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DNA  

( 2012; Leander et al., 2012)  

2009 12

2012 3

 ( 4)

DNA

MasterPure DNA Purification Kit 

(EPICENTRE) NanoDrop 

2000 (Thermo)  

DNA 16S rRNA PCR

L1854: 5’- 

AAACCTCGTACCTTTTGCAT-3’ (Forward) 

H3059:5’-CCGGTCTGAACTCAGATCACGT 

-3’ (Reverse) (Miya and Nishida, 1996

Aoyama et al., 2000)

 (denaturation) 94 5

35 94 30  

(annealing) 52 30  (extension) 

72 1 72 7

4 16S rRNA PCR

 

DNA 802

16S rRNA Seaview 4

NCBI (National 

Center for Biotechnology Information) 

4 4 16S rRNA

NCBI  

(AB021760)  (AB021757)

 (AB469437)  

(AP007239) 16S rRNA

Seaview 4  

(Neighbor-joining bootstrap 1,000

)  (phylogenetic 

tree) ( 7)  
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4   

                

2009/11      63 41 22 0 0 

2009/12      31 28 3 0 0 

2010/01      81 81 0 0 0 

2010/12      122 120 0 1 1 

2011/01      10 9 0 1 0 

2011/02      16 13 3 0 0 

2011/07      82 81 1 0 0 

2011/11      92 56 33 3 0 

2011/12      95 16 78 1 0 

2012/01      87 61 25 1 0 

2012/02      77 28 49 0 0 

2012/03      46 37 8 1 0 

     802 571 222 8 1 

 

7  (AC1) NCBI
(AC2, AP007239) (AJ) (AM) (AL) (AB)

  

NJ 812 sites J-C 1000 repl. AC1 

AC2 

AJ 

AM 

AL 

AB

100 

50 

39 

0.002
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4

 ( 1982 1983a 2012)

 (Tzeng et al., 1995; 2012; Leander 

et al., 2012)
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 (1983a) 
366: 16-23  

 (1983b) 
10: 1-7  

 http://fishdb.sinica.edu.tw/  
 (1998) 

61 pp  
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18 AJMS-2

16 25 AJMS-3 4 7 5
13.0 16.0  (He) 0.581 0.944  

18  (fixation index, FST)  ( 0.0089)
 (p > 0.0003) FST 0.0006  (p = 0.418)  

(genetic differentiation)  (panmixia)  
 

DNA  

 

 
 

 (Anguilla japonica) 
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140 15

 (leptocephalus) 

(Tsukamoto, 1992) 142

13 143 
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2 3  (preleptocephalus) 

 ( 2008)
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(elver) 

 (

2001) Tsukamoto and Arai (2001)

Tzeng et al. (2002 2003) 
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(Chang et al., 2007; Han et al., 2010)

2

1  (2008

12 2009 2 ) 

DNA

 (population genetic 

structure) 

 

 
 

 
2008 12 2009 2

3

 ( )  ( ) 

 ( ) 

1

18 879  ( 1)  

 
( ) Genomic DNA  

MasterPure 

DNA Purification Kit (EPICENTRE) 

genomic DNA GeneQuant pro 

(Amersham Biosciences) 

 -20  

( ) DNA  

5  (AJMS-1

AJMS-2 AJMS-3 AJMS-5 AJMS-6) 

(Tseng, 2006; Chang et al., 2007) 

 (primer pairs) 

genomic DNA PCR

reverse primers FAM HEX  

( 1) PCR genomic DNA 

(25 ng/�l) 1 �l 10 mM dNTP 1 �l 10 �M 

primer 1 �l Reaction Buffer (10X) 5 �l

Supertherm (5U) 0.2 �l 41.8 �l

50 �l MyCycler thermal cycler 

(BIO-RAD) 

Denature (94 30 ) Annealing (

30 ) Extension (72

30 ) 30 4  
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1   

Locus Primer sequence(5’-3’) Anneal( ) Fluorescent dyes labeling 
on the reverse primer 

GeneBank 
accession 

AJMS-1 F: TCGAGACACCAGATAGTCAC 
R: ACATCCTAGGCTCACACC 58 FAM AJ297599 

AJMS-2 F: ATTTCACGTCATCGGACCTGC 
R: GCTGGGAGCGACGCTTTATC 56 FAM AJ297600 

AJMS-3 F: GGTATGAATGCAGGCGTTTATG 
R: GCAACCGATTTGATCTCCAG 56 HEX AJ297601 

AJMS-5 F: CCTTCAGATTGCTAGCAC 
R: CGGAGTCTAATTGTCTCCTC 58 HEX AJ297602 

AJMS-6 F: ACAGAGCCAGACAAACAGAC 
R: GGTCAGCAAGCAAAACGAAC 57 FAM AJ297603 

 

10 �l DNA

DNA  

( )  (genotyping) 

DNA

 

( )  

18

Genepop 4.0  (Rousset, 2009) 

 (allele) 

 (Ho)

 (He)  (Hardy-Weinberg 

equilibrium, HWE)  (genetic 

differentiation) 

 (FST)  (Bonferroni 

correction) (Rice, 1989) 

5 HWE 18 FST

Convert 

131  (Glaubitz, 2004) Genepop

Phylip

Phylip 3.69

 (Felsenstein, 2004) 

 (Nei’s genetic distance, 1972) 

 (Neighbor-Joining)

 (bootstrap = 1,000)  

 
 

 

18

YJB

 ( 2)  

18

AJMS-2

16 25 AJMS-3

4 7

5

13.0 16.0

 (Ho) 0.360 0.936

 (He) 0.581 0.944

Ho He  

(HWE) AJMS-1 AJMS-2

YDA  ( 12 ) 

AJMS-2  (p 

< 0.01) AJMS-3 AJMS-5 AJMS-6

 ( 3)  



14    

 

 
2  (Anguilla japonica)  

          (mm) (g) 
     2008/12/09 YDA 50 57.02 ± 2.06 0.15 ± 0.02 
     2008/12/15 MDA 49 57.22 ± 1.61 0.14 ± 0.01 
     2008/12/18 PDA 50 56.68 ± 1.58 0.14 ± 0.02 
     2008/12/25 YDB 50 56.30 ± 2.45 0.14 ± 0.02 
     2008/12/29 MDB 49 56.51 ± 1.99 0.13 ± 0.02 
     2008/12/30 PDB 50 56.86 ± 2.08 0.15 ± 0.02 
     2009/01/12 YJA 48 56.10 ± 2.84 0.14 ± 0.02 
     2009/01/13 MJA 50 57.18 ± 2.78 0.14 ± 0.03 
     2009/01/16 PJA 50 56.18 ± 2.42 0.13 ± 0.02 
     2009/01/21 YJB 50 59.22 ± 2.56 0.16 ± 0.02 
     2009/01/23 MJB 50 57.12 ± 2.61 0.13 ± 0.02 
     2009/01/21 PJB 49 56.67 ± 2.11 0.12 ± 0.02 
     2009/02/12 YFA 49 58.02 ± 2.78 0.13 ± 0.02 
     2009/02/11 MFA 50 57.52 ± 3.28 0.14 ± 0.02 
     2009/02/13 PFA 49 56.98 ± 2.52 0.11 ± 0.02 
    2009/02/25 YFB 50 58.10 ± 2.76 0.13 ± 0.03 

     2009/02/27 MFB 50 56.06 ± 2.29 0.12 ± 0.02 
     2009/02/26 PFB 36 56.31 ± 2.25 0.10 ± 0.02 

   879 57.02 ± 2.53 0.13 ± 0.02 

18

 ( 0.0089)

 (p > 0.0003)

FST 0.0006  (p = 

0.418) ( 4)

 (panmixia) 

0.0261 0.0973  

( 4)  

( 1) bootstrap values

3 45  

 
 

 

0 1 0

1

 (Hartl and Clark, 1997; Sofia, 

2006) Wright (1978) FST 0

0.05 0.05 0.15

0.15 0.25

0.25

3

3

18

bootstrap values 3

45 50

 (Retief, 

2000)

 (Huang et al., 

2001)
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2014-2015  2014/11/16 2014/11/06 2014/11/28 2014/11/21 2014/11/12 2014/11/17 
2015-2016  2015/11/12 2015/11/01 2015/11/06 2015/11/13 2015/11/02 2015/11/01 
2016-2017  2016/11/09 2016/11/17 2016/11/22 2016/11/25 2016/11/15 2016/11/06 
2017-2018  2017/11/07 2017/11/08 2017/11/30 2017/11/23 2018/01/10 2017/11/14 

 
2014-2015  2015/01/15 2014/11/11 2015/01/05 2014/12/13 2014/12/09 2015/02/15 
2015-2016  2016/01/12 2015/11/06 2016/01/31 2016/01/01 2015/11/10 2015/11/06 
2016-2017  2016/12/08 2016/12/28 2016/12/01 2016/12/05 2016/12/22 2016/12/03 
2017-2018  2018/01/28 2017/12/23 2018/01/23 2018/01/03 2018/01/27 2018/01/25 

( ) 
2014-2015  1,348 9,304 1,869 32,030 802 1,747 
2015-2016  16,347 349 7,001 34,919 1,543 2,391 
2016-2017  29,566 21,748 18,869 51,434 3,498 4,279 
2017-2018  3,338 68 1,005 26,324 1,226 1,444  
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 (catch per unit effort, CPUE) /

/

 (Tzeng, 

1985)  (Zhang et al., 2008)

 (2013) 

/ -

4 2016

2017

78.56 / -1000m2 2015

2016 1.32 /

-1000m2

50

2016 2017

2015 2016

 

 

 (lunar phase)

 (Tzeng, 1985; 

Jellyman and Lambert, 2003; Jellyman et al., 

2009; Hwang et al., 2014; Guo et al., 2017)

 (Jellyman and 

Lambert, 2003)

 ( ) 

 

Tesch (2003) 

 ( )

 ( ) 

1

 

(Tzeng, 1985; 2013; Guo et al., 

2017)
 

4  2014-2017 (catch rate) ( / -1000 m2) 

                     

          

2014-2015  4.16 38.76 7.12 24.28 4.28 2.82 

2015-2016  43.22 1.32 10.23 52.47 8.72 24.13 

2016-2017  78.56 65.33 55.16 54.56 17.13 35.77 
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1994 2012
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2014 2015 2016
NOAA ( )

(Anguilla japonica)

1970
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* /81157 142
325-4 ; TEL: 07-3617141#23514;

E-mail: ccho@nkust.edu.tw 

( )

(p < 0.01) ( 1) (

2017 2017)

1960 2010

90% (ICES, 2013; Chang et al., 

2018)

(Dekker, 2004)
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1  1968-2016 (p < 0.01) 

 

 (International Union for Conservation of 

Nature, IUCN) 2014

2014

 (Alliance for 

Sustainable Eel Aquaculture, ASEA)

 (

2014 2018)

 

 (Friedland et al., 

2007; Zenimoto et al., 2011; Chang et al., 

2015, 2018; Hsu et al., 2017)

 (North Equatorial Current, 

NEC)  (Kuroshio, KC) -

 (Philippine-Taiwan Oscillations, 

PTO)  (Oceanic Niño Index, 

ONI) 

 (Tsukamoto, 2011; Hsu et 

al., 2017; Chang et al., 2018)

-  

(Aida et al., 2003) 4 11

 (Mariana) NEC

 (leptocephalus) 

NEC KC 2,000 km

11 3

 (glass 

eel) 30 50

 

(Tsukamoto, 2009; Han et al., 2016)  
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 (Sea 

Surface Temperature, SST) 

 (IPCC, 2014; Ho et al., 2015; Peyser 

et al., 2016)

NEC KC  (Subtropical 

Countercurrent, STCC)

KC

2

 

(Ho et al., 2015; Wu et al., 2016) 60

NEC

KC 20

 (Chen and Wu, 2012; 

Wu et al., 2016)

 

 

 

( 2014)  (South China Sea, 

SCS) KC SCS

 (Nan et al., 2011, 2015) Nan 

et al. (2011)  (ADT) 

KC SCS

 ( 2)  

( ) looping  

KC

looping 1993 2010

15.7%  

( ) leaping  

KC

leaping

1993 2010 44.8%

 

( ) leaking  

KC

SCS

leaking 1993 2010

39.5%  
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 (20 21°N ) 

SCS looping
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)  ( 2014; 

Nan et al., 2011; Wu et al., 2016)

 (20 21°N) 

118°E

200 km

 ( 3) ( 2014) 2000

 (Nan et al., 2011)

looping

 (Nan et al., 

2015)  
 
 
 

3  
(

)(
2014) 

 (Han et 

al., 2016; Chang et al., 2018)  

KC

KC

SCS  (Han et al., 2016; 

Chang et al., 2018)

2014

2015 2016

NOAA

SST

 

 

 
 

 

 ( 4)

 (National Oceanic and Atmospheric 

Administration, NOAA, USA) 

MODIS (Moderate-resolution Imaging 
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Spectroradiometer, MODIS) Aqua

SST PDO ONI

CTD

 (

)

ORI

 

 
( )  

1.  (PDO ONI) 

1997 Trenberth Nino3.4

NOAA

Nino3.4  (170 120°W 5°S

5°N) SST 30

 ( 5 1 )

3 ONI

ONI 5  +0.5°C

 (El Niño)  -0.5°C

 (La Niña)  

 (Pacific Decadal 

Oscillation, PDO) 20

20

30 PDO

 

PDO ONI

NOAA  (http://www.esrl. 

noaa.gov/psd/data/climateindices/list/ http: 

//origin.cpc.ncep.noaa.gov/products/analysis

_monitoring/ensostuff/ONI_v5.php)

1968 2016  
 

4    
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2014 2017 11

2 SST ( ) NOAA

MODIS Aqua

4 km SST

116 122°E 18 24°N

Arc GIS  (Spatial Analysis) 

2014 2017

 (p < 0.05)
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2.  

10 m

1

1 CTD

2014 2015

2014/12/4-5 2014/12/24-25 2015/1/ 

21-22 2015/1/27-28 2015/2/11-12

5  ( 1)

 

 

 

 

 

 

 
 



� � � 47�

1   

                    

 2014/8/25-27 ORI-330 �m ( 5 ) 

 2014/9/24-26 ORI-330 �m ( 5 ) 

 2014/12/4-5  ( 5 ) 

 2014/12/24-25  ( 5 ) 

 2015/1/21-22  ( 5 ) 

 2015/1/27-28  ( 5 ) 

 2015/2/11-12  ( 5 ) 

 2015/11/18-20  3  

 2016/11/6-8 ORI-1,000 �m ( 5 ) 
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/index.aspx) 1968
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gov/products/analysis_monitoring/ensostuff/ONI_v5.php) 

 

7  1958-2016 (PDO) ( NOAA (http://www. 
esrl.noaa.gov/psd/data/climateindices/list/) 

3 

2 

1 

0 

-1 

-2 

-3 

 
(O

ce
an

ic
 N

iñ
o 

In
de

x,
 O

N
I)

 

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

 

ONI 6 Week Moving Average 

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

 

3 

2 

1 

0 

-1 

-2 

-3 

 
(P

ac
ifi

c 
D

ec
ad

al
 O

sc
ill

at
io

n,
 P

D
O

) PDO 6 Week Moving Average 



� � � 49�

( ) SST
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SST 8
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�

8  2014-2017 (p < 0.05)( NOAA
MODIS Aqua )  
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ONI PDO

2016  ( 6 7)  
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Tzeng (1982) 
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celebesensis)  (A. bicolor) 
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2015/11/18-20) 

 
 

) ( 12)  
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2 8 3

 (Moringuidae)

 (Congridae)  

(Muraenesocidae)  
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1   ( Smith, 1979; 1980; 1987) 

1a  ············································· Notacanthiformes
1b  ········································································································ 2
2a  ·············································································································· 3
2b  ··········································································································· 4
3a 107 204 ························ Dysommatidae
3b 126 172 ········· Synaphobranchidae
4a  ·················································· 5
4b  ·································································································· 6
5a 88 95 ··············································································· Monognathidae
5b 97 125 ············································································ Eurypharyngidae
5c 139 250 ········································································· Saccopharyngidae
6a  ································································· 7
6b  ································································································· 10
7a 98 180 ······················ Moringuidae
7b 2  ············································································· 8
8a 2 186 290 ··································· Nettastomatidae( )
8b 3  ············································································· 9
9a 74 108  ···································································· Cyemidae
9b 110  ···························································· Ophichthyidae

10a 100 119 ··················································· Anguillidae
10b  ······························································································ 11
11a  ············································································································· 12
11b  ············································································································· 14
12a 1/2  ········· Muraenidae Anarchias
12b 1/2  ·········································· 13
13a 75 80 100 Dericthyidae nessorhamphus
13b 59 63 76 83 ·······  Derichthyidae Derichthys
13c 30~37 77 101 ···························· Serrivomeridae
14a 95  ······························································· 15
14b 95  ······································· 20
15a 107 216 ·········· Muraenidae
15b  ········································ 16
16a  

 ····································································································· Nemichthyidae
16b 16a  ···································································································· 17
17a 1/2  ······················································································ 18
17b 1/2 ························································································· 19
18a 186 290 ················ Nettastomatidae Faccidella
18b 97 156 ·············································· Xenocongridae
19a 108 227 ······················· Heterenchelyidae
19b  

 ·········································································· Congridae Muraenesocidae
20a 51 82  ································································· Elopidae
20b 65 92 ·································································  Albulidae
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( )  (Dysommatidae) 

100 mm 107 204

1/2 3/4

4 17 2  (

2)  

( )  (Synaphobranchidae) 

130 170 mm 126 172

3/4  

2   

 

8 22

3  ( 3)  
 

3   

200 m

200 m

26

21

25

24

23

22

26

21

25

24

23

22

119 123120 121 122

119 123120 121 122

N

E

E

N1
2

4

6

8

10



64   �

�

( )  (Moringuidae) 

60 70 mm 98 180

1 2/3

3/4

2 14 2

 ( 4)  
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18  ( 14)  (Megalopidae) 

2  ( 15)  

(Monognathidae) 17  ( 16) 

(Cyematidae) 1  ( 17) 
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13 283 129

82

14 13

4 3

2  

1 3 4 5 7 8 10

1

5

8 3 1  (

2) 1 5

1 4 5

 

5

 ( 5)

 ( 6)  ( 9)  ( 12) 

 ( 13)

 (

7)  ( 15) 

9  

( 14)  ( 16)  (

2)  ( 3)  ( 4)

 ( 8)  ( 10)  (

11)  ( 17)

 

 

 
 

 
2   

 \  1 3 4 5 7 8 10 

(Elopidae)    *    
(Megalopidae)      *  
(Monognathidae)    *    

(Ophichthyidae) * * * * * * * 
(Congridae) * *  * * * * 

(Nettastomatidae) *  * * *  * 
(Muraenidae *  * * * *  

(Muraenesocidae) *  * *   * 
(Nemichthyidae) * * * *    

(Serrivomeridae)  * * * *   
(Derichthyidae)   * *  *  

(Dysommatidae) *     *  
(Moringuidae) *       

(Synaphobranchidae) *       
(Xenocongridae) *        
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306 pp  
 (1999) 

296 pp  
 (1980) 4 - 

2(1): 62-68  
 ( ) (1987) 

1154 pp  
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systematics of fishes. H. G. Moser, W. J. Richard, 
D. M. Cohen, M. P. Fahay, A. W. Kendall Jr., and 
S. L. Richardson (eds), Am. Soc. Ichthyol. 
Herpetol., spec. publ., 62-93. 

Castle, P. H. J. (1959) A large Leptocephalid 
(Teleosti, Apodes) from off South Westland, New 
Zealand. Transactions of the Royal Society of New 
Zealand, 87: 179-184. 

Fahay, M. P. (1983) Guide to the early stages of 
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Fishery Science, 4: 3-423. 
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