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Abstract Aims Xixi wetland is located at the outskirt of Hangzhou eastern China. Under the influences of
human residents farming and fishing activities for more than one thousand years Xixi has changed to sec-
ondary farming wetland with 70% of the area covered by open water interfaced by narrow dikes and large
islets. Urbanization and industrialization during the last 20 years has rapidly shrunken Xixi. We investigated
species composition of vascular plants in Xixi to explore 1 relationships between species composition and
habitats 2 species which should be protected in the restoration of Xixi and methods for their protection 3
favorable habitats for native and wetland species and 4 occurrence and effects of invasive exotic species in
different habitats and methods for their control.

Methods The herbaceous habitats of Xixi were classified into five types based on plant composition water
level and solar radiation blazing high dike BHD  shading high dike SHD  blazing low dike BLD
blazing high islet BHI  and blazing low islet BLI . Community composition of the five habitats was studied
by quadrat sampling method. Important values [V were used to calculate diversity indices and DCA ordina-
tion. A total of 26 sites with 234 m* quadrats were sampled in this study.

Important findings There were 119 vascular species belonging to 103 genera and 44 families. Among them
108 species were native 11 were invasive exotic 50 were wetland plants 6 were legumes and 35 were grass-
es or grasses relatives. Results showed that BHD SHD BLD BHI had greater plant species richness than
BLI and BHD had the greatest native species and woody species richness. Invasive exotic species and wetland
plant species were prevalent in BLI and common in BHD SHD BLD and BHI. BHD may be in favor of the
protection of native species and may be good for resisting the invasion of exotic species but may be an unfa-
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vorable habitat for wetland plants BLI was reversed. BLD could maintain moderately native plant species rich-
ness and had higher proportions of herbs and wetland plant species. Therefore well-managed BLD should be
emphasized in Xixi for protection and enhancement of native vegetation diversity and wetland plant species rich-
ness. The invasive exotic species such as Alternanthera philoxeroides which were harmful to the landscape or
harmful to maintain native species diversity must be removed periodically.
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Table 1 Habitat types characteristics and numbers of replicated quadrates in Xixi wetland Hangzhou
Habitats Character description Numbers of replicated quadrates
1~3m =10m =2.0m 5
Blazing high dike BHD Long narrow strip 1 —3 m in width more than 10 m in length blazing vertical-
ly equal to or more than 2 m high from ground water level
1~3m =10m <1.0m 5
Blazing low dike BLD Long narrow strip 1 —3 m in width more than 10 m in length blazing vertical-
ly equal to less than 1.0 m high from ground water level
1~3m =10 m =2.0m 4
Shading high dike SHD Long narrow strip 1 -3 m in width more than 10 m in length shading verti-
cally equal to or more than 2 m high from ground water level
=2.0m 6
Blazing high islet BHI Large squares blazing vertically equal to or more than 2 m high from ground wa-
ter level
<1.0m 6
Blazing low islet BLI Large squares blazing vertically equal to less than 1.0 m high from ground water
level
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5 26 119 Alternanthera philoxeroides
1993 3 Paederia scandens Rostellularia procum-
Dryopteris sp. Lygodium japon- bens
icum Pteris multifida 116
41 100 108 Cynodon dactylon Imperata
11 2002 koenigii Phaenosperma globosa
1993 50
1999 69 Arthraxon
Paine & Ribic 2002 74 hispidus Achyranthes bidentata
34 57 17 35
6 6 Carex dimor-
pholepis Polygonum hydropiper
8
2
2005 2P =3
5 9
Table 2 The most common species in the five habitats of Xixi wetland Hangzhou
BHD SHD BLD BHI BLI
Alternanthera philoxeroides J NG NG NG
Paederia scandens N J J J
Rostellularia procumbens N; N NG NG
Cynodon dactylon N NG NG
Imperata koenigii NG NG NG
Phaenosperma. globosa J N v
Acalypha australis NG NG
Achyranthes bidentata NG N,
Arthrazxon, hispidus NG NG
Broussonetia. papyrifera NG Nj
Conyza bonariensis NG NG
Lonicera japonica N NG
O Mosta scabra J N,
Rosa multiflora NG NG
Setaria viridis N v
Carex dimorpholepis NG
Miscanthus sacchariflorus N
Phragmites australis N
Polygonum hydropiper J
Polygonum perfoliatum N
BHD SHD BLD BHI BLI 1 See Table 1
3
90 % 80%
50% 4 4 5
p <0.05 3
76 % 97 %
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9 m’ 15~ 16
8.7

3 5 p<0.05
Table 3 Important value IV  of functional groups in the 5 habitats of Xixi wetland Hangzhou p <0.05

v Total BHD BHD BLD BHI BLI
Forbs 1.24+0.43 0.88+0.18"  1.23+0.29"  0.95+0.39"  1.55+0.40" 1.53+0.27°
Grasses or grasses relatives 1.25+£0.36 1.14+£0.33 1.10£0.25 1.48+£0.37 1.38+0.33 1.21+£0.42
Legumes 0.07+0.11 0.17+0.16  0.03+0.062  0.08+0.17 0.05+0.05  0.02+0.050
Native 2.59+0.24  2.79£0.14*  2.81%0.16° 2.75+0.033* 2.43+0.16" 2.2920.11"

0.22+0.17  0.15b+0.12"> 0.11+0.13" 0.09+0.094° 0.29+0.16®  0.38+0.17°

Invasive exotic species of Compositae

0.18+0.14  0.04+0.041" 0.07+0.062* 0.16+0.076" 0.23+0.15"  0.34+0.098"

Invasive Alternanthera philoxeroides

p<0.05 Data were mean values and stan-

dard deviations ~different letters indicated significant differences by multiple comparison p <0.05 ~ BHD SHD BLD BHI BLI 1 See Table 1
4 5 p<0.05
Table 4  Average number of species per site species richness among 5 habitats of Xixi wetland and their statistical analysis p <0.05
Species number BHD SHD BLD BHI BLI

Overall 23.8+6.14 17.7+4.03 18.0+1.22° 16.8+4.07" 11.2+3.19°

Forbs 9.6+3.21° 8.7+3.09% 7.4£2.41% 9.8+3.71* 6.3+1.63
Grasses 6.8+2.77% 3.2+0.96° 7.0£2.35° 5.0+0.89% 3.7+2.50
Legumes 1.0+0.71° 0.5+0.58% 0.4+0.55® 0.5+0.55% 0.2+0.41°

Native species 21.0+4.74 15.2+3.86% 16.2+1.48 13.2+3.13 8.3+2.58¢

Invasive exotic species 2.8+2.17% 2.5+1.29% 1.8+0.84" 3.7+1.03" 2.5+0.55
Woody plants 5.4+1.52° 4.2+1.26" 3.2£2.77° 0.7+0.82 1.2£0.75"

Wetland species 6.4+1.14 5.2+2.63 8.4+3.58 7.3+2.80 6.2+3.12

3 Notes see Table 3 BHD SHD BLD BHI BLI 1 See Table 1
2.2 5 2.3
5 2A B
5 2A 1
0.91 1
Shannon-Wiener 2.54 2
Shannon-Wiener 2.20 2
5 Shannon-Wiener
2B 1 Cyperus
sp. Ludwigia peploides ssp. stipulacea
Actinostemma tenerum
Shannon-Wiener Youngia japon-
ica Salvia plebeia Lolium perenne

1
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1 11 10
2 U1 Rubus hirsutus 1
Trachelospermum jasminoides Sapium  seibifer- Conyza bonariensis
um Ficus pumila Aster subulatus Bidens frondosa
Erigeron annuus Conyza
Astragalus sinensis Echinochloa canadensts
crusgalli Kalimeris indica Rumex
Jjaponicus 2 20%
2
1 0.519 2 3AB 1 2
0.424 0.943 1 2
2.4
5 5 5 p<0.05
Table 5 Species diversity and comparison of species diversity among 5 habitats of Xixi wetland Comparison were only
conducted the 5 habitats p <0.05
Habitats Whole Xixi BHD SHD BLD BHI BLI
Shannon-Wienes m 2.54x0.35 2.92£0.31"  2.53+0.38" 2.66+0.10" 2.49+0.25"  2.20£0.29"°
J 0.91+0.047 0.93+£0.041 0.88 +0.097 0.92+0.018 0.89+0.039 0.92+£0.021
H' H' of native species 2.20+0.431 2.67+0.304" 2.43+0.247° 2.44+0.089° 1.98+0.123" 1.63+0.215°
3 Notes see Table 3 BHD SHD BLD BHI BLI 1 See Table 1
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Fig.2  Ordination of 5 habitats and all species of the communities in Xixi wetland
A. 1 Ordination of Sites for abbreviations see Table 1 = B.
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Fig.3  Ordination of 5 habitats and native species of the communities in Xixi wetland
Ordination of sites B. Ordination of all native species of the communities 2 Abbreviations see Fig.2
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