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Abstract

:

In recent years, marine ranching, as an emerging model of marine industry development, has become a research hotspot in the marine industries of many countries. A marine ranching is an ecological aquaculture fishing ground formed within a specific sea area to increase and restore fishery resources, combined with artificial nurseries and the construction of fish reefs. As a major maritime country, China attaches great importance to the construction of marine ranching and supports them as an important means of conserving aquatic resources, providing fishermen with jobs, and building a marine ecological civilization. Bibliometric methods are considered to be useful tools that can provide a macroscopic overview of large amounts of academic literature, identify research priorities, and track the evolution of science and technology. In this paper, a comprehensive analysis was carried out using three methods: bibliometric analysis, visual analysis with CiteSpace software, and Excel pivoting, presented in the form of visual graphs and data charts. A total of 293 and 522 academic journal papers searched in the China National Knowledge Infrastructure (CNKI) and the Web of Science (WoS) core databases were used, respectively, and to summarize the current status of construction of national marine ranching demonstration areas in China, this study also provides an overview of China’s policies on the development of marine ranching over the past two decades. It clarifies the current status, research hotspots and future directions of marine ranching research, and provides a reference for the evolution process and theoretical research of marine ranching in the future. At present, China is focusing on the development of modernized “all-area” marine ranching which is “ecological, precise, intelligent and integrated”. Obviously, it cannot be overemphasized that smart marine ranching will become a research hotspot in the future.
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1. Introduction


The destruction of offshore marine habitats, environmental pollution, overfishing, and other reasons have led to the decline of marine fishery resources and affected sustainable development [1,2,3,4]. In order to solve the food problem, many coastal countries have turned their attention to the development of marine ranching as a major strategy for fishery development. As an emerging model of the marine industry, marine ranching is regarded as the best solution to the sustainable development of fisheries and the improvement of marine ecological environment.



The concept of “marine ranching” originated from the “marine fish hatching movement” [5] in the 19th century, and the term “marine ranching” originally originated in the United States and Japan in the 1970s. In Japan, marine ranching is defined as “the basic technology system of future fishery and the system for sustainable development of marine living resources to produce food”, and the world’s first marine ranching has been successfully built [6,7,8]. Japan considers various farming methods, including ponds, nets, and marine freshwater aquaculture, as a category of marine ranching [9,10]. As a result of years of practical research, Japan is at the forefront of research and application of marine ranching-related technologies such as artificial reef construction, algae farms, cultivation of seagrass beds, fish and shellfish stocking, fish behaviors control, selective fishing gear development, and environmental monitoring and assessment of fishing waters [11,12,13]. In the United States, the benefits of using natural beds to grow macroalgae were proposed in 1968 and implemented in California in 1974 [14,15]. Then in the 1980s, the marine ranching was built in combination with leisure industries such as tourism and fishery to develop leisure fishery, which achieved ecological and economic benefits. In Korea, one of the reasons for developing marine ranching is to increase the production of certain economic species to ensure stable and sustainable growth of aquatic resources. The second is to realize the sustainable development of fisheries while protecting the marine ecosystem. Then, in the 1990s, a long-term development plan for the Korean marine ranching industry was formulated and implemented [16,17,18,19,20].



In China, marine fisheries are an important part of the food security system. High-quality seafood plays an important role in improving people’s dietary structure and health. Zhu [21,22] proposed marine fishing as a form of animal husbandry as early as 1963. Then, in 1978, Zeng [23,24,25] proposed the agro-pastoralization of aquaculture production in the exclusive marine zone of China at the resumed conference of the Chinese Aquatic Society; he defines farming and ranching of the sea as “the modification of the marine environment through anthropogenic interventions to create powerful environmental conditions for the growth and development of economic organisms. At this time, necessary modifications are made to the organisms themselves to improve their quality and productivity” [26]. In the 2010s, with the continuous progress of research, theory, and practice, the definition of marine ranching was also in a state of continuous development and improvement. Yang [27] defined marine ranching as “an artificial fishing ground based on the principles of marine ecology and modern marine engineering technology, making full use of natural productivity to scientifically cultivate and manage fishery resources in specific sea areas”. In the latest national standard “GB/T 40946-2021 Technical Guidelines for the Construction of Marine ranching”, which was issued on June 1, 2022 by the State Administration of Market Supervision of the People’s Republic of China. The definition of “marine ranching” is based on the principle of using a marine ecosystem, in specific sea areas, through artificial reefs, stocking, and other measures, to build or restore the place needed by marine organisms to breed, grow, seek bait, or avoid enemies; to increase the conservation of fishery resources, improve the ecological environment of the sea; and to achieve the sustainable use of fishery resources [28].



In 2017, the “National Marine Rangeland Demonstration Area Construction Plan (2017–2025)” was released, proposing to create 200 national marine rangeland demonstration areas by 2025 [29]. In addition, “The 14th Five-Year Plan and Vision 2035 of the National Economic and Social Development” of China clearly outlines the goal of “Optimize the layout of green farming in the sea, building marine ranching and developing sustainable marine pelagic fisheries”. As mentioned above, since China’s first technical guidelines was officially implemented in 2022. Up to now, the number of national marine ranching demonstration areas has reached 153, with a total area of 250,695.5366 hectares, covering the Bohai Sea, Yellow Sea, East China Sea, and South China Sea. Private enterprises are almost the main body in the creation, management, and maintenance of marine ranching demonstration areas in China. The Ministry of Agriculture of China has established an assessment and management mechanism of “annual evaluation, target assessment, dynamic management, and the ability to advance and retreat”. Some measures have been implemented, such as organizing annual evaluation and supervision and inspection work, building a dynamic supervision information system, and tracking and monitoring the operation of the demonstration area. The construction and modernization of nation-level marine ranching has significantly improved, opening up a new era of marine ranching construction.



Bibliometric methods are recognized as useful decision support tools for identifying research priorities and tracking the evolution of science and technology. Given their versatility, these methods were quickly extended to various scientific fields. The main reason for this spread is the abundance and ease of access of data. Additionally, the proliferation of processing and analysis tools has made current bibliometrics accessible to scientists of any level of expertise [30,31,32]. The method can provide a macro-overview of a large amount of academic literature and can also be used to effectively identify influential studies, authors, journals, organizations, and countries over a period of time [33,34].



A bibliometric approach using quantitative analytical methods is used to explore the development of marine ranching research. The study also assesses the current state of marine ranching through a visual analysis of journal articles. Based on this, this paper uses CiteSpace software to analyze articles on topics related to “marine ranching” from a visual perspective, collate the relevant national policy documents issued in recent years, and present them in the form of visual mapping and data charts. It helps us to study the current situation, research hotspots, and future development direction of marine ranching to provide some reference for future theoretical research on marine ranching.




2. Materials and Methods


2.1. Data Sources


The China Knowledge Network (CNKI) covers more than 90% of China’s knowledge information resources, including humanities, social sciences, natural sciences, science, engineering, agriculture, medicine, electronic information technology, and other disciplines, and forms a database of Chinese journals, doctoral theses, tools, conference papers, newspapers, yearbooks, patents, standards, scientific and technological achievements, ancient books, and other kinds of literature resources. The Web of Science (WoS) is an information service platform developed by Clarivate Analytics, with data from journals, books, patents, conference proceedings, web resources (including free and open resources), etc. The Web of Science includes references cited in papers and indexes them according to the cited author, source, and publication date to ensure the richness and professionalism of the article database sources. Therefore, in the present analysis, the data were downloaded from the WoS, Core Collection database, and CNKI.



In the advanced search mode of the CNKI, a search was run with “TS = marine ranching” as the subject and keywords. To ensure the quality of literature and the authority of data, the classification of literature sources was set to the Science Citation Index, Chinese Science Citation Database, and Chinese Social Science Citation Index. The 293 valid academic articles from 1992 to 2022 were obtained after de-duplication and elimination of invalid literature (briefings, conference announcements, book reviews, recommendations, advertising campaigns).



Further data were obtained through the WoS database. The specific settings are “(((TS = (marine ranching)) OR TS = (the sea ranch)) OR TS = (ocean ranching)) OR TS = (oceanic ranch)”. A search of the WoS database retrieved a total of 522 articles from 1981 to 2022.




2.2. Subsection Research Methods


CiteSpace is a software for visualizing and analyzing trends and patterns in scientific literature. It is a tool used to construct and view bibliometric maps of authors, journals, or references based on co-citation data and to construct maps of keywords based on co-occurrence data. The research tool used for this study was CiteSpace software because of its ability to link and visualize the citation structure of articles in graphical form [35]. It is mainly based on co-citation analysis and pathfinder net-work scaling (PDFNET) by measuring domain-specific literature (collections) to identify critical paths and knowledge turning points in the evolution of subject areas [36]. Visual mapping analysis provides a more intuitive understanding of the knowledge dynamics of relevant research and its evolutionary trajectory, and uses clustering views to uncover research focuses, revealing key turning points in the evolution of knowledge and their intrinsic relationships. The advantages of this software include its relatively stable development, its full range of software functions and types of analysis, and its direct and beautiful visualization.



Therefore, this study uses three methods of bibliometric analysis, CiteSpace (version 6.2) software visual analysis, and Excel pivot to study marine ranching and form a visual mapping and data chart presentation, which helps us to study the current situation of marine ranching research, research hot spots, and future development direction.





3. Results


3.1. Publication Output and Trend


The number of publications in marine ranching disciplines or academics is a vital indicator of the development trend of this research field, since it reflects the change of subject knowledge. By plotting the number of publications over time and performing multivariate statistical analysis, we can understand research findings and future trends in the field of marine ranching.



According to CNKI and WoS literature searches, the earliest literature in the field of marine ranching appeared in 1992 (CNKI) and 1981 (WoS), respectively. To accurately locate the development of marine ranching, the literature retrieval amount from the CNKI and WoS was compared (Figure 1). In terms of the number of periodical documents in the period of 2002–2022, the number from the WoS is much higher than that from the CNKI. The average publication number of the WoS is 20.1 and the average number from the CNKI is 14.05. There is still a gap between the two.



In terms of literature publication time, WoS literature publication began in 1981. Prior to this, Europe, America, and Japan had completed the construction of marine ranching. In 1992, China was just in the initial stage, and the development of marine ranching was relatively late. Since 2011, the number of issued CNKI publications has increased sharply, which shows that China has shown a good development trend.



In the same year, the Fisheries Bureau of the Ministry of Agriculture issued the “National Fishery Development Twelfth Five-Year Plan” [37], which accelerated the development of China’s marine ranching. In 2017, the Ministry of Agriculture issued the “National Marine Ranching Demonstration Area Construction Plan (2017–2025)”, which will give full play to the comprehensive benefits and demonstration and leading role of the National Marine Ranching Demonstration Area. This implementation has promoted new breakthroughs in the construction of national marine ranching. The number of CNKI papers published in the past five years tends to be consistent with the number of WoS papers.




3.2. Knowledge Graph of Authors and Research Institutions Posting in the Research Field “Marine Ranching” in the WoS


According to Price’s law in the statistical analysis of literature, the number of publications by core authors is calculated as   m = 0.749    N   m a x     , where m denotes the minimum publication standard for core authors, and     N   m a x     denotes the number of papers published by the author with the most publications. From Price’s law, the minimum number of publications of this core author is calculated as 3.08, which means that the minimum number of publications is four and above.



The number of publications in a journal reflects the trends and academic interest in the research topic, and the development of research in the field of marine ranching is inextricably linked to the authors and institutions of the literature. By using the CiteSpace bibliometric visualization software, we analyzed and mapped the knowledge graph of authors and research institutions in the WoS database for publications related to marine ranching (Figure 2 and Figure 3). By aggregating the data, we can summarize the highly productive and influential authors and research institutions in the field and see their collaborative relationships. A node in the diagram represents a researcher and the connecting lines between the nodes represent the researcher’s collaborative network. All figures and tables should be cited in the main text as Figure 1, Table 1, etc.



By comparing Figure 2 and Figure 3, we can see that the nodes are more scattered and form fewer clusters in the plot of posting authors (Figure 2), while the plot of research institutions (Figure 3) shows a more clustered distribution of nodes.



By aggregating the post volume data, we have compiled the authors with four or more posts, namely Du, Taylor, Cotter, Assaf, Bjorn, and others, as well as the post volume. The institutions with more than 10 publications are Ocean University of China, Institute of Marine Research-Norway, and The Chinese Academy of Sciences Laoshan Laboratory. The most important institutions are Ocean University of China, Institute of Marine Research-Norway, Chinese Academy of Sciences, Laoshan Laboratory, Chinese Academy of Fishery Sciences, etc. The top ten authors and research institutions in terms of number of articles published are summarized in Table 1.



Comparing the number of publications by authors and institutions, the above conclusion is again confirmed, with the exception of Du and Taylor. The number of publications by authors is low, with no more than ten. The institutions are more productive due to their long and close collaboration, with Ocean University of China, Institute of Marine Research-Norway, and Chinese Academy of Sciences leading the way.



The author with the most academic achievements, Du [38,39,40,41,42,43], is mainly concerned with fisheries’ management policies, as well as the evaluation of ecological safety and benefits, based on the application of various calculation methods to evaluate the factors present in the development of marine pastures, which helps to avoid risks and improve the feasibility of the plan. The institutions in this cluster have some research in this direction. Another author, Taylor [44,45,46,47,48], has used a number of experiments on the release of marine species to assess the potential for increasing fisheries’ productivity, combined with the development of bioeconomic and energetic models, in order to develop more scientifically based policies for the stock enhancement of marine organisms. Even research institutions in several countries share the results and draw on successful experiences to develop them in their respective countries in a localized manner [45,49]. There is no doubt that the close links between the institutions have played an important role in driving the development of marine ranching.




3.3. Knowledge Mapping Analysis of the “Marine Ranching” Research Area in the WoS


Keyword analysis uses keywords in the literature to construct a semantic map of the field. It is a quantitative approach to scientifically discover linkages among sub-fields and trace their tendencies. Keywords co-occurrence analysis is used to analyze the link strength between co-occurrence keywords by studying their co-occurrence relation in numerous documents [36].



In order to make a better comparison with CNKI data afterwards, we ran the CiteSpace software and set the time uniformly to 1993–2022, the time slice to 1, the network node to “Keyword”, and the selection criterion to g-index (k = 10). The algorithm was used to cluster and analyze the closely linked keywords, resulting in Figure 4.



CiteSpace uses module values (Q-values) and average profile values (S-values) as a measure of the effectiveness of cluster mapping, based on network structure and the clarity of the clusters. Generally, Q > 0.3 is considered to indicate a clear clustering structure and S > 0.5 a reasonable delineation of surface clusters. In this paper, the calculated values are Q = 0.6368 and S = 0.8681, indicating that the plotted profiles meet the requirements. The larger the nodal circles in the chronology of the graph, the more research has accumulated on this keyword, and the brighter the color representing that the keyword, the more popular the research topic in the field in recent years.



CiteSpace software clusters closely related keywords in the literature using a log-likelihood ratio algorithm and identifies clustering labels for keywords to provide a clear understanding of each research topic [50]. In Figure 4, keyword mapping has the formation of relevant clusters, and then distributes the keywords of the same cluster on the same horizontal line in time order, sets the maximum display cluster value k = 10, and draws the timeline mapping (Figure 5). It obtained the following clusters, including Corhynchus kisutch (#0), Sea ranching (#1), Restocking (#2), Marine ranching (#3), Community (#4), Shear force (#5), Salmo trutta (#6), On fisheries ecology (#7), and Homarus gammarus L. (#9). Then, we calculated the frequency and year information of relevant representative keywords contained in each cluster, and listed them in Table 2 to help subsequent analysis.



A graph showing the start and end of the occurrence of a keyword, leading to an overall picture of the research for that keyword, is what the CiteSpace Keyword High Occurrence Word List is for. By analyzing the keywords one can obtain an idea of the research hotspots in the research field at different times. Therefore, by running the software operation, based on keyword co-occurrence mapping, the 15 strongest highlighted words were selected to plot Figure 6, sorted by time, with the red area indicating that the keyword is in a period of research hotspot.



From the results, the development of marine ranching can be divided into two stages.



Stage 1: Basic research stage (1993–2009) (#0, #5, #6), in which early studies focused on the relationships and differences between wild and farmed fish [51,52,53,54]. Among these are the differences in reproductive hatchery between farmed and wild salmon and the genetic make-up of the populations [55,56,57]. For example, Fleming confirmed the influence of early rivers on the reproductive capacity of mature salmon through four quantitative experiments [58]. In Figure 4, from the words that appear in the timeline at this stage, Atlantic salmon, salar, coho salmon, brown trout, the study has shown that salmonids are diverse, widespread, and “migratory” in nature, taking advantage of the natural resources and natural growth forces of the sea [59,60,61]. The salmon family is a cold-water fishery resource that is highly nutritious and tasty and has great economic value for fisheries, making it suitable for use as a research target in marine ranching.



Stage 2: In-depth development stage (2010–present). This stage focuses on the optimization of marine ranching in the fishing industry. Keywords, which include fisheries management, fisheries ecology, and sustainable development, were mentioned several times in #2, #3, and #7. Scientific management and sustainable development have become one of the main development goals at this stage, with ecological and economic benefits as assessment criteria to optimize the construction of marine ranching.



The marine environment is closely related to the growth and reproduction of fish [62]. Currently, the focus is on the development of global industry and the discharge of wastewater polluting the marine ecosystem. At the same time, the selection of released fish species in the population structure and hatchery is also a technical problem that needs to be improved. Finding better solutions is therefore one of the most important ways to contribute to the optimization and improved management of marine ranching. Some countries have made long-term plans for the development of marine ranching, transforming from the primary industry to tertiary industry since the last century. To protect fishery resources in European and American countries, marine ranching were used to reduce fishing pressure. For example, the United States has established good cooperation and interaction between the government and non-governmental organizations, introduced protection policies, and used a scientific management system to realize the coordinated development of recreational fishery.



Through keyword co-occurrence mapping, the 15 strongest highlighted words were selected for drawing, sorted by time (Figure 6). The red area indicates that the keyword is in the research hotspot period. In the early stage, species were mainly used as keywords, and in the later period, fishery, variability, and management were used as hotspots research.




3.4. Analysis of Trends in the Research Field of “Marine Ranching” in Academic Journals in the CNKI


In China, research in the field of marine ranching has a staged characteristic and can be basically divided into three stages, as shown in Figure 1.



Stage 1: The initial stage of research on the development of marine ranching (1992–2010). In the 1980s, China began to explore the practice of marine ranching, listing artificial reefs as a national development project, and gradually carried out experimental research on artificial reefs in Guangxi, Shandong, Fujian, and other provinces [63,64,65]. During the 1980s and 1990s, marine ranching research was interrupted for various reasons, including a lack of funding and management experience for artificial reef construction across the country. Currently, the academic output is relatively small, with an average of 1.4 publications per year at this stage. However, at the beginning of the 21st century, the development of marine ranching gradually received national attention [66], and coastal cities across the country actively carried out construction and issued relevant development policies. Therefore, the number of papers published from 2018 to 2010 reached five per year.



Stage 2: Development research and exploration stage (2011–2015). At this time, China’s marine ranching entered a stage of comprehensive development, not only carrying out artificial fish reef construction and multiplication and stocking experiment activities, but also gradually improving regulations and management techniques and other related standards. The Ministry of Agriculture and Rural Affairs of China (formerly the Ministry of Agriculture) organized the creation of national-level marine ranching demonstration areas in 2015. The overall number of articles published at this stage increased compared to the initial stage, with the annual number of articles concentrated in the range of 5–20, and the average number of articles published was 10.8. Thanks to the national policy guidance and the development of various coastal areas, the construction of marine ranching has attracted the attention of more domestic scholars.



Stage 3: Upgrading stage of marine ranching development research (2016–present). After the establishment of the National Marine Ranching Demonstration Zone in the second stage, the number of publications in 2016 doubled compared with the previous year [67]. 2017 was an important turning point in the construction of marine ranching. In the same year, the Ministry of Agriculture and Rural Affairs designated the release of marine ranching industry standards for classified aquatic products and issued the “National Marine Ranching Demonstration Area Construction Plan (2017–2015)” and “National Marine Ranching Demonstration Area Management Specifications (Trial)”. There are many studies related to marine ranching emerging which combine multiple disciplines to explore the modern transformation of marine ranching. The average number of published articles during this period was 30.2, and it was on the rise. It can be expected that marine ranching will continue to be a hot issue of concern for academics in the longer term.




3.5. Knowledge Map Analysis of the Research Field of “Marine Ranching” in Academic Journals in the CNKI


From Price’s law, the minimum number of publications of this core author is calculated as 3.59, which means that the minimum number of publications is four and above. The literature in the CNKI database was collated, and a knowledge map of the volume of author and institutional publications in the field of marine ranching in China was counted and mapped (Figure 7 and Figure 8).



The graph shows that the number of articles published by Chinese authors is high and that there are several authors centered on different areas of in-depth research. For example, Zhang [68,69,70,71,72,73] has played a leading role in the study of auditory characteristics, using acoustic domestication to improve the utilization of released bait by analyzing the responses produced by different species of fish to acoustic domestication, and has published eight academic articles in this field. Chen [74,75,76,77,78] is a leading researcher in the field of trapping effects, using artificial reef models of different materials for experiments on fish trapping effects.



The relatively small number of nodes in Figure 8 is not the main reason for the low output of Chinese research institutions. A larger proportion of the authors in Figure 8 are employed in university institutions with teamwork and rely on research institutions to produce fruitful results, resulting in a low output of research institution-based results. Authors with high publication volumes, such as Chen and Qin at South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, and Tao Tian at Dalian Ocean University, have carried out a number of research projects on marine ranching, relying on the resources of Chinese universities and research institutions.



To summarize the mapping, the main research focus of institutions in recent years has been on species and resources, such as Black bream, Xiangshan Port, and Haizhou Bay. In recent years, marine ranching has become popular for research, and institutions have intensified their research in the field of marine ranching, gradually producing results.



The top ten authors and institutions based on the high number of publication statistics are plotted in Table 3.




3.6. Knowledge Map Analysis of the Research Field of “Marine Ranching” in Academic Journals in the CNKI


The CiteSpace software was run, and the time was set to 1993–2022, the time slice to 1, the network node to “Keyword”, and the selection criterion to g-index (k = 20). According to the visual mapping process, the visual mapping analysis is carried out on the retrieval documents of marine ranching in the CNKI (Figure 9). In this paper, the calculated values were Q = 0.7139 and S = 0.9798, indicating that the plotted profiles meet the requirements. Compared with Figure 4, the development of marine ranching in China is relatively late, so the number of keywords in the research field is relatively small.



We then distributed the keywords of the same cluster on the same horizontal line in time order, set the maximum display cluster value k = 10, and drew a timeline diagram (Figure 10). The software obtained the following clusters, including Artificial reefs (#0), Stock enhancement (#1), Numerical simulation (#2), Nutrients (#3), Acoustic taming (#4), Community structure (#5), Fishery resources (#6), Cage culture (#7), and Changhai County (#8). On the basis of keyword co-occurrence mapping, the 15 strongest highlighted words were selected to plot Figure 11. Then, we calculated the frequency and year information of relevant representative keywords contained in each cluster, and listed them in Table 4 to help subsequent analysis.



Similarly, research on marine ranching in China can be divided into three stages and combined with visual mapping for keyword analysis.



Stage 1 (1992–2010): Previous studies have focused on technical aspects and related areas of fisheries resources; key words include “Acoustic taming, Aggregation rate, Raft cultivation, Artificial reefs” etc. in Acoustic taming (#4), Changhai County (#8), and Island economy (#9). The early construction of traditional marine ranching was mainly based on artificial reefs and marine biological proliferation and release. At this time, it was mainly in the stage of single ecological engineering construction, and there was still a lack of experience and clear concepts for the systematic and scientific management of marine ranching. Chen [6,79] put forward the concept of “modern marine ranch” for the first time in China, and then created a new opportunity for the development of marine ranching.



Stage 2 (2011–2015): Chinese scholars were the first to propose the construction concept of “modern marine ranching” through the construction of modern marine ranching to realize the transformation from traditional fisheries to modern fisheries, as well as the transformation of marine fishery production modes from consumption of aquatic resources to resource management. Keyword clustering in the CNKI in the field of marine ranching research include Stock enhancement (#1), Numerical simulation (#2), Nutrient salts (#3), and Fishery resources (#6) (Table 2). The rapid development of modern science and technology provides support and assistance, which is conducive to improving the survival rate of seedlings and improving the marine ecological environment. In 2015, China’s Ministry of Agriculture organized the establishment of a national marine ranching demonstration area to promote the construction of marine ranching. At this time, promoting the construction of marine ranching played an important role in the protection of regional fishery resources, ecological environment protection, and comprehensive development of fisheries.



Stage 3 (2016–present): At this stage, the modern management of marine ranching in China began to take a systematic, scientific, and standardized development path, based on the Artificial reefs (#0) and Community structure (#5) clusters, and their keywords, which include artificial reefs, community structure, environmental factors, nutrients, species diversity, etc. The utilization of marine biological resources also focuses on the restoration of marine ecosystems to achieve healthy and sustainable development of the marine economy (Table 4). According to the list of seven batches of national marine ranching demonstration areas released from 2015 to 2022, a total of 153 areas were counted, which are shown in Table 5 and Table 6. The distribution shows that the regional development of marine ranching is more in the north than in the south, and the north is fast and the south is slow [29,80]. At present, there are mainly three types of national marine ranching demonstration areas, such as protection, recreation, and enrichment type. Among them, northern ranching represented by Shandong, Liaoning, and Hebei Province mainly use enterprises as the main body of investment and construction to develop sea cucumbers, abalones, sea urchins, and other sea treasures. This shows the development of new marine ranching is focused on increasing breeding and emphasizing economic benefits. In the south, the government is the main body of investment and construction management, carrying out the construction of protected marine ranching. The reason for this is government policy.




3.7. The Evolution of China’s National Policies on Marine Ranching in Stages


The keywords were extracted from the policies related to marine ranching issued by China in the past two decades from 2001 to 2022 and collated into Appendix A.



The establishment of marine ranching demonstration areas is mainly based on artificial reefs as a carrier, bottom seeding, and enrichment as a means, supplemented by enrichment and artificial reef operation [81]. In the initial stage of the development of marine ranching, it shows that the policy is dominated by the Chinese government and relatively single. At this time, the government uses economic and environmental policies to create a good ecological environment for the development of marine ranching, then enforces them through laws to strengthen ecological protection and rational use of aquatic biological resources and promote the development of recreational fisheries. As China enters the economic period of the “Twelfth Five-Year Plan”, marine economy and ecology are highly valued. The country has promulgated a number of policies and provided special funds, which has made great progress in the scientific research results of marine ranching in recent years.



From 2016 to now, marine ranching in China has been showing a stage of rapid development. The marine ranching policy shows that it is more professional, and the system is gradually improving. Targeted policies focus on the systematic organization and management of marine ranching development. At this time, the construction of marine ranching is mainly in the form of regional comprehensive development. Once again, artificial fish reefs are used as the carrier, bottom seeding and enrichment are used as means, and enrichment and release are supplemented to actively develop aquaculture. It also drives the development of leisure fishing and other industries, increases employment opportunities for fishermen, raises their income, and boosts the economy of fishing areas [82]. The most important policy provisions at this stage include the establishment of marine ranching demonstration areas, which involves strengthening marine technology innovation and providing technical standards and management regulations for artificial reefs. At this stage, the government’s key policies focus on how to promote the “modernization and intelligence” of marine ranching [83,84,85].



We compare and analyze the keywords compiled by the CNKI, WoS, and China Policy, and plotted the Alluvial diagram (Figure 12). In terms of keyword correlation, the most relevant Chinese policies in the WoS and CNKI focus on Stock Enhancement, Artificial Reef, Fishery Resources, and Modern Marine Ranching. The current situation of marine ranching shows that stocking and artificial reefs are still very key measures in the development of marine ranching, and in recent years various countries have also been seeking new directions in the development of marine ranching, including the development of recreational fishing, the use of new energy from offshore wind power, and the development of experiments in complementary fishing and light technologies. Collectively, the development trend for marine pastures is towards modernization, sustainability, and high efficiency.





4. Discussion


The CNKI and WoS core databases are currently the most mainstream and authoritative academic information databases in Chinese and English. Using them as the data collection platform for articles can ensure the richness and professionalism of the article database sources. CiteSpace is the software most commonly used by researchers in bibliometric analysis, and its own functions are relatively complete. Through data conversion, the software can successfully export Chinese and English literature data. In the whole process of building a knowledge graph, the processing of each step can meet the needs of different researchers. In addition, the software also focuses on functional upgrading and innovation, and constantly releases new versions for free use by researchers [86]. The data were therefore analyzed using CiteSpace software to ensure that the knowledge graph presented from different perspectives was diverse.



Combining the above analysis, the WoS and CNKI databases were cross-referenced, tallied, and collated into Appendix B. In terms of the number of articles issued, China’s research on marine ranching started late, so there were fewer academic results in the early stages. Comparing the number of articles published in the early years (1993–2010), the international average was 12.47 articles per year, compared to 1.39 articles in China. Due to the huge economic and ecological benefits generated by marine ranching, China has also gradually conducted in-depth research on marine ranching after exploration, and the popularity has been rising. After a five-year exploration period (2011–2015), China absorbed the successful international case experiences and gradually developed the advantages of China’s marine ranching resources [13,14], at which time the number of publications showed a rapid upward trend compared with the previous period. After 2016, the annual average number of articles issued by the CNKI exceeded that of the WoS.



When analyzed in terms of the distribution of authors and institutions, Chinese research is generally led by more experienced scholars in the academic field, with several research scholars joining together to form research teams and relying on research institutions in universities to conduct experimental research and thus produce academic results. The analysis in the WOS shows that, typically in Europe and the US, research institutions are particularly well connected to each other and have abundant research resources and substantial financial support, so that most produce research results in institutional form.



Marine ranching is influenced by the marine environment, and China has a natural geographical location advantage, with vast sea areas and rich island resources, which is conducive to the large-scale development of marine ranching and obvious marine economic benefits. The construction of national-level marine ranching demonstration zones has promoted the vigorous development of marine ranching across the country. Although the construction of China’s marine ranching has begun to bear fruit, there are still many pressing problems to be solved in terms of the comprehensive benefits of modernized marine ranching, the technical system, and the integrated development model.



Intensive and economical use of the sea and improving the efficiency of sea space use are important ways for the sustainable, efficient, green, and high-output development of the marine industry. This involves adhering to land and sea coordination, based on the “comprehensive” protection and development of coastal and inland waters, using land and sea coordination to help upgrade marine ranching, relying on island and reef resources to develop leisure marine ranching, and paying attention to the protection of island and reef resources. In inland waters, we will explore and promote the construction of ecological pastures with the goal of fish farming and resource conservation. On the basis of actively repairing and maintaining the ecological environment of marine ranching, the development model of marine ranching continuously improves the integration level of the first, second, and third industries of marine fisheries, thereby promoting the modernization of “whole region” marine ranching and the coordinated and sustainable development of the entire industry chain.



Many countries with developed fishery economies have sound regulatory systems, apply scientific and standardized management, produce advanced scientific research results, and have extensive and in-depth multi-level participation from the government to the private sector [87,88,89]. At present, there are few studies related to the combination of marine ranching and recreational fishery in China, and relevant laws and regulations still need to be improved. At this critical moment of transformation, it is necessary to learn more from the advanced experience of many countries and to enhance the management model according to local conditions [62,90].



In terms of development direction, the national marine ranching development policy in the past two decades is sorted out, and the scientific research status, research hotspots, and policy development trends of marine ranching are comprehensively analyzed. The development of marine ranching in China can be divided into three stages. The early development was mainly based on artificial reefs and marine biological proliferation and release. In the second stage, the Ministry of Agriculture of China organized the establishment of a national marine ranching demonstration area to promote the construction of marine ranching. Under the guidance of clear policies, it is very important to promote the construction of marine ranching. Some policies have played an important role in protecting regional fishery resources, protecting the ecological environment, and comprehensively developing fisheries. From the third stage to the present, with the support of policies, this period can be called the modern management of China’s marine ranching. Obviously, China’s marine ranching has begun to follow a systematic, scientific, and standardized development path. According to the list of seven batches of national marine ranching demonstration areas released, a total of 153 areas have been counted. The national marine ranching demonstration areas mainly include three types: protection type, recreational type, and enrichment type. The marine ranching in the north mainly used enterprises as the main body of investment and construction to develop sea cucumbers, abalones, sea urchins, and other sea treasures. The development of these marine ranching areas mainly focuses on breeding and emphasizes economic benefits. The marine ranching in the south takes the government as the main body of investment, construction, and management, mainly to carry out the construction of marine ranching protection areas.



China’s construction of marine ranching is currently dominated by comprehensive regional development. Once again, artificial reefs are used as a carrier, bottom-seeding is used as a means of breeding, and breeding and releasing is used as a supplement to actively develop aquaculture, while at the same time promoting the development of recreational fisheries and other industries [82]. The Chinese government focuses on the development of “ecological, precise, intelligent, and integrated” and modernized “all-area” marine ranching. In recent years, the research direction of China’s marine ranching has always followed the national policy, intelligent marine ranching will become the latest research hotspot, and the future development trend of marine ranching will take the road of ecological sustainable development [6,85,91].



Due to the late start of the development of marine ranching in China, there are problems in the supervision system and connotation definition. In addition to scientific and reasonable planning, the construction of marine ranching also needs national policy guidance and support [17]. Scholars believe that reasonable planning should be made in consideration of the geographical location of coastal provinces and cities, the quality of the marine environment, the status of biological resources, and the socioeconomic status [92]. The management of marine ranching horizontally involves multiple sectors and vertically involves different levels, and there are management overlaps, gaps, and even conflicts. Based on this, some scholars have proposed that the policy design of marine rangeland should gradually evolve from a single subject and simple structure to a diversified policy with specialized content. However, there is a need for further in-depth discussion on how to determine the functions of different sectors such as fisheries, natural resources, and ecology, and how to establish a management and service system in which each sector has its own responsibilities and division of labor is assisted. In addition, the government needs to make full use of the existing fishery development subsidy policy to guide the acceleration of the integration of the marine ranching industry with the capital market. Finally, under the premise of scientific and technological support, we believe that it is still necessary to improve the construction of the marine ranching detection network and safety early warning system, use modern information technology and big data platforms to realize dynamic supervision, and enhance the scientific nature of administrative law enforcement of marine ranching.



In the course of the research, due to the limitation of the research method, some problems were encountered. For example, in order to ensure the validity of the content of the analyzed documents, it was necessary to manually screen and eliminate invalid documents when selecting the analysis samples. Therefore, in the case of a large number of documents, the workload was relatively large. Secondly, when running the CiteSpace software, it was necessary to manually adjust the interface to ensure the intuitive visualization of the graphics. The biggest challenge lies in the collection of policy documents. For example, early policies are difficult to find on official government websites, and some documents have passed their release deadlines and cannot be searched. The solution was to search only by mentions in other published literature and offline paper literature.




5. Conclusions


This paper is based on bibliometric analysis of two databases, the CNKI and WoS, 293 and 522 academic journal papers were retrieved from the core databases of the CNKI and WoS, respectively. The data sources are complete, systematic, cutting-edge, and highly authoritative. A comprehensive analysis was conducted using three methods: bibliometric analysis, CiteSpace software visualization analysis, and an Excel data perspective, and presented in the form of visual charts and data graphs. This study systematically compared and analyzed the publication volume, authors, research institutions, keyword clustering, keyword time graphs, and prominent works of literature. The following conclusions were drawn.



The publication volume of marine ranching is on the rise. Whether it is China or other countries in the world, the research enthusiasm and attention to marine ranching continue to rise. From the distribution of authors and research institutions, research institutions in European and American countries are particularly closely connected, and most of the research results are produced in the form of institutions. Research in China is generally led by experienced scholars in the academic field. Several researchers have formed a research team, relying on university research institutions to conduct experimental research and produce academic results. In the keyword clustering and time map, the earlier countries in marine ranching research focused on species research and technology application. However, China’s research started relatively late, taking advantage of local resources, actively restoring and maintaining the ecological environment of marine ranching, and promoting the coordinated and sustainable development of modernized regions and the entire industrial chain of marine ranching.



The development of marine ranching cannot be separated from the guidance and support of the government. This paper combed China’s marine ranching development policy in the past 20 years and studied the development trend of China’s marine ranching from the policy perspective, and concluded that China’s marine ranching construction is currently based on the comprehensive development of the region. Secondly, artificial reefs are used as a carrier, seedling placement is used as a means, and stocking and releasing is used as a supplement to actively develop aquaculture, while promoting the development of leisure fisheries and other industries. The Chinese government focuses on the development of modernized “all-area” marine ranching that are “ecological, precise, intelligent, and integrated”. Intelligent marine ranching will become the latest research hotspot, and the future development trend of marine ranching will take a path of ecological sustainable development.
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Appendix A. Relevant National Policies and Content of Marine Ranching
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	Policy
	Year
	Policy Documents
	References to Marine Ranching
	Keywords





	1
	2001
	Aquatic Seedstock Management Methods
	According to the development of aquaculture production needs, natural conditions, and characteristics of germplasm resources, promotes the reasonable layout and construction of aquatic original seed farms.
	stock enhancement



	2
	2006
	Outline of Action for the Conservation of Aquatic Resources in China
	Actively promotes the construction of marine ranching as the main form of regional integrated development, and the establishment of marine ranching demonstration areas.
	establish demonstration area



	3
	2009
	Aquatic Life Value Added Release Management Regulations
	Increases the investment in aquatic life stocking, and actively guides, and encourages social funds to support the cause of aquatic life resources conservation and stocking.
	aquatic resources

conservation,

stock enhancement



	4
	2012
	Approval of the State Council on the National Marine Functional Zoning (2011–2020)
	Strengthens the conservation of important fishery resources, builds modern marine ranching, actively carries out the increase of drift, strengthens ecological protection, and develops ecological tourism on islands.
	conservation of fishery resources,

stock enhancement,

ecotourism



	5
	2013
	Several Opinions of the State Council on Promoting the Sustainable and Healthy Development of Marine Fisheries
	Develops marine ranching, strengthens the placement of artificial reefs, increases the efforts of fishery resource enhancement and release, and scientifically assesses the effect of resource enhancement and protection.
	marine ranching,

Artificial reef,

stock enhancement



	6
	2015
	Opinions of the General Office of the State Council on Accelerating the Transformation of Agricultural Development
	Carries out environmental surveys of fishery resources, increases the efforts to increase the release of water, and strengthens the construction of marine ranching.
	stock enhancement



	7
	2015
	Notice of the State Council on the Issuance of the National Plan for the Main Functional Zones of the Ocean
	Promotes the development of fishery facilities, expands deep-water aquaculture, and promotes the construction of marine ranching as the main form of integrated regional development.
	facility fishery,

deep-water aquaculture, marine ranching



	8
	2015
	The Ministry of Agriculture’s Guidance on Accelerating the Transformation and Restructuring of Fisheries
	Actively carries out aquatic life increase and release, and accelerates the construction of artificial reefs and marine ranching.
	fishery resources,

stock enhancement,

artificial reef,

marine ranching



	9
	2016
	Notice of the State Council on the Issuance of the National Agricultural Modernization Plan (2016–2020)
	Promotes the sustainable use of fishery resources, expands the scale of aquatic life increase and release, and promotes the construction of artificial reefs, marine ranching.
	fishery resources,

stock enhancement,

artificial reef,

marine ranching



	10
	2017
	Notice of the Ministry of Agriculture on the Issuance of the Thirteenth Five-Year Plan for National Fisheries Development
	Supports the construction of national marine ranching demonstration areas, and formation of a series of artificial reef areas, seaweed fields, and sea grass beds along the coast.
	marine ranching,

artificial reef,

seaweed farm,

seaweed bed



	11
	2017
	Opinions of the Central Committee of the Communist Party of China State Council on Deepening the Structural Reform of the Agricultural Supply Side and Accelerating the Cultivation of New Dynamic Energy for Agricultural and Rural Development
	Supports intensive seawater healthy farming and the development of modern marine ranching, and accelerates regional concerted protection and reasonable control of offshore fishing.
	intensification,

modern marine ranching, inshore fishing



	12
	2018
	Opinions of the Central Committee of the Communist Party of China State Council on the Implementation of Rural Revitalization Strategy
	Coordinates the development of marine fishery resources and the construction of modern marine ranching.
	fishery resources,

modern marine ranching



	13
	2018
	Opinions of the Central Committee of the Communist Party of China State Council on Comprehensively Strengthening Ecological Protection and Resolutely Fighting the Battle of Pollution Prevention and Control
	Strengthens the construction of marine ranching, and increases the fishery resources to increase the release.
	marine ranching,

fishery resources,

stock enhancement



	14
	2018
	Opinions of the Ministry of Agriculture and Rural Affairs on the Further Promotion of Ecological Environmental Protection
	Vigorously implements the increase in stocking, and strengthens the construction of marine ranching.
	stock enhancement,

marine ranching



	15
	2019
	Opinions of the Central Committee of the Communist Party of China (CPC) and the State Council on adhering to the priority development of agriculture and rural areas and doing a good job in the “three rural areas”
	Reasonably determines the scale of inland water aquaculture, reduces overly dense net box farming in offshore, lakes, and reservoirs, and promotes the construction of marine ranching.
	breeding scale,

marine ranching



	16
	2020
	National Marine Ranch Demonstration Area Management Specification
	Creates fishery-related work with mariculture, recreational fishing, the conversion of fishing fishermen, the transformation of fishing vessels, and the management of fishing-related “three noes” vessels, and constructs protected areas to proliferate and release water, etc., and to improve the comprehensive benefits of the demonstration area.
	mariculture,

leisure fishery,

transfer from production to business



	17
	2021
	Opinions of the Central Committee of the Communist Party of China on Comprehensively Promoting the Revitalization of the Countryside and Accelerating the Modernization of Agriculture and Rural Areas
	Strengthens the construction of marine fisheries’ biological germplasm resources.
	biological germplasm

resource bank



	18
	2022
	Opinions of the Central Committee of the Communist Party of China and the State Council on the Key Efforts to Comprehensively Promote Rural Revitalization in 2022
	Strengthens the conservation of aquatic organisms, and regulates the increase in stocking.
	aquatic biological

conservation,

stock enhancement









Appendix B. Comparison Chart of CNKI and WoS Data
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Database

	
Development Stage

	
Average Number of Articles Published (Articles)

	
Principal Author

	
Main Institutions

	
Main Clusters

	
Main Keywords






	
WoS

	
1993–2009

	
12.47

	
Fleming I. A.;

Gross M. R.;

Aulerich R. J.;

Bursian S. J.;

Jonasson J.;

Cotter D.;

Taylor Matthew D.;

Hafsteinsson H.;

Blankenship H. Lee;

Buchmann K.;

	
Japan Fisheries Research & Education Agency (FRA);

Norwegian Institute Nature Research;

Institute of Marine Research—Norway;

National Oceanic Atmospheric Admin (NOAA)—USA;

Ifremer;

Marine Institute Ireland;

Stockholm University;

Consejo Nacional de Investigaciones Científicas y Técnicas, (CONICET);

Chinese Academy of Fishery Sciences;

Consultative Group for International Agricultural Research (CGIAR);

	
Oncorhynchus kisutch;

Homarus gammarus L;

Salmo trutta;

Shear force;

Community;

Restocking;

	
Atlantic salmon;

salar 1;

predation;

behavior;

coho salmon;

brown trout




	
2010–2022

	
22.46

	
Barki Assaf

Bott Nathan J.

Zion Boaz

Bjornsson Bjorn

Taylor Matthew D.

Loneragan Neil R.

Yuan-Wei Du

Xiao-Le Wan

Da-She Li

Xuan Zhang

	
James Cook University;

Volcani Institute of Agricultural Research;

Murdoch University;

Chinese Academy of Sciences;

NSW Department of Primary Industries;

Yantai Institute of Coastal Zone Research;

Ocean University of China;

Laoshan Laboratory;

Zhejiang University;

Institute of Oceanology;

	
Sea ranching

On fisheries ecology

Marine ranching

	
sea ranching;

growth;

survival;

Echinodermata;

stock enhancement;

artificial reefs;

fishery;

variability;

management




	
CNKI

	
1993–2010

	
1.39

	
Peimao Chen

Guosheng Zhang

Liming Shu

Xiao-Ping Jia

Yanbo Zhou

	
South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences;

Fisheries College, Ocean University of China;

Management College, Ocean University of China;

College of Marine Sciences Shanghai ocean University;

Liaoning Marine Ranch Engineering Technology Research Center of Dalian Ocean University;

	
Changhai County;

Island economy;

Cage culture;

Acoustic taming;

	
raft cultivation;

acoustic taming;

marine fisheries




	
2011–2015

	
10.8

	
Shou-Yu Zhang

Chuan-Xin Qin

Xue Feng

Huarong Yuan

Jing Yu

Qiang Xu

Shuo Zhang

Tao Tian

Yong Chen

	
College of Engineering Science

and Technology, Shanghai Ocean

University;

Institute of Oceanology, Chinese Academy of Sciences;

East China Sea Fisheries Research Institute;

Key Laboratory of Sustainable

Exploitation of Oceanic Fisheries

Resources, Ministry of Education;

Shanghai Ocean University;

	
Fishery resources;

Stock enhancement;

Numerical simulation;

Nutrients;

	
trapping effect;

Roebuck Island




	
2016–2022

	
30.29

	
Hong-Sheng Yang

Fei Tong

Liyuan Sun

Zi-Zhou Liu

Fang-Guo Zhai

Yan-Zhen Gu

	
University of Chinese Academy of Sciences;

College of Marine Ecology and

Environment Shanghai Ocean

University;

Center for Ocean Mega-Science, Chinese Academy of Sciences;

School of Oceanography and

Atmosphere Sciences, Ocean

University of China;

Shandong Aquatic Biological

Resource Conservation and

Management Center;

School of Oceanography, Zhejiang University;

	
Artificial reefs

Community structure

	
Xiangshan Harbor;

HaiZhou Bay;

Nutrients;

sediment;

community structure;

environmental factor;

phytoplankton;

valuation;

timing changes;

ecological security
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Figure 1. Trends in the number of articles published in CNKI academic journals, master’s theses, and WoS journals. 
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Figure 2. Knowledge graph of authors of articles published in the research field “Marine Ranching” in the WoS. 
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Figure 3. Knowledge map of research institutions in the field of “Marine Ranching” research in the WoS. 
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Figure 4. Clustering map of keywords in the field of marine ranching research in the WoS. 
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Figure 5. Timeline mapping of keywords in the marine ranching research domain using the WoS. 
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Figure 6. Timeline mapping of keywords in the marine ranching research area in the WoS. 
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Figure 7. Knowledge graph of authors of articles published in the research field “Marine Ranching” in the CNKI. 
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Figure 8. Knowledge map of research institutions in the field of “Marine Ranching” research in the CNKI. 
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Figure 9. Clustering map of keywords in the field of marine ranching research in the CNKI. 
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Figure 10. Timeline of keywords in CNKI academic journals on the topic of “Marine Ranching”. 
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Figure 11. Top 15 keywords with the strongest citation bursts in the CNKI in the field of “Marine Ranching” research. 
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Figure 12. Correlation diagram between the WoS and CNKI and the three keywords of the China policy. 
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Table 1. Top 10 most published authors and research institutions in the WoS.
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	Number
	Number of Publications
	Author
	Number
	Number of Publications
	Institution





	1
	17
	Yuan-Wei Du
	1
	37
	Ocean University of China



	2
	17
	Taylor Matthew D.
	2
	29
	Institute of Marine Research-Norway



	3
	7
	Cotter Diane
	3
	24
	Chinese Academy of Sciences



	4
	5
	Assaf Barki
	4
	15
	Laoshan Laboratory



	5
	4
	Bjorn Bjornsson
	5
	11
	Chinese Academy of Fishery Sciences



	6
	4
	Blankenship H. Lee
	6
	9
	Consultative Group on International

Agricultural Research (CGIAR)



	7
	4
	Loneragan Neil R.
	7
	9
	Zhejiang University



	8
	4
	Jonasson Jimmy
	8
	9
	Institute of Oceanology



	9
	4
	Hafsteinsson Hannes
	9
	9
	NSW Department of Primary Industries



	10
	4
	Xiao-Le Wan
	10
	8
	Marine Institute Ireland
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Table 2. Clustering of keywords in the field of marine ranching research in the WoS.
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	No.
	Year
	Clusters
	Keywords
	Frequency





	#0
	1999
	Oncorhynchus kisutch
	Oncorhynchus kisutch; Captive breeding; Atlantic salmon;

Breeding success; Breeding competition
	44



	#1
	2012
	Sea ranching
	Sea ranching; Acoustic training; Integrated multitrophic

aquaculture; Memory; Southern rock lobster
	37



	#2
	2009
	Restocking
	Restocking; Wild; Fisheries management; Integrated approach
	35



	#3
	2019
	Marine ranching
	Marine ranching; Ecological security; Community structure;

Prediction; Sustainable Development goals
	33



	#4
	2006
	Community
	Community; Calcein; Australostichopus mollis;

Marine ranching; Deposit-feeding
	31



	#5
	2005
	Shear force
	Shear force; Salmon; Microstructure;

Aquaculture-based fisheries enhancement; Cybernetics
	26



	#6
	2002
	Salmo trutta
	Salmo trutta; Acoustics; Cortisol; Monoamines; Population estimates
	21



	#7
	2016
	On fisheries ecology
	On fisheries ecology and 6th; International symposium on stock; Haliotis laevigata; Mote international symposium; Sea ranch
	17



	#9
	2001
	Homarus

gammarus L.
	Homarus gammarus L.; Ratio estimator; Tag loss; Larvae;

Unbiased estimator
	7
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Table 3. Top 10 most published authors and research institutions in the CNKI.
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	Number
	Number of Publications
	Author
	Number
	Number of Publications
	Institution





	1
	23
	Pi-Mao Chen
	1
	41
	College of Marine Sciences Shanghai Ocean University



	2
	18
	Shou-Yu Zhang
	2
	22
	Liaoning Marine Ranch Engineering



	3
	16
	Chua-Xin Qin
	3
	17
	Technology Research Center of Dalian



	4
	15
	Tao Tian
	4
	16
	Ocean University



	5
	13
	Xue Feng
	5
	14
	College of Marine Ecology and Environment

Shanghai Ocean University



	6
	13
	Shuo Zhang
	6
	12
	Institute of Oceanology,

Chinese Academy of Sciences



	7
	13
	Hua-Rong Yuan
	7
	11
	University of Chinese Academy of Sciences



	8
	12
	Hongsheng Yang
	8
	10
	Center for Ocean Mega-science,

Chinese Academy of Sciences



	9
	10
	Jing Yu
	9
	9
	Management College, Ocean University of China



	10
	10
	Liyuan Sun
	10
	9
	Key laboratory of sustainable exploitation

of oceanic fisheries resources
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Table 4. Keyword clustering in the CNKI in the field of “Marine Ranching” research.
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	No.
	Year
	Clustered Words
	Keywords
	Frequency





	#0
	2016
	Artificial reefs
	Artificial reefs; Marine ranching; Nutrients;

Community structure; Acoustic taming
	92



	#1
	2014
	Stock enhancement
	Artificial reefs; Stock enhancement; Zhangzi island; Seagrass bed; Side-scan sonar
	44



	#2
	2014
	Numerical simulation
	Stock enhancement; Xiangshan Harbor; Site selection evaluation; Residence time; Seasonal variation
	19



	#3
	2015
	Nutrients
	Nutrients; Space distribution; HaiZhou bay; Image processing; Surface sediment
	18



	#4
	2009
	Acoustic taming
	Acoustic taming; Aggregation rate; Reaction time; Red sea bream
	11



	#5
	2017
	Community structure
	Community structure; Hypoxia; Environmental

factor; Phytoplankton; Species diversity
	10



	#6
	2012
	Fishery resources
	Fishery resources; Freshwater Ranch; Sea Surface Temperature; Application prospect; Sound induced fishing technology
	9



	#7
	2008
	Cage culture
	Cage culture; Fishery development; Operating fishing grounds; Formula feed; Fishery environment
	9



	#8
	1993
	Changhai County
	Changhai County; Raft cultivation; Implementation stage; 3D development; Artificial reefs
	6



	#9
	1997
	Island economy
	Island economy; Tourism; Development of marine oil and gas resources; Changshan islands
	6
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Table 5. Statistical analysis of China’s national-level marine ranching demonstration areas.
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	Region
	Number (pcs)
	Percentage (%)
	Area of Sea Area Involved (ha)
	Percentage (%)





	Shandong Province
	59
	38.56
	43,428.9144
	17.32



	Liaoning Province
	34
	22.22
	25,601.2664
	10.21



	Hebei Province
	19
	12.42
	9867.818
	3.94



	Guangdong Province
	15
	9.80
	125,045
	49.88



	Zhejiang Province
	11
	7.19
	17,092.8178
	6.82



	Guangxi Zhuang Autonomous Region
	4
	2.61
	16,779.3
	6.69



	Hainan Province
	4
	2.61
	462.4317
	0.18



	Jiangsu Province
	3
	1.96
	7778.626
	3.10



	Fujian Province
	2
	1.31
	839.3623
	0.33



	Shanghai City
	1
	0.65
	1440
	0.57



	Tianjin City
	1
	0.65
	2360
	0.94
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Table 6. Scale analysis of China’s national-level marine ranching demonstration areas.






Table 6. Scale analysis of China’s national-level marine ranching demonstration areas.





	Marine Ranching Area (ha)
	Number (pcs)
	Percentage (%)





	≤1000
	120
	78.43



	1000~2000
	13
	8.50



	2000~3000
	6
	3.92



	≥3000
	14
	9.15
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