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 ( ) 2008

1-1

 ( ) 

 

 
1-1  2008  

    
( ) 

 
( ) 

 
( ) 

   2,330 142,644

797 

2,018

2,815

 2,025 94,098 

 85 3,490 

   871 50,470 

   671 28,078 

   544 28,335 

2009  

 
 

( )  (Ctenopharyngodon idellus) 
3 + 7 3 + 8

1 + 6 - 8 39 - 42 4.2 - 2.5

2

 ( 1-1)

30 40 kg

 
 

1-1   



 

 

( )  (Hypophthalmichthys molitrix) 
10 14 – 16

8 - 9 109 - 112

4 - 4

 

( 1-2)

 
 

1-2   

 
( )  (Aristichthys nobilis) 

10 15 - 16

9 98 - 107

4 - 4

 

( 1-3)

40 kg

 
 

1-3   
 
( )  (Mylopharyngodon piceus) 

3 + 7 3 + 

8 2 + 8 39 - 46 4 - 5

 ( 1-4)

60 70 kg



 

 

 
 

1-4   
 

( )  (Cyprinus carpio) 
 + 16 - 20  + 

5 + 8 - 9 31 - 36

2

3 3.1.1 - 1.1.3

 

( 1-5)

 
 

1-5   
 
( )  (Carassius auratus) 

 + 16 - 19  

+ 5 9 26 - 29

40 - 57 4 - 4

 

( 1-6)

10 cm 150 

g 1 kg

 
 

1-6   
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5 10

 

 ( ) 

 (GSI) 0.5 2%

2 3

3 5  

3 5%

 

15 25%

 ( +++)
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(3)

 

( )  

 

(1)

(2) (3)

 

15 20

 ( ) 

H.E.

 (

) 900 1,050 55

66

 

 

 (maturation)  (ovulation)

 (oviposition)  (imsemination)
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( )  

5 �

� � �
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2

 

2 3

 

4 4

 

V

4

5 6

 

 

( )  

(1)

(2)

(3)



 

 

 

2

2

4

2N N

 

( )  

 ( ) 

 

4 5

6 7

3 4

3 4 5

7.5 kg

3 4 7.5 12.5 kg

 

6 5

1 2

5 10

2

3 5

6

7

1 2

3 4

5

6 V

 

( ) 
 



 

 

 

1.  

20%

 ( )

 

18%

5% 95%

 ( -17�) 

 

8.5%

100 g

3.86 g

 (

)  

2.  

 



 

 

 (GtH) 

V

 ( ) 

18,000

20,000

 

3.  

� �

GtH

GtH

160 Lux

10 50 Lux

5 Lux

0.2 Lux 0.1 Lux 16

 ( ) 

 ( ) 

 

4.  

 ( ) 

-

V

 (LHRH) 

GtH

 

( )  

80 90  (

1 3 )

 ( +++)  (

) 20 25
+++

 ( LHRH-A)  

(18 30 ) 

 (10 20 ) 

V
+++



 

 

 (30 )  (

)  

( 1-7)  

V

-
 
 

1-7   (% ) 
 
 
 

 
 

 

( )  

 (

)  (

)  ( )

 

( )  

 

 (R) =  (i) x  

(h2) x  (� p) 

 (� p) 

( ) 
 

 

2.5-4%  

  

( ) 

( ) ( ) 

 

  10-12% 
 
12-15% 

 
15-25% 

1.5-2%  

 

  10-12% 
 
12-15% 

 
15-25% 



 

 

� p  

0.1%

1,000

5%

 

 (h2) 

 (

) 

 (Vp) = 

(VG) +  (VE)

 (H2) H2 = VG /VP

 

(VA) 

 (h2) h2 = VA/ VP

0.4 0.2 0.4

0.2  

( )  

 

1.  

 

2.  

 

 

 ( ) 

 

3.  



 

 

 

17

6

4 300

4  

1

/ 2.4 0.5 kg

1 kg

2.0 2.3

 

4.  

8

 

(1)  

 (2.59) 

 (2.0 2.3) 2.3

80% 89.77%  

(2)  

61.4%

74.22% 89.63%  

(3)  

800 g 1 1,000 g

1,150 g 5

500 g  

(4)  

20.1%

2.67%  

 

 
 

 

( )  

 

( )  

0.5 2

3 10

 

( )  



 

 

 

( )  

3 m

1 mg/L

1.5

2 m  

 

 
 

 (

)  

( )  

 

( )  

 

( )  ( ) 

 

( )  

100 m 30 cm

 

 

 
 

( )  
25 32



 

 

5

10

1 0.8 

mg/L 30 1.3 mg/L

CO2 1

120 mg/L 30

55 60 mg/L

 

( )  

 

2 3

0.2 0.6 mg/L

4 5 mg/L

8

2 3

 

( )  

30 cm

 



 

 

 

30 60 cm

30 cm

60 cm

 

( )  
 

(pH 0 14)

6 7.5

10

6.5 9.0 4

11

 

( )  
5 mg/L

60 mg/L

 



 

 

( )  

 (NH3) 

 (NH4
+) 

0.6 2.0 mg/L

0.1 0.3 mg/L

10

 

( )  
1 mg/L

 

( )  

15 20 mg/L

20 150 mg/L

20 300 

mg/L

 

 
 
( )  

( ) 

 (1 ) 

 (2 5 m 2 3 m )

 

( )  
 (

)  

(

) 

 

 

 



20 2 5 m

 (15 40 cm) 8 10  (15

40 cm) 1  (15 40 cm) 8

 (8 10 cm) 45 48

700  ( 1-2)

3

2 3

7

 ( 1-8)

( )

1-8  

1 3 2 m

5 1 1

12 cm 1,000

 (12 cm) 400  (12 cm) 150

 (5 cm) 1,000  (100 g) 60,000

1 36

1 40  ( 1-3)

1-2  

               
      

( )(cm) 

15-40 10,000 
( ) 20 15-40 80,000-100,000 

(m) 2-5 15-40 8,000 
8-10 450,000-480,000

700 



1-3  

               
    

( / )(cm) 
/

12 1,000 1
( ) 1-3 12 400 1 

(m) 2 12 150 1
( ) 5 5 1,000 1 

100(g) 60,000 36 
 1 1 40 

2 3-5% 

( )

5 60

 ( 1-9)

 ( 1-10) 

 ( 1-4)

1-9  

1-10  

1-4   (1 )

3,500 

1,500 

4,000 

800 

400 

400 

1,800 

250 

50 kg

4 kg 2.5 kg 28 kg

1 kg



( )

( )

1965

 ( )

18:00

6 24:00

1

 (stress) 

30

 ( 1-5)

( )

1993

1-5  

( ) (%) (%) (%) 

1 1 11 95 65 

2 1 23 95 

2 1 57 20 

2 1 28 3

2-3 
( )

45 50 5

2 - - 10-90 50-60 -

2-3 1 40 70-80 - 85%
42% 

6 10-15 RU synahorin
1-2



 (

)

2000

1-11

4

10 12

1 m

1-11  



1-12

1-6

1-7

1. 

2. 

3. 

4. 

3-5 5-6

1-12  



1-6  

1.
1 6

2 12

1. 9-10

2. 2.
8-10 ( )

3. 3.

1-7  

2 1  ( )

1
( )

(%) 11-57 50-80 ( )

(%) 10-90 85 ( )

(%) 5-60 65 ( )

(
)

( )

( )



5. 

6. 

7. 

8. 

( )
0.6 cm 2

3

3 5  (

8 )

4 5 15 20

3 cm 40 4 5 cm 2 3

5 10 cm

(1) (2)

(3) (4)

(5)

(6)



( )  (1950 )

1945

( )  (1951 1958 )

1951

 (

)

3 4

( )  (1959 1965 )

1959 1962

1963  (

)

1965

( )  (1966 1980 )

1973 1 1978

17,000 1961

1966 6,000

( )  (1981 )
2000



60

70

(1)

(2) (3)

(4)

 (1989)  

32-33

 (1973)  ( )

1(1): 65

 (1973)  ( )

1(2): 41-44

 (1973)  ( )

1(3): 24-29

 (1994)  

24(3): 25-26

 (1994)  

4: 22-23

 (1959)  

78: 1-3

 (1961)  

( ) 96: 1-8

 (1962)  

( ) 112: 1-4

 (1963)  

129: 5-9

 (1964)  

9: 49-58

 (1989)  

78-79

( ) (1989) 

767 pp

 (1965)  

10:  



71-73

 (1965)  

156: 14-16

 (1970)  

2: 44-59

 (1972) 

350: 21-23

 (2001)  

581: 14-21

 (2005)  ( )

- 163-166

 (2005)  ( )

- 167-172

 (2000)  

8(1&2): 27-36

( ) (2007)  

353-368

 (1964)  

9: 

59-70

 (1966)  

12: 49-60. 

Bromage, N., M. Bruce, N. Basavaraja and K. 

Rana (1994)  Egg quality determinants in 

finfish : The role of overripening with special 

reference to the timing of stripping in the 

Atlantic halibut Hippoglossus hippo-glossus. J. 

World Aquacult. Soc., 25(1): 13-21. 

Liao, I C. (1996)  Larviculture of finfish and 

shellfish in Taiwan. J. Fish. Soc. Taiwan, 23(4): 

349-369.

Peter, R. E., H. R. Lin and G. Vander Kraak 

(1988)  Induced ovulation and spawning of 

cultured freshwater fish in China: Advances in 

application of GnRH analogues and dopamine 

antagonists. Aquaculture, 74: 1-10. 

Watson, L. C. (1987)  Spawning and hatching 

Atlantic tomcod. Prog. Fish-Cult., 49: 69-71. 
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 (Tilapia) 

 (Cichlidae) 

100

20

 (mouth breeder)

 (

2-1) 10 14

1

 (

2-2) 3

 ( )

85

(2010 ) 60

1946

2-1  2-2  



1950

1963

6

 (

)

2001

2008 7.3

8.1 23 40  ( 2-3)

2008 8.1

40

24.7% 12%

28% 27% 26%

( )

1946 7

 ( 2-1)

2-3  1998-2008  ( )

0

10

20

30

40

50

60

70

80

90

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
0

500

1,000 

1,500 

2,000 

2,500

3,000 

3,500 

4,000 

4,500 

(
)



2-1  

Oreochromis mossambicus 1946 

O. mossambicus 1980 

Tilapia zillii 1963 

O. niloticus 1966 

O. niloticus 2002 

O. aureus 1974 

O. hornorum 1981 

T. rendalli 1981 

O. spilurus 1981 

1. 

1946

 (

2-4)

( 100 )

 ( 12 )

1980

2-4  

2. 

1963

(10 )

 ( 2-5)



2-5  

3. 

1966

 ( 2-6)

2002

2-6  

4. 

1974

 ( 2-7)

 ( )

2-7  

5. 

1981

 ( 2-8)

2-8  



6. 

1981

 (

2-9)

2-9  

7. 

1981

 (

2-10)

7

2-10  

8.  (O. mossambicus × O. niloticus)

1969

 ( 2-11)

4 120%

2-11  

9.  (O. niloticus × O. aureus)

105 120

4 7

500 1,500 1

70%

1 2/3

1975



 ( 2-12)

 ( )

100%

2-12  

10.  (Oreochromis spp.) 

1968

70%

30% ( 2-13)

 ( 2-14)

2-13  

2-14  

( )
20 30

20

3 11 4 9

1. 

0.1 1

1 2



10 20 cm

0.5 1 kg

2 3 1

30 cm

40

60 cm

1 m

2. 

20

3 : 1

12,000 20,000

( 3,000 5,000 9,000

15,000 )

20

1

11

3. 

2 3

2

 ( 2-15)

4. 

0.1 0.5

40

60 cm 20 cm

2-15



pH

 ( )

2 3

2 cm 0.1

0.8 1 cm 7 10

3 4  ( 2-16)

2-16  

5. 

1

1

2 3

3

25

 ( 2-17)

2-17  

( )

1. 



  
 

 

7

1 1 1

50  

2.  

40 60%

 

3.  

1.0 ppm

1.0 ppm

5 6 ppm 3 ppm

pH 7 8.5

38

10

 

 

(1)  

2 3

15,000

 

22

4 60 150 g

30,000

 (



 

 

2-2)

 ( 2-18)

6 10 800

1,500 g 20

30  
 

2-18   
 

(2)  

15

 (

2-19)  
 

2-19    

 

2-2   ( ) 

 
                    

  (kg)  (kg) 

   150 g 30,000 0.6 9,900 5,900 

   1.2 19,800 23,760 

   10-15 cm 600 4.0 590 2,360 

     10-15 cm 1,000 3.0 990 2,970 

     1,000 g 400 4.0 390 1,560 

     5 cm 1,500 1.2 1,420 1,700  



  
 

 

(1) 0.1 g

1 1.0 g (2)

1 g 1 20 g (3)

4 20 g 600 g

20 g

40,000  

(3)  

3 4 1

 ( )

 ( ) 4

100 m3 10,000

5 500 g

5 1 2

10  ( 2-20)  
 

2-20   
 

(4)  

HACCP



 
 

 

 

(5)  

500 600 g

1,000 g

 ( 2-21)

 
 

2-21   
 

( )  

5

2003 20,100 kg

2007 25,300 kg 26%

68.8 96.7  

 ( ) 

53%  ( ) 13%

9% 5% 20% (

) ( 2-22)

39%

56% 2005 2007

14  ( 2-3)  

 

 

2-22  2007  ( 2009) 

53% 

9% 
20%

13% 

5% 

2-3  5  ( / / ) 

     2003 2004 2005 2006 2007 
   20,090 23,070 30,490 28,060 25,310 
   68.8 63.8 82.7 40.8 86.7 

 57.8 62.3 66.8 73.2 80.6 
     11.0 1.4 15.9 17.6 16.1 
     1.6 1.6 1.9 2.4 2.5 
   9.4 -0.2 14.0 15.1 13.6 

 (2009) 



  

 

 
 

1998

2003

2004

7 2006 3

 ( 2-23)  
 

2-23   

 

( )  
1.  

(1)

(2)

(3)

 

2.  

 

(morphometrics) ( ) 

 (meristics) (

) 

DNA

 

 

(1) 

 

(2) 

 ( 2-24)  
 

2-24  N: 
A: H: M: 

R: W:  



 
 

 

(3) 

 ( 2-25)  

(4)  (allozyme) 

 ( 2-26)  
 

2-25   
 

2-26  N: 
A: H: M: 

R: W:  

 

(5)  (mtDNA) 

 (

2-27)  

(6)  

(RAPD)

DNA

 (

2-28)  
 

2-27  Ava DNA
1: 2: 3: 
4: 5: (

) M: �/Hind DNA  
 

2-28  RAPD 
OPA07 1-4: C03r 5-8: C07r 

M: 100bp 
DNA  

 

(7) 

 (PCR-RFLP)

DNA  ( DNA 



  

 

D-loop )

 (

2-29)

DNA D-loop

NCBI  
 

2-29  DNA D-loop 
Msp 1-4: C03r

5-8: C07r 9-12: A07r 4, 8, 12: 
M: 100 bp DNA  

 

( )  

 (

) 

 (inbreeding depression) 

 (heterosis)  

(selective breeding)  (mass 

selection)  

1.  

(1)  

 ( 4 5 ) 

 

(2)  

 

(3)  

 

2.  

 

(1)  

1969  (

) 

 

(2)  

1975 

2

 

(3)  

1968  



 ( 2-30) 30%

(blotch) 

(breed true)  (pure red) 

1977

80%

 ( 2-31)

1986

 ( 2-32)

(4) 

2002 

3

100% 

2-30  

2-31  

2-32  

1 3 4

1

 (

2-33)



2-33  

( )

 (

)

0.1 1%

5 10%

25 50

1. 

 ( 10 11 )

 (

2-34)

2. 

DNA

2-34  



1999

37,575  ( 8,190

)

66.44% 48.3%

(Taiwan Tilapia)

2008

18

11.9 66.4%

1.9 10.3%

1 2 1999

66.4% 



 (2009)  

19: 16-23

 (2000)  

170: 18-27

 (1978)  

41(9): 95-97

 (1980)  -

2241-2252

 (1979)  

322: 11-13

 (2005)  

11: 10-11

 (2008)  

RAPD PCR-RFLP

16(1):

29-37

 (1970)  

6(2): 64-73

 (1973)  ( )

1(4): 42-69

 (1979)  

2(6): 35-38

 (1984)  

36: 55-67

 (1988)  -

(

) 41-78

 (1989)  

46: 171- 184

 (2008)  

16(2): 41- 47

 (1982)  

350: 21-23

 (1982)  

34: 187-195

 (1995)  ( )

- 129-138

 (2007a)  ( )

17: 31-34

 (2007b)  ( )

18: 12-15

 (1992)  

61 pp

 (1997)  

5(1):

1-10

 (2004)  

6: 34-35

 (1993)  

484: 47-62

Garduño-Lugo, M., G. Muñoz-Córdova and M. 

Á. Olvera-Novoa (2004)  Mass selection for 

red colour in Oreochromis niloticus (Linnaeus, 

1758). Aquaculture research, 35: 340-344. 

Hussain, M. G. (1994)  Genetics of body color  



inheritance in Thai and Egyptian red tilapia 

strains. Asian Fisheries Science, 7: 215-224. 

Liao, I C. and T. P. Chen (1983)  Status and 

prospects of tilapia culture in Taiwan. In 

Proceedings of the International Symposium 

on Tilapia in Aquaculture (L. Fishelson and Z. 

Yaron eds.), Nazareth, Israel, 588-598. 

McAndrew, B. J., F. R. Roubal, R. J. Roberts, A. 

M. Bullock and I. M. McEwen (1988)  The 

genetics and histology of red, blond and 

associated colour variants in Oreochromis 

niloticus. Genetica., 76: 127-137. 

Wohlfarth, G. W., S. Rothbard, G. Hulata and D. 

Szweigman (1990)  Inheritance of red body 

coloration in Taiwanese tilapias and in 

Oreochromis mossambicus. Aquaculture, 84: 

219-234. 



( )
� 11 47-60, 2010�

�

( )
 (Anguilliformes)

 (Anguilloidei)  (Anguillidae)

 (a-d) 

 (l) 

 ( 3-1)  (a-d)/l 7 17%

(a-d)/l 0.2 5%

(a-d)/l 

 ( 3-1)

19

 (Anguilla japonica)

 (

3-2)

3-1  (a
d l
)

3-1   (a-d)/l

    (a-d)/l

A. celebesensis 9.0 101-107 38-41 
A. interioris 13.0 104-107 39-42 
A. megastoma 11.1 108-116 40-44 
A. ancestralis 9.6 101-106 37-40 
A. nebulosa 
nebulosa 11.8 106-112 39-42 

A. nebulosa 
labiata 11.8 107-115 39-42 

A. marmorata 16.3 100-110 39-43 
A. reinhardti 10.8 104-110 41-44 
A. borneensis 11.5 103-108 39-42 
A. mossambica 14.6 100-106 39-42 
A. dieffenbachia 11.1 109-116 42-46 
A. japonica 9.2 112-119 42-45 
A. rostrata 9.1 103-111 41-45 
A. anguilla 11.2 110-119 44-47 
A. bicolor 
paciffica 0.2 103-111 41-45 

A. bicolor 
bicolor 0.8 106-115 41-45 

A. obscura 3.6 101-107 40-43 
A. australis 
schmidti 1.2 108-115 44-48 

A. australis 
australis 2.6 109-116 44-48 



�

�

3-2  

( )

400 500 m

16 17

700 1,300

1

40

1954

1956

1958

1966 60

1972 1,125

1973

6.5

11.2 6,900

11,600 70% 1980

30,000

1983

1985

40,000 90%

1988

51,000 150

1991 62,000

52%

 ( 3-3 3-4)



�

�

3-3  2007
 ( )

3-4  2008
 ( )

 ( 3-5)

2007

2,005.79

24,822

 (

3-6 3-7) 2008

2,074.49 2007

2008 21,038

 (

3-8 3-9)

3-5  1991-2008  ( )

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000 ( )
( )

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000
( )
( )

0

10,000

20,000

30,000

40,000

50,000

60,000

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

90,000



�

�

3-6  2007
 ( ) (

)

3-7  2007
 ( ) (

)

3-8  2008
 ( ) (

)

3-9  2008
 ( ) (

)

2

2000

92% 8%

2009

44% 56% ( 3-2)

 ( 3-3)

(0 0%)923 (4%)1450 (7%)

2059 (10%) 

4429 (21%)

5718 (27%)

6459 (31%)
0.9 (0%)

58 (3%)
187 (8%)

438 (20%)

487 (22%)

813 (37%)

5(0%)
1874(7%)

4717(19%) 

6673(27%)

8487(34%)
908(4%)

2156(9%) 

4.64(0%)

507 (26%)

615 (31%)
153(8%) 33(2%) 

212 (11%) 

212 (11%) 

438 (22%) 



�

�

3-2  

( ) % ( ) % ( ) % ( ) %

2000 13,230 92 1,113 8 0 0 9 0.1
2001 14,147 81 3,226 19 0 0 0 0 
2002 19,399 93 1,485 7 0 0 0 0
2003 19,023 79 5,028 21 0 0 0 0 
2004 16,381 62 10,205 38 9 0 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 

( )

3-3  

( ) % ( ) % ( ) %

2000 9,800 14 61,416 86 35 0.05 
2001 6,340 9 62,957 91 64 0.1 
2002 4,025 7 55,707 93 2 0.003 
2003 1,965 5 40,299 95 0 0 
2004 4,765 10 43,992 90 0 0
2005 1,880 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 

( )

( )

 ( ) 1. 



�

�

0.1 0.3 1

1.5 m

 ( 3-10)

3-10  ( )

2. 

0.5 0.8

2 3 m

 ( 3-11)

3-11  ( )

3. 

8 10 m2

 (

3-12)

3-12  

( )

 ( 3-13)

 ( 3-14)



�

�

3-13  

3-14  

( )

 ( 3-15)

3-15  

( )

 ( 3-16)

3-16  

( )



�

�

200 500 kg

1 2

 (

3-17)

3-17  

100

200 ppm 20 30 cm

300 20 kg

2 3

( )

1 2

3 4

 (

3-18)

3-18  

12 2 3

 ( 3-19)



�

�

�
�
�
�
�
�
�
�
�
�
�
�

3-19  

5 6 cm

( 3-20)

3-20  

10

100

1 : 10

1000 /kg



�

�

500 /kg

300 /kg

100 150 /kg

100 /kg

10 20

5 10 /

 ( 3-21)

( )

1. 

3-21  



�

2. 

(1)

(2)

(3)

6 8%

2.8

3%

20

( )

20 cm

 (

)

( )
1. 

2. 



�
�

(1) 

(2) 

(3) 

(a)

(b)

5%

3%

7% 5%

3. 

(1)

(2)

(3)

(4)

( )

5 /kg

80% 1 kg

6.25 20

125

( )

1.3 1.8 1.5

2.0 3-4

1 kg



�
�

3-4  

( /kg) ( /kg) 

1.3-1.8 55 71.5-99 

1.5-2.0 45 67.5-90 

( )

1

3 13 13

585,000 /

20 1

800

16,000 / 12

1 kg

50

( )

15 1 kg

12.5

( )

10

1 kg 8.3

( )

4 1 kg

3.3

(1)

(2)

(3)

(4) (5)



�

�

 (1993)  

55-64

 (1995)  

23-41

 (1995)  

53-58

 (1993)  

74-85

 (2006)  

8 129-141

 (1997)  

5(2): 167-170

 (1970)  

 (1994)  

 (1995)  

43-52

 (1993)  

65-73

 (1986)  

 (2006)  

8 113-128

 (2006)  

8 7-12

 (2005)  ( )

- 179-184



( )
11 61-80, 2010 

( )
1.  (Silurus asotus) ( 4-1) 

3 1 2

1 1

4 - 5

67 - 85

14 12 - 14

9 - 11

2.  (Clarias fuscus) ( 4-2) 

4-1   ( )

4-2   ( )

55 - 63

39 - 46

1 6 - 9

8 - 10 5 - 6

2 - 3



( )

(Siluriformes) Catfish

 (Cypriniformes) 

31 2,211

6 16

( )
1.

2. 

1970 9

1971

 (C. batrachus)

 (C.

mossambicus )

 ( ) 2000  (2,312

)

1997

238,000 1987 1997

3.4% ( 4-1)



10

1 kg 1.9 kg

 (0.75) 

 ( )

4-2

( )

1. 

20 40 cm

2. 

0.6 m

4-1  

      1997
( )

1987-1997
(%)

1997
( )

2,237 7.6 2,709 

2,662 15.9 2,444 

3,146 7.8 2,917 

742 18.0 885 

238 3.4 372 

639 22.4 2,113 

393 1.7 697 

490 10.6 3,501 

* 2,968 9.5 3,164 

* ( ) Naylor, R. L. et al., 2000 



4-2  1991-2008

( ) ( ) ( )

1991 5.28 49 2,599 
1992 45.15 72 3,092 
1993 23.99 797 82,858 
1994 29.55 933 95,077 
1995 36.06 663 45,746 
1996 27.58 283 32,052 
1997 30.34 196 10,834 
1998 32.52 178 9,894 
1999 45.96 169 8,797 
2000 277.53 2,312 137,439 
2001 241.75 1,734 73,593 
2002 81.66 1,054 29,964 
2003 89.47 1,026 41,002 
2004 61.22 526 38,709 
2005 60.17 307 17,170 
2006 31.86 344 15,195 
2007 198.38 5,414 148,591 
2008 78.33 1,649 46,214 

3. 

0.3 1

90 120 cm 150

180 cm

4. 

70 80%

( )
pH



1. 

10

15

25 30

2. 

3 mg/L

10 cm 0.8 mg/L

0.8 mg/L

3. pH

pH

pH 6

9 pH 7 8.5 pH

5 9.5 pH 6

pH 5.5

pH 4

10.2

4. 

20 40 cm

40 cm

pH

20 40 cm

5.



0.3 mg/L

6. 

0.2 mg/L

7. 

1 mg/L

( )

1. 

1 1.5

6 12 kg

2. 

 (100 ppm) 

 ( /60 70 kg) 

3. 

3 4 1 2

4. 



( )

23

30 20

( )

3 9

4 6 1 1.5

3 9

2

4 6

, 135 

g 1,200 4,500

1

1. 

(1) 

( 4-3)

 ( 4-4)

4-3  

4-4  

(2) 

A.

 (hCG) 

 (PG)



 ( )

135 g 600 1,000

 (IU) 

500 g

 ( )

400 500 g  (

) 400 600 g

500 1,000  (IU)

500 1,000 g

B.

1 mL

0.5 1 c.c.

C.

 ( 4-5) 

 ( 1 cm )

1

2

4-5  

D.

1 2 2

(3) 

 (6 

× 4 × 1.5 m) 

A.

25 26

1 2

20 30 cm

60 cm

B.

4 8



17 18

5 23

2 4 8

 ( )  (

)

 (

4-6)

4-6  

 ( 4-7)

 ( 4-8)

 (

)

5 mg/L

0.1 mg/L

( 4-9)

3 5

30

40 50 2

4



 ( 4-10)

 ( 4-11)

23

28 28 30 40

4-7  

4-8  

4-9  

4-10 4-11  

2. 

3 4

1 2

10 14

( 3 cm) 20 30

3  ( 9 cm) 

500 m2

10 14

 ( 30 cm 60 cm) 

1 3

10 14



5,000 10,000 7 10

1/2 1/3

1 5 g

4 6

13

16 cm

1

1

1.5 m 300 450 /m2

14 21

 ( 60 cm

100 cm) 

3

30 40 7 9 cm

( )



1

10 12 /

300 500 kg 2

3 300 500

200 kg

( )
1. 

(1) 

220 V

(2) 

25 35 cm

pH

25 30

(3) 

(4) 

3 8

5 6

(5) 

1 m

1.5 3 m

(6) 

10 cm

2. 

(1) 

(2)  ( 4-12 4-13 4-14) 



4-12  

4-13  

4-14  

(3)  ( 4-15) 

4-15  

(4) 

1/50 1/20

(5) 

(6) 

4

A.

B.  ( 4-16)

4-16  

C.

D.  ( 4-17)



4-17  

(7) 

( 4-18)

4-18  

3. 

(1) 

1.5 1

(2) 

(3) 

(4) 

80,000

160,000 5 8

(5) 

(6) 

4. 

(1) 



30%

 (

)

(2) 

(3) 

3 5%

 ( )

5. 

(1) 

pH 5 10

(2) 

(3) 

10 cm

(4) 

(5) 

(6) 



6. 

5 6 6

24

2 3

 ( 4-3)

 (

)  ( / )  (

/ )  ( /

)

1 / 3 5 /

0.5 / 3 2.5 /

80,000 160,000 /

5 8

4 7 1.7 kg

1 kg

30%

70%

50

/kg 11 /kg 9.2 /kg

7 /kg 6 /kg

2007 8

112 /kg 104

/kg 93 /kg

56 /kg

104

/kg 56 /kg 1

kg

1.7 kg

30%

70%



17.07 /

43.68 /

145 /

34.89 /

78.49 /

332.84 /

20

20.00 / 20

50.00 /

40 20.00 /

20 50.00 /

4-3  30% 70% 

\ a a b b

4.8 8.00 24.00 28.00 12.00 28.00 
0.41 1.3 5.14 17.14 102.84 239.96 
7.30 16.85 9.41 21.67 14.39 33.05 
0.39 0.92 1.35 2.91 4.86 11.12 
0.6 1.37 0.38 0.87 2.50 5.75 

2.54 4.86 3.62 6.70 4.63 6.63 
16.04 33.30 43.90 77.29 141.22 324.51 

(10 ) 0.11 0.24 0.04 0.09 0.36 0.79 
(20 ) 0.08 0.18 0.1 0.22 0.8 1.76 

(3 ) 0.05 0.13 0.14 0.31 0.43 0.95 
(15 ) 0.03 0.07 0.12 0.26 0.17 0.37 

(7 ) 0.16 0.35 0.01 0.02 0.20 0.44 
(3 ) 0.09 0.20 0.02 0.04 0.18 0.40 

(3 ) 0.03 0.07 0.04 0.09 0.33 0.73 
(10 ) 0.1 0.18 0.12 0.26 0.98 2.16 
(5 ) 0.03 0.06 0.09 0.09 0.33 0.73 
(5 ) 0.05 0.05 
(3 ) 0.3 0.06     

         1.03 1.59 0.68 1.29 3.78 8.33 
17.07 34.89 43.68 78.49 145 332.84 
20.00 20.00 50.00 50.00 249.60 448.00 
2.93 -14.89 6.32 -28.49 104.6 41.16 
17.16 -42.67 14.81 -36.29 72.14 12.37 
14.65 -74.45 12.64 -56.98 41.90 9.19 
1.17 0.57 1.14 0.63 1.72 1.34 

a b



2.93 / 6.32 /

-14.89 /

-28.49 /

17.16 14.65 1.17

14.81 12.64 1.14

104.6 /

-42.67 -74.45 0.57 -36.29

-56.98 0.63 41.16 /

145

/ 332.84 /

249.60 /

448.00 /

104.6 / 41.16 /

72.14 41.90 1.72 12.37

9.19 1.34

( )
1. 

2. 

3. 

(Streptococcus sp.)

( )
1. 

2. 



3. 

( )
1. 

2. 

(1)

(2)

(3)

(4)

3. 

(1) (2)

(3)

(4)

30%

HACCP

 (TGAP)



 (1995)  ( )

- 145-147

 (1995)  ( )

- 148-151

 (1992)  

p. 102 273

 (1984)  

134-136

 (2000)  

6

7-12

 (2005)  ( )

- 185-192

 (2001)  

17-27

 (1991-2006)  



( ) 
 11 81-104, 2010 

 

  
 
 

 

 

 
 

 
 

( )  
 (Plecoglossus altivelis) 

 ( )  (

)  (

)

Sweetfish Japaness smelt fish Ayu

 ( 5-1)

 (1983) 

 (D  = 0.0035)

17500 Mutsumi (1985, 1986) 

0.19

 (middle Pleistocene) 

  (1988) 

 

5-1   ( ) 
 

Yasumasa  (1994) 

28

2

Plecoglossus altivelis 

ryukyuensis Motohiro  

(1998) DNA

7

�2

0.078

1968

 



 

 

( )  

142-150

10-11

17

12

 

( )  

 

 

(Anadromous)  (Land-locked) 

 

1.  

10

20 cm

100 g 30,000

16 18

10

2 3 4 6 

cm

 

 

2.  

3 6



  

 

1984 11

 

 

 
 

1936 60

1940 45 1942 2.2

1953 44 1955

12 1957 43.6

1

1957 1965

135 kg 1968

 ( 5-2)  

1946

1951

12 5

 

1959

1973  
 

5-2  1953-1968  ( )  

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

2,000

1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968



 

 

1977  (

) 

7

1978 1980

 

 

 
 

80%

 

1980

1985

1982 1988

1989

1995 400 2005

1,040

1999

160,750 1994

466 2005

126

2007

 ( 5-3)
 

5-3  1989-2008  ( )  

0

20

40

60

80

100

120

140

160

180

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
0 

200 

400 

600 

800 

1000 

1200 

466

126

0 

100 

200 

300 

400 

500 

(
/k

g)
 

 
 
 

(
) 



  

 

 
 

 

( )  

 

 

 

( )  

4 10 L

0.3 2 100 

m2 1 m 9

50 L 0.3

 

( )  
13 30

15 25 18 22

30

10  

3.5 4.5 ppm pH 6.8 7.2

 

( )  

(1)

(2)

 

 

 
 

( )  

( )



 

 

 ( 5-4 5-5)  

 

5-4   (
) 

 
 

5-5   (
) 

 

 

1.  

9

10 12

16

8  ( 5-1)  

1

10 Lux  

2.  

16 20

 

( 5-2 5-3)

18 20  

3.  

 (1977)  (1978) 

45 48% 6 8%

45 41%

� E



  

 

5-1   ( 1961) 

 
          

( )  
   

           

                  

           

 
5-2   

      
             

  *1 

 
10-04-86 41(91.2%) 1(2.2%) 3(6.6%) 

10-25-86 10(90.9%) 1(9.1%) 0(0%) 

10-30-86 22(95.7%) 1(4.3%) 0(0%) 

 

10-06-86 118(93.7%) 8(6.3%) 0(0%) 

10-16-86 85(91.1%) 6(6.3%) 2(2.1%) 

10-23-86 53(84.1%) 10(15.9%) 0(0%) 

10-30-86 28(82.4%) 6(17.6%) 0(0%) 

11-21-86 15(75.0%) 1(5.0%) 4(20.2%) 

*1  (1987) 
 

5-3   

 
( )

  

(9.8 m3) (3.2 m3) (3.2 m3) 

(%) (%) (%) (%) (%) (%)

1986.10.06 75.4 70.5 - - 45.3 12.4 
1986.10.16 70.5 66.9 87.5 85.6 - - 
1986.10.23 87.2 84.7 68.5 62.2 32.0 0 
1986.10.30 35.6 30.5 46.5 26.1 0 0 
1986.11.21 - - 6.4 5.3 - - 

 (1987) 

 

( )   



 

 

 (

)

1 g

2,000 2,500

 ( 5-6)

2 : 1

 ( 5-7)

19 × 38 cm

5,000

 

( )  
3 psu

10 ppm KMnO4 10

15 0.5 1 ppm

3

10 12 psu

5 mg/L

15 15 20 10

2 3  

5-6  ( ) 

5-7   
 

 

1. 

 

2. 

24

 

3. 

 

4. 

 

5. 

 



  

 

( )  

0.9 1.2 mm

0.6 0.8 mm

5-4 19 21

4 8

9  (molula stage) 73

220 240 10

 ( 5-8)  

( )  

5.8 6.1 mm

6.4 7.5 mm

5 6 mm  
 

5-4  ( 19-21 ) 

 (
: ) 

 ( ) 2:00 
 2:30 
 (2-cell stage) 3:00 
 (8-cell stage) 4:00 

 (morula stage) 9:00 
 (blastula stage) 20:00 

 (optic vesicle stage) 37:00 
 73:00 

 105:00 
 115:00 

 (active motion of 
embryo) 160:00 

 (hatching) 220-240 
 

 (1979) 

 ( 5-5)  

5-5   ( 18-20 ) 

( )                     

0-10 
3

S
1 24 4-6

20 S
 

40  

65 S  
70   

80  
90  

100  



 

 

5-8   

A B C D
E F

G 10 H 80
I ( )   

A B 

C D 

E F 

G H 

I 



  

 

( )  
1.  

(1) 

 ( 5-9)  
 

5-9   
 
(2) 20 50 m2 1.4

1.6 m

 

(3) 

50

100%  

(4) 

 

2.  

1 mm

5 7 mm  (1979) 

 

(1)  

1,000 Lux 1

 ( 16,000 Lux)  

( 200 Lux) 4 5  

(2)  

1 5 8

20 30 1 3 4

70 80

1  

20

30 60 Lux

2 cm

 

(3)  

11

22

16



 

 

20

 

(4)  

5 25 psu pH 7.8 8.4

 

4 mg/L 3 

mg/L

 

(5)  

 

(6)  

 

1.5 2

1.5 1

1.5 cm 2 3

1 50 60 4 5  

(7)  

80 90

 

(8)  

16 20

4 

cm 0.5 g

1  

3.  

 

(1)  ( 5-10) 
 

5-10   



  

 

60 80

 (BP.) 

 

200 500

 

(2)  

10 50

10 1

 

(3)  ( 5-11) 
 

5-11   

25 100 1 1

2 cm

60

 (1968) 

 

(4)  ( 5-12) 

Tigriopus 

spp. �3HUFA

 
 

5-12   
 

(5)  ( 5-13) 

 (moina) 

 (daphnia)

80 130

1 1  



5-13  

(6)  ( )

1

1 3

6%

( )

0.1 0.3

 ( 5-14)

5-14  

7 10

10,000 15,000

EPA DHA

10

( )

1. 

2. 



  

 

(1)  ( 5-15) 

100 500 m2 100 120 cm

3 5 : 1

(A) 1/50 1/20

(B) (C)

(D)

 

(2)  ( 5-16 5-17) 

10 20 m (80 300 m2

120 150 cm) (A)

(B) 1/25

1/15 (C)

(D)

 

 

3.  

3 5 m2

 

4.  

(1) (2)

 ( ) 

(3)

(4)

 

5-15   
  

5-16   ( ) 5-17    



 

 

( )  
1.  

15

 

2.  

2

12

 

 

 

3.  

5 6 cm

100 150

4 m3

400

50 1 1.2

16,000 25,000

60 100  

4.  

5 10 cm

3

 

(1)  

3 4

 

(2)  

5-6

 

1

25

 

(3)  

 (45 48%)

�

 

 ( ) 

 



  

 

5-6   

( )

(g) 

10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80

10 3.5 3.2 2.7 2.0 1.7 1.5 1.3 1.2 1.0 

11 3.7 3.4 2.8 2.2 1.8 1.6 1.4 1.3 1.1 

12 3.9 3.6 3.0 2.3 2.0 1.7 1.5 1.3 1.2 

13 4.1 3.8 3.2 2.5 2.1 1.9 1.6 1.4 1.3 

14 4.4 4.1 3.4 2.7 2.2 1.9 1.7 1.5 1.4 

15 4.7 4.4 3.7 2.9 2.4 2.1 1.8 1.6 1.4 

16 5.1 4.7 3.9 3.1 2.5 2.3 2.0 1.7 1.5 

17 5.4 5.1 4.2 3.3 2.7 2.4 2.1 1.8 1.6 

18 5.9 5.5 4.5 3.6 2.9 2.6 2.3 2.0 1.7 

19 6.3 5.9 4.9 3.8 3.1 2.8 2.4 2.2 1.8 

20 6.9 6.3 5.3 4.1 3.4 3.0 2.6 2.3 2.0 

21 7.4 6.8 5.7 4.4 3.6 3.2 2.8 2.5 2.2 

22 8 7.3 6.1 4.8 3.9 3.5 3.1 2.7 2.3 

23 8.6 7.8 6.5 5.1 4.2 3.7 3.3 2.9 2.4 

24 9.2 8.3 6.9 5.5 4.6 4.1 3.6 3.1 2.6 

25 9.2 8.8 7.4 5.8 4.9 4.4 3.9 3.3 2.8 

 (1987) 
 

 

5.  

 

(1)  

A. 

 

B. 

4 mg/L

 

C. 

 

D. 



 

 

 

E. 

 

(2)  

A. 

1

3 4

100 g

 

B. 

 

C. 

 

D.  

E. 

 

F. 

 

G.  

(3)  

A. 

 

B.  

6.  

9

16

 (1976) 

10 Lux

5 13 11 7 Lux

 

 

( )  
(1)

(2)

 

1.  ( 5-18 5-19) 

1



  

 

 

3 4

1 2

 
 

5-18   

 

5-19   

2.  

 

 ( 5-20)

 
 

5-20   
 

3.  ( ) 

 ( )

 ( 5-21)

 
 

5-21   



 

 

(1)

(2)

5

(3)

-40

 (-27 ) (4)

 

4.  

 (

)

 

5.  

 

 (0 4 )

 (-40 )  (-27

)

-20

 

 

 
 

 

( )  

 

1.  

 (Vibrio anguillarum) 

15 20

 

 

2.  

Aeromonas hydrophila

 

 

3.  

Flavobacteium psychrophilum



  

 

16

 

 

4.  

 (Streptococcus iniae) 

25 28

 

2

3  

5.  

Pseudomonas plecoglossicida

F. psychrophilum

 

6.  

F. branchiophilum

 

 

 

( )  

 

1.  ( 5-22) 

2 3 mm

Glugea plecoglossi

5.8 × 2.1 �

 (sporplasm) 



 

 

 (schizogony)  

(sporogony)

 

 
 

5-22   
 

2.  

5

(Proteocephalus plecoglossi)

6 cm  

 (cyclops)  

3.  

 (Pseudoergasilus zacconis)

 

(clamp)  

4.  

 (Argulus spp.) 

 

5.  

4 5

 

6.  

 

( )  
1.  

 

2.  

(Saprolegnia spp.)

 



  

 

3.  

 

4.  

 

5.  

 

 

 
 

5 2

5

2006

 

HACCP

 (TGAP)

2008
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295: 2-4  

 (1977)  

–

25(1) 7–11  

 (1961)  

15(1): 69-83  

 (1998)  

30(4)  229-232  

 (2005)  

83- 101  

   (1983)  

Bulletin of the Japanese Society of Scientific 

Fisheries, 49(11): 1655-1663  

 (1962)  

10: 404-408  

 (1974)  

– No.6 100-112  



 (1982)  

34: 

197-204

 (1990)  

49: 

139-142

 (1981)  

33: 519-522

 (1987) 

023A 49 pp

 (1988)  

43: 

153-158

 (1993 1997)  

1 30 pp

 (1988)  

Nippon Suisan Gakkaishi, 54(4): 559-568

 (2005) ( )

- 209-212

 (1968)  

188: 2-11
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–
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–
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–
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–

31: 414-420

Masaaki, K., T. Iwai, H. Yamamoto and Y. 

Sokabe (1986)  Effects of Temperature and 

salinity on Egg hatch of the Ayu, Plecoglossus
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( )�
� 11 105-132, 2010�

�

( )
 (Oncorhynchus mykiss)

Rainbow trout ( ) Steelhead (

)  ( 6-1)

 (

)  (

)

6-1  ( )

 ( )

7 3 Salmo

Oncorhynchus Salvelinus

Oncorhynchus 

masou formosanum

 (1969) 

 ( )

 (1917) 

 (1982)

(1990) 

1990



�

�

O. masou 

masou

 (O. 

masou) 10 80

 (2006) 

4

(16652 )

( )

10

1

– 10 - 

12 – 8 – 12

9 125 - 150 60 - 

66

( 6-2)

6-2  

( )

12 2

9

18 20

36 38

15 18 mm 12

22 23 2/3



�

�

16

120

1877

1957

 (

)

1961

1964 2

1997

1,288 1999

921

2005 400

 ( 6-3) 2006 2007

6-3  1989-2008  ( )

0

200 

400 

600 

800 

1000 

1200 

1400 

1600 

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
0

50

100

150

200

250 

300
0

50 

100 

150 

200 

250 

(
)

(
/k

g)
 



�

�

( )

5

70 80%

 ( )

1. 

 ( 6-4)

6-4  

 ( 6-5)

2. 

15

6-5  



�

�

 ( 6-6)

 ( 6-7)

10 20 m

6-6  

3 10

30 50 cm 30 40

1

1.5 m

30 40 cm

6-7  



�

�

3. 

 ( 6-8)

6-8  

4. 

(1) 

(2) ( )

(3) 

(4) 

( )
1. 

0

30 12 18

16 18 7 20

24

10 16 18

24

2. 

50 20 30 L

3. 

(1) 



�

�

3.15 mg/L

3 mg/L 5 mg/L

4 mg/L

3 mg/L

7 mg/L

10 11 mg/L

30 70%

20 30%

40 50%

1

(2) 

pH 5.5

9.2 pH 6.5 8.0

(3) 

0.0125 mg/L

pH

7 mg/L 0.8 1.0 

mg/L 6

5 mg/L

0.5 mg/L

0.08 

mg/L 0.5 mg/L

(4) 

(5) 

5

200 mg/L

1.22

6-1

4. 

(1)

(2) (3)

(4) (5)

(6)



�

�

6-1  

                           

(cm)  < 30 (mg/L) < 10 

(mg/L) 7-12 (mg/L) < 0. 0075 

(mg/L) < 30 (mg/L) < 5.0 

(mg/L) 0 (mg/L) < 0.2 

pH 6.5-8.0 (mg/L) < 1.0 

(mg/L) 5-200 (mg/L) < 0.2 

( ) 8-12 (mg/L) < 5.0 

(mg/L) < 15 

( )
1. 

3 5 0.9 kg/

2 4 0.5 kg/

2. 

(1) 

1 2

1

50% 2

15 20% 3 4

1/15

(2) 

8

10 : 1 100 600 m2 1.0 1.5

m 4 13

6 13

2 / 7

ppm 6 ppm



�

�

5 10 kg/m3

3 : 1 1

A B E

3% 1 1

5% 7%

12

( )
1. 

5 8

2. 

3. 

40

1 × 

104 5 10 mL

1 min

1 2

30

40 50 mm



�

�

 ( wescodyne )

1/300

10

4. 

(1) 

 ( 6-9)

 ( 6-10)

(a)

(b)

(c)

6-9   ( )

6-10   ( )

(d)

3 10 L/

7 mg/L (ppm)

13

(2) 

20 cm

8 mm



�

�

0.3 0.5 ppm

0.3 ppm

( )

(TU)

( ) × 

6

6-2

10% 3 : 1

6-3

( )

1

8 10 L/

1. 

15 18 mm

6-2  

( ) ( ) (TU) ( ) (TU) ( ) (TU)

7 25 175 50 350 95 665 
8 21 168 42 336 80 640 
9 18 162 36 324 68 612 

10 16 160 32 320 60 600 
11 14 154 29 319 55 605 
12 13 156 26 312 49 588 
13 12 156 24 312 45 585 
14 11 154 22 308 37 518 



�

�

6-3   

( )

9 10 12 

(TU) (TU) (TU)

1.98 0.22 1.81 0.18 1.80 0.15

3.78 0.42 3.43 0.34 3.36 0.28

5.67 0.63 5.15 0.51 5.04 0.42

10.80 1.20 9.93 0.99 9.96 0.83

23.04 2.56 20.86 2.08 20.64 1.72

49.68 5.52 43.98 4.40 43.68 3.64

86.40 9.60 77.99 7.80 77.16 6.43

103.50 11.50 96.34 9.36 93.36 7.78

129.60 14.40 117.12 11.71 116.64 9.72

169.2 18.80 153.33 15.33 152.16 12.68

(hatching) 342.99 38.11 309.73 30.97 308.16 25.68

12 14

10,000 25,000

5 7

50%

10 20%

7 ppm

2. 

2/3

17 30

mm 60 260 mg

1

(1) 

 ( 6-11) 

10 200 m2 1 2

m 2 6

20 30 cm

5 6%

12 14

20 



�

�

mg/L 200 mg/L

6-11  

(2) 

2.5

10,000 /m2

5,000 /m2

(3) 

55%

0.2 0.3 mm

50%

0.2 0.5 g

0.5 mm

8

12% 5%

1

60%

40 55% 3

5% 1 3%

5%

(4) 



�

�

1

3.5 cm

( )

1987

1. 

 ( )

2. 

(1) 

A.

 (

)  (

)

28

36

B.

10

650

700 kg/m3 6 10

(2) 

6–

 (6-DMA-P)

3. 

10

20

15 26



�

�

26

20 28 10 30

5

4. 

(1) 

(2) 

(3) 

 (IHNV) 

(4) 

( )

 ( 6-12)

2

30 cm 12 20

16 18

24

( )
(1) (2)

(3) (4) (5)

(6) (7) (8)

(9)

6-4



�

�

6-12  

6-4  

(L/ ) ( )
(g) 

5 10 20 40 60 80 100 200 300 

10 
10 500 410 330 250 190 140 100 65 30 
15 310 250 220 160 120 80 65 40 10 

20 
10 1,030 840 680 500 390 290 210 130 64 
15 640 520 450 340 250 180 130 77 40 

30 
10 1,600 1,300 1,050 780 600 450 440 210 100 

15 1,000 800 700 520 380 280 200 120 60 



�

�

( )
1. 

5 g 1–2

1 70 80 g

 ( 6-13) 

6-13  

2. 

5 mg/L

0.0075 mg/L

3. 

2 3

( )
1. 

0.5 g 6 8 1.5 

g 4 6 10 g 3 4

1

1

1

2. 

80%

6-5

3. 

60



�

�

6-5  

(gm) <0.18 0.18-
1.5 

1.5-
5.1 

5.1-
12 

12-
25 

25-
40 

40-
62 

62-
92 

92-
130 

130-1
80 >180

(cm) <2.5 2.5-
5.0 

5.0-
7.5 

7.5-
10.0

10-
12.5

12.5-
15 

15-
17.5 

17.5-
20 

20-
22.5

22.5-
25 >25

       
 (

6 3.5 2.8 2.4 1.8 1.4 1.2 0.9 0.8 0.7 0.6 0.6 

7 3.6 3.0 2.5 1.9 1.4 1.2 1.0 0.9 0.8 0.7 0.6 

8 4.1 3.4 2.8 2.2 1.7 1.4 1.2 1.0 0.9 0.8 0.7 

9 4.5 3.8 3.0 2.4 1.8 1.5 1.3 1.1 1.0 0.9 0.8 

10 5.2 4.3 3.4 2.7 2.0 1.7 1.4 1.2 1.1 1.0 0.9 

11 5.4 4.5 3.6 2.8 2.1 1.7 1.5 1.3 1.1 1.0 0.9 

12 5.8 4.9 3.9 3.0 2.3 1.9 1.6 1.4 1.3 1.1 1.0 

13 6.1 5.1 4.2 3.2 2.4 2.0 1.6 1.4 1.3 1.1 1.0 

14 6.7 5.5 4.5 3.5 2.6 2.1 1.8 1.5 1.4 1.2 1.1 

15 7.3 6.0 5.0 3.7 2.8 2.3 1.9 1.7 1.5 1.3 1.2 

16 7.8 6.5 5.3 4.1 3.1 2.5 2.0 1.8 1.6 1.4 1.3 

17 8.4 7.0 5.7 4.5 3.4 2.7 2.1 1.9 1.7 1.5 1.4 

18 8.7 7.2 5.9 4.7 3.5 2.8 2.2 1.9 1.7 1.6 1.5 

19 9.3 7.8 6.3 5.1 3.8 3.0 2.3 2.0 1.8 1.7 1.6 

20 9.9 9.4 6.9 5.5 4.0 3.2 2.5 2.2 2.0 1.8 1.7 

( )

1. 

1

1.5

1

1 2

2. 



�

�

3. 

 ( ) 1.6%

-3

4. 

 (0 4 )  (-40 )

 (-27 )

-20

( )

 ( 6-6)

6-6  

(g) (mm) 

0.2-0.5 0.5 

0.5-1.0 0.5-1.0 

1.0- 5.0 1.0-2.0 

5.0-10.0 2.0-3.0 

10.0-50.0 3.0-3.5 

50.0-250 3.5-5.0 

250 5.0-8.0 

( )

20

50

1. 

30

40%

40 50%

54%

Refstic



�

�

50%

75%

10

1/3

1/3 6-7

13%

2. 

10% 15 20%

48% 35 40%

18% 35%

 (PER)  (NPU) 

12%

(linoleic acid)  (linolenic acid)

1 2% Omega-3

n-6

4 5%

n-3

3. 

4

11

 ( 6-8)

4. 

6-9

5. 

20%

6-10



�

�

6-7   

(%) (%) 

 Arginine (Arg) 2.5-4.0  Methionine (Met) 0.5 

 Histidine (His) 1.5-2.1  Phenylalanine (Phe) 0.5 

 Isoleucine (Ile) 2.0-3.0  L-Threonine (Thr) 2.0 

 Leucine (Leu) 2.0-3.0  Valine (Val) 2.0-3.0 

 Lysine (Lys) 3.0-5.0  Tryptophan (Trp) 0.5 

6-8   

(mg/kg)

A 2500 (IU) 

D (IU) 2400 (IU) 

E (IU) 100-500 (IU) 

K 10 

B1 ( ) 10-20 

B2 ( ) 10-20 

B6 ( ) 10-20 

B12 0.01-0.02 

 ( B3) 40-100 

5-10 

 (biotin) 1-2 

200-500 

 ( B4) 500-1000 

 ( B5) 110-150 

C ( ) 100-800 



�

�

6-9  

(g/kg) (mg/kg) 

3-5 1-4 

6-7 12-25 

0.5-0.7 50-100 

1-3 15-30 

1-3 0.5-5 

100-300 

0.15-0.38 

6-10  

46-54 43-50 

3.0-5.0 3.0-7.0 

1.0-3.0 2.5-3.0 

15.0-18.5 15.0-16.0 

< 8.5 < 8.5 

2.2-3.7 1.3-2.85 

1.3-1.85 1.0-1.5 

(%)

55-68 48-73 

10-31 25-35 

2-5 5-15 

2-6 2-9 

3-30 2-7 



�

�

( )

1.  (Columnaris disease) 

Flavobacterium columnare

2.  (Bacterial gill disease) 

 (myxobacteria) 

3. 

A

4.  (Vibriosis) 

 (Vibrio anguillarum)

15

5. 

Pseudomonas plecoglossicida

F. psychrophilum

6.  (Furunculosis) 

Aeromonas salmonicida



�

�

( )

1. 

 (Ichthyophthirius 

multifiliis)

4 5

2. 

 (Argulus spp.) 

3. 

4. 

Ceratomyxa shasta

 (Myxosporidina)

5. 

 (Sanguinicola davisi)

(miracidium) 

( )
1.  (Infectious 

hematopoietic necrosis, IHN) 

IHN



�

�

70 90% 1969 Amend

 ( )

Rhabidoviridae

IHN

1973

4 6

IHN

IHN

V

IHN

IHNV

4 13 8 10

15

2

10 100% 7

10%

2.  (Infectious pancreatic 

necrosis, IPN) 

 (IPN) 

1960

Wood

1971

RNA

Birnaviridae 4 5

4

3 4

90 100%

(IHN)

12 14

80 100%

3.  (Viral hemorrhagic 

septicemia virus, VHS) 



�

�

VHSV 2

10 50% 80%

4.  (Salmonid herpesvirus 

type 2) 

5

(1)Herpesvirus salmonis (2)Oncorhynchus 

masouvirus (OMV) (3)H-83 (4)NeVTA

(5)YTV NeVTA YTV

3 H. salmonis

NeVTA H-83 OMV

OMV 3

35 60% 120 250

 ( )

 (papilloma)

H. salmonis

YTV

10 15

(1) (2)

(3)

( )
1. 

4 14

2. 



�

�

2 3

2001 58

56.7

400 1,200

100

22 : n6 20 : n5

983 mg 247 mg

HACCP

 (TGAP)

2009

 (1990)  

( ) 27(12): 36–37

 (2001)  

– 108-235

 (2004)  

p. 104

 (1997)  

65 pp

 (1990)  

033A p. 32

 (2004)  

23(2): 40-44

 (2006)  

5: 28-33

 (2006)  

56: 51-58

 (2003)  

24(11): 45-47

 (1998)  

: http://life.nthu.edu.tw/~  



�

�

labtcs/Salmon/

 (1990)  

Oncorhynchus Bull.

Inst. Zool., Academic Sinica, 29(3): 41–59

 (2005)  ( )

- 213-216

 (1980)  

( ) ( ) 3(4)- 3(12)

 (1981)  

( ) 4(1): 45-49

 (2004)  

5: 36-37

 (2007)  

( ) 3: 108-112



( ) 
 11 133-154, 2010 

 

  

 
 
( )  

Grande and Bemis (1991) 

28

 

 ( 7-1)

 
 

7-1  ( ) ( )  

 

( )  

 

 

1.  (Huso huso) 



 

 

1

 

2.  (H. dauricus) 

 

3.  (Acipenser schrenckii) ( 7-2) 

 
 

7-2   
 

4.  (A. sinensis)

 

5.  (A. baerii) 

 

 

6.  (A. gueldenstaedti) ( 7-3) 

 
 

7-3   

 

7.  (A. stellatus) ( 7-4) 

 
 

7-4   



  

 

8.  (A. ruthenus) 

 

9.  (A. transmontanus) 

 

10.  (A. fulvescens) 

 

11.  (Polyodon spathula) 

 ( 7-5)

 ( 7-6)  
 

7-5   

7-6   
 
( )  

0 33

 (

) 

 

 

 
 

19

1869

1891

20



 

 

200

1.5 4

5000

 

 

 
 

( )  

5

6

 

2 4

1 2 10

6 18

3 : 1

 

( )  

3.1 mm

 

( )  

 (2000) 

LHRH-a ( )

60 100 �g/kg  (2003) 

19

20 LHRH-a2 10 �g/kg

Hochleithner and Gessner (1999) 

1.3 1.8 

mg/kg 3 6 mg/kg

LHRH-a 4 8 �g/kg Gn-RHa 5 10 

�g/kg  (2000) LHRH

200 400 �g/kg Mims (2001) 

LHRH 100 �g/kg  (2000) 

2 6 

mg/kg LHRH-a 30 90 �g/kg

2 1

10% 12

1 5% 10



  

 

1/2

1

1

 

 (25 26 ) 

8

 

7-1

5

 

( )  

2

 ( 7-7)

 

 

 
 

7-7  (

) 
 

1.  

 

2.  

 (1985) 

4

8 12

 

7-1   

( ) 10-12 12-14 14-16 16-18 18-20 20-22 

(h) 28-49 22-36 18-29 16-24 14-21 11-19 
   



 

 

3.  

15 20 L/  

(70%) 

6 8 cm

30 50

 
( )  

0 4

70

Hochleithner 

and Gessner (1999) 4 24

20 30%

35

 (93%)

 

1 : 200 10 

c.c.

3 5

3 5

2 3

 

1 3

80 10% 20%

30 60

 

( )  

90 130

 

Jushchenko-apparatus  (

)



  

 

30 cm 60 cm

 ( 7-8)  ( 7-9) 

 (

7-10)

 
 

7-8   
 

7-9   
 

7-10   

1.  

8.8 21.1

15

13 15 25% 17 19

65% 20 22 33%

17 19

13 15

9 11

24

25

100%

17 19  (2000) 

17 21

13 18 16 18

8.8 21.1

 (11.5 16.0 ) 

14

16

 

2.  

 ( 7-11)



 

 

 
 

7-11   
 

3.  

Saprolegniosis

Rach et al. (1997)  

(A. fulvescens) 36 1

1,500 ppm 45 5 

ppm 30 100 ppm

15

 

4.  

17 20 100

24

 

( )  

3 5  (

7-12) FRP  ( 7-13) 

pH 6.5

8.5 6 ppm  (2000) 

18 22 6 ppm

4 ppm

3 ppm

1.5 ppm  (1998) 

14

1.32 1.35 ppm 25 2.10 2.18 

ppm

 ( 7-14)

 ( 7-15)



  

 

 
 

7-12   
 

7-13  FRP  
 

7-14   

7-15   
 

18 9 10

16 18 8 11

 (1998) 13 15

12 13 18 7 21 23

6 24 26 5

15

Xiao et al. 

(1991) 16

10 30% Zhu et al. (2006) 

18 25  (2001) 

26 28

 ( Tubifex sp.) 

 ( Daphnia sp.

Moina sp.) Artemia salina 

( )

 

( 7-16 7-17)



 

 

 ( 7-18)  

 

7-16   
 
 

7-17   
 
 

7-18   

40%

 (2001) 100

1.5 g 3

9

3 g

1

2 3

 

 (Daphnia spp.) 

3 4

 

( )  



  

 

 

1.  

(1) 

 

(2)  ( )

 

(3) 

26

10

11 2 3

 

(4) 

 

2.  

(1)  

70 × 40 

cm

1/4 1/3

 

(2)  

 (2000) 

8 20 20

7-2

20  

 
 
 

7-2   

   (g/ ) 
( / / ) 

8  15  20  

 50,000 40,000 30,000 

   0.02-0.03 10,000 6,500 3,500 

   

0.2 1,000 650 350 

0.5 600 400 200 

1 500 350 160 

2 350 230 120 

5 200 130 70 

10 100 65 35 

20 75 50 25 
 
  



 

 

 
 

 ( 7-19)

 (

7-20)

140 kg

 ( 7-21)

 (

FRP )

 (

7-22) 

 

( )  

 ( )
 

7-19   7-21   
  

7-20   7-22    



  

 

( )  
1.  

10 150 m2 60 120 

cm FRP 4 6 m 60 90 

cm

 ( ) 

100 ppm

 

2.  

3 5

3

2 m FRP 5 10 m2

 (200 400 /m2) 

20 30 cm

 (30 50 /m2)  

3.  

1 1

 

(1)  

1/3

37 43% 8

10%  (1999) 

40.41% 9.06% 25.56%

4.08%  (1996)  ( 3

12 g) 39%

Moore et al. (1988)  

( 145 300 g 20 ) 

40.5 ± 1.6%

1

 

(2)  

2.5 4.5% 3 5

40 60

 

(3)  



 

 

1

4 ppm

1 33

23

18 28  (2000) 

15 26 4

28

30

 

(4)  

1

20 30

 

(5)  

 

(6)  

 

 

 
 

 

( )  

Brum et al. (1991) 

 (Yersinia ruckeri)  (Vibrio

anguillarum)  (Flavobacterium 

columnare) Francis 

(2000) 

 (Aeromonas hydrophila)

 (Pseudomonas spp.)  

(F. columnare)  (Edwardsiella

tarda)  (Streptococcus spp.) 

 

1.  

 

( 7-23)

 (

7-24)



  

 

 

 
 
 

7-23   
 

7-24   

 

2.  

4 5

 (2003) 

amikacin ( ) 

 

3.  

 

( 7-25)

 
 

7-25   
 

4.  

 (

7-26)  



 

 

7-26   
 

5.  ( 7-27) 

16 3 4 g

 
 

7-27   
 

6.  

 (Lactococcus garvieae)

 

( )  
1.  

 (Trichodina sp.) 

 

2.  

 

(Lernaea cyprinus) 

 

3.  

 (Ichthyophthirius multifiliis) 

 

30

 

4.  

 (Cyrodactylus 

sp.) 

 

( )  
4

Georgiadis et al. (2001) 

 (white 

sturgeon herpesvirus, WSHV) Watson et 

al. (1998)  (irido virus, 

WSIV)

 



  

 

( )  
1.  

 (Saprolegnia ferax)

70

90%

 

2.  

 

3.  

 (10 ppm)

(1) 5 psu

(2)  

4.  

 (pH 5.0 6.5)  

(Oodinium acidophilum) pH

 

 
 
( )  

19 20

 

( )  

 (n-3HUFA)

 (

18.1% 26.2%)

 

( )  

99%  

( )  

50

/kg

3,000 /kg

 

( )  



 

 

 (

)

 

( )  

 

( )  

 ( ) 

 

 
 

 

500 600

25

1995

2001

5

1 2

 ( 1 

kg)

 

 

 

 (2000) 

4: 17-18  

 (2001) 

31(2): 23-24  

 (2000) 

8-32  

 (1995)  

2(4): 

94-96  

 

(2003)  



  

 

30(1): 21-24  

 (1997)  

4(5): 

100-103  

 (2004)  

28(1): 54-61  

 (2000)  

95: 

3-4  

 (2000)  

30(4): 16-17  

 (2003)  

4: 9-10  

 (1998)  

25(6): 

248-253  

 (1999)  

6(4): 33-38  

 (1999)  

8: 16-17  

 (2004)  

12(2): 57-65  

 (2002)  

6: 30-31  

 (1998)  

5(3): 108-111  

 (2003)  

4: 31-36  

 (2007)  

2: 39-39  

 (1996)  

3: 23-27  

 (1985)  

1: 1-5  

 (2006)  

8: 38-41  

 (2001)  

31(4): 45-46  

 (2000)  

30(6): 36-38  
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