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Abstract

:

Actor-network theory, which emerged from science and technology studies in the 1980s, regards everything in the social and ecological systems as a continuous result of the network of relations where they are located. Social-ecological resilience, with its origins in systems ecology, focuses on the non-linear changing dynamics of social-ecological systems and their governance. Among them, social-ecological resilience study integrates different disciplines, backgrounds, and themes, which inevitably leads to the vagueness of its concept. Both actor-network theory and social-ecological resilience emphasize human-nature relationships and view social-ecological systems as dynamic and unpredictable “networks”. Therefore, this paper explored the potential conceptual or theoretical underpinnings that actor-network theory can provide in social-ecological resilience through interdisciplinary research. Specifically, a semi-structured interview was conducted with 30 fishing households from Chang-shan Archipelago in Northeastern China. The obtained interview data were analyzed through thematic analysis, and three main themes were generated, including “heterogeneous networks”, “agency”, and “translation”, which facilitated a reconceptualization of the three components of social-ecological resilience, namely, “linked social-ecological systems”, “changing dynamics” and “the ability to maintain resilience”, and also provided a new theoretical perspective on the adaptive governance of social-ecological systems.
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1. Introduction


A growing number of scholars and policymakers believe that the interaction and interdependence of social and ecological systems provide a promising tool for guiding actions toward a more sustainable society [1]. Therefore, the study of social-ecological resilience has obtained more and more attention. However, the integration of different disciplines, backgrounds, and themes inevitably leads to conceptual vagueness in social-ecological resilience [2]. At the same time, the social dimension is often overlooked in social-ecological resilience studies, which weakens the analysis of interactions between social and ecological systems. But it is noteworthy that some unique dimensions of the social system, such as historic, cultural, and political contingencies, as well as human agency and normative issues, can deepen the understanding of social-ecological resilience [3,4]. Therefore, it is necessary to reconceptualize social-ecological resilience by using social sciences to make its concept more comprehensive and explicit.



Over the past decade, significant achievements have been made in the interdisciplinary integration of social sciences and social-ecological resilience. For example, Hobman et al. introduced psychological research methods into the study of social-ecological resilience. By combining Levin’s field theory with the latest contributions of ecology, cognitive science and social psychology, they developed a conceptual framework to further understand social-ecological resilience through the intersection between subjective psychology and objective environment [5]. Fabinyi et al. discussed the importance of introducing power and social diversity into social-ecological resilience from the perspective of ecological and social anthropology and political ecology. They proposed that a better understanding of power relations in social-ecological systems is conducive to deconstructing whose voices are privileged, whose voices are marginalized, and why [6]. Therefore, it is important to go beyond the perspective of current social units and institutions to understand the inherent complexity and diversity between ecology and society. Later, Boonstra further proposed the concept of social power on this basis, which is beneficial to comprehend the impact of power on social-ecological interaction [7]. He cited the domestication of fire as an example to illustrate how hominids used fire as a source of social power to reconstruct the relationship between human beings and the environment. The above studies introduced social sciences into social-ecological resilience by strengthening the debate and inquiry between the two, which deepens the understanding of the complex interaction between social and ecological systems, and provides a new perspective and approach to studying social-ecological resilience.



As an important social science, actor-network theory offers provocative insights into the interdisciplinary integration of social sciences and social-ecological resilience [4]. Firstly, the actor-network theory provides a diverse perspective for social-ecological resilience study, not only considering the role of human and non-human actors in social-ecological phenomena and changes but also transcending the binary thinking such as local and global, subject and object, which provides a unique and valuable framework for solving practical problems such as how human and non-human actors maintain social-ecological resilience. Secondly, the integration between actor-network theory and social-ecological resilience is well-documented. Both actor-network theory and social-ecological resilience focus on human-nature relationships and regard the social-ecological systems as dynamic, changing, and unpredictable “networks” [8,9]. Thirdly, given that social-ecological resilience study has not formed a solid theoretical basis for how different actors maintain resilience, this is particularly important. Therefore, the actor-network theory is still instructive for studying social-ecological resilience.



However, previous interdisciplinary research between social sciences and social-ecological resilience still exhibits fragmentation and superficiality [1,10], emphasizing only theoretical analysis but ignoring actual case analysis, which weakens their persuasiveness. Therefore, it is necessary to further explore the interfaces between the two and achieve better integration by combining specific case analyses, thus making a contribution to the study of social-ecological resilience. Therefore, this paper first gave a comprehensive overview of actor-network theory and social-ecological resilience. Secondly, a semi-structured interview was conducted with 30 fishing households, and the interview data were analyzed through thematic analysis to explore the potential conceptual or theoretical underpinnings provided by actor-network theory in reconceptualizing social-ecological resilience. Thirdly, a new theoretical perspective offered by actor-network theory in the adaptive governance of social-ecological systems was discussed.




2. An Overview of Social-Ecological Resilience and Actor-Network Theory


2.1. An Overview of Social-Ecological Resilience


Social-ecological resilience originates from systems ecology, focusing on the non-linear changing dynamics of social-ecological systems and their governance. Holling first introduced the concept of “resilience” into ecology research and defined it as “a measure of the ability of these systems to absorb changes of state variables, driving variables, and parameters, and still persist [11]”. In the following decades, resilience research gradually extended from natural ecology to human ecology and other fields such as cities, economies, and societies. Berkes et al. used the social-ecological system as a comprehensive perspective to analyze human-nature relationships and connected it with the emerging concept of “resilience” at that time [12]. Carpenter et al. formally proposed social-ecological resilience based on the interaction between human beings and ecological systems [13]. Social-ecological resilience is defined as “the capacity of a social-ecological system to absorb disturbance and reorganize while changing to retain essentially still the same function, structure, and feedback” [14,15]. Among them, the absorption of disturbance refers to the amount of change that a system can absorb without changing its state, and reorganization refers to the ability of a system to respond to changes through the interaction of its components [16]. If a system can absorb disturbance and reorganize, then it is resilient. The three components of social-ecological resilience are “linked social-ecological systems”, “changing dynamics”, and “the ability to maintain resilience”. According to the definition of social-ecological resilience, the relationship between social and ecological systems is interrelated and continuously interactive, interacting at multiple temporal and spatial scales [17]. The changing dynamics of the system conform to the four phases of exploitation, conservation, release, and reorganization specified in the adaptive cycle [18]. The transition between each phase depends on three dimensions: potential, connectedness, and resilience [19]. In the exploitation phase, the resources and relationships of the system experience a faster accumulation, and resilience gradually increases, while potential and connectedness do not change significantly. As the system enters the conservation phase, the rate of accumulation slows down, and the system reaches a quasi-equilibrium condition. Meanwhile, the system’s potential, connectedness, and resilience continue to increase and achieve high levels. In the release phase, the system quickly releases the accumulated resources, the potential and resilience of the system decrease rapidly, and connectedness also decreases to a certain degree. In the reorganization phase, the system’s potential reaches a high level. Through continuous learning, capital accumulation and adaptive capacity, the resilience and connectedness of the system gradually increase [20].



Since social-ecological resilience was proposed, there have been two shifts in its research focus. At first, social-ecological resilience was mainly explored at a regional level. For example, Berkes et al. discussed the social-ecological resilience in a Canadian Western Arctic Community during the process of adapting to climate change, which originated from the ability of local people to deal with a changing and uncertain environment over a long time [21]. Later, scholars began to explore social-ecological resilience at a global level. Rockström et al. proposed a framework based on “planetary boundaries”, which defined a safe operating space for human beings with respect to the Earth system. The complex system of the Earth can respond to changing external shocks within the threshold and remain resilient, but once the threshold is crossed, it may bring about disastrous consequences for human beings [22]. Adger et al. analyzed the impact of global marine disasters on social-ecological resilience. Considering the trend of human communities, resource utilization, and global environmental change, it is urgent to build resilience in coastal areas, which requires a broader understanding and cultivation of social-ecological resilience [23]. In recent years, social sciences have been gradually introduced into the study of social-ecological resilience. For example, Stone Jovicich et al. introduced social sciences such as material-spatial world systems analysis and critical realist political ecology into social-ecological resilience, which enhanced the explanatory power of social-ecological resilience to social and environmental changes [4]. Hobman et al. applied Levin’s field theory to the study of social-ecological resilience, which contributed to the understanding of coupled social-ecological systems. The field theory captures the stasis and change of the system from both external drivers and internal forces, which coincides with some propositions of social-ecological resilience [5].




2.2. An Overview of Actor-Network Theory


Actor-network theory is a social theory proposed by Bruno Latour, Michel Callon, and John Law in the mid-1980s [24], its intellectual and historical roots stem from the Innovation Sociology Center of the French College of Mining and have been influenced by the emergence of the French post-structuralism and the debate on the sociology of science [25]. Actor-network theory tried to replace the traditional binary thinking with relational ontology and break the boundaries between nature and society [26], regarding all the entities constantly circulating, connecting, and reshaping their identities in the network [27]. The three core concepts of actor-network theory are actor, network, and translation, which are initially used to explain the process of knowledge production. Firstly, actors are heterogeneous, including human beings and non-human actors (such as natural objects, artificial objects, ideas, and concepts), and both have agency simultaneously. Secondly, a network refers to a dynamic and inseparable heterogeneous actor network constructed by the interactive practice between human and non-human actors. Among them, non-human actors are no longer merely material resources or constraints but are actively involved in the action. The connections between heterogeneous actors make them have relational materiality, which endows them with the qualification to participate in network construction [24,28]. Thirdly, heterogeneous actors are connected through translation. The translation establishes connections, links different actors, and creates convergences by forming a channel between other domains [29]. Specifically, the key actor continues to translate the interests and problems of other actors into his language. Through translation, actors can be connected and form a network.



Since the 1980s, the focus on actor-network theory has shifted three times. Initially, the actor-network theory was applied to the micro-level research of “science in action”. Since the beginning of the 1990s, the focus of actor-network theory research has gradually shifted to the field of technology. The main concepts of actor-network theory can provide new theoretical and methodological underpinnings for understanding the production process of technology [30]. Taking information technology as an example, its birth went through complex technological and social processes, which were translated and written into specific entities and formed inscriptions. The irreversibility of inscription makes its network stable in different contexts. Therefore, technology has the dual attributes of “individual” and “collective”, which makes up for the binary opposition between technology and society [31]. Since the late 1990s, globalization has become a new research focus for actor-network theory. Smith et al. put forward world city actor-networks and analyzed the relationship between world cities from the perspective of actor-networks [32]. As nodes of the network, cities communicate and interact with each other, which effectively promotes the process of globalization and overcomes the binary opposition between local and global. In recent years, scholars have gradually diverted to “ontology” and “materiality” research [31]. Actor-network theory adheres to relational ontology, which insists that human and non-human actors’ identities and attributes are determined by their interconnections in the network [33,34]. Therefore, actors exist in the form of “other”, which can be distinguished from the previous view that actors exist in the form of “being” [35]. In addition, according to actor-network theory, materials are generated in a specific network of relations and are inevitably intertwined with others. This new definition of material can resonate with new materialism and transcend traditional materialism [36]. However, since the actor-network theory was proposed, it has gained significant popularity but has also encountered some doubts [37,38]: firstly, how to define human and non-human actors; secondly, whether non-human actors have agency and how to exert their agency; and thirdly, how to translate the interests and problems of non-human actors. Finally, whether the equal treatment of all actors ignores the importance of specific actors. Nevertheless, this cannot deny the theoretical innovation and value that actor-network theory has brought to the development of social sciences.





3. Methods


3.1. Study Design


This study aimed to explore the potential theoretical underpinnings that actor-network theory can provide in reconceptualizing social-ecological resilience. On this basis, 30 fishing households from the Chang-shan Archipelago (see Table 1 for details) were invited to conduct a semi-structured interview, and the interview data were analyzed by thematic analysis. Among them, Chang-shan Archipegalo is located in the Northern part of the Yellow Sea and the Southern part of the Liaodong Peninsula and consists of islands such as Shicheng Island, Dachangshan Island, Xiaochangshan Island and Guanglu Island et al., which is 1 of the 8 major archipelagos in China (see Figure 1). The leading industries of Chang-shan Archipelago mainly include mariculture, fishing, aquatic products processing and island tourism.




3.2. Data Collection


The interview was conducted in the homes of 30 fishing households in the Chang-shan Archipelago. Based on the research questions, a semi-structured interview outline was developed, mainly including introductory, flow, key and final questions (see Table 2 for details) [39]. The introductory questions were designed to make interviewees adapt to the atmosphere and rhythm of the interview more quickly. The flow questions were designed to create a smooth transition to the key questions the researchers wanted to explore. The final questions were designed to summarize the interviews and ensure that interviewees had no additional comments.




3.3. Data Analysis


Firstly, the interview data were collated. Secondly, the open coding of interview data was conducted through thematic analysis (see Table 3 for details) [40,41]. The codes screened from the interview data can be used as a centralizing organizing concept of theme. A theme was defined as something that has a certain level of pattern or meaning in relation to the research questions in the data [42].





4. Findings


Three themes and 10 sub-themes were identified in this study, as shown in Table 4. The three themes are “heterogeneous networks”, “agency”, and “translation”, which provide some inspiration for reconceptualizing the three components of social-ecological resilience, namely, “linked social-ecological systems”, “changing dynamics”, and “the ability to maintain resilience”.



4.1. Insights of “Heterogeneous Networks” into Reconceptualizing “Linked Social-Ecological Systems”


In 1998, Berkes and Folke first proposed the social-ecological systems framework [12]. They believed that social and ecological systems are actually related, and the separation between the two is artificial and deliberate, but they did not define linked social-ecological systems. In the next 20 years, scholars such as Andries [43], Ostrom [44,45], and Fidel [46] tried to define linked social-ecological systems. Among them, Andries et al. [43] made a relatively more comprehensive and explicit definition of linked social-ecological systems, namely, “an ecological system intricately linked with and affected by one or more social systems”, but this definition has not overcome the binary opposition between ecology and society. At present, confronted with the vagueness of the concept of linked social-ecological systems, it is necessary to conduct more in-depth interdisciplinary research. Actor-network theory can reconceptualize “linked social-ecological systems” from the perspective of “heterogeneous networks”.



Actor-network theory tried to break the conventional barriers between social and ecological systems and transcend the traditional dichotomy of nature and society by establishing actor networks to rebuild the internal connection between binary factors. According to actor-network theory, all actors in the social and ecological systems are aligned in networks of different scales and form inextricably linked heterogeneous networks of human and non-human actors. As a node, all actors have inter-subjectivity and are equal to each other. They coordinate and “weave” an actor network without center or subject-object dichotomy. Among them, what matters is the process of networking (that is, how human and non-human actors gather together and interact with each other) and how the actors are affected when they interact with each other [47]. Therefore, social and ecological systems can be regarded as heterogeneous networks that are interdependent and continuously interacting. Then ecology is branded with the characteristics of society, and society is also branded with the characteristics of ecology. As a result, social and ecological systems cannot be artificially separated. Latour’s “Parliament of Things” vividly depicts heterogeneous networks. In a “Parliament of things”, all actors are given the legitimacy to participate in the “Politics of nature”, and they can all be adequately represented and speak in their own names [48].



The social-ecological system of the Chang-shan Archipelago can also be seen as an interrelated and interdependent heterogeneous network composed of different actors. In the process of mariculture and fishing, fishermen, government officers, technical professionals, marine creatures and fishing technologies formed an inseparable network. As can be seen from the interview, when asked about the contact with other fishermen, government officers, technical professionals and marine creatures in the process of mariculture and fishing, 28 interviewed fishing households said they had close contact with them. For example, “Fishermen rely on the sea to live, and when there is more fish in the sea, there is more harvest”. “Usually, we go fishing with other fishermen, and the floating rafts are often purchased and used together by two fishing households”. “The local government officers regularly go to Dalian to publicize and expand the sales channels of oysters”. “Technical professionals from Dalian Ocean University regularly come here to transfer mariculture knowledge and develop some solutions to specific problems”. From the above analysis, it can be found that in the social-ecological system of Chang-shan Archipelago, a “heterogeneous network” was formed between fishermen, government officers, technical professionals, marine creatures, and fishing technologies. The interdependence between different actors has effectively improved the ability of fishermen to cope with extreme weather and their living standards.




4.2. Insights of “Agency” into Reconceptualizing “Changing Dynamics”


Over time, the structures and functions of social-ecological systems change due to internal dynamics and external influences [49]. Holling described the changing dynamics of social-ecological systems as four sequential phases: exploitation, conservation, release, and reorganization [50,51], which can be seen as an adaptive cycle. However, the adaptive cycle metaphor does not explain the changing dynamics of all systems. For example, it cannot be applied to explain a release phase involving no loss of capital. During the transition from a bog to a forest, the ability of the bog to self-organize and resist invasion by trees is eventually overwhelmed, and the reorganization into a forest occurs, but without any creative destruction phase involving a loss of nutrients [49]. Based on the adaptive cycle, resilience scholars have developed an alternative theory named panarchy to capture and explain the changing dynamics of social-ecological systems. The panarchy represents the dynamic interplay between processes and structures that sustain relationships on the one hand and create and accumulate potential on the other [52]. Although panarchy can be used to analyze and explain the changing dynamics of social-ecological systems, some scholars have expressed concerns about it. For example, Chaffin et al. proposed that the combination of panarchy theory and social sciences is more conducive to clarifying the vulnerability and resilience dynamics in social-ecological systems [52]. Actor-network theory can reconceptualize “changing dynamics” from the perspective of “agency”.



According to actor-network theory, both human and non-human actors have agency, which qualifies them to play a role in the social-ecological system, and inevitably affects the changing dynamics of the whole system. Specifically, human agency is mainly shown as initiative, that is, the ability and willingness to actively take action. Non-human actors cannot take the initiative but can have an impact on the system’s functioning. This paper attempts to analyze the influence of human and non-human actors’ agency on the changing dynamics of the system by defining the changing dynamics of the social-ecological system of the Chang-shan Archipelago, especially in some special situations that cannot be explained by the adaptive cycle.



In order to analyze the changing dynamics of a social-ecological system, some key variables of social and ecological dimensions need to be selected. According to the research of Gunderson and Holling [53], this paper selected the population, fishery output, and marine resource utilization from 1996 to 2016 as key variables to analyze the changing dynamics of the social-ecological system in the Chang-shan Archipelago. Firstly, in terms of population, the registered population showed a significant downward trend from 88,069 to 71,928. Among them, the population engaged in agriculture (mainly fishing) increased slightly from 15,164 to 16,708, remaining roughly stable, as shown in Figure 2a. In terms of marine resource utilization, the mariculture area increased from 86,842 to 338,679 hectares, and the number of motor vessels increased from 2231 to 9160, as shown in Figure 2b. In terms of fishery output, the yield of aquatic products increased from 291,820 to 656,614 tonnes, and the fishery output value increased from 937 million yuan to 9255 million yuan, as shown in Figure 2c. To sum up, from 1996 to 2016, the population engaged in agriculture (mainly fishing) remained roughly stable, and the mariculture area and the number of motor vessels increased significantly. As a result, the development potential of fishing has improved significantly, and the fishery output value has also experienced significant growth. Therefore, in the past two decades, the potential, connectivity, and resilience of the social-ecological system of the Chang-shan Archipelago have increased. The system has experienced the transition from the exploitation phase to the conservation phase, which conformed to the adaptive cycle metaphor.



As components of a social-ecological system, both human and non-human actors have the agency to speed up or slow down the accumulation of the system’s potential, connectedness and resilience, thus shortening or lengthening the time needed to shift from one phase to another, or even leading to special situations that do not fit the characteristics of the current phase. For example, since 2011, the number of motor vessels has decreased year by year. Since 2012, the mariculture area remained stable for 3 years and then decreased rapidly. The reason for the above phenomenon is that, since 2011, the local government has taken a number of environmental protection measures to restore the local ecological environment in response to increasingly serious marine pollution and fishery resource reduction. On the one hand, the local government began to restrict excessive fishing and strictly control the issuance of motor vessel licenses. On the other hand, the government began to promote intensive aquaculture and reduce the mariculture area. However, from 2012 to 2016, the yield of aquatic products and fishery output value of Chang-shan Archipelago still experienced relatively rapid growth. The reasons for the above phenomenon are that, on the one hand, the number of marine creatures has significantly increased through government-organized release activities and fishing moratoriums. On the other hand, the improvement of oyster and scallop varieties and mariculture technology have improved their survival rates and production. To conclude, with the implementation of environmental policies, the regulation of unreasonable fishing modes and the application of advanced technologies, the accumulation of the system’s potential and resilience has been accelerated. As seen from the interview, 21 interviewed fishing households said that the government’s fishing moratorium had effectively improved the marine environment and increased the fishing yield. For example, “After the fishing moratorium, it is obvious that the seawater has become clear, and the fish are bigger”. Nineteen interviewed fishing households said that after the release activities organized by the government, they caught more kinds of fish. For example, “I caught two bastard halibuts this year that had not been seen for decades”. Twenty-seven interviewed fishing households stated that improvements in fishing technologies had significantly increased fishing output. For example, “The improvement of seedling technology has significantly improved the survival rate of sea cucumbers”. “Since we started to breed the third-generation oysters, the quality and yield have improved significantly, and the market has also expanded”. Therefore, both human actors (such as government officers) and non-human actors (such as fishing technologies and marine creatures) are important factors that affect the changing dynamics of a system. Therefore, it is necessary to consider the actors’ role when analyzing a system’s changing dynamics, especially in some special situations.




4.3. Insights of “Translation” into Reconceptualizing “the Ability to Maintain Resilience”


The ability of a system to self-organize, learn and adapt are two critical indicators for maintaining social-ecological resilience, which can make the social-ecological systems absorb external disturbance and keep in a stable zone [54]. The ability to self-organize refers to the power of a system to organize itself when encountering external disturbances, and the ability to learn and adapt refers to the power of system members to adapt to changes and maintain resilience by acquiring knowledge and skills [55]. It has been proved that the ability to self-organize, learn and adapt is conducive to a social-ecological system to cope with challenges and maintain resilience. Improving the ability to self-organize, learn and adapt among actors can make social-ecological systems cope with the risk of food shortage and extreme weather events more effectively [56,57,58]. In addition, it can also reduce the vulnerability of social-ecological systems and increase resilience. For example, the experience in dealing with natural disasters has provided a window of opportunity for new policy formulation on disaster prevention and mitigation, which facilitates the prediction of the frequency and extent of disasters and the reduction of their impact [59,60]. Some scholars have analyzed the importance of biodiversity in maintaining the resilience of social-ecological systems. Biodiversity provides cross-scale resilience, bringing different species together to form a set of overlapping and reinforcing effects, which can spread risk, enhance ecological function and reduce vulnerability to large fluctuations in specific species [61,62]. Di Falco et al. demonstrated that increased biodiversity could improve the ecological system’s tolerance and reduce the negative impacts of natural disasters such as rainfall shocks [63]. Actor-network theory can reconceptualize “the ability to maintain resilience” from the perspective of “translation”.



According to actor-network theory, human and non-human actors form a network through translation. A smooth translation can effectively increase the network’s resilience, enabling it to absorb external disturbance and keep it in a stable zone. Firstly, all actors have common interests, which is the premise of building a resilient network. Specifically, the key actor translates the desires and demands of other actors, realizes the association of different interests, and forms a resilient network. Secondly, actors have the ability to maintain resilience. Human actors play a leading role in maintaining social-ecological resilience, determining the desired configurations of social-ecological systems [64], shaping governance systems [65], and enhancing resilience to environmental change [66,67,68]. Non-human actors cannot consciously participate in the maintenance of social-ecological resilience. As members of social-ecological systems, non-human actors participate in the system construction process as mediators, which benefits the maintenance of social-ecological resilience [69,70]. Thirdly, the network enters a stable state when translation is completed, and symmetry is achieved. An effective and smooth translation process can attract more actors to participate in network construction, which contributes to the interaction between actors and the increase of resilience [71,72]. From the interview, it can be found that 30 interviewed fishing households said that they joined the group of villagers, so they could timely learn about the new policies and express some personal views on the development of the village. For example, “the group of villagers holds regular meetings, and the villagers’ representatives collect the fishermen’s opinions and discuss them at the meeting”. “The new policies issued by the government will be timely conveyed at the villagers’ meeting”. At the same time, 30 interviewed fishing households said they joined the WeChat group of fishermen, where they can often get some mariculture experience and weather warning information. For example, “We would share some new scallop and oyster varieties and mariculture experience in the WeChat group of fishermen”. “The WeChat group of fishermen would share a gale warning a few days in advance so that we can make preparations to reduce some losses”. Sixteen interviewed fishing households said they participated in fishery cooperatives, so that they can buy fishing machines, sea cucumber and oyster seedlings through collective bargaining to obtain preferential prices. For example, “After joining the fishery cooperative, we can buy sea cucumber seedlings at a more favorable price, and the scale of mariculture has also expanded”. In conclusion, the connections between fishermen, government officers and technical professionals have become closer, and the translation between different actors has become more convenient and smooth through joining the group of villagers, WeChat group of fishermen and fishery cooperatives, which effectively improves the resilience of the entire social-ecological system in the face of external disturbances.





5. Application of Actor-Network Theory in the Adaptive Governance of Social-Ecological Systems


One of the main dilemmas of the current research on social-ecological resilience is implementing effective governance in a dynamic and non-linear changing relational world. Those centralized systems of governance that rely on top-down instructions can hardly match the scale of ecological complexity, especially in the face of rapid environmental change [73,74]. Therefore, centralized governance systems cannot provide effective solutions for highly contextualized scenarios, their previous performances in the collaborative governance of large-scale ecosystems across multiple jurisdictional boundaries were generally poor [75,76]. As a response to the dilemmas confronted by centralized governance systems, adaptive governance was proposed. Adaptive governance emphasizes inclusion and advocates the participation of multiple subjects in governance, which can flexibly respond to highly contextualized social-ecological systems and adapt to complex and unpredictable feedback among their components. Although the research on adaptive governance has thrived in recent years, it still faces some dilemmas, which are mainly manifested in insufficient combination with other theories and a need for more specific case assistance. The actor-network theory contains the wisdom of adaptive governance and regards governance as a form of social coordination. Specifically, human and non-human actors are integrated into the governance network of social-ecological systems to achieve a pluralistic co-governance. Therefore, no matter whether in the center or on the edges, all actors constitute big or small nodes in the network and can participate in the governance process and make a difference. In the governance of the social-ecological system in Chang-shan Archipelago, different actors (government officers, fishermen, fishing technologies, and technical professionals, et al.) played their respective roles to different degrees, realizing a kind of multi-governance. Firstly, the local government played a leading role in governance. After consultation with the public, expert assessments and democratic deliberations, the local government formulated environmental protection policies, set up a fishing moratorium and organized release activities, which have promoted the recovery and development of the social-ecological system. Secondly, as the subjects of governance, fishermen could timely learn about weather warning information, share their experience in mariculture and fishing, and obtain preferential prices for fishing machines through collective bargaining by joining the group of villagers, WeChat group of fishermen and fishery cooperatives. Thirdly, fishing technologies have improved the quality and yield of aquatic products and thus increased fishermen’s income. Moreover, the promotion of new pollution-free mariculture technology has effectively controlled the trend of marine pollution. Finally, technical professionals would regularly transfer mariculture knowledge to fishermen, effectively solving practical problems in mariculture and fishing. In addition, the introduction of new mariculture varieties and technologies and the expansion of mariculture scales need to be evaluated and reviewed by technical professionals.




6. Conclusions


This paper explored the potential theoretical underpinnings of actor-network theory in reconceptualizing social-ecological resilience through a semi-structured interview with 30 fishing households from Chang-shan Archipelago in Northeastern China. A thematic analysis of the interview data was conducted, and three main themes were generated, including “heterogeneous networks”, “agency”, and “translation”, which facilitated a reconceptualization of the three components of social-ecological resilience, namely, “linked social-ecological systems”, “changing dynamics” and “the ability to maintain resilience”, and also provided a new theoretical perspective on the adaptive governance of social-ecological systems. Firstly, the actor-network theory confirmed that social and ecological systems are inseparable networks composed of different actors from the perspective of “heterogeneous networks”. Secondly, the actor-network theory compensated for the deficiencies of the adaptive cycle in explaining some special situations in the changing dynamics of the system from the perspective of “agency”. Thirdly, the actor-network theory proved the importance of smooth communication between actors in maintaining the system’s resilience from the perspective of “translation”. Finally, this paper investigated the governance process of the social-ecological system of Chang-shan Archipelago from the perspective of actor-network theory, providing a new theoretical perspective for ecological environment governance.
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Figure 1. Location map of Chang-shan Archipelago. 
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Figure 2. Year-to-year changes in (a) registered population and agricultural labor force; (b) area of mariculture and number of motor vessels; (c) fishery output value and yield of aquatic product. 
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Table 1. Basic information of interviewed fishing households.
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Basic Information

	
Attributes

	
Number of Samples






	
Family members

	
2

	
4




	
3

	
5




	
4

	
21




	
Means of making a living

	
Fishing

	
5




	
Mariculture

	
7




	
Fishing and mariculture

	
18




	
Annual household income

	
50,000 to 100,000 yuan

	
4




	
100,000 to 200,000 yuan

	
21




	
More than 200,000 yuan

	
5




	
Region

	
Shicheng island

	
9




	
Dachangshan island

	
8




	
Xiaochangshan island

	
5




	
Zhangzi island

	
5




	
Guanglu island

	
3
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Table 2. Outline of the interview.
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	Introductory questions
	How many members are there in your family? Are you natives, or did you move here later?



	Flow questions
	What do you do for a living? What is the annual household income?



	Key questions
	Do you have some contacts with other fishermen, government officers, and technical professionals in mariculture and fishing, and do you receive timely help or guidance when you encounter problems?

How do you communicate with other fishermen, government officers, and technical professionals?

Have mariculture and fishing tools or technologies improved in recent years, and have they greatly affected the fishing harvest? Does the government-organized release have a huge impact on the fishing harvest? Does the government’s fishing moratorium have some effect on restoring the marine environment and fish stocks? Does the government have a specific marine environment protection policy?



	Final questions
	Can you comprehensively evaluate your feelings about the island’s ecological environment and changes in mariculture and fishing in recent years?
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Table 3. Open coding of data extracts.
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	Data Extracts
	Coded For





	We depend on the sea, as there is more fish and there is more harvest; We mainly rely on fishing and do part-time jobs during the fishing moratorium.
	The connections between fishermen and marine creatures



	Technical professionals from Dalian Ocean University regularly explained mariculture knowledge to fishermen and solved practical problems encountered in mariculture.
	The connections between fishermen and fishing technologies



	When fishermen are in danger at sea, they call the rescue number, and the government will organize rescue in time; The government will promote local aquatic products and expand sales channels.
	The connections between fishermen and local government



	Fishermen go fishing and buy a fishing machine together; Fishermen share weather conditions and mariculture experience.
	The connections between fishermen



	The government has set up a fishing moratorium, which has made the number and size of marine creatures larger; The government’s environmental protection policy has significantly improved the environment. After the sewage discharge standard has been raised, the seawater has become clear, and the algal density has decreased.
	Government behavior



	Last year’s storm made three fishermen stranded at sea; the high winds in June this year blew away many of the cages used for sea cucumber culture.
	Natural disaster



	We started to breed new scallops, which are not easy to die in a rainstorm or extreme weather; the newly developed net-lifter can protect fishing nets to a large extent.
	Technological improvement



	In the last 2 years, a pilot fishery cooperative has been carried out in the village; Fishery cooperative regularly organizes technical training, technical exchange, and consulting services; When buying fishing machines, sea cucumber, and oyster seedlings, they can bargain collectively with the sellers and can get more favorable prices.
	Fishery cooperative



	The WeChat group of fishermen regularly shares gale warnings; the WeChat group often shares high-quality and cheap machines, new species and experiences of mariculture; some of the problems that fishermen encounter in mariculture and fishing can also be solved in the WeChat group.
	WeChat group of fishermen



	The group of villagers will hold regular meetings to explain the new policies implemented by the local government; Fishermen can express their views on the development of the village at the meeting; some conflicts among fishermen can also be solved at the meeting.
	Group of villagers
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Table 4. Presentation of themes and sub-themes.
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Themes

	
Sub-Themes






	
The connections between fishermen and marine creatures

	
Heterogeneous networks




	
The connections between fishermen and fishing technologies




	
The connections between fishermen and local government




	
The connections between fishermen




	
Government behavior

	
Agency




	
Natural disaster




	
Technological improvement




	
Fishery cooperative

	
Translation




	
WeChat group of fishermen




	
Group of villagers
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