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The protection pattern of typical marine ecosystems is an overall summary of the regional marine ecosystem protection, indicating the protection status of typical marine ecosystems. The coastal waters of China and ASEAN countries have a highly diverse range of ecosystem types, including mangroves, coral reefs, and seagrass beds. The need to protect these ecosystems is urgent, but establishing marine protected areas often involves conflicts with stakeholders highly dependent on these ecosystems. By constructing an analysis model of the protection pattern and driving mechanisms of typical marine ecosystems, with a focus on the China-ASEAN region, this study aimed to analyze the characteristics of typical marine ecosystems protection patterns in China-ASEAN, evaluate the current protection status of these ecosystems, discuss the driving factors, and derive a regression function to clarify the quantitative relationship between the protection pattern and driving factors of typical marine ecosystems in the China-ASEAN region. The results indicate that there are four main driving factors influencing the protection pattern of typical marine ecosystems in China-ASEAN countries. The most significant driving factor is the Natural Geographic and Resource Factor, followed by Urbanization, Industrial Structure, and Population Size and GDP Factor. Among these, the Natural Geographic and Resource Factor and the Industrial Structure Factor have a positive impact, while the others have a negative impact. In the future, it is crucial to fully consider the diversity and distribution of marine ecosystems to promote joint efforts among China-ASEAN countries in protecting marine ecosystems through international cooperation.
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1 Introduction

The rapid growth of population, the changes and improvements of technology and the increase of consumer demand greatly increased the demand for more food, more energy and more trade. As land resources are limited or decreasing, more and more goods and services need to come from coastal and marine areas (Douvere, 2008). Coastal areas are the gateway of marine resources, and have long been regarded as a pole of human development (Cantasano and Pellicone, 2014). In the 20th century, due to economic development and population growth, the relationship between man and the ocean became heavy. With the limitation of resources in space and quantity, economic development leads to more and more adverse effects, including over-expansion, habitat loss and destruction, pollution, climate change and cumulative threats to the whole marine health (Cantasano and Pellicone, 2014).

In order to reduce the risk to marine health and promote social ecological resilience, various spatial management tools are needed to provide rapid response and long-term intervention measures to promote sustainability and security (Reed et al., 2020). Many scientists advocate the reform with ecosystem-based marine utilization management as the core (Douvere, 2008). Marine protected areas (MPAs) are considered as one of the most effective tools to maintain the stability and resilience of marine ecosystems (Knowlton, 2004), and they are clearly defined marine and coastal environmental areas. The clear purpose of the governance or management of MPAs is to “protect the nature with relevant ecosystem services and cultural values for a long time” (Bohorquez et al., 2019), which plays a key role in biodiversity protection and sustainable utilization of marine resources (Worm et al., 2006; Humphreys and Herbert, 2018; Hu et al., 2020). The construction of marine protected areas has attracted worldwide attention, and the global commitment is to protect 10% of the oceans by 2020 (e.g. Sustainable Development target 14.5 under the United Nations Sustainable Development Goals) (UNEP, 2011), including many other regional or national protection targets. In the past decade, the proposal, designation and implementation of marine protected areas have been accelerating (Sala et al., 2018), and nearly 18,000 MPAs have been reported in the protection database1. The 30x30 campaign, proposed after 2020, aims to achieve the protection and management of at least 30% of the Earth’s land and marine areas globally by 2030 (Obura et al., 2021), setting higher standards for marine conservation.

Different parts of the ocean and coastline may be best suited for different purposes, such as protection, entertainment or resource harvesting. The increase in the number and spatial scope of marine protected areas obviously affects the users of marine resources, and may conflict with local communities that rely directly on marine resources for their livelihood (Mascia et al., 2010; Cinner et al., 2014; Burbano et al., 2020). With the increasing demand for marine resources and space, it is more and more necessary to balance the needs of different departments and conservation. Integrated management, including marine spatial planning, must be effectively implemented in order to avoid or minimize the negative impact of the marine environment and conflicts between different uses (Calado and Bentz, 2013). Zoning strategy is a management tool for planning and managing various marine space uses, and it needs to balance the relationship between ecological protection and economic development.

The waters around China and ASEAN (Association of Southeast Asian Nations) countries have highly diversified ecosystem types, including mangroves, coral reefs and seagrass beds, which are still under high threat (Yang et al., 2023). Mangrove is a unique coastal ecosystem, which plays an important role in maintaining the stability of the coastline, providing shelter and breeding grounds (Akram et al., 2023) and filtering pollutants in water. Coral reefs play an important role in marine biodiversity, fisheries resources, coastal protection and tourism (Camargo et al., 2009). Seagrass bed is an important vegetation type in marine ecosystem, which plays a key role in maintaining marine ecological balance, providing habitat, purifying water bodies and alleviating climate change (Brodie et al., 2020).

The requirements of protecting these ecosystems are urgent, but the establishment of marine protected areas often involves conflicts with stakeholders who are highly dependent on ecosystems (Kamil et al., 2017). Understanding the spatial distribution pattern changes and driving factors behind ecosystem health is of great significance to ecosystem management (Xu et al., 2022). Currently, research on typical marine ecosystems focuses on the establishment of marine protected areas (Edgar et al., 2014), marine protected area networks (Grantham et al., 2013), and the conservation status of typical marine ecosystems (Hooker & Gerber, 2004). Research on typical marine ecosystem conservation patterns and driving mechanisms is scarce. Only by deeply analyzing the protection status of typical marine ecosystems in the waters around China-ASEAN countries and understanding their driving factors can we put forward effective management measures, avoid conflicts among stakeholders and promote the coordinated development of marine ecological protection and marine economy in this region. Therefore, it is of great significance for the sustainable development of China-ASEAN countries to study the protection pattern and driving mechanism of typical marine ecosystems. There are two main objectives in this study: (1) to analyze the protection pattern characteristics of typical marine ecosystems in China-ASEAN and evaluate the protection status of typical marine habitats; (2) to explore the driving mechanism of the typical marine ecosystems protection pattern in China-ASEAN countries. The ensuing section of this article introduces the characteristics of the case area, and the third part provides the research methods, including the protection pattern analysis, factor analysis and regression analysis, the analysis results are placed in the fourth part, and the last section of the article shows the main conclusions and discussions.




2 Site description

The waters in southern China and the waters around ASEAN countries have highly diverse ecosystem types, including mangroves, coral reefs and seagrass beds, mainly because their geographical and geological locations allow hot and humid climate throughout the year and form unique natural assets (Kamil et al., 2017). These typical ecosystems play an important role in maintaining offshore biodiversity, protecting coastline coastlines and participating in global the global carbon cycle. The shallow warm water in Southeast Asia contributes to the fact that 30% of coral reefs in the world are located in this area (Woodruff, 2010). which is also home to the most diverse mangroves and the second most diverse seagrass beds in the world (Wilkinson et al., 2006). The beaches and mangroves in Southeast Asia are also breeding grounds for turtles and various marine life (such as sharks, reptiles and birds) (Kim et al., 2019). The rich marine ecosystem in this area supports millions of people. For example, at least 350 million people live within 50 kilometers of the coast. They not only rely on coastal and marine ecosystems for food, but also rely on other economic and cultural resources (Clifton et al., 2010).

However, for decades, the marine ecosystem in this region has been under great pressure and threat due to many human influences such as overfishing, destructive fishing, coastal development, tourism, pollution and erosion (Sørensen and Thomsen, 2009). Research shows that 50-80% of mangroves in this area have been destroyed, and seagrass beds have suffered similar losses, while 48% of coral reefs in this area have been threatened from high to very high (Kamil et al., 2017). China and Southeast Asian countries are aware of the degradation of marine ecosystems and are studying various management strategies to effectively manage their coastal resources. According to the best available scientific knowledge about the ecosystem and its dynamics, we should comprehensively manage human activities to determine the vital impacts on the health of marine ecosystems and take actions, so as to realize the sustainable utilization of goods and services and maintain the integrity of the ecosystem (Douvere, 2008). One of the strategies is to protect important habitats and establish these areas as marine reserves to limit activities. Therefore, this study selects the coastal countries of China and ASEAN (as shown in Figure 1) as the case area to conduct research on the conservation patterns and driving mechanisms of typical marine ecosystems.




Figure 1 | The location of China and ASEAN countries.






3 Materials and methods

Based on the analysis of the protection patterns of three typical marine ecosystems in China and ASEAN countries, this study constructs a set of indicator systems for driving factors of typical marine ecosystem protection patterns. Through factor analysis to identify driving factors, a regression model is then constructed to obtain the regression function, thus clarifying the quantitative relationship between the protection patterns of typical marine ecosystems and their driving factors. The specific research framework is illustrated in Figure 2.




Figure 2 | Analysis framework.





3.1 Data collection

Scientific, rational and authoritative data is the key to science. The index data selected in this study are from authoritative sources, as shown in Table 1.


Table 1 | Indicator data source.






3.2 Analysis of protection pattern of typical marine ecosystems

More and more marine protected areas have been established to protect and preserve marine natural capital, ecosystem services and cultural values, thus avoiding various threats to coastal and offshore marine ecosystems by human beings (Picone et al., 2020). China-ASEAN countries have established marine protected areas to protect typical marine ecosystems, such as mangroves, coral reefs and seagrass beds, so as to ensure the integrity and stability of these ecosystems. These areas are usually protected by laws and regulations that restrict the development and fishing of mangroves, coral reefs and seagrass beds. In this study, the area and proportion of three typical marine ecosystems in China and ASEAN countries are calculated, and the relationship between the three typical marine ecosystems and marine protected areas is clarified by using arcgis software, thus the protection pattern of three typical marine ecosystems in China and ASEAN countries is obtained.

The calculation formulas for the protection rates of three typical marine ecosystems are shown in Equations 1–4:









here R is the total protection ratio of three typical marine ecosystems in China and ASEAN countries; RM is the protection rate of mangrove mangroves; RC is the protection rate of coral reefs; RS is the protection rate of seaweed bed; AMM, AMC and AMS are the areas of mangroves, coral reefs and seagrass beds located in marine protected areas respectively; AM0, AC0 and AS0 are the total areas of mangroves, coral reefs and seagrass beds in the region respectively.




3.3 Factor analysis

Factor analysis is a statistical technique, which is used to reveal the potential structure or factors in observation data. Factor analysis and its extensions are widely used in the social and behavioral sciences, and can be considered as a useful tool for exploration and model fitting in multivariate analysis (Yalcin and Amemiya, 2002). In this study, it is applied to the analysis of driving factors of typical marine ecosystem protection pattern. The process is divided into two steps. The first step is to construct the index system of driving factors for the protection pattern of of typical marine ecosystems. In the second step, SPSS software is used to screen factors and select driving factors with the elgenvalues greater than 1.0.

This study discusses the factors affecting the protection pattern of typical marine ecosystems, which can be mainly divided into two categories: natural factors and socio-economic factors. As we know, the quantity and importance of three typical marine ecosystem resources is an important natural factor of its protection pattern. The ocean is regarded as the blue territory of the country, and the change of the protection pattern of typical marine ecosystems is essentially the change of sea area utilization mode, that is, from an unprotected state to a protected state, or from a protected state to an unprotected state. Lin et al. investigated the driving factors by analyzing the temporal and spatial changes of the approved reclamation areas under the regional sea use planning (RSUP) system, and thought that policy adjustment and economic factors played a vital role, and the proportion of marine secondary industry also played an important role (Lin et al., 2022). Zhang et al. used remote sensing images to analyze the temporal and spatial changes and driving forces of coastline, and found that the internal factors of driving forces of comprehensive utilization of coastline include economic base, population growth and urbanization level, and the external factors mainly include national macro-policies and external market environment (Zhang et al., 2022). Zhang & Niu analyzed the historical changes and future trends of coastline and coastal beach utilization types in recent decades, and selected GDP per unit land area and population density as driving factors to carry out Drivers-State-Impact (D-S-I) analysis (Zhang and Niu, 2021).

Based on the above analysis, we selected 14 related indicators (Table 2) such as nature, resources, population, economy and management to explore the influencing factors of typical marine ecosystem protection pattern. According to the open source data, the relevant index values of China and ASEAN coastal countries in 2021 were obtained, and the original data matrix of 14 indicators was constructed as the data source for quantitative analysis of the influencing factors of typical marine ecosystem protection pattern, and factor analysis was carried out by SPSS.


Table 2 | The index system of driving factors of typical marine ecosystem protection pattern.






3.4 Regression analysis

Regression analysis is a statistical method for studying the relationship between two or more variables. The main purpose is to describe the relationship between independent variables and dependent variables by establishing a mathematical model (Zvizdojević and Vukotić, 2015; Du et al., 2024), so as to predict or explain the value of dependent variables given independent variables. In this study, the quantitative relationship between the driving factor and the marine ecosystem protection pattern was determined by regression analysis.

The multiple linear regression model is represented by Equation 5:



where   is the value of the response variable associated with the   th observation and   is the constant (intercept) term;   is the regression coefficient, and   is the residual, which represents the difference between the fitted value and the true value. The regression coefficients can be estimated by the least square method. We used IBM SPSS statistic 24.0 to carry out regression analysis. The specific methods were as follows: the standardized data of each driving factor in China and ASEAN countries were substituted into each factor expression, and the factor score matrix was calculated. The other matrix was obtained by standardizing the protection rate and protection area of marine ecosystems in China and ASEAN. Taking the protection rate and protection area (y1, y2) of marine ecosystems in China and ASEAN as dependent variables, and the driving factors as independent variables, a multiple regression model of marine ecosystem protection pattern and driving factors in China-ASEAN countries was established.





4 Results



4.1 Analysis results of typical ecosystem protection pattern

The analysis results of typical ecosystem protection patterns are shown in Figure 3. The seagrass beds in China-ASEAN countries cover an area of 48,177.79 km2, of which 20.77% are located in marine protected areas, and the coral reefs cover an area of 39,350.65 km2, of which 25.86% are located in marine protected areas. Mangroves cover an area of 37,322.35 km2, of which 9.23% are located in marine protected areas. Generally speaking, the protection rate of mangroves is the lowest among the three typical marine ecosystems in China-ASEAN countries, and protection efforts can be further strengthened in the future.




Figure 3 | Typical marine habitat protection pattern map of China-ASEAN countries.



As can be seen from Figure 3, the protection rates vary greatly among China-ASEAN countries. The country with the largest area of seagrass bed located in marine protected areas is the Philippines, with a protection rate of 28.76%, while the country with the highest protection rate of seagrass beds is Vietnam, with a protection rate of 86.64%. With 6,966 km2 of coral reefs located in marine protected areas, Indonesia has the highest coral reef protection area among China-ASEAN countries, while Thailand has the highest coral reef protection rate, reaching 63.09%. Among Indonesian mangroves, the area protected by marine protected areas is 1,940 km2, which is the largest among China-ASEAN countries. The country with the highest mangrove protection rate is Vietnam with a protection rate of 47.23%.

The difference of total protection rates of three typical marine ecosystems in China-ASEAN countries is shown in Figure 4. The five countries with the highest total protection rates are Vietnam, Thailand, the Philippines, Cambodia and Indonesia, and the total protection rates of the three typical marine ecosystems all exceed 15%.




Figure 4 | Comparison of total protection rate of typical marine habitats in China-ASEAN countries.






4.2 Factor analysis results

Factor analysis was conducted using the “maximum variance orthogonal rotation method,” and 4 driving factors were extracted based on the principle of elgenvalues greater than 1.0. As shown in Table 3, the cumulative variance contribution rate of the 4 factors reached 90.741%, which comprehensively reflects the driving force information of the typical marine ecosystem conservation patterns represented by the original indicators. Extracting 4 factors is acceptable and scientific. The loadings of the 4 factors are shown in Table 4.


Table 3 | The elgenvalues and variances contribution rate.




Table 4 | The loading matrix of factors.



From Table 2 and Table 3, it can be observed that the eigenvalue of the first factor (F1) is 5.714, with a variance contribution rate of 39.330%. Variables x1、x2、x3、x4、x5 and x13 exhibit the highest positive loadings on the F1 common factor, showing a positive correlation with F1. Since all of the highly correlated variables with F1 include natural geographic factors, resource factors, and some management factors, F1 can be named as the “Natural Geographic and Resource Factor.” According to the regression algorithm, the factor score function can be computed as:

	

The eigenvalue of the second factor (F2) is 2.840, with a variance contribution rate of 18.396%. Variables x8, x9 and x14 exhibit the highest loadings on F2. Among them, x8 and x14 have the maximum negative loadings, indicating a negative correlation with F2, while x9 has the maximum positive loading, indicating a positive correlation with F2. Since x9 represents the urban population ratio, which reflects the level of urbanization in the region, F2 can be named the “Urbanization Factor.” The factor score function computed according to the regression algorithm is:

	

The eigenvalue of the third factor (F3) is 2.180, with a variance contribution rate of 16.926%. Variables x7, x11 and x12 exhibit the highest loadings on F3. Among them, x7 and x12 are positively correlated with F3, while x11 is negatively correlated with it. Since x11 and x12 represent industrial structure factors and have higher loadings, F3 can be named the “Industrial Structure Factor.” The factor score function computed according to the regression algorithm is:

	

The eigenvalue of the fourth factor (F4) is 1.970, with a variance contribution rate of 16.089%. Variables x6 and x10 exhibit the highest positive loadings on F4, indicating a positive correlation with F4. Based on variables x6 and x10, F4 can be named the “Population Size and GDP Factor.” The factor score function computed according to the regression algorithm is:

	

From the above quantitative analysis, it can be concluded that the Natural Geographic and Resource Factor is the most important factor affecting the protection pattern of typical ecosystems, followed by the Urbanization Factor, the Industrial Structure Factor and the Population Size and GDP Factor.




4.3 Regression analysis results

R2 is used to measure the goodness of fit of a regression model (Wang et al., 2021), with higher values indicating that the independent variables have stronger explanatory power for the dependent variable (Tu et al., 2019). We found that the regression analysis results of the protection rate of marine ecosystems and driving factors are not satisfactory (the coefficient of determination R2 = 0.473), indicating that regression analysis is not suitable. Therefore, we have only analyzed the regression analysis results of the protection area of the China-ASEAN marine ecosystem and driving factors (F1, F2, F3, F4).

Through regression analysis, the regression model of the protection area of the China-ASEAN marine ecosystem can be obtained as follows.

	

The coefficient of determination R2 = 0.975 indicates that the four factors can explain 97.5% of the information regarding the protection area of the China-ASEAN typical marine ecosystems. This suggests that the protection area of the China-ASEAN typical marine ecosystems is greatly influenced by these four factors. Moreover, the regression test results show that the linear fitting results are very ideal, indicating that the regression equation can effectively express the relationship of influence.

Firstly, considering the coefficients of each influencing factor in the regression equation, it’s evident that the four factors have different magnitudes of influence on the protection area of typical marine ecosystems. The factor “Natural Geographic and Resource” has the greatest impact, with an increase of one unit resulting in a change of 4025.845 units in the protection area of typical marine ecosystems. The “Urbanization Factor” follows, with an increase of one unit leading to a decrease of 424.823 units in the protection area. The “Population Size and GDP Factor” decreases the protection area by 312.603 units for each unit increase, while the “Industrial Structure Factor” increases the protection area by 226.841 units for each unit increase.

Secondly, considering the signs of the coefficients of the influencing factors in the regression equation, it is noted that the “Natural Geographic and Resource Factor” and “Industrial Structure Factor” have positive effects on the protection area of typical marine ecosystems, whereas the “Urbanization Factor” and “Population Size and GDP Factor” have negative effects.





5 Discussion and conclusion

The research on the protection pattern and driving mechanism of typical marine ecosystems is a highly complex and comprehensive study, involving natural science, social science, economics, management, and other multidisciplinary fields. The innovation and main contribution of this research are embodied in the following three aspects. Firstly, a research framework and model of driving factors for the typical marine ecosystem protection pattern were constructed to guide a systematic analysis of the current situation and mechanisms of the typical marine ecosystem protection pattern. Complexity science emphasizes the hierarchical coupling of ecological and social systems across organizational, spatial, and temporal scales. One of the key challenges in the research and management of social ecosystems is the lack of standardized and rigorously collected data (Leenhardt et al., 2015). This limitation hinders the linkage between changes in ecological processes and dynamic responses within the social system, as well as the subsequent feedback between them. Based on a qualitative analysis of the influencing factors in the typical marine ecosystem protection pattern, this study constructed the index system of driving factors for the typical marine ecosystem protection pattern. The original data matrix was established through open-source data acquisition, and quantitative methods were employed to conduct factor analysis, obtaining the driving factors. This process connected the protection of the typical marine ecosystem with social dynamic changes and provides insights for research in the social ecosystem. Secondly, through quantitative analysis, the relationship between the protection pattern of typical marine ecosystems and driving factors was established. Quantitative analysis allows for the quantification of the strength of the relationship between driving factors and dependent variables (Sušnik, 2018). Through statistical indicators such as the correlation coefficient or regression coefficient, we can determine the degree of influence of each factor on the dependent variable, thus evaluating its importance. In this study, the quantitative relationship between the driving factors and the marine ecosystem protection pattern was determined by regression analysis, resulting in a multiple regression model of the marine ecosystem protection pattern and driving factors. Thirdly, taking China-ASEAN countries as case areas, this research evaluated the protection pattern and driving mechanisms of three typical marine ecosystems. By adopting this method, a comprehensive assessment of the protection status of typical marine ecosystems in China-ASEAN was achieved, and the driving factors and mechanisms of the protection pattern of typical marine ecosystems in China-ASEAN were identified.

Coral reefs, seagrass beds, and mangroves are three important ecological types in marine ecosystems, and their presence and health are directly related to the stability and biodiversity of marine ecosystems (Moberg and Rönnbäck, 2003). The importance of these marine ecosystems is gradually being recognized, and various conservation measures are continuously being proposed (Huang et al., 2019). The establishment of marine protected areas plays a crucial role in the protection of typical marine ecosystems in the region (Yacob et al., 2009; Hu et al., 2020). The analysis of driving factors affecting the protection pattern of typical marine ecosystems in China-ASEAN countries shows that the driving factors influencing their protection pattern include the Natural Geographic and Resource Factor, the Urbanization Factor, the Industrial Structure Factor, and the Population Size and GDP Factor. The results of regression analysis indicate that the Natural Geographic and Resource Factor has the greatest impact, followed by the Urbanization Factor and Population Size and GDP Factor, while the Industrial Structure Factor has the smallest impact. We also found that the Natural Geographic and Resource Factor and the Industrial Structure Factor have a positive impact on the protection area of typical marine ecosystems, while the effects of the other two factors are negative.

The Natural Geographic and Resource Factor is the most important factor affecting the protection pattern of marine ecosystem ecosystems. The resources and natural conditions of coral reefs, seagrass beds and mangroves have a direct relationship with biodiversity (Somerfield et al., 2002). The presence of diverse ecosystems contributes to a greater variety of species and gene pools, essential for the overall health and adaptability of the entire marine ecosystem (Tett et al., 2013). This means higher species richness, which is crucial for maintaining ecological balance and biodiversity, aiding in enhancing species adaptability and resilience to cope with environmental changes and pressures, and increasing the likelihood of various functions and services within the ecosystem being fully utilized (Antão et al., 2020). There is often connectivity among diverse marine ecosystems, creating ecological channels that facilitate the migration, reproduction, and feeding activities of many marine organisms (Schlägel et al., 2020). Preserving this connectivity is crucial for the survival and reproductive success of species. A multitude of marine ecosystems contributes to greater stability and resilience, enhancing the ecosystem’s ability to withstand external pressures and changes (Soulé et al., 2004). In the event of damage to one area, other regions may serve as sources of support and recovery. In general, an increase in the number of marine ecosystems promotes the formation of a more complex, flexible, and stable ecosystem network, thereby improving the overall sustainability of the marine environment. Therefore, when formulating marine ecosystem protection strategies, it is essential to consider the diversity and distribution of marine ecosystems in order to establish a more comprehensive protection pattern.

The Urbanization Factor is another key factor influencing the protection pattern of marine ecosystems. With the advancement of urbanization, the proportion of urban population continues to increase, industrialization levels rise, and the demand for marine resources, including fishery products, energy, and pharmaceuticals, also increases (Kennish, 2002). This may lead to problems such as overfishing, overexploitation, and other forms of excessive resource use, putting pressure on marine ecosystems. Pollutants such as wastewater, plastic waste, and chemicals emitted during urbanization can directly harm marine ecosystems (Ray, 2011). This can well explain why the urbanization factor is a negative factor for the protection of typical marine ecosystems.

The Industrial Structure factor is the third key factor influencing the pattern of marine ecosystem protection. The development of certain industries may result in overfishing, pollution, and other adverse impacts on marine ecosystems (Islam and Tanaka, 2004), while others may not. This is because different industrial structures may lead to various types of marine resource utilization and environmental impact (Klinger et al., 2018). The income of most small-scale coastal fishermen relies on marine resources. If they engage in fishing activities without protective measures, the ecosystem may be threatened. Therefore, restrictions on the timing, spatial distribution, fishing gear, and catch quotas of fishing activities are necessary (Rees et al., 2020). The secondary industry may result in the discharge of a significant amount of wastewater, waste gas, and solid waste, some of which may enter the marine environment. These emissions may contain harmful substances, causing pollution to the marine ecosystem and posing a threat to the survival and reproduction of marine life (Okereke et al., 2016). Science, technology, and research institutions in the tertiary industry may contribute to the monitoring and protection of marine ecosystems through innovative technologies and methods (Rose et al., 2014). The tourism industry, as a tertiary sector, is often utilized as a livelihood strategy to complement biodiversity conservation efforts in protected areas. Specifically, its aim is to replace traditional income-generating activities in the region and improve community well-being, ultimately reducing poverty and alleviating threats to biodiversity (Pham, 2020). The above explanation elucidates the negative correlation between the proportion of the secondary industry (x11) and F3, as well as the positive correlation between the proportion of the tertiary industry (x12) and F3. The rationalization of industrial structure and increased investment in scientific research play a significant promoting role in the efficiency of marine environmental conservation (Wang et al., 2020). Overall, the industrial structure factor is considered a positive factor for typical marine ecosystem conservation. From a management perspective, comprehensive measures need to be taken to ensure the coordinated development of industries and the protection of the marine environment.

The Population Size and GDP Factor is the fourth key factor affecting the protection pattern of marine ecosystems. An increase in the total population is usually accompanied by a rise in the demand for marine resources. A high GDP is typically associated with stronger economic activities, including fisheries, industry, and trade. These activities can have both direct and indirect impacts on marine ecosystems, such as overfishing, coastal development, and industrial pollution (Jiang et al., 2001). While a high GDP may lead to the development of science and technology, resulting in more effective fishery and resource development in some cases, it may also introduce new environmental problems like overfishing and ecosystem destruction. A higher GDP is generally accompanied by stronger government and environmental management capabilities, aiding in the implementation and supervision of environmental protection policies. Overall, the Population Size and GDP Factor has a complex and interrelated impact on the protection of marine ecosystems (Güneralp and Seto, 2008). Therefore, achieving sustainable marine ecosystem management requires a comprehensive consideration of the balance between population growth, economic development, and environmental protection to ensure the sustainable utilization of marine resources and the health of ecosystems.

The protection pattern involves identifying and implementing a series of management policies to maintain the health and stability of typical marine ecosystems. This may include establishing natural reserves, managing fishing activities, restricting pollution, among other measures, to ensure the biodiversity and ecological balance of marine ecosystems. This process requires the effective implementation of marine spatial planning to maximize benefits, minimize conflicts, and safeguard the marine environment. Planning can coordinate the needs of various stakeholders, such as fisheries, shipping, and energy development, to ensure the sustainable utilization of marine resources. In terms of various ecological, economic, and social management objectives, designing a well-planned marine protected area network can surpass individual marine protected areas (Grorud-Colvert et al., 2014). Since typical marine ecosystems often span national borders, international cooperation is essential for their effective management and protection. International collaboration can facilitate the sharing of information, scientific research cooperation, joint monitoring, and the development of standardized regulations, thereby enhancing the effectiveness of conservation measures. The existing marine protected area network in China and ASEAN region includes regional networks of international marine protected areas, regional marine protected area networks, sub-regional marine protected area networks, and marine protected area networks of individual countries or regions. Regional networks of international marine protected areas, such as World Heritage sites, biosphere reserves, and internationally important wetlands, reflect the proactive awareness and efforts of countries and stakeholders within the region in biodiversity conservation. The initiation of relevant initiatives and projects meets the practical development needs and priority concerns of different countries and regions.
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