseni infection INTENSITY .........ccoeierieiirieinisceree e 21
KT N 71 AN | SPT 21

3.3.2. Whole body BUITEN .........cviiiiiee e 24

3.4. REPIOTUCTLIVE CYCIB.....ccticiiicie ettt st sbe e b ene s 27

4. DISCUSSION ...ttt bbbttt e b e b e e be e e bt e s aneenbe e beenns 32
REFERENCES...... ..ottt sttt sttt st e bt s beenbeenbeenbe e 36



ABSTRACTS

o] ATellA= 2007 1dFH #2 & 12¢7bA 19zt 1A

o\

ol A415)

rr

A =t 36070 A thdo 2 A4 o) AEAA WE}, Perkinsus olseni 7t =(infection
intensity), A& A=z Igd GAE T, 8, 2 5 FY chlorophyll a w9} #A
ob Adste] BAsATE A Ao vl Z (shell length, SL) 3mm o] ge] wpx| 2}
WA 7002l E AR EASER AL, Poolseni®]l 9%+ Ray's Fluid Thioglycollate Medium

RFTM)E4 3 x=45H2] Yoz

AN

At T AFAA A vrA = w2 ¥
AL 2007d 499 AFREAY. @ HTF A7 %= (Condition Index, (tissue weight/shell
weight)x100)= 22 AFF (dry whe] A 2.811- 17.267 <3, 5% (wvet whe] 7

%, 0.254 - 1.0509] A on, 2t o] Hhge Bl ol F Haste A

e
e
3R

o 7} Fe 76.7%91 A &

o
—
(@]
o

ok P olseni®] 7+ <& (prevalence)e 4kgk 2 7

o 100%=Z 713 =JT. P olseni A== 7Ll 42,737+91,604 celllg wtE 7} &9k

rO

<8, ol AFE A3 e G0 VAT Aer ARHAG. AEDE P oleni FHE

T A o]F FRo] AFsle 99 olF FUF FAE Holurt o] oAy Azt
+ =7F=(October-February)oll ZHa=7F Hastes s A + AUt €8 A4 =

rr

139 chiorophyll a 557} =& BANA A A 74 Frkskgon, e 4

e

T A2 Adel mE AAEe Wt s F Heoldd 49T dAV e

AEE7E @2 Ao 77 Aoz FAHHNG. A Fd AEAM A mpA ] 7



List of Figures

Fig. 1. Location of the sampling site, Jonghyun tidal flat (37°16'50.0"N;

126°32'51.1"E). +eerrerrrenrrenrenntt et 6
F|g 2. Jonghyun tidal flat in Incheon bay ................................................. 7
Fig. 3. A50x50cm quadrat used in clam density SUFVeY. -« -« « vrerevriiiniianns 7

Fig. 4. Monthly variation in the surface sea water temperature and salinity referred
from Korea Hydrographic and Oceanographic Administration. ----«------- 13
Fig. 5. Monthly variation in Chlorophyll a in the water column at the sampling site
during the course of study. The data were referred from NOAA
EARTHDATA datahase, ««««evveerererrmmmrimiineeiiiiess i, 15
Fig. 6. CI (tissue wet weight/shell weight) of Manila clam varied from January to
December 2007 at Jonghyun tidal FIat, < -««ceeererererereennnnmi 20
Fig. 7. Monthly mean of P. olseni infection intensity (cells/g gills) determined from
the gill tissues using RFTM and NaOH digestion. - -« -« evevrereninennens 22
Fig. 8. Prevalence of P. olseni in the gill tiSSUES. «« -« vvevereiniii, 23
Fig. 9. Prevalence of P. olseni determined from RFTM on whole body tissues. :--- 25
Fig. 10. P. olseni infection intensity determined from whole body tissues using
RFTM and NaOH digestion. - -« -« -eeeememmmenniii, 26
Fig. 11. Monthly variation in the reproductive stage of female Manila Clam at the
SAMPIiNgG Site N 2007, «+++«++rrremmmnariiiiii e 28
Fig. 12. Micrographs showing different reproductive stages of the females. A:
Resting stage, gonad follicle is empty. B: Early developing stage, as the
small oocyte are developing along the follicle walls. C: Late developing



Fig. 13.

stage, as the oocyte density and the follicle size increased. D: Ripe stage, as
the follicles filled with fully mature oocytes. E; Partially spawning, as the
mature eggs are detached from the follicle wall and egg number become
decreased. F: Spent stage, as the follicles appear empty and the residual
0OCYLES (AITOWS) are FESOTDEM. <« +rrrrrrreesssinrrtiaasiiiiiie e 29
Monthly variation in the reproductive stage of male Manila Clam at the

Samp"ng SITE TN 2007, -+ v v v e s ta ettt et et a e 30

Fig. 14. Micrographs showing different reproductive stages observed from the males.

A: Resting stage, as the follicle is empty. B: Early developing stage, as the
small gametes are developing along the follicle walls. C: Late developing
stage, the number of spermatozoa and the follicle size become increased. D:
Ripe stage, as the spermatozoa tails are pointing toward the center of the
lumen, forming concentric bands. E: Partially spawning stage, as the empty
space in the follicles become evident, due to releasing of the mature
spermatozoa. F: Spent stage, as the follicle areas become decreased and

residual Spermatozoa can be observed. «-- - rerrrre i 30



List of Tables

Table 1 Classification of reproductive stage of the female Manila clam, Ruditapes
philippinarum (Drummond et al, 2006) «««««++«+xrrrrreeesmmmmrrreenninn. 10

Table 2 Monthly observed clam density (individual/50x50 cm) and mortality at the
SAMPIING SILE -+« v vvererrrrrree ettt 17

Table 3 Biometry of Manila clam analyzed in this study ««-««-ovoeverinninnn. 18



1. Introduction
vlA1et  Ruditapes philippinarume 9= (Order Veneroida), =&z}
(Family Veneridae)oll &3t olmjul /R &2 3=, FT=, d&, A T ofAo}
& T3 Ak g B3t} (Chew, 1989). mix &t $-Eluel AMsjetat &
A 239 (Yoo, 1976), MAH 2= F=, & AT
diEnk ofyel g, 2R, =, vl U SRR o]

of ¥
SIth. whAete Aol Wm AWl tia 2 go] Holuhr] wWEe] Fu)

ol

FA ol F T gEY FAF ALeEZA O JFAI) wle 23, ofE
A FF3AQ kA Fow 71 77t ul¢ EA Hr7rE o) (Eugenia et al., 1992;

Lee et al., 1996; Chung et al., 200D).

At B e Wi 20URE 44 10m Yl mesh s
Aol Aol Qi mAH Aashed Selvebe A4S HeE 68U el

A3 gk whAEte] £Ee oF 8-9dolA Y 4FA/ HAAE 2-3d 19

7F 285, o] wf ZHA (shell length)e] deol= H+ 3d5mmg A=t} F2 HlA

(¢

4
JI

BH2 TEE WA UF F 78 AR A4 dYske dE 2717 H|

st= WHo R Attstar St (akatshed). sttt d AR wEw, v

n
rlo

HA el A9 22 8.8 mm, 2-8A 21.2 mm, 3@ 344 mm, 434 40.9

mm, 5% 44.3 mm, 63 50.0mmeo|™ FHL §8~93d Hxo|t}.

FAO ¥ zge] m=w 20161 d0= AlA Bk A4S 4,251,263
MTo =, o]z 99%°l 3igste 4,173,191 MT F=olA A=A, olglo}

33,500MT, gk=ro] 28,606 MT= &AL ot 2t wid vpA| gt AgAksko] #

=



Aol g molm] Ak 203k HHAS A Ee RS Fasn:

Asil A A AiE s wx g2 ofulEdAle v 8T &5

o a2y adEeh ARE oA v FHy 22 ojujuj{ A2 FF A
o] e oIA7IAL, ol & W¥ HALR olojA ALl & IFS "

o 53] olusifolA wyste dANE VWA ER] Perkinsuse wHA =3t

rlr
PR
lo
fu
2
)
>
=
pos
a4 2

X FZ (Crassostrea virginica®l A HAALS 23t

il

(Mackin, 1962; Park et al., 1999; Park and Choi, 2001). &3] P. olsen/= $-2l4}
g el " oAbl A At vk Ee] tIFEALE 4o dAJANEE A
53 Qo (Park et al. 1999; Park and Choi 2001), ¥+ (Hamaguchi et al.

1998; Maeno et al. 1999; Choi et al. 2002)3 < =(Liang et al. 200DoM = HZE

Lo
1
®

HoAth oleld e ARe) P AAFA WE A 29 L £E 5
o= FUE Alfow dAAwe HA wAH As) AAH FY mFel FFL

o)A AL A

ojujulj F= ulolz 2, wtE|E o}, VA ES I e & 2Ed
2 8%ld =&dY (Pillard et al. 2004; Renault and Novoa 2004; Park et al.
2008). Perkinsus &° &3te 7IWAEES 57 249 95 =9 4%, =7
AAE 23 SF9 AT HAE gtk (Mackin, 1962; Park et al., 1999;

Park and Choi, 2001). thA k= 7\ St= Perkinsus marinus?} 43sh=

o
ol\

HdEe &5 AYAREY Ao AAAA HAes Addets Aoz dHALL S

Ir

t}. (Choi et al. 1989, 1993; Dittman 1993; Choi et al. 1994). nB}x|Eto] 7] A3}

P. olseni & T3 7o AR AAMEFA A o]& 7HsT AUAE LML

N



24 3o WAy RS A (Villalba et al. 2004, 2005 Park et al.
2006). P. olseni®] 7% WA E ZZ o] AZtsk d4FS FEsH (Hamaguchi et
al., 1998; park et al., 2006, Waki et al., 2012), v}#|2} ¥ o] HAS Fisls

Aoz 4HA D Yok (Waki et al, 2012; 2018).

al., 1998), &Hd-&A W3S ol&3 WHTZH W 7| (Choi et al, 1991;
Dungan et al., 1993; Romestand et al., 2001), Ray (1966)7} 7§33+ RFTM ujj oF<
(fluid thioglycollate medium, FTM)E 712 3 e 7" [RFIM 7|", Ray,
1953, 1966; Choi et al., 1989; Bushek et al.,, 1994; Rodriguez and Navas, 1995;
Fisher and Oliver, 1996; Almeida et al, 1999; Ford et al., 1999), PCRel <£Jgk
RNA d71A44d 22 =3 (Marsh et al, 1995; Penna et al, 2001; Park et al.,
2002; Burreson et al.,, 2004; Dungan and Reece, 2006; Moss et al., 2008; N. K.

Sanil et al., 2012; Cho, 2016) 5, B3 &4 WHo=Z JWFE3 o

Ray’s RFTM (Ray’ Fluid Thioglycollate Medium Assay, Ray 1953, 1966) q
AR Perkinsus ATollA 71 dd] AREE A Sl ADVIY F stdelth P

L —

olseni &= trophozoite, hypnospore, zoospore (Auzoux-Bordenave et al.,, 1995;

l

Perkins, 1996; Choi et al, 20059)Z FA4¥® ZE3 A& 7FA3 ok
Perkinsus®ll 7+9 ¥ <FAZ+= trophozoite MRS Perkinsuss E3FelH, o]
714 vk (anaerobic media)?l FTMoll A vjekst 79, W2l dojpA] gFo

™, trophzoit”} hypnospore (=presoosporangia)E dHAstHA 1 AE =77} &

¥t} Perkinsus hypnospore2] MEHE @t JAfo] HLo wmetAlol} Z
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Mo g dArlo] Hu|A slo|A FTAo|Y A7 7bsstth Choi et al. (1989)=

_>|’£

<02 RFTMAIA wik® P marinus hypnosporeE 2M NaOH o] &3t =<

g

st WHE MEstA T oldl wel Perkinsus el Addl= RFTM 71
I} Wy3Yste] 2M NaOH &8 o] &3te] He|® Perkinsus hypnosporeE &+ Al

3% (hemocyte count slide)< ©]-&3t Axsts AHd B4 WHo| Perkinsus

ol7bu] A X)S Davidson's G Ao A 24417 FoF 1435k, setHol HAAA
Harris’s hematoxylin 3 eosin Y(Howard and Smith, 1983)2 4 & A #3ste] 33
staAm| g stoll Al AFskE WRolth o] WHO R P oolseni Alg otdel, 7
¥ (foot, gill, mantle, adductor muscle, siphon, digestive gland)Z =2 &z A2

2 g 5o tisk 2A7F 7bssktt (Park and Choi 2002).

P olseni @) Z+9 = (infection intensity)®} 7S (prevalence)= &%

o
o

A7 ko] 123



2. Materials and Methods

2.1. Sampling

o] Aol AREH wpAEE QUM tiFE= T A™A (Fig. 1, 2) 2007
W 1€5H 129714 v 18] 2+ (shell length, SL) 30mm ©]+¢] vlAg 707
AE AFste] A4 ol &ttt AFPE A HALE A4 A4, 5%
(Tissue Wet weight, TWWT)& 71&3 & 6054 A=AA 3zt A5F (Shell
Dry Weight, SDWT)< ZA3t9th vk gte] A7 ==(Condition Index, CD& &
% TWWDH dzd HZHESDWD =t z2ZdF5F3 gzt FAH ([l =
TWWT/SDWT =& (TDWT/SDWTDx10002 Yet Aot F 70718 A= =, 3071
A= AA =2 29 P olseni Z78 AHE38EAaL, YA 40744l A4

A A3 H Davidson's solutiond] 1At 22 A 8E AAsG T
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Fig. 1. Location of the sampling site, Jonghyun tidal flat (37°16'50.0"N; 126°32'51.1"E).
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Fig. 2. Jonghyun tidal flat in Incheon bay.

Fig. 3. A50x50cm quadrat used in clam density survey.



2.2 Perkinsus olseni assay

% 70709 AR F 30MAE 7wk A AAss P oleniel 7

A= (cells/g tissue)2t 748 (prevalence, A ZHALS MA £ 798 MA 9

-
o
AN
W

Jo] o] 8% itt Total P. olseni infection intensity 24 & sz 2 A

22 BA Z2Ho] g5 vA gy WA AZRHL FIM Foste] 4384 &%

e

SholA U FUL MFSHAT. ANL B P obenr} WAL FFL Lol

7] $lske] wiAEte] &% obbulE AHse] TAE AW F, ve

SEE

AN

< E¢¥ 5 ml FIM wjx]oll &A1} o] ¥ Ao hadoA 1573t Hlj ¢k
sttt v kol Bt MpA g A Az oy ofrtw] Al&= 2M NaOH 5SmlE =j

214

T

& &7l A7igt 60= A 303t Wit el g5dE AR

rr

#83ste] NaOH &9& AAsALH, ol & 2-33% Rb&Esto] P olsen o]9l2] &

cE=e AASNAY. 28 P olsenrs @ AFEHE ol &st 74 AR T 47
R A|Sstg T vpR| = 3 mkg] AA o) EXES= P oolseni =+ P oolsent

cells/lg TWT X+ P olseni cells/g gillsZ YeEM AT}

2.3 Histological observation

%32

A dbd Aol P oolseni FEE 2]

L

Hom wEstr] ffsf I

ru\m

Zroll A viAl g 22s et Davidsone] &l 48A1%F aLgstqith. 7|dE
(foot, gill, mantle, adductor muscle, siphon, digestive gland)Z%]-& 3mm F74=Z
HFHdHdo R dH3ste Powell et al.(1993) WHo wet &S o] &3t €4 &

gt Zmjstdt g2t BE28 6 ymzZ A w3te] Harris’s hematoxylin 3}
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eosin Y(Howard and Smith, 1983)2 &AstuTh A ZZ2 A A5

N R B |

rlr

#st

il

o2 10x400 wiE&=Z HAFSFATH

2.3.1 Annual gametogenesis

A F o2 w4 (gamete) 48 AAS BHS L PX Ao H& F
=< Drummond et al. (2006)o] we} FX]7] (Resting), 7] 2E~7| (Early
developing), %7] %&”] (Late developing), ¢<~7] (Ripe), 4Fgt~7](Partially

spawned) @ A%7]/&%7] (Spent/Resorbing) & & 6GAE EF &-th (Table

1)
A2 g BF 9] 237 &Elo|To A BAEE P oolseni o A&
FAE=E ZAFSFaL, Ngo and Choi (2004) oA AJ A X+E A& 7 %

A g ZAEE STAZ FESIY AASAT

(D 0 = P. olseni 7} AA zHo|H BAEA &g
2 1 = P. olseni 7} op7tw]| &} o] Futo Avt =%,
3 2 = opytu], |54, Al AT HE,

4 3 = opytv], R, A4S, AN HE
() 4= e ETPD RE TR 2HNAN AE



Table 1 Classification of reproductive stage of the female Manila clam, Ruditapes philippinarum (Drummond et al, 2006)

Reproductive stage Scale Description

Gonad follicle compose of connective tissue. The follicle is

Resting 0 empty, oogonia cannot be observed.
Earlv develonin 1 Gonad proliferation initiates; increasing number of oocytes
y ping at follicular wall, no free oocyte in the follicles.

Late developing 5 Frge oocytes in the lumen but most oocytes attach on the

follicular walls.
: Gonad filling large surface area, oogenesis follicle full with

Ripe 3 : :
polygonal configuration oocytes.

Partially spawning 4 Numbgrs oflfree 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.
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2.4 Statistical Analyses

Cle] AAARS H2ES] s, T2 +F

N

17t 3€~5€9(:), 6¥(HR), 9¢
~119071), 12¥€~2¥9(A2)2 FE39] ANOVAS} Duncan’s multiple range test

2 p0.05 FYFFoRE /A BFE EF st
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3. Results

3.1 Environmental parameters

3.1.1 Water temperature & Salinity

ol AT AHEHE T AmRv IHNFRAE (Korea Hydrographic
and Oceanographic Administration, http://www.khoa.go.kr) 3 ¢F4 =] 382 2] of] A]
AFAG T 7 2T R GBS HolodA FHIY T2

48 2=

i

i)
Sie

ALgstgTh A B3F Ao 9 W £ WE 20079 144CE BT
A7 Feo 290 39CE /P @gon HI £ 99 253CE N &
A YGeEbgth GRS A 717 F 25.8-304psu HMYES o, 8€ 10¥€ A

ofe 7Fg Wk=H, ol AFHE HTE o 71dT Aoz ARHUG (Fig. 4)
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Fig. 4. Monthly variation in the surface sea water temperature and salinity referred from Korea
Hydrographic and Oceanographic Administration.

13

Salinity (psu)



3.1.2. Chlorophyll a

NOAA EARTHDATA database&

Chlorophyll a 945 ¥H3} F43dch (Fig. 5) €3 Chlorophyll a ¢ Hd X

4.08(ug/L) oA, HAZ (3.02ue/L)e 7€,

14

o] &ste] 2007 EARAY FH

Lo

N

rr

H A= 849 (7.25g/L)E EFST
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12

10

il

2007

[9)]

Chlorophyll (ug/L)

[}

Fig. 5. Monthly variation in Chlorophyll a in the water column at the sampling site during the course of study. The data
were referred from NOAA EARTHDATA database.
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3.2. Biometric measurements

3.2.1. Shell length (SL, mm)
o] AFol A8d nixge ¥ HF# 7+ (Shell length)a} A5
(Tissue Weight)> Table 33 2t} vl € A EAH wpx=he] Z+4-LS 36-38mm

o] Z7] o]glom, ot 3-4d Aog FHEYrh

3.2.2. Tissue wet weight (TWWT, g)

2.30+0.4g olglom, 7k =okd Zo] W@ TWWTE 3.16+09g0 % 7ha whok

G 2o HF TWWT Bk oF 148 & Ao 2 vehygoh

3.2.3. Density

N

S

ZAZIZE T A dRE S A BEshs v 2 A4 2
(50X50ci) B F4 AFEES Table 29} 2o} AFAH9e] A2 Wi+ 429 7}
d GA, 8ol 7HE =4 BEEAS. wixE e ARES 343 4Rt BEH

Ao, 7 W= 11-19% °] At
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Table 2 Monthly observed clam density (individual/50x50 cm) and mortality at the

sampling site

Month Density (50*50 cm) Dead shells Total count Mortality
J 26 0 26 0
F 23 0 23 0
M 30 7 37 11.8
A 21 9 30 18.9
M 26 0 26 0
J 24 0 24 0
J 24 0 24 0
A 39 0 39 0
S 33 0 33 0
O 33 0 33 0
N 28 0 28 0
D 36 0 36 0
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Table 3 Biometry of Manila clam analyzed in this study

Month N SL (mm) TWT (g)
J 70 37.5£2.5 2.61+£0.66
F 70 37.7+2.2 2.34+0.49
M 70 38.1£2.3 2.6910.69
A 70 39.0+2.5 3.16+0.88
M 70 37.6£2.3 2.5310.55
J 70 36.7+2.1 2.97+0.78
J 70 37.1£3.1 2.97+0.88
A 70 36.4+2.2 2.45+0.51
S 70 37.1£2.9 2.511£0.82
(@) 70 39.0+2.6 2.58+0.59
N 70 37.6£1.9 2.30£0.42
D 70 38.812.5 2.42+0.60

18



3.2.4. Condition Index (CI)

=3 mxge] 99 Cl (Condition Index, Cl= Tissue wet weight/shell dry

weight) ¥3}+= Fig. 69F 2ot € W+ Cl 0.254 - 1.0509] Hegom, 244

HaE YEd ol 693 7€ Alo] AUYFE EAT ClE= 10€ o]F A A3
Zadte AFS Holx Utk CL Auighe 794 0.60£0.10018, Hage 2

Hol 0.42+0.092 =AU

19
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Fig. 6. CI (tissue wet weight/shell weight) of Manila clam varied from January to December 2007 at Jonghyun
tidal flat.
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3.3. Perkinsus olseni infection intensity

3.3.1 Gill Assay

RFTM/2M NaOH W& o]&38) Ao 2 23 opyjuol A ##H P olsen
9= Anke Fig 73 2ok 27 F gdee 993 1099 47 90.0%
97.5%%  =A  Uehdow, ZATE 5449064807648  (cellslg  gills),
459,676+643,184 (cellslg gills) Utk ZH&L 69l 77.5%2 7P4 wgron,

o] 712t T ZAx+= 278,977+353,807 (cells/g gills) & ebytt}. (Fig. 7. 8.
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Fig. 7. Monthly mean of P. olseni infection intensity (cells/g gills) determined from the gill tissues using RFTM
and NaOH digestion.
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3.3.2 Whole body burden

o] AFo A= vix|E A AA|o BEIE P olsenid] A% (infection

(%]

intensity) & F43t7] 9I5te] ofrtu| 22 & o] &% P olseni HAE ZAe HE
Z g 3070A1e] ¥R S AiE P olseni 79 = (whole body burden)E =%

AbsER T olbZtm| =AW P oolseni HEE FARe} 22 WHOE RFTMAA &

FA7F vjFE wpA| o] Bx &= P oolseni= 2M NaOHE A 23 &, A 43t
HAZF2 o7 A= P olseni cells/g tissue®E &3}

Whole body burdeng %3+ P olsenio]l 7+dE (prevalence)= 7€ FHAa %k
76.7%5 RPoH, Hge 10¥€ 100%= Jebstth (Fig. 9). P olseni®l 9=

] o ke HQon (42,737+91,604 cells/lg TWT), 109 z+dgo] Ay

rr

od o Ho ZYEE (305.484+832.398 cells/lg TWT)S YebATh P olseni whole
body burdene] =& AWMHoZE AEH 7] WA yetgor, 78€ 4t

B71E AA FA7] (esting)el 71&ol F7hsle S EAoh (Fig. 10).
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Fig. 9. Prevalence of P. olseni determined from RFTM on whole body tissues.
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Fig. 10. P. olseni infection intensity determined from whole body tissues using RFTM and NaOH digestion.
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3.4. Reproductive cycle

AT 71X F, A tiRE T AE A 4A vpR e ddE A W
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2] 6€0l 70.6%%2 =713t 4kek (Partially spawned)S 7oA HE 97}
A BEFEQoY, 7L 89 7H7} 68.8%) 77.3%S RYo® F Ay} 7,89
A & F AT AL AFEHA G FA7] Resting)= 10878 YES

o @A e ol &3 i =293 BF A= Fig 129 2
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Fig. 11. Monthly variation in the reproductive stage of female Manila Clam at the sampling site in
2007.
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Fig. 12. Micrographs showing different reproductive stages of the females. A:
Resting stage, gonad follicle is empty. B: Early developing stage, as the
small oocyte are developing along the follicle walls. C: Late developing
stage, as the oocyte density and the follicle size increased. D: Ripe stage, as
the follicles filled with fully mature oocytes. E; Partially spawning, as the
mature eggs are detached from the follicle wall and egg number become
decreased. F: Spent stage, as the follicles appear empty and the residual
oocytes (arrows) are resorbed.
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Fig. 13. Monthly variation in the reproductive stage of male Manila Clam at the sampling site in 2007.
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Fig. 14. Micrographs showing different reproductive stages observed from the males.
A: Resting stage, as the follicle is empty. B: Early developing stage, as the
small gametes are developing along the follicle walls. C: Late developing
stage, the number of spermatozoa and the follicle size become increased. D:
Ripe stage, as the spermatozoa tails are pointing toward the center of the
lumen, forming concentric bands. E: Partially spawning stage, as the empty
space in the follicles become evident, due to releasing of the mature
spermatozoa. F: Spent stage, as the follicle areas become decreased and
residual spermatozoa can be observed.
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4. Discussion

4.1. Condition Index (Cl)

Condition Index (AZ4=)= a4t olmjsljFo FFdel == Al A
4 AEHE UelE AZEE AFEEI ok (Rainer and Mann 1992; Crosby and
Gale 1990). CI®] 9% W3} dde YWy o g oz AR~ w923 47

Z

)

o
=2
rlr
olX
N
X

o) b, g vha Avlele rastelel MAFs] Aol &

A AL A WE AdH WHIE olsist=H o AXER o] &EH AU

(Gosling 2003;Lawrence & Scott 1982; Widdows 1985). a4t o] wj o] F2] ®H A F7]

<} 7o A YA A 2 &8 AHLS FTF dHST AAE BAY (Sastry
1979; Urrutia et al. 1999). 34t olmj3l /= &3tE Je|2 A B & 4ke

S 93 JF FAFANA Yt gz AFdEE Aoz G4 A QtHRobert et

al. 1993; Berthelin et al. 2000; Ojea et al. 2004; Dridi et al. 2007).

W] Cls A4 Wdo] a2 A Zrbsta Ag A
o el W AT FobAch olsh 2o Cle AU 7 L WAz Aol
A2 o)2o] e ouath oW AT/ E BAW 2 Ao U
. 0.254 - 1.0502] Welgom, Cl Wah P =xsy BRAATe) vws) 3
o uE Az wd WEe) v AAeE 4TS Bolw YA FA A
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4.2. Reproductive cycle
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(Galtsoff 1964; Yamamoto and lawata 1956; Holland and Chew 1974; Hofmann et

al. 1992; Kennedy et al. 1996, Meneghetti et al. 2004). Sastry (1976)l 2]s}H,
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& 231 At} (Chung et al. 1994, 2001; Park and Choi 2004; Shin 1996; Won

flo

1994). Park and Choi(2004) o] Ao o5t ZAT 2 Ao AAst= ulx g

74-104d Apolel] 0] 20C AEolA ghgto] o] Fojx|H, ELISAE &3 ®

1>

% 24 Az, o] A WAL A %, 359 4@ P (peake RIATHL B
St o ATelNE 2AsHH W ojEsle] AwArE FEPOH, 1
A3 2@ Ade] Bzl wpAge 80 20T o4 7LA 9L 18
A How FHH

P olseni 9L %79 wpAgo] 4% @ WA o] gaof & A E
N EO] zulstel, vixete] A4S As), wAete] FE/A s R ANF
of HEAAQ Fd&FES A= AL=E A Yot (Villalba et al. 2004, 2005;

Park et al. 2006). &3} =2s+# o] o, P olsenf= %52 HIAZEZ

»

>

1211—

o

e
el e
o|N
o
Jo
()
okt
rlr
PR
o
fru
=
=
i
=
&O

1TF (Hamaguchi et al., 1998; park

ut
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