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Analysis of the process and impacts of Deyeuxia angustifolia Invasion on the

Alpine Tundra, Changbai Mountain
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Abstract; In China, the alpine tundra of Changbai Mountain is one of only three areas in China with this type of rare alpine
tundra. The vegetation has undergone significant change in recent decades. Herbaceous species from the ‘ Betula ermanii
zone’ , represented by Deyeuxia angustifolia, have invaded the alpine tundra zone on Changhai Mountain. This incursion
represents a unique phenomenon in the mountainous areas of China. We examined the incursion process of D. angustifolia
using GPS ( Global positional system) techniques based on spectral and image analysis. In the study area, GPS equipment
was used to identify individual D. angustifolia patches. Spectral analysis, particularly the red edge bands, was conducted by
comparing the hyperspectral data between the invasive D. andustifolia and the native species, Rhododendron chrysanthum.
The spectral diversity of the invasive and native species’ enabled us to compare their NDVI ( Normalized Difference

Vegetation Index) , which was used to analyze within patch changes in vegetation. Landsat TM images from 1983, 1999,
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2002, 2006 and 2008 were used to calculate the NDVI index. The results showed that the incursion of D. angustifolia began
in the 1980s. Currently, D. angustifoliahas successfully invaded this alpine landscape with the gradual trend following an
altitudinal gradient. The incursion range has extended from relatively low elevations to higher elevations. Moreover, the
inference is that D. angustifolia patches at lower elevations are interconnected forming relatively large patches. At higher
elevations in the tundra landscape, these D. angustifolia patches were smaller and more scattered. We also investigated the
ecological consequences of the D. angustifolia invasion using plant community surveys and soil tests. The D. angustifolia
patches were defined as paiches at different times of invasion, which consisted of three different invasive levels (low,
medium and high levels of invasion). In the newly formed plant community D. angustifolia was the dominant species. While
this invasion altered the native plant community structure and enhanced biodiversity, it altered some soil properties
including both physical and chemical properties. Compared with the native plant community, dominated by R. chrysanthum ,
the invasive patches showed higher Shannon-Wiener diversity and species richness. Changes in abundance and evenness of
the community suggested that D. angustifolia would occupy the most dominate position in that community. The change of
community structure resulted in the reduction of shrubs and increased the number of herbaceous species. The change of
vegetation directly or indirectly led to changes in soil properties. The progression of invasion resulted in a decrease in the
carbon/nitrogen ratio, soil humus and total nitrogen. However, the available nitrogen and soil water content increased. The
changes in soil nutrients were closely related to changes in physical soil properties, especially for soil water content. The
increases in soil water content altered nitrogen fixation processes, microbial decomposition and nitrification. We propose that
the efficient use of soil nutrients may promote further D. angustifolia invasion. Moreover, we suggest that a time lag occurs
between changes in the vegetation and soil properties.The invasion of D. angustifolia on the alpine tundra ecosystem has and

continues to have severe impacts.

Key Words: Deyeuxia angustifolia; plant invasion; alpine tundra; Changbai Mountain
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Table 1 Distribution information of D. angustifolia patches
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Table 3 Changes in soil properties under the plant communities at different invasive levels
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HUpI B2 T M L WAL Total Available
. Soil humus/ Humic acid/ ) . A . . pH
Plant community types (&/ke) (&/ke) Fulvic acid C/N ratio nitrogen/ nitrogen/
i i (¢/k) (¢/ke)

X B8 Control 97.62+1.052* 36.88+4.91° 55.16+2.011"  20.44+4.156"  11.58+2.301° 1.22+0.13* 4.38+0.271*
RN R BT
Invasive patches with 96.12+2.016*  35.24+7.21% 54.10+9.24" 20.56+3.81°* 11.00+2.48* 1.29+0.09° 4.52+0.17*
low level
AR BER
Invasive patches with 02.78+4.149"  40.92+10.51*  39.58+12.28%  18.36+2.81% 10.42+2.69% 2.38+0.11*° 4.63+0.19*
medium level
AR
Invasive patches with 88.42+2.811*  31.55+7.58"  33.84+11.85" 16.49+3.84"  8.45:2.10 2.930.11° 4.82+0.11"
high level
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