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Infection dynamics of Neoheterobothrium hirame (Monogenea) on Japanese flounder
Paralichthys olivaceus caught in the central Seto Inland Sea off Kagawa Prefecture,
western Japan, from 1997 to 2010

MASAYUKI YAMAMOTO,! TA1zoU NAGANO,! HIROYASU MAKINO,12a YUTAKA UETA 12
HirosHI NAKAYAMA,» MASAAKI ABE! AND TADASHI ISSHIKI?

Kagawa Prefectural Fisheries Experiment Station, Takamatsu, Kagawa 761-0111, 2Graduate School of
Bioresources, Mie University, Tsu, Mie 514-8507, Japan

Natural infections of adult Neoheterobothrium hirame, a haematophagous monogenean parasite, on Japanese
flounder Paralichthys olivaceus in the central Seto Inland Sea off Kagawa Prefecture, Japan, were monitored from
1997 to 2010. N. hirame was found for the first time in the survey area in 1998, and the prevalence rapidly in-
creased annually, reaching a peak level of 52.4% in 2000, then remained at the high level until 2005, and subse-
quenty suffered a sharp and constant decline until 2010. Occurrences of severely anemic fish were rare and condi-
tion factors of the affected fish were not related to N. kirame infection. Whereas the prevalence and intensity of
the parasite were statistically irrelevant to the sex or age of the host, they were significantly higher in winter and
spring than in summer and fall, indicating a seasonal fluctuation. The prevalence and intensity in the survey area
were lower than those reported in the western sea of Japan, which might be affected by environmental factors and
biological features of Japanese flounder in this area, including drastic seasonal changes of the water temperature,
higher than 25°C in summer and lower than 10°C in winter, and differences in their habitat in the Seto Inland Sea
between O-year-old naive fish and one— to two—year—old infected fish.
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TN. hirame DHBEPHER I NCE LT VG,
1993 EITHEMMCIHESI N/ L S A BT 5FETH
D,® 2D, N hirame it BAREM IS L UBER R
NFOFEF PRSI EDBHERIN TG 49

N. hirame DFLENBY S5 AGRICE 2 588 oWT
i1, BAROZH THEIN TS, HIKIC L - TR
PREREPMELNTWS, ARBEROERRBRIC
BWTi, N hirame 5HHIR L 72 1996 ELREIC . 5 £
ORI 55T, 2000 I} Y—7Bo 1045
DIKETELRAAREFEINTVWAE Y ZLT, C
DWHERF A OEEHIT N. hirame 5, 8 B T ALK 0
BRICESFAE LD EEZLNTHAY Lrlk
WO, KFEEEBECLE 1997 410 N. hirame HTER S
N o0, BEEOEHLBIREr o/ bEEah
T 5,112 Shirgkashi 591, BAEOEHFR/DMRE
ERBHOEFREEE TN hirame DFLEBFELH
N, IKBOEE R YRBDOEB~OMAR L Lic k-
T, FEBRBCHIRERE S LWL L, HF
PEIC BT I AREELREY TH Y, BFEHEAD
7o OMELZHRL THWAHICLhr 69, N hi
rame DFLEBBOFMALRE L. EFEAREOLS
ABEIRE 1990 AR L DBV ER L7 D, 2010 4
ORI CEEKEENRL & 7o 72,19 L L7 b,
2000 FERBEEOFIEE D 1980 £ L FTOBBEE D 2 &
PEBBI &0, AL L TEWKERHREL TH3
tEZ LN,

Hiuchi-nada
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AT, WREREDY S AZB T 5 N. hirame D
FEHRE S AEFEANOFELE O M T B0,
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KRWT, E/MEECE@CRESN, SR ESHk
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Fig. 1 Map of Kagawa Prefecture, Japan. The black circles, and squares and triangle show the sampling markets for Japanese
flounder, and the monthly and daily monitoring points for water temperature, respectively.
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Table 1 Number and range in total length of Japanese
flounder collected by set-net or trawl from 1997 to
2010 in Hiuchi-nada for annual analysis of the infection
dynamics of adult Neoheteobothrium hirame

Year Area Gear (iv enﬁ sh) Tot(arlniir)xgth
1997 Nishi-takuma set-net 77 230-674
Nishi-takuma trawl 2 506, 710
Kan-onji trawl 98 164-548
Nio set-net 39 230-623
1998 Nishi-takuma set-net 27 247-558
Nishi-takuma trawl 48 234-598
Kan-onji trawl 6 348-458
1999 Nishi-takuma set-net 271 254-777
2000 Nishi-takuma set-net 229 216-671
2001 Nishi-takuma set-net 114 258-725
2002  Nishi-takuma set-net 73( 67) 235-737
2003  Nishi-takuma set-net 118(117) 261-617
2004 Nishi-takuma set-net 90( 90) 267-690
2005 Nishi-takuma set-net 101(101) 265-652
2006  Nishi-takuma set-net 90( 90) 272-722
2007 Nishi-takuma set-net 86( 86) 259-730
2008 Nishi-takuma set-net 87( 87) 324-747
2009 Nishi-takuma set-net 106(106) 293-688
2010  Nishi-takuma set-net 99( 99) 251-613
1,761(843) 164-777

Table 2 Number and range in total length of Japanese
flounder collected by trawl-nets from January 2007 to
May 2008 in Bisan-seto for seasonal analysis of the infec-
tion dynamics of adult Neohefeobothrium hirame

Sakaide Aji
Month

n TL (mm) n  TL (mm)
January 2007 44 180-293 49 280~-540
Feburary 55 193-335 24 320~-476
March 52 182-302 15 289-465
April 107 191-362 90 242-560
May 106 199-420 104 206-458
June 115 190-502 51 231-473
July 48 205-352 8 270-345

August 32 232-449 0

September 30 199-433 0
October 11 222-355 6 280-450
November 27 232-389 27 280-424
December 12 227-454 19 305-485
January 2008 63 213411 43 287404
Feburary 27 204~-366 11 289-386
March 35 188-448 5 307-383
April 70 200-570 50 298-506
May 3 350-410 10 282-505

Total 837 512

EL, EEBROARBEIC L > THEZHFIL, £D
%, BA (R¥FA) 2L, REHEEPICE-T
FErEEL 7, kk, BERBRIEFZLEIALIREL

7oo APFETH, BNEBERERTHEIN BT A
ATHEHOE BEERFATREVWD (FIKR X
EE), BBRAOCREBEOERICLARAMA LKA
(NLEHE) ORI TR d -7, IBHEE CFiE, CF
=BW/SL3x 105 CEH L/, N hirame DFEHRIT S
ADTEBCEE T 5720, HEMEMEIL, MECEE
2 ICEBTEEL, Yvty F CHREAERL
TR L 72,

BMOYE & MRFHIKRE BMOBESHES 57
®, 2002~2010 FiCHEFEM AR O/ N EER THRES
N, ELLUICRECERSICHBA SN HARSIE
(Table 1) IZ2WT, 6EMEARICL - T,Y¥L3 A
DA [11~16] O 6 BFICKAIL 7z, HBLIIC X
UL, EMofEELINAsNETOY Y Hbid, o
BEDPRKEL BT ERITHERASD, #BED (1]
2] OFEAYDEELPHb3gdL- 1 L ETHS—
T3, WEE (5] & 6] iR EAFOBEEREMm L HE
EN% Hb 3gdL- P RiOEERT L INTV5B, £ 2
T, APFETCIHERE (51 & 6] #EMmAaL Bl
2002 SO 67 BIC oW T, BEIME D SHIEst e
FRHOCTH ImLEAL, Bbits{ 70T 7 Uy
&% TR OEIC L S Ht OBERTT - 72,

HWAGE N hirame @%é#ﬁ“ﬁ@ﬁ%‘@ CHFTEERIE &
OBIfR% £ 5 720 OMKIRIT, HREEHRTE CHAE
EN/A1997TE 1 H~20104 12 B CTOBHER 4L 4
DERE GKE : ¥25m ; Fig. 1) OFHEKELZH W
Too iz, WHERWOFHESE) & RKIRDBIFRIZ OV T
1, BERAERRELHRBEFICHLKET A (Y
T—KE 1.5m ; 30 5 8I%E ; Fig. 1) O HPEHERKIE
BRI, ak, TOT A OfFKIRIE, MRIEFICRY
HARELOm BOEKIBROHEEEEZRLTBD,19 &
7o, EEEFRERAECRERBES LW EG, i
FHFORBOWKREE L TR T e L,

F—5 DN FHHEE (prevalence, %) F, (BF
A AER/FAERFD x 100 TEH L7z, FAEHROEMEMEL
b REINAFERER L HFEL (Number of para-
sites) &L, HEEZT TWIWETZBRWIHEER
—BHiz 0 OFER A FHEEBEE (mean intensity)
ELTRDT, FlPHIC & - THERDBEPITE VD
BBHDPHEARBIZD, FERICOVWTHEFELEOFEDOHE
SRS & OBEE R A THRE, FHETEHEC OV
T, #AEE - - FHOIER K DWW THES I
Fo THE L 7o, SFHFEBEICOVWTUL, T—X%IE
BofmeEd57:0, HEERL o, FEEOFELHIT
Tukey 12 L LD L EIBIC & » TR, HHFE
MBI EBEHE CRES h/EHRARIC ST SlE -
FaR, BELHtsIUREEE L SEEOBBIT
Spearman DIAGLHEBIREBEIC & » TN, EHE



AP NYED Neoheterobothrium hirame S BIHE 865
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N. hirame DELEDQELE BEOFERB LUK
& o THREENOFERIENDBEADNE D rE BT
L7-#581E Table 3Rt &80 THY, N hirame ®
FAER L HSERICIIE#ENRD L NE P -7, TD
O, KFFRTIIECERORNEE TIC, FEEOEE
BOMRMT % 4T - 720 1997 SE~2010 £R1C i THEIIED
BREERICBCTREINAZLS ABE 5N hi-
rame DEFIOFAER L PHFEBE L L CEBKEZ
Fig. 2, ®WEROFLEHCE T 5 BN R % Table 4,
EOUICRES 4 - O 3B/ L PHHFERE L
ORI 4 AR A Table b it 2 FhiRT,

N. hirame 13 1997 FRICHBE L2216 BO L 5 A bid
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B 2Nz, L, 2006 EICHBUEAL L2,
2007 4E & B\ CIEVME CHERS L, 2010 41213 1998 45
LIEERL VAIVICE TETF L7,

19974 1 A4 ~20104F 12 A OB HETOERB O K
EiE, 9.2~27.1°C OHEIPHTEE L /oo XD SFELO
WKBORER %5 &, 20034 ¥ 20064ED1H ~58 D
WABITE <, —7, 199948 & 2007 4> 1 B~3 AD
WKREED - 7o EHOEKIRIL 2002 4, 2004 4F
BLU 2007 ETEHER L

—7F, 1998 4£~2010 4R {Z K1) HE OFHE 4R E
i, 1.0~6.9 TR L7, LiL, FEE -4 - EHo

Table 3 Test of mutual independence in a three-dimensional contingency on prevalence of adult Neoheteobothrium hivame to exa-
mine whether the parasite was observed or not in the buccal cavity wall of male/female Japanese flounder for each age-class from

1997 to 2010 in Hiuchi-nada

Male Female
Year Parasite oo
age : 1 2 3 =4 1 2 3 =>4

1998 uninfected 8 34 2 4 23 9 1.10ms
infected 0 1 0 0 0 0

1999 uninfected 17 37 13 3 11 70 32 10 5,750
infected 6 10 4 0 4 34 18 2

2000 uninfected 10 20 11 2 7 47 10 2 7.50ns
infected 14 33 13 0 8 46 5 1

2001 uninfected 14 28 2 2 23 8 5 5.71ns
infected 1 13 1 0 12 4 1

2002 uninfected 10 12 2 0 2 6 8 9 12.88w
infected 4 3 1 1 1 9 5 0

2003 uninfected 9 20 4 3 25 9 1 1.10ms
infected 4 14 4 2 15 7 1

2004 uninfected 5 13 6 1 2 15 4 2 5.84ns
infected 9 13 2 0 1 10 6 1

2005 uninfected 2 29 1 1 21 5 1 3.73ns
infected 2 15 1 0 19 2 2

2006 uninfected 6 16 6 1 6 18 17 6 2.790
infected 1 2 2 0 1 5 3 0

2007 uninfected 11 15 8 21 1 4.900s
infected 4 13 1 12 0

2008 uninfected 33 3 27 1 4.50ms
infected 4 0 8 1 1

2009 uninfected 2 22 5 3 24 24 11 3.67ns
infected 1 5 1 0 4 4 0

2010 uninfected 3 22 8 4 2 32 12 7 3.66ms
infected 0 2 1 0 0 2 3 1

ns: not significantly different
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Fig. 2 (a) Temporal changes in bottom water tempera-
ture (line graph) and the temperature anomaly (shad-
ed area), and (b) annual prevalence and mean intensi-
ty of adult Neoheterobothrium hirame infection of
Japanese flounder collected from 1997 to 2010 in
Hiuchi-nada. The water temperature is represented by
the monthly average of four monitoring points (ap-
proximately 25 m in depth) in Hiuchi-nada shown in
Fig. 1. The monthly averaged data from 1973 to 2002
were used to determine the anomaly. Vertical bars in
the bottom graph indicate standard deviations of the
mean.
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Table 5 Result of a three-way analysis of variance (ANO-
VA) in intensity of adult Neoheterobathrium hirame in-
fection of Japanese flounder from 1998 to 2010 in
Hiuchi-nada

Souce of variation df SS F-value P
year 12 3.701 1.6591 0.07
sex 1 0.002 0.0131 0.91
age 1.080 1.9361 0.12
year X age 11 0.795 0.3886 0.96
year X sex 27 2.861 0.5702 0.96
sex X age 2 0.036 0.0956 0.91
year X sex X age 15 3.168 1.1361 0.32
residual 395 73.420

Analyzed data are logarithm transformed.

Table 4 Comparison of prevalence of adult Neoheteobothrium hirame infection of Japanese flounder among the years from 1997 to
2010 in Hiuchi-nada by Tukey multiple comparison test for proportion

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
1997 — NS * * * * * * * * * * * #*
1998  — - * * * * * * * NS * NS NS NS
1999 — - - * NS NS NS NS NS NS NS NS NS *
2000  — — — — * NS NS NS NS * NS * * *
2000 — — — — — NS NS NS NS NS NS NS NS *
2002 — — — - — — NS NS NS NS NS NS NS *
2003 — — — - — —  — NS NS NS NS NS NS *
2004 — - — - — — S * NS * * *
2006 — — — — — — S NS x * x
2006 — — - — — - - - - - NS NS NS NS
2007 — — — — — - - - - - - NS *
2008 — - - — - - - - - - - - NS NS
2009  — — - — - - - - - - - - - ns
2010 — - — - - e —

* . significant difference (p<0.05); NS: not significantly different
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Fig. 3 Annual changes in composition of gill color level
of Japanese flounder collected from 2002 to 2010 in
Hiuch-nada. The gill color level represents color speci-
men number used as an indicator of the anemic condi-
tion of Japanese flounder as follows: color specimen
number of 1 to 6 corresponds to gill color from dark

red to white. The number on the top of each bar shows
the number of fish examined.
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Spearman OMEAAHBIGRE CHREL 2o TORR, 1,
28, 3BMBIUVABU EOITRTOFERBECHE M
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ZTNENTT, FERIT207E1 A~4 BizBWT40
% BEBIUSBE~8BILBVWT30% BETHE LA
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Fig. 4 The relationship between the number of adult Ne-
oheterobothrium hirame and the condition factor for
each age class of Japanese flounder collected from
1997 to 2010 in Hiuch-nada. The+marks, x marks,
open triangles and black circles represent 1-year-old,
2-year-old, 3-year-old and =>4-year-old flounder in-
dividuals, respectively.
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Fig. 5 (a) Daily changes in water temperature and (b)
monthly changes in prevalence and mean intensity of
adult Neoheterobothrium hirame infection of Japanese
flounder collected from January 2007 to May 2008 in
Bisan-seto. The water temperature was represented
by the daily average of a monitoring point (1.5 m in
depth) in Bisan-seto shown in Fig. 1. Vertical bars in
the bottom graph indicate standard deviations of the
mean.
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Table 6 Comparison of prevalence and intensity of adult
Neoheteobothrivm hirame infection of Japanese flound-
er among seasons from January 2007 to May 2008 in
Bisan-seto by Tukey multiple comparison test for
proportion and a nonparametric multiple comparison
Steel-Dwass test, respectively

Intensity prevalence  Spring Summer Fall Winter

spring — NS * NS

summer * — * NS
fall * NS — *
winter NS * * —

* @ significant difference (p<0.05)
NS: not significantly different

M OA~11 ) OFAERIMOFBECIENTEREIC
K< (p<0.05), FHHFLEBEIR GA~H) L&
(12A~21) oFPE (6 A~8 ) LHITH~NTH
Bl@mh -7z (p<0.05),

2007 4 1 f ~2008 £ 5 A OHENEF O #KIER,
8.3~282°C OB TEE L 7z, 2007 =D EHIC 25°C
PEtie-7z0i3 71 A TH - 725, 10CHT -
7=DIE 2007 4E75 45 B, 2008 ££45 56 HEITH - 70

FhRROWBHER H D7, 200744 A~6 B
BT & B TRESNIC LS ADFEXR L FE
WEY, ThZENA A ZFHEE & Mann-Whitney’s U-
test THEL MR, WH L LICHFEETIZEDhiy
o7 Eiz, BB & MRS OFOFLEERT VTN
} 2007 4 (#935%) LV 2008 4EDY); (39 15%) HE
o 7:0

% £

1997 4£.~2010 FIZ B BAEHNORPERB R A MBI L /-
LA, N hirame V3 1998 £ 12 (T HEE PR ERIC 2
ALTWA BB R TNETDETH,
1997 FELARTIC F N RR BRI 88\ T N, hirame DAER
SNAREBETRBCOTV, 61T, KRN T
1997 4E124d, FFAEROE N4 A~5 Bl 4 X
DLZ ADWT, TR EEE LB, N hi-
rame (ITER I NG M -7 &, N. hirame % FE5H L7
FUED 1999 FRICH AR, FHFEME & LIZKIBICHE
MLl &, BRUMERBHICHE N TI98E1 AIC
N. hirame ORBEDEFE N TS 05,9 N hi-
rame |3 1997 FOFE D CBROMICENRBRERA~F
ALTCELLDEEZONS, P L, 1997 4L
BCHE, N hirame OFEIZ LBV 5 ABEAOBE)
o7l LI LM TH 5,

EINRIREEIC BT 5 N. hirame DFERIT, BYH
FEER X NTz 1998 4E B 2000 £FFIC A TEBUS L,
2005 £ TR LB WEAHERF S N, 2006 FICHEA L

foth, 2007 FEHNT 20% LUTF OENE CHER L /2,
FHEABREICEL Th, 1998 545 1999 4£12 S 18
L7cts, L3284 LT, 2006 FLIBEICIZEWET
HRLTWiz, 72, BFERLIES LD OFAERME
BOBRSHED 2006 FELBIKWME L Lo 7ce ThDHO
FERB LU FHFLBEOELHOFERIL, N hi-
rame HMEA UTCEAED 1998 45 2001 FS T,
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