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2014 7
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2014 2.5

( )  (2010 )

2014 34.1

429.6

 ( 140.9 )  ( 1049.6 )

24.2 40.9%
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3.6 cm
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3. 

4. 

5. 

(GIS)
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( )

1. 

2. 

3. 

( )

4. 

5. 

6. 

7. 

( )
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1. 

(1) 
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2. 

(1) 

(2) 

(3) 
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3. 

(1) 

(2) 

(3) 
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( ) 

 

( ) 

 

( ) 

 

( ) 

 

( ) 

 

 

(marker-assisted selection, MAS) 

 (quantitative trait loci, QTL) 

 

2006
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( ) ( ) ( )    
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 (inbreeding rate) 

 ( ) 

 (inbreeding depression)

 

 (Ne) Ne = (4 

× N� × N�) / (N� + N�) 1 : 

1 Ne = 2 Np (Np )

50

50 100

0.25 0.5%  (  (IR) = 

1/2 Ne)  

1% 

 

 

 
 

 

( )  

 (breeding selection) 

 (genetic variation)

 

1.  
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(1)  

50 100

 

(2)  

 

(3)  

 

2

 

 

(4) 
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2.  

 

(1)  

 

(2)  

 

 (AA)

 (Aa) 

 

A.  (aa)

 (Aa, 

AA)  

B. 

 

AA × aa�Aa 

Aa × aa�1/2Aa + 1/2aa 

AA × AA�AA 

Aa × Aa�1/4AA + 1/2Aa + 1/4aa 

 (AA)

( )

 (Aa)  

(3)  

 (AA aa)  

(Aa) 

 

  TT ( ) × tt ( ) 

� 

                  Tt ( ) 

� 

1/4 ( ) + 1/2 ( ) + 1/4 ( ) 

3.  
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Kinghorn (1981) 

 

 

 

(1)  (mean, � ) 

 

 

 

� �X

 (X) n  

(2)  (variance, V) 

 

 

 

 

V ( ��� ) 

�( ��� )2

n n-1

 

 

(3)  (standard deviation, SD) 

 

 

 

 

SD

�

 (normal 

distribution) 68%  (

) �  ± SD 96% 

�  ± 2 SD 99.7%  �  ± 

3 SD  

n

��
��

� �
1n

2

�

���
� �V

� �
1n

XX
SD

2

�

�
� �
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(4)  (standard error, SE) 

n

n � 1 � 2 ......� n n

 

(SE)  

 

 

68% �  ± SE 96% 

�  ± 2 SE 99.7% 

�  ± 3 SE

 

(5)  (S) 

S Yp

Y

 (S) S = 

Yp - Y

500 g 725 g

 (S) 725 - 500 225 (g)  

(6)  (selection intensity, i) 

i

 (S) 

 (�)  

 

 

 (S) 225 

g  (�) 75 g  (i) 

 

(7)  (V) 

 (V)  
 

V =
 

n N

V V

 

(8)  (R) 

 (genetic gain)

R

 

(Yf)  (Y) R 

= Yf - Y 

500 g 725 g

225 g

522.5 g

R = 522.5 - 500 = 22.5 (g)

n

SD
SE �

	
s

�i

3
75

225s
���

	
i



�100n
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22.5 g  

 (Ry) 

 (R)  (I)  

3

22.5 g I = 3 R = 22.5

 

(9)  (heritability, h2) 

 (h2) 

 
 

h2 
 

R = Sh2

i = 

S/� S = i × � R = h2�i 

 ( h2 )

 ( � ) 

 ( i )

 

 (h2) 0.1

500 g

725 g R = Sh2

22.5 g

h2 = 0.1  S = 725 – 500 = 225 

R = Sh2 = 225 × 0.1 = 22.5 

5%

1 2% 5 6

(1)

(2)

(3)

(4)  

4.  

 

(1)  (individual selection) 

1

2

 

(2)  (family selection) 

I

R
R �y

)g( 5.7
3

22.5
R ��y

S

R
�
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(3)  (within family selection) 

 

(4)  (combined selection) 

 (5 6 ) 

 (

)

 ( 2 3 ) 

 

( )  

 

1.  

 

2.  

 

(1)  

2

 

(2)  
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 (A) 

 (B) 

A × B � F1 × B � F2 × B � F3 × B… 

 

(3)  

3  ( ) 

4

 (A × B) × (C × D)

3  (A × B) 

× C�ABC  

(4)  

 (%) = (

)/

 × 100%  

2

 

A. 

 (

)  

B. 

 

C. 

 

D. 

 

E. 
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( )  

 

(QTL) DNA  

 

 

(Plectropomus leopardus) (Babylonia areolata) (Tachypleus tridentatus) 

 
(Hippocampus kuda) (Hymenocera picta) (Cinetorhynchus hendersoni)

 

 
 

 

(Oreochromis mossambicus) 

(Oreochromis aureus)  

(Oreochromis spilurus) 

(Macropodus opercularis) (Puntius semifasciolatus) Rhodeus ocellatus ocellatus)
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(Amphiprion ocellaris) (Amphiprion polymnus) (Amphiprion clarkia) 

(Chrysiptera cyanea) (Chrysiptera glauca) (Pomacentrus moluccensis)

 

 
 

 
 

FAO 2011

8,400 7.2%

 ( 9,500 )

9,000

90% 

2020

1

 

F1

 ( )

 
 
 

 (1996) 
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 (inbreeding ) 

3

(1)

(2)

 (

) (3)

 

 

 
 

 (Ne) 

(1)

Ne = 4(Nf × Nm)/(Nf + 

Nm) Nf Nm

 : 1 : 1

(2)

Ne = (2N-1)/(1+Vf 

/2) Vf

 (Vf = 0) Ne = 2 × (

) (3)  

(inbreeding rate, IR) 2

IR = 1/(2Ne)  
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 (inbreeding coefficient, F) 

 ( ) 

 

 (Fx)

 

Fx = �|(1/2)(n1+n2+1)(1+FA)| 

n1  

n2  

FA  

 (full sib- 

mating)

50%

50%

50%

0.5 

× 0.5 × 0.5 = 0.125 12.5%

12.5% + 12.5% = 

25% 25% 

 

Fx = �{(1/2)(n1+n2+1) (1 + FA)} = �{(1/2)(1+1+1)  

(1 + 0) + (1/2)(1+1+1) (1 + 0)} = (1/2)3 (1 + 0) + 

(1/2)3 (1 + 0) = 0.125 + 0.125 = 0.25 

 
 

 

 (inbreeding depression)  

( )  

 

( )  

1.  

 

2.   

 

(1) A a

A a

aa

 

(2) 3

A a AA

Aa aa

 

(3) aa

Aa

AA

AA × Aa

AA Aa a

(4)
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Aa × Aa 25% 

aa

 

 

 
 

DNA

DNA

 

100

1 2%

F = 1

 

 

 
 

 

 
 

( )  

1.  

 (VAw) 

 (Fp) 

VAw = (1 - Fp)VA VA

(1) (2)

 

2.  

 (VAb)

F VAb = 2FVA  

( )  

 

( )  

 ( 2.5%)

10% 2.4%

 ( 10%) 10% 

7.3%

3

3 1

25%

37.5% 50%  

50% 
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 (heterosis) 3

50%

10% 

7.3% 3

 

50

 

 

 
 

 (breeding selection) 

 

(genetic variation)

 

( )  

2 (1)

(2)

 

 

( )  

 

1.  

1

2

 

2.  

 

3.  

 

4.  
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 (5 6 ) 

 (

)

 ( 2 3 ) 

 

( )  

1. 1932 35

 

2. 

11 6

7 6

 

3. Longalong  (1999) 

3

 

4. Bolivar  (2002) 4

12

12%  

 

 
 

 

( )  

 

 

( )  

1.  

 

2.  

 

3.  

3  ( ) 

 

4.  

 

( )  

1.  

(1)  (�) ×  
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(�) (F1)

 

(2)  × 

4

2

2

 

(3) 4 4  

10

-GIFT (genetically 

improved farmed tilapia)

30%  

2.  

(1)  (�) × 

 (�) F1

 

(2)  (�) × 

 (�) F1

 

(3)  (Morone 

saxatilis) (�) ×  (M. chrysops) 

(�) F1  (palmetto bass)

F1 (sunshine bass)

 

( )  

 (�) ×  (�) F1

F1

 

 

 
 

 (marker-assisted selection, 

MAS)  

( )  

 (amplified 

fragment length polymorphism, AFLP) 

DNA  (polymerase chain 

reaction, PCR)

 

( )  

 (microsatellite) 

DNA
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( )  

 (quantitative trait 

loci, QTL) 

 ( ) 

 

DNA

 (

) 

 

 

 
 

1% 

 

 

QTL

 

 
 

Jørm Thodesen  (2005) 

Inbreeding and its impact on aquaculture. Journal 
of Fisheries of China, 29(6): 840-856.
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 (Oreochromis niloticus)  (O. aureus)

 (Oreochromis spp.)  (Morone saxatitis)  (M. chrysops)

 (Oreochromis mossambicus)

( )  (O. niloticus) ( )
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 (Mugil cephalus) 

42°  (Lee and 

Tamaru, 1988) (1)

(2) (3)

(4)

(5)

 

 (Kuo et al., 1994 Liao, 

1976; Nash and Shehadeh, 1980)

 (hormone) 

 

 

 
 

( )  

163 m2

4  

(Shehadeh et al., 1973c)

 (GSI) 10

 

(vitellogenesis) 2 2.5

 (final maturation stage)

12 3

 (Kuo and Nash, 1975)

3

3  

(Liao et al., 1971)  

( )  

3 10

 (resting period) 

17 ± 1 21 ± 1 26 ± 1

6 L/18 D

10.5 L/13.5 D 13.5 L/10.5 D

24 28 8

21 ± 1

 (Shehadeh et al., 1973a; Kuo et 

al., 1974a) 17

26

 (vitellogenic oocytes) 

6 L/18 D
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21 22

 

( )  

 

(physical constraints)

 

1.  (pregnant mare’ 

s serum gonadotropin, PMSG) 

 (refractory 

period 3 10 ) 

12 13.5 L/12 10.5 

D 24 28 32 psu

1 IU PMSG

3 2

PMSG

 

(postvitellogenic stage) 24

28  

2.  (clomiphene citrate, Clomid) 

1 �g Clomid

3 2

 (yolk globule stage)

24 28  

3.  (LHRH-a) 

LHRH LHRH-a

LHRH-a  (implnatation) 

 

(Lee et al., 1986a, b) LHRH-a

200 �g

6  

(tertiary yolk globule stage) 

LHRH-a

 (Lee and Tamaru, 1988)  

( )  

(spermatogenesis) 

17-MT (17	-methyltestosterone) 

50 mg 2 1 4

 (Shehadeh et al., 

1973d)

Weber and Lee (1985) 

17-MT 12.5 mg

3

3

8 18

17-MT  (Lee and Weber, 1986)  

2.5 mg 17-MT caster oil 

(silastic capsules) 2.5 mg 17-MT crystalline

12.5 mg/kg/day 3

 (Lee and Tamaru, 1988)  
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2 2.5

 

(ovulation)  (oviposition)

 (

36 )

 (Kuo, 1995)  

( )  (21 22 )  (6 

L/18 D) 7

8  

( ) PMSG Clomid

 (21 22 )

5

 

( ) 

17 2 3 0.6 

mm (

)  

(SG-G100, partially purified salmon 

gonadotropin) 0.1

6.0 �g 1

8 0.6 mm

1 2  

( )  (postvitellogenic oocytes) 

20

5  

( )  (HCG) 

2  

 

 

 
 

SG-G100 HCG

 (pituitary homogenate, PH)

 (deoxycorticosterone, DOC) LHRH-a

 

( ) SG-G100 

4 18 32 

psu SG-G100

Y = 74.937 - 87.335 X Y

 (�g/g BW) X

 (mm) 1 1/3

2 24 2/3

2 12

81 98% (Shehadeh et al., 1973b; 

Kuo et al., 1974b)  
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( ) HCG 

HCG APL (Ayerst) 

Antuitrin (Purker-Daris) 

50 60 IU 24

2 11.5 16

84 98% (Kuo et al., 1973)

HCG

1.0 1.5 IU/g 

BW (Lin and Yen, 1980) 1.5 IU/g 

BW (Kuo, 1985)

0.3 IU/g BW (Liu et al., 1998)  

( )  

 (final oocyte 

maturation)

 (subperipheral germinal 

vesicle stage) HCG

 (MPH)

MPH (2.5

6/kg BW) Synahorin 

(50 60 RU/kg BW)

62 100% (Liao, 1976, 1977)

 (CPH) 55

66 �g 1 2

33 IU HCG

77 95% (Kuo et al., 1973)  

( ) DOC 

HCG

DOC

1 CPH (50 70 �g/g BW)

2 DOC (100 120 �g/g BW)

2 11 16

82% 

S-G t H ( SG-G100) 5 8 �g/g BW

1 50 100 �g/g BW

DOC 2 12 23

76 91%  (Kuo, 1982)  

( ) LHRH-a 

HCG

LHRH-a

 

LHRH-a 2

24 300 400 �g/kg BW

68.4% 7 95%

1 CPH 20 mg/kg BW 2

LHRH-a 200 �g/kg BW 2

11.5 20

94.1% 28 99% (Lee et al., 

1987)

HCG

 (Peter, 1988)  
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 (6 L/18 

D)  (21 22 ) 

 ( 0.6 mm ) 

PMSG

Clomid

 (dopaminergic 

inhibition) LHRH-a

 

 (21 22 )  (6 L/18 

D) 5

20

5

PMSG Clomid 21

22 5

 

HCG

HCG

HCG

DOC HCG CPH

 

LHRH-a

LHRH-a HCG

 (GnRH) 

 (GnIH) 

GnIH  

(dopamine)  

(antagonists) pimozide domperidone

LHRH-a

 (Peter et al., 1988)  

 

(maturation  promoting factor) 

 (maturation inducing steroid, MIS)

MIS

DOC 17	, 20
, 

dihydroxy-4-pregenen-3-one (17	, 20
DP) 

17	, 20
, thihydroxy-4-pregenen-3-one 

(17	, 20
TP) 

 (Thomas and Trant, 1989)  

 
 

Kuo (1995) Manipulation of ovarian 

development and spawning in grey mullet. Mugil
cephalus L. Bamidgeh, 47: 43-58. 
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(Ctenopharyngodon idellus)  (Aristichtys 

nobilis)

60

1964

3 4

1959

 (

)

1961 1962

1963 1964

 (

)

 (1964) 

1965

30

 ( )

18:00 6

24:00

1

 (stress) 

 (Bidyanus bidyanus)

 (Morone saxatilis × M.

chrysops)

1993

2000
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1

4

10 12

 ( )

30 1

3 5

5 6

1
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5

 ( 2)

(1)

3-5 5-6

2
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(2)

(3)

(4)

Liao (1993) 

5

4

0.5 1

 ( 1)

 ( 2)

( )

( )

( )
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1

1.

1 6

2 12

1. 9-10

2. 2. 8-10

 ( )

3. 3.

2

2 1  ( )

1
( )

 (%) 11-57 50-80 ( )

 (%) 10-90 85 ( )

 (%) 5-60 65 ( )

 ( )

 ( )

 ( )

( ) ( )

 (

50% )
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( )

( )

( )

( 3 3 4)

 ( )

 (Sole) (Turbot)

 ( 5)

3

            

1993.04.30
      

6 4 67 87.2 -

1993.07.02 4 2 50 89.2 35.6 

1993.06.02 4 2 50 90.5 65.3 

1993.06.05 5 4 80 86.4 -

1994.06.22       8 6 75 85.3 30.7 

1994.05.12
      

10 9 90 80.7 11.5 

1994.07.14 5 5 100 69.1 -

1995.03.09 6 6 100 91.9 -

1995.04.11 10 10 100 82.4 -

1995.05.24

      

10 9 90 75.9 50.8 

1995.05.30 10 9 90 82.2 62.0 

1995.06.05 11 5 45 81.8 78.6 

1995.07.06 10 5 50 87.3 33.6 

1995.07.17 11 8 73 60.5 51.7 

1995.08.08 13 10 77 52.8 35.6 

1998.04.13
      

2 5 100 83.6 75.1 

1998.04.29 3 6 100 87.8 78.4 
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3

4



44

5

2015

2016 5

12
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 (native or indigenous 

species)

 (introduced species) 

( )  (transplanted species) 

( )  (exotic or alien species) 

 (non-native species) 

 (introduction) 

(reproduction) 

(recruitment)

(naturalized)  (established)

 (invader; invasive 

species)

( )

1. 

2. 
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3.  (

)  (

)  ( )

4. 

5. 

6. 

7. 

( )

1. 

2. 

3. 

(1)

(2) (3)

(4)

(1)

 ( ) (2)

(3)

(4)

(5)

(6)

1950 1960

6% 1970 1980 2% 1990

45

2000 9

5 1.4% 90% 

6% 16% 

44% 3% 

1950 60

5% 1970 80 8% 1970 2000

9.5%

15% 1990 1 3

1995 2 5 2000

4 5

23% 46%

131
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Danube 6

1100 1600

1874

1945

4 (1)1900

 ( 124 ) (2)20

 ( 99 ) (3)20

 ( 172 ) (4)1960 70

 ( 79 )

20 1988 1354

237 140  (

10 13 10 )

98 78

321  (24%) 298

(22%) 89  (7%) 

232  (17%) 

300 131

6 8

32 10

2000

2000

( ) (%) 
               

1 32.4 25 109

2 5.8 90 

4 1.0 60 

9 0.7 7

11 0.4 10 

13 0.4 70 

18 0.2 50(75) ( )

39 47 4

64 

95 

Willian and Shmuel (2006) 
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1 2 4

25% 90% 

60%

17%

130

 ( ) 60

50 60

1946

70

60 40

(Ctenopharyngodon idellus) (Hypophthalmichthys molitrix)
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(Tilapia zillii) (Oreochromis hornorum)

(Bidyanus bidyanus) (Micropterus salmoides)

(Acipenser baerii) (Acipenser schrenckii)

( )(Oncorhynchus mykiss) (Macrobrachium rosenbergii)



50

( )

( )

1. 

2. 

3. 

( )

70% 

( )

( )

1954

400 200

( )

( )

( )
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2006 140

70% 1980

145 60% 1980

( )

1. 

2. 

( )

1,500

( )

( )

( )

( )

( )
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( )

( )

( )

17% 

2007

 (FAO) 

5,000

 (benefit)  (risk) 
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31,600  (57 482

) 30,500

1,100 41% 58% 

1% 200

300 20

300

0.3‰ 

3,060 10%

129 19

32 221

80 37

6

9

40 23

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

70

( )
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( )

( )

( )

( )

( )

( )

( )

1. 

2. 

( )

6

( ) 1911

( ) 1946

( ) 1979
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17

2

( ) 20

( )

20 kg

( )

( )

( ) 20

50 kg

                                                            

Gambusia affinis 

Oreochromis mossambicus 

Pomacea canaliculata

Procambarus clarkii

Channa micropeltes

Hypostomus spp. 

Chllydra serpentia

Trachemys scripta

Phractocephalus hemioliopterus

Pseudoplatystoma fasciatum

Pygocentrus nattereri 
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( )

 (

)

( )

( )

( )

( )

( )

(Hypostomus spp.)

(Phractocephalus hemioliopterus) (Procambarus clarkii)

(Trachemys scripta)
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( )

( )

( )

1.  (9 18 )  (10

25 )  (11.5 26.5 )

2. pH 6.5 8.5

3. DO > 5 ppm

4.  (

)  (300 400 m

)  ( > 500 m

)

5. 2

6. 2

7. 4

8. 

9. 

10. 

11. 

( )

1. 

2. 

( )

1. 

2. 

3. 

4. 

5. 

6. 

( )

1. 

2. 

3. 

4. 
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59

(Pararasbora moltrechtii) Spinibarbus hollandi)

(Acrossocheilus paradoxus) (Onychostoma barbatulum)

(Zacco pachycephalus) (Erythroculter ilishaeformis)

(Hemibarbus labeo) (Pseudorasbora parva)



60

5. 

( )

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

(1)

(2)

(3)

(4) (5)

( )

( )

( )

( )

( )

( )

( )

( )

2011 4

 ( )
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0.5 3

( )

1 50 100% 

10%

60% 

1999

( 1)

1

( )

1977 2001

1 36

( )

3 mm

100

30 cm

1. 
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2. 

3. 

 ( 2)

( )

1 : 1

150 10

50 1 2

1. 

2. 

3 9

2011 3 4

2
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7 8

5 6

3. 

270

20

8%

( )

1

7%

3 2009

3

 ( 3)

3

( )

1. 
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25

6

2.4%

2. 

2007

3. 

1999

4. 

5. 

( )

( )

1. 

2. 

3. 

32

30

4. 

5. 

 ( 4)

4  ( 100.5. 

11.A3) 

6. 

7. 

8. 
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1.  (

)

2. 

3. 

 (

5)

( )

5  ( )  ( )

 (

CH4 N2O CO2)

(feedback)
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( )

(1)

(2)

(3)

(4)

 ( 6)

( )

 (

)

 ( 7)

6

7  ( )  ( )
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( )

( )

( )

( )

( )

( )

( )

( )

( )

( )

( )  ( )

( )

1% 

10%

CO2 DO

pH

 ( )
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 ( )

 ( 8)

8

2 kg

1 kg
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 (integrated aquaculture) 

 

 

 
 

( )  

1  (

) 2

 

( )  

 

(decomposition) CO2 O2 pH

eH ( ) 

 

(photosynthesis) O2 pH eH

CO2

 (

) 

 

( )  

 

(fed species)  (extraction 

species )

 (autotrophic)  

(heterotrophic)  

(solar radiation) O2

 (uptake) CO2  (absorb) 

 (pellet feed)  

(consume) O2  (exhale) O2  

(excrete) 
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O2

CO2

CO2

O2

 

( )  

 (carrying capacity)

 (polyculture of Chinese carps) 

 (productivity)

 

 

 
 

 

( )  (Technical 

integration) 

 

( )  (Integrated 

polyculture) 

 

( )  (Rotary stocking 

and harvesting) 

 

( )  (Temporal integration) 

 

( )  (Partitioned 

aquaculture integration) 

�

 (suspended solid) 
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 (metabolic wastes) 

CO2 O2

� � �  

( )  (Integrated 

multitrophic aquaculture, IMTA) 

- -

(reuse fish waste)

 

( )  

(Integration of aquaculture

agriculture and livestock 

breeding) 

 

1. -  (Aquaculture-rice 

co-culture) 

 (

) 

 

2. -  (Aquaculture-vegetable 

co- culture) 

 

3. -  (Integration of 

aquaculture and agriculture) 

-

 

(plants)

 ( 1)  

 

4. -  (Integration of 

aquaculture and poultry culture) 

 

5. -  (Integration of 

aquaculture and livestock breeding) 

 ( ) 
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6.  (Aquaponic system) 

 

(recirculating aquaculture)  

(hydroponics) 

 (biointegrated food production system) 

 (productive) 

 (ecologically sound) 

 (nutrient 

source for nitrifying bacteria)

 (toxic waste metabolites)

 (nitrification)  

(useful nutrient)

 (water reuse)

 

(1)  

(2)  (fish wastes) 

 

(3) 

 

(4) 

 

(5)  

(6)  

(7) 

 (organic agriculture)  

(8)  

 (lettuce)

 (cabbage)  (basil)

 (peppers)  (cucumbers) 

 (feed input) 

 (

)  (biofilter)

 (sump)  ( 2 4)

2 TAN (total ammonia 

nitrogen) NO2-N (nitrite) NO3-N (nitrate)

pH DO TSS (total suspended 

solid) TDS (total dissolved solid) free 

CO2  (phosphorus)  (potassium) 

1  

 

(nutritional value)  (taste) 

 (active molecules) 

 

 (back-yard 

aquaculture) 

 

 (minerals)  

(plant beneficial microorganisms)  
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 (flow through 

system)  (closed 

system)

(recirculating system) 

-

-

 (extensive culture system)

 (intensive culture system)

Dong Shuanglin (2011) 

1  ( ) -
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2 3

4
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(bioenergetic regimes) 

170

(1)

(2)

(3)

 ( )

(4)

(1) (2)

(3)

(1) (2)

(3) (4)

20

55%  (17 20%)  (14

23%)  (15 20%) 

 ( )

(protein turnover, PT) PT

(1)

PT (2) PT

(3) PT  (

) (4) PT
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PT (1)

(2)

(3) PT

PT

PT pH PT

10

 (essential amino acids, EAA)

EAA
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EAA

 

EAA

600

2015

900

25% 2

 

( )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 kg

 ( ) 5 kg

1.9 kg

 ( )

EAA  

(antinutrient compounds)

 (lysine)  

(methionine)

 (protease 

inhibitors)  (lectins)  

(phytic acid)  (saponins)  

(phytoestrogens)  (antivitamins) 

 (allergens) 

 

50% 

 

 (trysin) 

 

 ( ) 

( )

200 

600 

3000 

2000 

 

      

  

 

200 200
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10  

  

(a) (%)  (%)  (%)
  

(b)
b�a 

754 377 50 50 15 2.2 1,944 5.16 

      233 117 50 50 10 2.0 546 4.69 

      737 737 100 45 25 1.5 2.332 3.16 

      473 473 100 35 20 1.5 1,164 2.46 

    946 331 35 15 1 2.0 460 1.41 

    392 78 20 10 3 2.0 74 0.94 

    428 351 82 10 3 1.8 296 0.84 

            

a. 6,985 2,445 35 8 1 2.0 1,834 0.75 

b. 5,189 0 0 - - - - - 

942 725 77 30 2 2.0 2,040 2.81 

    7,321 0 0 - - - - - 

    24,400 5,634     10,695 1.90 

Rosamond L. Naylor et al. (2000) 

     

 

 (phytate) 

50% 

 

(1)

 ( ) (2)  

( phytase) 

(3)

 (GMO

5 50% )  

SCP (single cell protein) 

50% 
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 (HUFA) 

 (linoleic acid) C18:2n-6  

(linolenic acid) C18:3n-3

 (EFA)

EPA (C20:5n-3) DHA 

(C22:6n-3) ARA (arachidonic acid) 

(C20:4n-6) HUFA ARA

20 4  (eicosanoids) 

 ( ) 

n-3

12% 

18%

EFA

 

n-3 HUFA

n-3 HUFA

1 3.5% 

11

20% n-6

n-6 n-3

n-3 n-6

DHA/EPA/ARA  

 

25 80%

HUFA EPA DHA

 (turbot)  (Alantic 

salmon) 8

16

 

 

 
 



 

80

 

20%

 (

) 

40%  

 ( ) 

 

 

 (hexokinase) 

GMO

 

 

 
 

8%

80%

 

 

 
 

 (micronutrients) 

 (vitamin, Vit.)

 

( )  

Vit. C E

Vit. E
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( )  

29

 

 

 
 

 (nutriceuticals) 

 (nutrient 

and pharmaceutical) 

 

(1)  

( )

(2) (3)

 

( )  

 (probiotics)  

( )

 

(1)

(2) (3)

(4) (5)

(6)

 

( )  

 

1. Vit. C  

(1) Vit. E

Vit. 

E

 

(2) 

 

(Catecholamines) 

Vit. C

 

(3) Vit. C

 (lymphocyte proliferation)
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2. C E

 

(1) 

 ( )  

(2)  ( )  

(3) VHSV  ( )  

(4)  ( )  

Vit. 

Vit. C E

 

3. Vit. E

 

(1)  ( )  

(2) E. tarda

 

( )  

(3)  ( )  

(4)  ( )  

(5)  ( )  

4. Vit. A

 

(1)  ( )  

(2) 

 ( )  

( )  

n-3 n-6

HUFA

 

(1)  

(2)  

(3)  

 (n-3 ) 

n-3 HUFA

n-6

ARA (20 4 )  

( )  

 

 ( ) 

 

 

 
 

 

( )  (cysteamine, CS) 
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1. CS  

 (GH)

 (GHRH) 

 (GHIH) 

GHIH GH

 

2. CS  

(1) 

GRIH GH  

(2) 

 

(3) 

DNA  

(4) 

 

(5) A

 

3. CS  

(1) CS

 

(2) 

 

(3) 

 

(4) 

 

(5)  

4. CS  

(1) CS

 (

)  

(2)  (

) 

 (

)  

( )  

1.  

3-

6-  ( ) 

 

2.  

8% pH

19%  
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pH

75 pH

2.5 5.0

500

1000 unit/kg  

 

 
 

 

( )  

1. 

 

2.  

3. 

 

4.  

( )  

1.  

L-

 

2.  

 

3.  

-
-

(Dimethyl-
-propiothetin, DMPT)  

(Dimethyl sulfoxide, DMSO) 

 

4.  

 

5.  (peptides)  

 ( 350 mg/kg)  

6.  

 

7.  

 

8.  

 

9.  
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( )  

1. 

 

2. 

 

3. 

 

 

 
 

(1)

(2)

(3)

(4)

(5)

 

 

( )  

1.  

 

2.  

 

3.  

 

4.  (Lactoferrin) 

 

5.  

 

6.  (Lysozyme) 

 

7. E 

 

8.  

 

9.  

 ( )

 

10.  

 (  
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) 3

( )

1. 

2. 

3. 

4. 

( )

( )

( )

( )

( )

( )

( )

( )

Jesse T. Trushenski et al. (2006) 

North American Journal of Aquaculture, 68: 
122-140. 
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 ( Anguilla japonica) 

5 6

110

1980

15

50 5 25

2010

100

62

 ( )
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1976

2010 45  (

3.8 10 )

 

 
 

1984

100 1997

1

50 1/20 2005

2008

25 10 9 7

 

( )  

1. 
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2. 

 

3. 

 

4. 

 

( )  

150 g

 

( )  

1. 

 

2. 

 

( )  

1.  

2. 

 

( )  

1. 

 

2.  

( )  

1. 

 

2. 

 

 
 

( )  

 

( )  

 

( )  

 

( )  

1990

 (elvers)

 

 

 
 

1976

 

( )  (1976 1997 ) 

20 28°

145°

5
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400 500 m 16 17

35‰ 10

 (30 m ) 

1

 

1976 1997

 (22°N 120°E) 

 ( 1)  ( 1

2 /kg)

 

( )  (1999 2003 ) 

1992 Tsukamoto

(14 16�N, 134

143�E)

(Leptocephalus) 

1999

2002

( 2)

2003

 

( )  (2005 ) 

(Catadromy) 1999 kawakami

6 12 Tanaka

280 310

2001 Tsukamoto Arai

61

 

 

1  1976 1997  

  

 

   
   

  

1 1976.10 300 675 120º24
 

2 1976.11 1,208 2,718  22º36
 

3 1978.10 1,548 3,484
120º28
 

 22º15
 

4 1979.12 500 1,125   

5 1981.02 2,000 4,500   

6 1982.01 300 675   

7 1983.11 1,000 2,290   

8 1986.12 1,000 2,250   

9 1987.12 1,200 1,440   

10 1988.12 1,200 2,505   

11 1989.12 1,200 1,474   

12 1990.12 2,700 1,800
120º20
 

 22º24
 

13 1991.12 1,748 2,905   

14 1993.03 2,250 5,800   

15 1994.01 1,531 1,426   

16 1995.02 900 1,189   

17 1996.01 1,028 2,505   

18 1997.01 1,500 4,052   

19 1997.12 1,508 3,237   
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2  1999 2003 (

1) 

 

  

 

   
   

  

20 1999.01 2,000 1,700
120º20
 

 22º24
 

21 1999.05 500 475
141º 

 14º 

22 2000.01 1,500 1,732
120º20
 

 22º24
 

23 2000.06 500 920
141º 

 14º 

24 2000.12 1,500 2,340
120º20
 

 22º24
 

25 2001.06 500 866
141º 

 14º 

26 2001.12 500 720
120º20
 

 22º24
 

27 2003.09 396 663  

28 2003.09 192 480  

29 2003.10 152 127  

 

1.  (river eel)

 ( 23%)  

2.  (estuarine eel)

 (

57%)  

3.  (sea eel)

 ( 20%)  

2005 3

 

2005 2015

 ( 3)

 (Yellow 

eel)  (1

3 /kg)  (50 80 /kg) 

 ( C D)

1976 2015

60 4.4

12.5  

 

 
 

2005  (

) 

 

( ) 

 

( ) 
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3  2005 2015 (

2) 

 

  

 

 
   

  

30 2005.10 300 600  

31 2005.10 300 600  

32 2005.10 435 870  

33 2006.07 492 987  

34 2006.10
300 600 

 
50 3000*

35 2006.10 50 3000*  

36 2007.08 500 1010  

37 2007.11
300 600 

 
50 3000*

38 2008.11
150 330 

 
25 2000*

39 2008.11
150 330 

 
25 2000*

40 2008.11
210 500 

 
25 2000*

41 2008.11
100 240 

 
13 1000*

42 2009.11
229 600 

 
677 4059 

43 2010.12
253 759 

 
85 6800*

 

44 2010.12
500 1500 

53 4200*

45 2010.12
749 2247 

14 1096*

46 2001.05 387 1200 

47 2011.12
530 1200 

29 2000*

48 2011.12
470 1080 

29 2000*

49 2012.04 602 472 

50 2012.11 350 840 

51 2012.11
200 480 

150 360 

52 2012.11 200 480 

53 2013.11 602 472 

54 2013.11 420 328 

55 2014.06 565 10715 

56 2014.06 300 390 

57 2014.6 250 325 

58 2015.10 379 799 

59 2015.10 300 575 

60 2015.10 285 602 

*  
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A B C

D -  

 

 

 

 

( 1–3 / 50–100

/ ) 

D

C

B

A
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( ) 

 

( ) 

 

( ) 

 

( ) 

 

( ) 

 

( ) 

 

( ) 

 

( ) 

 

 

 
 

 

( )  

( )  

( )  

( )  

( )  

( )  

( )  

( )  

( )  

( )  

 

 

 
 

2011 Tsukamoto

 (West 

Mariana ridge)  (Suruga 

seamount) 14º 142º

 (New moon) 

150 200 m

 (Ekman transport) 

180
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96
 

  

 

2012

 

2013

 

 

2015   
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2011

90

0.01% 10

 ( )

 ( )

2006 2008

( )

 ( 1)

30 800

m

20
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180

90 120

 ( 2)

1

2

( )

( 3)

3

 ( )

5 15

150 m

10

40

6

1,000 m 2.5 m

7  ( 3

)

7

( )

 ( 4)  (

5)

1 1
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3

4 5

5 1

3 km

50 m 10 m

1

30

30



100

( )

3

 ( 1 2) 2006 2008

 ( 6 7)

 ( 3) 2007 2008

1  2006 2008

 ( )

2006 2007 2008 

(

)
1,397.3 1,263.0 953.1 

(

)
222.6 101.3 81.5 

(

)
571.1 424.3 71.2 

2  2006 2008

 ( )

2006 2007 2008 

(

)
110,384 88,407 78,154 

(

)
24,489 7,293 7,254 

(

)
36,552 4,243 1,424 

 ( 3)

3  2006 2008

2006 10 

2007 9

2008 7

( ) ( )

 ( 4)

11 1

( 8) 1 2

 ( 9) 12

1 1 2

 ( 10)

( )

2007

2008  (

5) 2007



101

6 - ( )

7
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4  2006 2008  ( / )

 ( )  ( )  ( )

2006 2007 2008 2006 2007 2008 2006 2007 2008 

11 717 930 1,958 360 

11 544 2,159 1,554 150 59 

11 267 959 681 100 19 54 

12 352 1,159 743 52 80 29 119 102 

12 668 872 811 77 78 38 226 46 

12 639 368 275 97 126 143 414 518 

1 3,844 1,437 453 112 44 52 1,415 441 

1 4,679 2,632 1,911 266 99 70 295 

1 1,579 551 1,724 552 112 146 647 

2 495 456 474 181 86 734 

2 155 366 325 139 146 149 

2 299 184 40 119 

3 58 

3 89 

3

8  2006-2008

500 

1000

1500

2000

2500

3000

3500

4000

4500 

5000 

11  11 11 12  12 12  1  1  1  2 2 2

0

2006

2007

2008

/
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9  2006-2008

10  2006-2008

3

26 2008

50

11 12

1 2

0.5 2

0

200

400 

600 

800 

1000 

1200 

1400 

1600 

11 11  11  12  12  12 1  1  1  2 2  2

/

2006

2007

2008

0

100

200

300

400

500

600

11  11  11  12  12  12 1  1  1  2  2  2  3 3

2006

2007

2008

/
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5  2006 2008

 ( )

2006 2007 2008 

17.6 17.3 27.4 

- 19.4 22.3 

- 14.6 44.4 

2006 2008

3

25

30 40%

11

11

1

1 2

2008

11 3
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 ( )

1966 1968

40

1991 5 6

2014

 (

1) 60

80

2012

2,200 25 2014

1,900 15

 ( 2)

1  2014

( ) ( ) ( )

697 3,785 4,743 

691 5,093 9,866 

600 4,996 7,451 

257 8,454 2,028 

253 5,340 10,357 

132 522 985 

126 2,399 1,788 

116 1,312 1,017 

86 2,710 1,550 

19 1,473 456 

2

( ) ( ) ( )

2005 28,481 8,473,932 2,465 

2006 23,838 7,319,301 2,074 

2007 24,822 7,613,169 2,313 

2008 21,038 5,354,843 2,378 

2009 19,044 6,182,828 2,043 

2010 19,361 8,027,176 1,956 

2011 10,535 8,982,164 1,016 

2012 2,244 2,542,453 449 

2013 1,904 2,140,842 305 

2014 1,903 1,473,022 456 
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18

 (Anguilla anguilla)

(A. rostrata) 16 -

5  (A.

japonica)  (A. marmorata)  (A. 

bicolor pacifica)  (A. 

cerebesensis)  (A. luzonensis)

1923 1952

1956

 ( )

1966

60

1972 6

1,125 20

1972

1973

6.5 / 11.2 /

6,900

11,600 70% 1973 1978

5

1

1970 1979 12

 ( 2,000 26,000 ) 40

 ( 105 607 )

16%

42%
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1971

1979

1980

1985

1985

40,000 90% 

1988

51,000

150 1989

4,000

1991 62,000

5 6

52% 

40 50% 

1990 1998

1998 1992

4,500 1,500

1999

17,000 44

1990 1999 46,000

8,300 122

34 80% 50%

2005 2,400 2014 450

28,000 2,000

85 15  ( 2)

1995

71% 26%

2000

92% 

8% 2004 2007

6 : 4 2008 2009

4 : 6

2010 6 : 4

2013 2014

2 : 8 ( 3)

1995

20% 76%

1999 2%

96%

2004 2008

1 : 9 2009 3% 

97% 2013 2014

99 98%

 ( 4)
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3  ( )  (%) 

% % % %

2003 19,023 79 5,028 21 0 0 0 0

2004 16,381 62 10,205 38 9 0.03 0 0

2005 11,658 49 11,894 51 0 0 0 0

2006 8,546 42 11,687 58 2 0 0 0

2007 13,099 62 8,198 38 0 0 0 0

2008 6,374 40 9,506 60 2 0.01 0 0

2009 5,367 44 6,700 56 4 0.03 0 0

2010 8,828 59 6,009 40 0 0 0 0

2011 4,839 50 4,769 49 28 0.29 0 0

2012 1,373 29 3,183 68 75 1.6 27 0.6 

2013 868 18 3,797 79 1 0.02 99 2

2014 906 19 3,747 78 - - 62 1.3 

4  ( )  (%) 

% % %

2003 1,965 5 40,299 95 0 0

2004 4,765 10 43,992 90 0 0 

2005 1,898 6 30,448 94 0 0

2006 1,340 4 34,151 96 0 0 

2007 2,022 6 33,412 94 0 0

2008 2,040 12 14,781 88 0 0 

2009 676 3 19,784 97 0 0

2010 1,740 8 21,198 92 0 0 

2011 773 5 13,869 95 0 0

2012 147 1.6 8,818 98 6 0.07 

2013 19 0.2 8,021 99 41 0.5 

2014 66 0.7 9,096 98 98 1 
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1995

1999 2000 2004

21,000

2008 2009

6 9 2012 2014 1

2 1995 2001

1 65,000

2008 2009

2012 2014 12,000

(1)

(2)

(3)

(4)

(5)

( )

 (

0.01%)

10

2005 2006

25 10

2013 1.9 2015

1.2  ( )

( )

33 55 / /

( )

80

90

( )
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( )

56% 15 23% 

70

2003 2005

( )

1998 2000 2002 2004 2006 2008 2010 2012 2014

 (
)

60 

50 

40 

30 

20 

10 

0

70 
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( )

1976

60 44

12

( )

 (

)

(GAP)

(HACCP)

( )

( )

( )

 (

)
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( )

 ( )

( )

( )

( )

 (EASEC)

 (ASEA)
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 (

)

95

 (1)  (

80%)

(2)

(3)

90

( )

1992

3,400  (4.5 ) 2000

40,500  (101 ) 1980

1980

1990

 (2.2 5 / )

(7 11.5 / )

 (8

12 / ) 1995

20%

1992 1.48 2000

1.22 1992

5.04 2000 7.06

1998 80% 2000

43.8% 1998 0% 

2000 33.4% 2002

2011

8.3% 74.8%

2014

1.3 2.4

1 14

6% 75% 5%

4.5% 2.3%

1.8%

( )

80% 
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15

 ( )

 (sole)  (snapper)

( )

1996 890 1999

1,700 2011 344

 (Nile 

perch)  (cod)

HACCP

( )

2000 5,800

 (4,485 )

2011

7,900

 (5,308 ) 1996

500 1999 1,830

2011 2,530

2014 603

530 73

5/6

74% (394 ) 95

(18%) 42  (8%)

1 170

 (32%)  (104 )

 (76 ) 9  ( 1)

169.8
(32%)

104.1
(19.6%)

75.9
(14.3%)

28.4
(5.4%)

25.9
(4.9%)

24.4
(4.6 %)

19.9
(3.7%)

18.9
(3.6%) 7

(1.3%)

0

30

60

90

120

150

180

(
)

1  2014
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( )

FAO 1 2

75% 2004 2007 12.5

18 9.0 14.2

3.8 6 2007

41.5

( )

2007

26.2 94%

5.8 90% 1

21.5 4.9

2 3.4

0.65 2014 40.8

2.6

( )

2007 19.2

92% 18.1 2008

18

66.4% 10.9% 2010

21.8 2011

19.3 74.6% 

8.3% 2014 23

17 1.4

100

19 21 10

2000 4.9

2001 68% 8.3

8 6.7 8.5

7 8 2001 2007

25 2008

51% 2007 26.6 40

2014 7.0

37.8  ( 1)

( )

2004

2007 3.8

2004 17.8 2008 27

52%

2011 3

25 3
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2014 2.6

21  ( 2)

1  2004 2014

( ) ( ) ( ) ( ) ( )

2004 80,981 2,332,731 8,364 40,570 1,777,533 

2005 83,435 2,679,999 8,211 42,078 1,981,486 

2006 72,574 2,426,076 7,894 37,072 2,110,153 

2007 76,086 2,656,093 7,986 34,414 2,161,742 

2008 81,021 4,013,319 7,658 36,544 2,707,591 

2009 67,343 3,171,108 6,391 31,069 2,249,256 

2010 74,888 3,462,701 6,843 39,194 2,353,773 

2011 67,216 3,260,870 6,102 30,566 2,487,270 

2012 73,334 3,376,293 5,233 29,225 2,393,610 

2013 72,498 3,313,043 5,303 37,361 2,552,610 

2014 69,726 3,785,237 4,743 26,234 2,076,840 

 (2004 2014 )

2

2010 2012 2014 

19,741 2,102 12,651 1,754 13,190 1,284 

6,789 0 5,699 0 3,436 1

1,965 0 2,187 0 2,253 0

2,597 131 1,535 142 1,583 141 

792 4 1,096 6 1,270 10 

660 0 667 0.6 827 0

323 169 368 165 206 159 

0 1,707 0 1,940 0 649 

2,121 92 955 61 1,088 137 

34,988 4,205 25,158 4,068 23,853 2,381 

( )



117 

( )

2014

 (1.3 )

 ( 7 )

 ( 1,200 )  ( 650 )

 ( 300 )

2004

32 163 / 5

2014 64

239 / 4  ( 2)

( )

1980

1990 1992

1993 10 400% 1994

66% 1995

9% 25%

2000 1  (28%)

 (24%)  (13%)

 (10%)  (5%) 2002

2  (35.2%)

1  (39.4%) 2014

1

 (17 75%)  (1.4

6%) ( 3)

2  2004-2014

32 33 39 39
55 50 44 

57 59
51

64

163
153

183
199

212

235

190 

236
252

230
239

0

50 

100 

150 

200 

250 

300 

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

( / )
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3  2014

     ( )  (%) 

    14,000 6.07 

172,600 74.83 
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