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Abstract

     Recently, debris flows resulted from Chi-Chi Earthquake in 1999, Typhoon Toraji 

and Nali in 2001, have caused severe damages to Taiwan, especially in the central area. 

Rehabilitation work was undergoing by the authorities who invested a lot of money and 

resources. Part of the work adopted ecological techniques to reconstruct the facilities, 

such as the articulated blocks bank, gabion and geogrid walls, by following the "local 

material was first chosen to utilize" principle to reduce the usage of concrete. Among 

these facilities, some of them was made by plantation wood and had suffered from 

Typhoon Mindulle in 2004. However, there are less studies focusing on the design, 

following monitor, and assessment, and vegetation restoration of the ecological 

engineering cases by using wooden materials in Taiwan. In this study, by collecting 

explicit data though investigation, hopefully the results can increase confidence in using 

wooden ecological engineering to common populace. 

     This study analyzes several kinds of wooden ecological works, including decay 

level, the following displacement, carbon sequestration, and the coverage of plants after 

construction. These cases which include check dams, retaining walls, and revetments 

were constructed by the Forest Bureau, Water and Soil Conservation Bureau, and the 

Experimental Forest of National Taiwan University in Yilan and Nantou County, 

respectively. The investigation results showed that after the following typhoons and 
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heavy rain attacks, the residual strength of wooden structures remains in well condition. 

Despite part of them may decay more seriously, the monitored point displacement was 

slightly, and indicated that wooden structures were still in stability. Meanwhile, 

replacement of traditional RC structure by wooden ecological engineering not only is 

helpful to carbon sequestration which can effectively reduce the emission of carbon 

dioxide, but also favors to plants growth. The results also show that it benefits to 

vegetation restoration, and can also make the structure assimilate to the environment. 

This research indicates many advantages of wooden ecological engineering, and 

provides a key reference to set the design regulations and rules in the future. 

Key Words wooden material, ecological technique, check dam, retaining wall, 

revetment, carbon sequestration 
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2. Pilodyn
Fig.2 Pictures of Pilodyn 

3. PROCEQ SA

Fig.3 The operation of Pilodyn (PROCEQ SA) 

3.1.2 Drilling Resistance Measurement
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Fig.4 Picture of drilling resistance measurement (Resistograph) 
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Fig.5 The operation of drilling resistance measurement 
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3.1.3 BD-2100 Moisture Meter
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Fig.7 The displacement monitoring of wooden structure by laser theodolite 



 - 13 -

3.3

50 %

350 kg/m3 175 kg/m3

980 MJ/m3 20 kg/m3

 -155 kg/m3 -155 kg/m3 = 20 kg/m3 - 175 kg/m3

1

2002

1.

Table1. The energy consumption and carbon emission of various material 

MJ/kg MJ/m3
kg/t kg/m3 kg/m3

( 500kg/m3)
1.5 750 30 15 -235 

1.8 900 36 18 -232 

( 500kg/m3)
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12 6,000 218 120 -155 

( 500kg/m3)
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( 650kg/m3)
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Fig.12 The construction process of retaining wall by O&D technique 
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Fig.13 The overview of check dam constructed by O&D technique 
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Fig.14 The overview of retaining wall constructed by O&D technique 
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Fig.16 Wooden revetments in University Gully 
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4.1

4.1.1

4.1.1.1

18 2

18

2.
Table2. The retaining walls constructed by SWCB 

A 59 15.5 k 30 m 

B 59 15 k 46 m 

C 59 10.5 k 75 m 

D 8 . .
. .

E 8

F 8 . .
. .

.

G 4 k + 050 . .
.

.

H 1 km 40 m 

I 7
8 30 m  2

J  1
K 16 - 1
L 16 - 2
M 16 - 3
N 16 - 4
O 16 - 5
P 16 - 6
Q 16 - 7
R 16 - 8
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Fig.18 The engineering sites in Nantou County 
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Fig.20 Rottenness of wooden retaining wall structures by SWCB (II) 
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Fig.22 Rottenness of wooden retaining wall structures by SWCB (III) 
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Fig.23 Average rottenness of wooden retaining wall structures by SWCB (II) 
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24.
Fig.24 Rottenness of right revetment bank in University Gully 

25.

Fig.25 Rottenness of left revetment bank in University Gully 
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26.

Fig.26 Rottenness of piles at right revetment t bank in University Gully 

27.

Fig.27 Rottenness of piles at left revetment bank in University Gully 
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28.

Fig.28 Regressive relationship between MC and rotten depth of piles in revetments 
in University Gully 
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4.1.3

O&D

ACQ Pilodyn
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29.

Fig.29 Rottenness of wooden retaining wall structures in Tai-Ping Shan 
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3.

Table3. The homogenous analysis of wood frame material MC 
used in Tai-Ping Shan 

23.9 k 16.1 k 15.6 k 15.4 k 1.72 k 

21.72±2.98a 25.41±5.31ab 26.35±4.54b 27.22±5.00b 24.37±3.90ab 33.30±4.90c

20.88±3.52a 23.71±2.41ab 26.70±5.25b 26.61±5.01ab 25.43±4.18ab 34.94±3.62c

22.56±2.17a 27.10±6.88ab 26.03±3.40ab 27.83±5.16ab 23.46±3.70a 31.66±5.68b
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4.2

4.

Table4. The basic information of displacements monitoring sites 

1 2

TM2 X 227494 299897 
(m)

TM2 Y 2618229 2717440 

(m) 1230 483 

2006 2005 
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4.2.1

2006 3 8 7 13

10 30 2007 2 14 6 22 5

5

30 31

30.

Fig.30 The overview of the ecological engineering in University Gully, Sitou 

31.

Fig.31 Locations of monitoring points at University Gully 
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5 32

1 2 3 4 2 5 1

5. (m)

Table5. The displacements (m) of wooden structures in University Gully 

1 2 3 4 1 2 3 4
0.023 0.034 0.024 0.031 0.014 -0.006 0.011 0.036
0.071 0.083 0.085 0.097 0.013 -0.005 -0.009 0.037

- 0.047 0.034 0.039 - 0.018 0.010 0.032
0.043 0.107 0.040 0.050 0.043 0.004 0.027 0.053

- 0.025 0.010 0.016 - 0.010 0.013 0.035
0.062 0.080 0.072 0.081 0.003 -0.016 0.003 0.027
0.050 0.068 0.049 0.058 0.018 -0.002 0.009 0.037

32. ( )
Fig.32 The average displacement of joints at the wooden structures in University Gully 

(The top is horizontal direction, and the bottom is vertical direction) 
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5

0.071 m 0.097 m 0.062 m 0.081 m

0.039 m 0.016 m

2006 7 14 Typhoon Bilis 2007

8 18 Typhoon Sepat

0.05 - 0.06 m
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4.2.2

2007 9 19 - 20 11 26 - 27

4

6

6. (mm)

Table6. The displacements (mm) of wooden structures in Tai-Ping Shan 

1.72 k 0.350 0.817 
15.4 k 2.050 1.000 
15.6 k -0.930 0.392 
23.9 k 0.483 0.075 

6



 - 47 -

4.3

3.3.2

CO2

7

7. CO2

Table7. The reduction of CO2 while wooden structures replacing RC structures 

16 4
(22.9 k )

16 1

(m) 48.5   40.9   80.4    29.0   

(m) 2.2   1.6   1.6    2.2   

(m3) 38.11  17.89  37.34   18.97  

(m3) 47.48  29.12  57.24   28.39  

CO2 (kg) 25,177 11,816 24,667 12,533 

CO2 (kg) 0 0 0 0 

CO2 (kg) 20,892 12,813 25,188 12,492 

CO2 (kg)
46,069 24,630 49,855 25,025 
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16
2

16
5

16
6

16
7

16
8

(m) 21.5  23.0  64.8  38.0   29.4  

(m) 1.7  2.2  2.2  2.05  2.05 

(m3) 9.69 15.00 41.65 21.49  16.41 

(m3) 16.26 22.52 63.44 34.67  26.82 

CO2 (kg) 6,401 9,911 27,513 14,197 10,840 

CO2 (kg) 0 0 0 0 0 

CO2 (kg) 7,156 9,907 27,913 15,253 11,801 

CO2 (kg)
13,558 19,818 55,427 29,450 22,641 

23.9k 1.72k

 O&D O&D O&D

(m) 14.0  9.0   20.0  19.5   25.0  

(m) 4.0  2.92  1.5  3.1   2.0  

(m3) 11.29 5.02  7.84 11.21  22.13 

(m3) 55.68 18.09  13.35 50.78  44.50 

CO2 (kg) 7,248 3,223 5,031 7,406 14,621 

CO2 (kg) 745 331 517 0 0 

CO2 (kg) 24,499 7,958 5,874 22,344 19,580 

CO2 (kg)
31,002 10,850 10,388 29,750 34,201 
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7

CO2 CO2

CO2 CO2

4 - 7

CO2

30

CO2

320 kg CO2

CO2

CO2
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4.4

3 - 5

33 36

33. ( )              34. ( )

    Fig.33 Vegetation restoration (I)          Fig.34 Vegetation restoration (II) 

35. ( )               36. ( )

   Fig.35 Vegetation restoration (III)          Fig.36 Vegetation restoration (IV) 
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4.4.1 IVI

9

IVI 10

(1) 1.72 k

(2) 15.4 k

(3) 15.6 k

(4) 23.9 k

(5)

(6)

(7)

(8)

(9) 16 22.9 k
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IVI 17.14

IVI 10.21 IVI 10 5.71

IVI

12.48 IVI 10 9.61

IVI 6.88

(1) 1.72 k

(2) 15.4 k

(3) 15.6 k

(4) 23.9 k

(5)

(6)

(7)

(8)

(9) 16 22.9 k

IVI 12.23
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IVI 9.74 5.07 10

IVI

19.77 IVI 13.9 IVI

9.96 10

IVI IVI
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4.4.2

4.4.2.1 Cluster Analysis

5 4

PC-ORD

37.

Fig.37 Cluster analysis of all experimental sites 

37

4.4.2.2 DCA

Detrended Correspondence 

Analysis DCA 37
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38.

Fig.38 The DCA of all sites 

38

X Y

38 X Y
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4.4.3

4.4.3.1 Cluster Analysis

4.4.2

39

39

15.4 k 15.6 k

39.

Fig.39 Cluster analysis of all sites in Tai-Ping Shan 
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4.4.3.2 DCA

40.

Fig.40 The DCA of all sites in Tai-Ping Shan 

DCA 40

23.9 k

15.4 k 15.6 k
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4.4.4

4.4.4.1 Cluster Analysis

41

41

18

42

33

41.

Fig.41 Cluster analysis of all sites in Nantou County 
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4.4.4.2 DCA

42.

Fig.42 The DCA of all sites in Nantou County 

42 X

Y
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CO2

24

6

0.0658 m 0.037 m

15.4 k 2.05 mm 1 mm
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CO2

CO2

CO2 16 6

55,427 kg 10,388 kg CO2

CO2

CO2

CO2

CO2

CO2

IVI PC-ORD

1999 2001
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A.1 A 3

FigA.1 The overview of the Work A 

A.2 B

FigA.2 The overview of the Work B 

A.3 D

FigA.3 The overview of the Work D 

A.4 E

FigA.4 The overview of the Work E 
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A.5 G

FigA.5 The overview of the Work G 

A.6 H

FigA.6 The overview of the Work H 

A.7 I 2 1 1

FigA.7 The overview of the Work I 

A.8 J

FigA.8 The overview of the Work J 



 - 68 -

A.9 K 16
2

FigA.9 The overview of the Work K 

A.10 L 16

FigA.10 The overview of the Work L 

A.11 M 16 3 3 3

FigA.11 The overview of the Work M 
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A.12 N

FigA.12 The overview of the Work N 

A.13 O

FigA.13 The overview of the Work O 

A.14 P

FigA.14 The overview of the Work P 

A.15 Q

FigA.15 The overview of the Work Q 
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A.16 R

FigA.16 The overview of the Work R 
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B.1 1.72 k
TableB.1 The IVI of check dam at the 1.72 k of Route Yichuan No.1 

(IVI)
Machilus japonica var. kusanoi 1.4779 
Mikania micrantha 1.2713 
Polygonum chinense 4.2270 
Isachne albens 10.0419 
Lolium multiflorum 22.4268 
Justicia procumbens var. hayatae 0.9822 
Oplismenus compositus 5.6016 
Elatostema lineolatum var. majus 1.2713 
Miscanthus sinensis 13.6561 
Dennstaedtia scandens 1.4779 
Oreocnide pedunculata 2.3361 
Litsea acuminata 3.6075 
Hydrocotyle setulosa 1.1681 
Acer serrulatum 1.2713 
Titanotrichum oldhamii 1.9942 
Cyclosorus esquirolii 1.1681 
Selaginella involvens 1.0648 
Pilea matsudai 5.5373 
Setaria palmifolia 6.2923 
Salvia formosana 2.2329 
Pueraria montana 3.0590
Ampelopsis brevipedunculata var. hancei 1.2713 
Dioscorea japonica 1.4779 
Elatostema platyphylloides 5.0853 
 100 



 - 72 -

B.2 15.4 k
TableB.2 The IVI of check dam at the 15.4 k of Route Yichuan No.1 

(IVI)
Astilbe macroflora 1.9671
Trigonotis formosana var. elevatovenosa 1.3560 
Petasites formosanus 1.6539 
Isachne albens 0.9836 
Clinopodium gracile 1.2815 
Pseudophegopteris subaurita 1.2815 
Lolium multiflorum 30.7194 
Microsorium buergerianum 3.0327 
Cayratia japonica 2.1161 
Hedyotis chrysotricha 1.2815 
Hydrocotyle setulosa 4.3067 
Oxalis acetocella subsp. griffinthii var. formosana 0.9240 
Arachniodes rhomboides 0.9836 
Pilea matsudai 2.5630

( ) Sanvitalia procumbensb 3.0252
Cyclosorus dentatus 4.4557 
Woodwardia unigemmata 1.9671
Polygonum thunbergii 13.3191
Gynostemma pentaphyllum 2.5630
Impatiens uniflora 1.1325 
Ageratum houstonianum 1.5049 
Elatostema trilobulatum 0.9836 
Senecio nemorensis var. dentatus 1.0581 
Rubus alnifoliolatus 1.1325
Juncus leschenaultii 1.1325
Gonostegia hirta 13.2752 
 100 
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B.3 15.6 k
TableB.3 The IVI of check dam at the 15.6 k of Route Yichuan No.1 

(IVI)
Astilbe macroflora 1.2229
Rubus taiwanicolus 0.9900 
Polygonum chinense 3.6688 
Trigonotis formosana var. elevatovenosa 3.7388 
Viola formosana 1.0366 
Petasites formosanus 1.8752 
Yushania niitakayamensis 1.4093 
Isachne albens 5.1713 
Lolium multiflorum 23.0149 
Miscanthus sinensis 7.0000 
Plantago asiatica 1.2229 
Hydrocotyle setulosa 4.1743 
- 0.9527 
Arachniodes rhomboides 2.0266 
Pilea matsudai 11.2163 
Pilea somai 5.2994 
Cyclosorus dentatus 4.2279 
Woodwardia unigemmata 0.9900 
Polygonum thunbergii 2.0615 
Gynostemma pentaphyllum 1.5025 
Salvia formosana 1.2229 
Senecio nemorensis var. dentatus 1.0832 
Dendropanax dentiger 0.9620 
Juncus leschenaultii 0.9900 
Gonostegia hirta 12.9400
 100 
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B.4 23.9 k
TableB.4 The IVI of check dam at the 23.9 k of Route Yichuan No.1 

(IVI)
Polygonum chinense 24.9181 
Viola formosana 2.3776 
Spiraea formosana 7.8456 
Rubus rolfei 2.3776 
Lolium multiflorum 28.0085 
Miscanthus sinensis 8.2529 
- 14.1636 
Styrax formosana 2.4794 
Elatostema trilobulatum 3.1922 
Lepidium virginicum 2.6831 
Epilobium platystigmatosum 3.7014 
 100 
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B.5
TableB.5 The IVI of retaining wall in Jioujhihze 

(IVI)
Lagerstroemia subcostata 0.7616
Bidens pilosa var. radiata 0.9172
Astilbe macroflora 1.5751
Thelypteris torresiana 0.8135 
Deutzia pulchra 2.0938 
Cyclosorus acuminatus 1.8345
Dioscorea bulbifera 2.2139 
Diplazium kawakamii 1.1766 
Equisetum ramosissimum 5.1662
Pteris wallichiana 3.9283 
Clinopodium gracile 0.7098 
Miscanthus sinensis 0.8135 
Woodwardia orientalis var. formosana 2.2849 
Microsorium buergerianum 0.7098 
Oreocnide pedunculata 5.4160
Hydrocotyle setulosa 3.8341
Titanotrichum oldhamii 1.6270 
Crassocephalum crepidioides 11.1433 
Cyclosorus esquirolii 10.1523
Arachniodes rhomboides 0.7098
Pilea matsudai 2.2494 
Cyclosorus dentatus 0.7098 
Phegopteris decursivepinnata 0.8135 
Digitaria setigera 29.5889
Ageratum houstonianum 1.5233 
Nephrolepis auriculata 1.9901 
Plagiogyria euphlebia 0.8135 
Senecio nemorensis var. dentatus 2.3368 
Rubus alnifoliolatus 2.0938 
 100 
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B.6
TableB.6 The IVI of fivesites in Tai-Ping Shan 

(IVI)
Lagerstroemia subcostata 0.2300
Bidens pilosa var. radiata 0.2855
Astilbe macroflora 1.1501
Thelypteris torresiana 0.2485 
Machilus japonica var. kusanoi 0.2855 
Deutzia pulchra 0.6633
Cyclosorus acuminatus 0.5709 
Mikania micrantha 0.2485
Rubus taiwanicolus 0.2023
Dioscorea bulbifera 0.7475
Diplazium kawakamii 0.3779
Equisetum ramosissimum 1.5926
Polygonum chinense 2.3244
Trigonotis formosana var. elevatovenosa 1.0515
Viola formosana 0.4083
Petasites formosanus 0.7558
Spiraea formosana 0.6032
Yushania niitakayamensis 0.2855
Rubus rolfei 0.1967
Pteris wallichiana 1.2343
Isachne albens 3.1422 
Clinopodium gracile 0.4970 
Pseudophegopteris subaurita 0.2855
Lolium multiflorum 17.1377
Justicia procumbens var. hayatae 0.1967 
Oplismenus compositus 1.0864
Elatostema lineolatum var. majus 0.2485 
Miscanthus sinensis 4.7816
Plantago asiatica 0.2485
Dennstaedtia scandens 0.2855
Woodwardia orientalis var. formosana 0.6900 
Microsorium buergerianum 0.8665
Cayratia japonica 0.4600 
Hedyotis chrysotricha 0.2855
Oreocnide pedunculata 2.1831 
Litsea acuminate 0.7085
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Hydrocotyle setulosa 3.1796 
Acer serrulatum 0.2485 
Titanotrichum oldhamii 0.8749
Crassocephalum crepidioides 3.5570

 - 1.3735 
Styrax formosana 0.1986 
Oxalis acetocella subsp. griffinthii var. formosana 0.1967 
Cyclosorus esquirolii 3.6822 
Selaginella involvens 0.2115 
Arachniodes rhomboides 0.8369 
Pilea matsudai 4.5653 
Pilea somai 1.0689

( ) Sanvitalia procumbensb 0.6531 
Cyclosorus dentatus 2.0434
Woodwardia unigemmata 0.6254
Polygonum thunbergii 3.5898 
Setaria palmifolia 1.1891
Phegopteris decursivepinnata 0.2485
Digitaria setigera 10.2129 
Gynostemma pentaphyllum 0.8749 
Salvia formosana 0.6900
Impatiens uniflora 0.2485
Ageratum houstonianum 0.8009
Nephrolepis auriculata 0.6264
Plagiogyria euphlebia 0.2485 
Elatostema trilobulatum 0.4231
Senecio nemorensis var. dentatus 1.1593
Pueraria montana 0.5894
Ampelopsis brevipedunculata var. hancei 0.2485
Rubus alnifoliolatus 0.9118 
Dendropanax dentiger 0.1967
Lepidium virginicum 0.2023
Dioscorea japonica 0.2855 
Juncus leschenaultii 0.4508 
Epilobium platystigmatosum 0.2208
Elatostema platyphylloides 0.9940
Gonostegia hirta 5.7072 

  100 
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B.7
TableB.7 The IVI of retaining wall in the road near the Anshan No.4 Bridge 

(IVI)
Pueraria montana 3.8508
Bidens pilosa var. radiata 15.3874
Equisetum ramosissimum 1.7907
Crassocephalum crepidioides 1.6528
Ageratum houstonianum 10.7028
Rubus sumatranus 6.6829
Miscanthus floridulus 5.2264
Paederiascandens 0.8210
Ampelopsis brevipedunculata var. hancei 2.3352
Oplismenus compositus 2.0334 
Erigeron cancdensis 2.9880
Sonchus arvensis 3.8076
Mikania micrantha 8.7748 
Koelreuteria henryi 3.5169
Humulus scandens 2.3514
Buddleja asiatica 8.9213
Christella parasitica 6.0258 
Setaria palmifolia 4.8118 
Maesa tenera 2.1683
Sambucus formosana 1.2350
Leucaena leucocephala 0.8534
Sesbania sesban 2.3730
Diplazium dilatatum 0.8682 
Oxalis corniculata 0.8210
 100 
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B.8
TableB.8 The IVI of right revetment bank in the creek near the Anshan No.4 Bridge 

(IVI)
Pueraria montana 28.2715
Bidens pilosa var. radiata 11.0124 
Bidens pilosa var. minor 9.8456
Equisetum ramosissimum 6.9429 
Impatiens walleriana 6.6802 
Crassocephalum crepidioides 4.9022
Ageratum houstonianum 3.7220
Areca catechu 3.3883
Polygonum chinense 2.2775
Trachelospermum gracilipes 2.2775
Rubus sumatranus 1.8888 
Miscanthus floridulus 1.8888 
Sanicula lamelligera 1.8888
Paederiascandens 1.7221 
Astilbe longicarpa 1.6388 
Clematis grata 1.6110 
Ampelopsis brevipedunculata var. hancei 1.5000 
Erigeron cancdensis 1.4444 
Oplismenus compositus 1.4444
Sonchus oleraceus 1.4444
Conyza sumuntraensis 1.4028
Alocasia macrorrhiza 1.4028
Solanum nigrum 1.4028
 100 
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B.9
TableB.9 The IVI of retaining wall near the RoRoGe Bridge 

(IVI)
Miscanthus floridulus 28.1127 
Lagerstroemia subcostata 14.7524
Ageratum houstonianum 8.0484
Alpinia macrocephala 2.4329
Bidens pilosa var. minor 10.9019
Lophatherum gracile 10.9243
Tetradium ruticarpum 2.1967
Pueraria montana 15.4979
Erigeron cancdensis 1.8718
Tylophora ovata 1.7537
Polygonum chinense 1.7537
Litsea hypophaea 1.7537
 100 

B.10 16 22.9 k
TableB.10 The IVI of retaining wall at 22.9 k of the Provincial Road No.16 

(IVI)
Bidens pilosa var. minor 29.5952
Lophatherum gracile 4.3417
Pueraria montana 2.1213
Tylophora ovata 4.0939
Panicum maximum 7.9248
Broussonetia papyrifera 5.6797
Mikania micrantha 18.3864
Manihot esculenta 6.7794
Lantana camara 5.4910
Morus alba 2.1461
Wedelia trilobata 5.0945
Solanum erianthum 2.8150
Euphoria longana 2.0222
Setaria viridis 3.5088
 100 
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B.11 
TableB.11 The IVI of fivesites in Nantou County 

(IVI)
Pueraria montana 6.7635
Bidens pilosa var. radiata 12.4768
Bidens pilosa var. minor 4.9645
Equisetum ramosissimum 1.9195
Impatiens walleriana 1.4070
Crassocephalum crepidioides 1.4994
Ageratum houstonianum 9.6111 
Areca catechu 0.4912
Polygonum chinense 0.7311 
Trachelospermum gracilipes 0.4010
Rubus sumatranus 4.8844
Miscanthus floridulus 6.0560
Sanicula lamelligera 0.3695
Paederiascandens 0.6861
Astilbe longicarpa 0.3492 
Clematis grata 0.3470
Ampelopsis brevipedunculata var. hancei 1.5771
Erigeron cancdensis 2.4524
Oplismenus compositus 1.6762
Sonchus oleraceus 0.3335
Conyza sumuntraensis 0.3301
Alocasia macrorrhiza 0.3301
Solanum nigrum 0.3301
Sonchus arvensis 2.1133 
Mikania micrantha 6.8829
Koelreuteria henryi 2.5819
Humulus scandens 1.2527
Buddleja asiatica 6.0289
Christella parasitica 3.6104 
Setaria palmifolia 2.2406
Maesa tenera 1.4554
Sambucus formosana 0.6759
Leucaena leucocephala 0.3571
Sesbania sesban 1.2707
Diplazium dilatatum 0.3695
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Oxalis corniculata 0.3301
Lagerstroemia subcostata 1.6154
Alpinia macrocephala 0.3560
Lophatherum gracile 2.4130
Tetradium ruticarpum 0.3470
Tylophora ovata 0.9992
Litsea hypophaea 0.3301
Panicum maximum 1.0848
Broussonetia papyrifera 0.7413
Manihot esculenta 0.5497
Lantana camara 0.4912
Morus alba 0.3391
Wedelia trilobata 0.4731
Solanum erianthum 0.3695
Euphoria longana 0.3335
Setaria viridis 0.4010
 100 
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C.1 1.72 k
TableC.1 The IVI of check dam at the 1.72 k of Route Yichuan No.1 

(IVI)
Blumea riparia var. megacephala 1.7048 
Pueraria montana 2.4805
Cyclosorus acuminatus 3.4420
Polygonum chinense 5.3930
Sambucus formosana 1.8906
Tripterospermum alutaceifolium 1.0544
Maesa perlaria var. formosana 1.0080
Salvia formosana 2.3411 
Oplismenus compositus 6.9444
Sarcopyramis napalensis var. bodinieri 1.9417
Miscanthus sinensis 11.3109 
Dennstaedtia scandens 1.8906
Machilus zuihoensis 2.3876
Pilea matsudai 28.2887
Pilea somai 1.1473
Setaria palmifolia 14.2233
Gynostemma pentaphyllum 1.2402
Elatostema platyphylloides 11.3109 
 100 
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C.2 15.4 k
TableC.2 The IVI of check dam at the 15.4 k of Route Yichuan No.1 

(IVI)
Debregeasia orientalis 0.8800
Polygonum chinense 1.4587
Sambucus formosana 2.7727
Trigonotis formosana var. elevatovenosa 1.4587
Petasites formosanus 2.5437
Pteris wallichiana 0.8076
Pseudophegopteris subaurita 1.0970
Lolium multiflorum 22.5443
Viola arcuata 0.7498
Microsorium buergerianum 2.4301
Hedyotis chrysotricha 1.6370
Hydrocotyle setulosa 3.1871
Astilbe macroflora 1.9770
Ranunculus cantoniensis 0.7425

3.2667
Arachniodes rhomboides 0.8076
Pilea matsudai 11.5851 
Pilea somai 0.9523
Cyclosorus dentatus 4.0986
Woodwardia unigemmata 2.8208
Polygonum thunbergii 14.7442
Arenaria serpyllifolia 0.8438
Nephrolepis auriculata 0.8076
Elatostema trilobulatum 0.8076
Senecio nemorensis var. dentatus 4.8943
Rubus alnifoliolatus 2.2012
Gonostegia hirta 7.8840
 100 
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C.3 15.6 k
TableC.3 The IVI of check dam at the 15.6 k of Route Yichuan No.1 

(IVI)
Polygonum chinense 11.3809 
Trigonotis formosana var. elevatovenosa 2.6366
Petasites formosanus 0.9803
Salvia formosana 1.5861
Yushania niitakayamensis 1.1363
Rubus rolfei 0.7541
Lolium multiflorum 15.9883
Oplismenus compositus 1.5263
Miscanthus sinensis 5.4265
Plantago asiatica 0.8243
Hedyotis chrysotricha 1.2923
Oreocnide pedunculata 1.1363
Hydrocotyle setulosa 8.0268
Astilbe macroflora 1.9606

2.1244
Arachniodes rhomboides 1.5705
Pilea matsudai 13.8717
Pilea somai 2.7068
Cyclosorus dentatus 2.8628
Woodwardia unigemmata 1.8045
Polygonum thunbergii 4.6127
Elatostema parvum 1.3703
Senecio nemorensis var. dentatus 1.9216
Dendropanax dentiger 0.9023
Juncus leschenaultii 0.8243
Gonostegia hirta 10.7726
 100 
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C.4 23.9 k
TableC.4 The IVI of check dam at the 23.9 k of Route Yichuan No.1 

(IVI)
Polygonum chinense 6.4148
Viola formosana 1.7330
Petasites formosanus 2.2131
Eupatorium cannabinum subsp. asiaticum 5.9269
Spiraea formosana 1.7930
Rubus rolfei 4.0139
Lolium multiflorum 24.6466
Viola arcuata 2.2131
Miscanthus sinensis 4.4263
Rubus pectinellus 2.2131

18.6733
Elatostema trilobulatum 8.8158
Senecio nemorensis var. dentatus 4.3062
Aralia bipinnata 3.4059
Gnaphalium luteoalbum subsp. affine 1.7330
Epilobium platystigmatosum 5.7991
Pteridium aquilinum subsp. wightianum 1.6729
 100 
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C.5
TableC.5 The IVI of retaining wall in Jioujhihze 

(IVI)
Lagerstroemia subcostata 1.7243
Bidens pilosa var. radiata 3.4785
Thelypteris erubescens 2.2652
Deutzia pulchra 1.2940
Dioscorea bulbifera 1.8035
Equisetum ramosissimum 3.0736
Polygonum chinense 0.7277
Tripterospermum alutaceifolium 0.5125
Woodwardia orientalis var. formosana 1.7527 
Rubus taiwanicolus 0.5125
Salvia formosana 0.5125
Pteris wallichiana 11.9762 
Selaginella delicatula 0.4641
Miscanthus sinensis 4.7426
Rubus pectinellus 0.5663
Microsorium buergerianum 1.5375
Hedyotis chrysotricha 1.4676
Oreocnide pedunculata 2.2906
Hydrocotyle setulosa 8.9414
Astilbe macroflora 3.1005
Titanotrichum oldhamii 1.0250
Crassocephalum crepidioides 1.7243
Erechtites valerianifolia 2.5058
Artemisia capillaris 0.7277
Cyclosorus esquirolii 5.1700
Pilea matsudai 4.8472
Pilea somai 1.5346
Cyclosorus dentatus 5.2522
Lobelia nummularia 3.0691
Phegopteris decursivepinnata 2.6955
Digitaria setigera 7.4039
Gynostemma pentaphyllum 0.4695
Nephrolepis auriculata 4.2585
Rubus alnifoliolatus 0.4856
Pilea peploides var. major 1.2940
Lycianthes biflora 3.6070
Gonostegia hirta 1.1864

  100 
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C.6
TableC.6 The IVI of fivesites in Tai-Ping Shan 

(IVI)
Lagerstroemia subcostata 0.5659
Bidens pilosa var. radiata 1.1515
Thelypteris erubescens 0.7504
Deutzia pulchra 0.4272
Blumea riparia var. megacephala 0.2916
Dioscorea bulbifera 0.5865
Pueraria montana 0.4099
Equisetum ramosissimum 1.0160
Cyclosorus acuminatus 0.5628
Debregeasia orientalis 0.1876
Polygonum chinense 4.2367
Sambucus formosana 0.9443
Tripterospermum alutaceifolium 0.3405
Trigonotis formosana var. elevatovenosa 0.8735
Maesa perlaria var. formosana 0.1616
Woodwardia orientalis var. formosana 0.5801
Rubus taiwanicolus 0.1702
Viola formosana 0.1564
Petasites formosanus 0.9616
Salvia formosana 0.8807
Eupatorium cannabinum subsp. asiaticum 0.3838 
Spiraea formosana 0.1581
Yushania niitakayamensis 0.2396
Rubus rolfei 0.3769
Pteris wallichiana 4.0563
Pseudophegopteris subaurita 0.2396
Selaginella delicatula 0.1546
Lolium multiflorum 9.7356
Viola arcuata 0.3266
Oplismenus compositus 1.4897
Sarcopyramis napalensis var. bodinieri 0.3093 
Miscanthus sinensis 5.0714
Plantago asiatica 0.1702
Dennstaedtia scandens 0.3263
Rubus pectinellus 0.3578
Microsorium buergerianum 1.0232
Hedyotis chrysotricha 1.1082
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Oreocnide pedunculata 0.9931
Hydrocotyle setulosa 5.2998
Astilbe macroflora 1.8617
Titanotrichum oldhamii 0.3405
Crassocephalum crepidioides 0.5659
Ranunculus cantoniensis 0.1546

2.4196
Erechtites valerianifolia 0.8229
Machilus zuihoensis 0.3925
Artemisia capillaris 0.2396
Cyclosorus esquirolii 1.6868
Arachniodes rhomboides 0.4934
Pilea matsudai 12.2303
Pilea somai 1.4550
Cyclosorus dentatus 3.2049
Woodwardia unigemmata 0.9813
Polygonum thunbergii 4.4173
Lobelia nummularia 0.9995
Setaria palmifolia 2.4955
Arenaria serpyllifolia 0.1789
Phegopteris decursivepinnata 0.8891
Digitaria setigera 2.4120
Gynostemma pentaphyllum 0.3613
Elatostema parvum 0.2916
Nephrolepis auriculata 1.5732
Elatostema trilobulatum 0.5313
Senecio nemorensis var. dentatus 1.8181
Aralia bipinnata 0.3110 
Gnaphalium luteoalbum subsp. affine 0.1564
Rubus alnifoliolatus 0.6425
Pilea peploides var. major 0.4272
Dendropanax dentiger 0.1876
Juncus leschenaultii 0.1702
Epilobium platystigmatosum 0.4865
Elatostema platyphylloides 1.9785
Lycianthes biflora 1.1729
Gonostegia hirta 4.4203
Pteridium aquilinum subsp. wightianum 0.1546
 100 
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C.7
TableC.7 The IVI of retaining wall in the road near the Anshan No.4 Bridge 

(IVI)
Rubus sumatranus 6.2315
Ageratum houstonianum 2.0304
Erigeron cancdensis 1.2941
Pueraria montana 11.1626 
Miscanthus floridulus 17.9996
Setaria palmifolia 4.9167
Sambucus formosana 1.9778
Equisetum ramosissimum 6.3955
Sanicula lamelligera 1.1539
Bidens pilosa var. minor 26.5514
Oplismenus compositus 1.2766
Christella parasitica 7.1077
Leucaena leucocephala 5.7231
Melia azedarach 4.3939
Maesa perlaria var. formosana 1.7850
 100 

C.8
TableC.8 The IVI of right revetment bank in the creek near the Anshan No.4 Bridge 

(IVI)
Rubus sumatranus 3.3366
Pueraria montana 19.7575
Miscanthus floridulus 2.9926
Equisetum ramosissimum 10.2665
Bidens pilosa var. minor 9.5784
Oplismenus compositus 2.4192
Christella parasitica 4.3687
Trachelospermum jasminoides 6.8152
Impatiens walleriana 15.5909
Zelkova formosana 6.2036
Alocasia macrorrhiza 6.2036
Bidens pilosa var. radiata 2.5339
Polygonum multiflorum 3.3748
Polygonum chinense 2.6485
Alpinia macrocephala 3.9100
 100 
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C.9
TableC.9 The IVI of retaining wall near the RoRoGe Bridge 

(IVI)
Miscanthus floridulus 31.4411 
Ageratum houstonianum 1.7504
Bidens pilosa var. minor 13.4707
Lophatherum gracile 6.4329
Pueraria montana 10.5730
Polygonum chinense 6.5995
Litsea hypophaea 4.3502
Mikania micrantha 4.8401
Trema orientalis 3.4048
Lygodium japonicum 1.8029
Melia azedarach 2.6695
Phragmites australis 4.8754
Melastoma candidum 2.1443
Passiflora suberosa 1.8292
Nephrolepis auriculata 2.0655
Youngia japonica 1.7504
 100 
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C.10 16 22.9 k
TableC.10 The IVI of retaining wall at 22.9 k of the Provincial Road No.16 

(IVI)
Miscanthus floridulus 1.6832
Bidens pilosa var. minor 22.2145
Lophatherum gracile 1.3021
Pueraria montana 3.0053
Murdannia keisak 10.5619
Tylophora ovata 5.4908
Mikania micrantha 13.2880
Lantana camara 9.1425
Morus alba 2.0041
Wedelia trilobata 9.5421
Solanum erianthum 2.5055
Euphoria longana 3.0655
Pasplalum conjugatum 1.3021
Duranta repens 2.3651
Aleurites montana 2.0041
Rubus sumatranus 1.6029
Trema orientalis 5.2131
Lygodium japonicum 1.7835
Melia azedarach 1.9238
 100 
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C.11
TableC.11 The IVI of fivesites in Nantou County 

(IVI)
Rubus sumatranus 3.0600
Ageratum houstonianum 1.0557
Erigeron cancdensis 0.4285
Pueraria montana 9.9591
Miscanthus floridulus 13.8992
Setaria palmifolia 1.6303
Sambucus formosana 0.6564
Equisetum ramosissimum 3.7221
Sanicula lamelligera 0.3818
Bidens pilosa var. minor 19.7736
Oplismenus compositus 0.8045
Christella parasitica 3.0376
Leucaena leucocephala 1.8991
Melia azedarach 2.6081
Maesa perlaria var. formosana 0.5921 
Trachelospermum jasminoides 1.0537
Impatiens walleriana 2.4191
Zelkova formosana 0.9602
Alocasia macrorrhiza 0.9602
Bidens pilosa var. radiata 0.3993
Polygonum multiflorum 0.5279
Polygonum chinense 1.8699
Alpinia macrocephala 0.6097
Lophatherum gracile 1.7901
Litsea hypophaea 0.9602
Mikania micrantha 4.9474
Trema orientalis 2.2711 
Lygodium japonicum 0.9155
Phragmites australis 1.0771
Melastoma candidum 0.4694
Passiflora suberosa 0.3993
Nephrolepis auriculata 0.4519
Youngia japonica 0.3818
Murdannia keisak 3.0892
Tylophora ovata 1.6070
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Lantana camara 2.6684
Morus alba 0.5863
Wedelia trilobata 2.7872
Solanum erianthum 0.7324
Euphoria longana 0.8980
Pasplalum conjugatum 0.3818
Duranta repens 0.6915
Aleurites montana 0.5863
 100 


