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(Priacanthus macracanthus)

2011 10 2013 4

12

(Anisakis typica) (Anisakis pegreffii)

(Hysterothylacium aduncum) (Raphidascaris trichiuri)

(Pseudopecoeloides tenuis)

(Syncorpozoum hainanensis) (Lecithochiriump priacanthi)

Dupliciporia lantern (Bucephalus sp.)

(Caligus absens) (Norion priacanthi)

(Nerocila sp.) 5

(prevalence)

(mean intensity) (abundance) 2

(Caligus absens)

(Norion priacanthi)

ITS-1, 5.8 S ITS-2

1180 bp DNA 5.8 S ITS-2 NCBI
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Abstract

The big eye, Priacanthus macracanthus is one of the important fish species of 

fishery industries in Taiwan. The aim of this study is to investigate its parasitic fauna 

firstly. Secondly, physiological factors of big eye including Fork Length, Sex, 

Gonosomatic Index and Hepasomatic Index are calculated. The possible influencing 

effects of these factors were finally tested against the infection status in these fish, and 

then select an available parasite as the biological tag in stock identification of big eye 

around Taiwanese waters.

This is the first report of using biological indicators to study stock identification 

and migration of big eye Priacanthus macracanthus in the coastal waters of Taiwan. 

Big eye were collected from 2011 October to 2013 April in north-eastern and 

south-western waters off Taiwan. The main parasitic fauna included 12 species, which 

belong to three phylum, including nematoda, platyhelminthes, arthropoda. There were 

three genus of nematode including Anisakis typica, Anisakis pegreffii,

Hysterothylacium aduncum, Raphidascaris trichiuri, and five species of subclass 

digeneans of platyhelminthes, including Pseudopecoeloides tenuis, Syncorpozoum 

hainanensis, Lecithochiriump priacanthi, Bucephalus sp., Dupliciporia lantern, and 

three species of arthropoda including Caligus absens, Norion priacanthi, Nerocila sp. 

Among them 5 kinds of above-listed parasites are new host records, and 10 kinds are 

new records of Taiwan. According to prevalence, mean intensity, abundance, and then 

select Anisakis simplex(sensu lato), Hysterothylacium aduncum, Pseudopecoeloides 

tenuis, Caligus absens and Norion priacanthi as the biological tag in stock 

identification of big eye around Taiwanese waters.

In addition for the highest prevalence parasite of Pseudopecoeloides tenuis, the 

nuclear ribosomal DNA region spanning the ITS-1, 5.8S and ITS-2 was amplified,  

sequenced and arranged with the NCBI database to comparison, except as the 

molecular basis for species classification, but also help to resolve Opecoelidae

digenetic parasite of phylogenetic analysis.
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 ( , 2003 2011)

3000

13%

( , 2002 , 2011

, 2003 , 2011)

200

2012 136 1,000
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( )

100

49.93 65%

( , 2011)

( , 2011)

(symbiosis)

(commensalism)

(mutualism) (parasitism) ( )

( )

2



(parasitism)

Parascript

(1)

(2)

(3)

( , 1990)

(obligatory, 

) (facultative, )

(ectoparasite, ) (endoparasite, )

(intermediate host, 

)

( , 1996)

3



Dogiel and Bychoysky 1939

(biological indicator, 

tag, marker) ( (recruitment)

) (Mehdi et al., 2011 Constenla et al., 2011

Wen et al., 2011, 2012 Takashi and Kenji, 2004 Ken, 1999)

1.

2. 3. (MacKenzie and Abaunza, 1998)

(Mackenzie, 2002)

(Kabata, 1963 Sindermann, 1983

MacKenzie, 1983, 1987 Williams et al., 1992)

(1)

(2)

(3)

(4)

(5)

(6)

4



(1)

(2)

(MacKenzie 

and Abaunza, 1998)

(Stromnes and Andersen, 2000 Abollo et al., 2001)

(stock)

(Stock)

(isolation) (mutation)

(George-Nascimento, 1996 Garcia et al., 

2011 Mattiucci et al., 2004, 2008 Timi, 2007 Valdivia et al., 2007)

(natural methods) (artificial 

marks) (Anon, 1993)

5



1.

(

) ( )

2.

DNA(DNA, mtDNA)

glucose-6-phosphate isomerase (GPI) allozymes (Huang et 

al., 2001 , 2005 , 2000)

3.

( )

(endemic area)

(MacKenzie and Abaunza, 1998) (Anisakidae)

7 A. pegreffii A. simplex sensu stricto

A. simplex C A. physeteris A. schuppaiovi A. typica A. ziphidarum

(sibling species)

(Mattiucci et al., 1997 Amelio et al., 2000)

6



(Anisakis) (Shih, 2004)

ribosomal DNA(rDNA) ITS(internal transcribed spacers)( ITS-1

5.8S ITS-2 )

(genetic marker)(Gasser and Monti, 1997) Kijewska (2002)

(Polymerase Chain Reaction, PCR)

(Restriction Fragment Length Polymorphism, RFLP)

(Shih, 2004)

A. pegreffii

A. typica

( , 2005)

(Actinopterygii) (Perciformes)

(Priacanthidae) 4 18 4 10 ,

2006 (Priacanthus)

Priacanthus macracanthus Red bigeye

1.

30 500 (  1993)

7



2.

20-400

(Rao, 1984 Randall, 2005)

3.

( 32 22 )

4.

120-140g 12

278 g

2.6 430 g 85

3.6 200 g

0.43( , 22 )

5.

8



(gelatin) (Intarasirsawat et al., 2007)

(Liu and Cheng, 1999)

300 600

(Liu et al., 2002)

1.

(Joung and Chen, 1992)

(Oki, 1999, 1998 Liu et al., 1999, 2001, 2002 Joung and chen, 1992)

6.

 (Joung and Chen, 1992; Liu et al., 1999; Liu et al., 2001; , 2008)

( ) ( ) ( , 1984; Liu et al., 1992)

9



P. 

priacanthusis P. tenuis (Aken’Ova et al., 2009

Fang et al., 2009 Hua and Dong, 1983)
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2011 2013

(prevalence) (mean intensity)

(abundance) (Hepasomatic Index, HSI)

(Gonosomatic Index, GSI)

Parascript

 

(rDNA) PCR-RFLP

Anisakis

PCR ITS-1 5.8S ITS-2

11



(Priacanthus macracanthus)

(Priacanthus macracanthus)

2011 10 2013 4

30 952

(Fork Length FL) (Body Weight BW)

4

1.

(Gonad Weight GW) (Gonosomatic Index GSI)

2012 4 (Liver 

weight LW) (Hepasomatic Index HSI)

(Mean 

abundance) (Prevalence) (Mean intensity)

  

Gonosomatic Index GSI(Wang and Chen,1989) 

GSI = (GW / BW) × 100

Hepasomatic Index HSI(Steven et al., 2000) 

HSI = (LW / BW) × 100 

12



2.

(Joung and Chen, 1992) (Oki and Tabeta, 1998)

von Bertalanffy (growth curve)

-e-k(t-t0)]

Liu et al.(1999)

Lt = 46.8cm × [1-e-0.118(t-1.255)] Lt t

1

0~<1 1 2 1~<2 2 3

2~<3 3 4 3~<4 4 5

4~<5 5 6 5~<6

3.

2

70% (ethanol)

70%

4.

Margolis et al.(1982) Bush et al.(1997)

13



(1) (Prevalence)

= ( / )×100% 

(2) (Mean Intensity, MI)

= /

(3) (Mean Abundance, MA)

= /

1.

(2001)

2.

(Anisakis)

genomic DNA rDNA PCR(Polymerase chain reaction) ITS1(first 

internal transcribed spacers) 5.8S ITS2(second internal transcribed spacers)

RFLP(restriction fragment length polymorphism)

(1) Genomic DNA

60°C 70°C Genomic DNA Mini Kit

14



(1) 70%

(2) 60°C 30

(3) 5 70°C 20

(4) (15000Xg)2 1.5 ml

CD column (15000Xg) 

2

(5) (15000Xg) 30

(6) (15000Xg) 30

(7) (15000Xg) 5

(8) CD column 5

(9) (15000Xg) 30 Genomic DNA

-20°C

(2) PCR

Denaturation 95°C 10

Annealing (95°C 30 ) × 35 cycle

Extension 72°C 

PCR kit Primer(NC2 NC5) PCR 1.5% agarose

GelRed Nucleic Acid Stain 1xTAE Buffer

Taq DNA Pol Master Mix(Ampliqon II) 100 bp ladder

Primer NC2(reverse) NC5(forward)

NC2 5'-TTA GTT TCT TTT CCT CCG CT-3' 

NC5 5'-GTA GGT GAA CCT GCG GAA GAA GGA TT-3'

15



(1)

Taq DNA Pol Master Mix

( dNTP BSA ) 

25

NC5 100pmole 1

NC2 100pmole 1

DNA sample 100 ng/mL 15

H2O 8

Total 50

(2) PCR

(3) GelRed Nucleic Acid Stain 1.5% agarose gel

1xTAE gel

(4) gel well

(5) 100V gel 2/3

(6)

(3) RFLP 

PCR RFLP (HinfI HhaI)

37°C PCR

37°C (HinfI HhaI) Buffer(NE FastDigest buffer)

1.5% agarose

1xTAE Buffer 100 bp ladder

16



(1)

HinfI

PCR 5

HinfI 1

NE Buffer 2

ddH2O 12

Total 20

HhaI

PCR 10

HhaI 1

FastDigest Buffer 2

ddH2O 17

Total 30

(2) 37°C 1

(3) GelRed Nucleic Acid Stain 1.5% agarose gel

1xTAE gel

(4) 100V gel 2/3

(5)

17



Whole mount

(Kansin orbital shaker) (Semichon's carmine)

(acidic alcohol) (70% 80% 90% 95% 100%) (creosote oil)

(1) (70% ethanol)

(2) 3~5

(3)

(4)

(5) 30

(6)

ITS

(Primer, NC2 and NC5) genomic DNA

( PCR ) ITS-1 5.8S ITS-2

NCBI  

18



SPSS(Statistical Package for Social Science)

Microsoft Excel

Chi-square

ANOVA Student-Newman-Keul test

19



19 952

( 1) 9 3

( ) 4 (Anisakis pegreffii

(Anisakis typica) (Hysterothylacium aduncum)

(Raphidascaris trichiuri) ( ) 5

(Pseudopecoeloides tenuis) (Syncorpozoum hainanensis)

(Lecithochiriump priacanthi) Dupliciporia lantern

(Bucephalus sp.) ( ) (1) 2 (Caligus 

absens) (Norion priacanthi) (2) 1

(Nerocila sp.) Dupliciporia lantern Bucephalus sp.

( )

2-4

(parenchymal organ)

(Anisakidae)

4

20



(1) (Anisakis pegreffii) 

(boring tooth) (ventriculus)

(ventricular appendix) (intestinal caecum)

(2) (Anisakis typica) 

(mucron)

( 4A)

(3) (Hysterothylacium aduncum) 

(dentigenous ridge)

(interlabium) (nerver ring)

(cactus tail)

(labium) (interlabium)( 4B)

(4) (Raphidascaris trichiuri) 

(interlabia)

( 4C)

( )

(Digenea)

(Opecoelidae) (Didymozoidae) (Hemiuridae)

21



(Zoogonidae) (Bucephalidae)

(1) (Pseudopecoeloides tenuis) 

( 5)

(2) (Syncorpozoum hainanensis) 

( 6)

(3) (Lecithochiriump priacanthi) 

1/3

( 7)

(4) Dupliciporia lantern

( 8)
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(5) (Bucephalus sp.) 

7

1

( 9)

( )

(Caligidae) (Cymothoidae) (Caligus absens)

(Norion priacanthi) (Nerocila sp.)

(1) (Caligus absens) 

( 10)

(2) (Norion priacanthi) 

( 11)

(3) (Nerocila sp.) 

( 12)

23



2011 10 2013

952

98~273 mm 29~300 g 0~6 yr(s)

HSI 2.09±0.86 GSI 0.83±0.86 0.47

(R2=0.87)( 13) ( )

GSI

(p<0.01) HSI (p<0.01

( )

2011 10 2013 4 ( 2) 668

3.0±0.8 yr(s) GSI 0.7±0.7 HSI 2.3±0.9 0.56( 14)

( )

2011 10

11 2012 4 7 9 11 12 2013 1 3 4 10 ( 3)

284 3.5±0.9 yr(s) GSI 1.2±1.0 HSI 1.7±0.6

0.27

( )

2011~2013

19 5 4 2

24



1

(Anisakis typica) 2012 1 6 7

12 2013 1 4 (1)

3.3% 45.2% 83.6% 3.1% 3.1% 14.1% (2) 2012 6

7 2013 4 2~4 / 1 /

(3) 2012 6 7 1 /

1 / ( 4)

(Anisakis pegreffii) 2012 3 4

10 (1) 5.3% 3.4% 3.3% (2)

1 / (3) 1 / ( 5)

(Hysterothylacium aduncum) 2011 10 12

2012 2013 1~4 (1) 6.9% 20.0%

23.3% 26.7% 23.7% 3.4% 16.7% 32.3% 61.2% 12.8% 8.3% 23.3%

8.6% 18.8% 46.9% 13.2% 19.4% 12.5% (2) 1~6 /

(3) 2012 5 7 1 /

1 / ( 6)

(Raphidascaris trichiuri) 2011 10 12

2012 1~3 6~8 2013 1~4 (1) 3.4%

13.3% 20.0% 13.3% 15.8% 9.7% 7.5% 5.1% 15.6% 10.5% 2.8% 1.6%

(2) 2012  3 2013 4 2~3 /

1~2 / (3) 1 / ( 7)

(Pseudopecoeloides tenuis)

(1) 41.4% 76.7% 76.7 % 86.7% 90.0% 84.2% 69.0%

66.7% 35.5% 53.7% 17.9% 27.8% 50.0% 71.4 % 71.9% 46.9% 47.4%

25



63.9% 21.9% (2) 1.5 3.9 2.6 3.4 4.6 2.6 3.2 2.3

2.8 3.3 1.6 1.6 1.8 2.6 2.5 2.1 1.6 2.2 1.9 / (3)

0~4 / ( 8)

(Syncorpozoum hainanensis) 2011 12 2012

1~2 4~6 8~12 2013 1 3~4 (1)

10.0% 3.3% 13.3% 3.4% 16.7% 3.2% 2.6% 16.7% 16.7%

2.9% 15.6% 3.1% 11.1% 3.1% (2) 1 / (3)

1 / ( 9)

(Lecithochiriump priacanthi) 2011 10~12

2012 1~6 8~9 11~12 2013 1~2 4 (1)

10.3% 3.3% 13.3% 3.3% 3.3% 5.3% 3.4% 8.3% 25.8%

7.7% 22.2% 17.1% 6.3% 9.4% 10.5% (2) 1~5

/ (3) 1 / ( 10)

Dupliciporia lantern 2011 10 12 2012

1~3 5~8 11~12 2013 2~3 (1)

3.4% 6.7% 3.3% 13.3% 15.8% 16.7% 3.2% 3.0% 10.3% 5.7 %

3.1 % 2.6% 5.6% (2) 2012 12 2 /

1~2 / (3) 1 / ( 11)

(Caligus absens) 2012 3~12 2013 1~4

(1) 2.6% 3.4% 8.3% 35.5% 68.7% 2.6% 11.1 %

23.3% 40.0% 25.0% 34.4% 21.1% 16.7% 28.1% (2) 2012

4 6 7 2 / 1~2 / (3)

1 / ( 13)

26



(Norion priacanthi) 2012 1 3 6 7

11 2013 1~2 (1) 3.3% 2.6% 3.2%

3.0% 8.6% 3.1% 15.8% (2) 2012 3 6 4

2 / 1 / (3) 1 /

( 14)

(Nerocila sp.) 2012 1~4 6 8 10~12

2013 2 4 (1) 6.7% 3.3% 5.3% 10.3 

% 6.5% 2.6% 3.3% 2.9% 3.1% 7.9% 1.6% (2) 1

/ (3) 1 / ( 15)

( )

2011~2013 10

3 5 2 1

(Anisakis pegreffii) 2013 1 3.3%

1 / 1 / ( 5)

(Hysterothylacium aduncum) 2012 10~11

2013 4 11~12 2013 1 3 (1)

3.1% 14.6% 40.7% 6.7% 10.7% 3.3% 3.3% (2) 1~2

/ (3) 1 / ( 6)

(Raphidascaris trichiuri) 2012 11 2013 4

7 11~12 2013 1 4 (1) 2.4%

14.8% 20.0% 6.7% 7.1% 3.3% 3.3% (2) 2013 1 3

/ 1~2 / (3) 1 / ( 7)

27



(Pseudopecoeloides tenuis) 10

(1) 3.1% 46.3% 77.8% 60.0% 87.1% 60.0% 42.9%

76.7 % 80.0 % 60.0% (2) 1~14 / (3)

0~12 / ( 8)

(Syncorpozoum hainanensis) 2011 11 2012

4 7 9 11 2013 1 3~4 (1)

2.4% 7.4% 20.0% 6.5% 3.3% 10.0% 26.7 % 13.3 % (2)

2011 11 2 / 1 / (3)

1 / ( 9)

(Lecithochiriump priacanthi) 2011 10

2012 4 7 9 11~12 1 3~4 (1)

6.3% 3.7% 40.0% 3.2% 33.3% 35.7% 3.3% 23.3% 3.3% (2)

1~11 / (3) 2012 7 4~5

/ 11 1 / 1 / ( 10)

Dupliciporia lantern 2012 11 2013 3~4

(1) 3.3% (2) 1 /

(3) 1 / ( 11)

(Bucephalus sp.) 2012 4 2013 3

(1) 14.8% 6.7% (2) 15~16

/ (3) 1~2 / ( 12)

(Caligus absens) 2011 11 2012 4 7 9

11~12 1 3~4 (1) 2.4% 22.2% 40.0

% 16.1% 53.3% 17.9% 6.7% 26.7% 36.7% (2) 1~2

/ (3) 1 / ( 13)

28



(Norion priacanthi) 2011 11 2012 4 7

9 11~12 1 3~4 (1) 12.2% 33.3 

% 80.0% 71.0% 66.7% 17.9% 43.3% 43.3% 3.3% (2)

1~3 / (3) 2012 7 9 11 1~2 /

1 / ( 14)

(Nerocila sp.) 2012 12 2013 3

(1) 3.57% (2) 1 / (3)

1 / ( 15)

29



(p<0.01) ( 16)

(3.1 /

) (1.5 / ) (p<0.01)

( 0.38

0.64 / ) ( 0 0.11 / ) (p<0.01)

( 0.42 0.26 / ) (p<0.01)

( 0.82 0.03 / ) (p<0.01)

6

(Anisakis typica)

(Hysterothylacium aduncum) 2 (Pseudopecoeloides tenuis)

(Caligus absens) (Norion priacanthi) 2

30



GSI HSI

R2 0~<0.0625 R2 0.0625~<0.25

(poor correlation) R2 0.25~<0.5625 R2

0.5625~<1.00

( )

1~6 0~6

1

0-1 6-7 2

2

2 4-5 (73.5%)

1-2 (0%)( 17) 4-5 5-6

4~5 (p>0.01)

(R2 0.05

0.02) ( 15A)

2 5-6

(37.5%) (p<0.01)

( 18) (R2=0.03)( 16A)

31



( 19)

( R2 0 0.02)( 17A)

2 4-5 (37.5%)

4-5 (30.0%) 3-4 (20.2%)

3.3 3.8 2.8 /

(p<0.01)

(Caligus absens) 5-6 1-3

(R2=0.07)

(R2=0.33)

(Norion priacanthi) 5-6 4-5

2.9 1.0 / (

R2 0.09 0.11)( 19A)

5-6 (p<0.01)

32



( )

(3.5 / )

(1.6 / ) (p>0.01) ( 22)

(16.3%)

( )(p<0.01

(p>0.01 ( 22)

20% 10%

(p>0.01

(Caligus absens) 17% 23.4%

19.7%

(p>0.01) ( 22)

(Norion priacanthi)

(p<0.01)( 22)

( ) GSI

GSI 0-7 0-5 6-7

2

GSI ( 23)

GSI (R2 0.04)( 15B)

( 24, 25) (p>0.01) GSI

33



GSI (R2=0.13) 

( 16B, 17B

(Caligus absens) (Norion priacanthi)

GSI ( 26, 27)

GSI (R2 0.0625 )( 18B, 19B

( ) HSI

HSI 0-6 0-4 HSI 0-1 4-5

HSI 5-6

2

=0.01 3-4

0-1 ( 28)

HSI ( R2 0.01 0.02)(

15C)

2-3 HSI

(p>0.01)( 29)

HSI (R2=0.0165)( 16C)

HSI

4-5 1 /

(p>0.01)( 30) HSI

R2 0.0625 HSI ( 17C)

34



(Caligus absens) 1 /

(p>0.01)( 31

HSI R2 0.051 0.085 HSI

( 18C

(Norion priacanthi)

2-3 3-4 (p<0.01)(

32 HSI

(R2=0.3679) (R2=0.0163) ( 19C

PCR-RFLP

PCR-RFLP

DNA NC2 NC5 PCR rDNA

960 (base pair, bp) ITS HinfI HhaI

(A) HinfI 370 

bp 300 bp 250 bp HhaI 550 bp 430 

bp (B) HinfI 620 bp 350 bp HhaI

4 320 bp 240 bp 180 bp 160 bp PCR-RFLP

(Amelio, 2000) (A) A. pegreffii (B) A. typica( 20)

ITS

NC2 NC5 PCR

ITS rDNA 1180 bp

( 21)

35



NCBI Opecoelidae gen. sp. (AJ241813.1)

Pseudopecoeloides sp. (KC357704.1) Pseudopecoeloides engeleri 

(KC357703.1) ITS-1 5.8S ITS-2

28S ( 22) 5.8S 165 bp Opecoelidae 

gen. sp. 3 bp Pseudopecoeloides sp. Pseudopecoeloides engeleri

12 bp ITS-2 242 bp Opecoelidae gen. sp. 22 bp

Pseudopecoeloides engeleri 6 bp Pseudopecoeloides sp. 18 

bp

P. engeleri

Pseudopecoeloides sp. Opecoelidae gen. sp. ( 23)
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Anisakis 259 59 55

(A. typica) 4 (A. pegreffii)

93% 7% 1 ( 33)

(A. typica)

58.5%

32.4% 55.1% 2.2%

3.1 / 1.50 / (p<0.01

0.82 / 0.03

/ (p<0.01) 0.64

/ 0.11 / (p<0.01)
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( , 1990 ,2006)

2011 10 2013 4

952 12

4 (Anisakis typica) (Anisakis 

pegreffii) (Hysterothylacium aduncum) (Raphidascaris 

trichiuri) 5 (Pseudopecoeloides tenuis)

(Syncorpozoum hainanensis) (Lecithochiriump priacanthi)

Dupliciporia lantern (Bucephalus sp.) 2

(Caligus absens) (Norion priacanthi) 1 (Nerocila

sp.)

(Caligus absens (Norion priacanthi)

 (Ho et al., 2000, 2008 Fang et al., 2009)

Aken’Ova 7

(Pseudopecoelides sp.) (P. 

tenuis)

(Caligus absens (Norion 

priacanthi)
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Dupliciporia lantern (Bucephalus sp.) (Nerocila sp.)

(population biology) (phylogeny)

1950 9 1980

140

(Williams et al., 1992)

(seasonality)

( , 2006)

( , 2004)

( , 2005)

( , 2007)
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6 6

20

3 1.5

( , 2008) 2~7

6~8

( , 1984)

(1984)

( )

( )

(Liu et al., 1992)
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1.

(C. nasus)

(anadromous) (Wen et al,

2011)

(Pseudopecoeloides tenuis) (Anisakis typica)
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(Hysterothylacium aduncum) (Caligus absens)

(Norion priacanthi)

( , 2003)

17~90% (

8) 19

2012 2 4 / 2012 8

1 /

2012 6 7

(Caligus absens)

2012 8 2012 11

(4~8 ) 

(Caligus absens)
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2013 2

( 14)

2.

98~273 mm

0~6 yr(s)

( )

4 ( )

(Smith, 1984)

(2005)

2~5

3 ( ) 3

(2006)
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(p>0.01)

( ) (p<0.01)

3.

(1) (synchronous)

(2) (group synchronous)

( ) (3)

(asynchronous)( , 1985)

(Nikolsky, 1963) Liu(2001)

4~7 GSI   

(Sheldon and Verhulst, 1996)

(Barbatula barbatula)

(Simkova et al., 2005)

(p<0.01)
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Liu(2001) (1)

(undeveloped stage) GSI 1.54 (2) (developing stage) GSI

1.63 6.87 (3) (Mature stage) GSI 6.96 (4) (spent stage)

GSI 0.58 2.81 GSI

GSI

GSI

4.

(Hepatosomatic Index) 

 ( )

( , 1993)

2012 4 2013 4 HSI

4 9 10 8

HSI

HSI

HSI

(p>0.01)

2-3 (p>0.01)

HSI

HSI 2-4 0-1 (p<0.01)
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HSI HSI

(Khalil, 1969)

- (1994)

28 (1996)

(Tursiops truncates) (Stenrlla attenuata)

(Priacanthidae)

70.6%( , 1997)

(Smith, 1983) 4

Str mnes (2003)

(Smith, 1978)

(K ie et al., 1995 Shih and Jeng, 2001)
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(Norris and Overstreet, 1976)

(MacKenzie et al., 1998)

20-400

(Hippogolossina macrops)

(Oliva, 2004)

rDNA

(miracidium) (sporocyst) (redia)

(cercaria) (Prosobranch 

snails) (Gastropoda) (Pelecypoda)

(molluscs)

(hybridization) (parthenogenesis)

(Jousson et al., 1999 Mas-Coma et al., 2001)

PCR (Sirisinha et al., 1991)

(Van 

and Thuy, 2008) rDNA ITS
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Jousson(1999) 29 (Opecoelidae) rDNA ( ITS-1 5.8S

ITS-2 rDNA

(1650~2100 bp) ITS-1 Rohner Cribb(2013)

ITS-2 8 (goatfish)

Rokni (2010) PCR-RFLP

(Fasciola hepatica)

(Fasciola gigantica) rDNA ITS-1

(fasciolosis)

rDNA ITS

(Ascarididae)

(Jacobs et al., 1997 Shih, 2004 Zhu et al., 1998a, 1998b)

rDNA NC5 NC2

DNA PCR rDNA ITS-1 5.8S

ITS-2 28S Van Thuy (2008) (Rutilus rutilus)

(Perca fluviatilis) Blica bjoerkna

(Diplostomidae) (Diplostomum sp.) Tylodelphys sp.

rDNA (metacercariae)

5.8S ITS-2

P. engeleri(Rohner and Cribb, 2013)

Pseudopecoeloides sp.

P. engeleri Pseudopecoeloides sp. 

rDNA
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 (2002) 2002 2 96~97

 (1985)

 (2008)

 (1990)

 (1995)

 (2003)

 (2008) 22

 (1993) 307 80-2

 (2011)

 (1996)

 (1997)

 (1993)

 (2005)

 (1994)

 (2006)

 (2001) 13 1~13
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 (2004) 15 15~34

 (2004)

 (2007)

 (2005)

1~5

 (2011)

 (1984)

 (2000) DNA

 (1990)

 (2003)
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1
Taxa Parasite Stage Location in host 
Copepoda 

Caligus absens adult Gill cavity
Norion priacanthi adult Gill filament

Isopoda 
Nerocila sp. adult Tail

Digenea
Pseudopecoeloides tenuis adult Intestine
Syncorpozoum hainanensis adult Gill cavity
Lecithochiriump priacanthi adult Stomach
Dupliciporia lantern adult Intestine
Bucephalus sp. adult Intestine

Nematoda
Anisakis typica
Anisakis pegreffii

L3
L3

Abdominal cavity 
Abdominal cavity 

Hysterothylacium aduncum L3, L4, adult Stomach
Raphidascaris trichiuri L3, L4, adult Stomach
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2012 Jan 30 1 3.3 1.0 0.03

Jun 31 14 45.2 2.4 1.10
Jul 67 56 83.6 3.5 2.91
Dec 32 1 3.1 1.0 0.03

2013 Jan 32 1 3.1 1.0 0.03
Apr 64 9 14.1 2.6 0.36
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2012 Mar 28 2 5.3 1.0 0.05

Apr 29 1 3.4 1.0 0.03
Oct 30 1 3.3 1.0 0.03

2013 Jan 30 1 3.3 1.0 0.03
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2011 Oct 29 2 6.9 1.0 0.07

Dec 30 6 20.0 1.3 0.27
2012 Jan 30 7 23.3 1.9 0.43

Feb 30 8 26.7 1.0 0.27
Mar 28 9 23.7 5.0 1.18
Apr 29 1 3.4 1.0 0.03
May 12 2 16.7 2.0 0.33
Jun 31 10 32.3 2.6 0.84
Jul 67 41 61.2 5.6 3.42

Aug 39 5 12.8 1.0 0.13
Sep 36 3 8.3 1.0 0.08
Oct 30 7 23.3 1.1 0.27
Nov 35 3 8.6 1.7 0.14
Dec 32 6 18.8 1.2 0.22

2013 Jan 32 15 46.9 1.5 0.69
Feb 38 5 13.2 1.2 0.16
Mar 36 7 19.4 1.6 0.31
Apr 64 8 12.5 3.3 0.41

2011 Oct 32 1 3.1 1.0 0.03
Nov 41 6 14.6 1.2 0.17

2012 Apr 27 11 40.7 1.3 0.52
Nov 30 2 6.47 1.0 0.07
Dec 28 3 10.7 1.3 0.14

2013 Jan 30 1 3.3 1.0 0.03
Mar 30 1 3.3 1.0 0.03
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2011 Oct 29 1 3.4 1.0 0.03

Dec 30 4 13.3 1.0 0.13
2012 Jan 30 6 20.0 1.3 0.27

Feb 30 4 13.3 1.3 0.17
Mar 28 6 15.8 2.3 0.37
Jun 31 3 9.7 1.7 0.16
Jul 67 5 7.5 1.0 0.07

Aug 39 2 5.1 1.0 0.05
2013 Jan 32 5 15.6 1.0 0.16

Feb 38 4 10.5 1.0 0.11 
Mar 36 1 2.8 1.0 0.03
Apr 64 1 1.56 2.0 0.03

2011 Nov 41 1 2.4 1.0 0.02
2012 Apr 27 4 14.8 1.2 0.19

Jul 5 1 20.0 1.0 0.20
Nov 30 2 6.7 1.0 0.07
Dec 28 2 7.1 1.5 0.11 

2013 Jan 30 1 3.3 3.0 0.10
Apr 30 1 3.3 1.0 0.03
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Site Date
Sample

no.
Infected 

no.
Prevalence

(%)
Mean 

intensity 
Mean

abundance 
2011 Oct 29 12 41.4 1.5 0.62

Nov 30 23 76.7 3.9 2.97
Dec 30 23 76.7 2.6 1.97

2012 Jan 30 26 86.7 3.4 2.93
Feb 30 27 90.0 4.6 4.17
Mar 28 32 84.2 2.6 2.16
Apr 29 20 69.0 3.2 2.21
May 12 8 66.7 2.3 1.50
Jun 31 11 35.5 2.8 1.00
Jul 67 36 53.7 3.3 1.76

Aug 39 7 17.9 1.6 0.28
Sep 36 10 27.8 1.6 0.44
Oct 30 15 50.0 1.8 0.90
Nov 35 25 71.4 2.6 1.89
Dec 32 23 71.9 2.5 1.78

2013 Jan 32 15 46.9 2.1 0.97
Feb 38 18 47.4 1.6 0.74
Mar 36 23 63.9 2.2 1.39
Apr 64 14 21.9 1.8 0.39

2011 Oct 32 1 3.1 1.0 0.03
Nov 41 19 46.3 4.7 2.20

2012 Apr 27 21 77.8 3.3 2.56
Jul 5 3 60.0 7.0 4.20
Sep 31 27 87.1 14.0 12.23
Nov 30 18 60.0 3.9 2.37
Dec 28 12 42.9 4.8 2.04

2013 jan 30 23 76.7 3.0 2.27
Mar 30 24 80.0 3.8 3.07
Apr 30 18 60.0 1.8 1.10
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2011 Dec 30 3 10.0 1.0 0.10
2012 Jan 30 1 3.3 1.0 0.03

Feb 30 4 13.3 1.0 0.13
Apr 29 1 3.4 1.0 0.03
May 12 2 16.7 1.0 0.17
Jun 31 1 3.2 1.0 0.03
Aug 39 1 2.6 1.0 0.03
Sep 36 6 16.7 1.0 0.17
Oct 30 5 16.7 1.0 0.17
Nov 35 1 2.9 1.0 0.03
Dec 32 5 15.6 1.0 0.16

2013 Jan 32 1 3.1 1.0 0.03
Mar 36 4 11.1 1.0 0.11 
Apr 64 2 3.1 1.0 0.03

2011 Nov 41 1 2.4 2.0 0.05
2012 Apr 27 2 7.4 1.0 0.07

Jul 5 1 20.0 1.0 0.20
Apr 31 2 6.5 1.0 0.06
Nov 30 1 3.3 1.0 0.03

2013 Jan 30 3 10.0 1.0 0.01
Mar 30 8 26.7 1.0 0.27
Apr 30 4 13.3 1.0 0.13
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2011 Oct 29 3 10.3 3.3 0.34

Nov 30 1 3.3 5.0 0.17
Dec 30 4 13.3 1.0 0.13

2012 Jan 30 1 3.3 1.0 0.03
Feb 30 1 3.3 1.0 0.03
Mar 28 2 5.3 1.5 0.08
Apr 29 1 3.4 1.0 0.03
May 12 1 8.3 1.0 0.08
Jun 31 8 25.8 1.9 0.48
Aug 39 3 7.7 1.0 0.08
Sep 36 8 22.2 2.3 0.50
Nov 35 6 17.1 2.2 0.37
Dec 32 2 6.3 5.5 0.34

2013 Jan 32 3 9.4 1.0 0.09
Feb 38 4 10.5 1.5 0.16
Apr 64 7 10.9 4.3 0.47

2011 Oct 32 2 6.3 1.0 0.06
2012 Apr 27 1 3.7 1.0 0.04

Jul 5 2 40.0 11.5 4.60
Sep 31 1 3.2 3.0 0.10
Nov 30 10 33.3 3.1 1.03
Dec 28 10 35.7 2.3 0.82

2013 Jan 30 1 3.3 1.0 0.03
Mar 30 2 23.3 1.9 0.43
Apr 30 1 3.3 1.0 0.03
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11 Dupliciporia lantern

* Dupliciporia lantern
* Dupliciporia lantern

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2011 Oct 29 1 3.4 1.0 0.03

Dec 30 2 6.7 1.0 0.07
2012 Jan 30 1 3.3 1.0 0.03

Feb 30 4 13.3 1.3 0.17
Mar 28 6 15.8 1.5 0.24
May 12 2 16.7 1.0 0.17
Jun 31 1 3.2 1.0 0.03
Jul 67 2 3.0 1.5 0.04

Aug 39 4 10.3 1.0 0.10
Nov 35 2 5.7 1.0 0.06
Dec 32 1 3.1 2.0 0.06

2013 Feb 38 1 2.6 1.0 0.03
Mar 36 2 5.6 1.0 0.06

2012 Nov 30 1 3.3 1.0 0.03
2013 Mar 30 1 3.3 1.0 0.03

Apr 30 1 3.3 1.0 0.03
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2012 Apr 27 4 14.8 15.8 2.33
2013 Mar 30 2 6.7 16.5 1.10
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2012 Mar 28 1 2.6 1.0 0.03

Apr 29 1 3.4 2.0 0.07
May 12 1 8.3 1.0 0.08
Jun 31 11 35.5 3.1 1.10
Jul 67 46 68.7 3.0 2.04

Aug 39 1 2.6 1.0 0.03
Sep 36 4 11.1 1.3 0.14
Oct 30 7 23.3 1.3 0.30
Nov 35 14 40.0 1.3 0.51
Dec 32 8 25.0 1.1 0.28

2013 Jan 32 11 34.4 1.5 0.50
Feb 38 8 21.1 1.4 0.29
Mar 36 6 16.7 1.0 0.17
Apr 64 18 28.1 1.8 0.52

2011 Nov 41 1 2.4 1.0 0.02
2012 Apr 27 6 22.2 1.2 0.25

Jul 5 2 40.0 1.5 0.60
Sep 31 5 16.1 1.4 0.23
Nov 30 16 53.3 1.7 0.90
Dec 28 5 17.9 1.0 0.17

2013 Jan 30 2 6.7 1.0 0.07
Mar 30 8 26.7 1.25 0.33
Apr 30 11 36.7 1.09 0.40
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2012 Jan 30 1 3.3 1.0 0.03

Mar 28 1 2.6 4.0 0.11 
Jun 31 1 3.2 2.0 0.06
Jul 67 2 3.0 1.0 0.03

Nov 35 3 8.6 1.0 0.09
2013 Jan 32 1 3.1 1.0 0.03

Feb 38 6 15.8 1.0 0.16

2011 Nov 41 5 12.2 1.4 0.17
2012 Apr 27 9 33.3 2.1 0.70

Jul 5 4 80.0 2.0 1.60
Sep 31 22 71.0 3.3 2.32
Nov 30 20 66.7 3.1 2.07
Dec 28 5 17.9 1.4 0.25

2013 Jan 30 13 43.3 2.2 0.93
Mar 30 13 43.3 2.2 0.97
Apr 30 1 3.3 1.0 0.03
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*
*

Site Date
Sample

no.
Infected

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
2011 Jan 30 2 6.7 1.0 0.07

Feb 30 1 3.3 1.0 0.03
Mar 28 2 5.3 1.0 0.05
Apr 29 3 10.3 1.0 0.10
Jun 31 2 6.5 1.0 0.06
Aug 39 1 2.6 1.0 0.03
Oct 30 1 3.3 1.0 0.03
Nov 35 1 2.9 1.0 0.03
Dec 32 1 3.1 1.0 0.03

2013 Feb 38 3 7.9 1.0 0.08
Apr 64 1 1.6 1.0 0.02

2012 Dec 28 1 3.6 1.0 0.04
2013 Mar 30 1 3.6 1.0 0.04
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Parasite taxon 
P(%) MA P(%) MA

COPEPODA 
Caligus absens 20.5 0.42a 19.7 0.26b

Norion priacanthi  2.2b 0.03b 32.4a 0.82a

ISOPODA 
Nerocila sp. 2.7 0.03 0.7 0.01

DIGENIA
Pseudopecoeloides tenuis  55.1 1.50b 58.5 3.10a

Syncorpozoum hainanensis 5.5 0.06 7.8 0.08
Lecithochiriump priacanthi 8.2 0.19 12.7 0.35
Dupliciporia lantern  4.5 0.05 1.1 0.01
Bucephalus sp. 0 0 2.1 0.34

NEMATODA
Anisakis typica  12.3a 0.38a 0b 0b

Anisakis pegreffii 0.6 0.01 0.4 0.004
Hysterothylacium aduncum  21.7a 0.64a 8.8b 0.11b

Raphidascaris trichiuri  6.3 0.08 4.2 0.06
* (a b) (p<0.01) 
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Site
Age
(yr)

Sample
no.

Prevalence
(%)

Mean 
intensity 

Mean 
abundance 

1-<2 36 19.4e 1.9 0.19
2-<3 63 44.4d 1.5 0.67
3-<4 411 57.4bc 2.9 1.64
4-<5 150 63.3ab 3.3 1.79
5-<6 8 25.0e 5.5 1.38

0-<1 1 100 5.0 5.00
1-<2 3 0f 0 0
2-<3 30 6.7f 1.0 0.07
3-<4 92 51.1cd 2.8 1.43
4-<5 136 73.5a 6.5 4.78
5-<6 21 71.4a 6.0 4.29
6-<7 1 100 2.0 2.00

* (a b c d e f) (p<0.01)

75



18

Site
Age
(yr)

Sample
no.

Prevalence
(%)

Mean 
intensity 

Mean 
abundance 

1-<2 36 0b 0b 0b 
2-<3 63 1.6b 2.0a 0.03b 
3-<4 411 9.0b 2.9a 0.26b

4-<5 150 28.0a 3.2a 0.90ab 
5-<6 8 37.5a 3.7a 1.38a 

0-<1 1 0 0 0
1-<2 3 0b 0b 0b

2-<3 30 0b 0b 0b 
3-<4 92 0b 0b 0b 
4-<5 136 0b 0b 0b 
5-<6 21 0b 0b 0b 
6-<7 1 0 0 0

* (a b) (p<0.01)
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Site
Age
(yr)

Sample
no.

Prevalence
(%)

Mean 
intensity 

Mean 
abundance 

1-<2 36 11.1bc 1.0 0.11 
2-<3 63 15.9b 1.2 0.19
3-<4 411 20.2b 2.8 0.57
4-<5 150 30.0a 3.8 1.13
5-<6 8 37.5a 3.3 1.25

0-<1 1 0 0 0
1-<2 3 0c 0 0
2-<3 30 3.3c 1.0 0.03
3-<4 92 17.4b 1.2 0.21
4-<5 136 5.1c 1.3 0.06
5-<6 21 4.8c 1.0 0.05
6-<7 1 0 0 0

* (a b c) (p<0.01)
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Site
Age
(yr)

Sample
no.

Prevalence
(%)

Mean 
intensity 

Mean 
abundance 

1-<2 36 2.8c 1.0a 0.03b

2-<3 63 7.9c 1.4a 0.11b

3-<4 411 18.0b 1.9a 0.34ab

4-<5 150 36.0a 2.3a 0.84ab

5-<6 8 37.5a 3.3a 1.25a

0-<1 1 0 0 0
1-<2 3 0c 0b 0b

2-<3 30 0c 0b 0b

3-<4 92 9.8bc 1.0a 0.10b

4-<5 136 28.7a 1.3a 0.36ab

5-<6 21 38.1a 2.0a 0.76ab

6-<7 1 0 0 0
* (a b c) (p<0.01)
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Site
Age
(yr)

Sample
no.

Prevalence
(%)

Mean 
intensity 

Mean 
abundance 

1-<2 36 0d 0 0b

2-<3 63 9.5d 1.0 0.03b

3-<4 411 1.5d 1.5 0.03b

4-<5 150 2.0d 1.3 0.01b

5-<6 8 0d 0 0b

0-<1 1 0 0 0
1-<2 3 0d 0 0b

2-<3 30 3.3d 1.0 0.03b

3-<4 92 20.7c 1.9 0.39b

4-<5 136 41.9b 2.4 1.00b

5-<6 21 71.4a 4.0 2.86a

6-<7 1 0 0 0
* (a b c d) (p<0.01) 
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* (a b) (p<0.01) 

Parastic 
tazon

  

P% MA P% MA P% MA P% MA
P. tenuis 57.3ab 1.6b 53.3ab 1.4b 62.5a 3.5a 47.4b 2.1b

A. typica 7.1ab 0.2ab 16.3a 0.5a 0b 0b 0b 0b

H. aduncum 23.0a 0.6 20.7a 0.7 8.7b 0.1 9.2b 0.1
C. absens 17.0 0.3 23.4 0.5 19.7 0.3 19.7 0.3

N. priacanthi 1.3b 0.02b 3.0b 0.03b 34.6a 0.8a 26.3a 0.9a
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23 GSI

Site GSI
Sample

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
0-<1 577 55.1c 2.7 1.51
1-<2 67 59.7c 2.6 1.52
2-<3 9 22.2e 5.5 1.22
3-<4 9 44.4d 2.8 1.22
4-<5 3 66.7bc 1.0 0.67
5-<6 1 0 0 0
6-<7 2 100a 2.5 2.5

0-<1 144 45.1d 7.6 3.45
1-<2 81 75.3b 4.5 3.42
2-<3 44 72.7b 2.9 2.14
3-<4 10 60.0c 1.8 1.10
4-<5 4 50.0cd 1.0 0.50
5-<6 0 0 0 0 
6-<7 1 0 0 0 

* (a b c d e) (p<0.01)
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24 GSI

Site GSI
Sample

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
0-<1 577 13.9a 3.2 0.44
1-<2 67 3.0b 1.0 0.03
2-<3 9 0c 0 0
3-<4 9 0c 0 0
4-<5 3 0c 0 0
5-<6 1 0 0 0
6-<7 2 0c 0 0

0-<1 144 0c 0 0
1-<2 81 0c 0 0
2-<3 44 0c 0 0
3-<4 10 0c 0 0
4-<5 4 0c 0 0
5-<6 0 0 0 0
6-<7 1 0 0 0

* (a b c) (p<0.01)
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25 GSI

Site GSI
Sample

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
0-<1 577 22.2b 3.0 0.67
1-<2 67 19.4bc 2.8 0.54
2-<3 9 44.4a 1.5 0.67
3-<4 9 0d 0 0 
4-<5 3 0d 0 0 
5-<6 1 0 0 0 
6-<7 2 0d 0 0 

0-<1 144 7.6d 1.2 0.09
1-<2 81 8.6d 1.0 0.09
2-<3 44 11.4cd 1.2 0.14
3-<4 10 0d 0 0 
4-<5 4 50.0a 2.0 1.0
5-<6 0 0 0 0 
6-<7 1 0 0 0 

* (a b c d) (p<0.01)
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26 GSI

Site GSI
Sample

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
0-<1 577 21.8bc 2.1 0.46
1-<2 67 14.9c 1.5 0.22
2-<3 9 0d 0 0 
3-<4 9 0d 0 0 
4-<5 3 0d 0 0 
5-<6 1 0 0 0 
6-<7 2 11.1c 1.0 0.11 

0-<1 144 14.6c 1.3 0.19
1-<2 81 19.8bc 1.5 0.30
2-<3 44 27.3b 1.3 0.34
3-<4 10 60.0a 1.0 0.60
4-<5 4 25.0b 1.0 0.25
5-<6 0 0 0 0 
6-<7 1 0 0 0 

* (a b c d) (p<0.01)
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27 GSI

Site GSI
Sample

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
0-<1 577 2.6d 1.3 0.03
1-<2 67 0d 0 0
2-<3 9 0d 0 0 
3-<4 9 0d 0 0 
4-<5 3 0d 0 0 
5-<6 1 0 0 0 
6-<7 2 0d 0 0 

0-<1 144 27.1c 2.3 0.63
1-<2 81 42.0ab 2.6 1.10
2-<3 44 31.8bc 2.7 0.86
3-<4 10 20.0c 4.0 0.80
4-<5 4 50.0a 2.5 1.25
5-<6 0 0 0 0 
6-<7 1 100 2.0 2.00

* (a b c d) (p<0.01)

85



28 HSI

Site HSI
Sample

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
0-<1 8 25.0d 1.5 0.38b

1-<2 207 47.8c 2.3 1.10ab

2-<3 156 51.3c 2.2 1.13ab

3-<4 93 43.0c 3.1 1.32ab

4-<5 16 25.0d 3.0 0.75ab

5-<6 1 0 0 0

0-<1 18 55.6c 3.2 1.78ab

1-<2 135 74.8b 5.6 4.18ab

2-<3 52 55.8c 5.4 3.04ab

3-<4 6 100a 6.0 4.00a

* (a b c d) (p<0.01)
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29 HSI

Site HSI
Sample

no.
Prevalence

(%)
Mean 

intensity
Mean 

abundance 
0-<1 8 12.5bc 1.0 0.13
1-<2 207 7.7cd 3.5 0.27
2-<3 156 25.0a 3.5 0.88
3-<4 93 20.4ab 2.7 0.56
4-<5 16 25.0a 1.5 0.38
5-<6 1 0 0 0

0-<1 18 0d 0 0
1-<2 135 0d 0 0
2-<3 52 0d 0 0
3-<4 6 0d 0 0

* (a b c d) (p<0.01)
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30 HSI

Site HSI
Sample

no.
Prevalence

(%)
Mean 

intensity 
Mean 

abundance 
0-<1 8 25.0a 1.5 0.38
1-<2 207 21.3ab 2.9 0.61
2-<3 156 28.8a 3.2 0.92
3-<4 93 20.4ab 3.3 0.68
4-<5 16 18.8abc 5.7 1.06
5-<6 1 0 0 0

0-<1 18 0d 0 0
1-<2 135 8.9cd 1.2 0.10
2-<3 52 11.5bc 1.3 0.15
3-<4 6 0d 0 0

* (a b c d) (p<0.01)
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31 HSI

Site HSI
Sample

no.
Prevalence

(%)
Mean 

intensity
Mean 

abundance 
0-<1 8 25.0bc 1.5 0.38
1-<2 207 19.3cd 1.6 0.31
2-<3 156 35.9a 2.2 0.79
3-<4 93 35.5a 2.4 0.84
4-<5 16 31.3ab 2.8 0.88
5-<6 1 0 0 0

0-<1 18 33.3ab 1.5 0.50
1-<2 135 24.4bc 1.2 0.30
2-<3 52 26.9abc 1.4 0.37
3-<4 6 11.1d 2.0 0.22

* (a b c d) (p<0.01)
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32 HSI

Site HSI
Sample

no.
Prevalence

(%)
Mean 

intensity
Mean 

abundance 
0-<1 8 12.5d 1.0 0.13c

1-<2 207 3.4de 1.0 0.03c

2-<3 156 2.6de 1.0 0.03c

3-<4 93 1.1e 2.0 0.02c

4-<5 16 0e 0 0c

5-<6 1 0 0 0

0-<1 18 33.3c 1.3 0.44c

1-<2 135 34.1c 2.7 0.93abc

2-<3 52 57.7b 2.9 1.65a

3-<4 6 83.3a 1.4 1.17ab

* (a b c d e) (p<0.01)
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33

Site L3 assayed / L3 harvested 
A. typica A. pegreffii

Sample no. % Sample no. % 
59/259 55 93 4 7

1/1 0 0 1 100
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2. TS
DG
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3. (Fork length,FL)
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4. 3 (A) Anisakis typica (B)
Hysterothylacium aduncum (C) Raphidascaris trichiuri (D) Hysterothylacium 
aduncum ic Intestinal caecum v Ventriculus va Ventricular Appendage
Scale bars A=0.2 mm B=0.15 mm C=0.05 mm D=0.01 mm

v 

v 

v 

va

va
ic
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5. (Pseudopecoeloides tenuis) (A)
(B) 1. (Oral sucker) 2. (Ventral sucker) 3.
(Uterus) 4. (Testes) Scale bars 3 mm
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6. (Syncorpozoum hainanensis) (A)
(B) (C) Scale bars =1 mm B=1 mm C=5 mm
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7. (Lecithochiriump priacanthi) (A)
(B) 1. (Oral sucker) 2. (Ventral sucker) 3.

(Testes) 4. (Uterus) 5. (Ovary) 6. (yolk gland) Scale bars 0.5 
mm
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8. (Zoogonidae) Dupliciporia lantern (A)
(B) (C) 1. (Oral sucker) 

2. (Oesophagus) 3. (Ventral sucker) 4. (Ovary) 5. (Testes) 6.
(Uterus) Scale bars =0.25 mm B=0.25 mm C=0.5 mm
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9. (Bucephalidae)(Bucephalus sp.) (A)
(B) 1. (Oral sucker) 2. (Ovary) 3. (Testes)

Scale bars 0.5 mm
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10. (Caligus absens) (A) (B)
Scale bars 1 mm
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11. (Norion priacanthi) (A)
(B) (C) Scale bars =0.5 cm B=1 mm C=1 mm
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12. (Nerocila sp.) (A) (C)
(D) (E)
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13. ( )

R² = 0.8699
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14.

0 
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3 
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Mean Age(yr) Mean GSI Mean HSI
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15. (A)
(B)GSI (C)HSI

R² = 0.0491

R² = 0.0201

R² = 6E-06

R² = 0.0351
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16. (A)
(B)GSI (C)HSI

R²=0.0317

R² = 0.0063
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17. (A)
(B)GSI (C)HSI

R² = 0.0231
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18. (A) (B)GSI
(C)HSI

R² = 0.0684

R² = 0.3278

R² = 0.0002

R² = 0.0306
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19. (A) (B)GSI
(C)HSI

R² = 0.0928

R² = 0.1099

R² = 0.0009

R² = 0.001
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20. PCR-RFLP (A)PCR
(B)PCR HhaI (C)PCR HinfI Lane1 A. pegreffii Lane2
A. typica M 100 bp ladder maker

1000

500
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21. rDNA PCR Lane1 PCR M 100 bp ladder 
maker

1000

500

 1180 
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22. 5.8S ITS-2
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23.
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