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Pathologic condition of the stranded Manila clam Ruditapes
philippinarum by storm-originated sediment erosion in spring 2007
in Incheon Bay off the west coast of Korea
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ABSTRACT

In Incheon bay, mass mortalities of Manila clam associated with winter storms have been reported. In the present
study we have monitored pathologic condition of the clams stranded on the tidal flats by the winter storms
occurred in late March to early April in 2007. The field surveyed indicated that mortality of the Manila clam in the
study areas ranged 10-15%. Condition index, a ratio of tissue weight to the shell weight, of the stranded clams was
significantly lower than the non-stranded normal clams collected from the same locations (p < 0.05), indicating that
the stranded clams were comparatively in poor physiological condition. Perkinsus olseni, the protozoan parasite
was observed most of clams used in the analysis and the infection prevalence ranged 77-90%. The infection
intensity of P. olseni determined using Ray’s fluid thioglycollate medium (RFTM) cultivation and the 2M NaOH
digestion assay indicated that the clams collected during late March and early April in 2007 involved
67,182-1,124,727 P. olseni cells/g tissue. The infection intensity of clams from Gung-Pyeung was significantly
higher than the intensities observed from Dae-Bu and Young-Heung (p < 0.05). No clear correlation was found
between the infection intensities of P. olseni in the non-stranded normal clams and the stranded clams. The
stranded Manila clams were also infected with trematode parasite with the prevalence ranged 5 (Young-Heung) to
12.5% (Dae-Bu). The trematode-infected clams exhibited castrated follicles in the gonad, a typical sign of
trematode infection. It was believed that mass mortality of Manila clam observed in this study was associated with
the poor physiological condition as indicated by Cl, although impacts of the parasite infection cannot be ruled out.
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et al. 2010, 2012). Chung et al. (1994) ©| <54, n}x)+
- A F 1do] Avd 2 15-20 mm AER Ak
2-39¢] Avpd 2 30-40 mm 2 AAER=T), o] wEE 5
gk fElvet wiAE AR Ad 109 7F Azb
25,000-40,000 E2] H$]S ®.gon] (FAO 2013), 9444k
ol dito] Asflell ke vk wehde} ko] niAlE
Ak 199395 71Al e ashy] AlAskglow, Ak
7o) {9l 7hAol| wpE At AAlA] Zha, e, Wl
4 A 4 7l wE s 5= & 5 e, 53 4
FAET 2ol A FFol o3 A HA
erosion) ¥ o]of W 7] F xFof 23 AL
= F o} (Park et al., 1999, 2006a; Uddin
. 2010; Park et al., 2010c).
Al YlelA g5 Tt FF (storm) & &2
2 = 7 Yk HEely A=
st 5 ke, o] wf gt she= A
g A HAE o}
= AAAEES W] T2E =347
(Bower, 1992; Gremare et al., 2003; Lopez et al.
2008; Harris et al. 2011). 53] ejFo| L} Agd 3o o
A Ales 75 dwstet dAlste] o 3t Sk FAE
Bol1 glov, FFo|u eFo] At Al v Gl
3t A= wu|gk AAolt} (Kang et al. 2005; Park et
al. 2010c). HFAERle] M=, 2 ad 7F ol
Aol A A uA|ge] B dAe 22 AgolA o]E F
Aol A= FF o= QI3 2 gt k] HAES A
AAA, 2 Azt P HAE ok Fiste] AAlskd npAH
of 7] Foll =F= Aol 7]ty R n}p gld
(Park et al. 2010c). Pellizzato and Da Ros (2005) %
Moschino et al. (2010) ] <J3pH, 7738t vix]Ee v| S &
24 wgto g qlste] AeelA HAE woer xEHY
gt A Zglo] 7hedt Aoz Budh uf glow, o]t niA|
Zo] A (re-burrowing) 53> vHAIFe] AREE 54
e AER o] &H7|x gk webd 5 FFoE QR
ot FAE A2 FHAE ol AAEY wiAge] 7] F
rEEvete Al 27 v o] H4E YR
A It ke, ARSI Fa v Al iAo
TR g st BASE Aoz FARY el
o A% AR Foz A WAL dr) F w3
(stranding) ° ¥t A7 v FHxtel] Bt HxE A
o] Qiglov}, === uix|=te] A2l A4 et A7+ v
u| gt AAo|t} (Park et al. 2010c).
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Fig. 1. Sampling locations in Incheon bay.

7)% g} Ajsfiebell b wiAEh QAR AR
A% (Perkinsus olseni), Vibrio tapetis} 7% whe|gjo} W
5% Cercaria spp. 59 A= I+ AR RIsT
ow, 53] v R EATE Aol siAletE o]
= ez ByEy 9} (Park et al. 1999; Park and
Choi 2001; Park et al. 2006a, 2006b, 2006¢c; Uddin et
al. 2010). 53] 22 v EAFE] 7S s5Fe] o)y
=0 FHEA] K3 AgAoly Agte g Q1o nix|ge] A
gHoz oAl 7eAe] 1 o] o A Yelue AR
A A 9t} (Park et al. 2006b; Uddin et al., 2010). =
Al o] A= 20079 B AR Akl W FFo
2 Qlgh npx|Ehe] sake} Aedsle] EF o2 Qlsle] vj7] S

w39 vpiRel A2 % gelsd S4E wdsked 1 5

l

¥2 2 o

-

As Folrk
ME H oY

1. WA & A 2 A F

712470 wh2w 20074 39 olAvtels & 43)9] A F
o7} glglen, o] 7|17t F i 3-6 m AR A 43l
o} A 2AF Zd} Ak i 24 2| e] AHeA = w2 Tt
=2 QIgk A o] glglen, Aoz qldle] HAE &
of Zalste] Qe nirlgto] 7] Fo2 xEH Zo] =)
o olgfd =& i AEld 5A4S ghelsl] S8ty
Adut Wie] 95 x, = 9 3 FHY PEE =AY
oz Ageiglct (Fig. 1). 2AF A1 AR =25 vpx=
(Stranded) & FF 2% <lgh 7J3t s= 2 EHEo] A=
HAeM PEHE xFEon, szte] PEYa Aoyl
npA gt ek 229 v 3] AW 124 ¥
A=l o, o] 2 ecm o]AFel AR Hde =z AR}

glom, 7 24 A9 o 100 AA| olg sHuslg
AL Asel Aa g AAAR MAGS Brre
= 4ob ARsigith 494 $A% uAge 24 (Shell
Length) & 343 5, 4% & 242 A%, AAAEE o]
$3lel mg7h SAslgich. A27] el d 24412 Az o)

H
t#
ol
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Table 1. Sampling locations and types of clam used in the analysis. Normal clams are individual clams found in the
sediment, while the stranded clams are live clams encountered on the surface of the tidal flats. N, Number of clams
analyzed, SL, shell length in mm, TWT, tissue wet weight in gram. FTM, clams used in P. olseni infection analysis,

Histology, clams used in the histopathology analysis

Location Clam Type N SL TWT
Young-Heung Normal (FTM) 30 37.2 £ 3.0 2.224 £ 0.571
Stranded (FTM / Histology) 40 39.7 + 2.1 1.417 + 0.362
Dae-Bu Normal (FTM) 10 36.6 + 7.1 2.241 + 1.084
Stranded (Histology) 40 38.7 + 2.1 1.999 + 0.431
Stranded (FTM) 30 34.0 + 1.8 1.218 + 0.249
Gung-Pyeung Normal (FTM) 10 26.7 + 4.8 0.908 + 0.531
Stranded (Histology) 40 36.6 + 3.6 1.585 + 0.597
Stranded (FTM) 30 33.3 £ 1.8 1.077 £ 0.363

7 AAAEE o4 me7hA 1 FAIE SAsSih AR
upz|2ke] Blule = 2] 9] 4553 (tissue wet weight) 2} o]
7re] A vl yehislth (9]uk= (Condition Index) =
%A 5%5% (Tissue Wet Weight in gram) / s\ A53
(Shell Dry Weight in gram)). +4¢] ¢]-&-3 ulx]2ke] x|
T} s 7ke] Zo] 4l F5%2 Table 17 2t}

2. 23 A 43
FF2o 7 <l tf7] Foll =EH npxlZhe] AnkAal We
A AAE BEs)l7] $)5ke] Howard et al. (2004) 2 "
weh 24 ARE ARG, 2190 B2 ool 7
A A eEl Aol kA 4070A1E A}
ANe ¥, e e A4S AAT § 24 T4 B
2-3 mm FAE Adsigl o ojuf Aekgl -9+ ofrin], A
A4 W 43tde] 3E R E 1%t (Uddin et al. 2012).
Aek=l 222 Davidson’s ZA MO Z 244]7F v A3 H &
=oll A & F g2 E 7 AdaElS o]g o &, 7}
sl Lolkek. shebae] Lol £AAREE ol
S olf 4-6um FA¢ HHS AR F Harris
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3. Bl & EAE (P. olseni) 7194 Z A}

A= I 2h] o F 2 9%+ Ray®] FTM #|vo]
v S o] 83l A3t (Ray 1954, 1966). FTM i
ool 90 g2 NaCl¥# FTM 29.3 g2 1000 ml 3750 &
gkt F, wfjokao] Aoz WFkE wirhA] spdgt 3 wlok

10 mlE 15 ml EeAE A 3¢ H, ZEr) S

o]& W W wfekle] £ AAE A|ASIGITE wiA A
A & 23 v g EAF RS S48 f8te] = F
= vlAE 22 AAE FTM mioFde] 28471 5, wieF 7]
7k 5 atelElote] wAlE AAIs7] $13ke] FAAIQ] Nystatin
¥} Chloromycetin = *7}5}3it} (Choi et al. 1989; Park
and Choi, 2001; Park et al. 2006b). B}A|ZE A} wjjok
= Ao oA 15747 A&Eon, wfjeke] Sha Al
F+ Lugol’s Iodine< ©]-84 GAg 5, si-&w]7 slol A n}
AF2AZ2] 24 o I3k viAGEAZe] =
(infection intensity) & Z43}7] $15ke] FTM wljofe] S
= vAE A|&E 10 ml 2 M NaOHE&¢l] H7}51e] 60°C
FxoA 147F uEeAIZE ukeo] $EHE ABE 2000
RPM de7lz A4 2= 5, Asds #HeEx
Phosphate Buffered Saline (PBS, pH 7.4) & o8 ¥ 4+
Algt F, HEAR A o] =F o] 83t upx|Ee
233 v g2 AF FHEA (hypnospore) AT 5 A4
sttt uiA G EAF Y] Al HFA R vixE 24 1g
o 3= npx|EEAE AE 4 (P. olseni cells/g Tissue
Wet Weight) = Yepdlch  upxgtEzzo]
(Prevalence) & AA| ZAM vpA A 5 F, vpAg2At
ol A= npA =] vlE (%) 2 FAESIch

e

2 o

1. v}#] 2] v]ulx (Condition Index)

2007 3L qlAdnt Aol A A vk vinke=
Fig. 29} 2t} 5= 4t o]&A, dii= W= 2 344 7
He] 27k oA A= vpA g vkEE 0.317 (455 =
Z9kAE, STR) - 0.435 (F5% 4, NRM) 9] H9E 29
t}. 370 A HeA A= =FuA= (Stranded Clam, STR)
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Fig. 2. Condition index (Cl) of Manila clams from 3 sampling
sites in Incheon bay. YH, Young-Heung, DB,
Daebudond, GP, Goung-Pyeong. STR, stranded clam,
NRM, normal clam.
o] HREEE 0.309 (HF-%) - 0.339 (7H) o w2 HIE

Bel whH, HA -zl lste] A" A<l wixE (NRM)
Hube= 0.372 (33E) - 0435 (F3%, D= FF
of oste] xE¥ wpxgRY FAACR FofsHA =kt
(Student t-test, P < 0.05). AAA o7 Zelste] AAlslgl
upx|2te] 75 oA ARE wiA e ntes dEE
v oA AE vpx ke vt R SAHCE F9
314 ek}l (ANOVA and Duncan’s Range test, P <
0.05).

lo

2. P. olseni (VA2 EA3) 34

v 2t EAZ0] 7+ele 7F9E (Prevalence), & A A}
AA 5 g EAT AEE AR nlE s
% whAlek Al Age vhaleE

(Infection Intensity), =
viAlg x4 1 gram F vIASEAZ] A4

A AEsE

+2 B3 7o x 2 335t v S EalEe] g
AE=o AF ZFol 3t &9 viAl= 77.5%, A=
AR Q] WA 77% o] on YR x o] AL v & npx|et
2 87%, 2] u}xl 2 90%% velgth 34 e Ao
A A= A %—"4 npA o]l 2kl Abef o] v &
T 90%9] =& FdEs 2ot} (Fig. 9).

Fig. 4% ©] g7l A v EA5e] F9xE
s 23leloh S =M AFlE wiA o] 75 v E
AFe] s L:%% ulx|2ke] 7A-$- 67,000 cell/lg wet

tissue weighto]glem, 9l wpx]=he] AS$- FHdF 82,000
cell/g wet tissue Welghti T A 7] A= Al F
AR FoJshA] gkt dhp-mellA AfAEl wpA =k
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Fig. 3. Perkinsus olseni prevalence surveyed from the 3
sampling sites. YH, Young-Heung, DB, Daebudond, GP,
Goung-Pyeong. STR, stranded clam, NRM, normal
clam.
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Fig. 4. Perkinsus olseni infection intensity of stranded (STR)

and normal (NRM) clams from Yougn-Heung (YH),
Daebudo (DB) and Gyoung-Pyeung (GP). The infection
intensity is expressed as the number of P. olseni
hypnospore cells per gram clam tissue in wet weight

[e]
3T

= AT AS AHdEE FFAH2E 63,000 celllg wet
tissue weighte]glem, Zel wiAlg Al FFA s
+ 119,000 cell/g wet tissue weighto]$ic}. 34 FHze] A
ol Al QA npA g2 FZol| oJste] =E% R AT
o AL 7 xrt HAF 588,000 cells/g wet tissue weight
ol v, ] whAlEr AAlwe] Hd A= 1,124,000
cells/g wet tissue weight®, Z3 vlx|Z A+ vpR]2-
2AF P FrAes B dehey, EAdeE 1

Aol frejsta sdskek
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Fig. 5. Prevalence of Cercaria infection in the stranded
Manila clams in the sampling sites.

3. z49e e 24 2%
AW AN A 24} A BE ZF 02 qlsje] A
Hol| &35 nlx|ghe] Zgt=| it} (Table 1). HAu|AE o]

Fig. 6. Histopathologicl features of Cercaria infection
showing the sporocysts (above) and the germ balls
(below).
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gk npA|2he] 22 SA AAL Az} Al 24} A RFolA nkA|
H¥AZF (Fig. 7) & F% 7 (Trematode) 7} #2=|lc}. &
5o A5 2ATgA W 3k BAR FERY FE E
A = glern], F=2 upx|te] ofut ol Pal i F9)of A
5 go] A=Y} (Fig. 6). =34 A Az}, &
52 & (Prevalence) © 95x Ao A5 5%, oiF-
o] 7§ 125% 2 3 FHEYY A5 10% FFoli
(Fig. 5).

74 vws) wehe E
71, o] wj AAe] FHglste] AA2 AX AeE HFE =3,
Al o]27 37]= 3t} (Saloman and Naughton,
1977; Hughes et al. 2009; Harris et al. 2011). Lopez et

Fig. 7. Tropozoite of Perkinsus olseni observed in the mantle
(above) and digestive gland (below).
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al. (2008) = o}=alE|Lfe] Fof i ool X F4 me sk
of olo] FF2o= Qlgh siet A4 W ool w2 AAEEY] df
gollatel] ste] Bardk uf glet. o]59] ool wEr, 1997
WHE 20033714 S AlQlelu 5414 FFow Qlste] =
o lﬂ—_‘i7} _17'_01]1‘/\0].0] ]/\ Hl?_ UEH Eﬂo}__ Z]}‘]/‘]Ziiu:],
I A 270 F, 8130l A theFat 3R] elA o]
sl el 5557 AAAe] Aalew Qs o] For xF
ek 7522 =% (stranding) F o|v|dllF= 7| 2ANF
al Atrina seminuda®t 7 ¥ -’H-rr"ﬂ/ﬂ—rEi Donax
hanieyanusg} e &23¥  o|uWjsii o
Adelomelon brasiliana®t 22 W8 E5F 5°] £
[e]

o). o A 24} A e w39 AR
]_

AEH ZF0 R QI3 AHe A4
off mll= FFE Aurke] eH g o
ol A A= v} Qltk. Bower (1992) +
J3] 21215 British Columbia i3k 16 A/ A& 2481, &
FoE QlEle] ] Fog xEEoY Aol ol wiAlF
(R. philippinarum) 1597042] x=2¥e|sks 5AL 73
u} gl o] dtollde AA o EA T AHslste] A48t
= WA 991 TR A T A ke 229
gled 545 mlasigl). o] 7 A, npAEsabet et
= A AR ko, izl wlste 7] Fell
=53 wixge] oplu] AFA 2] AAL (necrosis) o]

19894 3-4Y ZF )

EAALR felshl wske, ol oplulAEe] A @
e =F 98k 71l i Alxe] 2 (freezing)
2 Aoz nusigieh Ao o] dpAY glol, A%

AollA 2Fel WAk 3 4 oz <l wpAFe] 7] F
EET U2 Vel o7t =AM A AL WA
= oPI3HH, TEALR e ieke Zlow Rusta gl
ok mebA feluet AslietellA DAshs Aed FFor
g B7] 222 3k 7)o qlste] mEd wiAE
24 54 % AAE fdeke Aoz AlgE, ofel did o
T wlu]g AAolck o] Aol A elaut Aol gle] &
Foz qlste] A mulol =EW wiAlFe] 2434 At
ojfoizlont, FAo o7 A opjwAEe] AL
(necrosis) < F2l& 4= UGl ol & 7ol 222l upA]
2ol AR A717F 39 welA 49 27, FA] 7o) o= A
et o} v wpAlgo] d7] Foll =EH ek 22o] F2
AL G Ae® Amsh 2y o] drelA AR
npA e AAlE AR olo A, B A W Bl LSt
© FFoR AT A" 22 g oo wE FARIclE
el glof, Boh SR upAlg A Fx Y 22 vl

X&)

a2

I
Jd
i
0x
e
-

At AA o2 SAE dol Feskn b vl o)
w2 Alzo] e AxAR) v Q77 $E olof & 2
o2 AT}
o] A A £59) 218 sl Ao o) 5ol
23 x|k v]ulE (Condition Index) ¥ 9&%, HlF-
= ] A mReA FEAeR AA] A Al
o wlgte] FAAo® oAl Rkeh (Fig. 2). AAIAL
A wRte s §A4 FF (AFF BT 559 ) o] )zt
Sl gt vlEE ZAJS, vtz AdA A
HAE7] gl wpR|Eke] o of Aol WA #AE %
7103 R 3t} (Park et al. 2006a; Drumond et al.,
2006; Park et al., 2008, 2010a, 2010b; Uddin et al.,
2010, 2012). Uddin et al. (2010) & AA= vpaghE gt
o2 dAF vREE SAT A, vitee 2 FolA xo
?“ch'ﬂ 7P =2 e Holn, ihHe| AF
G Fol Holrl oA £ 239

J

=

X0 2
rlr oy J

F2 & Bels Rasiglh. AAx wpAEe] 75 3-4

Bk = 0.4-0.69] WS BglEd|, o] o] AFolA =

745 77l vpAl e vinkEs} fARE Aotk wEbA =
=22

o A #EE vwkE (0.31-0.34) = AAE vl
48 Wk} v A, WA el Ao Pk, of
gk AAA o g G vnte s 23 nixge] Ao

PAlstel, A0
HA4% Soz A B3 A FIL oA & Aoz Bk,
Moschino et al. (2010) ¥} Pellizzato and Da Ros (2005)
£ A% ulAe) A9 B4 mbel o8 L EHe]

5 79 A A, ol Al Al ) e ui
9o BYEE SA5H: vole viARE B89 4 grka 1

2ejget.

NS EAS (P. olseni) & AT ER vpxEe] oprtu],
sj%ut 9 43l Sol #2 Fxahw, 7o) AlehA A3
e vpAeke] 22 Pelol B ulxee] 4ol
AL T AeRE 4¥A 9l (Park et al., 2006a;
Park et al. 2010b). Park and Choi (2001) + H]-’FE_E x
ek Seliiel Aelel 7ol Rxeks wlATE dew
u}.z]al‘:{._x]_? 71—03 S u] 71—0ﬂ1:‘?— i/\}- E_]_s}- H}— o]q_ ] ]
w2 Qe ARE 9 J3ke vl st T 4
28 80-90% olglow], F3hE viALe et 42,000
cells/gram tissue® " b Holglek & Aol A= whA]
G2 AF0 e T7-90%F EL Hol} I, o)
A ARE e AR EE 67,000-120,000
cell/gram tissueZ, o] F4uto|u} &9} o] fAFEE 78
W 3o AAlsh= niAEa) vlm A, 1 710:15_7} o sz
olt}y. 2 FHz] AA AA= ulAE2 580,000 (=
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% BAE) -1,120,000 (F3dulA]Eh cells/gram tissue =,
Fgolut diftmet vl A, 5-10 v Ax =2 FFEolslH
(Fig. 4). ] 7l glo] FZF2o=7 g AU A 9l o]z
qlste] wf7] Foll &5 npAFelA npA=gEA oY FF
7o AHde] ¥ =& 2o ® =, ol 7AA e
o Br} o st 2= AAle BRI GolA, bi7] Foll
225 F A A A glo] Ate] o e A™ Zlolwt
71gel 718ket Zlelok 18y £ A 24 A, 6] E 2|94
27 wAFEAFY HEE Ao|7t gldlov, xEH uiA|
g3 A viAE F AR 7o A= Aole AR

2 4o 5
Jald] ke Aoz ARl R FERY B A4
o120 A A& AR A, oI /1948 9

27 k2 ez AlmHth Ngo
and Ch01 (2004) = AF AAE odgtel] L8} npa|gh] 9}
o] E5F AH9=E =418 v} 9t} (Ngo and Choi, 2004).
AF wpAEe] A FF5F (Cercaria) 92 <1 £ 0-12%
o ARES Bolow, 2 sl v daelA S
t}. Park et al. (2008)2 4 FukRE ofz|opr] ZAde] A

Aghs aiA=e] F55 A4S 2ARE A9, AR AGeAe
7+ uy} 43%¢°] o]2H, 7= vt F2 Flo R e
sk 53, F35el A% e 97 v dag a)
3} HW@H Halel] A7t S vlale oz deAn
olel, ool wigt Bk FH A7 2o A Ha gl
o] dFoAE 20079 & <lxuke] JE, o
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