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2011 3

7 2-6 3 m × 3 

m 5 m × 5 m  10 m × 10 m 22

2012 4 9 pH

2011

(4 7 10.9 0.7 mg L-1) (< 0.05 mg 

L-1 ) 7

4 3.11%

3.0% 4 9 2011

6 7 4 1000 mg/kg (0.1 %) 9

500 mg/kg 4

2740-4647 mg/kg 2011

9

7 50%
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1994 2000 5

(Avicennia marina) (Rhizophora stylosa)

(Kandelia obovatal) (Lumnitzera racemosa)

1 4 2

(

)

2010 10 GPS

1994 1.14 ha 2.6 ha

J 2

2011

2

 

 

Key words  Peng-Hu, Chingluo wetland, Mangrove rehabilitation, 

Monitoring, Population structure. 
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2-4

12000 ha 11450 ha 550 ha

(mangrove)

(Linton and Warner, 2003)

(carbon fixation) (carbon sequestration)

(Kristensen et al. 2008)

(Tomlison, 1994)  

30

(Field, 1998; Kaly and Jones, 1998)

Field (1998; 1999) Kaly and Jones (1998) Imbert et al. (2000)

 

1.  



 2

(nature reserves) (national 

parks) (wildlife sanctuaries)

(internationally protected sites) (Field, 1998; 1999) 1994

1996 12

3 (

2009)  

2.  

( )

(Field, 1998; 1999)

(Lesser Antilles)

(Imbert et 

al., 2000)  

3.  

(Field, 1998; 1999) 30% 

(Othman, 

1994)

(Dahdouh-Guebas et al., 2005; Kathiresan and 



 3

Rajendran 2005)  

Yap (2000)

2-3 Ellison 

(2000) Lewis and Streever (2000)

(stability of site) (rate of siltation)

(nature of soil) (exposure to waves and tidal 

currents) (salinity of the soil water) (depth of tidal 

inundation) (gradient of site) (availability of 

fresh water) (insulation) (exposure to wind)

(height of the water table) (presence of pests)

(availability of propagules) (signs of natural 

regeneration) (absence of debris)

(cooperation from local communities)

(Field, 

1998; Ellison, 2000; Kaly and Jones, 2000; Lewis and Streever, 2000)  

(1982)

1958 (Avicennia marina)

2–3 m 1960-1970

50 ha

1980-1990
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1993 800 2-4

10% 1994 1

17

2007 12

 

Field (1998)

2-3 10

30

(heterogeneity)

Ruiz-Jaen and Aide (2005)

( )
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23°12 23°47 119°19 119°43 90

60 km 40 km ( 1)

23°27

90 127.9636 km2 326.7634 

km 19 124.9392 km2

71 3.0244 km2

1 5

96 ( http://www.penghu.gov.tw/)  

1.  
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( 2007) 

(23°35'48"N , 119°38'12"E)  

 

 

 

221 ha  

13

6 m

( 2)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.  



 7

4 ( 3)  

( )  

 

( ) ( ) 

41

4

 

( )  

41 1995

 

( )  
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3. 4  

 

 

 

 

 

 

1 

2 

3 

4 
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( )  

1.  

1998 2009 23.7

29.8~31.2 17.8~20.0  

2.  

1000 mm 10

1200.4 mm

6~8 89  

3.  

4.8 m sec-1 10~11 6.7 m sec-1

9.7~12.3 m sec-1

 

4.  

75-85% 83%

1600 mm

 

1000 mm
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( 2005)  

( )  

 

( )  

14-79 m

(79 m)

 

60 cm
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( 2005)  

( )  

68 190 260 170 52

38 ( 2005)

( ) ( )

( 2005)  

4

( 2005)

2008 31 82 101

( 1) ( 1-8 ) 7

20 21 (Cassia sophora var. 

penghuana) (Myoporum bontioides)

(Portulaca insularis)  
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1.  

    
 × × × 

 × × × 
    

 31 82 101 
 7 20 21 

 38 102 122 
 

( )  

300

(

http://www.hs885.gov.tw/)  

3

(Platalea minor) (Egretta eulophotes)

(Accipiter soloensis) (Butastur indicus) (Falco 

tinnunculus)  (Glareola maldivarum) (Sterna albifrons)

(Sterna sumatrana) (Lanius 

cristatus)  
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1. 
( ) 

5. (
) 

2. 
( ) 

6. 
( ) 

3. (
) ( ) 

7. 
( ) 

4. 
( ) 

8. (
) 
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( )  

2010 10 ( 2) 3 477

1,378

2011 10 501 1 12

17 1378 1383 2012

10 507 1 4

1 1383 1378  

2. 2010 10 2012 10
(http://www.phhg.gov.tw/huhsi/) 

  ( ) ( ) ( ) 
2010 10      

 104 180 148 328 
 98 151 126 277 
 275 406 367 773 

 477 737 641 1378 
     

2011 10      
 109 177 148 325 
 102 145 137 282 
 290 403 373 776 

 501 725 658 1383 
     

2012 10      
 115 178 140 318 
 101 139 133 272 
 291 404 384 788 

 507 721 657 1378 
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( )  

 

1.  

50%

19

(

2005)  

2.  

 

( )  

75%

(

2005)  
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( )  

1993 800 2-4

10% ( 9)

1994

5 ( 4)

30 cm 3

pH 1994 2000

(Kandelia obovatal) (Lumnitzera racemosa) (Rhizophora 

stylosa) 4 ( 10-16)

3  

1.  

1994 9

1 4 3 cm

50 cm 1 cm

30000  

2.  

1995 3 2300

2 3  

3.  

1997 6 2

2 4 50 × 50 cm

5 1500  
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4.  

1994 9 4 415

1 3

 

2000 6 600

5  
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9. 1993 2-4
10% 

13. 1
 

 

10. 3 cm 
 

14. 2
 

11. 3 cm 
 

15. 1994  

12.  16.  
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4. 1994 2000  
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3. 
 ( 2006) 

 
 

  
 

 
 

 
 

 pH
(mS cm-1)

1

  

8.2 11.3 1994 9   

 

 

 

2

 

( 3-3.5 m)  

 

8.3 21.5  1997 6  2

 

( 25 m)  

 

8.3 13.7 1993  2-4

 

   1994 9   

   1995 3  

 

 

3

 

( 2-2.5 m)  

 

8.3 9.3  1997 6  2

 

( 15 m)  

 

8.1 11.8 1994 9   

   1995 3  

 

 

4

 

( 2 m)  

 

8.1 25.6  1997 6  2

 

( 5m)  

 

8.1 11.3 1994 9   

   1994 6  

5

 
 

7.9 11.2 1993  2-4

 

    2000 6  
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( )  

1994

3.1 ha

2010 10 GPS 5.3 ha

( 5)  

5.  

 

1994 5 2009 6 (

6) 2010 11

7 2 ( 6) 2007

 

2011 (Global Positioning System, 

GPS) (GARMIN, GPS MAP 60 CSx)

7 ArcMap ( 6)  
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6.  
 

( )  

1.  

(http://www.cwb.gov.tw/)

 

2. ( 2011) 

2011 3 26

7 2-6 3 m × 

3 m 5 m × 5 m  10 m × 10 m 5 m

22 PVC ( 50 

cm 4.1 cm) 20 cm 30 cm

( 4)  
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4   
-

 X (m) Y (m) E  N 

I-1 111932 2611181 119:38:49.9462 23:35:53.5959
I-2 111903 2611155 119:38:48.9322 23:35:52.7420
I-3 111903 2611101 119:38:48.9502 23:35:50.9870
II-1 111953 2611204 119:38:50.6791 23:35:54.3498
II-2 111966 2611185 119:38:51.1439 23:35:53.7363
III-1 111996 2611197 119:38:52.1979 23:35:54.1355
III-2 112007 2611176 119:38:52.5928 23:35:53.4564
IV-1 112028 2611167 119:38:53.3364 23:35:53.1704
IV-2 112059 2611148 119:38:54.4359 23:35:52.5624
V-1 111963 2611123 119:38:51.0588 23:35:51.7205
V-2 111972 2611070 119:38:51.3938 23:35:50.0008
V-3 112005 2611066 119:38:52.5589 23:35:49.8809
V-4 111987 2611122 119:38:51.9055 23:35:51.6953
V-5 112005 2611101 119:38:52.5472 23:35:51.0184
V-6 112011 2611120 119:38:52.7525 23:35:51.6377
VI-1 112012 2611029 119:38:52.8181 23:35:48.6806
VI-2 111973 2611031 119:38:51.4421 23:35:48.7336
VI-3 112108 2611027 119:38:56.2042 23:35:48.6451
VII-1 112156 2611009 119:38:57.9029 23:35:48.0748
VII-2 112163 2610972 119:38:58.1621 23:35:46.8745
VII-3 112214 2610923 119:38:59.9769 23:35:45.2977
VII-4 112282 2610813 119:39:02.4114 23:35:41.7436

X ( )  
Y  
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GPS ArcGIS 9.0

( 7)  

 

 

 

 

 

  

 

 

 

 

 

 

 

7.  
 

3. ( 17-24) 

2012 4 9 5

(Multi-Parameter, WTW Multi 340i, 

Germany) pH

(Cole-Parmer 99511-10, U.S.A.)  

250 mL 3 1~3

COD (PhotoLab S6, WTW)
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(1) (Total nitrogen, TN) 

a. 10 ml  

b. N-1K N-2K (1 6 ) 120

60  

c. N-3K (1 ) 1  

d. 1.5 ml (

) 10  

e. TP COD ZERO  

f.  

(2) (Phosphate PO4
3 -P, TP) 

a. 5ml  

b. P-1K ( 1 ) 120 30

 

c. P-2K P-3K (5 1 ) 5  

d. TP COD ZERO  

e.  

 

4. ( 25-32) 

2012 4 9 GPS ( 7) ( 5)

3 10 

cm  
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5.  
-

 
X Y E  N 

I-1 111917 2611100 119:38:49.4443 23:35:50.9589

I-2 111906 2611131 119:38:49.0460 23:35:51.9629

I-3 111918 2611188 119:38:49.4502 23:35:53.8191

II-1 111962 2611206 119:38:50.9958 23:35:54.4176

II-2 111970 2611181 119:38:51.2863 23:35.:53.6076

II-3 111962 2611171 119:38:51.0075 23:35:53.2081

III-1 111986 2611193 119:38:51.8465 23:35:54.0021

III-2 111984 2611184 119:38:51.7790 23:35:53.7094

III-3 111977 2611169 119:38:51.5372 23:35:53.2197

IV-1 112055 2611147 119:38:54.2952 23:35:52.5287

IV-2 112051 2611145 119:38:54.1548 23:35:52.4625

IV-3 112041 2611130 119:38:53.8071 23:35:51.9719

V-1 111958 2611150 119:38:50.8735 23:35:52.5964

V-2 111971 2611112 119:38:51.3446 23:35:51.3654

V-3 111998 2611073 119:38:52.3097 23:35:50.1063

VI-1 112013 2611027 119:38:52.8540 23:35:48.6159

VI-2 111971 2611029 119:38:51.3722 23:35:48.6680

VI-3 111943 2611049 119:38:50.3781 23:35:49.3094

VII-1 112214 2610923 119:38:59.9769 23:35:45.2977

VII-2 112168 2610959 119:38:58.3427 23:35:46.4535

VII-3 112219 2610891 119:39:00.1638 23:35:44.2592

X ( )  
Y  
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17. 2012 4 27
 

21.  

18. 2012 4
5  

22. N P
 

19. 2012 9
 

23.  

20. 2012 9
 

24. N
P  
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25. 2012 4 GPS
 

29. 
 

26. 3 10 cm
 

30. 
 

27. 1 31. 2012 9 3
10 cm  

28. 5
 

32.  
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(1) Walkley-Black (Nelson and Sommer, 1982) 

0.5 mm 0.25 g 500 mL

10 mL 1N K2Cr2O7 20 mL

30

( ) 200 mL

10 mL 85% 2-3 O-phenanthroline

1 N (ferrous ammonium silfate)

( - - - - )

 

O.C. (g/kg)= Oxi (1-Vs/Vb)×1.0×(12/4000)÷0.77×(100/ ) 

Oxi: (mL) 

Vs: 1 N (mL) 

Vb: 1 N (mL) 

 

(2)  

1 g sample 1 g 5 mL

( 360 4 ) 100 m PE

25 mL 10 N 10 mL 10 mL

40 mL 0.02 N -N  

N%=A*0.02 N*(10-3l/ml*14g/eq*100%)*100 ml/25 ml 

=A*0.02 N*(1.4)*4   A 0.02 N mL  
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(3) ( ) 

A.  

(a) 1.70% (Perchloric acid)  

(b) (15.8 M)  

(c) 2.5 M 70 mL (18 M) 500 mL  

(d) (NH4)6MO7O24 4H2O 20 g

500 mL  

(e) K(SbO) C6H4O6 1/2 H2O (1 mg Sb/mL) 0.2728 

g 100 mL  

(f) 0.1 M C(Ascorbic acid) 1.76 g C6H O6

100 mL  

(g) 2.5 M 50 mL 5 mL

15 mL C 30 mL  

(h) (50 mg P/L) 0.2197 g (40 )

(KH2PO4) 25 mL 3.5 M

1 L  

(i) (5 mg P/L) 10 mL (50 mg P/L)

100 mL  

B.  

(a) 2.0 g (<0.5mm) 30 mL

70% HClO4 130-140

203-210

20~30 min

1-2 mL HClO4  
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(b) 200 mL

 

(c) 5 mL 5 mg P/L

( 0.004 mg/L~0.8 mg/L )

50 mL 8 mL 10 min

UV P UV 880 nm sample

 

C.  

kg
w

usedsoilgmL
L

V
mLLmgConcPKgmgP Br

3

3
1

10%)1(200
10

50)/.()/( �������  

V1= (mL) 
 

(4) (Gee and Bauder, 1986) 

12 g 500 mL 

30 mL 35% (H2O2) 70~80

H2O2 200 mL 0.3 M (sodium 

citrate) 25 mL 1 M (bicarbonate, NaHCO3) 2 g

(dithionite, Na2S2O4) 80

15

1100×g 10

( DCB

) 105

10 g 10 mL

(sodium hexametaphousphate) 10
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320-325 mesh (<0.05 mm)

1000 mL

(2-1 mm) (1-0.5 mm) (0.5-0.25 mm) (0.25-0.1 

mm) (0.1-0.05 mm) 1000 mL

Stoke 10 cm

25 mL 10 cm 25 mL (<2 �m)

40

 

5. 

2012 4 9 2 (Light Meter, LI-COR LI-250A, U. 

S. A.)

(Photosynthetic Photon Flux Density, PPFD) 2  

6.  

2012 4 9

 

 

( )  

1. ( 33-38) 

2012 4 27-28 1994

 

2. ( 39-40) 

2012 4 27-28 6

6
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3. ( 41-56) 

4 2 cm

2012 9 14-16

 

 

( ) ( 57-64) 

2011 7 400

2011 5

300 80

2  

 

( )  
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33. 2012 4 27
 

37. 7
 

34. 7  38. 1
 

35. 3  39. 1  

36. 4 40. 3
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41. 2012 9 GPS
 

45. 6
 

42. 9 1 46. 3  

43. 5 47. 4
 

44. 5  48. 
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49. 
 

53. 
 

50. 
 

54. 
 

51. 7 55. 
 

52. 7  56. 
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57. 2012 5 6
 

61. 
 

58. 
 

62. 2011 7
 

59. 
 

63. 
 

60. 
 

64. 
 

 



38 38

 
 

( )  

2012 1 10

( 6) 4 5

24.4 26.1 31.0 32.5

1 4 5 6 8

192.7 226.0 175.0 mm

 

6. 2012 1 10  
( http://www.cwb.gov.tw/index-f.htm) 

 
( ) 

 
( ) ( ) 

 
(mm) ( ) 

 
( )  

(m S-1) 

1  15.1 21.5 11.3 10.5 9 24.2 10.7 

2  14.8 25.9 10.3 28.4 10 34.4 11.6 

3  19.2 29.4 12.8 7.3 5 119.5 11.2 

4  24.4 31.0 20.0 71.7 16 135.8 8.6 

5  26.1 32.5 22.6 192.7 10 179.4 8.6 

6  27.2 32.9 23.3 226.0 12 171.2 20.6 

7  28.7 33.9 24.8 69.5 7 289.2 10.3 

8  28.3 32.6 24.3 175.0 12 169.8 12.5 

9  27.7 33.5 23.2 0.3 1 249.5 10.7 

10  25.1 30.0 21.6 <0.1 0 235.3 10.4 
 

 

 



39 39

2012 10

7 ( 7) 6 18

2 20 14

21 5

 

7. 2012 1 1 10  

  
(hPa) (m/s) (km) (km) 

 JELAWAT 
09/27

09/28 
 910 55 250 100 

 TEMBIN 
08/26

08/28 
 965 35 180 50 

 TEMBIN 
08/21

08/25 
 945 45 180 50 

 KAI-TAK 
08/14

08/15 
 995 20 150 -- 

 HAIKUI 
08/06

08/07 
 960 35 180 50 

 SAOLA 
07/30

08/03 
 960 38 220 80 

 DOKSURI 
06/28

06/29 
 995 23 120 -- 

 TALIM 
06/19

06/21 
 985 25 150 -- 

 

2012

8-11

 

 



40 40

8. 2012 1 3  



41 41

9. 2012 4 6  

 



42 42

10. 2012 7 9  


