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Morphology of Neoheterobothrium hirame parasitic in the oral
cavity of olive flounder (Paralichthys olivaceus) and
histopathology of diseased fish
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A disease that manifested severe anemia of the gills occurred in the olive flounder (Paralichthys
olivaceus), which was cultured for 5-6 months with a recirculation water system in the laboratory.
Microscopic observations showed immature parasite in the gills and mature adults in the oral cavity.
The matured parasite was 5.60-9.32 (7.42) mm in total length, with 4 pairs of clamps on the peduncu-
lated haptor, which was separated from the body proper by a long isthmus. From the morphological
observations of the larvae, it was identified as Neoheterobothirum hirame belonging to the monogenea.
The average hematocrite of infected fish was 10.3 +2.8%, significantly lower than that of normal
flounder 31.4 +4.2%. Histopathologically, fish infected with N. hirame exhibited reduced numbers
of erythrocytes in blood vessels of the gill filament and lamellae, reduced red pulp area of the spleen,
and hepatocyte atrophy. From the above results, the cause of severe anemia in olive flounder was
identified as N. hirame infection. This study shows an example where the growth of pathogens can
be a problem in the recirculation system due to low water exchange rate.

Key words: olive flounder, Paralichthys olivaceus, parasite, monogenea, Neoheterobothrium hirame,

anemia
N =2 olivaceus)~= “1 "8AFEFo] ATF 43,400=0) A4k
O B 43089 Aol ot ﬁxﬂﬂ o= %—ﬁfﬂ- o
U & AAFe] HEFQD HX(Paralichthys Zo|th20199, Z7IEAEE). = SA5E
How Z'“TQ’]' Lo A EH%UE °“—.HF’- A=
TCorresponding author: Sung-Ju Jung o] A G oAA st HAA N =EH o] HA
Tel: +82-61-659-7175, Fax: +82-61-659-7179 V% K A = N < It]]/\]- Qole ~ziE ]_%;

E-mail: sungju@chonnam.ac.kr



8 o|HA-713
AqYZF, el ARSI ZToE A
Aol A Azt 21-30% A4 =2 HAL LAY S
2 A ETKShim et al, 2019). 7L FoA 7]

i)

BoE YXoA A EAVE He AR
E7lZ, A9S, FEo5S & F Joy o
A HAFE oA, AHA sAY, &
HAE H& AlgoA AAE Y2201 TH(Jung et al,
2007; Shin et al., 2018: Kawai et al., 2012). L 2]l
WA EYIEHUHY, JELEESS HIRS o
e 71T A Aol XA AEH A
(Jung et al., 2012). Ao} Aol A ¢y 3L
= 71AEFA AW AJAZE Neoheterobothrium
hirame7} A= ol 37/ F A (monoge-
nea) <3tH, JX| 2] ofrim e} 7 R 7]y st
o @S JHse 7T OE HAxE dEAA
B 15 A THOgawa, 1999). -8, =)ol A= Hay-
ward et al. (2001)°l 2]} A|F2] &A=
o o] 7HreE] A GA A HEE Bl F o
A3, Jang et al. (2007)2] ATFAA S HIUT
28] QA FHANA FAT XA AEH
Bazp gloev 1 o]% Bad vyt gloh

B AFE A7 Batd 3ol 72
AFAIHANA AFEEE G2 ol A of7tm] o] Al
HESHES Bl A NA TAS FFol st
Zlestaal gho. ofrhE| &F Y Aol R
< dojo] FeNgHAEE T3+ N hirame =
FASRIL AT 8 AN =A% #HE=E

Ao tdt s 2tgo) tste golr vt 4T

W[ o . o2
41 ox o >

o
L

Mz

2

=1
=

H}
o

M= tH

XpietHof

12k A2 2018 5€ SAHEE BT T8
G2 o A FUAF dX](9.2£0.6 cm, 5.8+1.0 g)&
w32 0 F ALSEHE HA A 671 L] A
gk Ao BASEAT 7Y & GA = 20 L FF
1070l 20vF2] ) o] HQlom, AFSZE 500
Lo BETH o xe} AAste F F7F 700 L=
AT 2H 0 2 ARFIIATE AFSFTE 65 mWs/
em?e] o)A A=A (Badasarang P4000, Don-

gyang eng, Korea) 2 247k ¥HE #3417 &

5

Fd

3

B o

ol

=
e

AbSo] whol] ARRS T olots BEE Ae
A A zo M AFEE Sol7te w8l =
A9 AR AAE AA T A A 32
mWs/cm® (Badasarang P1000, Dongyang eng, Korea)
2 &253HAM JAE ARSI 22 20£1C
2 fFAsReH, AtRE wd oA T2 1%m] %
o8 Fudtd RS AAHEA ASI AT
22 A S SHEE BT SE FAFNA
2019 102 T JX1(7.94+0.68 cm, 4.53+1.14
g)E AHetd T s7ldo] A7 Al eA &l
H Atk 250 Lo Fx 7702 1,300 Lo A E3HH
o el AAF F FF 3,050L] =F]HA 2~
Ho 2 AMS3HATH AHSTE 65 mWs/em®™o] A+
A A5AX|(Badasarang P4000, Dongyang eng,
Korea) 2 2A|ZF0) 4 WHE £3A| A 253 S A
ottt A=sd ARz As2E S07t
E 85 E A9 2AE 32 mWs/em?® (Badasar-
ang P1000, Dongyang eng, Korea)2] &% 27| & <
At £2Z55AT £ 1520T 9] HeHon
AR E wd oA T2 2%E FolstiH

= TR A4 Fom FHA
sofol=F et 9ol S Lkt
(Phosphate-buffered saline, PBS pH 7.0)2 &+
T T8-S AAete] B35 An)Add A
A&3EA T

A 2S935t <tol

=2 A
o= AH
HHsHA =R
%S AFA£94(70% Ethanol: Forma-
lin: Acetic acid, 20: 1: 1)ol] 24A]3F 1A ST 3L
AE A&+ 70% ethanolol] Al 213 & Alum Car-
mine(Sigma, USA)-&H ol 24417 FAstH T G4
HARE G 1%E EFT 70% olgEol F-
TZ27F SA5H BY w7t @Attt el
A ZE 70%~100% NSE= 7+ 1AM g5
d3tATh g T AE-AdA(1:), ALAL
ZF AR Bt ar, 35 dn A 3 AA

il
K

TR TR Y

=&

=9
=
o}

w

1,
N

Z0]

11V

kvl
[

reb o o



A X|(Paralichthys olivaceus) 73| 7]1243}= Neoheterobothrium hirame2] e I 7tgojo] Wz 3 9

7o g #FEA

= ZA}
ol 22} 1omhel o] MR ERS A
[e)
0

_,d
£ o
jgo|=o

LS

ol

HoZ NS AHFslgon, AT &
7](Nasco Korea, Korea)E ©]-&3l

,000 RPM, 5i)8te] -8tk Aol 9

FAFNA 22 A7l Ffste] T
hof A Z=Hll o A AL Fol™ A

d
it

Ho M
Z

Lo =<
fo rfo

o

ot

=
hus

M o oy o> 2 ol

>
oo
Q‘L
32
o

75% %Wl—% 70%0°11 4 100%7HA] &-&2 g4
Fom, AdA o2 EHslsie gapds HAE
7] Zuj s}tk vlo] =L Z & (Shandon AS325 rotary
microtome, UK)& ©]-83}e 45 yum T2 dHS
A 2}3Fo] Hematoxylin — Eosin G4 o2 FHES
A & B3t g o2 #FSHT

%N@%%@Eagim;% e B
ZAstA HA. obrbrl=
Ak Hldol ol&) slkA HAEH ke 77}
ZhopA| oL AL B A E o] Atk JHA FiEol
= Seo 2 x o] 7153 A= 5~67FE] 9 7]
Aol AZ= A ThFig. 1A and B).

o7t E J*?i} HuH oz BF A 3 #e] wpot
715 7R {153 Al o] stetr) e} @ o] md <
s ﬂ%‘»’#ﬂg 7H w s gFol HEEHAT (Fig.
1C and D).

&9 Yelsts

S0=8)¢] 7 7|#e| dolg ZH T ZHE Table

© D

Fig. 1. Clinical signs and gill wet mount of a Olive
flounder infected with N. Airame. (A) Pale gills and an
adult parasite (arrow) in the buccal cavity; (B) Paled
and atrophied liver (arrow) due to malnutrition; (C)
Immature parasites (arrows) attached to the gill lamellae;
(D) Immature parasite attached to the gill. Scale bar:
100 pm.

1ol Getiglen Hghe 25 <ol AN
o} %o AA-e 560-9.32(7.42) mmolH W+ =
o] ZolE 3.83-6.32(4.98) mm, FAFE] HT)
H| = 0.89-2.05(1.37) mmo] ™ isthmus®] Z o]}
H = Z+2} 0.89-2.05(1.37), 0.40-0.63(0.52) mm$3 T},
F271¢] dol= 0.97-1.75(1.33) mm, WHIE= 1.02-
1.61(1.30) mme| ™ W53 FoAFE 249 isth-
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Table 1.

Length and width for each organ

oE
>
o
ox

of N. hirame adult.

l-o|r
)
Bu)
i
o?d
o?t.

length/width (mm,

n=8)

Parasite

B

Bp

M

H

Cl

C2

C3

C4

I

Os

P Co

NO.1
NO.2
NO.3
NO.4
NO.5
NO.6
NO.7
NO.8

8.64
6.39
5.60
9.32
6.85
8.46
8.11
6.05

538
4.68
3.83
6.32
4.39
5.90
5.17
4.18

2.29
1.41
1.43
1.75
245
1.97
1.84
1.67

1.75/1.44
1.31/1.08
1.12/1.24
1.56/1.50
1.42/1.61
1.36/1.38
1.16/1.14
0.97/1.02

0.27/0.25
0.23/0.22
0.22/0.21
0.29/0.28
0.27/0.28
0.25/0.23
0.20/0.21
0.21/0.21

0.28/0.27
0.25/0.24
0.21/0.20
0.30/0.29
0.29/0.29
0.25/0.25
0.23/0.24
0.23/0.22

0.28/0.25
0.25/0.23
0.21/0.21
0.28/0.29
0.30/0.29
0.27/0.24
0.23/0.23
0.20/0.19

0.26/0.24
0.22/0.20
0.21/0.18
0.25/0.24
0.26/0.25
0.23/0.21
0.23/0.22

1.53/0.51
0.89/0.63
0.97/0.60
1.75/0.58
1.18/0.61
1.54/0.51
2.05/0.34
1.07/0.40

0.09/0.06
0.08/0.06
0.07/0.05
0.09/0.06
0.08/0.05
0.08/0.05
0.09/0.06
0.08/0.04

0.14/0.15  0.05/0.15
0.11/0.08  0.04/0.08
0.11/0.08  0.05/0.08
0.14/0.10  0.05/0.08
0.13/0.08  0.04/0.07
0.13/0.10  0.06/0.07
0.13/0.10  0.04/0.09
0.10/0.09  0.05/0.08

Average 7.42

4.98

1.85

1.33/1.30

0.24/0.24

0.25/0.26

0.25/0.24

0.24/0.22

1.37/0.52

0.08/0.05

0.12/0.10  0.05/0.09

B: Body, Bp: Body proper, M: Maximum width at level of testes, H:

Pharynx, Co: Copulatory organ

0.152 (0.101) mm% Th(Fig. 2C). &
Skol A8k & o] A3l C }

Fig. 2. Alum carmine stained N. hirame was observed
with optical and dissection microscope. (A) Whole para-
site; (B) A clamp (Cl); (C) Buccal organ (BO) and phar-
ynx (Ph) are observed body of adult parasite; (D) The
ovary (Ov) containing eggs and its long oviduct and
testes (T) hundreds in number, sometimes over lapping
with each other occupying inside of main intestinal
branches in posterior half of body proper; (E) Ovarian
complex (arrows); (F) Male copulatory organ (arrows)
of parasite.

Haptor, C1~4: Clamp, I: Isthmus, Os: Oral sucker, P:

= A tH(Fig. 2D). HF A Mehlis'
glando] ™ G327 T °ﬂ/“] £3}9 genito-
intestinal®] F = o] ¥4 HhFig. 2E). 1 7=
TH0] B VAFET FHo] AL ZYRES
2 FAE 9lom Zol= 0.041-0.057(0.051) mm,
0.078-0.152(0.093) mm A tH(Fig. 2F).
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Holoh A | 1ovk Y AE T 842 v
S A A4 A& H 3144.2% 00 Hojo
7% H 103+2.8%=Z N. hiramedl ZFEE dx<]

A9 AT &3] @A) FAsATHFig. 3).
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Hematocrit

30

204

104

Hematocrit value (%)

0- T

Control N. hirame infected

Fig. 3. Hematocrit of N. hirame infected and normal fish
exhibiting 10.3+2.8% and 31.44+4.2%, respectively (n=10).
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Fig. 4. Histological sections of Olive flounder infected
with N. hirame. (A) Young parasite attached to the gill
lamellae by means of a pair of clamps. (B) Atrophyed
hepatocytes. (C) Decreased red pulp area in the spleen.
(D) Normal appearance of intestine. Scale bar: A and
B=25 ym, C and D=50 pm.

§ o= Ao} grasty G390 7)Ao BF
ow v 229 A4 (red pulp)B |
B <=(white pulp) ¥ S7H7F BEH A,
b 220 A EAAE AEH frEe] &
2= A CHFig. 4). 1 9 &, A, A M=
o] #EHA &t

N

32

ot

o

s

B B O L 3

o

o FH

QA8 43 opztmloll 71 S= N. hirames=
1999%d Ogawacll o|3]A H2E dE By
RNoH o] F & Aol W of o] A
Ab 5l kA dA oA o] o] 1993 3.1%°
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of 9% Aoz HuHATHOgawa et al., 1999;
Anshary et al.,, 2001a; Anshary et al., 2001b; Anshary
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o] Zo|¢} isthmuse] Zolo] vl-&& 247t F 0.67
9 0.18Z N. affineEU+= N. hirameS} +A3FA T
EgE Botr)e] A717F 7 A 4 Al HA Aol
AY I, $F9 7F, T2V FH, oy
M, FA2 e N hiramest DX ALS-F
QA FX|oA BAEE F& FesH 2 N hirame



12 o]

oE
>
o
ox
fot

2 sty & =&l éﬂrg EFeA = sk
O BAAESHA =S W3Yste] 33 dx
Ao A3 F2] 18S rRNAE EILE N. hirame
9] 18S rRNA(GenBank Acc. No. AB162424.1)}
99.23% YX|3tF o™ ITS L N hirame2] 1TS
% 9 (GenBank Acc. No. FJ480934.1)2 100% ¥ X
sttt o2 RE 2 A7 FHSAEAS HE
o] IRNAE N. hirameS} 354 0] ofF =gorn=g
QAo A7k Mds FUSAY FF2 N hirame
2 AAsG Y. F7M2 N hirame2] V| EZ =g o}
o] AA G I EL B 13tYTHKim et al., 2020).
Zdd gl opzhvlelM = 3 e gt e
7HR 53 Al el sketr) ek jE el w3t
o7& 713l s ASo]l REHJT T2 4
o] getr]E 7HA AL A4 7] o] EEsly] A&
& o) 74| ofrtmlol] 71y sT L 8] A<l
HH 7R olFste] wrE = AoR Hil
Hol o FEL& opytmlel FAstal Q= @A
AN AZEA dojues Aem F3H !
(Anshary and Ogawa, 2001). Z°] 7] g gX]e
op7trl= Mo ® Waf YL AT 822>
o] JRloll mlste] 130]8t2 W2 FAE YEhY
o geEdnLon vl 9 o 247

F

J

o

O

o o &

iil
X

O

o>
kY
&
[‘_,
oy
o[N
oz

Yoba Frole

i_l
DA A A 915 1 HEEHE Ao Hol 4
o %xo] Youbx] e o2 FerHt). W
g3} ol A o] el FHet w1 o
24 %Eﬁolﬂ SHARE Fo] 24
Zol} 9 AR o]l om H AL WA S
= Stk JEM Yol A 20000t Z7] A4
Aol Ee] e wWe HAREol =%,
Anshary et al.(2002)2 €£2] T Eg] ol A x]-oﬂ
AP @27F FA38] 2 Aag 22 N hirame®] HE L
2% RE fEd o ol 3 £
AM= Foll 23 HAZE TASE] el #H7) OW
4 ABHPOnR A% AAES AT S
QAT A G g2 o] 132 744 o= Ko} o1
Ao Ageol FA3 i AL B ey
3 A 22 Aol A oz AddEn

ot 02 ox Mz lo Q o P>

=

¢

>.

™
:"é
oZi
o_>|:

ol AT JA = HiQk &A1) FY3 FH

FA A Fujdt Ao = 2018 5Y€ Fuid A

AFS L 2021 C oA AFSEHA 671 LA o), 2019
108 73 22 ARG 1520C ol A A3t
sAHLA O N. hirame2] 71& A9 1, 23}
ol s w5 Ao we S0 WA
FE A8t A JA R & o2 A}
S3AA 1279 13] AMSTE &S A T
2 Fyo] glo] Ao Z A A Fo] S0
o} o] Mg Al7]el] BESHA of 7z 7%5——”‘
o 42| N. hirame2] o] IAA JZAE NS
2 ALSSo] wsheko] Ao] N hiramed +=0|
szgol A S8k 1 $27) Fvhske] g e
o &2 QZHETh 12 YR ols F4o] Alstd
H71etHR o, 234 W o= s/Eo] At Al
WAS S 8%ATE 187 XEsta A<
BT QAR A5 At FEME S
HEAE 4o AAFTY 2%= FolFo2ZH 35+
AP o] Ao IEd AL Fesy

Lo 2

hj HH

fr £ n

o
FTF
e
2
g3
4
ofy
A
N
o
gl
=}
o
o
2
"

2
oty
o
fru
=2
o
AT
o
Ho
= 3
5
N
£ g
ol
K

> -l]I
S
> o> 0

. o

-

_ﬁO ok
of

-

o

B

o I
N2 >
ﬁ [‘S?_V, OO

W,

o2

tlo 1>

]
of
Lo

0 :100

NS
ox
o
1ot
2
2
o
o}
B
S~
>
oo
<
y
r (

2
P 30

o
i i o
_E oﬁ
N
: o B
>
ot
2
:Jd

¥
Nl
o\
N
%
X
L)
(d
Y
>
Ho
N
{0
i
e
o
ofy

fo o

A77} 5101 QJ\E}(Whlpple and Rohovec, 1994; Pascho
et al., 1995; Chang et al., 1998; Lee et al., 2013).
% B Ao I AY wghof A =R oA A
39 UV A2l Be FA flo] vhE A E
G2 Ag7bsake] AAH o Bl ol gHE W
Aotk o)A AL mWs/em? (25 ml/
cm’) G912 FHsEH 2FEIES H - 200
mWs/em® ©]7¢2] 2-&]A AL A BE3}E T
myxozoa] 7% 40 mWs/cm® ©]42o] o)A =A}



A 2| (Paralichthys olivaceus) -7} 713}= Neoheterobothrium hirame2] Fe| X 7+ o]

Foll A &3} FTh(Kasai, 2002; Coberoft, 2013;
Kang et al., 2015). 3FA% AAN7A N. hirame7}t
%3 159 monogenea®] W& EZA 7| A
221 Ao tiE AT flth B AFtolA
e S A AFES AMSTE 15E %ELOJW
65 mWs/cm’Z 2A|7Fo] 4 WHEEBAI A 12} A&

gt Aotk =3 YA E /\}%3}5 <3 OEIJJMV“E*‘
ol 32 mWs/em® AR A A A 7F F 57 700
Lol §-2hg 217 32mWs/om’ 1}94@ A 2
7} F 4% 3,050L0 B2 3 2Tl A g sl
B AP oA AHEFE Ao ] o] 2AFFO 2= mon-
ogenea®] & B3 A7)V ol Ao
AT, AFolA THE N hlramel‘— A4
A 8o A FxAA AE AR Foll 2
7—] oz ohﬂ]—;ﬂ?_] S A Z,:}_/j' l:/\l/\]/\Eilo]oqE]_gq_
A% A2 AE57E DL MEH B dof
A BB Aol of Aol F2sl7] el AAUZ
©BH 4FE ¥ 7187} FolEol WS Yo

o 2

714 &skE 7570l EE} e e
A frFol BAEE ARola AF o R FAsHA
AAF HNEE FosiAE & iﬂ} et o
Qb Asftel AAA Ol olm] st glor
= Fo7t dasit =3, ?%gi A& T4
AN2He EURE wokef s ofA& dA ol A&

A 2 735 N hiramex|H ZA7F H A 3E ol
MEE ol He=wA Ao dysjdo] W
g 7lsAo] Qomz ARG A AHElo] A3E ALSS
2EAMY AN S 1 G Ay et LTH

2 o

AFAANA EFARA 2RO E S 670E AFSF
st g2 x|ojellA] ofrtm] ] AlgE WE & YER
= AdWo] AT dAn g BFol| A ofrtH] o
= 5ol dHAdAE A=t 450 BEE
th 459 A 5.60-9.32 mmo| ™ ¥
o)+ 3.83-6.32 mm, F-27| = HF3
B 923 isthmus®] EF & X5
EZA3F I F27) o] ol 87l ety
o F9 FHSHH AR =RYH G ol
Neoheterobothirum hirameZ 573390 2+

ofl o
o
Loorr 3@ o2 odm

- o2
¥ |o

ot

Ko lse x

[e]

o2 b
ol
o

2

lo

R 13

YT LA H 10342.8%= B A9 314
+#42%KH ot AAS okt Wzt ow N
hirame®ll 7+ B G2 o7 A#T APE &
2 3 HEFE At v A
(red pulp) Yol AT M EE 9 F0] HF
FATE o] AFREHE dA | /“UP HEs o
o1 GRS N hirame?! A-E BT o] 7=
oA ARSA M= AbgFe] wgkol
kA X8 A9 HdA
T AE AE Kol 3

Hong 1254} 22

o F4o] 2A B

zAe 2

References

Anshary, H. and Ogawa, K.: Microhabitats and mode
of attachment of Neoheterobothrium hirame, a mon-
ogenean parasite of Japanese flounder. Fish Pathol-
ogy, 36(1): 21-26, 2001.

Anshary, H., Ogawa, K., Higuchi, M. and Fujii, T.: A
study of long-term changes in summer infection lev-
els of Japanese flounder Paralichthys olivaceus with
the monogenean Neoheterobothrium hirame in the
central Sea of Japan, with an application of a new
technique for collecting small parasites from the gill
filaments. Fish Pathology, 36(1): 27-32, 2001.

Anshary H, Yamamoto E, Miyanaga T. and Ogawa K.:
Infection Dynamics of the Monogenean Neoheter-
obothrium hirame Among Young Wild Japanese
Flounder in the Western Sea of Japan. Fish Pathol-
ogy. 37(3): 131-140, 2002.

Chang, P. S., Chen, L. J. and Wang, Y. C.: The effect
of ultraviolet irradiation, heat, pH, ozone, salinity
and chemical disinfectants on the infectivity of white
spot syndrome baculovirus. Aquaculture, 166: 1-17,
1998.

Cho, M.Y. and Kim, J.W. Monitoring of bacteria and
parasites in cultured olive flounder, black rockfish,
red sea bream and shrimp during summer period in
Korea from 2007 to 2011. Journal of Fish Pathology,
25: 231-241, 2012.

Cobcroft, J. M. and Battaglene, S. C.: Ultraviolet irradi-



14 SRR EX

ation is an effective alternative to ozonation as a
sea water treatment to prevent Kudoa neurophila
(Myxozoa: Myxosporea) infection of striped trum-
peter, Latris lineata (Forster). Journal of fish dis-
eases, 36(1): 57-65, 2013.

Hayward, C. J., Kim, J. H. and Heo, G. J.: Spread of
Neoheterobothrium hirame (Monogenea), a serious
pest of olive flounder Paralichthys olivaceus, to
Korea. Diseases of aquatic organisms, 45(3): 209-
213, 2001.

Jang, H., Moon, J-S., Kim, J-Y., Joh, S-J. and Son, S-W.:
Occurrence and elimination of Neoheterobothrium
infection from cultured oliver flounder (Paralichthys
olivaceus) in the western coast of Korea. Korean
Journal of Veterinary Research, 47(3): 299-302, 2007.

Jee, B. Y., Shin, K. W., Lee, D. W., Kim, Y. J. and
Lee, M. K.: Monitoring of the mortalities and medi-
cations in the inland farms of olive flounder,
Paralichthys olivaceus, in South Korea. Journal of
Fish Pathology, 27(1): 77-83, 2014.

Jung, S. H., Choi, H-S., Do, J-W., Kim, M. S., Kwon,
M-G., Seo, J. S., Hwang, J. Y., Kim, S-R., Cho,
Y-R., Kim, J. D., Park, M. A., Jee, B-Y., Cho, M.
Y. and Kim, J. W.: Monitoring of bacteria and para-
sites in cultured olive flounder, black rockfish, red
sea bream and shrimp during summer period in
Korea from 2007 to 2011. Journal of Fish Pathology,
25(3): 231-241, 2012.

Jung, S. J., Kitamura, S. L., Song, J. Y., and Oh, M.
J.: Miamiensis avidus (Ciliophora: Scuticociliatida)
causes systemic infection of olive flounder Paralich-
thys olivaceus and is a senior synonym of Philaster-
ides dicentrarchi. Diseases of Aquatic Organisms,
73(3): 227-234, 2007.

Kang, B. J.,, Jang, Y. H., Jhon, B. K., Park, B. H. and
Shin D. H.: Effect of UV disinfection following me-
chanical filtration for influent seawater on decrease
in disease outbreak of juvenile olive flounder
(Paralichthys olivaceus). Journal of Fish Pathology,
28(3): 125-131, 2015.

Kasai, H., Osawa, S., Kobayashi, T. and Yoshimizu, M.:
Prevention of scuticociliatosis in Japanese flounder
by treatment of water-supply with a high quality UV
lamp. Fish Pathology, 37(4): 199-200, 2002.

Kawai, T., Sekizuka, T., Yahata, Y., Kuroda, M., Kume

=
95

B o

ol

da, Y., lijima, Y., Kamata, Y., Sugita-Konishi, Y.
and Ohnishi, T.: Identification of Kudoa septem-
punctata as the causative agent of novel food poi-
soning outbreaks in Japan by consumption of Paral-
ichthys olivaceus in raw fish. Clinical Infectious
Diseases, 54(8): 1046-1052, 2012

Kim, J. H,, Lee, B. S. and Jung, S. J.: The complete
mitochondrial genome of Neoheterobothrium hirame
(Platyhelminthes: Monogenea) from olive flounder
(Paralichthys olivaceus). Mitochondrial DNA Part
B, 5(2): 1408-1409, 2020.

Kim, S. M., Jun, L. J., Park, M., Jung, S. H., Jeong, H.
D., &Jeong, J. B.: Monitoring of emaciation disease
in cultured olive flounder Paralichthys olivaceus in
Jeju (2010-2013), Korea. Korean Journal of Fish-
eries and Aquatic Sciences, 48(5): 719-724, 2015.

Lee, H. J., Yu, H., Oh, E-K. Shin, S. B., Park, K., Kim,
J. H.: Germicidal effect of electrolyzed seawater on
live fish and shellfish. Korean Journal Fisheries and
Aquatic Sciences, 46(5): 534-539, 2013.

Linton, E.: Notes on trematode parasites of fishes. US
Government Printing Office 20: 507-548, 1898.
Ogawa, K.: Neoheterobothrium hirame sp. nov. (Mono-
genea: Diclidophoridae) from the buccal cavity wall
of Japanese flounder Paralichthys olivaceus. Fish

Pathology, 34(4): 195-201, 1999.

Pascho, R. J., Landolt, M. L. and Ongerth, J. E.: Inacti-
vation of Renibacterium salmoninarum by free
chlorine. Aquaculture, 131: 165-175, 1995.

Shim, J. D., Hwang, S. D., Jang, S. Y., Kim, T. W. and
Jeong, J. M.: Monitoring of the mortalities in oliver
flounder (Paralichthys olivaceus) farms of Korea.
Journal of Fish Pathology, 32(1): 29-35, 2019.

Shin, S. P., Sohn, H. C., Jin, C. N., Kang, B. J., and
Lee, J. (2018). Molecular diagnostics for verifying
an ectiological agent of emaciation disease in cul-
tured olive flounder Paralichthys olivaceus in
Korea. Aquaculture, 493: 18-25, 2018.

Tomiyama, T., Watanabe, M. and Ebe, K. L.: Infection
dynamics of Neoheterobothrium hirame in Japanese
flounder in the Joban Sea, castern Japan. Fish
Pathology, 39(4): 197-202, 2004.

Whipple, M. J. and Rohovec, J. S.: The effect of heat
and low pH on selected viral and bacterial fish
pathogens. Aquaculture, 123: 179-189, 1994.

Manuscript Received : May 31, 2020
Accepted : Jun 15, 2020



