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̡
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 ( )  

    

̢

gametophyte

gamete zygote

spore

̢

̢ 

( )  

    Ulva lactuca ̡

Porphyra dentata Saccharina japonica, Laminaria japonica

̢ 2-3

̢ : 

1. (Ulva lactuca L.) 

    (Haliotis discus hannai

)



11 
 

̢

2008 ̢
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2. (Porphyra dentata) 

    (P. 

crispata)̡ (P. deatata)̡ (P. angusta)

̢

̢

̢ ̡

̢

: monospore

̢ 

3. (Saccharina japonica) 

    ̢

5

̢

20ʕ

̢

5-10ʕ

̢

( )

̢ 
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4.  

    

̢

8-10 ̢ 
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̡ ̡  

 
( )̡ Ulva  

    (Chlorophyta) (Ulvophyceae)̡ (Ulvales)̡

(Ulvaceae)̡ (Ulva)

̢ : Ulva conglobata

Ulva lactuca

̢ ̢

̡
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gametophyte sporophyte

̢ ̢

4 zoospore̢

2 3

̢

̢

 2 ̢ 

    

̢

̢

̢

̢ 

( )̡ Porphyra  

    (Rhodophyta)̡ (Rhodophyceae)̡

(Bangiophycidae)̡ (Bangiales)̡ (Bangiaceae)̡ (Porphyra)

̢ ̡
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̢

̢

̢
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̢

̢  

    

̢ ̢

̢

̢ 

    

̢

̡

̢ ̡ ̡
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̡ ( ̡ 1977

1988)̢  

    ̢

Porphyra yezoensis

̢     

( )̡ (Laminaria and Saccharina) 

    (Heterokontophyta) (Phaeophyta)

(Laminariales) (Laminariaceae)̢ ̡ rbcL

̡ ITS

Laminaria Saccharina Laminaria japonica

Saccharina (Lane, 2006)̢ 26

Saccharina 21 -

(Guiry & Guiry, 2013)̢

̢ 2-5

̢ ̡

1944

1946-1957

90% 60%

( 2013)̢ 

    (Saccharina japonica, as Laminaria japonica )

ɷ ̡ ̡

̢

̢
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    ̡ (  4)̢

̡ ̢

̢

̢ ̡

̡ (  5)̢ 

    

̢

̢

̡

̡ ̡

̡ ( 2013)̢

̢

( )

2-3

̢ 4

2-3 ̢ 

    ̡ 1 ̢

̡

̢

̢
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̢

( sporophyte)

̡

̡ ̡

̢

̢ 

12-13ʕ

12ʕ

1.5-2

̢ 10-15ʕ 30-40 ɩ

mol m-2 s-1 14L 10D ̢

̢ 
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̡  

 

̡

̢

: 

( ). (Chapman, 1973)  

1. ̢ 

2. 

̢ 

3. GeO2 1c.c. GeO2

̢ 200ɩmol m-2 s-1 12L 12D

̢ 

4.  

̢ 

5. 

1 ̢

 

60W ̢ 

6. 1~2

̢ 

7. 150L

100L 100ɩmol m-2 s-1

12L 12D ̢ 

8. 5mm ̢ 

9. 

̢ ̢ 
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10. 

̢ 

11. ̢ 

( ).  

    

̡

 

1. (  7 A-H)  

(1) : 

     1~2mm

0.05 10 ml

(HITACHI TS-520)

20ʕ 50-60rpm/min ̢ 

 (2)  

    1~2

̢ PES

(Flask T-25) 15ʕ

12L 12D 54ɩEm-2s-1̢  

(3)  

    PES (Flask T-25)

15ʕ 20ʕ 12L 12D 54ɩEm-2s-1

̢ 

(4)   

   20 25 ʕ 8 L 16 D̢

20 ɩmol photons m m-2 s-1 ̢ 10

̢ (Nikon ECLIPSE TE2000-S)
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̢ 

2. (  8 A-H)  

(1)  

     (Porphyra dentata)

(4ʕ)

̢ 

(2) PES  

  

(D9WT-SA10) ŲŲǰŰŧǈŨ

(1L)  ALP (  CL-32L) 121

ʕ  1.1atm  20 ̢

̢

(1 L)  PES (Provasoli, 

1968 )  10ʕ (AL-800) ̢ 

(3)  

    

1%

Betadine(KIӇI2) 30

Betadine(KIӇI2)

(OLYMPUS SZ51) ̢

̢ 

(4)  

(4-1)  

    

90 Ȗ 15 mm 40 ml PES

̢

̢ 
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(4-2)  

   20 25 ʕ 8 L

16 D̢ 20 ɩmol photons m-2 s-1 ̢ 10

̢ (Nikon ECLIPSE TE2000-S)

̢ 

3.  

      

̡ ̡ ̢

̡ ̢

7-10 ̡

̢ 18-20 ̡

̡

̢ 

(1) (  9̡ A-F): 

a. 3

1% ̢ 

b. 10̡ 15̡ 20̡ 25̡ 30 5 (ʕ)

20ɩmol photons m
-2
 s

-1
12L 12D

̢ 

c. ̢         

(2) ̡ ( 10̡ A-H) 

a. 12-15ʕ

̢ 

b. ̢

PG ( GeO2

) ̢ 

c. ̡
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̢ ̡ ̡

̢

̢( ̡

) 

d. 3-4 4ppm

0.4ppm PG ( GeO2) ̡

̢ 

(3) ̡ ( 11̡ A-H) 

a. (

12 )̡ 18ʕ ̢ 

b. 

̢ 

(4) haptera ( 12̡ A-F) 

a. ( haptera)

GeO2 PG ( )̢ 

b. 12ʕ 1514Lux 12L:12D

haptera ̢ 

        

( )̡  

 4-6

̢

50  ȖşŴůş

10-15

( )

̢ 
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̢ 

 

( )  

    ŴůȖŴů

F 25

(Saito and Adobe, 1970; English et al., 1994)̢

: 

 ( C ) 

ɗ [  (F) x  (M)]  

=   --------------------------------------------------------------------------- 

 (25) 

 

 

( )̡  

1. 

̢ 

2. ( )

̢ 

3. ̡

̢  
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̡  

( )̡  

A.  

(1).  

     0.8M

̢

48.4ǰ2.9% 11.66 

ǰ0.55%

0M 7.3ǰ1.2%

( 2011)̢  

      

(2).  

    MS-213

20~23 ʕ̡ (8L 16D)̡ 20 ɩmol photons m-2 s-1

̢ 0.1 g ̢ 20

30 2 g (  7-h)̢ 

B.  

(1)  

    5~30ʕ

̢

20-25ʕ 1300~2500 lux

12L:12D ̢ ( ̡ 1978)

20ʕ

3000~4000 lux 12L:12D

̢ 

    20 25ʕ 30 20ʕ

95.67% 25ʕ
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91.33%̢ 20 25 ʕ

̢ 

(2)  

̢ 

1. :

̢ 15~20

̢ 

2. : 2500~3000 

lux

1000~1500 lux ̢ 500 lux

̢ 

3. ̢ 30ʕ̢ 

C.  

      

̢

̡ ̢

7-10 ̡ ̢ 18-20ʕ

̡

̢ ̡

̡ ̡ ̡

̢

̡ haptera

̢ : 

(1)  
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    ̡

3

̢

̢

̢ 

(2) ̡  

1. ̡

̢

̢ ̡

( 12 )̡ 18

̢ 

2. 

̢ 

(3) haptera  

    haptera

(  12)̢

̢ 

 

( )̡  

102/02/21-23

( 2008) ̡

̡

(  13)̢
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( ̡ ̡ )

( 1)

4~6 2/21-23 4/11-13 5/23-25 7/4-6 8/19-21

9/14-16 10/20-22

 1  2 ̢ 

 

̢

̡

3-5 20 5

̡ ̡ 18

6 2.5

̢ 

 ̡

(%)̢

̡ : 

A.  

    100

( 14-16)̢ ̢

(

17, 18) ( 0~5.25% )̢2 6

3 3 1%(  

3 ( )

( 19) ( 20)̢ 4

3 1 2 ̡

3.37% 3.89%

1.68% (  3  22)̢ 5 3

2 1 ̡ 4
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0.65%̡0.93%  2.68% (  4)̢ 

    7 1

5.11%̡0.04% 0.06% ( 6)̢ 8

4 1 3

0.92%̡3.12%  5.25%

̡ ( 7)̢ 9 4 1

2 1 ̡

0.00%̡ 1.03% 3.84%( 8)̢ 10 2 1

1 0.87%

( 9)̢ 

(2008)

(Grateloupia filicina) (Sargassum spp.) ( 23)̢

̢ 1-6

6% 7-8 ̢

( ̡

) ̢

( 24)̢

25 ̢ 

 

B.  

( 26-28)̢2 8

3 1 4 1%(  

2) ̡ (
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29)̢ 15-25

̢ 

4 9 2 1 6

̡ ̡ 3.73%̡ 2.73% 7.40%

( 30) (

55-65 )

(  3; 31)̢ 4

( 32) ̡

( 33)̢ 

5 16 1 5 10

̡ ̡ 3.02%̡ 20.55% 46.49%̢

4

(  4)̢ 

7 5 2 3

̡ ̡ ̡

13.75%̡ 15.84% 21.89%̢

̡ ̡

̢ 5

( 35, 36)̢ 

8 6 2 4 ̡

̡ 11.08%̡ 41.67% 16.07%̢

̡

10% ̢  

9 4 1 1 2
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̡ ̡ 0.02%̡1.34% 2.40%

̢10 3 2

1 ̡ ̡ 0.00%̡8.21% 8.86%

̡

̡

̢ 

̢ 3-16 5

8 > >

5 8

7-8

̢5 8

7-8

9 (  4

37)̢ 38 ̢ 

 

C.  

    

( 39-41)̢

( 42)

( 43)̢2 7 2

5 1% (  

2 44 ! ̢, 45) 4 10

2 2 6 ̡ ̡

7.19%̡11.35% 8.92% (  3)̢

( 46, 47)̢5 10 2
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3 5 ̡ ̡ ̡

0.78%̡ 6.56% 11.12%

(  4)̢ 

7 5 1 1 3 ̡

̡ 0.35%̡ 2.34% 10.45%

(  

4)̢8 5 1 4

̡ ̡ 10.98% 43.94%

(  4)̢ 9 1 ɷ ̡

̡ 11.59%

5.64%

(  4, 48)̢10

( 49)̢ 

̢ 1-10 4-5

12% 8

̢

( ) ̡

2̡ 4

( )

( 47) 9

̢ 50 ̢ 

D.  

̡
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( 51-54)̢2 8 3

5 ̡

1%(  2)̢

( 55)̢ 4 10

2 2 6

2 4

̡ ̡ 2.83%̡ 12.59% 17.31%(  3)̢ ̡

( 56) ( 57)

( 58, 59)̢5 19

4 6 9

̡ ̡ 1.79%̡13.86%

23.28%(  4) 

( 60)̢ 

7 10 3 7 ̡

̡ ̡  3.61%̡11.38%

14.42%

(  4)̢ 8

5 1 4

̡ ̡ 5.42%̡ 0.89% 19.08%

(  4 61) ( 62)̢

9 2 1 1

̡ ̡ ̡ 7.10%̡ 4.44% 0.49%

̡ (  4)̢

10 3 ̡ 1 ̡ ̡

1.83%̡1.46% 3.90% ̡

(  4)̢ 
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̢ 2-19

5 ̢ ̡

9-10

̢ 8 ̡

( 63)̢

64 ̢ 

65 ! ̢1 ̢4

2 5

4

7 8-10

̡

̢ 
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̡  

( ).  

    

̢

̢ ̡

̢ 

    

̢ 4

̢

̢

̡ ̢ 

    

60 (4 5 ) 22.21~24.99

15 ( )̢

̢ ̡

̢

̢ 

    ̡

Chen, 1988 ̢

0.8M

Reddy et al. (1989)

Reddy and Fijita (1991) (0.2-0.8M)

̢ 
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     ̡ ̡ ̡ ̡ NaCl

(Chen and Chiang, 1994)̢

̢Chen (1998)

0.85M -PES PES (61.3%)

̢ 1-4

0.85M -PES

(Chen, 1994)̢

̢ 

̡ ̢ ̡

̢

̢ ̡

̢

̢

̢

̢ 

̢ 13 1.5

̡

̢

̢ 
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1-2 ̢ ̡

̢ ̡

̢

̡ ̢

̢ ̡

̢ 

    13-19

20 ̢

(  11)

̡ ̢

̢     

( ).   

    ̢

̢

2

̡ 4

1.68% - 17.31% 2 (patch)

̡

̡ ̢5

10

0.65% - 46.69% 4

̢
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̢ 

    (2008)

(2008) 4

̢

6.74% ̢ 

    

̢

̢ 

    

2 (2 5 )̢

̢ ̡

5

̢

̢ 

    

̢

̡ ̡ ̡

̡ ̢ 
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̡  

    ̡

̡ ̢

̢

10

̢ 

    

̡

̡

10%

̢

̢ 

 

 

    ̡

̢ 
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 1̡ 2-5 ̡ * 

         

 2013/02/21 2013/02/21 2013/02/22 2013/02/22 2013/02/23 2013/02/22   

( ) 14:48 (-77cm) 14:48(-77cm) 15:53(-98cm) 15:53(-98cm)     

  

 

 

 

 

 

 

  

 

 

 

  

 2013/04/13 2013/04/11 2013/04/13 2013/04/12  2013/04/12   

( ) 07:35(-192cm) 06:30(-217cm) 07:35(-192cm) 07:03(-206cm)     

  

 

 

 

 

 

 

 

  

 

  

 2013/05/24 2013/05/24 2013/05/23 2013/05/23 2013/05/24  2013/05/24 2013/05/24 

( ) 15:12(-258cm) 15:12(-258cm) 16:23(-234cm) 16:23(-234cm)     

  

 

 

 

 

 

 

 

   

 

 

̡  

* : 102  
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 2̡ 7-10 ̡ *  

     

 2013/07/06 2013/07/05 2013/07/04 2013/07/06 

( ) 17:09 (-240cm) 16:22(-228cm) 15:29(-217cm) 17:09(-240cm) 

  

 

 

 

 

 

 

 

 2013/08/21 2013/08/21 2013/08/19 2013/04/20 

( ) 18:11(-277cm) 18:11(-277cm) 16:25(-250cm) 17:23(-250cm) 

  

 

 

 

 

 

 

 

 2013/09/14 2013/09/14 2013/09/15 2013/09/16 

( ) 13:04(-219cm) 13:04(-219cm) 14:07(-234cm) 15:27(-250cm) 

  

 

 

 

 

 

 

 

 2013/10/20 2013/10/20 2013/10/21 2013/10/22 

( ) 06:53(-255cm) 15:12(-255cm) 16:23(-252cm) 16:23(-245cm) 
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 3̡ 2 ( :2013/02/21-23) 

 
 

  

şş Enteromorpha prolifera 0.00 0.00 0.00 0.05 0.00 0.00 0.10 0.00 0.00 0.07 0.00 0.00

şş Ulva conglobata 0.02 0.01 0.00 0.03 0.08 0.04 0.03 0.00 0.00 0.00 0.00 0.00

şş Ulva lactuca 0.08 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.11 0.06

şş M\onostroma nitidum 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.02 0.00

şş Sargassum thunbergii  0.00 0.00 0.00 0.00 0.22 0.01 0.00 0.00 0.00 0.00 0.00 0.00

şş Porphyra dentata 0.02 0.03 0.00 0.32 0.04 0.00 0.04 0.01 0.00 0.28 0.00 0.00

şş Gloiopeltis furcata 0.00 0.01 0.00 0.00 0.04 0.33 0.34 0.50 0.05 0.00 0.11 0.08

şş Chondracanthus intermedius 0.00 0.00 0.00 0.00 0.01 0.35 0.00 0.10 0.00 0.00 0.60 0.04

şş Hypnea spinella 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.02 0.01

şş Marginisporum aberrans 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.11 0.10 0.00 0.00 0.00

şş Corallina pilulifera 0.00 0.00 0.00 0.00 0.02 0.04 0.00 0.00 0.00 0.00 0.08 0.11

ŧŤŨ 0.12 0.13 0.03 0.40 0.43 0.77 0.81 0.74 0.15 0.39 0.94 0.30

3 5 2 3 7 5 5 5 2 3 6 5
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 4̡ 4 ( :2013/04/11-13) 

 
 

 

 

 

 

 

 

şş Enteromorpha prolifera 0.00 0.00 0.00 0.68 0.00 0.00 0.00 0.00 0.10 0.94 0.00 0.00

şş Ulva conglobata 0.00 0.00 0.00 2.41 0.90 0.04 0.00 0.00 0.60 0.00 0.00 0.00

şş Ulva lactuca 1.80 1.08 1.07 0.00 0.00 0.00 0.00 0.00 0.00 0.32 2.81 1.61

şş Ishige sinicola  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80

şş Sargassum thunbergii  0.00 0.00 0.00 0.00 0.45 3.42 0.00 0.00 3.22 0.00 0.00 0.00

şş ş Sargassum  fusiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.16 0.00 0.00 0.16

şş Porphyra dentata 0.00 0.03 0.00 0.17 0.00 0.00 0.00 0.00 2.49 0.28 0.00 0.00

şş Gloiopeltis furcata 0.00 0.00 0.00 0.02 0.30 0.33 0.00 0.50 0.34 0.44 1.23 0.14

şş Chondracanthus intermedius 0.00 0.00 0.00 0.00 0.23 0.35 0.00 0.10 0.00 0.00 0.60 6.74

şş Hypnea spinella 2.09 2.26 0.61 0.00 0.26 0.00 6.59 10.59 1.57 1.61 4.73 0.54

şş Marginisporum aberrans 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.11 0.29 0.00 0.00 0.00

şş Corallina pilulifera 0.00 0.00 0.00 0.45 0.49 3.20 0.00 0.00 0.00 0.23 1.37 3.25

şş Corallina  sp. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.85 4.08

şş Chondrophycus intermedius 0.00 0.00 0.00 0.00 0.11 0.06 0.00 0.00 0.15 0.00 0.00 0.00

ŧŤŨ 3.89 3.37 1.68 3.73 2.73 7.40 7.19 11.35 8.92 3.83 12.59 17.31

2 3 2 5 7 6 2 5 9 6 6 8
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 5̡ 5 ( :2013/05/23-24) 

 
 

 

şş Enteromorpha prolifera 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.00 0.06 0.00 0.00

şş Ulva conglobata 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.12 0.43

şş Ulva lactuca 0.63 0.92 1.97 0.15 0.10 0.00 0.03 0.53 0.37 0.86 1.37 1.77

şş Codium contractum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

şş Colpomenia sinuosa 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.03 0.00 0.00 0.01

şş Petalonia binghamiae 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.05 0.03

şş Ishige sinicola  0.00 0.00 0.00 0.00 7.13 0.00 0.00 0.00 0.00 0.00 0.40 0.00

şş Dictyota dichotoma 0.00 0.00 0.00 0.00 0.01 3.53 0.00 0.00 0.00 0.00 0.00 1.92

şş Sargassum thunbergii  0.00 0.00 0.00 1.94 0.41 0.17 0.00 0.72 0.00 0.00 2.76 0.00

şş ş Sargassum  fusiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 1.37 0.00

şş Gloiopeltis furcata 0.00 0.00 0.00 0.08 0.05 0.00 0.00 0.00 0.00 0.00 0.01 0.00

şş Chondracanthus intermedius 0.00 0.00 0.71 0.85 0.00 0.00 0.00 0.15 0.15 0.49 0.76 0.65

şş Hypnea charoides 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40

şş Hypnea spinella 0.00 0.00 0.00 0.00 0.29 0.00 0.55 4.68 0.79 0.00 0.17 1.05

şş Portieria hornemannii 0.00 0.00 0.00 0.00 0.00 1.96 0.00 0.00 0.00 0.00 0.00 0.25

şş Marginisporum aberrans 0.00 0.00 0.00 0.00 0.00 1.13 0.00 0.00 4.74 0.00 0.00 0.98

şş Amphiroa fragile 0.00 0.00 0.00 0.00 3.35 8.77 0.00 0.00 0.00 0.00 0.00 0.00

şş Corallina pilulifera 0.00 0.00 0.00 0.00 0.43 26.08 0.00 0.29 1.77 0.00 3.07 13.63

şş Corallina sp. 0.00 0.00 0.00 0.00 8.73 4.26 0.00 0.15 3.29 0.00 3.78 2.15

şş Gracilaria  sp. 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00 0.00 0.00 0.01

şş ş Laurencia okamurai 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00

ŧŤŨ 0.65 0.93 2.68 3.02 20.55 46.49 0.78 6.56 11.12 1.79 13.86 23.28

2 2 2 4 10 10 3 7 7 4 11 14
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 6̡ 7 ( :2013/07/04-06) 

 
  

ş Ulva lactuca 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.13 0.00 0.00 0.00

ş Ishige sinicola  0.00 0.00 0.00 1.85 14.84 0.00 0.00 0.00 2.49 0.00 3.50 0.00

ş Sargassum thunbergii  0.00 0.00 0.00 6.86 0.18 0.00 0.00 0.00 0.00 1.62 3.50 0.51

ş ş Sargassum  fusiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.59 0.00

ş Chondracanthus intermedius 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.21 0.00

ş Portieria hornemannii 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.96

ş Hypnea spinella 0.06 0.04 5.11 0.00 0.00 0.00 0.31 0.47 0.00 1.03 0.21 0.07

ş Amphiroa fragile 0.00 0.00 0.00 0.00 0.82 21.21 0.00 0.61 5.95 0.96 0.86 11.76

ş Corallina pilulifera 0.00 0.00 0.00 2.41 0.00 0.55 0.00 1.26 1.88 0.00 1.21 0.48

ş Corallina  sp. 0.00 0.00 0.00 2.63 0.00 0.13 0.00 0.00 0.00 0.00 0.18 0.49

ş ş Laurencia okamurai 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15

ŧŤŨ 0.06 0.04 5.11 13.75 15.84 21.89 0.35 2.34 10.45 3.61 11.38 14.42

1 1 1 4 3 3 1 3 7 3 9 7
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 7̡ 8 ( :2013/08/19-21) 

 
 

  

şş ş Ulva clathrata 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

şş Ulva lactuca 0.00 0.00 0.00 0.00 0.03 0.68 0.00 0.00 0.00 0.00 0.00 0.00

şş Ishige sinicola  0.00 0.00 0.00 0.52 12.30 0.00 0.00 0.00 0.00 0.00 0.00 1.84

şş Sargassum thunbergii 0.00 0.00 0.00 0.75 0.39 0.97 0.00 0.00 0.00 0.00 0.00 0.00

şş şŧ ŨHizikia fusiformis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.29 0.64 0.00 0.00 0.00

şş Portieria hornemannii 0.00 0.00 0.00 0.25 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.00

şş Amphiroa fragile 0.00 0.00 0.00 1.94 0.47 6.56 0.00 0.00 33.54 0.00 0.00 4.99

şş şHypnea spinella 0.00 2.14 2.42 0.00 0.00 0.00 0.00 2.25 0.00 0.11 0.86 0.07

şş Corallina pilulifera 0.00 0.00 0.87 1.32 14.89 5.62 0.00 4.61 3.61 0.00 0.00 4.48

şş Neogoniolithon sp. 0.00 0.05 1.05 6.30 13.60 1.96 0.00 2.83 6.14 5.31 0.03 7.71

ş Lyngbya majuscula 0.92 0.92 0.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ŧŤŨ 0.92 3.12 5.25 11.08 41.67 16.07 0.00 10.98 43.94 5.42 0.89 19.08

1 4 4 6 6 6 0 4 4 2 2 5
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 8̡ 9 ( :2013/09/14-16) 

 
 

 

 9̡ 10 ( :2013/10/20-22) 

 

şş Ulva conglobata 0.00 0.38 0.21 0.02 1.04 0.27 0.00 0.00 0.00 0.00 0.00 0.00

şş Sargassum thunbergii 0.00 0.00 0.00 0.00 0.00 1.48 0.00 0.00 0.00 0.00 0.00 0.49

şş şHypnea spinella 0.00 0.42 1.67 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00

şş Corallina pilulifera 0.00 0.00 1.96 0.00 0.30 0.53 0.00 0.00 0.00 0.00 0.00 0.00

şş Lyngbya majuscula 0.00 0.23 0.00 0.00 0.00 0.00 11.59 5.64 0.00 7.10 4.44 0.00

ŧŤŨ 0.00 1.03 3.84 0.02 1.34 2.40 11.59 5.64 0.00 7.10 4.44 0.49

0 3 3 1 2 4 1 1 0 1 1 1

şş Ulva conglobata 0.00 0.00 0.00 0.00 0.00 0.00 - - - 0.00 0.00 0.35

şş Ishige sinicola  0.00 0.00 0.00 0.00 5.72 0.26 - - - 0.00 0.00 0.00

şş Sargassum thunbergii 0.00 0.00 0.00 0.00 1.40 1.32 - - - 0.00 0.00 1.56

şş şHypnea spinella 0.00 0.00 0.69 0.00 0.00 0.00 - - - 0.00 0.00 0.00

şş Corallina pilulifera 0.00 0.00 0.00 0.00 0.00 0.00 - - - 0.00 0.00 0.00

şş Lyngbya majuscula 0.00 0.00 0.18 0.00 1.08 7.29 - - - 1.83 1.46 1.99

ŧŤŨ 0.00 0.00 0.87 0.00 8.21 8.86 na na na 1.83 1.46 3.90

0 0 2 0 3 3 na na na 1 1 3
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 1̡ ( : )̢ 

 

 

 

 
 

 2̡ (Ulva lactuca) ( : Graham et al., 2008)̢ 
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 3̡ (Porphyra dentata) ( :Hori, 1993)̢ 
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 4̡ (

)̢ 

  

 

 

 

 
 

 5̡ (1. 2. 3. 4. )̢ 
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 6̡ (Laminaria japonica) ( : Hori, 1993 )̢ 
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A. ̢ B. ̢ 

  
C. 1  ̢ D. 3

̢ 

  
E. ̢ F. 30

̢ 

  
G. 60

̢ 

H. 

̢ 

 7̡ ̢ 
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A. 

4 ̢ 

B. ̢ 

  
C. ̢ D. ̢ 

  
E. 

̢ 

F. ̢ 

  
G. ̢ H. 90

̢ 

 8̡ ̢ 
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A. ̢ B. ̢ 

  
C. 

(5/1)̢  

D. (5/10)̢  

  
E. ̢ F. 

̢ 

 9̡ ̢ 
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A. 15

̢ 

B. ̢ 

  
C.  ̢ D. 

̢ 

  
E. 12

(06/05)̢  

F. 18

(06/05)̢  

  
G.  H.  

 10̡ ̡ ̢ 
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A. 15

(08/10)̢  

B. (09/15)̢  

  
C. 15

(08/10)̢ ̢ 

D. (09/15)̢  

  
E. 

̢ 

F. 

̢ 

  
G. 

̢ 

H. ̢ 

 11̡ ̡  
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A. 

(haptera) (04/16)̢ 

B. haptera (04/16)̢ 

  
C. 5 haptera

(09/13)̢̢ 

D. haptera (09/13)̢ 

  
E. 5 haptera

(09/13)̢ 

F. 5 haptera

(09/13)̢ 

 12̡ ̢ 
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 13̡ : ̡

̡ scale=2km̢  
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 14̡ (24ǯ31'13.68" 118ǯ25'43.05" )

scale =0.1km ̢ 
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 15̡ ̢ 

 

 
 16̡ ( ) ̢ 
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 17̡

̢ 

 18̡ (

) ̢ 

  
 19̡ 2

̢ 

 20̡ 2

̢ 

  
 21̡ ̢  22̡

̢ 
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 23̡

̢ 

 24̡

̢ 

 

 

 
 25̡ 2013 2-10 (%) ̢ 
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 26̡ (24ǯ28'52.09" 118ǯ27'52.56" )

scale =0.1km ̢ 
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 27̡ ̢ 

 

 
 28̡ ( ) ( ) ̢ 
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 29̡

̢ 

 30̡

̢ 

  
 31̡ 2

̢ 

 32̡

̢ 

  
 33̡ 4

̢ 

 34̡ 4

̢ 
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 35̡

̢ 

 36̡ 8

̢ 

 

 37̡

̢ 

 

 38̡ 2013 2-10 (%) ̢ 
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 39̡ (24ǯ26'50.04" 118ǯ28'29.99" )

scale =0.1km ̢ 
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 40̡ ̢ 

 

 

 
 41̡ ̢ 

 



71 
 

 

  
 42̡

̢ 
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2  ̢
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 50̡ 2013 2-10 (%) (̢10

̢) 
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 51̡ (24ǯ25'57.75" 118ǯ27'44.87" )

scale =0.1km ̢ 
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 52̡ ̢ 

 

 

 
 53̡ ̢ 
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 54̡

̢ 

 55̡ 2

̢ 

  
 56̡ 4

( )

̢ 

 57̡ 4
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 60̡

̢ 

 61̡

̢ 

  
 62̡ 8

̢ 

 63̡ 8 ̡

̢ 

 

 

 
 64̡ 2013 2-10 (%) ̢ 
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 65̡ 2013 2 (%)̢  

 

 

 

 

 
 66̡ 2013 4 (%)̢  
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 67̡ 2013 5 (%)̢  

 

 

 

 
 68̡ 2013 7 (%)̢  
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 69̡ 2013 8 (%)̢  

 

 

 

 
 70̡ 2013 9 (%)̢  
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 71̡ 2013 10 (%)̢

( ̢) 
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1. PES(Provasolis enriched seawater) ( ) (Provasoli, 1968) 

NaNO3 350   mg 

Na2  glycerophosphosphate  50   mg 

EDTA-Fe-Na  18.85 mg 

ƏʙƬƠƳƤƱ  25   ml 

Vitamin B12  10   ɩg 

Thiamine   0.5  mg 

Biotin   5   ɩg 

Tris buffer Sigma Co.  500   mg 

H2O 100   ml 

*PES pH 7.8 

 

 

 

2. ƏƆŲŴǈGeO2                                     
NaNO3 7.5     g 

NaH2PO4 5.6     g 

Na2EDTA 4.36    g 

FeCl3 . 6H2O 3.15    g 

CuSO3
 . 5H2O 0.01    g 

ZnSO4
 . 7H2O 0.022   g 

CoCl2 . 6H2O 0.01    g 

MnCl2 . 4H2O 0.18    g 

NaMoO4
 . 2H2O 0.0063  g 

Biotin 0.001   g 

Vitamin B12 0.001   g 

Thiamin HCl 0.2     g 

Distill water 1L 

* GeO2 (4 g/L dH2O) 
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 M  

5 1/2 ɶ  50-100 75 

4 1/4 ɶ 1/2 25-50 37.5 

3 1/8 ɶ 1/4 12.5-25 18.75 

2 1/16 ɶ 1/8 6.25-12.5 9.38 

1 1/16 <6.25 3.13 

0  0 0 






































