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Abstract
Although there are more than 270,000 protected areas worldwide, there is currently little data on their protection and management effectiveness. As a kind of protected area, natural world heritage (WH) sites are small but represent some of the most important natural landscapes, covering a very large area. But natural WH is threatened by climate change, natural disasters and human activities. Therefore, to achieve the sustainable development of WH sites, it is very important to analyze the management status of WH sites. Based on this, the study extracts inspiration from Enhancing our Heritage Toolkit: Assessing management effectiveness of natural World Heritage sites. An assessment system of the management effectiveness (ME) of natural WH sites has been established, which has three dimensions (including management foundation, management measures, and management performances) and 21 indexes. The reliability and validity of the index system are tested using the exploratory factor analysis method, and the results show that the index system has good reliability and validity. Then principal component analysis and comprehensive assessment methods are used to analyze the ME of the Fanjingshan WH site. The results show that the management effectiveness of the Fanjingshan WH Site is relatively excellent, but it still faces challenges from tourism development and community participation.
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Introduction
A World Heritage (WH) Site is an irreplaceable precious resource with outstanding universal value [1, 2], a significant contributor to the sense of local and national identity and pride, and a key link to demonstrate our common history, social development, and scientific progress [3]. By 2022, there are 1154 world heritage sites on the World Heritage List, distributed in 167 States parties [5]. Despite the high praise given to the WH sites, it has become a fact that they are under threat. According to the World Heritage Centre in 2021, one third of the world natural heritage sites are facing the threats of climate change, mountain fires, coral reef degradation, extreme weather, and drought, which brought an impact on natural heritage sites and mixed sites. At the same time, these risk factors caused an inevitable potential crisis in the protection and management of heritage [6]. In addition to the above threats of natural factors, the interference of human activities has also caused a certain impact on the natural WH sites. In particular, the tourism economic development brought by the brand effect of WH sites has increased the number of visitors in heritage tourism destinations, causing environmental pollution to a certain extent [4]. Therefore, countries worldwide spend a lot of money and make efforts to maintain world heritage sites so that they can be preserved, presented, and transferred to future generations [7]. Whether the expenditure of funds and energy is worth, it needs to be reflected by the status of conservation and management of WH sites, which is usually achieved by management effectiveness (ME) assessment.
ME assessment aims to achieve adaptive management and efficient resource allocation, promote accountability and transparency in a changing environment, and maintain the value of protected areas [8]. Its assessment system is also relatively perfect, and it provides some assessment tools based on three commonly used assessment frameworks (the World Commission on Protected Areas (WCPA) assessment framework, the International Union for Conservation of Nature (IUCN) Green List assessment criteria, and China Natural Protected Areas assessment framework) [9, 10]. Such assessment tools include Rapid Assessment and Priority of Protected Area Management (RAPPAM), Management Effectiveness Tracking Tool (METT), Enhancing Our Heritage toolkit (EOH), and Guidelines for Assessment of Effectiveness of Marine Protected Areas Management, among others [11–14]. UNESCO’s EOH toolkit looks closer at individual world heritage sites than the other assessment tools. The toolkit contains twelve utility tools, including Identifying Site Values and Management Objectives Tool; Identifying Threats Tool; Relationships with Stakeholders Tool; Review of National Context Tool; Assessment of Management Planning Tool; Design Assessment Tool; Assessment of Management Needs and Inputs Tool; Assessment of Management Processes Tool; Assessment of Management Plan Implementation Tool; Work/Site Output Indicators Tool; Assessing the Outcomes of Management Tool; and Review of Management Effectiveness Assessment Results. These tools document the status of WH sites in tabular form. They are designed to help conservation managers bring together the elements of a comprehensive management framework, including building targeted monitoring strategies. It is committed to help World Heritage site managers and others involved in managing protected areas to improve their capacity to achieve management objectives for the benefit of the global community [55]. While the EOH Toolkit assessing ME of natural WH sites is relatively comprehensive in its assessment, the evaluation results are not conducive to horizontal comparative analysis among heritage sites.
Although there are many tools to assess management effectiveness [56], the literature on assessing the ME of natural WH management is few. We searched for articles, papers and conferences on CNKI and Web of Science to identify relevant research. In the CNKI database, “subject” is used as the search term and “world natural heritage” is used as the search term for the first search. In search results, “management effectiveness” is the second search keyword. In the Web of Science Core database, the first search term was “world natural heritage” and the second was “management effectiveness”. The query time range is the maximum time range of the database. A total of 8 Chinese and English literature were found. It can be seen that the assessment of the effectiveness of world natural heritage management has not received enough attention. In addition to the eight existing articles on assessing the effectiveness of world natural heritage management, the effectiveness of the management of the current world natural heritage sites is evaluated in the form of reports every three years from the IUCN World Heritage Conservation Outlook (IUCN, 2020). The EOH Toolkit and the World Heritage Conservation Outlook provide qualitative descriptions to demonstrate the ME of world natural heritage sites.
In the context of exponential growth in the number and area of natural protected areas worldwide, many protected areas have not been effectively managed [15]. Global biodiversity is still in a downward trend [16, 17]. The natural WH accounts for 8% of the global protected sites. Data since 2017 shows that there are more deteriorated sites than improved ones among these natural heritage sites, and only half of them have been effectively protected and managed [18]. Therefore, in this context, the current management effectiveness of natural WH sites is studied in this paper. Taking EOH assessing ME of natural WH sites and China's Assessment Standards for Natural Protected Areas as a reference, an index system suitable for assessing the effectiveness of natural WH management is established in the paper. Fanjingshan WH Site is chosen as the object of empirical analysis to sort out the current status of the effectiveness of the management of Fanjingshan WH Site. The assessment index of the effectiveness of natural WH management proposed in this paper contains comprehensive information on the evaluated heritage sites. This assessment system solves the problem that the evaluation results of WH sites cannot be compared horizontally.
Meanwhile, the evaluation results of this paper review the conservation and management of the Fanjingshan WH Site. To further assist the Administration of Fanjingshan World Heritage in clarifying its advantages and disadvantages in WH management, improve the management level, and promote the management process to be more scientific and reasonable, a scientific basis for the protection and management authorities of Fanjingshan WH is also provided in this paper to formulate more scientific and reasonable management policies and sustainable development of the WH site. Hopefully, this study can provide ideas and methods for ME assessment of natural WH in China and the world.

Study area and data sources
Study area
Located in Tongren City, Guizhou Province, Southwestern China, Fanjingshan WNH Site and buffer zone across Jiangkou, Yinjiang and Songtao counties, covering a total area of 77,514 hectares (Fig. 1). Because of its unique geographical location and landform features, superior climate conditions and little human interference, Fanjingshan WH site has an extremely rich biodiversity, preserved habitats for a large number of an ancient relic, endangered and endemic species. It is the only natural habitat and the key site for local protection of Fanjingshan Fir (Abies fanjingshanensis) and the Guizhou Snub-nosed Monkey (Rhinopithecus brelichi); it is the protection area of primeval beech forest which has outstanding universal protection value and scientific value [22–25]. At the 42nd session of the World Heritage Committee on July 2, 2018, Fanjingshan was approved by the UNESCO World Heritage Committee to be inscribed on the World Heritage List, making it the 53rd World Heritage Site and the 13th natural WH site in China. The World Heritage Committee inscribed Fanjingshan on the World Heritage List based on Criterion (x): Fanjingshan is characterized by an exceptional richness in bryophytes, with 791 species, of which 74 are endemic to China. The property also has one of the richest concentrations of gymnosperms in the world, with 36 species. A significant number of endemic species are distributed inside the property, including 46 local endemic and 1010 Chinese endemic plant species, as well as 4 locally endemic vertebrate species. The most notable of these is the endangered Guizhou Snub-nosed Monkey, which is found only in Fanjingshan and nowhere else in the world. Another prominent endemic species is Fanjingshan Fir, which is also restricted to this property. The property contains 64 plant and 38 animal species that are listed as Vulnerable (VU), Endangered (EN) or Critically Endangered (CR) on the IUCN Red List, most notably Guizhou Snub-nosed Monkey, Chinese Giant Salamander, Forest Musk Deer, Reeves’s Pheasant, Asiatic Black Bear, and Bretschneidera Sinensis.[image: ]
Fig. 1Study area



Data collection/analysis
The data source of this study consists of two parts. The first part is a stakeholder questionnaire from the Fanjingshan WH Site (managers, visitors, local communities, and researchers) to rate the importance of ME indicators. The 5-point Likert scale is used for measurement. 1, 2, 3, 4, and 5 indicated ‘very unimportant,’ ‘unimportant,’ ‘general,’ ‘important,’ and ‘very important,’ respectively. This data is used to verify the scientific feasibility of the assessment index selection, and the data is also used to obtain the index weight. The questionnaire survey was conducted on June 3–7, 2022, and the survey sites were Jiangkou County, Yinjiang County, and Songtao County within the Fanjingshan WH Site. In the first part of the survey, the proportion of men and women was 51.2% and 48.8%, respectively; the age was mainly young and middle-aged, the 21–59 years old accounted for 82.4%; 74.8% of the respondents had college, undergraduate and postgraduate qualifications. The questionnaire includes cross-county Fanjingshan WH ME assessment indexes and demographic characteristics (including respondents’ gender, age, and education level), and 301 valid questionnaires were received. The second part of the data is the score (1 to 5 points) by the managers of the Fanjingshan WH site based on the ME of the assessment indexes. The staff from the Administration of Fanjingshan National Nature Reserve were entrusted with issuing 40 paper-based rating questionnaires, 40 valid questionnaires were taken back, and the effective recovery rate was 100%.


Method
The interview is the research method used in selecting assessment indexes in this paper. The questionnaire survey method is used to obtain data, and the methods used in data analysis include exploratory factor analysis, principal component analysis, and comprehensive evaluation methods. The following work is carried out: establishing an evaluation index system, carrying out index weight calculation, and comprehensively assessing the management effectiveness of the Fanjingshan WH site.
Index system establishment
First, at the beginning of index establishment, according to the EOH Toolkit assessing ME of natural WH sites and China's Assessment Standards for Natural Protected Areas, it is found that the assessment of ME mainly involves the recognition of Outstanding Universal Values of WH sites, management objectives, management planning, management staff, management input funds and budgets, threats faced by heritage sites, and the relationship between heritage sites and stakeholders. According to the commonness of nature reserve evaluation and natural heritage management effectiveness evaluation content and the characteristics of natural WH, a total of 27 assessment indexes of WH management effectiveness were extracted. In addition, the author’s research team (composed of five people whose research fields are related to heritage conservation management, including four graduate students and one professor) conducted a group discussion on how to assess the effectiveness of natural WH management. At the same time, the assessment indexes that may cause ambiguity, unclear/reasonable expression, repetition/similarity and omission should be deleted and supplemented. Finally, 22 evaluation indexes of the WH of natural WH were obtained as the questions of the first questionnaire survey. The first part of the questionnaire sample is used for exploratory factor analysis to determine the dimensions and indicators of the assessment of the effectiveness of natural WH management.

Index weight analysis
The principal component analysis method is used to determine the weight of the assessment index of the ME of natural WH sites. Since the data is obtained by the scale of the questionnaire, it is consistence, and the data standardization operation is no longer carried out. The cumulative variance contribution rate obtained by SPSS analysis is 87.32% (greater than 85%), indicating that the principal component method is suitable for weight analysis [29]. The specific calculation process of index weight is as follows [30, 31]:[image: $${T}_{jp}=\frac{\left|{\partial}_{jp}\right|}{\sum_{j=1}^{m}\left|{\partial}_{jp}\right|}$$]

 (1)


where: [image: $${T}_{jp}$$] is the weight of the j index in the p component (j = 1, 2, …, m), [image: $$\left|{\partial }_{jp}\right|$$] is the absolute value of the factor loading of the j indicator on the p component; [image: $$\sum_{j=1}^{m}\left|{\partial }_{jp}\right|$$] is the algebraic sum of the absolute values of all factor loadings in this component.[image: $${w}_{j}=\sum_{p=1}^{k}\frac{{T}_{jp}{\lambda }_{p}}{\sum_{p=1}^{k}{\lambda }_{p}}$$]

 (2)


where:  [image: $${w}_{j}$$] is the weight of the j index, and [image: $${\lambda }_{p}$$] is the contribution rate of p component; [image: $$\sum_{p=1}^{k}{\lambda }_{p}$$] is the cumulative contribution rate of k principal components; the weight coefficient obtained by the formula needs to be normalized to obtain the final weight [image: $${y}_{j}$$] of the j index. The normalization formula is as follows:[image: $${y}_{j}=\frac{{w}_{j}}{\sum_{j=1}^{m}{w}_{j}}$$]

 (3)




Comprehensive assessment ME of Fanjingshan
According to the 40 questionnaires from the Administration of Fanjingshan National Nature Reserve scored in the second part, the index-weighted comprehensive assessment method was used to score the management effectiveness of the Fanjingshan WH. Firstly, the assessment grade was established. According to the relevant research [21, 57], this paper’s assessment grade was determined, divided into four grades, namely ‘excellent, good, medium and poor.’ The management effectiveness score for world natural heritage sites ranges from 1 to 5. Secondly, the effectiveness level of the world heritage site management is divided according to the grading standard. The assessment criteria for 1–2 points represent ‘poor’; 2–3 scores represent ‘medium’; 3–4 scores represent ‘good’; 4–5 scores represent 'excellent.' Finally, the effectiveness of the comprehensive assessment was conducted. The assessment formula is as follows:[image: $$EM=\sum_{j=1}^{40}{y}_{j\times }{C}_{j}$$]

 (4)


where: EM represents the management effectiveness of world natural heritage, and [image: $${C}_{j}$$] is the average score by the managers of the j index.


Results
Index system and weight
When establishing a scientific assessment index system, exploratory factor analysis was carried out on the data collected in the first part of the questionnaire to test the reliability and validity of the index system. First, the need is to analyze the validity of the Questionnaire data. The analysis results are shown in Table 1. The KMO statistic is 0.978, and the probability p-value of the Bartlett spheroid test is 0.000, indicating the high validity of the Questionnaire data. Then, the principal component analysis method was used to extract factors in SPSS software, and factors with eigenvalues greater than 1 were selected, and the maximum variance method was used to carry out orthogonal rotation of factor load matrix, so as to make factor naming more explanatory [28]. The output structure matrix in Table 2 and the total variance interpretation rate (Table.3). According to the results shown in Table 2, three common factors with eigenvalues greater than 1 were extracted. The author summarized according to the connotation of indicators contained in each common factor and named common factor 1 as management measures, common factor 2 as management foundation and common factor 3 as management performance. These three common factors constituted the three dimensions of assessment indexes. The corresponding value of each indicator in Table 2 is the factor load. According to the result, it can be seen that the twelfth index patrol law enforcement cannot belong to any dimension, so this indicator is deleted. According to Table 3, the extracted three common factors can explain 87.32% of the total Variance of the original variable, indicating a good effect of factor extraction. Finally, a reliability test on the dimensions divided by indicators was conducted. According to the results in Table 4, Cronbach's α values of the three dimensions were all greater than 0.90, indicating that the index system established in this paper has good reliability [26, 27].Table 1Validity test


	KMO and Bartlett test

	KMO
	0.978

	Bartlett’s Test of Sphericity
	Approx. Chi-Square
	7144.035

	df
	210

	p
	0.000



Table 2Principal component matrix after rotation


	Measurement index
	Component

	1
	2
	3

	1 World heritage value identification
	 	0.572
	 
	2 Boundary delineation
	 	0.874
	 
	3 Protection management target recognition
	 	0.860
	 
	4 Fundamentals of law
	 	0.851
	 
	5 Working system
	 	0.849
	 
	6 Manning level
	 	0.858
	 
	7 Financial management
	 	0.868
	 
	8 Infrastructure
	 	0.873
	 
	9 Resources investigation
	0.850
	 	 
	10 Scientific research
	0.847
	 	 
	11 Publicity and education
	0.833
	 	 
	12 Patrol law enforcement
	 	 	 
	13 Tourism management
	0.845
	 	 
	14 Community management
	0.827
	 	 
	15 Cross-regional collaborative management
	0.840
	 	 
	16 Formulation and implementation of planning
	0.842
	 	 
	17 Monitoring and evaluation
	0.803
	 	 
	18 Integrity of World Natural Heritage
	 	 	0.687

	19 Community welfare
	 	 	0.763

	20 Community participation
	 	 	0.646

	21 conflict reduction level
	 	 	0.784

	22 Tourism development
	 	 	0.698



Table 3Extract the factor to explain the variance


	Component
	Extraction sums of squared loadings

	Total
	% of variance
	Cumulative %

	1
	7.233
	34.443
	34.443

	2
	7.017
	33.416
	67.859

	3
	4.088
	19.466
	87.325



Table 4Reliability test


	Dimension
	Index
	Project quantity
	Cronbach’s α

	Management Foundation
	World heritage value identification
	8
	0.979

	Boundary delineation

	Protection management target recognition

	Fundamentals of law

	Working system

	Manning level

	Financial management

	Infrastructure

	Management measures
	Resources investigation
	8
	0.988

	Scientific research

	Publicity and education

	Tourism management

	Community management

	Cross-regional collaborative management

	Formulation and implementation of planning

	Monitoring and evaluation

	Management Performance
	Integrity of World Natural Heritage
	5
	0.925

	Community welfare

	Community participation

	Conflict reduction level

	Tourism development




Based on the above analysis, a natural WH ME assessment system with three dimensions (management foundation, management measures, management performance) including 21 evaluation indexes is finally established. The dimension of management foundation includes eight indexes: world heritage value identification, boundary delineation, protection management target recognition, fundamentals of law, working system, manning level, financial management and infrastructure. In order to facilitate the analysis, A1-A8 is used to replace the indicators. Management measures include resources investigation, scientific research, publicity and education, tourism management, community management, cross-regional collaborative management, formulation and implementation of planning, monitoring and evaluation. The indexes in this dimension are replaced by B1-B9 (excluding B4). The dimension of management performance includes the integrity of natural WH, community welfare, community participation, conflict reduction level, and tourism development. C1-C5 replaces the index of this dimension. Then, the weight analysis was carried out according to the principal component, and the results were shown in Fig. 2. In Fig. 2, the central circle represents the assessment objective, the second circle represents the dimension of the assessment system, the third circle represents the assessment index, and the last circle represents the weight value of each index. First of all, it can be seen that the weight values of the last circle are similar, which means that the assessment of these 21 indicators greatly impacts the assessment of the ME of natural WH. Secondly, the weight of management measures is 0.479 > the weight of management foundation which is 0.323 > the weight of management performance which is 0.198, indicating that effective protection and management actions are crucial for the effectiveness of world heritage management. The inspection of management measures can intuitively show the activities and practice methods that affect the effectiveness assessment of the estate management, quickly identify the current excellent practice scheme of the estate management, and reflect on the effectiveness assessment of the estate management whether the current management actions need to be improved.[image: ]
Fig. 2Assessment system index weight allocation


When establishing the assessment indexes, it is considered in this paper that the world natural heritage sites cover a large range due to its ecological or geological integrity requirements, and are prone to cross administrative boundaries [38]. Therefore, indexes not measured in previous management effectiveness are added: B7 (cross-regional collaborative management) and C4 (conflict reduction level). B7 is a review of collaborative management actions, while C4 is a review of collaborative management results. Figure 2 shows that the weights of B7 and C4 are 0.059 and 0.036 respectively, which indicates that the review of collaborative management is also relatively important in the ME assessment of natural WH sites. Among the assessment indexes, B1 (resource investigation) and B2 (scientific research) have the most prominent weights, accounting for 0.061. It can be seen that the premise of effective management of natural world heritage sites is to investigate the rare resources of plants and animals in the sites to identify key protected species. At the same time, continuous scientific research activities can promote the stakeholders of the heritage site to understand the rare animal and plant resources. At the same time, scientific research activities can promote the continuous and positive transfer of natural materials to human society. First of all, managers carry out conservation management based on research. Community residents respect the regulations on the protection and management of animals and plants, and natural heritage sites can obtain ecological and environmental health, which feedbacks to the continuous economic income and good living environment of human beings. Therefore, to some extent, scientific research activities can promote the sustainable development of WH sites and the beautiful vision of harmonious coexistence between human and nature.

MEA of Fanjingshan world natural heritage
According to the comprehensive assessment research method and scientific calculation, the assessment score of the management effectiveness of Fanjingshan WH is finally obtained shown in Table 4. The comprehensive assessment score is about 4.210, between 4 and 5. Therefore, the assessment grade of the management effectiveness of Fanjingshan World Natural Heritage is “excellent”. By comparing the assessment results with the conclusion of the Fanjingshan 2020 Conservation Outlook Assessment, it is found that the assessment results in this paper are consistent with the Fanjingshan 2020 Conservation Outlook Assessment. The Fanjingshan 2020 Conservation Outlook Assessment, with 15 aspects assessed. Among them, 10 assessment contents of management system, effectiveness of management system, boundary, legal framework, sustainable use, capital, staff ability, education and publicity, monitoring and research were rated as “Mostly Effective”. The report concludes that the protection and management of the Fanjingshan World Heritage site is mostly effective.
The results were analyzed according to Table 4. First of all, it is found that the most outstanding performance is the management measures of the work done; second, the management foundation is also excellent. Among the average scores of the measured indicators, the best ones are the protection status of the Fanjingshan World Heritage A1 (world heritage value identification), A2 (boundary delineation), A4 (fundamentals of law), A7 (financial management), B6 (community management), B9 (monitoring and assessment) and C1 (integrity of World Natural Heritage) (Table 5). The average scores of these seven indexes are all above 4.3. The high score of these seven items is attributable to the efforts made by Chinese governments at all levels, business departments, expert teams, Fanjingshan WH Administration, related local communities and enterprises in recent years (Table 6).Table 5Fanjingshan WH ME assessment score


	Dimension
	Index
	Weight coefficient
	Average score
	Weighted score

	Management foundation
	A1 World heritage value identification
	0.040
	4.3875
	0.176

	A2 boundary delineation
	0.042
	4.525
	0.190

	A3 Protection management target recognition
	0.039
	4.25
	0.166

	A4 Fundamentals of law
	0.039
	4.375
	0.171

	A5 Working system
	0.041
	4.2875
	0.176

	A6 Manning level
	0.039
	4.225
	0.165

	A7 Financial management
	0.040
	4.4
	0.176

	A8 Infrastructure
	0.043
	4.1875
	0.180

	Management measures
	B1 Resources investigation
	0.061
	4.225
	0.258

	B2 Scientific research
	0.061
	4.225
	0.258

	B3 Publicity and education
	0.059
	4.1
	0.242

	B5 Tourism management
	0.060
	4.2
	0.252

	B6 Community management
	0.060
	4.3125
	0.259

	B7 Cross-regional collaborative management
	0.059
	4.05
	0.239

	B8 Formulation and implementation of planning
	0.060
	4.0375
	0.242

	B9 Monitoring and assessment
	0.059
	4.35
	0.257

	Management performance
	C1 Integrity of World Natural Heritage
	0.040
	4.45
	0.178

	C2 Community welfare
	0.039
	4.15
	0.162

	C3 Community participation
	0.043
	3.9
	0.168

	C4 Conflict reduction level
	0.036
	4.05
	0.146

	C5 Tourism development
	0.040
	3.8125
	0.153

	Total
	 	 	 	4.210



Table 6Assessment score analysis


	Measurement index
	Assessment performance
	Reasons and measures

	World heritage value identification
	Excellent
	Related experts and departments have investigated the site from its natural characteristics, geological development, ecosystem, habitats and aesthetic landscape. Finally, the principal values of Fanjingshan are determined to be “the unique isolated ecosystem with high endemic characteristics surrounded by the karst ocean, the largest continuous distribution area of the primary beech forest in the global subtropical region, the global wild population of Guizhou Snub-nosed Monkey, the only habitat of Fanjingshan Fir, unique bryophytes and gymnosperms”

	Boundary delineation
	Excellent
	According to the declaration and management of the World Natural Heritage, the scope of Fanjingshan heritage site and buffer zone has been determined, and special wildlife protection area, wildlife protection control area, important landscape protection area and general buffer zone have been formed in the continuous protection and coordinated development. The protection value and the protection target are identified for different areas. The Boundary demarcation and calibration project of Fanjingshan WH Site has been implemented, and 340 marking points (28 boundary tablets, 312 boundary stakes) have been completed in the heritage site, and 1060 marking points have been completed in the buffer zone

	Fundamentals of law
	Excellent
	At present, there are such important laws and regulations and related plans as the Regulations on the Protection of Fanjingshan of Tongren City, the Declaration and Management Measures for the World Natural Heritage, Natural and Cultural Dual Heritage (Trial), the Protection Plan for Guizhou Snub-nosed Monkey (2015–2025), and the Protection and Management Plan for Fanjingshan World Natural Heritage Site (2016–2035)

	Financial management
	Excellent
	The Fanjingshan WH Site is in good financial condition. From 2019 to 2020, the funds for the protection and management of the Fanjingshan WH Site come from provincial financial funds, which is used for the conservation and management project of the Fanjingshan WH Site, ecological protection and other aspects. And the source of funds is stable and sufficient

	Community management
	Excellent
	Manage the residents in different areas according to the management objectives of the controlled areas. For example, reduce the population in the heritage site as far as possible and carry out ecological relocation work. In the buffer zone, residents can develop appropriate tourism

	Monitoring and assessment
	Excellent
	Monitoring stations and wildlife rescue centres have been set up. The administration works with universities in Guizhou to monitor the environment, heritage values, natural disasters and tourist activities. The monitoring means is a combination of manual monitoring and equipment monitoring. The monitoring time is mainly long-term monitoring, and the monitoring results are evaluated and fed back in time

	Integrity of World Natural Heritage
	Excellent
	According to the objectives of conservation management, there are abundant management measures such as resource surveys, scientific research, publicity and education, tourism management, community management, cross-county cooperative management, planning formulation and implementation, and monitoring and evaluation. The management basis is relatively perfect so that the habitat of animals and plants in the heritage site is maintained in a good state. Therefore, the outstanding universal values and integrity of Fanjingshan WH Site are well protected, and potential threats from tourism development and community participation are well controlled




Fanjingshan has performed well in various conservation measures and management foundations since it was inscribed on the World Heritage List in 2018, but there are still some concerns. Table 3 shows that the scores from C5 (tourism development) and C3 (community participation) are relatively low. The average score for tourism development is 3.8, and the average score for community participation is 3.9. This reveals that the effectiveness of the current protection and management of Fanjingshan WH Site is threatened by tourism development and community communications. First of all, the pressure from tourism development is remarkable for Fanjingshan. The number of tourists has been rising steadily, which may affect the daily activities of some animals in Fanjingshan. Now the Fanjingshan WH Administration has responded to the threat. Fanjingshan currently limits the number of visitors to the site to less than 8000 visitors per day. Besides, to ensure that tourists traveling activities are mainly concentrated in relatively small areas, the public tour area only accounts for 2.1% of the whole property. At the same time, protected areas of major biodiversity and habitats of plants and animals are off-limits to visitors [32]. Although the control of tourism management measures is quite strict, the potential threats brought by tourism will still exist. Therefore, all kinds of tourism activities carried out on the property should be monitored and assessed to ensure the safety of animal and plant habitats in Fanjingshan and protect the biodiversity.
Community participation in the protection, supervision and daily investigation of world heritage property plays an important role in protecting sustainable development and good interaction between the property and residents [33, 35]. We have to admit that the attitude of community residents is important for the sustainability of tourism development because the community is closely related to the property. Meanwhile, community residents make their living on local environmental resources [36]. Communities have two sides to heritage conservation and development. If heritage protection can guarantee the benefit of the community, the community will show positive feedback to heritage management. Otherwise, heritage management work will be negatively affected [33]. At present, community participation in the Fanjingshan WH site still has a long way to go. The effectiveness of heritage management depends on the participation of the community to some extent. Allowing their residents to benefit from heritage protection is the most direct way for communities to participate in heritage management work, by which their recognition of the heritage value can be strengthened [34]. In August 2020, Fanjingshan WH Site carried out a pilot program of joint community management with the heads of villages and towns, supervising the natural resources under their jurisdiction and banning improper behaviors such as illegal cutting and illegal hunting. This measure can help the community to solve existing problems in time and promote the protection of biodiversity in Fanjingshan and the harmonious development of man and nature. Although the goal of the policy is positive, it lacks a corresponding incentive mechanism. It is necessary to stimulate the inner motivation of the community to participate in the protection, promote the community's understanding of heritage protection and management, and then improve the relationship between the community and the heritage management staff.


Discussion
According to the research results of index weights in Fig. 2, B7 (cross-regional coordinated management) and C4 (conflict reduction level) have a certain weight in the ME evaluation of natural WH, which indicates that these two factors must not be ignored in the ME evaluation of natural WH, unless the heritage site does not involve cross-regional management. Most world natural heritage sites are nominated to meet the requirements of integrity, so it is common for them to be cross-regional or transnational [37]. Protected areas that transcend administrative boundaries within a country or beyond national boundaries often have high ecological connectivity [38]. Such areas divided by administrative boundaries are prone to management difficulties that threaten the biodiversity of protected areas [39–41]. For example, the large cross-border landscape ‘Heart of Borneo’ across Brunei, Indonesia, and Malaysia have been damaged because of poor governance, lack of cross-border cooperation, and infrastructure development along the international borders between the three countries [42]. Due to the lack of coordinated management and co-management measures, some disputes, like conflicts on resource ownership, often occur [43, 44]. Therefore, cross-regional coordinated management is necessary. On the one hand, coordinated management can reduce regional conflicts; on the other hand, it can protect cross-regional habitats for animals and plants from threats. Previous studies on management effectiveness assessment mainly focus on biological resources and management systems in protected areas [45–47], without concerning the restriction of administrative boundaries on protected areas. In view of this, B7 and C4, the two indexes evaluated in this paper, are targeted to enrich the content of management effectiveness evaluation for World natural heritage management and other types of heritage sites.
The research results of the management effectiveness of Fanjingshan in this paper are basically consistent with the assessment results of the Fanjingshan 2020 Conservation Outlook Outlook finished by IUCN. The report shows that the outstanding universal value of Fanjingshan is in good condition. The biggest threat to property is the impact of tourism and the development of related infrastructure. The relationship with the community also worries IUCN [32]. As shown in Table 4, the overall score of the assessment results of management effectiveness is 4.210, which is excellent. However, the average score of community participation and tourism development in management effectiveness is relatively low, indicating that there are still some deficiencies in the two assessment contents. In the study of Ellwanger, AL, it was mentioned that the resource protection of Fanjingshan limited the livelihood of community residents, and some residents were forced to move away for resource protection [48]. Therefore, it is necessary to investigate the willingness of residents and present the method of implementing the relocation process to the public. It is generally believed that understanding local people's attitudes towards the environment and conservation is an important part of developing successful long-term conservation and management strategies [49, 50]. Moreover, initiatives that incorporate local communities into the decision-making process may receive greater community support and compliance with rules. However, if the community believes that restrictions on their livelihoods are unfair or their participation in the decision-making process is limited, it may exacerbate negative perceptions of management [51, 52].
The road around Fanjingshan and the tourist cable car established for the tourism development of Fanjingshan are liable to cause habitat impact, which poses a potential threat to the Guizhou snub-nosed monkeys [23, 53, 54]. However, there is almost no detailed record of the impact of tourism on the habitat of this endangered primate species [23]. To sum up, there are a lot of research topics on Fanjingshan in the future; both the impact of tourism and the elaboration of the process of migration has attracted the attention of the public.

Conclusion
Based on the MEA tool, it is proposed in this paper a set of assessment systems for the management effectiveness of world natural heritage sites. Based on the questionnaire survey data, this assessment system is empirically tested by exploratory factor analysis. The conclusions are as follows: the management assessment system for the effectiveness of world natural heritage includes 21 assessment indexes in three dimensions: management foundation, management measures, and management performance, which is of great reliability and validity.
The management effectiveness score of Fanjingshan cross-county World Natural Heritage is excellent. The resource investigation and scientific research activities of Fanjingshan have performed well, and the coordinated management measures of Fanjingshan are relatively excellent at present. The Fanjingshan World Heritage Administration is facing some challenges from both the current community participation and the sustainable development of tourism. However, the outstanding universal value of the property has been well protected, and the efforts made by the Authority in recent years to protect and manage the site should not be denied. It is expected that the Fanjingshan Authority will reply to IUCN’s concerns (tourism development, relocation) in the future.
Globally, there are few research articles on the management assessment of the effectiveness of world natural heritage sites, and there is not much experience to refer to. Therefore, the results of the research provide referable management effectiveness assessment practices for regions with similar backgrounds to achieve effective world heritage sustainability strategies.

Acknowledgements
The author would like to thank the Fanjingshan World Heritage Administration for providing real and reliable data for the writing of this article.

Author contributions
Conceptualization: XY; methodology: XY; data collection and analysis: XY, DM, MH, JM; writing-original draft: XY, SX; writing-review and editing: XY, DM, SX; supervision: XY, SX; funding acquisition: SX. All authors read and approved the final manuscript.

Funding
This work was supported by Guizhou Provincial Key Technology R&D Program: A study on the conservation model with technology and sustainable development demonstration of the World Natural Heritages in Guizhou (No. 220 2023 QKHZC), the China Overseas Expertise Introduction Project for Discipline Innovation (China 111 Project) [grant number: D17016] and the Third Cycle of The Periodic Reporting of Fanjiangshan project.

Availability of data and materials
Datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Declarations
Competing interests
The authors declare that they have no competing interests.


References
	1.
World Heritage Centre. The convention concerning the protection of the world cultural and natural heritage. Georgetown: UNESCO World Heritage Centre; 1972.

	2.
World Heritage Centre. The operational guidelines for the implementation of the world heritage convention. Georgetown: UNESCO World Heritage Centre; 2017.

	3.
Fund GH. Saving our vanishing heritage: safeguarding endangered cultural heritage sites in the developing world. Palo Alto: Global Heritage Fund; 2010.

	4.
Su MM, Wall G, Xu K. Tourism-induced livelihood changes at mount Sanqingshan World Heritage Site. China Environ Manag. 2016;57(5):1024–40. https://​doi.​org/​10.​1007/​s00267-016-0672-8.Crossref

	5.
World Heritage Centre: World Heritage List. https://​whc.​unesco.​org. Accessed 22 Apr 2022.

	6.
Song F. Introduction to the extended 44th session of the world heritage committee: observations on decisions related to natural heritage. Study Nat Cult Herit. 2022;7(03):1–2.

	7.
Rodrigo A, Penalver E, Delvalle RL, Barron E, Delclos X. The heritage interest of the cretaceous amber outcrops in the Iberian Peninsula, and their management and protection. Geoheritage. 2018;10(3):511–23. https://​doi.​org/​10.​1007/​s12371-018-0292-1.Crossref

	8.
Hockings M. Evaluating effectiveness: a framework for assessing management effectiveness of protected areas. 2nd ed. Gland: International Union for Conservation of Nature and Natural Resources; 2006.Crossref

	9.
Hockings M. Systems for assessing the effectiveness of management in protected areas. Bioscience. 2003;53(9):823–32. https://​doi.​org/​10.​1641/​0006-3568(2003)053[0823:​SFATEO]2.​0.​CO;2.Crossref

	10.
Guo ZL, Zhu W, Lei YR, Ning Y, Wang YF. Assessment methods for the protected area management effectiveness. World For Res. 2020;33(03):13–9.

	11.
Jia Q, Zhiyun OY, Weihua X, Hong M. Comparison and applications of methodologies for management effectiveness assessment of protected areas. Biodivers Sci. 2010;18(01):90–9.Crossref

	12.
Leverington F. The global protected area management effectiveness database. Internal database of October 2009. Gatton: University of Queensland; 2009.

	13.
Stoll-Kleemann S. Evaluation of management effectiveness in protected areas: methodologies and results. Basic Appl Ecol. 2010;11(5):377–82. https://​doi.​org/​10.​1016/​j.​baae.​2010.​06.​004.Crossref

	14.
Stolton S, Hockings M, Dudley N, Mac Kinnon K, Whitten T, Leverington F. Management effectiveness tracking tool: Reporting progress at protected area sites. 2nd ed. Gland: World Bank/WWF Alliance by WWF International; 2007.

	15.
Ervin J. Protected area assessments in perspective. Bioscience. 2003;53(9):819–22. https://​doi.​org/​10.​1641/​0006-3568(2003)053[0819:​PAAIP]2.​0.​CO;2.Crossref

	16.
Butchart SHM, Walpole M, Collen B, Strien VA, Scharlemann JPW, Almond REA, et al. Global biodiversity: indicators of recent declines. Science. 2010;328(5982):1164–8. https://​doi.​org/​10.​1126/​science.​1187512.Crossref

	17.
Tittensor DP, Walpole M, Hill SLL, Boyce DG, Britten GL, Burgess ND, et al. A mid-term analysis of progress toward international biodiversity targets. Science. 2014;46(6206):241–4. https://​doi.​org/​10.​1126/​science.​1257484.Crossref

	18.
Protected Planet: Management Effectiveness. https://​www.​protectedplanet.​net/​en/​thematic-areas. Accessed 22 Oct 2022.

	19.
Xu H, Yu WD, Seok MJ, Kang TH. A study on construction of management effectiveness evaluation system for world cultural heritage. J Korean Inst Tradit Landsc Archit. 2013;31(4):51–61.

	20.
Van CC, Dart P, Hockings M. Using enhancing our heritage toolkit for assessing management effectiveness of the Kien Giang biosphere reserve. Int J UNESCO Biosph Reserv. 2017;1:56–76.

	21.
Zhou J, Wang W, Zhou J, Zhang Z, Lu Z, Gong Z. Management effectiveness evaluation of world cultural landscape heritage: a case from China. Herit Sci. 2022;10:22. https://​doi.​org/​10.​1186/​s40494-022-00660-2.Crossref

	22.
Niu KF, Tan CL, Cui DY, Chen S, Shi L, Balletto E, Mi XQ, Gamba M, Giacoma C, Yang YQ. Creating wildlife exploration stories to promote conservation of the endangered Guizhou Snub-Nosed monkey in Fanjingshan National Nature reserve, China. Folia Primatol. 2015;86(4):330–330.

	23.
Guo YQ, Zhou J, Xie JH, Garber PA, Bruford M, Ren B, Li DY, Zhou J. Altitudinal ranging of the Guizhou golden monkey (Rhinopithecus brelichi): patterns of habitat selection and habitat use. Global Ecol Conserv. 2018;16:e00473. https://​doi.​org/​10.​1016/​j.​gecco.​2018.​e00473.Crossref

	24.
Pan Y, Wei G, Cunningham AA, Li S, Chen S, Milner-Gulland EJ, Turvey ST. Using local ecological knowledge to assess the status of the Critically Endangered Chinese giant salamander Andrias davidianus in Guizhou province China. Oryx. 2016;50(2):257–64. https://​doi.​org/​10.​1017/​S003060531400083​0.Crossref

	25.
Cao J, Xiong KN, Chen LS, Xiao SZ, Chen QW. Spatial distribution and treatment of environmental problems in Fanjingshan World Heritage Nominated property. Chinese Landscape Architecture. 2020;36(03):115–9.

	26.
Nunnally JC. Psychometric theory. 2nd ed. New York: McGraw-Hill; 1978.

	27.
DeVellis RF. Scale development theory and applications. London: SAGE; 1991.

	28.
Khuluk RH, Yunita A, Rohaeti E, Syafitri UD, Linda R, Lim LW, Takeuchi T, Rafi M. An HPLC-DAD method to quantify Flavonoids in Sonchus arvensis and Able to classify the plant parts and their geographical area through principal component analysis. Separations. 2021;8(2):12. https://​doi.​org/​10.​3390/​separations80200​12.Crossref

	29.
Yang PS, Chen CH, She JY, Tang ZC. Evaluation of forest naturalness of Paiya mountain state-owned forest farm, Jingzhou Miao in Dong Autonomous County. J Central South Univ For Technol. 2022;05:19–32.

	30.
Wang WN, Qin Y, Zhi XL, Wang D, Chen HQ. Non-linear combination method of index weights for evaluation of asphalt pavement initial performance. J Hefei Univ Technol. 2016;39(06):801–6.

	31.
Toosi NB, Soffianian AR, Fakheran S, Waser LT. Mapping disturbance in mangrove ecosystems: Incorporating landscape metrics and PCA-based spatial analysis. Ecol Indic. 2022;136:108718. https://​doi.​org/​10.​1016/​j.​ecolind.​2022.​108718.Crossref

	32.
IUCN World Heritage Outlook: Fanjingshan-2020 Conservation Outlook Assessment. https://​worldheritageout​look.​iucn.​org/​. 22 Oct 2022.

	33.
Han F, Yang Z, Shi H, Liu Q, Wall G. How to promote sustainable relationships between heritage conservation and community, based on a survey. Sustainability. 2016;8(9):886. https://​doi.​org/​10.​3390/​su8090886.Crossref

	34.
Hieu N, Huong HTT, Hens L, Hieu DT, Phuong DT, Canh PX. Sustainable livelihoods development by utilization of geomorphological resources in the Bai Tu Long Bay, Quang Ninh province Vietnam. Environ Dev Sustain. 2018;20(6):2463–85. https://​doi.​org/​10.​1007/​s10668-017-9999-4.Crossref

	35.
Hughes M, Jones T, Phau I. Community perceptions of a world heritage nomination process: the Ningaloo Coast region of Western Australia. Coast Manag. 2016;44(2):139–55. https://​doi.​org/​10.​1080/​08920753.​2016.​1135275.Crossref

	36.
West PC, Brechin SR. Resident peoples and national parks: social dilemmas and strategies in international conservation. Tucson: University of Arizona Press; 1991.

	37.
Lu XX. Review of transnational Natural World Heritage conservation. J Nat Resour. 2014;29(11):1978–90.

	38.
Liu J, Yong DL, Choi CY, Gibson L. Transboundary frontiers: an emerging priority for biodiversity conservation. Trends Ecol Evol. 2020;35(8):679–90. https://​doi.​org/​10.​1016/​j.​tree.​2020.​03.​004.Crossref

	39.
Li YM, Li DM. The dynamics of trade in live wildlife across the Guangxi border between China and Vietnam during 1993–1996 and its control strategies. Biodivers Conserv. 1998;7(7):895–914. https://​doi.​org/​10.​1023/​A:​1008873119651.Crossref

	40.
Nijman V, Shepherd CR, Nekaris KAI. Trade in Bengal slow lorises in Mong La, Myanmar, on the China border. Primate Conserv. 2014;28:139–42. https://​doi.​org/​10.​1896/​052.​028.​0112.Crossref

	41.
Hinsley A, Boer HJD, Fay MF, Gale SW, Gardiner LM, Gunasekara RS, et al. A review of the trade in orchids and its implications for conservation. Bot J Linn Soc. 2018;186(4):435–55. https://​doi.​org/​10.​1093/​botlinnean/​box083.Crossref

	42.
Wulffraat S. Greenwood C, Faisal KF, Sucipto D, Chan H, Beukeboom H, et al. The environmental status of Borneo 2016 report. In WWF Heart of Borneo Programme, WWF. 2017.

	43.
Eyvindson K, Repo A, Triviño M, Pynnönen S, Mönkkönen M. Quantifying and easing conflicting goals between interest groups in natural resource planning. Can J For Res. 2019;49(10):1233–41. https://​doi.​org/​10.​1139/​cjfr-2019-0026.Crossref

	44.
Hotte L. Conflicts over property rights and natural-resource exploitation at the frontier. J Dev Econ. 2001;66(1):1–21. https://​doi.​org/​10.​1016/​S0304-3878(01)00153-5.Crossref

	45.
Onditi KO, Li X, Song W, Li Q, Musila S, Mathenge J, Kioko E, Jiang X. The management effectiveness of protected areas in Kenya. Biodivers Conserv. 2021;30(13):3813–36. https://​doi.​org/​10.​1007/​s10531-021-02276-7.Crossref

	46.
Li C, Yu JJ, Wu W, Hou R, Yang ZS, Owens JR, Gu XD, Xiang ZF, Qi DW. Evaluating the efficacy of zoning designations for national park management. Global Ecol Conserv. 2021;27:e01562. https://​doi.​org/​10.​1016/​j.​gecco.​2021.​e01562.Crossref

	47.
Negru C, Gaibor ID, Hălălișan AF, Popa B. Management effectiveness assessment for Ecuador’s National parks. Diversity. 2020;12(12):487. https://​doi.​org/​10.​3390/​d12120487.Crossref

	48.
Ellwanger AL, Riley EP, Niu K, Tan CH. Local people’s knowledge and attitudes matter for the future conservation of the endangered Guizhou snub-nosed monkey (Rhinopithecus brelichi) in Fanjingshan National Nature Reserve. China Int J Primatol. 2015;36(1):33–54. https://​doi.​org/​10.​1007/​s10764-014-9807-z.Crossref

	49.
Alexander SE. Resident attitudes towards conservation and black howler monkeys in Belize: the Community Baboon sanctuary. Environ Conserv. 2000;27(4):341–50. https://​doi.​org/​10.​1017/​S037689290000039​4.Crossref

	50.
Allendorf TD. Residents’ attitudes toward three protected areas in southwestern Nepal. Biodivers Conserv. 2007;16(7):2087–102. https://​doi.​org/​10.​1007/​s10531-006-9092-z.Crossref

	51.
Dahlberg AC, Burlando C. Addressing trade-offs: experiences from conservation and development initiatives in the Mkuze wetlands South Africa. Ecol Soc. 2009. https://​doi.​org/​10.​5751/​es-03183-140237.Crossref

	52.
Méndez CJ, Dickinson F, Castillo BT. Community member viewpoints on the Ría Celestún Biosphere Reserve, Yucatan, Mexico: suggestions for improving the community/natural protected area relationship. Hum Ecol. 2008;36(1):111–23. https://​doi.​org/​10.​1007/​s10745-007-9135-4.Crossref

	53.
Xiao W, Ding W, Cui LW, Zhou RL, Zhao QK. Habitat degradation of Rhinopithecus bieti in Yunnan China. Int J Primatol. 2003;24(2):389–98. https://​doi.​org/​10.​1023/​A:​1023009518806.Crossref

	54.
Xiang ZF, Huo S, Wang L, Cui LW, Xiao W, Quan RC, Tai Z. Distribution, status and conservation of the black-and-white snub-nosed monkey Rhinopithecus bieti in Tibet. Oryx. 2007;41(4):525–31. https://​doi.​org/​10.​1017/​S003060530701212​4.Crossref

	55.
World Heritage Centre. Enhancing our heritage toolkit assessing management effectiveness of natural World Heritage site. UNESCO World Heritage Centre: Georgetown; 2008.

	56.
Yu CY, Gao Y, Wang CX, Liu YX. Progress and prospect of research on the effectiveness assessment of protected areas in China from the perspective of coupled human- environment system. Prog Geogr. 2022;41(11):2178–90.Crossref

	57.
Chen Y, Xiong KN, Ren XD, Cheng C. Vulnerability comparison between Karst and Non-Karst nature reserves-with a special reference to Guizhou province, China. Sustainability. 2021;13(5):2442. https://​doi.​org/​10.​3390/​su13052442.Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/40494_2023_971_Article_TeX_IEq1.png





OEBPS/navigation.xhtml

    
      Contents


      
        		Establishment of the management effectiveness assessment system of world natural heritage and empirical analysis—a case study of Fanjingshan


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40494_2023_971_Article_TeX_IEq8.png





OEBPS/images/40494_2023_971_Article_TeX_IEq7.png





OEBPS/images/40494_2023_971_Article_TeX_IEq6.png





OEBPS/images/40494_2023_971_Article_TeX_IEq5.png





OEBPS/images/40494_2023_971_Article_TeX_IEq4.png





OEBPS/images/40494_2023_971_Article_TeX_IEq3.png
2?21 |ajp|





OEBPS/images/40494_2023_971_Article_TeX_IEq2.png





OEBPS/images/40494_2023_971_Article_TeX_Equ3.png
m

yj:T

J:

1 Wy





OEBPS/images/40494_2023_971_Article_TeX_Equ2.png





OEBPS/images/40494_2023_971_Article_TeX_Equ4.png





OEBPS/images/40494_2023_971_Fig2_HTML.png
Assessment System Of
Cross-county World

‘ B9 Natural Herita
0059 a eritage
0 0.061
B8 B2
Q.“b B7 B3 o'%
' B6 BS 7 4
S o
S z
N %
8 b4
s S





OEBPS/css/envelope.png





OEBPS/images/40494_2023_971_Article_TeX_Equ1.png
a.
j—jjpz | ]p|

2?21 |ajp|





OEBPS/css/sidebar.gif





OEBPS/images/40494_2023_971_Fig1_HTML.png
N
A e
it S
] -
i B
A,
'
£
Ny,
\.""\'l..:"“\
g
"..f’“'"i
Legend
Fanjingshan World Natural
D Heritage Property
- Guizhou
—-—-- China' s Borders

Jiangkou

Legend

Jiangkou
Songtao
Yinjiang
: Heritage Property
_I Buffer Zone

Abies fanjingshanensis
-

Rhinopithecus brelichi





