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Abstract 
The constant biotic and abiotic interventions on the Qinghai Tibet Plateau (QTP) are seriously 
degrading the grasslands and, at the same time, restricting the active ecosystem function and 
grassland vegetation distribution on the plateau. This research analyses the dynamics of grassland 
vegetation composition across three land uses and counties. The degree of grassland degradation was 
divided into four land-use types based, i.e., healthy grassland (HG), restored grassland (RG), 
moderately degraded (MD) grassland, and severely degraded (SD) grassland. About 32 plant species 
were recorded in Tiebujia county, 28 in Maqin county, and 18 in Maduo county. Results showed Poa 
crymophila, Polygonum sibiricum, Leontopodium nanum and Oxytropis falcatabunge as the most 
abundant grassland species in all land-uses and counties. The richness of species ranged from 8 to 12 
species per land-use, suggesting low richness and diversity in restored and degraded grassland. A 
positive non-significantly mean change (p<0.05) was detected for richness and evenness indices 
while a negative mean change (p<0.05) was detected for Simpson and Shannon indices in the alpine 
meadow and steppe in both Maqin and Maduo county. The results imply that degradation affects 
grassland vegetation, health, and distribution across the QTP. Plant total cover for the healthy 
grassland covered far more areas than other land-uses. Urgent mitigation measures to halt grassland 
degradation and decline in plant vegetation composition on the plateau should be adopted. 
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1. Introduction 
 

Ecologists and other environmentalists have described the Qinghai Tibet Plateau as 
the roof of the earth, hot pole, third pole, species differentiation and formation center, 
highest plateau on earth, and head water station for Asia (Cao et al., 2019; Dong et al., 2019; 
Dong et al., 2020; Fayiah et al., 2019; Liu et al., 2018; Mipam et al.,  2019; Wang et al., 2014; 
Xiong et al., 2019; Yang et al., 2013). Chinese scholars have referred to the plateau as the 
center of species formation and differential globally (Zhang et al. 2002). The complex 
biodiversity characteristics of the QTP made some schools of thought to refer to it as a 
“natural laboratory or the natural museum of floristic evolution” (Hedberg, 1975; Sun, 2002; 
Sun et al., 2014). The QTP is one of the world’s richest biomes with 59.13% of grassland 
vegetation accounting for 17 grassland types (Weih and Glynn, 2019). Two major types of 
grassland exist on the QTP; in the north-west, the alpine steppe is the dominant vegetation 
with Stipa (Poaceae family) being the dominant plant species, while in the south-east the 
alpine meadow vegetation covers the verse majority of the territory with Kobresia species 
(Cyperaceae family) dominating (Mipam et al., 2019; Zhang et al., 2007). The alpine meadow 
and steppe grasslands account for 44.64% and 28.75%, respectively (Fayiah et al., 2020; Li 
et al., 2013). Based on Zhang et al. (2002) survey of 12,000 plant species belonging to 1,500 
genera, 300 rare and endemic species, and 5,000 epiphyte species were found on the QTP 
(Wu et al., 2008). Sun et al. (2014) listed Meconopsis vig, Pedicularis l, Anaphalis DC, 
Cremanthodium benth, Primula l, Corydalis DC, etc. genera of great importance of evolution 
on the QTP. Based on theoretical evidence, species richness, growth, and diversity vary 
greatly across the QTP (Fayiah et al., 2019; Sun et al., 2014; Tang et al., 2006; Yang et al., 
2013). However, the variation in grassland vegetation and richness is highly connected with 
the biotic and abiotic processes constantly unveiled on the QTP. Abiotic factors such as 
climate change, temperature, sunshine duration, precipitation, winter period, drought, 
flooding, and so on have negatively influenced grassland vegetation on the QTP (Cao et al., 
2019; Dong et al., 2019; Dong et al., 2020; Fayiah et al., 2019; Mu et al., 2017; Sun et al., 
2014; Sun et al., 2019; Wei and Glynn, 2019; Xiong et al., 2019; Xu et al., 2018; Yang et al., 
2013). The biotic activities such as overgrazing, population increase, urbanization and 
industrialization, crops cultivation and traditional practices, among others, have contributed 
to the decline in grassland vegetation on the QTP (Fayiah et al., 2020; Sun, Cheng and Li, 
2013; Wang, 2009; Wang et al., 2000; Zhang et al., 2019). Scientific evidence has proven 
that the QTP has richer biodiversity than any other biome across Asia (Sun et al., 2014) and 
beyond. The scholarly ecologist has confirmed that the plateau host more than 12,000 
vascular plant species, 210 mammal species, 5,000 epiphytes species, 115 species of fish, and 
532 bird species (Zhang et al., 2002). The complex ecosystem interface on the QTP supports 
the formation of new species, maintains older species, and provides a safe haven for 
succession (Zhang et al., 2002).  

Globally, the biodiversity/vegetation conservation concept has emerged as the central 
topic for the sustainable development goals (SDGs) linked with ecosystem sustainability and, 
by extension, globalization.  In this regard, investigating grassland vegetation along land use 
on the QTP is essential to keep track of vegetation changes occurring due to biotic and 
abiotic occurrences. Secondly, such investigations should be undertaken constantly because 
the terrestrial ecosystem on the QTP is very sensitive to environmental and other social 
disturbances. Many studies have been conducted across the QTP on biodiversity composition 
and distribution. Still, very little attention is being given to biodiversity in different land-use 
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ecologies. This research intends to bridge this gap and throw light on the vegetation 
composition and distribution across different land uses on the QTP.  
 

2. Materials and Method 
 
2.1 Study Location  

The study was conducted in three Counties on the QTP, namely Tiebujia, Gonghe 
County (37° 06´82´'N, 99° 55´93´´E), Maqin county (34° 42´48´´N, 100°32´65´´E) and 
Maduo county (34°84.89´´N 98° 28´92´´E) (Fig.1). The average elevations for these three 
sites were 3,227 m, 3,803 m and 4,172 m for Tiebujia, Maqin county and Maduo county, 
respectively. The average annual temperature of the three locations ranges from -0.6 to -24 
in January and 18°C in July (Dong et al., 2012; Zhao et al., 2017). As per Ma et al. (2002), the 
alpine grassland of the study areas is separated into (1) “degraded grasslands”, (2) “healthy 
grassland”, (3) “restored grassland”, and (4) “severely degraded grassland. Tiebujia County is 
dominated by alpine steppe, Maqin County by alpine meadow, and Maduo County by alpine 
steppe. In Maduo County, the soil type of the study location is loamy with 40% silt, 40% 
sand, and 20% clay (Dong et al., 2012). The soil type in Maqin County is classified as 
subalpine meadow soil (Li et al., 2016), or loam with 40% sand, 20% clay, and 40% silt 
(Wang et al., 2015; Dong et al., 2012), while Tiebujia County’s soil type was described as 
mostly loam-clay (Zhao et al., 2016). 
 
Table 1: Environmental parameters of the study area 

Environmental 
conditions  

Environmental 
indicators  

Study Location 
Tiebujia  Maqin Maduo 

Vegetation type Grassland  Alpine 
steppe 

Alpine 
meadow 

Alpine 
Steppe 

Land use type  HG, RG, MD, SD Four (4) Four (4) Four (4) 

Geographical 
features  

Latitude (N°) 
Longitude (E°) 
Altitude (M) 

37.06-37.03 
99.55-99.32 
3,227-3,264 

34.42-34.49 
100.32-100.22 
3,803-3,820 

34.84-34.53 
98.28-98.12 
4,172-4,193 

Climatic 
parameters  

Annual precipitation 
(mm) 
Annual mean 
temperature  

377 (mm) 
0 °C 

538.17 
0.77°C 

358.49 
–2.48°C 

Notes: Healthy grassland, HG; Restored grassland, RG; Moderately degraded grassland MD; 
and Severely degraded, SD.  
 
2.2 Sampling Method  

Biodiversity parameters, such as species names, abundance, frequency, height, and 
coverage in a 1 m × 1 m quadrat, were recorded as per Ren’s (1998) and Li et al.’s (2014) 
approaches. Proper scientific classification was done either in the field or in the laboratory 
by a knowledgeable plant taxonomist. In total, 36 replicated quadrats (1 m × 1 m) were 
enumerated with a distance of at least 30 m from each other. A thorough biodiversity 
assessment was done and compared among the four land-use grassland types.  
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2.3 Land Use Selection Criteria 
Land use categorization was done as per Ma et al. (2002) and Wang et al. (2015, 

2019) classification methods alongside grazing intensity, fencing, and rodent disturbance. 
This article incorporated their approach and that of grazing status (freely or moderately 
grazed), disturbance level, and rodent burrowing activities. The degree of grassland 
degradation in this study was divided into four land-use types based on the above criteria 
(Cao et al., 2019), i.e., healthy grassland (HG), restored grassland/cultivated (RG), moderately 
degraded grassland (MD) and severely degraded grassland (SD). 

Figure 1: Map showing the study area 
  
Table 2: Land use selection and partition 

Degree of 
Degradation 

Coverage (%) Edible plants 
proportion (%) 

Plant height in (cm) 

HG 70-100 90-100 10-40 

RG 50-70 70-90 10-37 

MD 50-60 40-70 8-14 

SD 30-50 0-40 2-4 

 
2.4 Statistical Analysis  

All statistical analyses were done using the R software package and IBM-SPSS v.23 
Software for Windows. The multi-biodiversity indices like the Simpson diversity index, 
Shannon-Weiner index, Species richness, and Pielou evenness (Kent and Coker, 1992; 
Gaines Woodard and Carlson, 1999; Shannon and Weiner, 1963) and soil chemicals 
parameters were reported as a mean standard error in tables.  
 
Shannon Diversity Index 

𝐻′ = −∑𝑃𝑖  ln 𝑃𝑖

𝑆

𝑖=1
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Evenness Index   
𝐽 = 𝐻′/ln𝑆 

Simpson Diversity Index  

 =  −∑𝑃𝑖
 

 

𝑖=1

 

Where N = the number of all plants in the sample community, n  = the specific number of 
species I, S = the number of plants in the community, and pi = the specific number of 
species I in proportion to the aggregate number of plants in the community. The given 
species number of a particular community is referred to as species richness. 
 

3. Results  
 

The actual number of plant species enumerated in the three grassland types varied 
greatly. A change in diversity was observed among the different land-use patterns with 
healthy grassland being the baseline of comparison. For example, 32 plant species were 
recorded in Tiebujia county, 28 in Maqin county, and 18 in Maduo county (Figure 2). The 
most abundant plant species across these three study locations were Poa crymophila, 
Polygonum sibiricum, Leontopodium nanum and Oxytropis falcatabunge (Table 3). However, 
the abundance of these species varied across grassland types and land-use in the three 
counties. The species richness in the different land-use ranged from 5 to 12 species accordingly 
(Appendix 2). The alpine steppe of Maduo County recorded the lowest plant species richness. 
The richness of species ranged from 8 to 12 species per land-use with the healthy grassland 
having higher species richness (Table 3). The species with the most Importance Value Index 
(IVI) were Poa crymophyila (85) for Tiebujia county, Leontopodium nanum (75) in Maduo 
county, and Poa crymophila (49) in Maqin county (see Appendix 3, 4 &5).   
 
Table 3: Dominant species, richness and altitude in the three study areas 
Type Tiebujia Alpine Steppe Maqin Alpine Meadow Maduo Alpine Steppe 

LU Dominant 
species  

Richness Alt (m) Dominant 
species  

Richness Alt (m) Dominant 
species  

Richness Alt (m) 

HG Poa crymophila 10 3,239 Poa 
crymophila 

11 3,728 Leontopodium 
nanum 

11 4,183 

RG Poa crymophila 10 3,230  Oxytropis 
falcatabunge 

11 3,806 Poa 
crymophila 

5 4,176 

MD Poa pratensis 11 3,241 Leontopodium 
nanum  

12 3,796 Polygonum 
sibiricum    

7 4,173 

SD Astragalus 
propinquus 

8 3,234 Oxytropis 
falcatabunge 

10 3,810 Leontopodium 
nanum 

5 4,179 

Notes: LU = Land Use; HG = Healthy Grassland; RG = Restored Grassland; MD = moderately 
degraded grassland; SD = Severely degraded grassland, and Alt = Altitude (m) 
 
3.1 Plant Height and Total Cover across the Four Land-Uses 

Plant height for the four land uses varied, but the restored grassland and healthy 
grassland dominated in terms of height, especially in Maqin meadow and Maduo alpine 
steppe (Figure 3). The severely degraded grassland recorded the least height, followed by the 
moderately degraded grassland. Maduo alpine steppe recorded the least height (p<0.05) of 
plants across all land-uses, especially in the severely degraded grassland (Figure 3). Plant 
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total cover in the healthy grassland was more than other land-uses (Figure 4). The alpine 
meadows in Margin healthy and restored grassland have more plant total cover than other 
land-uses in Tiebujia and Maduo county. This was followed by the alpine steppe in Tiebujia 
and the alpine steppe in Maduo respectively (Figure 4). In particular, the severely degraded 
grassland reported less plant total coverage followed by the moderately degraded grassland. 
However, the alpine steppe in Maduo reported the least total coverage area, especially with 
severely degraded grasslands (Figure 4). 

 
Figure 2: Species abundance according to grassland type 
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Most plant species in (Figure 2) were detected in all the three counties and their land-
uses, while some were only found at particular locations and in land-uses. About 21 plant 
species were found in Tiebujia county, while 14 and 5 plant species were found in Margin 
and Maduo County, respectively. 

 
Figure 3: Average plant heights in the four land-uses.  The significant differences among 

diverse land-use are depicted by different alphabetical letters (p < 0.05) 
 

 
Figure 4: Total plant coverage across four land use. The significant differences among 

different land use are depicted by different alphabetical letters (p < 0.05) 
 

3.2 Mean Change of Multi-Diversity Indices across the Three Grassland Types and Land-Uses  
The healthy grassland was used as the baseline to compare the mean change 

percentage of plant diversity indices across the different grassland types and land use 
(Figure 5). A significantly positive mean change in the moderately degraded grassland 
(p<0.05) was observed for all plant diversity indices in the alpine steppe in Tiebujia County. 
In contrast, a positive non-significantly mean change percentage was detected for richness 
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and evenness indices for the alpine meadow in Maqin county and the alpine steppe in 
Maduo county. In Maqin and Maduo county, the Simpson diversity index and Shannon 
Weiner indices showed a negative mean change (p<0.05) in the moderately degraded 
grassland. 

 
Figure 5: Mean change percentage of plant diversity indices in MD; RG and SD base of 

comparison with HG on the QTP 
 

4. Discussion  
 

The QTP is known to host and harbor greater plant biodiversity (Wu, 2008) as 
compared to surrounding lowland ecologies and is considered an ideal ecology for studying 
plant species composition, adaptation and abundance under harsh environments under 
climate change impacts (Sun et al., 2014). Understanding grassland vegetation composition 
and abundance on different grassland ecologies is fundamental in protecting degraded 
grassland ecosystems and plant vegetation composition. The relationships that exist between 
plant diversity and plant abundance, productivity, etc. in degraded ecosystems such as QTP 
grasslands, have attracted rigorous debate among scholarly ecologists in recent years (Li et 
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al., 2018; Chen et al., 2019; Fraser et al., 2015; Oba, Vetaas and Stenseth 2001; Maron et al., 
2011; Fox, 2003). The natural grassland biomes on the QTP are experiencing diverse 
environmental conditions like temperature, wind, precipitation, and soil nutrients (Zhu, Lin 
and Yangjian, 2016). These adverse conditions affect plant vegetation composition and its 
distribution pattern across different land-use in three counties on the QTP. Plant species 
enumerated across the three grassland types showed variation and change with healthy 
grassland being used as a comparison baseline for other land uses. Sun et al. (2014) 
concluded that QTP is rich in plant diversity and composition, and hosts nearly 12,000 
species of 1,500 genera (Wu, 2008). Across the three study counties, Tiebujia county 
recorded 32 plant species, while Maqin and Maduo counties recorded 28 and 18 plant 
species, respectively. The most abundant plant species across the three study locations were 
Poa crymophila, Polygonum sibiricum, Leontopodium nanum and Oxytropis falcatabunge 
(Table 3).  
 
Table 4: Standard error of multi-biodiversity indices, plant coverage and height 

Land use HG RG MD SD 
Grassland Type 

Location 
Indicators Mean Std 

Error 
Mean Std 

Error 
Mean Std 

Error 
Mean Std 

Error 
Tiebujia Alpine Steppe Shannon 1.449 0.482 1.621 0.040 1.969 0.034 1.864 0.154 

 Simpson 0.603 0.198 0.749 0.010 0.823 0.007 0.816 0.024 

 Evenness 0.605 0.174 0.697 0.010 0.823 0.026 0.893 0.017 

 Richness 10.333 2.028 10.333 0.882 11.000 0.577 8.333 1.453 

 Plant height 27.167 7.539 33.754 1.741 13.881 2.256 5.116 1.082 

 Plant Cover 86.667 3.333 71.667 6.009 65.000 2.887 76.667 3.333 

Maqin Alpine Meadow  Shannon 1.893 0.044 1.978 0.193 1.426 0.318 1.671 0.022 

 Simpson 0.802 0.006 0.823 0.038 0.594 0.127 0.754 0.012 

 Evenness 0.766 0.022 0.835 0.059 0.569 0.083 0.764 0.033 

 Richness 12.000 1.155 10.667 0.882 12.333 3.180 9.000 0.577 

 Plant height 10.804 0.513 10.647 3.911 7.197 1.226 4.963 0.493 

 Plant Cover 94.333 0.667 78.333 9.280 70.000 5.774 46.667 3.333 

Maduo Alpine Meadow Shannon 1.646 0.106 1.310 0.054 1.646 0.106 1.064 0.156 

 Simpson 0.769 0.028 0.693 0.023 0.769 0.028 0.553 0.085 

 Evenness 0.828 0.015 0.854 0.009 0.828 0.015 0.638 0.100 

 Richness 7.333 0.667 4.667 0.333 7.333 0.667 5.333 0.333 

 Plant height 4.313 0.814 3.636 0.332 3.209 0.159 1.440 0.131 

 Plant Cover 58.333 1.667 55.000 8.660 50.000 2.887 34.333 3.480 

Notes: Std = Standard, Er = Error, SD = Severely degraded grassland, HG = healthy 
grassland, MD = moderately degraded, RG = restored grassland. The mean standard error 
was given for HG, RG, MD and SD grassland across the three counties and their land-uses. 
 

The variation in plant species could be connected with elevation, land-use practices, 
and the degradation level of county grassland ecologies. Grazing and rainfall intensity could 
also be factors determining the plant vegetation composition of each land-use. Another 
reason may be ascribed to the outcome of the environmental gradient being less diverse due 
to intense grazing by livestock. Other factors that may affect grassland vegetation 
composition and distribution across the QTP are light, temperature, topography, climate 
change, fire, fertilizer application, and grazing (Guo, 2008). Based on Cao et al.’s (2019) 
review, small mammals, climate change, overgrazing, harsh environmental conditions, 
privatization, and fragile soil may be the sources of degradation and, by extension, affects 
plant vegetation composition. However, overgrazing on the QTP is the main culprit causing 
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the decline of plant diversity, vegetation composition, total coverage, above- and below-
ground biomass, soil nutrient, and richness resulting in degradation (Chai et al., 2017; 
Schleuss et al., 2015; Zhang et al., 2016). Alternately, Harris (2015) noted that plant species 
in most land-use on the QTP have developed tolerance mechanisms to withstand periodic 
and intensity grazing consequences on plant species composition. Similarly, Bertness and 
Callaway (1994) and Sun et al. (2014) suggest that plant-plant interaction strongly impacts 
plant vegetation composition and the dynamics of plant vegetation composition on the QTP.  

Plant species coverage and height vary greatly along different land-use on the QTP. 
Degraded land use recorded fewer plant species and lesser plant coverage area than restored 
and healthy grassland. The alpine steppe in Maduo county recorded fewer plant species and 
was the most degraded grassland across all land-uses. This may be attributed to the harsh 
environmental conditions coupled with grazing and climate change impacts (Cao et al., 
2019). Similarly, the total plant coverage varies across counties and land-uses and the 
variation could be attributed to harsh environmental conditions. The alpine meadow of 
Maqin county covered more areas in the healthy, restored, moderate, and severely degraded 
land-use than those in Tiebujia and Maduo counties combined. This difference in vegetation 
coverage among the different counties may be attributed to human disturbance, population 
growth, climate change, and elevation (Sun et al., 2014). The higher plant species coverage 
and height in Maqin county could be attributed to higher nitrogen availability in the soil 
(Wang et al., 2015).   

The mean change percentage of plant diversity indices of the different land-uses and 
grassland types with the healthy grassland used as the baseline was investigated. Both 
significantly positive and negative mean change at (P<0.05) was detected across the 
different land-uses across the three counties. A positive mean change was detected for 
richness and evenness indices. In contrast, a negative trend was seen for Simpson and 
Shannon Weiner indices in the alpine meadow and alpine steppe in Maqin and Maduo 
County, respectively. The reason for this difference in plant diversity could be due to the 
long fallow period and livestock exclusion practice that is in place at the three study sites. 
The possible explanation for the mean change decline in species richness and evenness in 
both restored grassland and moderately degraded grassland of alpine meadow and steppe in 
Maqin and Maduo counties could be attributed to human and natural factors (Cai et al., 
2015; Liu et al., 2018; Sun, Cheng and Li., 2013; Wang et al., 2000; Yang et al., 2006) 
interplay on the plateau. Andrade et al. (2015) observed that livestock grazing and land-use 
change, among others, contribute to biodiversity decline on grasslands. The soil pH, high 
elevation, extreme temperature, grazing, and nutrient level may also be essential factors 
responsible for reduced species richness in the counties. A negative trend in the severely 
degraded grassland was detected for plant diversity, evenness, and species richness. This 
might be attributed to the very nature of our land-use selection criteria.  
 

5. Conclusion 
 

The QTP terrestrial ecosystem is extremely fragile, complex and is sensitive to biotic 
and abiotic interventions. Based on this, the plateau has experienced enormous changes in 
its environmental conditions and plant vegetation composition. Plant biodiversity and plant 
coverage are two crucial indicators in determining ecosystem function and vegetation 
distribution on grasslands. This study proved that plant diversity indices, cover, abundance, 
and height are being influenced by harsh environmental uncertainties like climate change, 



Mountain Ecosystems and Resources Management, vol. 1 

 

97  |  Moses Fayiah, ShiKui Dong, Roberto Xavier Supe Tulcan,
 
Sanjay Singh,

 
Muthu Rajkumar,

  

 
      Sallay Saccoh and Rebecca Bockarie

 

extreme temperature, and drought, among others.  There was a statistically significant 
alteration between land-use and Counties and variables such as richness, evenness, Simpson 
index, plant height, and plant total coverage. Land-use changes on the QTP have affected the 
plateau’s potential vegetation composition and services provision ability. The HG displays 
satisfactory plant diversity, plant total cover, and height indicators across the three counties. 
However, the SD, MD and RG grasslands lag in displaying these indicators meaning land-
uses affect plant vegetation distribution and composition. Across all land-uses, SD land use 
was associated with poor vegetation composition. For example, the plant biodiversity 
indices values were low on the SD grassland compared to other forms of land uses.  The 
average species richness species in the SD grassland was 8, 10 and 5, respectively, for 
Tiebujia, Maqin and Maduo Counties grasslands. Similarly, restored grasslands accounted for 
a lower species richness as compared to HG and MD grasslands. The constant biotic and 
abiotic interventions on the QTP seriously degrade the grasslands while halting the active 
ecosystem function and plant vegetation distribution on the plateau. The alpine steppe in 
Maduo County is the most affected grassland type among the three counties studied. Critical 
mitigation actions to reduce/stop grassland degradation and deterioration of plant 
composition and vegetation on the plateau should be enforced. 
 

6. Acknowledgments  
 
A big thank is extended to the Tiebujia, Maqin and Maduo grassland management and local 
authorities for their help during a visit for data collection. The authors would also like to 
thank the anonymous reviewers for their helpful comments.  
 

7. References  
 
Andrade, B.O., Koch, C., Boldrini, I.I., Vélez-Martin, E., Hasenack, H., Hermann, J.M. and 

Overbeck, G.E. (2015). Grassland degradation and restoration: a conceptual framework 
of stages and thresholds illustrated by southern Brazilian grasslands. Natureza & 
Conservação, 13(2): 95–104. DOI: https://doi.org/10.1016/j.ncon.2015.08.002.  

Bertness, M.D. and Callaway, R. (1994). Positive interactions in communities. Trends in 
Ecology and Evolution, 9-(5): 191–193. DOI: https://doi.org/10.1016/0169-
5347(94)90088-4.  

Cao, J., Adamowski, J.F., Deo, R.C., Xu, X., Gong, Y. and Feng, Q. (2019). Grassland 
Degradation on the Qinghai-Tibetan Plateau: Reevaluation of Causative Factors. 
Rangeland Ecology & Management, 72-(6): 988-995. DOI: 
https://doi.org/10.1016/j.rama.2019.06.001.  

Chai, L., Hou, F., Bowatte, S. and Cheng, Y. (2017). Effects of Yak grazing on plant com-
munity characteristics of meadow grasslands in the Qinghai-Tibetan Plateau, China. 
EGU General Assembly Conference 19, 23-28 April 2017, Vienna, Austria, p.3461. 
Available online at: https://meetingorganizer.copernicus.org/EGU2017/EGU2017-
3461.pdf / & https://ui.adsabs.harvard.edu/abs/2017EGUGA.19.3461C/abstract 
[Accessed on 23 October 2021]. 

Chen, C., Chen, H.Y.H., Chen, X. and Huang, Z. (2019). Meta-analysis shows positive effects of 
plant diversity on microbial biomass and respiration. Nature Communication, 10: 
1332.  DOI: https://doi.org/10.1038/s41467-019-09258-y1.  

https://doi.org/10.1016/j.ncon.2015.08.002
https://doi.org/10.1016/0169-5347(94)90088-4
https://doi.org/10.1016/0169-5347(94)90088-4
https://doi.org/10.1016/j.rama.2019.06.001
https://meetingorganizer.copernicus.org/EGU2017/EGU2017-3461.pdf%20/
https://meetingorganizer.copernicus.org/EGU2017/EGU2017-3461.pdf%20/
https://ui.adsabs.harvard.edu/abs/2017EGUGA.19.3461C/abstract
https://doi.org/10.1038/s41467-019-09258-y1


Chapter 6 

 

 

 https://doi.org/10.33002/mount.a/6  |   98 

Chen, S., Wang, W., Xu, W., Wang, Y., Wan, H., Chen, D. and Bai, Y. (2018). Plant diversity 
enhances productivity and soil carbon storage. Proc. Natl. Acad. Sci. U.S.A., 115-(16): 
4027–4032. DOI: https://doi.org/10.1073/pnas.1700298114.  

Dong, S., Lassoie, J.P., Wen, L., Zhu, L., Li, X., Li, J., and Li, Y. (2012). Degradation of 
rangeland ecosystems in the developing world: tragedy of breaking coupled human-
natural systems. International Journal of Sustainable Society, 4-(4): 357–371. 
Available online at: https://uknowledge.uky.edu/igc [Accessed on 11 November 
2021]. 

Dong, S.K., Shang, Z.H., Gao, J.X. and Boone, R. (2020). Enhancing sustainability of grassland 
ecosystems through ecological restoration and grazing management in an era of 
climate change on Qinghai-Tibetan Plateau. Agriculture Ecosystem & Environment, 
287: 106684. DOI: https://doi.org/10.1016/j.agee.2019.106684.  

Dong, S.K., Zhang, J., Li, Y.Y., Liu, S.L., Dong, Q.M., Zhou, H.K., Yeomans, J., Li, S. and Gao, 
X.X. (2019). Effects of grassland degradation on aggregate-associated soil organic 
carbon of alpine grassland ecosystems in Qinghai-Tibetan Plateau. European Journal 
Soil Science, 71-(1): 69-79. DOI: https://doi.org/10.1111/ejss.12835.  

Fayiah, M., Dong, S., Khomera, S.W., Ur Rehman, S.A., Yang, M. and Xiao, J. (2020). Status 
and Challenges of Qinghai–Tibet Plateau’s Grasslands: An Analysis of Causes, 
Mitigation Measures, and Way Forward. Sustainability, 12(3): 1099. DOI: 
https://doi.org/10.3390/su12031099.  

Fayiah, M., Dong, S.K., Li, Y., Xu, Y., Gao, Li, S., Shen, H., Xiao J., Yang, Y. and Wessel, K. 
(2019). The relationships between plant diversity, plant cover, plant biomass and soil 
fertility vary with grassland type on Qinghai-Tibetan Plateau. Agriculture, 
Ecosystems and Environment, 286: 106659. DOI: 
https://doi.org/10.1016/j.agee.2019.106659.   

Fox, J.W. (2003). The long-term relationship between plant diversity and total plant 
biomass depends on the mechanism maintaining diversity. Oikos, 102: 630–640. 
Available online at: https://www.jstor.org/stable/3547946 [Accessed on 10 October 
2021]. 

Fraser, L.H., Pither, J., Jentsch, A., Sternberg, M., Zobel, M., Askarizadeh, D., Bartha, S., 
Beierkuhnlein, C., Bennett, J.A. and Bittel, A. (2015). Worldwide evidence of a 
unimodal relationship between productivity and plant species richness. Science, 349: 
302–305. DOI: https://doi.org/10.1126/science.aab3916.  

Gaines, P., Woodard, C.T. and Carlson, J.R.  (1999). An enhancer trap line identifies the 
Drosophila homolog of the L37a ribosomal protein.  Genetics, 239: 137-143. DOI: 
https://doi.org/10.1016/s0378-1119(99)00363-7.   

Gao, T., Xu, B., Yang, X., Jin, Y., Ma, H. and Li, J. (2012). Review of research on biomass 
carbon Stock in grassland ecosystem of Qinghai-Tibetan Plateau. Progress in 
Geography, 31: 1724–1731. DOI: https://doi.org/10.11820/dlkxjz.2012.12.019.  

Guo, Q.F. (2008). The diversity-biomass-productivity relationships in grassland management 
and restoration. Basic. Applied Ecology, 8: 199–208. DOI: 
https://doi.org/10.1016/j.baae.2006.02.005.  

Guo, Q. F. and Berry, W.L. (1998). Species richness and biomass: dissection of the humped 
shaped relationship. Ecology, 79: 2555–2559. DOI: https://doi.org/10.1890/0012-
9658(1998)079[2555:SRABDO]2.0.CO;2.  

Harris, R.B., Wang, W., Badinqiuying, A., Smith, A.T. and Bedunah, D.J. (2015). Herbivory 
and competition of Tibetan steppe vegetation in winter pasture: effects of livestock 

https://doi.org/10.1073/pnas.1700298114
https://uknowledge.uky.edu/igc
https://doi.org/10.1016/j.agee.2019.106684
https://doi.org/10.1111/ejss.12835
https://doi.org/10.3390/su12031099
https://doi.org/10.1016/j.agee.2019.106659
https://www.jstor.org/stable/3547946
https://doi.org/10.1126/science.aab3916
https://doi.org/10.1016/s0378-1119(99)00363-7
https://doi.org/10.11820/dlkxjz.2012.12.019
https://doi.org/10.1016/j.baae.2006.02.005
https://doi.org/10.1890/0012-9658(1998)079%5b2555:SRABDO%5d2.0.CO;2
https://doi.org/10.1890/0012-9658(1998)079%5b2555:SRABDO%5d2.0.CO;2


Mountain Ecosystems and Resources Management, vol. 1 

 

99  |  Moses Fayiah, ShiKui Dong, Roberto Xavier Supe Tulcan,
 
Sanjay Singh,

 
Muthu Rajkumar,

  

 
      Sallay Saccoh and Rebecca Bockarie

 

exclosure and plateau pika reduction. Plos One, 24: 10-(7). DOI: 
https://doi.org/10.1371/journal.pone.0132897.   

Hedberg, O. (1975). Adaptive evolution in a tropical alpine environment. In: Heywood VH ed. 
Taxonomy and ecology. New York: Academic Press, pp.71–93. Available online at: 
http://institucional.us.es/revistas/lagascalia/19/Progress%20Hedberg.pdf [Accessed on 
20 August 2021]. 

Kent, M. and Coker, P. (1992). Vegetation description and analysis, a practical approach. The 
Geographical Journal, 159(2): 237. DOI: https://doi.org/10.2307/3451427.  

Li, S., Lang, X., Liu, W., Ou, G., Xu, H. and Su, J. (2018). The relationship between species 
richness and aboveground biomass in a primary Pinus kesiya Forest of Yunnan, 
southwestern China. PLoS One, 13(1): e0191140. DOI: 
https://doi.org/10.1371/journal.pone.0191140.  

Li, X., Gao, J., Brierley, G.J., Qiao, Y., Zhang, J., and Yang, Y. (2013). Rangeland Degradation 
on the Qinghai‐Tibet Plateau: Implications for Rehabilitation. Land Degradation & 
Development, 24: 72-80. DOI: https://doi.org/10.1002/ldr.1108.  

Li, Y., Wang, S., Jiang, L., Zhang, L., Cui, S., Meng, F., Wang, Q., Li X. and Zhou, Y. (2016). 
Changes of soil microbial community under different degraded gradients of alpine 
meadow. Agriculture, Ecosystems and Environment, 222: 213–222. DOI: 
https://doi.org/10.1016/j.agee.2016.02.020.  

Li, Y.Y., Dong, S.K., Liu, S.L., Wang, X.X., Wen, L. and Wu Y. (2014). The interaction 
between poisonous plants and soil quality in response to grassland degradation in 
the alpine region of the Qinghai-Tibetan Plateau. Plant Ecology, 215:  809–819. DOI: 
https://www.jstor.org/stable/24553769.  

Liu, S., Zamanianb, K., Schleussa, P., Zarebanadkoukic, M. and Kuzyakova, Y. (2018). 
Degradation of Tibetan grasslands Consequences for carbon and nutrient cycles. 
Agriculture Ecosystem and Environment, 252: 93–104. DOI: 
https://doi.org/10.1016/j.agee.2017.10.011. 

Ma, Y.S., Lang, B.N., Li, Q.Y., Shi, J.J and Dong, Q.M. (2002). Study on rehabilitating and 
rebuilding technologies for degenerated alpine meadow in the Yangtze and Yellow 
River source region. Pratacultural Science, 19-(9): 1-5. DOI: 
https://doi.org/7697525aaa982a6c81176fb509dce99e37f633.  

Maron, J.L., Marler, M., Klironomos, J.N. and Cleveland, C.C. (2011). Soil fungal pathogens and 
the relationship between plant diversity and productivity. Ecological Letters, 14: 
36−41. DOI: https://doi.org/10.1111/j.1461-0248.2010.01547.x.  

Mipam, T.D., Zhong, L.L., Liu, J.Q., Miehe, G. and Tian, L.M. (2019). Productive 
Overcompensation of Alpine Meadows in Response to Yak Grazing in the Eastern 
Qinghai-Tibet Plateau. Frontiers in Plant Science, 10:  925. DOI:  
https://doi.org/10.3389/fpls.2019.00925.  

Mu, C.C., Abbott, B.W., Zhao, Q., Su, H., Wang, S.F., Wu, Q.B., Zhang, T.J. and Wu, X.D. 
(2017). Permafrost collapse shifts alpine tundra to a carbon source but reduces N2O 
and CH4 release on the northern Qinghai-Tibetan Plateau. Geophysical Research 
Letters, 44: 8945-8952. DOI: https://doi.org/10.1002/2017GL074338.  

Oba, G., Vetaas, O.R. and Stenseth, N.C. (2001). Relationships between biomass and plant 
species richness in arid zone grazing lands. Journal of Applied Ecology, 38-(4): 836–
845. DOI: https://www.jstor.org/stable/827323.  

https://doi.org/10.1371/journal.pone.0132897
http://institucional.us.es/revistas/lagascalia/19/Progress%20Hedberg.pdf
https://doi.org/10.2307/3451427
https://doi.org/10.1371/journal.pone.0191140
https://doi.org/10.1002/ldr.1108
https://doi.org/10.1016/j.agee.2016.02.020
https://www.jstor.org/stable/24553769
https://doi.org/7697525aaa982a6c81176fb509dce99e37f633
https://doi.org/10.1111/j.1461-0248.2010.01547.x
https://doi.org/10.3389/fpls.2019.00925
https://doi.org/10.1002/2017GL074338
https://www.jstor.org/stable/827323


Chapter 6 

 

 

 https://doi.org/10.33002/mount.a/6  |   100 

Ren, J.Z. (1998). Research Methods of Grassland Science. Beijing: China Agricultural Press [In 
Chinese]. Available online at: https://www.publish.csiro.au/rj/rj08002 [Accessed on 
5 October 2021].  

Schleuss, P.M., Heitkamp, F., Sun, Y., Miehe, G., Xu, X. and Kuzyakov, Y. (2015). 
Nitrogenuptake in an alpine kobresia, pasture on the Tibetan Plateau: localization by 
15N labeling and implications for a vulnerable ecosystem. Ecosystems, 18:  946-957. 
DOI: https://doi.org/10.1007/s10021-015-9874-9.  

Shannon, C.E. and Wiener, W. (1963). The Mathematical theory of communication. Urbana: 
University of Juionis Press, p.117. Available online at: 
https://www.worldcat.org/title/mathematical-theory-of-
communication/oclc/13553507 [Accessed 20 August 2022]. 

Sun, H. (2002). Tethys retreat and Himalayas‐Hengduanshan Mountains uplift and their 
significance on the origin and development of the Sino‐Himalayan elements and 
alpine flora. Acta Botanica Yunnanica, 24: 273–288. DOI: 
https://en.cnki.com.cn/Article_en/CJFDTotal-YOKE200203000.htm.  

Sun, H., Niu, Y., Chen, Y. S., Song, B., Liu, C. Q., Peng, D. L., Chen, J. G., and Yang, Y. (2014). 
Survival and reproduction of plant species in the Qinghai-Tibet Plateau. Journal of 
Systematics and Evolution, 52-(3): 378–396. DOI: https://doi.org/10.1111/jse.12092.  

Sun, J., Cheng, G.W. and Li, W.P. (2013). Meta-analysis of relationships between 
environmental factors and aboveground biomass in the alpine grassland on the 
Tibetan Plateau. Biogeosciences, 10: 1707-1715. DOI: https://doi.org/10.5194/bg-10-
1707-2013.  

Sun, J., Hou, G., Liu, M., Fu, G., Zhan, T., Zhou, H. and Haregeweyn, N. (2019). Effects of 
climatic and grazing changes on desertification of alpine grasslands, Northern Tibet. 
Ecological Indicators, 107: 105647. DOI: https://doi.org/10.1016/j.ecolind.2019.105647.  

Tang, Z.Y., Wang, Z.H., Zheng, C.Y. and Fang. J.Y. (2006). Biodiversity in China’s mountains. 
Frontiers in Ecology and Environment, 4: 347–352. DOI: https://doi.org/10.1890/1540-
9295(2006)004[0347:BICM]2.0.CO;2.  

Wang, C., Wei, M., Wu, B., Wang, S. and Jiang, K. (2019). Alpine grassland degradation 
reduced plant species diversity and stability of plant communities in the Northern 
Tibet Plateau. Acta Oecologica, 98- (301):  25–29. DOI: 
https://doi.org/10.1016/j.actao.2019.05.005.   

Wang, G.X. and Cheng, G.D. (2000). Eco-environmental changes and causative analysis in 
the source regions of the Yangtze and Yellow Rivers, China. Environmentalist, 20: 
221–232 (In Chinese). DOI: https://doi.org/10.1023/A:1006703831018.  

Wang, Q. (2009). Prevention of Tibetan eco-environmental degradation caused by 
traditional use of biomass. Renewable and Sustainable Energy Review, 13: 2562–2570. 
DOI: https://doi.org/10.1016/j.rser.2009.06.013.  

Wang, X., Dong, S., Sherman, R., Liu, Q., Liu, S., Li, Y. and Wu. Y. (2014). A comparison of 
biodiversity-ecosystem function relationships in alpine grasslands across a 
degradation gradient on the Qinghai–Tibetan Plateau. The Rangeland Journal, 37(1): 
45–55. DOI: https://doi.org/10.1071/RJ14081.  

Wang, X., Dong, S.K., Gao, Q., Zhou, H., Liu, S., Su, X. and Li, Y. (2013). Effects of short-term 
and long-term warming on soil nutrients, microbial biomass and enzyme activities 
in an alpine meadow on the Qinghai-Tibet Plateau of China. Soil Biology & 
Biochemistry, 76: 140-153 DOI: https://doi.org/10.1016/j.soilbio.2014.05.014.   

https://www.publish.csiro.au/rj/rj08002
https://doi.org/10.1007/s10021-015-9874-9
https://www.worldcat.org/title/mathematical-theory-of-communication/oclc/13553507
https://www.worldcat.org/title/mathematical-theory-of-communication/oclc/13553507
https://en.cnki.com.cn/Article_en/CJFDTotal-YOKE200203000.htm
https://doi.org/10.1111/jse.12092
https://doi.org/10.5194/bg-10-1707-2013
https://doi.org/10.5194/bg-10-1707-2013
https://doi.org/10.1016/j.ecolind.2019.105647
https://doi.org/10.1890/1540-9295(2006)004%5b0347:BICM%5d2.0.CO;2
https://doi.org/10.1890/1540-9295(2006)004%5b0347:BICM%5d2.0.CO;2
https://doi.org/10.1016/j.actao.2019.05.005
https://doi.org/10.1023/A:1006703831018
https://doi.org/10.1016/j.rser.2009.06.013
https://doi.org/10.1071/RJ14081
https://doi.org/10.1016/j.soilbio.2014.05.014


Mountain Ecosystems and Resources Management, vol. 1 

 

101  |  Moses Fayiah, ShiKui Dong, Roberto Xavier Supe Tulcan,
 
Sanjay Singh,

 
Muthu Rajkumar,

  

 
      Sallay Saccoh and Rebecca Bockarie

 

Wang, X., Wiegand, T., Swenson, N.G., Wolf, A.T., Howe, R.W., Hao, Z. and Yuan, Z. (2015). 
Mechanisms underlying local functional and phylogenetic beta diversity in two 
temperate forests. Ecology, 96-(4):  1062–1073. DOI: https://doi.org/10.1890/14-
0392.1.  

Weih, M. and Glynn, C. (2019). Willow Short-Rotation Coppice as Model System for 
Exploring Ecological Theory on Biodiversity–Ecosystem Function. Diversity, 11(8): 
125. DOI: https://doi.org/10.3390/d11080125.  

Wu, Y.H. (2008). The vascular plants and their ecogeographical distribution of the Qinghai‐
Tibetan Plateau. Beijing: Chinese Corporation for Promotion of Humanities Science 
Press p.1369 Available online at: https://www.nhbs.com/en/the-vascular-plants-and-
their-eco-geographical-distribution-of-the-qinghai-tibetan-plateau-chinese-book 
[Accessed on 20 August 2021]. 

Xiong, Q., Xiao, Y., Halmy, M.W., Dakhil, M.A., Liang, P., Liu, C., Zhang, L., Pandey, B., Pan, 
K., El Kafraway, S.B., and Chen, J. (2019). Monitoring the impact of climate change and 
human activities on grassland vegetation dynamics in the northeastern Qinghai-Tibet 
Plateau of China during 2000–2015. Journal of Arid Land, 11:  637-651. DOI: 
https://doi.org/10.1007/s40333-019-0061-2.  

Xu, W., Zhu, M., Zhang, Z., Ma, Z., Liu, H., Chen, L., Cao, G., Zhao, X., Schmid, B., and He, J. 
(2018). Experimentally simulating warmer and wetter climate additively improves 
rangeland quality on the Tibetan Plateau. Journal of Applied Ecology, 55: 1486-1497. 
DOI: https://doi.org/10.1111/1365-2664.13066.  

Yang, H.J., Jiang, L., Li, L.H., Li, A., Wu, M.Y. and Wan, S.Q. (2012). Diversity‒dependent 
stability under mowing and nutrient addition: evidence from a 7‒year grassland 
experiment. Ecological Letters, 15:  619–626. DOI: https://doi.org/10.1111/j.1461-
0248.2012.01778.x.  

Yang, Y., Feng, Z., Liu., D. and Zhang, J. (2006). The Spatial-temporal Change of Grassland in 
Qinghai-Tibet Plateau, 2006 IEEE International Symposium on Geoscience and 
Remote Sensing, 2006, pp. 3099-3102. DOI: 
https://doi.org/10.1109/IGARSS.2006.795.  

Zhang, B., Dong, C.X., Li, B.L. and Yao, Y.H. (2002). Biodiversity and conservation in the 
Tibetan Plateau. Chinese Geography and Science, 12:  135–143. DOI: 
https://doi.org/10.1007/BF02837467.  

Zhang, X., Sun, S., Yong, S., Zhou, Z., and Wang, R. (2007). Vegetation map of the People's 
Republic of China 1:1 000 000. Beijing: The Geological Publishing House (GPH). 
Available online at: 
http://english.ib.cas.cn/Research/Achievements/200904/t20090403_1447.html 
[Accessed 25 September 2021]. 

Zhang, Y., Dong, S., Gao, Q., Ganjurjav, H., Wang, X. and Geng, W. (2019). Rare biosphere 
plays important roles in regulating soil available nitrogen and plant biomass in 
alpine grassland ecosystems under climate changes. Agriculture Ecosystem and 
Environment, 279: 187-193. DOI: https://doi.org/10.1016/j.agee.2018.11.025.  

Zhang, Y., Gao, Q., Dong, S., Liu, S., Wang, X., Su, X., Li, Y., Tang, L., Wu, X., and Zhao, H. 
(2015). Effects of grazing and climate warming on plant diversity, productivity and 
living state in the alpine rangelands and cultivated grasslands of the Qinghai-Tibetan 
Plateau. Rangeland Journal, 37(1): 57-65. DOI: https://doi.org/10.1071/RJ14080.  

https://doi.org/10.1890/14-0392.1
https://doi.org/10.1890/14-0392.1
https://doi.org/10.3390/d11080125
https://www.nhbs.com/en/the-vascular-plants-and-their-eco-geographical-distribution-of-the-qinghai-tibetan-plateau-chinese-book
https://www.nhbs.com/en/the-vascular-plants-and-their-eco-geographical-distribution-of-the-qinghai-tibetan-plateau-chinese-book
https://doi.org/10.1007/s40333-019-0061-2
https://doi.org/10.1111/1365-2664.13066
https://doi.org/10.1111/j.1461-0248.2012.01778.x
https://doi.org/10.1111/j.1461-0248.2012.01778.x
https://doi.org/10.1109/IGARSS.2006.795
https://doi.org/10.1007/BF02837467
http://english.ib.cas.cn/Research/Achievements/200904/t20090403_1447.html
https://doi.org/10.1016/j.agee.2018.11.025
https://doi.org/10.1071/RJ14080


Chapter 6 

 

 

 https://doi.org/10.33002/mount.a/6  |   102 

Zhao, Z., Sandhu, H.S., Ouyang, F. and Ge, F. (2016). Landscape changes have greater effects 
than climate changes on six insect pests in China. Science China: Life Sciences, 59: 
627–633. DOI: https://doi.org/10.1007/s11427-015-4918-0.  

Zhao, Z., Dong, S., Jiang, X., Liu, S., Ji, H., Li, Y., Han, Y. and Sha, W. (2017). Effects of 
warming and nitrogen deposition on CH4, CO2 and N2O emissions in alpine 
grassland ecosystems of the Qinghai-Tibetan Plateau. Science of the Total 
Environment, 592: 565–572. DOI: https://doi.org/10.1016/j.scitotenv.2017.03.082.  

Zhu, J., Lin, J. and Yangjian, Z. (2016). Relationships between functional diversity and 
aboveground biomass production in the Northern Tibetan alpine grasslands. Science 
Report, 6: 34105. DOI: https://doi.org/10.1038/srep34105. 

 

8. Appendices 
 
Appendix 1: Pairwise beta diversity (Whittaker) 

Land  1HG 1MD 1RG 1SD 2HG 2MD 2RG 2SD 3HG 3MD 3RG 3SD 

1HG 0.00            

1MD 0.28 0.00           

1RG 0.36 0.58 0.00          

1SD 0.36 0.37 0.50 0.00         

2HG 0.67 0.63 0.75 0.67 0.00        

2MD 0.58 0.60 0.85 0.70 0.37 0.00       

2RG 0.53 0.56 0.83 0.67 0.38 0.14 0.00      

2SD 0.55 0.43 0.84 0.68 0.58 0.33 0.27 0.00     

3HG 0.69 0.79 0.77 0.77 0.71 0.78 0.71 0.77 0.00    

3MD 0.71 0.84 0.73 0.73 0.73 0.82 0.73 0.81 0.31 0.00   

3RG 0.79 0.85 0.83 0.74 0.87 0.88 0.87 0.81 0.39 0.38 0.00  

3SD 0.77 0.91 0.80 0.80 0.71 0.74 0.64 0.79 0.67 0.69 0.85 0.00 

 
Appendix 2: Bray-curtis distance between communities 

Land  1HG 1MD 1RG 1SD 2HG 2MD 2RG 2SD 3HG 3MD 3RG 3SD 

1HG 1.00                       

1MD 0.51 1.00                     

1RG 0.53 0.29 1.00                   

1SD 0.58 0.26 0.49 1.00                 

2HG 0.61 0.41 0.86 0.55 1.00               

2MD 0.49 0.20 0.64 0.75 0.53 1.00             

2RG 0.59 0.28 0.63 0.38 0.45 0.43 1.00           

2SD 0.23 0.63 0.16 0.09 0.28 0.17 0.44 1.00         

3HG 0.37 0.21 0.43 0.28 0.51 0.26 0.35 0.08 1.00       

3MD 0.39 0.94 0.67 0.85 0.60 0.38 0.32 0.27 0.52 1.00     

3RG 0.61 0.43 0.78 0.41 0.77 0.14 0.30 0.13 0.59 0.68 1.00   

3SD 0.75 0.30 0.44 0.55 0.35 0.29 0.50 0.50 0.48 0.49 0.18 1.00 

 
 
 

https://doi.org/10.1007/s11427-015-4918-0
https://doi.org/10.1016/j.scitotenv.2017.03.082
https://doi.org/10.1038/srep34105
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Appendix 3: Importance Value Index for plant species  

Tiebujia Q1 Q2 Q3 QT Dens Freq Abun RD RF RA IVI 

Aster tataricus 143 26   169 56 67 85 6 6 7 19 

Astragalus 
membranaceus 

76     76 25 33 76 3 3 6 12 

Comastoma 
pulrnonarium 

12     12 4 33 12 0 3 1 5 

Dracocephalum 
heterophyllum 

2 75 2 79 26 100 26 3 10 2 15 

Elymus nutans   28 62 90 30 67 45 3 6 4 13 

Gentiana scabra    19   19 6 33 19 1 3 2 5 

Kobresia capillfolia 56 64   120 40 67 60 4 6 5 16 

Koleria cristata 27 21   48 16 67 24 2 6 2 10 

Lancea tibettica  104     104 35 33 104 4 3 8 15 

Leymus secalinus     11 11 4 33 11 0 3 1 5 

Poa annua     14 14 5 33 14 1 3 1 5 

Poa crymophila 30 244 900 1174 391 100 391 44 10 31 85 

Poa pratensis 327 155   482 161 67 241 18 6 19 44 

Potentilla bifurca 151   3 154 51 67 77 6 6 6 18 

Potentilla multifida 15 13 22 50 17 100 17 2 10 1 13 

Radix bupleuri 47     47 16 33 47 2 3 4 9 

Radix euphorbiae 2     2 1 33 2 0 3 0 3 

Stipa capillata 13 7   20 7 67 10 1 6 1 8 

 1005 652 1014 2671 890 1033 1261 100 100 100 300 

 
Appendix 4: Importance Value Index for plant species  

Maqin (HG)  Q1  Q2  Q3  QT Dens  Freq Abun RD RF RA IVI 
Aconitum 
pendulum 

12 9   21 7 67 11 1 6 1 8 

Ajuga lupulina   22 38 60 20 67 30 3 6 3 12 

Carex myosuroides  150 121   271 90 67 136 13 6 15 33 

Elymus dahuricus   60   60 20 33 60 3 3 7 12 

Elymus nutans 142   79 221 74 67 111 10 6 12 28 

Koleria cristata 4 8 246 258 86 100 86 12 9 10 30 

Ligularia virgaurea 4     4 1 33 4 0 3 0 3 

Oxytropis 
falcatabunge 

57 56 29 142 47 100 47 7 9 5 20 

Pedicularis 
alaschanica 

  25   25 8 33 25 1 3 3 7 

Plantago depressa 4 10 175 189 63 100 63 9 9 7 24 

Poa annua 12 7 50 69 23 100 23 3 9 3 14 

Poa crymophila 227 226 34 487 162 100 162 23 9 18 49 

Potentilla multifida 134 117 18 269 90 100 90 12 9 10 31 
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Maqin (HG)  Q1  Q2  Q3  QT Dens  Freq Abun RD RF RA IVI 
Silene himalayensis 22 3   25 8 67 13 1 6 1 8 

Taraxacum 
mongolicum 

6 14 16 36 12 100 12 2 9 1 12 

Thermopsis alpina     22 22 7 33 22 1 3 2 6 

Total  774 678 707 2159 720 1167 893 100 100 100 300 

 
Appendix 5: Importance Value Index for plant species  

Maduo  Q1  Q2  Q3  QT Dens  Freq Abun RD RF RA IVI 

Artemisia capillaries 48 26 22 96 32 100 32 5 9 4 19 

Aster tataricus 7     7 2 33 7 0 3 1 4 

Carex myosuroides  22 19   41 14 67 21 2 6 3 11 

Gentiana spuarrosa 5 12   17 6 67 9 1 6 1 8 

Koleria cristata 17 37   54 18 67 27 3 6 4 13 

Leontopodium 
nanum 

166 292 190 648 216 100 216 35 9 30 75 

Oxytropis 
falcatabunge 

27 36 19 82 27 100 27 4 9 4 18 

Poa annua   62 7 69 23 67 35 4 6 5 15 

Poa crymophila 42 85 161 288 96 100 96 16 9 13 38 

Polygonum 
sibiricum 

4   205 209 70 67 105 11 6 15 32 

Potentilla multifida      19 19 6 33 19 1 3 3 7 

Przewalskia  
tangutica 

23 56   79 26 67 40 4 6 6 16 

Stipa capillata 71 47 62 180 60 100 60 10 9 8 28 

Thalictrum 
aquilegifolium 

23 23 16 62 21 100 21 3 9 3 16 

Total  455 695 701  617 1067 713 100 100 100 300 

 
  
 

   
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