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Landscape biodiversity of wetlands and their changes in 50 years in watersheds

of the Sanjiang Plain

LIU Honngu, LU Xian-Guo, ZHANG Shi-Kui (Northeast Institute of Geography and Agricultural Ecology. Chinese
Academy of Science, Changchun 10012, China). Acta Ecologica Sinica.2004.24(7) 1472~ 1479.

Abstract: Wetlands are among the most biodiversity richness areas in the world. Much research attention has been paid on
community and species diversity rather than the landscape diversity and the relationships between landscape parameters and
wetland biodiversity. In particular spatial changes of wetland areas and impacts of landscape changes on long-term wetland
biodiversity have yet to be studied. Landscape diversity of any major wetland area has fundamental influences on the ecosystem
diversities as well as the flora and fauna in terms of communities and species. Human -induced land use and land cover changes
in wetland areas, such as hydrological engineering and conversion from wetland into agricultural practice, has significant
impacts on biodiversities of wetlands. The Sanjiang Plain region has the largest wetland concentration in China. Located in the
Northeastern China, it is home of many terrestrial and aquatic wildlife species and a globally significant hotspot for wetland
biodiversity conservation. However, the Sanjiang Plain region has undergone several large-scale reclamations of agricultural
development in the past years. In this study we applied multiple spatial data and information from remote sensing and historic
maps. as well as geographic information system modeling and landscape ecological approaches to reveal the impacts of land
cover change on wetland biodiversity. The research findings include: (1) The regional landscape types were characterized into
5 landscapes, 11 ecosystems, and 21 plant communities. The landscape diversity declined dramatically in the past 50 years after
fragmentation and disappearing of the wetland areas. The ecosystem and community diversities were declined as the result of
landscape changes. (2) The diversity index, which reflects the structural characteristics of wetland-dominated landscape and
the process of diversity changes, declined dramatically between 1983 and 2000. Accompanying to this declined was the lost of
marsh diversity. (3) The variations of diversity index reflect the difference of impacted landscape, ecosystems of wetlands and

their intensity characters by human disturbance in spatial-temporal scales. Our study shows that the change of wet meadow
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category started before 1965, especially after 1983, which coincident with the intensified human disturbance in period of 1983~

2000 than 1950~1983. (4) There is a relationship between landscape diversity index and area of wetlands in watersheds, i.e. ,

the larger of the wetland area. the higher of the diversity index of wetland. (5) There is a relationship between landscape

diversity of wetland and geomorphology diversity in watershed, i.e. . the higher the geomorphology diversity, the larger the

landscape diversity index of wetland. (6) The changes of landscape diversity of wetlands in the past years in this study area

influenced not only by agricultural development but also by human alterations of hydrological regime.

Key words:wetland ; landscape diversity; change process; watershed scale
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Table 1 Wetland classification system in the Sanjiang Plain

1) (@] (@}
Landscape type Ecosystem type Community type
Open water River
. Pond
Wet meadow Wet meadow Ass. Deyeuxia angustifolia

- Ass. Deyeuxia angustifolia-Carex
- Ass. Deyeuxia angustifolia -Salix brachypoda
- Ass. Deyeuxia angustifolia -Ph. australis
- Ass. Deyeuxia angustifolia -Calamagrostis epigeios-
Hemarthria japonica
Marsh Ass. Carex lasiocarpa
Carax lasiocarpa marsh - Ass. Carex lasiocarpa-Ph. australis
- Ass. Carex lasiocarpa-Carex meyeriana
- Ass. Carex lasiocarpa-Carex pseudocuraica
Ass. Carex pseudocuraica
Carex pseudocuraica marsh - Ass. Carex pseudocuraica-Deyeuxia langsdorffii
- Ass. Glyceria spiculosa-Carex lasiocarpa
Glyceria spiculosa marsh - Ass. Glyceria spiculosa-Carex pseudocuraica
- Ass. Carex appendiculata- Deyeuxia angustifolia
Carex meyeriana marsh - Ass. Carex appendiculata-Carex meyeriana
Ass. Carex meyeriana
Reed marsh Ph. australis
- Ph. australis - Deyeuxia angustifolia
Shrub wetland Shrub wetland Ass. Alnus hirsute-Betula fruticosa
- Ass. Betula fruticosa - Deyeuxia angustifolia
- Ass. Alnus hirsute- Betula fruticosa
Forest swamp

Forest swamp in river

Forest swamp in plain
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Table 2 Landscape types of wetlands and their changes in Naoli River Watershed
Area (km?) / Patch number
Landscape types 1950 1965 1983 2000
Open water 7 6.93/1012 55.15/885 38.84/245 23.92/44
River 21.56/1 21.56/1 21.42/1 21.12/1
. Pond 55.38/1011 33.59/920 17.42/244 2.80/43
Wet meadow 8539.66/107 3616.47/122 1119. 04/166 1682.76/2747
Ass. Deyeuxia angustifolia 311.01/33 311.01/33 175.75/5 163.51/208
- Ass. Deyeuxia angustifolia-Carex 2399.48/73 1618.19/73 607.13/56 540.10/342
- 5420.73/47 1280.51/36 130.45/6 113.07/55
Ass. Deyeuxia angustifolia-Salix brachypoda
- 362.50/4 360. 83/4 137.62/8 118.05/4
Ass. Deyeuxia angustifolia-Ph. australis
- Ass. Deyeuxia angustifolia- 45.94/2 45.94/2 68.09/85 748.04/2280
Calamagrostis epigeios-Hemarthria japonica- Ph. australis
Marsh 5022. 86/22 5022. 86/22 3609. 26/38 93.36/3
Carax lasiocarpa marsh 2252.05/51 2252.05/51 1763.59 /24 0
Ass. Carex lasiocarpa 961.79/31 961.79/31 1686. 64/23 0
- Ass. Carex lasiocarpa- Ph. australis 1290. 27/20 1290. 27/20 77.29/1 0
Carex pseudocuraica marsh 933.35/1 933.35/1 691.93/1 0
Glyceria spiculosa marsh 1056.22 /3 1056.22 /3 443.53/4 0
- 68.99/3 68.99/3 222.03/1 0
Ass. Glyceria spiculosa-Carex lasiocarpa
- 987.23/1 987.23/1 221.50/1 0
Ass. Glyceria spiculosa-Carex pseudocuraica
Reed marsh 781.23/7 781.23/7 710.2/9 93.36/3
Ph. australis 156.23/4 156.23/4 201.54/6 0
- Ph. australis - Deyeuxia angustifolia 625.0/4 625.0/4 508. 66/3 93.36/3
Shrub wetland 785.37/103 786.46/109 345.77/39 28.84/98
Ass. Alnus hirsute-Betula [ruticosa 235.59/79 235.59/79 345.77/39 28.84/98
- 549.78/47 550. 87/47 0 0
Ass. Betula fruticosa - Deyeuxia angustifolia
Forest swamp 206.71/162 2 06.71/162 92.35/56 24.73/18
Forest swamp in River 1.49/2 1.49/2 1.49/2 1.49/2
Forest swamp in Plain 205.22/160 205.22/160 90. 86/54 23.23/16
Total 14631.53/20 9687. 64/24 5205.26/185 1853. 62/2866
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Table 3 Landscape types of wetlands and their changes in Bielahong River Watershed
Area (km?)/ Patch number
Landscape types
1950 1965 1983 2000
Open water 15.53/281 15.53/281 13.86/121 9.88/6
River 9.47/2 9.47/2 9.47/2 9.47/2
. Pond 6.06/279 6.06/279 4.39/119 0.41/4
Wet meadow 1446.54 /17 1260.50/17 1304.23/263 986.14/2098
Ass. Deyeuxia angustifolia 200.04/3 200.04/3 65.70/1 0
- 344.72/3 344.72/3 763.33/28 319.64/143
Ass. Deyeuxia angustifolia-Carex
- 606.42/16 420.39/13 207.92/9 8.07/48
Ass. Deyeuxia angustifolia -Salix brachypoda
- 292.83/3 292.83/3 213.52/3 12.31/4
Ass. Deyeuxia angustifolia - Ph. australis
- 2.53/3 2.53/3 53.77/220 646.122/1931
Ass. Deyeuxia angustifolia -Calamagrostis epigeios-
Hemarthria japonica- Ph. australis
Marsh 2127.65/27 2127.65/227 1208. 4845 0
Carax lasiocarpa marsh 2024.35/37 2024.35/37 1179.77 /54 0
Ass. Carex lasiocarpa 1681.3/24 1681.3/24 1004.57/51 0
- Ass. Carex lasiocarpa- Ph. australis 117.25/8 117.25/8 11.99/1
- 141.09/2 141.09/2 109.51/1
Ass. Carex lasiocarpa-Carex pseudocuraica
- 84.71/6 84.71/6 53.70/1 0
Ass. Carex lasiocarpa-Carex meyeriana
Carex meyeriana marsh 103.30/13 103.30/13 28.71/12 0
Ass. Carex meyeriana 14.34/8 14.34/8 0 0
- 49.24/3 49.24/3 0 0
Ass. Carex appendiculata-Carex meyerian
- 39.72/2 39.72/2 28.71/12 0
Ass. Carex appendiculata- Deyeuxia angustifolia
Shrub wetland 400.71/43 404.41/43 343.52/36 21.56/84
Ass. Alnus hirsute-Betula fruticosa 178.07/32 178.07/32 276.51/29 21.56/84
- 105.97/2 105.97/2 17.23/3 0
Ass. Betula fruticosa - Deyeuxia angustifolia
- Ass. Alnus hirsute- Betula fruticosa 116.67/12 120. 37 /10 49.77/8 0
Forest swamp 166.87/65 124.63/65 41.82/19 9.81/5
Total 4157.29/8 3932.70/19 2911.91/218 1091. 24/2455

4

Table 4 The structure of geomorphology type and their relationship with types of wetland landscape in Watersheds of the Sanjiang Plain

Geomorphology Area( %) Area( %) Landscape types Landscape types
of Naoli River of Bielahong River
Bank 0.03 0. 85 Forest swamp Forest swamp
Fan 0. 20 0.11 Forest swamp Forest swamp
Micro-highland 0. 08 0.28 Wet meadow Forest swamp
Meandering river zone 6.32 Marsh
Low flood plain 20.75 10. 45 Marsh Marsh
Paleochannels depression 0. 06 17.75 Marsh Marsh
Depression 1. 54 21. 47 Marsh / Pond Marsh/ Pond
High flood Plain 13.33 3.04 Wet meadow Wet meadow
River Terrace 7.30 31. 24 Wet meadow Wet meadow/
River high terrace 7.73 6.71 Wet meadow Shrub wetland
Alluvial Plain 7.59 1.87 Wet meadow/ Shrub wetland Marsh
Valley plain 6.08 Shrub wetland
’ ’ ~ ~ H
o ’ b b
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Table 5 Landscape diversity of wetlands and their changes in watershed of the Sanjiang Plain
1950 1965 1983 2000
Landscape type H D H D H D H D
Naoli River watershed
Wetland 1.337 1. 986 1.477 0. 855 1. 259 1.063 0.713 1. 609
Open water 0. 856 0. 144 0. 966 0. 034 0.992 0. 008 0.523 0.477
Marsh 1. 861 0.461 1. 861 0.461 1.334 0. 989 0 0
Carax lasiocarpa marsh 0.985 1. 015 0. 985 1.015 0.114 1. 886 0 0
Carex pseudocuraica marsh 0 0 0 0 0 0 0 0
Glyceria spiculosa marsh 0. 348 0.652 0. 348 00. 652 1.0 0 0 0
Reed marsh 0.722 0.278 00 1724 0.278 0. 861 0.239 0 0
Wet meadow 1.287 1. 035 1.776 0. 546 1.593 0. 407 1.119 0. 881
Shrub wetland 0. 882 0.118 0. 882 0.118 0 0 0 0
Forest swamp 0. 063 0. 937 0. 063 0.937 0.127 0. 877 0. 329 0.671
Bielahong River watershed
Weland 1. 835 0. 487 1.533 0.789 1. 535 0. 785 0. 301 2.021
Open water 0. 965 0. 035 0.965 0. 035 0.901 0.199 0. 249 0.751
Marsh 0.28 0.72 0.28 0.72 0.162 0. 838 0 0
Carax lasiocarpa marsh 0. 920 1. 080 0. 920 1. 080 0. 786 1.214 0 0
Carex meyeriana marsh 1. 435 0. 150 1.435 0.15 0 0 0 0
Wet meadow 1. 896 0. 427 1. 969 0. 354 1.709 0.613 1.062 0.938
Shrub wetland 1.526 0. 059 1.548 0. 027 0.772 0.813 0 0
Forest swamp 0 0 0 0 0 0 0 0
° 1950 1965
s , 2000 H ,1950 , 1965 s s 2000
o 1950 1983 s , 2000
; , 2000 o o
b o 5
s s 1950 1965
, $ 1965 P
1965 s 2000 0, P
1983 2000 s °
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Plate I  Distribution map of land use /cover in watersheds of the Sanjiang Plain
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