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Abstract
|Xeruca formosensis is an endemic genus and species in Taiwan. Distributed main-

ly in the supratidal zone of the mudflat coast, Xeruca formosensis has suffered from 

habitat destruction for decades, heading towards serious population decline and almost a 

threatened extinction. This study focuses on six stable populations of Xeruca formosen-

sis in the tidal zones of Taiwan from 2019 to 2021. Our study was conducted in Siang-

shan Wetland, Gaomei Wetland, Dadu estuary, Choshui estuary, Pachang estuary, and 

Tsengwen estuary. A total of 14 crab species from 185 sampling plots (4 m2 per plot) 

were recorded. In addition, we have included 124 sampling plots for soil texture, and 79 

sampling points for hydrology and water quality. Previous data collected from 1992 to 

2018 were analyzed to understand the growth and decline of Xeruca formosensis, and to 

explore habitat characteristics and changes in di erent habitats in Taiwan. Xeruca for-

mosensis was mainly distributed in loamy sand, sandy loam, and sandy clay loam in the 

high tide area along the riverbank, reaching upstream to as far as 3-6 kilometers from 

the sea shore in the Dadu estuary, Choshui estuary, Pachang estuary, and Tsengwen estu-

ary. By contrast, distribution of Xeruca formosensis along the coasts in Siangshan Wet-

land and Gaomei Wetland was probably due to the long-term fresh water discharge from 

the surrounding area. Analysis show that the Shannon’s index was higher in both Gao-

mei Wetland and Dadu estuary than in the other four sites, and the largest population oc-

curred in the Choshui esturary among all sites. In the detrended correspondence analysis 

of 14 crab species in 185 sampling plots, we found that the composition of crab species 

in the Choshui estuary was di erent from those in other geographic regions. Arti cial 

developments, arti cial planting of mangroves or coastal erosion are a threat to the hab-

itats of Xeruca formosensis in Taiwan. Currently, the most populated areas of Xeruca 
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formosensis are only listed in Taiwan’s Wetlands of Importance, but not included in the 

wildlife sanctuary. The Choshui estuary and Taixi Sea Park are currently not protected 

by any laws, and these habitats can be developed and used at any time.

Keywords: Xeruca formosensis, Siangshan Wetland, Gaomei Wetland, Dadu estuary, 

Choshui estuary, Pachang estuary, Tsengwen estuary, soil texture
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1. (
)

Fig.1. Xeruca formosensis sampling stations in the tidal zones of Taiwan according to estuary and 
geographical location (Siangshan Wetland, Gaomei Wetland, Dadu estuary, Choshui estuary, 
Pachang estuary, Tsengwen estuary).
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1. 6 23
Table 1. Twenty-three sampling stations in six geographical regions of Xeruca formosensis habitats in the 

tidal zones of Taiwan.

2. 6
Figure 2. Histogram of Xeruca formosensis habitat area size in six geographical regions in the tidal zones 

of Taiwan.
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3. 23
Fig.3. Histogram of Xeruca formosensis habitat area size in 23 sampling stations in the tidal zones of 

Taiwan.
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4 1

STDEV.S

Xeruca formosensis 185 10107 13.66 43.12
Tubuca arcuata 152 3402 5.60 18.31
Austruca lactea 145 8196 14.13 46.23
Gelasimus borealis 8 105 3.28 3.27
Ilyoplax tansuiensis 6 42 1.75 1.38
Tmethypocoelis ceratophora 8 111 3.47 3.06
Macrophthalmus banzai 8 111 3.47 4.00
Helicana  doerjesi 70 756 2.70 6.73
Helice formosensis 91 966 2.65 7.33
Metaplax elegans 6 54 2.25 1.66
Parasesarma affine 22 123 1.40 2.00
Perisesarma bidens 17 99 1.46 1.89
Scylla serrata 1 1 0.25 0.07
Cardisoma carnifex 1 1 0.25 0.07

2. 185 14
Table 2. Number of plots and individual numbers of 14 crab species in 185 sampling plots in Xeruca 

formosensis habitats, in the tidal zones of Taiwan.

3. 6
Table 3. Statistics of crab individuals in Xeruca formosensis habitats in six geographical regions, in the 

tidal zones of Taiwan.
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4 m2
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4. 6
Table 4. Relative importance value of Xeruca formosensis habitats in six geographical regions, in the tidal 

zones of Taiwan.
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5. 185
Table 5. Shannon’s diversity index in 185 sampling plots in Xeruca formosensis habitats in the tidal zones 

of Taiwan.
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Fig.4. A dendrogram showing similarity in 14 crab species in 185 sampling plots by cluster analysis.
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5. (N=185) 14 ( ) 1 2

Fig.5. Ordination of 14 crab species along the rst two DCA axes by detrended correspondence analysis.

6. 6 (N=185) 1 2
Fig. 6. Ordination of 185 sampling plots in six geographical regions along the first two DCA axes by 

detrended correspondence analysis.
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93%
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22

2017

( 4 )

2015 0.06 

mm 2017 0.108 mm

( 10)

 2021      
2021   - 0.02 * 0.48 0.02 * 1 

 R2=0.19 - 1 0.34 0.4 
 R2=0.09 R2=0.08 - 0.97 1 

 R2=0.28 R2=0.17 R2=0.08 - 0.19 
 R2=0.01 R2=0.22 R2=0.08 R2=0.29 - 
 R2=0.25 R2=0.16 R2=0.03 R2=0.03 R2=0.26 

2012  R2=0.19 R2=0.19 R2=0.24 R2=0.29 R2=0.09 
 

6. 7 one way-PERMANOVA
Table 6. Significance of the pseudo-F-statistic described of the soil particle size between seven 

geographical regions by one way-PERMANOVA
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7. 6 ( )
Fig.7. Boxplot of soil particle size (sand, silt, clay) of six geographical regions in Xeruca formosensis

habitats in Taiwan.
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8. 6 124
Fig.8. Ordination of soil particle size (sand, silt, clay) in 124 sampling plots in six geographical regions of 

Xeruca formosensis habitats along the rst two PCA axes in Taiwan.
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9. 22 ( )
Fig. 9. Boxplot of soil particle size (sand, silt, clay) in 22 sampling stations in Xeruca formosensis 

habitats in Taiwan.
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Fig.10. Average soil particle size of Xeruca formosensis habitats in Gaomei and Shengang wetlands 
between years.
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Table 7. Descriptive statistics from 79 sampling points of hydrology and water quality in six geographical 
regions in Xeruca formosensis habitats in Taiwan. 

pH 
‰ ms/ cm

%
mg/L

79 

MAX 40.10 9.08 41.00 61.00 185.20 11.57 

MIN 18.70 7.12 0.10 0.47 8.70 0.57 

AVERAGE 30.80 8.06 18.93 30.06 94.92 6.26 

STDEVA 3.47 0.35 10.62 15.96 27.33 1.64 

23 

MAX 40.10 9.08 41.00 61.00 185.20 10.80 
MIN 22.10 7.48 0.60 1.30 8.70 0.57 
AVERAGE 30.48 8.26 22.03 33.67 95.75 6.13 
STDEVA 3.510 0.38 13.23 19.42 39.01 2.12 

11 

MAX 31.70 8.96 33.00 50.00 115.20 8.50 
MIN 27.70 7.12 0.10 0.47 46.20 3.53 
AVERAGE 29.62 7.77 9.70 15.27 84.55 6.06 
STDEVA 1.33 0.43 11.47 17.29 19.96 1.35 

13 

MAX 36.70 8.65 32.70 49.80 137.00 9.24 
MIN 26.30 7.20 1.80 3.41 38.00 2.65 
AVERAGE 30.29 7.87 17.75 27.93 73.26 4.94 
STDEVA 2.65 0.36 8.71 13.21 29.90 1.91 

8 

MAX 38.90 8.74 38.60 57.10 139.90 8.53 
MIN 33.10 7.69 12.50 20.50 62.40 3.84 
AVERAGE 36.41 8.23 26.26 40.59 109.50 6.51 
STDEVA 1.88 0.26 4.32 6.02 15.00 0.91 

8 

MAX 32.70 8.61 24.00 48.10 175.93 11.57 
MIN 23.20 7.51 3.62 7.31 64.10 4.75 
AVERAGE 28.51 7.88 13.86 27.92 108.68 7.59 
STDEVA 3.04 0.26 7.26 14.41 20.32 1.30 

16 

MAX 39.60 8.33 29.90 46.00 130.70 8.32 
MIN 18.70 7.89 3.90 6.80 83.80 5.50 
AVERAGE 30.84 8.14 20.66 32.58 104.31 6.88 
STDEVA 4.38 0.08 5.94 8.80 11.50 0.79 



29

TW J. of Biodivers.24(3):1-76,2022

Table 8. Significance of the pseudo F-statistic described of hydrology and water quality between six 
geographical regions by one way-PERMANOVA.

p (* < 0.05) F (R2)

Fig.11. Ordination of hydrology and water quality in 79 sampling plots, in six geographical regions, along 
the rst two PCA axes in Taiwan (A: Water temperature, B: pH value, C: salinity, D: conductivity, F: 
dissolved oxygen).

       
 - 0.54 1 1 1 1 
 R2=0.10 - 0.84 0.03 * 1 0.02 * 
 R2=0.05 R2=0.12 - 0.35 0.86 0.02 * 
 R2=0.06 R2=0.35 R2=0.20 - 0.08 1 

 R2=0.05 R2=0.13 R2=0.13 R2=0.30 - 0.47 
 R2=0.05 R2=0.30 R2=0.20 R2=0.09 R2=0.13 - 
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Fig.12. Boxplot of hydrology and water quality in 23 sampling stations in Xeruca formosensis habitats in 
Taiwan.
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13. 23
Fig.13. Boxplot of hydrology and water quality in 22 sampling stations in Xeruca formosensis habitats in 

Taiwan.
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( 1992 2009

2010a  2012 2012 2012

2015)

2007 2014 1700

65.6 ha ( 2009

2013 2012 2014) 2015

348 

ha 2019

3721

2008

( 14)

( 1) 4.37 

ha 3 ( 2)

5.41 ha 3

( 3) 19.4 ha

5

3

4.91 ha( 4)

10.8 ha( 5)

61

3

61 2 61

2.2 ha( 6) 13

2019-2021

47.10 

ha 30 ( 1)

( 9)

24°48’02.9”N 120°54’52.1”E
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MAX 35.14 5.00 75.93 2.50 1.85 0.00 0.00 0.00
3 AVERAGE 28.29 1.67 68.60 0.83 0.62 0.00 0.00 0.00

STDEVA 6.49 2.89 6.35 1.44 1.07 0.00 0.00 0.00
MAX 52.17 13.19 63.83 4.35 2.20 0.00 0.00 0.00

3 AVERAGE 39.04 7.97 50.80 1.45 0.73 0.00 0.00 0.00
STDEVA 11.69 4.63 12.41 2.51 1.27 0.00 0.00 0.00
MAX 85.71 20.00 45.26 1.43 2.86 0.00 0.00 0.00

5 AVERAGE 62.68 4.79 31.67 0.29 0.57 0.00 0.00 0.00
STDEVA 16.71 8.67 12.20 0.64 1.28 0.00 0.00 0.00
MAX 46.67 25.46 23.64 12.31 9.23 0.00 0.00 0.00

3 AVERAGE 41.20 23.36 20.19 8.75 6.51 0.00 0.00 0.00
STDEVA 4.98 2.94 3.36 3.10 2.80 0.00 0.00 0.00
MAX 54.55 35.56 24.44 9.84 4.44 0.00 0.00 0.00

3 AVERAGE 45.30 25.23 20.98 7.02 1.48 0.00 0.00 0.00
STDEVA 14.25 8.95 3.24 2.66 2.57 0.00 0.00 0.00
MAX 82.11 37.93 75.34 17.78 2.11 5.48 3.28 0.82

13 AVERAGE 42.69 21.44 26.01 7.65 0.16 1.51 0.48 0.06
STDEVA 19.75 12.30 16.50 5.08 0.58 2.21 1.17 0.23

1

2

3

4

5

6

9. 30
Table 9. Percentage of crabs relative importance value in 30 sampling plots in Xeruca formosensis habitats 

in Siangshan Wetland.

Fi.14. Range of sampling stations in Xeruca formosensis habitats in Siangshan Wetland, Taiwan.
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(2015)

( 2012, 2015)
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58-91%

3-22% 6-21%
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15. 
Fig.15. Range of sampling stations in Xeruca formosensis habitats in Gaomei Wetland, Taiwan.

10. 47
Table 10. Percentage of crabs relative importance value of 47 sampling plots in Xeruca formosensis 

habitats in Gaomei Wetland.

MAX 65.39 14.29 51.43 0.00 0.00 0.00 0.00 0.00 2.86 7.69
4 AVERAGE 57.70 11.60 27.06 0.00 0.00 0.00 0.00 0.00 0.71 2.92

STDEVA 13.72 2.35 16.45 0.00 0.00 0.00 0.00 0.00 1.43 3.70
MAX 18.18 57.14 65.63 0.00 0.00 14.29 9.38 0.00 14.29 4.76

4 AVERAGE 10.27 43.41 33.07 0.00 0.00 6.14 2.34 0.00 3.57 1.19
STDEVA 6.17 15.12 26.79 0.00 0.00 7.27 4.69 0.00 7.14 2.38
MAX 86.67 50.00 57.14 26.09 0.00 0.00 20.34 23.08 20.00 17.39

15 AVERAGE 36.26 20.81 25.01 1.74 0.00 0.00 6.02 6.49 1.62 2.05
STDEVA 17.35 13.50 15.46 6.74 0.00 0.00 6.98 8.68 5.21 5.46
MAX 81.97 29.91 90.20 8.70 5.88 16.67 13.64 20.80 7.48 9.76

24 AVERAGE 47.46 8.71 31.20 0.36 0.72 1.55 5.27 3.45 0.57 0.72
STDEVA 18.33 8.69 19.87 1.78 1.58 4.35 4.62 6.53 1.71 2.46

1

2

3

4
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1 ha 4

( 2)

1.1 ha 4

( 3)

3.96 ha 15

( 4)

6.38 ha 24

12.44 ha

47 ( 1)

( 10) 4

24°19’32.3”N 

120°33’10.5”E

( 1)

1 ha 4

( 1)

30.9‰

1 cm 50%

2020 1-2 

cm 50% 2 cm

10% 2021

(Phragmites 

communis)

0.1‰

64-

68% 23-24% 73-

88% 7-19%

24°19’23.9”N 

120°33’07.2”E

( 2) 1.1 ha

4 ( 1)
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(Laomedia astacina)

10.27% 

( 10) 43.41%

33.07%

6.14% 2.34%

9 /m²

3.1‰

73-74%

18-20% 75-80% 14-

18%

24°18’55.8”N 

120°33’01.1”E

( 3) 3.96 

ha 15 ( 1)

(Spartina alterni ora)

2017

29 /m²

1 cm 10%

1-2 cm 25% 2 cm

65%

86.67% 36.26% (sd=17.35) (

10) 57.14%

25.01% (sd=15.46)

50.00% 20.81% (sd=13.50)

20.34%

6.02% (sd=6.98)

0.2-0.4‰
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60-67% 26-

31% 7-10%

24°18’37.2”N 

120°32’58.5”E

( 4)

6.38 ha 24

( 1)

5 ha

100m 2020

2021

81.97% 47.46% (sd=18.33) (

10) 90.20%

31.20% (sd=19.87)

29.91% 8.71% (sd=8.69)

13.64%

5.27% (sd=4.62)

5.88% 0.72% (sd=1.58)

0.2-1.6‰

60-65% 28-32%

6-10%
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MAX 51.60 31.00 26.70 0.00 0.00 6.90 13.30 23.30 0.00 12.50 0.00
8 AVERAGE 34.33 17.75 16.45 0.00 0.00 1.28 8.53 16.23 0.00 5.41 0.00

STDEVA 13.69 11.53 6.64 0.00 0.00 2.55 4.07 5.31 0.00 4.52 0.00
MAX 92.30 33.30 72.60 0.00 0.00 0.00 11.10 16.70 0.00 7.70 8.30

4 AVERAGE 41.44 21.70 22.33 0.00 0.00 0.00 2.78 4.18 0.00 1.93 2.08
STDEVA 27.22 10.31 34.43 0.00 0.00 0.00 5.55 8.35 0.00 3.85 4.15
MAX 86.70 58.10 72.60 12.80 10.00 0.00 26.90 21.40 14.30 4.50 14.30

15 AVERAGE 32.35 24.83 16.43 2.53 1.05 0.00 11.93 5.13 3.70 0.30 1.80
STDEVA 22.00 17.05 21.33 4.50 2.71 0.00 7.97 6.68 5.15 1.16 4.11

2

1

3

11. 27
Table 11. Percentage of crabs relative importance value of 27 sampling plots in Xeruca formosensis 

habitats in the Dadu estuary.

16. 
Fig.16. Range of sampling stations in Xeruca formosensis habitats in the Dadu estuary, 

Taiwan.



46

1994

2005

2007

( 16)

1.15ha 8

1.61 ha 4

16 ha 15

18.76 ha

27 ( 1)

( 11)

2

24°12’39.9”N 

120°29’37.0”E( )

( 1)

1.15ha 8

( 1)

3.5km

23.5-32.7‰ 5.95-

8.85mg/l

(Lumnitzera racemosa)

77-87%

6-13% 6-10%
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24°11’24.7”N 

120°30’51.7”E( )

17

( 2) 1.61 

ha 4 ( 1)

6 km

2020

16 /m²

6 /m² 8 /m²

2021

6 km

4-6 ‰

52-

82% 6-30% 7-19%

3. 

24°09’53.7”N 120°27’54.0”E( )

( 3)

18.7 ha 15 (

1)

( 1991)

1996

1998-2000

9

36 ( 2002)

4

4

5 4

 2

9 11 1
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21.4g

3 7

2000

2005

2005

1996

2020

1-2 cm 50% 2021

1-2 cm 80%

86.7% 32.35% (sd=22) ( 11)

72.6%

16.43% (sd=21.33)

58.1% 24.83% 

(sd=17.05)

26.9% 11.93% (sd=7.97)

51-86%

5-25% 8-24%

(24°07’30.9”N 120°25’59.7”E)

(23°58’05.6”N 120°19’25.5”E)
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( ) ( )

2008

2019-2021

( 17)

196 ha 8

102 ha 15

0.27 ha 3

298.27 ha 26

( 1) 

( 12)

23°50’54.0”N 120°16’14.5”E ( )

( 1)

196 ha 8

( 1)

2000

2002 (

18) 2009

30

51-58%

22-29% 13-25%

8

54.63%
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17. 
Fig.17. Range of sampling stations in Xeruca formosensis habitats in the Choshui estuary, Taiwan. 

MAX 100.00 5.10 0.00 0.00 0.00 6.80
8 AVERAGE 95.94 1.81 0.00 0.00 0.00 2.25

STDEVA 4.49 2.13 0.00 0.00 0.00 2.63
MAX 98.40 25.50 8.30 25.80 2.20 20.00

15 AVERAGE 84.45 4.35 1.66 1.72 0.36 7.45
STDEVA 11.39 7.22 3.28 6.66 0.76 5.66
MAX 77.80 34.50 76.70 0.00 0.00 5.60

3 AVERAGE 33.93 23.73 40.50 0.00 0.00 1.87
STDEVA 38.97 9.47 38.53 0.00 0.00 3.23

1

2

3

12. 26
Table 12. Percentage of crabs relative importance value of 26 sampling plots in Xeruca formosensis 

habitats in the Choshui estuary.
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25.88% 19.5%

4 9

10 20

65.3%

4 m2 100%

44 / m2

100% 95.94% (sd=4.49) 

( 12)

6.8%

2.25% (sd=2.63)

 

23°49’45.0”N 120°14’11.5”E ( )

(

2) 102 

ha 15

10

1984

1989

1996

1997

2002 2009

--

2 km

57-67% 21-25%

12-18%

2020

4 10
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2021

1-2 cm

50%

47 / m2

98.40%

84.45% (sd=11.39) ( 12)

1

25.8%

1.72% (sd=6.66)

20.0% 7.45% 

(sd=2.63)

( ) 

23°44’07.7”N 120°10’34.7”E 

1989

( 3) 0.27ha

3 ( 12)

777 ha

53 ha

2005

1.5 ha

2010

2020-2021

( 18)

2005

2010

1%
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59-72% 17-

27% 11-14% ( ) ( )

18 2002 2012
Fig.18. Topographical di erence between 2002 and 2012 in Dacheng Wetland of Choshui estuary.
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19. 
Fig.19. Range of Xeruca formosensis sampling stations in Pachang estuary, Taiwan. 

MAX 41.38 81.97 69.23 11.77 3.45 6.90
5 AVERAGE 22.17 43.87 28.89 2.35 1.35 1.38

STDEVA 14.09 24.02 24.51 5.26 1.84 3.08
1&2

13. 5
Table 13. Percentage of crabs relative importance value of five sampling plots in Xeruca formosensis  

habitats in the Pachang estuary.
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( 19)

2.32 ha 2

5 ha 3

7.32 ha 5 (

1) (

13)

1. 23°19’33.5”N 

120°08’18.9”E 

( 1)

2.32ha

2

( )

2.6 km

60 m

3-5 

m

2

( 13)

2. 23°19’11.8”N 

120°08’42.4”E 

( 2) 5 ha

3

1 km

3 km

2008

2018 2018

130 m

5

41.38%
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22.17% (sd=14.09)

81.97% 43.87% (sd=24.02)

69.23% 28.89% 

(sd=24.51) ( 13)

63-91%

3-27% 6-13%

( )

1992-1994

2008-2010

2019-2020

( 20)

6 ha 4

50.5 ha 18

10.3 ha 10

1 ha 6

2.45 ha

12 50 ( 1) 

(

14)

1992-2010

3

827ha

280 ha

1992

1994

280 ha 

2002

2008

40 

ha 420 m 960 m
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600-800 m

2400m( 2011)

2008

50-90%

1-6 / m2

( )

10%

2019-2020

2

( 1)

3 km ( 2)

5 km

3 ( 3 4

5) 4-5 km

23°03’52.1”N 

120°04’42.1”E

( 1) 6 ha

4 ( 14)

1994

( 1993, 1994)

1995

2009

2008 2010

(

2012) (

) 3km

3

2009

2009 8-11 4

6

2007

27ha 2012
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MAX 84.80 38.70 72.40 35.50 10.30 0.00 0.00 0.00
4 AVERAGE 31.38 22.10 32.65 8.88 5.00 0.00 0.00 0.00

STDEVA 35.97 13.96 35.08 17.75 5.78 0.00 0.00 0.00
MAX 69.20 57.90 24.00 0.00 20.40 11.50 8.20 3.10

18 AVERAGE 43.79 34.60 9.61 0.00 9.66 1.22 0.95 0.17
STDEVA 16.85 12.82 8.09 0.00 6.37 3.56 2.31 0.73
MAX 52.90 76.50 70.00 40.00 21.40 0.00 0.00 0.00

10 AVERAGE 25.53 19.57 37.09 8.32 9.48 0.00 0.00 0.00
STDEVA 13.73 27.96 23.72 13.45 8.60 0.00 0.00 0.00
MAX 43.50 53.30 18.80 0.00 30.80 0.00 0.00 0.00

6 AVERAGE 22.03 47.27 9.32 0.00 21.38 0.00 0.00 0.00
STDEVA 11.54 7.29 6.17 0.00 6.91 0.00 0.00 0.00
MAX 97.20 25.60 57.60 0.00 15.10 0.00 0.00 0.00

12 AVERAGE 69.75 7.30 19.69 0.00 3.24 0.00 0.00 0.00
STDEVA 20.77 6.68 19.31 0.00 5.42 0.00 0.00 0.00

2

3

4

5

1

14. 50
Table 14. Percentage of crabs relative importance value of 50 sampling plots in Xeruca formosensis 

habitats in the Tsengwen estuary.

20. 
Fig.20. Range of Xeruca formosensis sampling stations in the Tsengwen estuary, Taiwan. 
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13.5 ha

150m

2019

84.8% 31.38% (sd=35.97)

72.40%

32.65% (sd=35.08)

38.7% 22.1% (sd=13.96)

35.50% 8.88% 

(sd=17.75) ( 14)

23°05’04.7”N 120°05’26.3”E

( 2)

50.5ha 18

( 14)

5 km

2007

150 m( 21)

4 6

4 10

69.2% 43.79% (sd=16.85) 

57.90%

34.60% (sd=12.82)

24.00% 9.61% (sd=8.09)

20.40% 9.66% 
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(sd=6.73) ( 14)

56-77%

12.5-25% 10-21%

23°04’36.8”N 120°05’34.9”E

4-5 km

( 3)

10.3 ha

10 ( 14)

59-70%

21-22% 9-19%

52.90% 25.53% 

(sd=27.96)

70.00% 37.09% (sd=23.72)

76.50%

19.57% (sd=27.96)

40.00% 8.32% (sd=13.45) (

14)

23°04’38.5”N 120°05’55.7”E

2019

( 4)

1 ha 6

( 14)
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62-68%

22-26% 10-12%

43.5% 22.03% (sd=11.54)

18.80%

9.32% (sd=6.17)

53.30% 47.27% (sd=7.29)

30.80% 21.38% (sd=6.91) 

( 14)

23°04’21.0”N 120°05’47.4”E

2019

( 5)

2.45 ha

12 ( 14)

2008

2012

2019

( 21)

4

21. 2007 2019
Fig.21. Topographical di erence between 2007 and 2019 in the Tsengwen estuary.



62

6

97.20%

69.75% (sd=20.77)

57.60% 19.69% (sd=19.31)

25.60%

7.30% (sd=6.68)

15.10% 3.24% (sd=5.42) (

14)

63-93%

3-22% 4-15%

1

93%

70%

30

pH

33% pH
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8.1

33%

10

10
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5 

km

3-6 km

2021 3 5

4-5

7-8
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4-5

6

2021 6

9

61

2001 1,600 ha

10

( 1 ) (

2 ) ( 3 )

3

( 4

)

 (

5 ) 6

( 6-1 )

61

( 6-2 )



66

2020

2021

2020

1/10

( )

2004

(

)

1994

2

2020

( )
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10

2019

61 1400 ha

2002

2009 12 28

 (

1993 1994 2012)

( 1

)

( 2012) 2021

2-5
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