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Abstract 24 

Analyzing the coupling relationship between biodiversity and environmental geology and exploring 25 

the factors affecting the coupling degree are of vital significance for the protection and restoration of 26 

the ecological environment. In this study, we selected five typical areas (i.e., Caohai, Chishui, 27 

Fanjingshan, Maolan, and Guanshanhu) to represent the whole Guizhou Province, China. Based on the 28 

coupling coordination degree model, we analyzed their coupling coordination trend. The results 29 

showed that the coordinated development stages of the Chishui and Fanjingshan areas both could be 30 

categorized as the synchronous development type of primary coordination because of their excellent 31 

nature conditions; the Maolan area was categorized as having restrained environmental geology 32 

because of its weak environmental geology condition; and the Guanshanhu and Weining areas were 33 

strongly affected by human activities, and both could be categorized as having restrained biodiversity. 34 

In combination with practical situation, Guizhou province can be categorized into the following three 35 

zones: an original ecological zone, a zone with fragile ecological environment, and a zone affected by 36 

human activities. Biodiversity conservation measures should be proposed according to the specific 37 

ecological situation of these different zones. In this way, the harmonious coexistence of economic 38 

development and the ecological environment can be realized.  39 

Keywords: Biodiversity; Environmental geology; Coupling degree ; Human activities; Karst 40 

 41 

1. Introduction 42 

Biodiversity is the cornerstone of human survival and development, and its conservation is a 43 

major issue humankind jointly faces. Biodiversity conservation closely relates to human well-being in 44 
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the present and in future, and it holds great significance for the construction of an ecological 45 

civilization and the sustainable development of society. Spatial heterogeneity of geomorphology and 46 

diversity of geological conditions directly affect the habitats of all creatures, which form the premise 47 

and basis of biodiversity (Liu et al. 2008, Huang et al. 2019). Because of differences in natural 48 

conditions, such as climate, topography, geological structure, karstification, and soil, different 49 

interaction processes of geological and geomorphological systems, hydrological and soil systems, and 50 

vegetation and ecological niche systems occur at different spatial scales. Different karst ecosystems 51 

with different system structures have special functions and coupling effects as well as different 52 

background stabilities and fragilities, thus creating different types of habitats (Jiang et al. 2020, Dong et 53 

al. 2008, Wang 2013, Lei et al. 2020). In addition to these natural factors, the influence of human 54 

factors on biodiversity cannot be ignored. Human beings are an integral part of the natural environment. 55 

With the advanced development of human society, human activities have become a stable factor 56 

affecting the natural environment of various circles on Earth, including the atmosphere, pedosphere, 57 

and lithosphere (Wilson and Ehrlich 1991). When human beings excessively pursue economic 58 

development, a large share of natural resources is consumed, causing serious damage to surface 59 

vegetation and leading to rapid loss of species’ habitats (Wilson and Ehrlich 1991, Cuomo et al. 2001, 60 

Gosselin and Callois 2018). 61 

Clarifying the different effects and interaction relationships between these systems is key to 62 

understanding the origin and maintenance of mountainous biodiversity (Hu et al. 2020). Many scholars 63 

have conducted in-depth research on this topic. Several scholars have studied the relationship between 64 

geology and biodiversity from the perspective of mountain structure—for example, how environmental 65 

and biological processes have shaped mountainous biodiversity (Huang et al. 2019, Antonelli et al. 66 
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2018). A number of scholars also have studied the influence of a single factor on biodiversity—for 67 

example, how temperature, rainfall, and soil affect biodiversity (Ott 2020). Other scholars have studied 68 

the influence of the pedogenic rock–soil–water system on biodiversity (by emphasizing plant growth) 69 

from the perspective of the geochemical background (Jiang et al. 2020). This study comprehensively 70 

evaluated the two systems of biodiversity and environmental geology and analyzed the coupling 71 

relationship between them. 72 

Guizhou Province is characterized by numerous karst geological formations (Jiang et al. 2020). Its 73 

unique geographical climate, karst geology, and landform provide good breeding spaces and living 74 

conditions for numerous biological resources, endowing the region with a high degree of biodiversity 75 

(Zhao et al. 2011, Wang et al. 2014). In addition to the rapid development of economy and society in 76 

Guizhou, the increasing population pressure, the expanding human activity scope, the unreasonable and 77 

excessive use of resources, and the fragility of the ecological environment in the karst region jointly 78 

have caused the destruction and functional degradation of this environment. This also has led to the 79 

rapid loss of natural habitats. Native species are subject to an increasing threat, and invasive species 80 

can tip the ecological stability. These ecological problems are the main reasons for the continuous 81 

decline of biodiversity in Guizhou Province (Zhao et al. 2011, Wang et al.2014, Liu et al. 2019). 82 

This study selected five typical areas in Guizhou Province (i.e., Caohai, Chishui, Fanjingshan, 83 

Maolan, and Guanshanhu) to analyze the coupling relationship between biodiversity and environment 84 

geology based on the comprehensive index model and the coupling coordination degree model. The 85 

results provide a decision-making basis for regional biodiversity conservation, territorial spatial 86 

planning and control, and the protection and restoration of the ecological environment. 87 

 88 
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2 Research area and data sources 89 

2.1 Research area 90 

On the basis of considerations of the environmental geological conditions and the distribution 91 

characteristics of biodiversity, we selected five representative areas in Guizhou Province as research 92 

areas, as shown in Table 1 and Figure 1. The topography in Guizhou Province is higher in the west and 93 

lower in the east, which has a roughly three ladder-like distribution. The average elevation of the first 94 

step is above 1500 m while the third step is below 800 m. These research areas cover the three steps 95 

and the northern and southern slopes (Zhou 2000). In terms of stratigraphic lithology, the research 96 

areas feature the main rock types found in this province, including metamorphic rocks, terrigenous 97 

detrital rocks, and carbonate rocks (dolomite and limestone). The research areas also feature the main 98 

ecosystem types found in this province, including lakes, deep forests, mountains, and towns (Figure 2). 99 

In terms of biodiversity, four of the five research areas are located in the nature reserves of Guizhou 100 

Province, which are extremely important for biodiversity conservation with regard to provincial 101 

functional area planning and national planning. 102 

2.2 Data sources 103 

The data that form the basis of this study mainly included topography, geological structure, 104 

hydrogeology, and biodiversity data. We obtained the data for the digital elevation model (DEM) from 105 

the geo-spatial data cloud (http://www.gscloud.cn/), at a resolution of 30 m. Geographic information 106 

system (GIS) technology was applied for geometric correction, image stitching, image mosaic, and 107 

projection transformation. We extracted geographical indexes, such as slope gradient, slope aspect, and 108 

surface relief. In addition, we integrated the spatial resolution and projection. The geological structure 109 

data, the stratigraphic data, the hydrogeological data, the soil investigation data and human activities 110 



 6 

data were obtained from Land Mineral Resources Reserve Bureau of Guizhou Province. Biodiversity 111 

data were obtained from field investigations (shown as Table 2) and normalized difference vegetation 112 

index (NDVI) data. The NDVI data were obtained at no cost from the SPOT_VGT website 113 

(https://proba-v.vgt.vito.be/en). The monthly NDVI was generated from 10 days of NDVI data using 114 

the maximum value composite method. 115 

3 Research methods 116 

3.1 Establishment of the indicator system 117 

According to the principles of operability, scientificity, systematicness, and comprehensiveness, 118 

we selected the representative indicators to characterize biodiversity and environmental geology. In 119 

detail, we selected 11 indicators to characterize biodiversity, including ecosystem richness (x1), net 120 

primary productivity (x2), vegetation coverage (x3), naturalness (x4), urbanization rate (x5), 121 

importance of the maintenance function of biodiversity (x6), richness of wild vascular plants (x7), wild 122 

animal richness (x8), species endemism (x9), threatened species richness (x10), and the degree of alien 123 

species invasion (x11). We divided the indicators that characterize the environmental geology into two 124 

categories: natural conditions and human activities, which involved 19 and 7 indicators, respectively. 125 

The indicators of natural conditions included geomorphic type (y1), slope gradient (y2), slope aspect 126 

(y3), earth surface relief (y4), lithology (y5), rock exposure degree (y6), stratigraphy (y7), engineering 127 

geological characteristics of the rock mass (y8), importance of water conservation function (y9), 128 

importance of soil and water conservation function (y10), groundwater buried depth (y11), water 129 

abundance of water-containing rock formations (y12), water resource richness (y13), main soil types 130 

(y14), soil profile constitution (y15), soil layer thickness (y16), main topsoil texture (y17), soil nutrient 131 

content (y18), and soil pH value (y19). The indicators of human activities included karst flood (y20), 132 

https://proba-v.vgt.vito.be/en
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karst drought (y21), water resource depletion (y22), soil and water loss (y23), rocky desertification 133 

(y24), groundwater pollution (y25), and over standard of soil elements (y26). Then, we used the Delphi 134 

method to construct a grading standard for the established evaluation indicators and to determine the 135 

corresponding grading index. 136 

3.2 Analysis of indicator weights 137 

In this study, we determined indicator weights using a combination of the subjective method (i.e., 138 

the Delphi method) and the objective methods (i.e., the standard deviation method and the entropy 139 

value method). When the objective method was used, we took the average value of the “standard 140 

deviation method” and “entropy value method” as the final value. Then, we processed the two values 141 

obtained from the subjective method and the objective method according to the multiplier synthesis 142 

method to calculate the weight value of a certain indicator. Finally, we normalized this weight value 143 

using the range method to obtain the final comprehensive weight value of the indicator (Wang and 144 

Song 2003). The calculation formula follows: 145 
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where (j)i  represents the weight of the i-th indicator obtained by the j-th weighting method; i  147 

represents the comprehensive weight after normalization processing; j = 1, 2, 3, …, k; and i = 1, 2, 148 

3, …, m. 149 

3.3 Comprehensive index function 150 

Assuming that f and g represent biodiversity and environmental geological system, respectively, 151 

and that f(x) and g(y) are functions that measure their development levels, respectively (Xiong et al. 152 

2014, Qian et al. 2018), the comprehensive index function of biodiversity follows: 153 
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The comprehensive index function of the environmental geological system is given by 155 
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where i  and j  represent the comprehensive weights of biodiversity and environmental geological 157 

indicators, respectively; ix  and jy  are the normalized values of original indicators of biodiversity 158 

and environmental geology, respectively. The extreme value method was applied for normalization. 159 

3.4 Measures for coupling coordination between biodiversity and environmental geology 160 

The coupling degree of biodiversity and environmental geology was measured by the coupling 161 

coordination degree model. It can be calculated with the following formula (Xiong et al. 2014, Qian et 162 

al. 2018): 163 
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where C represents the coupling degree value, with the range of [0,1]; the larger the value of C, the 165 

stronger the interaction between the two systems; k is the adjustment coefficient, which takes the value 166 

of 2 because it involves two systems. 167 

The coupling degree value emphasizes the interaction between systems, which can reflect the 168 

consistency degree of several systems developing as a whole. It disregards, however, the interactions 169 

between the elements of different systems and between the internal elements within a system. Because 170 

the interaction relationship and coordination degree between the elements of different regions differ, we 171 

introduced the coordination degree model to describe the interaction relationship among these elements. 172 

Its calculation formulas are as follows: 173 

TCD  ,                             (5) 174 
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where D represents the coordination degree of biodiversity and environmental geology, with the range 176 

of [0,1]; the greater the value of D, the better the coordination degree of the two systems; C represents 177 

the coupling degree between biodiversity and environmental geology; T represents the comprehensive 178 

level of biodiversity and environmental geology; and α and β are undetermined coefficients. 179 

Considering the current importance degree of biodiversity and environmental geology, we assumed that 180 

biodiversity protection is an important reflection of the ecological civilization construction in a nation. 181 

Hence, the biodiversity system should have a higher weight than the environmental geological system. 182 

For this paper, we assumed that α = 0.6 and β = 0.4. 183 

According to the relevant literature, the evaluation criteria of coupling degree and coordination 184 

degree are presented in Table 3 and Table 4, respectively (Zhang et al. 2018). 185 

4. Results and analysis 186 

4.1 Analysis of the comprehensive index function 187 

On the basis of Eqs. (2) and (3), we calculated the comprehensive indexes of biodiversity and 188 

environmental geology. The results are shown in Figure 3. 189 

As shown in Figure 3, the comprehensive index values of biodiversity in the five research areas 190 

have the following order: Guanshanhu (0.14) < Weining (0.34) < Maolan (0.65) < Chishui (0.79) < 191 

Fanjingshan (0.81). The comprehensive biodiversity indexes of the Chishui and Fanjingshan research 192 

areas were significantly higher than those of the Guanshanhu and Weining research areas. The 193 

Guanshanhu and Weining research areas are both located in urban construction areas with high 194 

urbanization rates; therefore, their biodiversity has been greatly affected by human activities. Human 195 

disturbance significantly disrupts species composition and directly affects the succession processes of 196 
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plant communities (Bardgett and Putten 2014, Williams et al. 2020). In contrast, the Chishui and 197 

Fanjingshan research areas are both located in nature reserves with good ecological conditions, and 198 

their biodiversity is rarely affected by human activities. The Maolan research area is largely covered by 199 

primary karst forests, including three typical topographies (i.e., trough valley, funnel, and sloping land) 200 

(Lang and Long 2012). Although the Maolan research area is rich in ecological niches, the vegetation 201 

coverage is lower than in the Fanjingshan and Chishui research areas (Ott 2020); hence, the 202 

comprehensive index of biodiversity is also lower than those of these two research areas. 203 

The comprehensive index values of environmental geology have the following order: Weining 204 

(0.47) < Maolan (0.48) < Guanshanhu (0.60) < Chishui (0.67) < Fanjingshan (0.79). The Weining and 205 

Guanshanhu research areas are both located in urban construction areas, where human activities have 206 

greatly influenced the environmental geology. Along with continuous economic and social 207 

development, new geological and environmental problems are constantly emerging (Sheng et al. 2015); 208 

therefore, their comprehensive index of environmental geology is low. The Maolan research area is a 209 

typical karst landform area. Its unique binary landform structure often produces the phenomena of 210 

“high mountains and low waters,” “more rain and more drainage,” and “more rocks and less soil,” as 211 

well as “poor soil and easy drought.” The Maolan research area has many environmental and 212 

geological problems, including soil erosion and rocky desertification (Lang and Long 2012, Li et al. 213 

2004). Therefore, the comprehensive index value of the environmental geology is relatively low. The 214 

Fanjingshan and Chishui research areas have stable geomorphic structures and good ecological 215 

situations and are less affected by human activities; therefore, their comprehensive indexes of 216 

environmental geology are maximal. 217 

The comparison of the comprehensive index values of biodiversity and environmental geology of 218 
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each research area showed that the biodiversity comprehensive indexes of the Chishui, Fanjingshan, 219 

and Maolan research areas were larger than the environmental geology comprehensive indexes. 220 

Additionally, the development status of these areas could be categorized as the environmental geology 221 

restrained type. In contrast, the development status of the Guanshanhu and Weining research areas 222 

could be categorized as the biodiversity restrained type. The Chishui, Fanjingshan, and Maolan 223 

research areas are located in nature reserves with excellent ecological conditions and rich biodiversity, 224 

whereas the Guanshanhu and Weining research areas are located in urban construction areas, where the 225 

biodiversity has been greatly affected by human activities. 226 

4.2 Coupling degree and coordination degree analysis 227 

4.2.1 Coupling degree analysis 228 

As shown in Figure 4, even in the Fanjingshan and Chishui research areas with their excellent 229 

ecological and geological conditions, the coupling degree reached only about 0.5. This value indicated 230 

that although a certain correlation between biodiversity and environmental geology exists, this 231 

correlation is weak. Many factors affect biodiversity, and the environmental geological conditions are 232 

but part of the causes. In future, related studies should investigate the influences of other factors in 233 

other fields (e.g., climatic conditions) on biodiversity. 234 

4.2.2 Coordination degree analysis 235 

The coordination degree can reflect the relative development status of the two systems. The results 236 

showed that the coordination degrees of the five research areas (from small to large) follow the order of 237 

Guanshanhu (0.36) < Weining (0.44) < Maolan (0.54) < Chishui (0.61) < Fanjingshan (0.63), which 238 

was the same as the order of the biodiversity comprehensive indexes. The coordination degrees of 239 

Guanshanhu and Weining research areas were the lowest, as their biodiversity has been damaged by 240 
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human activities, leading to poor coordination degrees of these two systems. The Fanjingshan and 241 

Chishui research areas had the highest coordination degrees, indicating that these two systems are in a 242 

good stage of coordinated development. The coordination degree of the Maolan research area was 243 

lower than that of Fanjingshan and Chishui research areas, because of the poor environmental geology 244 

in Maolan research area. 245 

4.3 Analysis of coupling and coordinated development stages 246 

According to the evaluation criteria, we obtained the coupling types, coordination levels, and 247 

coordinated development types of biodiversity and environmental geology in the research areas. The 248 

results are presented in Table 5. 249 

Table 5 shows that the coupling types of the five research areas are at the antagonistic stage (the 250 

coupling degree analysis explained this result). The Guanshanhu and Weining research areas are at the 251 

level of near non-coordination, because they have been greatly affected by human activities. Human 252 

activities not only directly damage biodiversity but also indirectly produce negative influences on the 253 

biodiversity by damaging the environmental geology. Hence, it is necessary to focus on these two 254 

research areas and initiate powerful regulation and protection measures. Generally, the biodiversity 255 

could be effectively protected by locally limiting human activities. The Chishui, Fanjingshan, and 256 

Maolan research areas are at the level of primary coordination. To maintain the coordination 257 

development status of these areas, it is necessary to strengthen the protection of biodiversity and 258 

environmental geological systems. 259 

In the Chishui and Fanjingshan research areas, with their good ecological and environmental 260 

geological conditions, the coordinated development type can be classified as synchronous development 261 

of primary coordination. This indicates that their biodiversity and environmental geological systems 262 
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have developed synchronously, with no restraint in either system. The coordinated development type of 263 

the Maolan research area can be classified as restrained environmental geology. Therefore, protecting 264 

the environmental geology should be emphasized to promote the synchronous development of 265 

environmental geology and biodiversity in this area. The Guanshanhu and Weining research areas have 266 

been greatly affected by human activities, and their coordinated development types can be classified as 267 

restrained biodiversity. For the protection of biodiversity and environmental geology, relevant control 268 

measures should be initiated to limit human activities and promote the protection of local biodiversity. 269 

5. Discussion 270 

According to the results for the five investigated research areas, the Fanjingshan and Chishui 271 

research areas had the highest biodiversity comprehensive indexes, environmental geology 272 

comprehensive indexes, and coupling/coordination degrees. Moreover, their coupling and coordinated 273 

development situations of the biodiversity system and environmental geological system were also the 274 

best. The Guanshanhu and Weining research areas had the lowest values, and their coupling and 275 

coordinated development situations of the biodiversity system and environmental geological system 276 

were the worst. The Maolan research area was an exception because of its weak environmental 277 

geology. 278 

The Fanjingshan and Chishui research areas have rich biodiversity and high vegetation coverage. 279 

In addition, their original environment has been well preserved and has been barely affected by human 280 

disturbance, and no eco-geological problems have occurred. Therefore, all of the estimated values of 281 

these two research areas were the highest among the five research areas, and the two systems of 282 

biodiversity and environmental geology have developed synchronously. The Fanjingshan research area 283 

is located to the west of the Fanjingshan National Nature Reserve, which has been recognized as the 284 
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best protected primeval forest in the world. The ancient stratum formed 1–1.4 billion years ago and is 285 

home to a variety of organisms. The complex terrain and diverse ecological environments of 286 

Fanjingshan endow its typical forest characteristics with diverse forest types, rich plant species, and 287 

numerous rare and ancient relic plants (Chen et al. 2020). The dense forests and various food resources 288 

for animals, such as plants, flowers, and fruits, as well as the excellent hydrological and ecological 289 

environments of Fanjingshan provide a superior habitat for inhabiting, moving, foraging, and breeding 290 

of wild animals. Therefore, complex and diverse food chains have formed with the distribution of a 291 

large number of wild animals (Cai et al. 2020, Guo et al. 2020). The Chishui research area is located in 292 

the Suoluo National Nature Reserve and its surrounding area. The special regional location and the 293 

long-term evolution of geology, geomorphology, and ecology have facilitated the formation of warm 294 

and moist climatic conditions, which have improved the ecological background. Hence, this is a 295 

desirable habitat for a variety of species as well as an ideal refuge for rare species, which has resulted 296 

in the region's rich biodiversity (Yu et al. 2015). 297 

The Maolan research area is a typical karst landform area with poor natural environmental 298 

geology conditions but with rich biodiversity. Its comprehensive biodiversity index is high, whereas the 299 

comprehensive index of its environmental geology is low (ranging between the estimated values of the 300 

Weining and Guanshanhu research areas). Therefore, the environmental geological system has lagged 301 

behind the biodiversity system. The Maolan research area is located to the west of the Maolan National 302 

Nature Reserve. It is the best protected karst forest ecosystem with the largest remaining area and the 303 

most concentrated distribution of karst landforms in the same latitude on Earth. Furthermore, it has a 304 

strong primordial nature and relatively good stability. In addition to a small amount of cane thorn shrub 305 

and shrub tussock, the natural vegetation of this ecosystem mainly consists of primordial evergreen and 306 
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deciduous broad-leaved mixed forest growing on the karst landform, which is a type of zonal 307 

vegetation (Wu et al. 2019). This research area has well-preserved forest vegetation, diverse habitats, 308 

and special environments, making it an important habitat for many wild animals. In terms of 309 

environmental geology, the exposed area of carbonate rocks is the largest in this area, and it is a typical 310 

representative of the cone-shaped and tower-shaped karst landform (Liu et al. 2014). Because of the 311 

large area of carbonate rocks in the Maolan research area, the karst in this area is extremely developed, 312 

and the underground water has a large buried depth. As a result, the water content in the aeration zone 313 

is low. Moreover, the soil formation conditions in this area are poor. Hence, several geological 314 

environmental problems exist in this area, mainly including three types of soil erosion, rocky 315 

desertification, and karst drought (Yzab et al. 2021, Lza et al. 2020). 316 

The Guanshanhu and Weining research areas are urban construction areas, which have high 317 

urbanization rates. Human activities have greatly influenced the biodiversity and environmental 318 

geological systems, and geological environment problems are continuously emerging, along with the 319 

gradual loss of biological habitats. Therefore, the estimated values of these two areas were the lowest 320 

among the five research areas. The development status of biodiversity and environmental geological 321 

systems has not been coordinated, and the biodiversity system lags behind the environmental 322 

geological system. Relevant studies have shown that within a certain period of time, the stress of direct 323 

or indirect human activities would lead to dynamic changes of vegetation (Gosselin and Callois 2018). 324 

The expanding urbanization of the Guanshanhu research area has significantly damaged the original 325 

natural vegetation, woodland, and basic farmland, and the eutrophication of urban park waters has 326 

contributed to the loss or the islandization of biological habitats. This has resulted in a sharp decline of 327 

vegetation coverage biological species richness (Xi et al. 2018). In terms of environmental geology, the 328 
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Guanshanhu area has been transformed significantly by human activities, and the original landform has 329 

greatly changed. Although the geological environment problems that are not conducive to the 330 

development of cities and towns have been basically solved, ground surface hardening and the 331 

construction of urban rail transit and pipe networks have caused many new geological environment 332 

problems, including water depletion and groundwater pollution caused by large-scale urban 333 

construction. 334 

The Weining research area is located in the Caohai Nature Reserve. In recent years, human 335 

activities, such as urbanization, water conservancy projects, and road construction, have triggered 336 

obvious habitat changes in forest, wetland, and water areas, and environmental pollution problems have 337 

emerged. In particular, water pollution has greatly harmed amphibians (Xiong et al. 2019). As a result, 338 

the water conservation function of vegetation has weakened; the problem of habitat fragmentation has 339 

been aggravated; and species richness has been reduced. In addition, invasion of alien species is 340 

another non-negligible external factor that has caused a decrease in the biodiversity in the Caohai area 341 

(Hughes et al, 2020). After the initial invasion of alien species, such as the Caohai bullfrog or 342 

Procambarus clarkii, these species can outcompete local aquatic organisms in the same ecological 343 

niche and seize the necessary food and space resources to create competitive advantages due to the lack 344 

of natural enemies and the rapid proliferation of their numbers. This phenomenon largely excludes 345 

native species, and alien species occupy the ecological niches of native species, thus seriously 346 

disrupting local food chains. Once indigenous species have largely disappeared, their role in 347 

maintaining the ecological balance is seriously weakened, causing serious damage of the ecosystem 348 

and biodiversity of Caohai (Qian and Akay 2020). In terms of environmental geology, the Weining 349 

research area has a relatively gentle terrain, good crustal stability, extremely shallow groundwater 350 
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depth, and small flow of common springs. Therefore, no prominent geological environment problems 351 

on the whole have emerged in this area (Liu 2014). The geological environmental problems of the 352 

Caohai area mainly include four aspects: soil erosion, excessive soil elements, water depletion, and 353 

rocky desertification (Kong et al. 2010). Among these problems, rocky desertification has been the 354 

main geological environmental problem, and its distribution pattern has shown the characteristics of 355 

“the farther away from a city, the wider the distribution area.” 356 

6. Conclusions and suggestions 357 

In this study, we selected five typical representative areas of Caohai, Chishui, Fanjingshan, 358 

Maolan, and Guanshanhu as research targets. We conducted a coupling analysis of their biodiversity 359 

and environmental geological systems based on the comprehensive index model and the coupling 360 

coordination model. The results showed that the Guanshanhu and Weining research areas belong to 361 

urban construction areas with higher urbanization rate, and the biodiversity and environmental geology 362 

have been greatly influenced by human activities. Therefore, the coordination degree of the two 363 

systems has been poor, and the comprehensive biodiversity index, the comprehensive environmental 364 

geological index, and the coupling degree generally were lower than those of the Maolan, Chishui, and 365 

Fanjingshan research areas. Among all five areas, Maolan has a typical karst landform, which is prone 366 

to soil erosion, rocky desertification, and other problems. Therefore, the comprehensive biodiversity 367 

index and the comprehensive environmental geological index of Maolan have been relatively low. 368 

According to the research results and in combination with the practical situation of Guizhou 369 

Province, the administrative regions of Guizhou Province can be divided into three zones from the 370 

perspective of ecological status: original ecological zones (e.g., the Chishui and Fanjingshan research 371 

areas), a zone with fragile ecological environment (e.g., the Maolan research area), and zones affected 372 
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by human activities (e.g., the Guanshanhu and Weining research areas). For each zone, policy 373 

suggestions are proposed in the following: 374 

In the original ecological zone, protection measures should be continued and strengthened. On the 375 

basis of comprehensive biodiversity assessments, areas that are rich in biodiversity or hotspot areas 376 

should be designated. In addition, a network of nature reserves, which can be effectively protected, 377 

well managed, and connected, should be established on the basis of existing nature reserves. According 378 

to the results of risk assessment, areas with rich biodiversity that are sensitive to environmental 379 

geological changes in these reserves should be preferentially protected. 380 

In zones with fragile ecological environment, targeted protection measures should be carried out 381 

to promote the synchronous development of regional environmental geology and biodiversity. On the 382 

basis of environmental geological conditions and according to the topography and landform of key 383 

karst zones as well as the structural characteristics of karst water-bearing media, vegetation restoration 384 

should be carried out to improve the survival rate of vegetation. When vegetation restoration and 385 

reconstruction projects are carried out in rocky desertification areas, it is recommended to carry out 386 

vegetation restoration in drainage areas or in areas where cracks and channels are more developed. The 387 

vegetation in these areas is more likely to survive and to cope with climatic changes better. 388 

In zones affected by human activities, limiting local human activities is a practical and effective 389 

measure for protecting both biodiversity and environmental geology. Relevant control measures should 390 

be introduced to strengthen both regulation and protection. Specifically, the major regional strategy, 391 

regional coordinated development strategy, the main functional zone strategy, and new urbanization 392 

strategy should be continually implemented to guarantee high-quality development. The key ecological 393 

zones with a fragile environmental status need to be clarified, and the establishment of a nature reserve 394 
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system should be accelerated. Furthermore, the network for biodiversity conservation needs to be 395 

improved, and human activities in this space should be reasonably limited to guard natural ecological 396 

security boundaries. 397 
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Figures

Figure 1

Geographical location map of research areas.



Figure 2

The spatial distribution of ecosystem type in the research areas: (a) Chishui, (b) Fanjingshan, (c)
Guanshanhu, (d) Maolan, and (e) Weining.



Figure 3

Comparison of comprehensive index of biodiversity and environmental geology in �ve research areas.



Figure 4

Comparison of coupling degree and coordination degree in �ve research areas.


