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Abstract

:

China’s southwest mountainous region is one of the hotspots of biodiversity in the world. However, the study on the pattern of species richness distribution of endemic plants in this region and its influencing factors is still in the exploration stage. A clear regional spatial distribution pattern of plants and its influencing factors are very important for the protection and management of plant diversity in southwest China. In this study, 511 county-level regions in the southwest mountainous region were taken as examples to establish a plant species resource bank in the southwest mountainous region, and the distribution pattern of the proportion and abundance of endemic plant families and genera was analyzed based on 19 climate and environmental factors and 8 human disturbance factors in the southwest mountainous region. The geographical weighted regression model (GWR) was used to reveal the main factors affecting the spatial distribution of species. The results showed that: (1) A total of 4688 species investigated in the southwest mountain belong to 19 families and 32 genera. (2) The endemic species richness in the southwest mountainous region showed a significant uneven spatial pattern, mainly concentrated in the Heng Duan Mountain area, southwest Sichuan and northern Yunnan area, and the Ruoergai-Hongyuan area of West Sichuan Plateau. (3) The results of the GWR model showed that the diurnal mean temperature range, precipitation seasonality and distance from the main road had significant effects on species richness. The study on the distribution of endemic genera and their influencing factors in the southwest mountainous region has important implications for the exploration of the evolutionary history and species conservation of the mountain flora.
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1. Introduction


The spatial distribution pattern of biodiversity has a very important impact on ecosystem services and functions and is one of the hot and foremost issues in ecological research [1,2]. A large number of studies have been conducted on various mountain ranges and different types of species across the globe, and the mechanisms of their impact have been explored [3]. Studies have shown that species richness is driven by evolutionary history, ecological processes, human disturbance, modern environment and other factors [4], among which modern environmental conditions and human disturbance factors are considered to be the main driving factors of species richness distribution pattern [5,6,7]. In terms of southwest China, determining the main driving forces of regional species distribution spatial patterns requires further study. Modern environmental conditions mainly include modern climate (heat, moisture and seasonal changes, etc.) and habitat heterogeneity, which lead to the energy hypothesis and environmental stability hypothesis. The energy hypothesis holds that the species richness of a region is mainly controlled by energy, and the higher the energy, the higher the species richness [8,9]. The environmental stability hypothesis holds that stable environmental conditions are conducive to the specialization and adaptation of species, and narrow the ecological niche, which is conducive to accommodating more species [10]. These hypotheses explore the main factors in the formation of species richness based on different influencing factors. At present, these hypotheses have been tested in some studies. Human disturbance refers to the process of human beings’ purposeful transformation or ecological construction of the natural environment, such as land burning and planting, deforestation, night lighting, farmland fertilization, road construction, road and land use structure change, etc. [11,12]. Many plant groups and species are closely related to human disturbance, and various disturbance modes will change the biological relationship, resource pattern and ecological process of the ecosystem, as well as the role and status of the original dominant population of the plant community in the wider community and the competition between various species, posing a great threat to biodiversity [13,14]. These studies have laid a good foundation for an in-depth understanding of the diversity and spatial distribution of mountain flora and fauna. However, similar studies mainly focus on the widespread species in mountainous areas, leaving a gap in the exploration of the distribution pattern and formation mechanism of species richness of endemic plants in mountainous areas.



Specificity has always been a hot topic in bio-geography research [15]. In a particular region, its geographical distribution pattern and richness are not only directly related to the current terrain, climate, land use and other factors [16,17], but also closely related to the geological evolution and climate change in the historical period [18,19]. Studying the differentiation pattern of endemic species in a certain region is the key to studying the nature, origin, formation and evolution of flora. At the same time, species specificity is a hot issue in the field of biodiversity conservation, and the focus of species conservation. In addition, in biodiversity conservation research, endemism has become a very important topic because it is key to predicting biodiversity hotspots and identifying priority protected areas [20].



The southwest mountainous region is one of the hotspots of species diversity in China [21], due to its concentrated environmental gradient and highly heterogeneous habitats, and relatively low intensity of human disturbance, and the fact that it has often served as a refuge for a large number of species and as a cradle for the differentiation and propagation of emergent floras in periods of geological history.



Therefore, the southwestern mountains have rich species resources [22]. The southwest mountainous region is the main habitat for a variety of plants and animals, and more than half of them are endemic species [23]. Therefore, the southwest mountainous region is the key content and ideal region for the study of species richness distribution patterns, but there is still a lack of research on endemic species diversity patterns in this region. An in-depth study on the distribution pattern of endemic plants in the southwest mountainous region and the relationship between them and environmental factors and an exploration of the main factors affecting the endemic species richness in the southwest mountainous region is necessary. It is helpful for the protection, introduction, development and utilization of endemic plant resources in southwest mountainous areas of China, and also has certain significance for the study of classification, phylogeny and genetic diversity protection of endemic plants in southwest mountainous areas of China.



This study explored the distribution pattern of the richness of endemic genera in southwest China, combined with environmental factors and anthropogenic interference factors, and explored the main driving force of the spatial distribution pattern of endemic genera in southwest China, as well as more suitable growing environments for endemic plants in this region. We hope to provide references for the conservation and research of endemic plants in the southwestern mountains.




2. Materials and Methods


2.1. Study Area


This study area is the southwest mountainous region, located at 20°54′–34°55′ N, 78°24′–111°2′ E, including Yunnan, Guizhou, Sichuan, Chongqing and Xizang with an area of about 2,340,600 square kilometers, accounting for 24.5% of China’s land area [24] (Figure 1). The terrain of the study area is relatively complex, but it can be clearly divided into three categories: the high mountain area of the Yunnan-Guizhou Plateau, the high mountain area of the Qinghai-Tibet Plateau, and the Sichuan Basin and its surrounding mountains [25]. Various terrain types are evenly distributed in the study area, including lowland basin, plain and lowland hills, which account for 14.34%, 12.22% and 15.89% of the total area, mainly concentrated in Sichuan Basin, Guangxi region, Guizhou Plateau, southwest Yunnan, and other low altitude areas. The Heng Duan Mountain is the main area of the gorge, and under the influence of the Jinsha River, the Nujiang River and the Lancang River, it presents a great surface cut and has a great slope [26]. The climate is mainly subtropical monsoon climate and plateau mountain climate, with uneven average annual temperature distribution and abundant rainfall [27].




2.2. Species Distribution Data


First, the endemic genera of plants in the southwest mountainous region were preliminarily identified through a literature review and expert consultation [28,29]. Distribution data of endemic genera in the southwestern mountains were obtained from the Flora of China database (http://www.iplant.cn/frps (accessed on 25 March 2023)). Artificial cultivated species were excluded, and subspecies grades such as varieties and variants were counted as an independent taxon, and distribution information was unified to county-level units [30]. The final dataset included 4688 species, 32 genera, 19 families, 511 county-level data, and 21,735 distribution information datapoints of endemic plants in southwest mountainous areas.




2.3. Environment, Human Interference Data


Apart from the influencing factors used in Xu et al. [31] on the relationship between Quercus plant richness and climate in the northern hemisphere and in the study of Zhang Feng ying et al. [24] on the relationship between Fagaceae species richness and environment in southwest China, this study also included human activity factors, altitude, latitude and longitude as explanatory variables, selecting 19 common climate factors (including energy and moisture factors) used in plant species richness research [32,33].



The original resolution is 1 km × 1 km. The average value of climate factors in each county was extracted as the environmental data of the county. Eight kinds of human interference factors were selected, and the average value of each influencing factor in each county was taken as its human interference data (Table 1). The extraction and calculation of environmental data and human interference data are completed by the ArcGIS version 10.8 (ESRI. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research Institute, 2011).




2.4. Construction of Geographical Weighted Regression (GWR) Model


Since traditional regression models, such as linear regression, linear fitting and least square method assume that the regression results are not affected by the region, they cannot solve the spatial correlation well. However, the GWR model carries out regression analysis in every place and adds the sub-data of each region into the regression model, so as to obtain the regression coefficient of each region [34].




2.5. Species Richness Statistics


Species richness is expressed as the number of species: First of all, the projection transformation of the equal area conic projection (Asia North Albers Equal Area Conic) was performed using ArcGIS 10.8; then, the cropped county vector data in the southwest mountainous region was correlated with the species richness of each county, and the total species number in the county was taken as the species richness of the grid. Finally, using Jenks grading function in ArcGIS, species richness was divided into five levels [35].




2.6. Correlation Analysis between Species Richness, Environmental Factors and Human Disturbance Factors


First, the logarithmic transformation of Y = log(Y + 1) is performed on the data that does not satisfy the normal distribution. Secondly, a geographical weighted regression (GWR) model was constructed to investigate the relationship between species richness and various environmental factors and human disturbance factors. In order to further explore the influence degree of energy, water and human disturbance, GWR models were constructed to analyze species richness and the above environmental factors, respectively, and then the influence degree of energy, water and human disturbance models was evaluated through R2. At the same time, in order to eliminate the influence of multicollinearity among various environmental factors, the Ordinary Least Square Regression model was first used before the geographical weighted regression analysis. We chose the variance inflation factor model of less than 7.5 to be analyzed.





3. Results


3.1. Family Species Statistics


There are 4688 species of endemic plants in the southwest mountainous region, belonging to 19 families in terms of family composition, including more than 200 species of Rhododendraceae, Compositae, Ranunculaceae, Ledanaceae, primrose family, papaveraceae and 13 other families (Figure 2), giving us a total of 4239 species, accounting for 90.40% of the total number of endemic plants investigated. The southwest mountain plants belong to 32 genera, and the southwest mountain plants are the main distribution and differentiation centers of some characteristic genera, such as 663 species of Rhododendron, which accounts for 14.13% of the endemic plants surveyed. There are 382 species of Corydalis, accounting for 8.14% of the endemic plants. There are 362 species of Primula, accounting for 7.72% of the endemic plants surveyed. Figure 3 shows the proportion of 19 genera with more than 100 endemic species, including a total of 4435 species, accounting for 94.58% of endemic plants in the southwest mountain. Among them, there are 11 genera including Pedicularis, Rhododendron, Corydalis, Primula, Saxifraga, Saussurea and Gentiana. There are more than 200 species overall.




3.2. Spatial Distribution Pattern of Endemic Plant Species Richness in Southwest Mountainous Region


The spatial distribution of endemic plants in the southwestern mountains is uneven, with species richness in each grid ranging from 0 to 699 species (Figure 4). It is mainly concentrated in the Heng Duan Mountain area, southwest Sichuan and northern Yunnan area, and the Ruoergay-Hongyuan area of west Sichuan Plateau. The regression analysis of the species richness of endemic genera in the southwest mountain region (Figure 5) shows the following: (1) In the horizontal direction, the species richness of endemic genera in the southwest mountain region is higher in the region of 27.50°–30.00° N, and gradually decreases with the increase in latitude in the north; species richness reaches its maximum in the 98.00°–105.00° E region, and decreases with increasing or decreasing longitude on both the eastern and western sides of this high value range. (2) In the vertical direction, the species richness of endemic genera in the southwest mountainous region increases first and then decreases with the increase in altitude in a single-peak form, with the peak value in the range of 3000–4000 m.




3.3. GWR Model Results


The ordinary least square (OLS) model analysis, excluding the selection of models with variance inflation factor (VIF) greater than 7.5, yielded three factors: annual average temperature, average diurnal range, and seasonal temperature. There are four water factors, namely precipitation in the wettest month, precipitation in the driest month, precipitation seasonality and precipitation in the coldest season. There are five human disturbance factors: GDP, night lights, distance to the main road, distance to the city center, and distance to the expressway. A GWR geographical weighted regression model was used to analyze the effects of these factors on endemic plants in southwest mountainous areas. The regression results of model parameters are shown in Table 2. It can be seen from the table that the adjusted average diurnal range has the largest R2 and the smallest AICc value, which proves that in the single factor analysis, the average diurnal range has the greatest impact on the endemic plants in the southwest mountain region, possibly because the diurnal temperature difference is conducive to the accumulation of organic matter and thus to the growth of plants. Among the water factors, the seasonal R2 of precipitation is the largest, and the seasonal change in precipitation has a great impact on the growth of plants. In the south, precipitation is mostly concentrated in the growing season, forming an obvious phenomenon of rain and heat in the same season, so that precipitation plays a greater ecological role, which is conducive to the growth and development of plants and crops, and has important practical significance for ecological construction and agricultural production. Among the human interference factors, the R2 distance from the main road is the largest. Along with the economic development, the density of the urban road network gradually increases, and the flow of people and vehicles on the main road also keeps increasing. Within a certain buffer range, different degrees of interference are formed, resulting in different degrees of influence on the growth of plants.




3.4. Relationship between Endemic Plant Species Richness Pattern and Environment and Human Disturbance in Southwest Mountainous Region


With the deepening of human economic and social activities, human disturbance has an increasingly serious impact on the ecosystem [11]. In recent years, the rapid economic growth of Sichuan, Yunnan, Chongqing and Yunnan has been accompanied by the influx of a large number of people and the increase in population density, which has led to the excessive degree of human disturbance, damage to the original habitat conditions of plants, and breaking the ecological threshold of plant resistance to disturbance. As can be seen from Figure 6a, GDP of the other four provinces except Tibet has a negative impact on the richness. Due to the large geographical area and low population density, appropriate human disturbance can promote plant growth in Tibet to some extent with the increase in GDP. Throughout the southwestern mountains, night light has a negative impact on the abundance of endemic plants (Figure 6b). The main reason is that night light destroys the rhythm of the plant biological clock, and it exerts high radiation energy on plants, which will cause the leaves or stems of plants to change color or even die. However, the distance to the main road, the distance to the expressway and the distance to the city center have a positive impact on the abundance of endemic plants in the southwest mountain region (Figure 6c–e), that is, the distance is conducive to the growth of plants, while the excessive traffic flow and population density exceeding a certain limit are not conducive to the growth of plants, resulting in a decrease in the number of plants.



The seasonal variation of precipitation has a positive effect on the abundance of endemic plants in the southwest mountains, and the intensity of precipitation spread outward from Sichuan and gradually weakened, and the intensity of precipitation was weakest in the Linzhi and Naqu regions of Tibet (Figure 7a). The precipitation in the coldest season had a negative effect on all regions except the Ngari region of Tibet (Figure 7b). In a low-temperature environment, the growth rate of plants was relatively slow and the water demand decreased. The micro-environment where plant roots live had a rapid temperature drop and is prone to frostbite. Due to its geological landform, the Ngari region has a unique climatic feature, with a long winter and short summer and very little annual precipitation, and a certain amount of precipitation is conducive to plant growth. The precipitation in the driest month had a positive impact on the endemic plant richness in the southwest mountain region (Figure 7c), that is, the higher the precipitation in the dry month, the more favorable the plant growth. The precipitation in the wettest month has a negative impact on most areas (Figure 7d). The moisture in the wettest month has been able to meet the growing demand of plants, and the increase in precipitation will lead to puddles and floods, which will make the roots of plants anoxic and inhibit the physiological activities of the roots.



Average annual temperature has a negative impact on species richness in most areas, and a positive impact on species richness in Shannan City and the Naqu region of Tibet (Figure 8a); average diurnal range has a negative impact on species richness in Tibet, and a positive impact on species richness in other areas (Figure 8b). A large diurnal temperature difference is conducive to plant nutrient accumulation, and plants with high daytime temperature can perform photosynthesis better and accumulate more nutrients. More water and organic matter are produced, and recycling encourages better plant growth. Therefore, the ground receives more solar radiation, the temperature is relatively high, and the thin air at night has a weak effect on the insulation of the ground, and the temperature drops rapidly, resulting in a large temperature difference between day and night. Seasonal temperature changes had a negative effect on species richness in Sichuan and northern Yunnan, and a positive effect on species richness in other areas (Figure 8c), indicating that small seasonal temperature changes in Sichuan and northern Yunnan were beneficial to plant growth.




3.5. Effects of Energy, Water and Anthropogenic Disturbance on Endemic Plant Species Richness in Southwestern Mountainous Areas


In order to further explore the impact of energy, water and human disturbance factors on the endemic plant richness in the southwest mountain region, and eliminate the multicollinearity effect between variables, GWR model analysis was conducted with the endemic plant species richness in the southwest mountain region as the dependent variable and the above three models as the independent variables, respectively (Table 3). The results showed the following: Among the three models, the energy model has the highest explanation rate of the endemic plant species richness in the southwest mountain, reaching 55.4%. The second is the moisture model, the explanation rate is 54.4%; the interpretation rate of moisture model is 46.2%. The distribution pattern of endemic plant species richness in the Southwest Mountainous region is affected by energy, water and human disturbance, among which energy and water play the main roles.





4. Discussion


4.1. Characteristics of Plant Richness of Endemic Genera in Southwest Mountainous Region


A total of 4688 endemic plant species belonging to 32 genera and 19 families were investigated in the study area. We identified more than 300 species in 5 families, including Ranunculaceae, Rhododendraceae and Compositaceae, and 3 genera including Rhododendron, Primula and Corydalis. For example, Pedicularis and Saxifraga contain a large number of endemic species in China [36], most of which are endemic to the southwestern mountains, which is intrinsically related to the fact that southwest China, as a biodiversity hotspot, is the distribution and differentiation center of many taxa [37]. At the subordinate level, Rhododendrons, Corydalis, primula, pedicularis and Saxifraga all contain more species in the southwestern mountains, among which Rhododendrons have the largest number of species. The Heng Duan Mountains is a diversified distribution center of Rhododendron. The abundant precipitation, suitable temperature and stable environment in this area promoted the differentiation and formation of Rhododendron [38].




4.2. Spatial Distribution Pattern of Endemic Genera in Southwest Mountainous Region


The decline in plant species richness from the equator to the poles is one of the most significant ecological patterns on Earth [39,40]. In the direction of longitude, the species richness of Chinese plant groups generally shows a unimodal relationship, and the peak value is mostly located in the range of 95–110° E [32,33]. Therefore, the southwest Heng Duan Mountains region is the intersectional area of longitude and latitude with the highest plant species richness in China [35,41]. In the vertical direction, with the increase in altitude, the richness of plant species increases first and then decreases, and the vertical distribution pattern of species peaks in the middle altitude area [42,43]. The most active horizontal distribution areas of endemic genera in southwest mountainous areas are mainly the Heng Duan Mountains in southwest China and the mountains around Sichuan Basin, which is consistent with the general law of horizontal distribution of plant species in China. In the vertical direction, the species richness of endemic genera in the southwest mountainous region presents a single-peak form, with the peak value in the range of 3000–4000 m, which is consistent with the general law of species variation with altitude.



The endemic genera in southwest mountainous areas are mainly concentrated in the Heng Duan Mountain area, southwest Sichuan and northern Yunnan area, and Ruoergay-Hongyuan area of west Sichuan Plateau. The Heng Duan Mountain region in southwest China and the mountains around Sichuan Basin are characterized by abundant precipitation, suitable temperature, complex topography, and high habitat heterogeneity [44,45]. Therefore, endemic genus plants in the southwest mountains have higher species richness in areas with good moisture and heat conditions and fewer human disturbance factors [42,46].



At the same time, low-latitude areas in China have better hydrothermal conditions than high-latitude areas, and according to Rapoport’s rule, low-latitude areas have stronger climate stability. Compared with plain areas, mountainous areas have more complex topography and higher habitat heterogeneity [47]. Therefore, the southwest mountainous area has a higher species richness distribution than the high-latitude area and the plain area.




4.3. Relationships between Endemic Genus Richness and Environmental Factors Analyzed by GWR Model


The GWR model analysis revealed that the abundance pattern of endemic genera in southwest mountainous areas was significantly correlated with several environmental factors and human disturbance factors. Among the single factors, the average diurnal temperature range, precipitation seasonality and distance from the main road had significant effects on species richness. The comprehensive model showed that energy, water and human disturbance all had high fitting degrees, which were 55.4, 54.4% and 46.2%, respectively. According to the productivity hypothesis, the increase in energy and water will increase the net primary productivity of an area and can increase the accumulation of biomass. As a result, the population size of plants in the region increased, corresponding to higher species richness [48]. In addition, according to the interpretation rate of variance of energy, water and species richness model, water heat is an important driving factor for the species richness and endemic distribution of endemic plants in the southwest mountain region, which means that the modern climatic hydrothermal conditions play a crucial role in the formation of the abundance and spatial distribution pattern of endemic plants in the southwest mountain region. This is consistent with the current research results on the relationship between large-scale distribution patterns of plants and environmental factors [33]. The results show that the distribution pattern of endemic plant richness in the southwest mountainous region is simultaneously affected by multiple factors such as energy, water and human disturbance, and no single environmental factor or hypothesis can fully explain the species richness pattern [30].





5. Conclusions


Based on the distribution data of endemic genera in the southwest mountainous region, combined with the corresponding environmental factors and human disturbance factors, this study discussed the distribution pattern and influencing factors of endemic genera in the southwest mountainous region, and found that it was uneven in the distribution of endemic genera in the southwest mountainous region. High endemic plant abundance, is mainly concentrated in the Heng Duan Mountain, southwest Sichuan and northern Yunnan, West Sichuan Plateau from Ruoergai to Hongyuan area, and vertically concentrated in the middle and high altitude areas. Places with good hydrothermal conditions and less human interference have higher species richness, and the average daily temperature difference, precipitation seasonality, and distance from the main road are the main driving forces affecting the species richness of endemic genera in the southwest mountain region.
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Figure 1. Map of the studied area of the southwest mountainous region (20°54′–34°55′ N, 78°24′–111°2′ E): Yunnan, Guizhou, Sichuan, Chongqing and Xizang provinces. 
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Figure 2. The proportion of more than 200 endemic plant families in the southwestern mountains. 
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Figure 3. The proportion of more than 100 genera of endemic plants in the southwestern mountains. 
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Figure 4. Pattern of endemic plant species richness in the Southwest Mountainous region. 
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Figure 5. Relationship between the abundance of endemic genera and longitude, latitude, and altitude in the southwest mountainous region. 
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Figure 6. Influence of anthropogenic factors on endemic plant richness pattern in the Southwest Mountainous region. (a) Influence of GDP on abundance; (b) influence of lighting on richness; (c) influence of distance to main road on abundance; (d) influence of distance to the city center on abundance; (e) influence of distance to expressway on richness. 
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Figure 7. Influence of water factors on the richness pattern of endemic plants in the Southwestern Mountainous region. (a) Influence of precipitation seasonality on abundance; (b) influence of precipitation on abundance in coldest season; (c) influence of precipitation on abundance in driest months; (d) influence of precipitation on richness in the wettest months. 
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Figure 8. Influence of energy factors on the richness pattern of endemic plants in the Southwestern Mountainous region. (a) Influence of annual mean temperature on richness; (b) influence of mean diurnal range on abundance; (c) influence of temperature seasonality on abundance. 
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Table 1. Climate and environmental factors and human disturbance factors in the southwest mountainous area.
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Impact Factors

	
Data Sources






	
Annual mean temperature (AMT)

	
WorldClim Batabase

(https://worldclim.org/version2.1 (accessed on 11 April 2023)) (1970–2000)




	
Mean diurnal range (MDR)




	
Isothermality (IS)




	
Temperature seasonality (TS)




	
Max temperature of warmest month (MTWM)




	
Min temperature of coldest month (MTCM)




	
Temperature annual range (TAR)




	
Annual precipitation (AP)




	
Mean temperature of wettest quarter (MTWQ)




	
Mean temperature of driest quarter (MTDQ)




	
Mean temperature of warmest quarter (MTW)




	
Mean temperature of coldest quarter (MTCQ)




	
Precipitation of wettest month (PWM)




	
Precipitation seasonality (PS)




	
Precipitation of wettest quarter (PWQ)




	
Precipitation of driest quarter (PDQ)




	
Precipitation of warmest quarter (PW)




	
Precipitation of Driest Month (PDM)




	
Precipitation of coldest quarter (PCQ)




	
Night Lights (NL)

	
Resource and Environmental Science and Data Center (https://www.resdc.cn/ (accessed on 11 April 2023)) (2020)




	
Population




	
GDP




	
The distance to the railway (DR)

	
Open Street Map (https://www.openstreetmap.org/ (accessed on 11 April 2023)) (2020)




	
The distance to the expressway (DE)




	
Distance to main road (DMR)




	
Distance to secondary main road (DSMR)




	
Distance to the city center (DCC)




	
Elevation

	
(https://topographic-map.com/ (accessed on 11 April 2023))




	
Latitude

	
(https://www.xcditu.com/ (accessed on 11 April 2023))




	
Longitude











 





Table 2. GWR model regression results.
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	Item
	Max
	Min
	Mean
	SD
	R2
	Adjust R2
	AICc





	Species richness
	2.84
	0
	1.17
	0.74
	
	
	



	Annual mean temperature/°C
	20.82
	−7.39
	11.57
	7.32
	0.349
	0.309
	1038.80



	Mean Diurnal Range/°C
	14.53
	6.26
	9.14
	2.24
	0.484
	0.467
	898.71



	Temperature Seasonality/°C
	981.61
	335.19
	642.53
	132.79
	0.395
	0.372
	984.89



	Precipitation of Wettest Month/mm
	390.31
	19.34
	191.50
	63.15
	0.393
	0.356
	1003.59



	Precipitation of Driest Month/mm
	34.48
	0.23
	12.35
	7.14
	0.369
	0.331
	1022.14



	Precipitation Seasonality/mm
	137.25
	45.23
	82.59
	15.57
	0.445
	0.411
	957.43



	Precipitation of Coldest Quarter/mm
	859.13
	1.52
	149.76
	213.31
	0.343
	0.305
	1041.59



	GDP
	20,788.07
	0.12
	470.74
	1687.77
	0.321
	0.288
	1051.23



	Night Lights
	62.61
	0
	4.99
	10.36
	0.364
	0.332
	1019.65



	Distance to main road/m
	123,260.65
	0
	6268.36
	9888.30
	0.465
	0.433
	936.96



	The distance to the city center/m
	202,684.63
	2774.84
	24,511.39
	18,231.94
	0.460
	0.426
	944.57



	The distance to the expressway/m
	2405,78.46
	400.30
	11,068.48
	15,969.96
	0.421
	0.385
	979.01










 





Table 3. Optimal models of endemic plant richness and different influencing factors in the southwest mountainous region.
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	Model
	Impact Factor
	R2/%
	p





	Energy
	Annual mean temperature, Temperature seasonality, Mean diurnal range
	55.4
	<0.001



	Water
	Precipitation seasonality, Precipitation of wettest month, Precipitation of coldest quarter, Precipitation of Driest Month
	54.4
	<0.001



	Human interference
	GDP, Night Lights, Distance to main road, Distance to the city center, The distance to the expressway
	46.2
	<0.001
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