

[image: Conditions of Mainland China’s Island Ecosystems and Associated Influencing Factors: Integrated Assessment of 42 Typical Island Ecosystems]
Conditions of Mainland China’s Island Ecosystems and Associated Influencing Factors: Integrated Assessment of 42 Typical Island Ecosystems





ORIGINAL RESEARCH

published: 13 June 2022

doi: 10.3389/fmars.2022.920069

[image: image2]


Conditions of Mainland China’s Island Ecosystems and Associated Influencing Factors: Integrated Assessment of 42 Typical Island Ecosystems


Zhiyuan Ma 1,2, Weiwei Yu 1,2*, Wanting Zhang 1,2, Feiyang Ge 1, Bin Chen 1,2*, Wenjia Hu 1,2, Dian Zhang 1, Jianji Liao 1,2, Hao Huang 1,2, Yuanmin Sun 1,2 and Haiping Huang 1


1 Third Institute of Oceanography, Ministry of Natural Resources, Xiamen, China, 2 Key Laboratory of Marine Ecological Conservation and Restoration, Ministry of Natural Resources, Xiamen, China




Edited by: 

Meilin Wu, Chinese Academy of Sciences, China

Reviewed by: 

Chao Chen, Zhejiang Ocean University, China

Zhaohui Zhang, First Institute of Oceanography, China

Zeng Jiangning, Ministry of Natural Resources, China

*Correspondence: 

Weiwei Yu
 yuweiwei@tio.org.cn 

Bin Chen
 chenbin@tio.org.cn

Specialty section: 
 This article was submitted to Marine Pollution, a section of the journal Frontiers in Marine Science


Received: 14 April 2022

Accepted: 13 May 2022

Published: 13 June 2022

Citation:
Ma Z, Yu W, Zhang W, Ge F, Chen B, Hu W, Zhang D, Liao J, Huang H, Sun Y and Huang H (2022) Conditions of Mainland China’s Island Ecosystems and Associated Influencing Factors: Integrated Assessment of 42 Typical Island Ecosystems. Front. Mar. Sci. 9:920069. doi: 10.3389/fmars.2022.920069



Although China possesses a large number of islands, knowledge of their overall ecological condition is limited on a national scale. Accordingly, this study developed a comprehensive and quantitative island ecosystem assessment framework that incorporates environmental quality, biological structure, and landscape patterns. The framework was applied to 42 typical, representative islands within China’s coastal regions, including different climatic zones, area sizes, populations, and substratum lithologies. Results showed that the value range of the comprehensive index of island ecosystem condition (CIisland) was significant (from 52.33 to 89.53, 71.72 average), and 85.4% of islands scored either “high” or “good,” indicative of their exceptional condition. However, conditions varied among different island components, indicating different challenges. Environmental quality index (Ienv) values ranged from 60.70 to 94.80 (79.72 average), where primary threats were seawater nutrient pollution, petroleum, and marine organism metal contamination. Biological structure index (Ibio) values ranged from 43.50 to 89.40 (66.10 average), where primary threats were vegetation destruction and a reduction in marine biodiversity within intertidal and subtidal zones. Landscape pattern index (Iland) values varied significantly (from 6 to 100, 72.36 average), where a key characteristic of highly developed islands was low natural landscape (vegetation) coverage. Conditions also varied among island climate zones, lithologies, area sizes, and levels of human habitation. Additionally, island ecosystem conditions were influenced by both natural and anthropogenic factors as well as area size, population, and GDP. Although distance to the mainland significantly correlated to (Ibio), and (CIisland), these parameters did not significantly correlate to (Ienv), which might be explained by that environmental quality was generally conditional on large-scale environments. This assessment is intended to provide a holistic perspective on island conditions in China while identifying key challenges and associated driving factors, which will greatly aid in establishing island-specific sustainable management practices.
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Introduction

An island is a land body completely surrounded by sea water, which is a complicated ecological-social-economical systems having important ecological and socioeconomic roles. Due to geographic isolation and unique environments, many endemic and specialized species inhabit islands (Weigelt et al., 2013), playing a critical role in global biodiversity maintenance (Veettil et al., 2020). At the same time, island ecosystems also provide valuable goods and services, such as food and water provisioning, erosion and pollination regulation, and recreation and ecotourism (Su et al., 2016; Balzan et al., 2018). However, owing to their isolation and small size, most island ecosystems are ecologically fragile (Brodie et al., 2013), being particularly susceptible to global climate change (Leclerc et al., 2020), land-use intensification (Xie et al., 2021), exotic species invasion (Reaser et al., 2007), etc. Under increasing threat from natural and anthropogenic impacts, there is growing concern regarding island conservation and sustainable development around the world.

Comparatively, China holds many islands. For example, more than 11,000 islands are dispersed around its surrounding seas, among which 7372 have a land area greater than 500 m2. This equates to an approximate land area of 72,800 km2 and a coastline of 14217.8 km (Ministry of Natural Resources of the People’s Republic of China, 2018). Many of these islands have undergone considerable changes and degradation, mainly due to intensive anthropogenic activities (Zhao et al., 2004; Cao et al., 2017), such as vegetation destruction, endemic species loss, and seawater deterioration. Over time, island management has moved from being hands-off to active management, such as island restoration, island tourism management, and carefully planned and comprehensive management will become more necessary with increasing climate change and anthropogenic pressures (Xie et al., 2021), particularly in a large spatial scale. For better decision making for island management, it is important to determine their ecosystem condition status and baseline.

Since China’s First National Island Resources Comprehensive Survey (1988–1996), various aspects of island data have been reported on, including island soil, bird, vegetation, marine organisms, environmental quality, etc. (Yang, 2000; Xu et al., 2017; Tan et al., 2020). In recent years, an increasing number of studies have tended to assess or evaluate island ecosystems quantitatively. For example, Zhan et al. (2019) used emergy analysis modeling to evaluate ecosystem services in Chongming Island. Sun et al. (2020) established an Eco-environmental Quality Index (EQI) model to evaluate the ecological status of Hainan Island. Zhang et al. (2021) applied principal component analysis (PCA) to conduct an island sustainability evaluation in the Zhoushan Archipelago, using 15 island ecosystem indices covering climatic, geographical, landscape, social, and biological dimensions. Chi et al. (2021) applied 12 factors that included vegetation, soil, and landscape factors to evaluate island ecosystems in the Miaodao Archipelago. However, challenges remain: i) most current studies were conducted at a relatively small scale (i.e., island or archipelago scale), and knowledge related to Chinese island ecosystems and associated methodologies are limited on a national scale; ii) only limited knowledge is available on comprehensive island conditions that cover terrestrial, intertidal, and subtidal sub-ecosystems. Accordingly, this study aims to quantitatively explore the condition of Chinese island ecosystems, providing an important baseline to predict prospective effects of anthropogenic disturbances and climate change, which will be of great significance in informing the direction of effective management and sustainable development.



Materials and Methods


Selected Islands

A total of 42 islands were selected for this study, exemplifying China’s main island characteristics. These are representative island systems from different climatic zones and with varying area sizes, populations, and substratum lithologies (Table 1 and Figure 1). Because China’s subtropical zone consists of the largest number of islands overall (i.e., approximately 73% of all of China’s islands are distributed off the coast of Zhejiang, Fujian, and Guangdong provinces) (Ministry of Natural Resources of the People’s Republic of China, 2018), most islands selected for this study are from the subtropical zone (28 in total). Considering the relative equilibrium of the islands selected among China’s different climate zones, subtropical islands were further grouped into three subsets by their location and climate condition, namely, northern subtropical, central subtropical, and southern subtropical subsets. Finally, nine temperate, nine northern subtropical, eight central subtropical, 11 southern subtropical, and five tropical island ecosystems were selected for this investigation. Island area ranged from 0.1 km2 to 1225 km2 (63.31 km2 average), of which 86.36% were less than 100 km2. Regarding population, most islands were inhabited (i.e., 35 inhabited and seven uninhabited). Based on island substratum lithologies, which express specific island-forming processes, 34 islands were designated continental and seven alluvial. In general, the distribution of all 42 islands selected for this study reflect the uneven distribution of the islands that surround China. In other words, most islands are distributed throughout the southern region of the country while, at the same time, most islands are situated nearshore (compared to offshore).


Table 1 | Characteristics of the selected islands in this study.






Figure 1 | Distribution of the selected islands in this study.





Data Sources

Data on marine environmental and biological parameters in this study were based on a comprehensive and nationwide marine project (i.e., China’s offshore marine investigation and assessment), covering seawater, phytoplankton, and macrobenthos, which were compiled from a series of published provincial and national investigations reports (Offshore Marine Investigation and Assessment Project Office of Jiangsu, 2012; Hebei Oceanic Administration, 2013; Xu et al., 2013; Hou and Ma, 2014; Chen, 2016; Huang et al., 2017; Ma et al., 2017). Marine environmental and biological parameters were obtained during four campaigns conducted in July (summer) 2006, October (autumn) 2006, January (winter) 2007, and April (spring) 2007. Investigation methods used were consistent across all selected islands, following the technical regulations for island investigations (Offshore Marine Investigation and Assessment Project Office of SOA, 2005a), the technical regulations for marine biological and ecological investigations (Offshore Marine Investigation and Assessment Project Office of SOA, 2006a), the technical regulations for marine chemical investigations (Offshore Marine Investigation and Assessment Project Office of SOA, 2006b). Some of the data used in our study are presented in the Supplementary Tables 1, 2.

For island vegetation and landscape parameters, data were interpreted from remote sensing images fused with multi-spectral and panchromatic bands with a resolution of 2.5m using data from 2005, following the technical regulations for aerial remote sensing investigation of islands and coastal zones (Offshore Marine Investigation and Assessment Project Office of SOA, 2005b).

In this way, all data described were obtained during the same period with uniform investigation technical regulations, enhancing the data’s comparability and reliability.



Integrated Assessment Method


Indicators

An island is a unique ecosystem comprised of complex components in multiple dimensions, which spatially covers various sub-ecosystems, including terrestrial, intertidal, and subtidal sub-ecosystems, biotic and abiotic factors, and the hierarchical ecological organization of individuals, populations, communities, and landscapes. For this study, to simplify complexity, island ecosystem condition was defined and characterized under three specific factors: environmental, biological, and landscape. A set of criteria was then proposed to screen for appropriate indicators that could be used to determine island ecosystem conditions, including representativeness, sensitivity, measurability, data availability, and comprehensiveness (Table 2). Based on these criteria, proposed indicators were selected by a panel of experts using the Delphi method, and a three-hierarchal indicator system was established, covering indicators related to environmental quality, biological structure, and landscape pattern (Table 3).


Table 2 | Criteria for selecting indicators of island ecosystem condition.




Table 3 | Island ecosystem assessment indicators.



For environmental quality, three subgoals were considered in view of data availability, including the quality of seawater, intertidal sediment, and intertidal organisms, which were measured using typically used chemical parameters. For biological structure, in light of the spatial integrity of biological structure, terrestrial, intertidal, and subtidal biological structures were included. Moreover, two specific species level indicators were also considered, including invasive species and indicator species of important or endangered species. Biological structures were primarily measured respective to the composition, abundance, and diversity of taxonomic entities, where the Shannon index (H') was adopted to calculate diversity (Shen et al., 2010). For landscape pattern, naturalness of landscape was selected, which was measured using natural landscape coverage.

Given the considerable characteristic differences across all selected islands (along with the limited available data of some of them), indicators were defined as either “required” or “optional,” where the former was used for all islands while the latter could be applied to a limited number of islands conditional on data availability. This was done to enhance the operability of the indicator system (Table 3). For this study, “required” indicators must reflect typical characteristics among all selected islands, have easily obtainable and available raw data, and are strongly representative. Conversely, “optional” indicators are those that represent unique characteristics of certain island ecosystems or where the raw data were difficult to attain.



Reference Values

Ecosystem condition was generally defined as being an observed state to a referenced condition or ecological target (Smit et al., 2021); thus, setting the reference value for all indicators was an essential part of the ecosystem condition assessment. Owing to the natural and anthropogenic heterogeneity across the selected islands, ensuring comparability was the key challenge of this study.

To resolve this challenge, we used consistent standards across the selected islands by adopting current and related standards. Specifically, reference values of island seawater quality, intertidal sediment quality, and intertidal organism quality derived from the national sea water quality standard of China (GB3097-1997), the marine sediment quality standard of China (GB18668-2002), and the marine biological quality standard of China (GB18421-2001), respectively. For biological structure indicators, reference values referred to the guidance for the assessment of coastal marine ecosystem health (HY/T 087-2005). For certain indicators that lacked a current standard, we used data that derived from the First National Island Resources Comprehensive Survey (1988–1996), which provided historical conditions devoid of or with only limited anthropogenic disturbances. For landscape patterns, an absolute boundary was set at 0–100% natural landscape coverage, and therefore, the highest theoretical value (100%) was defined as the reference condition, indicating the best condition without anthropogenic disturbances.

To highlight differences among indicator value intervals, indicator reference values were hierarchized into four categories: class I, class II, class III, and class IV. The final reference values were determined as described in Supplementary Table 3.



Indicator Normalization

Indicator normalization was used to reduce measurements to dimensionless data under a standard scale, where, specifically, raw indicator data were rescaled into an identical score scale of 0–100 based on the aforementioned reference values. Being consistent with the four reference value categories, the normalization score range was set correspondingly in Supplementary Table 3.

The min-max normalization technique with linear interpolation was used for indicator normalization. Two different formulas were employed for positive (a) and negative (b) indicators, respectively. A positive indicator indicated a positive relationship between raw indicator data and normalization score, a lower indicator data value, and a lower normalization score, reducing the ecological condition. Conversely, a negative indicator yielded a lower raw indicator data value and a higher normalization score, increasing the ecological condition.

 



where Yi is the normalization score of indicator I; Xi is the observed value of raw data for indicator i; Bmax and Bmin are the upper and lower limits of reference values of the condition level interval for indicator i determined by its measurement; Fmax and Fmin are the upper and lower limits of normalization score values of the condition level interval for indicator i.



Weight Assignment

Weights reflect the importance of each indicator relative to the upper level composite indicator. The weights on goal and sub-goal levels were determined using the Delphi method through an investigation of greater than 100 questionnaires, covering scientific researchers, students, governmental administrators, protected area managers, etc. An equal weighting scheme was used for indicator levels. In the case of missing data for certain sub-goals or indicators, the weights of other sub-goals or indicators at the same level were adjusted proportionally based on the original weights. The total sum of weights at the same indicator level was 1. The final weights were calculated as shown in Figure 2.




Figure 2 | Indicator weights of integrated assessment of island ecosystems.





Integrated Assessment Model

The aim of this integrated assessment was to aggregate several indicators into a single composite index. The weighted sum model was used to calculate the comprehensive index of island ecosystems, covering the environmental quality index, the biological structure index, and the landscape pattern index. The formulas used are as follows:

 

 

 

where (CIisland) is the comprehensive index of island ecosystem condition; Ienv is the environmental quality index; Ibio is the biological structure index; Iland is the landscape pattern index, Wenv, Wbio, and Wland are the weights for environmental quality, biological structure, and landscape patterns. Ienvi is the score of sub-goal i for environmental quality; Wenvi is the weight of sub-goal i for environmental quality. Ibioi is the score of sub-goal i for biological structure; Wbioi is the weight of sub-goal i for biological structure. Analogously, sub-goal scores were obtained by weighted summation as formal (d) and (e) from corresponding next level indicators.

The value for the composite index, including, (CIisland) Ienv, Ibio and Ilandranged from 0 to 100. The higher the value, the better the condition, where 0 represents the fully degraded condition and 100 represents the best condition without disturbance and degradation. To further define the condition, the equidistant method was applied to section the value of the composite index into five levels that represent different conditions: very poor (0~20), poor (20~40), moderate (40~60), good (60~80), and high (80~100).





Results


Environmental Quality Index

The value of environmental quality index (Ienv) ranged from 60.70 to 94.80, with an average of 79.72, indicating good environmental quality, where the condition of 19 islands scored “high” and 23 islands scored “good”. Pertaining to the different factors, the value to intertidal sediment quality was highest (87.95 average) under the “high” condition, followed by seawater quality (78.73 average) under the “good” condition, while organism quality was the lowest (66.25 average) under the “good” condition.

For seawater quality, the overall condition of the selected islands was good, where most environmental parameters met the class II national sea water quality standard of China (GB3097-1997), except for DIN and PO4-P, which were also the primary pollution parameters within China’s nearshore waterbodies. In approximately 47.6% of the selected islands, DIN exceeded the class II national sea water quality standard of China (0.3mg/L), where Zini Island, Chongming Island, and Dajinshan Island had particularly high DIN content (>1.0mg/L). In approximately 38.1% of the selected islands, PO4-P exceeded the class II national sea water quality standard of China (0.03mg/L), where Baishishan Island and Dachangshan Island had particularly high PO4-P content (>0.05mg/L).

For intertidal sediment quality, sulfide, organic carbon, and heavy metal content was low in most of the selected islands, where approximately 82% of the selected islands met the class I marine sediment quality standard of China (GB18668-2002). The quality of intertidal shellfish was comparatively lower, where all parameters in greater than 50% of islands exceeded the class I organism marine biological quality standard threshold of China (GB18421-2001).

Furthermore, certain parameters [i.e., petroleum, lead (Pb), zinc (Zn)] had high pollution content, whether for seawater, intertidal sediment, or organisms. Spatially, the environmental quality value was highest in tropical islands, followed by temperate and subtropical islands (Table 4). However, significant variation was observed among the different sub-regions in the subtropical zone, where the value of the central subtropical zone was highest overall, particularly regarding its high intertidal sediment quality score. The northern subtropical zone had the lowest overall score, which was mainly due to its comparatively lower intertidal organism quality value.


Table 4 | Environmental quality assessment scores.





Biological Structure Index

The biological structure index Ibio values varied significantly from 43.50 to 89.40, with an average of 66.10 under the “good” condition, where the condition of 4, 28, and 10 islands scored “high,” “good,” and “moderate,” respectively. Values also varied significantly among the different factors, where values of invasive species were highest overall, with an average value of 96.76 under the “high” condition, followed by indicator species with an average value of 74.88 and island terrestrial biological structure with an average value of 64.32 under the “good” condition. Lower values were observed in subtidal biological structure values (58.08 average) and intertidal biological structure (53.83 average) under the “moderate” condition.

Results showed that the biological condition of marine aquatic island sub-ecosystems (i.e., intertidal and subtidal) was lower than that of island terrestrial sub-ecosystems. Island vegetation coverage varied significantly (from 0 to 100%, 62.64% average), where Snake Island, Dajinshan Island, and Neilingding Island had a vegetation coverage of 100%, all being protected areas, while Wuzhishan Island and Zini Island had a vegetation coverage of 0%. Biological invasion was uncommon across all selected islands. Mikania micrantha was the most prominent invasive species found on a limited number of islands, particularly Neilingding Island. For subtidal biological structure, biological conditions differed among biological communities, where higher values were observed in zooplankton diversity (69.20 average) and nekton diversity (62.73 average) under the “good” condition, followed by phytoplankton diversity (58.64 average), chlorophyll-a (55.75 average), and macrobenthos diversity (50.21 average) under the “moderate” condition.

Spatially, the biological condition of temperate islands was the highest overall, followed by subtropical and tropical islands (Table 5). The low value of tropical islands was the result of a significant reduction in the abundance of important and/or endangered species, particularly in Dong Island and Ximaozhou Island.


Table 5 | Biological structure assessment scores.





Landscape Pattern Index

The value of landscape pattern index Iland varied significantly from 6 to 100 (72.36 average) where the value of approximately 47.62% of the selected islands were under the “good” condition, indicating that most islands retained relatively high natural landscape coverage. The condition of two islands scored “very poor” while three islands scored “poor,” which were mostly in inhabited islands that surrounded megacities, such as Xinglongsha Island and Chongming Island in Shanghai, indicating that the advantageous geographic location of islands near to large cities often resulted in a reduction in their natural landscapes.

The landscape pattern condition varied spatially, where tropical islands had the highest Iland values (91.36 average), followed by subtropical islands (69.69 average) and temperate islands (66.75 average) (Table 6). Significant variation was observed among the different subtropical sub-regions, where the highest values were in the central subtropical region (86.02 average), followed by the southern subtropical region (64.65 average) and the northern subtropical region (58.40 average).


Table 6 | Landscape pattern assessment scores.





Composite Index of Island Ecosystem Conditions

The value of the comprehensive index of the island ecosystem condition (CIisland) for all selected islands varied significantly from 52.33 to 89.53 (71.72 average) under the “good” condition (Table 7). Specifically, 12 islands were under the “high” condition, 23 islands were under the “good” condition, and seven islands were under the “moderate” condition.


Table 7 | Integrated assessment scores of island conditions.



For both indicators and climatic zones, conditions varied slightly (Table 8 and Figures 3, 4). Environmental quality index (Ienv) values were highest (79.72 average), where all selected islands were under the “good” or “high” condition. Moreover, a comparatively large number of islands were under the “high” condition in the temperate and tropical zones. Although the landscape pattern index Iland ranked second (72.36 average), its range was significant. Even though all tropical and central subtropical islands were under the “high” condition, a certain proportion of islands in other climatic zones were degraded with respect to landscape pattern. Biological structure index (Ibio) values were lowest (66.10 average), where a high proportion of islands were under the “high” or “good” condition. Tropical island conditions were best overall, followed by temperate and the subtropical islands. Additionally, this also showed that except for “poor” or “very poor” conditions observed in the landscape pattern index (Iland) for a limited number of islands, the other sub-goals were comparatively better.


Table 8 | Pearson correlation coefficients between island condition indices and geographical-social-economic parameters.






Figure 3 | Integrated assessment results of island ecosystem (a:Ienv, b:Ibio, c:Iland, d:CIland).






Figure 4 | Integrated assessment results of island ecosystem.






Discussion


Overall Condition and Primary Challenges of Chinese Island Ecosystems

Our results showed that approximately 85.4% of the islands investigated were under the “high” and/or “good” condition, indicating that the overall condition of all selected islands was good. Spatially, the condition of subtropical islands was the lowest overall (Figure 5). Therefore, some challenges remain with respect to certain island ecosystem components for some islands.




Figure 5 | The overall condition of island ecosystem in China mainland.



For environmental quality, the main threats were nutrient pollution in seawater and petroleum and marine organism (shellfish) metal contamination. Regarding the different climate regions, the seawater quality condition of subtropical islands was the lowest overall, particularly those in the northern region, being one of China’s most densely developed areas (i.e., Yangtze River Delta economic region). Moreover, the seawater quality of coastal island systems was generally lower than that of offshore island systems. Marine organism contamination was severe, particularly regarding petroleum-based and Zn and Pb pollution. This indicates that more effort should be paid to reducing and controlling nutrient, petroleum, and heavy metal pollution to improve conditions of island environmental quality.

For biological structure, the degradation range of most islands varied in biological community structure, covering terrestrial, intertidal, and subtidal sub-ecosystems. It is important to note that biological structure conditions were largely dependent on both natural baselines and levels of anthropogenic disturbance. Under a natural context, biological community baselines differed significantly with respect to island climate conditions, area, substratum lithology, etc. For example, a general trend was observed in subtidal macrobenthos species richness in a northward to southward direction (Supplementary Table 2), and similar trends were observed for intertidal macrobenthos as well as subtidal phytoplankton, zooplankton, and nekton species richness. However, no spatial trend was observed in the abundance and density of these communities. Analogously, island vegetation coverage was selected as the single indicator of terrestrial biological structure respective to data availability. This study found that: i) island vegetation coverage was higher in tropical and temperate islands and comparatively higher in subtropical islands; ii) higher vegetation coverage was observed in islands covered in bedrock, while comparatively lower in islands comprised of sediment and corals; iii) uninhabited islands had higher overall vegetation coverage than inhabited islands, which was particularly the case for islands with lower vegetation cover which were developed for agriculture and industry usage. The primary threat to island vegetation coverage was from intensive urban and industrial development, which was common in most inhabited islands, resulting in island vegetation destruction. It is therefore recommended that in situ conservation efforts should be strengthened to protect endemic and endangered island species from eradication resulting from invasive species and anthropogenic development.

Landscape patterns were directly indicative of the degree of destruction of natural landscapes, and low vegetation coverage of natural landscapes was typically observed in highly developed islands, such as Nanchangshan Island, Chongming Island, Xiamen Island, and Zini Island. Thus, more effort should be prioritized to ecological restoration to restore the natural habitats and landscapes of these island ecosystems.



Differences Among Different Island Types

Conditions varied across different island ecosystems. Regarding climate, the overall condition of subtropical islands was lower than temperate and tropical islands, indicating that rapid and intensive coastal economic development in subtropical zones affected island ecosystem conditions. Regarding island substratum lithologies, continental island conditions were significantly better than alluvial islands, whether being environmental quality, biological structure, or landscape patterns. Conditions of small-sized islands (with an island area <5 km2) were better than larger islands (with an island area >5 km2), which was particularly the case regarding environmental quality and landscape pattern. Conditions of uninhabited islands were better than inhabited islands, being associated with island area, given that large islands are typically inhabited.



Key Factors Contributing to Ecosystem Conditions

Islands are often geographically remote, connected directly and/or indirectly to the mainland, relatively small, and vary in geological, ecological, economic, human, cultural, and topographical settings. It needs emphasized that islands are complicated ecological-social-economical systems, and island condition is influenced by both natural and anthropogenic factors. Our study indicated that area, population, GDP, and distance to the mainland were significantly correlated to Ibio, Iland, and CIisland (Table 8). Results also indicated that anthropogenic development impacts were manifest. Ibio was negatively correlated to population density, GDP, and GDP density. This indicated that along with anthropogenic impacts, the impact of natural factors was associated with distance to the mainland, reflective of a negative correlation. This is because certain offshore islands are covered by rocks instead of vegetation, such as Wuzhishan Island. Iland negatively correlated to area size, population, population density, and distance to the mainland, indicating that larger island areas, populations, and closer proximity to the mainland are associated with intensive development, resulting in the destruction of natural landscapes. However, results also showed that parameters were not significantly related to; Ienv thus, it was assumed that large-scale islands were mostly influenced by environmental quality. For example, the “very poor” environment quality of both Chongming Island and Dajinshan Island was largely dependent on the Yangtze Estuary, the region in which China’s most severe water-based nutrient pollution occurs.



Limitations and Challenges

This study aimed to develop an applicable framework to comprehensively assess island ecosystems at a national scale, which was largely dependent on data availability. Since the 908 Project has mostly focused on marine aquatic ecosystems, only limited data are available on terrestrial island area. On this account, due to the limited number of terrestrial indicators used in this study, results can be considered slightly biased, particularly concerning environmental quality. This study also highlighted the importance of island soil and freshwater quality. Accordingly, results from this study showed that terrestrial island monitoring should be strengthened respective to national scale monitoring and investigations, particularly regarding island soil and freshwater environments as well as island-specific animal and endemic species. With the rapid development of remote sensing and big data processing technology, there is great potential for the large-scale assessment of island ecosystems in a comprehensive way, particularly along with the impact of climate change and land-use modification, the status of land-sea ecological connectivity and integrity.




Conclusions

Although China has many island systems, knowledge related to their overall ecological condition is limited on a national scale. Accordingly, this study developed a national scale quantitative assessment framework for island ecosystem conditions, including environmental quality, biological structure, and landscape patterns. Results from the 42 typical, representative island ecosystems indicated that the overall condition of Chinese islands was good, where the condition of approximately 85.4% of all selected islands scored either “high” or “good”. The primary challenges mainly included nutrient pollution in seawater environments, petroleum and metal contamination in marine organisms, and vegetation destruction and a reduction in marine biodiversity in intertidal and subtidal zones. Island ecosystem conditions are influenced by both natural and anthropogenic factors, while area size, population, GDP, and distance to the mainland significantly correlated to Ibio, Iland, and CIisland. This proposed framework provides a practical tool to use for island ecosystem condition assessments, which can be widely applied at different scales. However, certain factors require further investigation, such as island soil and freshwater environments as well as animal and endemic species. Additionally, the monitoring of these parameters should be strengthened in future investigations at a national scale. Our study can enrich and extend the methodologies used in island assessments, while offering an effective and versatile tool for which to better instruct island sustainable management practices.
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