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Abstract: With the increasing prominence of pollution issues in offshore waters, marine
ranching plays a crucial role in restoring marine ecosystems and ensuring the sustainable
use of fishery resources. This paper provides a comprehensive bibliometric analysis of
global marine ranching research. The study indicates that policy is the primary driver of the
industry's development. It also reveals that the low level of interconnectivity between China
and other major developing countries, as well as cooperation between governmental and
research institutions in the area of marine ranching. In light of these considerations,
prospective strategies for the future evolution of marine ranching can be formulated with a
view to optimising and enhancing the seedling production system, and to forecasting
changes in marine ranching in conjunction with the application of modern computing

techniques and the field of remote sensing.
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1. Introduction

Marine ranching is a model of the basic marine ecosystem itself [1], which is defined as
the adoption of measures such as the construction of artificial reefs [2,3] or value-added
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stocking [4] are taken in a specific area to achieve the restoration of the marine ecosystem [5]
and the increased production [6,7] and sustainable use of fishery resources [8]. Marine
ranching play an important role in the Earth's marine ecosystem [9]. Not only do they provide
habitat for fish and other marine organisms [10], they also contribute to the health of the
planet through a range of ecosystem services such as carbon storage [11,12], shoreline
protection [13] and water purification [14,15]. Marine ranching are repositories of marine
biodiversity and commercially important fisheries production sites [16,17]. Therefore, the
conservation and management of marine ranching is an important topic of global research
[17-20].

However, marine ranching are under serious threat from human activities and the effects
of climate change [21]. Factors such as marine pollution, coastal development, overfishing
and rising sea temperatures are accelerating the decline and degradation of marine ranching
[21-22]. This situation is seriously affecting the health of marine ecosystems and the planet's
biodiversity, and urgent action is needed to effectively protect and restore marine ranching
[23-24].

According to the web of science database, the first relevant literature on marine
ranching began to appear in 1990, and Figure 1 shows the number of papers in the field
related to marine ranching in the web of science. In this regard, marine ranching research has
made significant progress over the past few decades, and the importance of marine ranching,
their threats, and conservation strategies have been examined in a variety of disciplines
[25-26]. However, relatively few studies have comprehensively assessed global trends in
marine ranching research, key researchers and institutions, and progress in the field.

In this context, the article will analyse the historical development of marine ranching in
various countries and compare them. In addition, bibliometrics will be employed to identify
keywords that will reveal the research hotspots of marine ranching in each period.
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Figure. 1. The number of published results about marine ranching in the Web of Science.
2. History of Marine Ranching

According to the web of science documentation, the emergence of literature on marine
ranching dates back as far as 1990. The main role of marine ranching is to increase the
number of populations. Its operations consist mainly of biological releases and artificial reef
enhancement [28-30].
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The development of marine ranching has undergone several phases, which can be
broadly categorised into traditional use, scientific exploration and conservation management.
Initial stage: Since mankind began exploiting marine resources, marine ranching have been
seen as an important resource for traditional activities such as fishing. However, during this
period, there was limited understanding of the complexity and importance of marine
ecosystems, and most activities focused on short-term gains [31-32].

The scientific exploration phase: There was a greater understanding of the importance
of marine ecosystems and the need for sustainable use of marine resources [22,33]. During
the 20th century, researchers from various disciplines, including oceanography, ecology, and
biology, conducted studies to comprehend the structure and function of marine ecosystems,
including marine ranching. The significance of marine ranching, particularly their role in the
carbon cycle and preservation of biodiversity, was increasingly acknowledged during this
period [34-36].

The Conservation and Management Stage: As scientific research has increased
awareness of the importance of marine ecosystems and ranching, various countries and
international organisations have begun to take measures to conserve and manage them
[20,37- 39]. These measures include the establishment of Marine Protected Areas (MPAS)
[1,40], pollution prevention [41], and ecosystem restoration projects [42]. This phase
emphasises the importance of sustainable use of marine resources and the protection of
marine ecosystems [43-44].

In recent years, there has been a growing focus on the sustainable use of marine
ecosystems, including marine ranching. This involves finding ways to achieve economic and
social benefits while also safeguarding marine ecosystems. This encompasses sustainable
fisheries management, marine ecosystem-based tourism, and the sustainable development of
marine living resources [6,45-47].

2.1 Marine Ranching Development in Different Countries

2.1.1 Japan

Japan is the world's early proponent of concepts related to marine ranching and a leader
in the construction of sea ranches. The concept of marine ranching was initially proposed by
Japan in 1971 [47]. In 1975, Japan presented the idea at the Okinawa International Ocean
Expo with the aim of seeking sustainable use of marine resources and coordinated
development for the survival of mankind under human management [48,49]. During the
1980s and 1990s, Japan implemented the ‘cultivated fisheries' programme nationwide, which
included the construction of the world's first marine ranch, the Kuroshio Ranch [50].

Japan has developed audio signal training technology to train dolphins or other species
to take advantage of the habitual characteristics of fish and control their activities through
training [51-53]. Audio-signal training-based marine ranching has already achieved some
success as a stage in the future refinement of composite marine ranching. With this audio
training signal as the main focus, and with the addition of a collection of environmental
modification techniques, such as artificial reefs, biological release operations can be
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accomplished more effectively [54-57]. The Okayama Prefecture Marine Ranching has
expanded the habitat of target fish by improving the environment of the existing fishing
grounds, placing artificial reefs, and constructing seaweed beds. Additionally, the use of
acoustic baiting equipment has led to a significant increase in target fish. Furthermore, due to
improved natural resource management, this sea area has become an exceptional fishing
ground and a vital source of Japanese aquatic resources [58,59].

2.1.2 America

The United States is also a leading country in the field of marine ranching. In the
mid-19th century, American fishermen used homemade wooden nets as artificial reefs to
attract sea and lake fish, even though the concept of artificial reefs did not exist at that time
[61]. In 1935, the world's first artificial fish reefs were constructed in Cape May, New
Jersey [3]. From 1968 to 1972, the United States passed laws to guarantee the construction
of marine ranching using artificial reefs [62-63].

The United States has contributed to the field of marine ranching (mariculture) in a
number of ways in the nearly 21st century. These contributions included research and
development, technological innovation and the exploration of sustainable farming methods.
Universities and research institutes in the United States have conducted many studies in the
field of marine ranching. This includes improving aquaculture technology, aquaculture
biology and ecosystem impact assessment [64-68]. For example, the University of Alaska
led research on salmonid aquaculture, which later had a significant impact on the global
salmonid aquaculture industry [69].

The United States has also contributed to innovations in mariculture technology
[70-71]. While early mariculture technology began with simple grazing methods [72-73],
US researchers have developed more efficient and sustainable farming methods. For
example, innovations such as closed-loop aquaculture systems have increased farming
efficiency while reducing negative impacts on the marine environment [74-75].

The development and application of sustainable mariculture methods is another
important contribution of the United States [76], and methods such as polytrophic
aquaculture, which takes advantage of the interactions between different cultured species,
have been studied and applied [77-78].

2.1.3 China

In contrast to Japan and some other countries with early development of marine
ranching, China's marine ranching process started relatively late [78]. According to scholars
at home and abroad, Academician Zeng Chengkui's concept of 'marine agropastoralism' -
the transformation of the marine environment through human intervention to create
favourable conditions for the growth and development of economic organisms - was the
precursor to the idea of marine ranching [79].

In the 1980s, China implemented stocking and releasing activities and experiments
with artificial reefs to boost fishery production and protect fishery resources [80]. In the
early 21st century, China expanded the scale of artificial stocking and releasing [81].
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During the research period, many scholars concluded that ocean ranches are primarily
breeding sites for increasing aquatic production, formed through the steps of placing
artificial reefs and stocking and releasing [82-84] In 2017, the Central Government issued
No. A document has been proposed for the first time to develop a modernised ocean ranch
to strengthen regional coordinated protection. This marks a new stage in the construction
and development of ocean ranches in China. The document puts forward the development
of a modern marine ranching, defining it as a fishery model in a specific sea area through
artificial reefs and enrichment, among other means [85]. The purpose of this is to increase
fishery resources, improve the marine ecological environment, and maintain the sustainable
use of fishery resources by breeding, growing, feeding or sheltering marine species in the
place of construction or restoration [86-89]. Guangdong, Hainan, Liaoning and other
provinces have special economic subsidies for sea ranch projects. China's marine ranching
is advancing by leaps and bounds [17,90].

3. Bibliometric Analysis

This paper employs bibliometric methods to analyse the literature on marine ranching,

using indicators such as journals, subject categories, countries, and institutions.
The literature was obtained from Web of Science (WQS), a vast scientific citation-indexed
database of important literature from nearly a century across disciplines. The study covers
important literature in various disciplines. It is a dependable source of literature for scholars
as it covers the most influential journals in each field. The platform holds high authority in
the academic world.

An advanced search was conducted on the Web of Science website using the search
formula: TS = ("marine” OR "sea" OR "ocean") and TS = ("ranching” OR "ranch” OR
"pasture™). The selected database was the Web of Science Core Collection, with a time slice
covering all available data, and the language was set to English. This initial search retrieved
678 relevant documents, which were then manually screened and de-duplicated using
CiteSpace. Ultimately, 405 eligible literature sources were identified.
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Figure. 2. Schematic diagram of the search process.

3.1 Country Analysis

We carried out a country analysis of the selected 405 marine ranching literatures, which
were published in areas covering 52 countries or regions, and we marked them with different
colours on a world map and gave a legend to visualise the characteristics of these areas.
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Figure. 3. Distribution of countries and regions with published papers on marine ranching.

As illustrated in Figure 3, the majority of countries that have published on marine
ranching are located in coastal areas. Of the 52 samples analysed here, only Paraguay and
Ethiopia are inland, representing only 3% of the sample, which is consistent with our
general knowledge.
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Figure. 4. Relationship map of countries where literature is published based on citespace
analysis.

The cluster analysis was performed on all samples using citespace, with the node
filtering method chosen to be g-index and k=25. The resulting country relationship graph is
presented in Figure 4.

The size of the node in Figure 4 represents the number of papers published by the
country in question. The larger the node, the higher the number of papers published. The
connecting line between the nodes represent the cooperation relationship between the
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countries. The thicker the connecting line, the closer the cooperation. The more the colour
of the node is inclined to be red, the more the country has published papers related to
marine ranching in the recent past.

Figure 4 illustrates the distribution of publications in the field of marine ranching.
China is the largest node, with 158 publications, representing the largest number of papers
published in this field. The United States, Australia, Norway and Japan follow in
descending order. The nodes of the top countries, including Ireland and Canada, have more
lines with the nodes of other countries, indicating that the countries with the highest
number of publications have close cooperation with other countries. However, China has

only cooperated with Canada, resulting in a centrality of almost zero for China's node.
Trends in the number of papers issued by country over time
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Figure. 5. Trends in the number of papers issued by country over time.

Figure 5 presents a line graph of the number of publications over time for the top three
countries in terms of publications: China, the United States and Australia. The graph
contains two key time points: 2002 and 2017. The former marks the commencement of this
bibliometric analysis, while the latter coincides with the surge in China's publications,
which occurred in 2017. In 2017, China's Central Document No. 1 proposed the
development of modernised marine ranching, and Chinese provinces subsequently enacted
policies and economic subsidies in response to the Central Document No. 1. This led to a
surge in the construction of sea ranches. The impact of policy promulgation on the
development of the research process is immeasurable.

3.2 Author and Institutional Analysis

This paragraph presents the top six authors in terms of the number of papers published,
as shown in Figure 1. Du Yuan-Wei of Ocean University of China has the highest number
of papers published, with eight. Wan, Xiaole from Ocean University of China and Taylor,
Matthew D from Port Stephens Fisheries Institute were the next most popular authors with
seven and six publications, respectively. The total number of articles published by these six
researchers is 37, representing a total share of 9.1%. As illustrated in the table, four of the
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top six authors' affiliations in terms of the number of publications are in the category of
university institutions, reaching a share of 66.7%. Subsequently, a cluster analysis was
performed on the 291 institutions included in this study. This analysis revealed that 139 of
these institutions were universities, representing a total share of 48%. This finding is
consistent with the pattern presented in Table 1, which indicates that universities are a
dominant force in the field of marine ranching.

Table 1. Top 6 authors and their institutions by number of publications.

No. Count Percentage Year Author Institution
1 8 2.0% 2021 Du, Yuan-wei  Ocean University of China
2 7 1.7% 2021 Wan, Xiaole Ocean University of China
Taylor, L .
3 6 1.5% 2013 d Port Stephens Fisheries Institute
Matthew D
Shandong Technology & Business
4 6 1.5% 2022 Li, Dashe ) .g 9
University
5 5 1.2% 2010 Barki, Assaf Institute of Animal Science
6 5 1.2% 2002 Javi, T Stockholm University
(2) ssgrenn 4 (b)
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Figure. 6. (a)Clustering diagram of institutions. (b)pie chart for classification of institutions.

In Fig. 6, we have analysed the clustering of the institutions in the 405 papers. The
larger nodes in the graph represent the more papers published by the institutions, with
Ocean University of China publishing the greatest number of papers (44), followed by the
Chinese Academy of Sciences, Laoshan Laboratory, and the Institute of Marine Research -
Norway (39, 22, and 19 papers, respectively). The Institute of Marine Research - Norway is
the first institution to conduct research on marine ranching, and has been publishing papers
since 2002. The top three organisations are all from China, and all published after 2019,
which marks the period of greatest growth in marine ranching research in China. The closer
the node colour is to red, the closer the time of publication is to the present, and green is
vice versa. The red nodes are almost all from Chinese institutions, and there is close
cooperation between institutions, with universities, laboratories and research institutes
collaborating to advance the field of marine ranching.

3.3 Keywords Analysis
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In this paragraph, we will use citespace to analyse and research keywords in marine
ranching in an attempt to find hot changes in research in the historical development of
marine ranching.

Figure 7 presents an image generated by citespace utilising the keyword mutation
feature. This feature is employed to analyse the evolution and transformation of pivotal
themes and trends within a specific research domain over time. It is particularly beneficial
for monitoring alterations in keywords utilised in academic literature, identifying the future
trajectory of a research area. Alterations in keywords enable researchers to swiftly identify
pivotal shifts within a particular field, which can inform future research directions.

Top 20 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2002 - 2024
atlantic salmon 2002 5752002 2071 m—
brown trout 2002 3.84 2002 2000 wm
behavior 2002 2.36 2002 2006
wild 2005 4.01 2005 2017
growth 2003 7.96 2006 2017
survival 2008 3.94 2008 2014

echinodermata 2013 4.52 2013 2017
holothuria scabra 2008 3462013 2016

restocking 2013 2.57 2013 2017

stock enhancement 2003 42017 2019

artificial reefs 2017 414 2018 2024 ——
fishery 2018 3.93 2018 2022 ——
management 2008 3.57 2019 2021 —
restoration 2019 2.63 2019 2022 —_—
impacts 2020 3.89 2020 2021 -
sea 2021 4.79 2021 2024 —
system 2021 2.87 2021 2022 -
deep learning 2022 3.542022 2024 —
marine ranching 2002 3.34 2022 2024 —
diversity 2020 3.03 2022 2024 —

Figure. 7. Keyword mutations in papers related to marine ranching.

In the early 21st century and before, value-added fish, including Atlantic salmon and
brown trout, and the study of fish behaviour were the most prominent areas of research in
the field of marine ranching. By the 2010s, there was a shift in focus towards the
management and ecological restoration of marine ranching, also known as ecological
sustainability. By the 2020s, the emergence of keywords such as deep learning in the
keyword landscape indicated the emergence of research in marine ranching. For instance,
the application of deep learning for water quality studies and analysis of ocean behavioural
trajectory studies.

This paragraph presents the top 10 keywords in terms of keyword frequency, as shown
in Table 2 and Figure 8. The keyword "ocean ranch" appears most frequently, with a total
of 111 occurrences, and the earliest occurrence. The next two keywords are "growth" and
"stock enhancement,” with 48 and 42 occurrences, respectively, occurring earlier in 2003.

A review of the frequency of keywords in Table 2 and figure 7. reveals a notable shift
in focus over the course of the 21st century. Prior to the 2010s, keywords predominantly
pertained to various fish and enrichment. However, after the 2010s, there was a notable
shift towards environmental protection-related terms, including artificial reefs and sea.

Table 2. This is sample table caption.

NO. Count Year Keywords
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1 111 2002  Marine ranching
2 48 2003 Growth
3 42 2003 Stock enhancement
4 29 2017 Acrtificial reef
5 27 2002 Atlantic salmon
6 26 2002 Fish
7 19 2005 Aquaculture
8 19 2005 wild
9 14 2002 Behavior
10 14 2021 Sea
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Figure. 8. Keywords network analysis mapping.
The development of marine ranching can be roughly divided into three stages based on
the appearance of the keywords, as shown in Figure 9.

Stage I N otage II », Stage I A
1/ 1 %
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- the impacts of aquaculture on inability througl et rategy
Daniel Pauly presents the concept marine biodiversity, providing nutrient cycling or climate change
and highlights the importance of valuable insights into the potential adaptanon.
\ trophic levels in aquaculture of sustainable aquaculture \ Saitoh uses high- Yang et al. studied the
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Figure. 9. Marine ranching development process.
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3.3.1 Stage I From the Rise of ldeology to the Conceptualisation of Marine Ranching.

(Early 20th century -Early 21th century)
During this period, marine ranching was still in its infancy, and the primary objective

was to increase production. At that time, there was no concept of marine ranching, but a
number of researchers played a pivotal role in the subsequent formation of marine ranching.
James Cook made an extremely early record of the marine ecosystem during his voyage to
the South Pacific before this period [91-92]. American fishermen employed homemade
wooden nets as artificial reefs to attract marine and lake fish.

In the 1970s, Japan used the expressions ‘cultivated fishery’ or ‘sea ranch’ to promote
the development of fishery resources enhancement, which attracted a great deal of attention
from the fisheries community around the world, and was almost the first conceptualisation
of marine ranching fisheries [93].

Carl Walters and Ray Hilborn developed models to understand the dynamics of fish
populations in marine ranching, which led to the implementation of more effective fisheries
management practices [94]. In the 1990s, Daniel Pauly introduced the concept of trophic
levels in aquaculture, emphasising the importance of maintaining the ecological balance of
marine ranching [95-96]. In their work, Rosamond L. Naylor et al. emphasised the
environmental impacts of fish farming in marine ranching and advocated integrated
multi-trophic aquaculture (IMTA) as a sustainable approach [97]. Carlos Duarte's research
on seagrass meadows highlights the critical role of seagrass meadows in supporting
mariculture by improving water quality and providing habitat for farmed species [98-99].
Stephen Jameson, on the other hand, focuses on coral reef ecosystems in the vicinity of
marine ranching, examining their role in supporting sustainable fish farming practices
[100-101].

3.3.2 Stage II  The Burst of Marine Ranching and the Shift in Research Direction (Early

21th century - 2017)
The foundation of the last period of marine ranching has been the professionalisation

and scaling up of the industry. This has resulted in a gradual shift in focus from increasing
production to ecological and coordinated development.

Benjamin S. Halpern et al. undertook research into the effects of aquaculture on
marine biodiversity. His work provides valuable insights into the impact of aquaculture in
marine ranching on biodiversity, as well as the potential for sustainable aquaculture
practices that protect biodiversity and ensure the economic value of marine ranching and
aquaculture [102-104]. Tundi Agardy's research on marine ecosystem services and marine
conservation strategies has revealed the economic value of marine ranching. Agardy's
research provides important insights into the economic contribution of marine ranching to
aquaculture and the potential for aquaculture to achieve conservation and sustainable use of
marine ecosystems [105-107].

3.3.3 Stage III Marine Ranching Enters the Chinese Era and the World's Innovative
Development Way (2017-Now)

As previously stated, the number of marine ranching papers in China has increased
exponentially, becoming the dominant paradigm in the global arena following the release of
the No. 1 Central Document in 2017. During this period, a multitude of innovative designs
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for marine ranching have emerged, striving to achieve sustainable development.

Campanati et al. improved the harvesting and processing of by-products to support the
sustainable intensification of aquaculture. This approach can maximise demand and
sustainability through nutrient cycling [108]. Zavaglia analysed the impacts of climate
change on aquaculture organisms in marine ranching and proposed aquaculture
management strategies to adapt to climate change [109]. Saitoh employed high-resolution
satellite imagery to monitor environmental changes in marine ranching and to develop an
Internet of Things (loT)-based aquaculture management system [110]. Yang et al.
conducted a study on the development and deployment of artificial reefs in marine ranching.
Their study demonstrated the positive impact of artificial reefs on local biodiversity and the
enhancement of fisheries resources. By providing shelter and breeding grounds, these reefs
significantly contribute to the recovery of depleted fish populations and other marine life
[111-112]. Xu and Liu reported on a successful genetic improvement programme for a
popular Pacific oyster, which resulted in significant improvements in growth rate and
disease resistance. This study illustrates the potential of genetic technologies to enhance the
productivity and sustainability of marine ranching [113].

4. Conclusions

In this study, we conducted a bibliometric analysis of 405 papers related to marine
ranching in the Web of Science database. We employed the professional bibliometric
software Citespace to perform econometric analysis of these papers. The analysis included
country, author, institution, keyword, and citation analysis. The objective of this study is to
analyse the global research trends on marine ranching, identify the key research topics and
future research directions, and provide a scientific basis for the conservation and
management of marine ranching. This will be achieved through author, institution and
keyword analysis.

4.1 Summary and Recommendations for Marine Ranching Construction

The first step in our analysis was to plot the relevant data on a world map for data
visualisation. This revealed that 97% of the countries engaged in marine ranching research
are located in coastal areas, which is consistent with our expectations. The size of the nodes
and the thickness of the lines in the cluster diagram drawn by Citespace indicate the
quantity of articles and the degree of cooperation between each country. In the analysis,
China, the United States, and Australia is positioned within the top three countries in terms
of the quantity of articles, yet according to the cluster diagram, China has only collaborated
with Canada. Consequently, its centrality is 0%. China may wish to consider strengthening
its marine ranching-related cooperation with other countries. This will undoubtedly
facilitate the advancement of marine ranching in China and beyond. Subsequently, the top
three countries in terms of the number of articles were analysed. It was found that the
number of articles issued by China rose linearly after 2017, which coincided with the
publication of the No. 1 document of the Central Government. This document clearly
pointed to the development of modern marine ranching. In response, provinces issued
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policies and economic subsidies for marine ranching, which triggered a boom in marine
ranching construction. The promulgation of the relevant policies has not only set off a
boom in marine ranching in China, but other countries that started the process earlier,
including the United States and Japan, have also experienced a similar growth in activity.
The promulgation of support policies to promote marine ranching has led to a surge in
construction activity in these countries [114-116]. In order to sustain this growth, countries
must enact policies or provide economic subsidies to stimulate further interest from
researchers and construction companies.

Following our cluster analysis of authors and institutions, it was observed that Chinese
authors accounted for approximately half of the authors in the top six publications. This
finding is consistent with our previous analysis, which indicated that China has the highest
number of publications. In the top six authors, four authors were affiliated with university
institutions. A subsequent cluster analysis of the institutions that published 405 papers
revealed that 139 university institutions accounted for 48% of the total number of
institutions. This finding is consistent with the observation that universities play a dominant
role in the field of marine ranching. A further cluster analysis was conducted using
Citespace to create a graph between institutions. The redder coloured nodes in the graph
represent the closer the issuance is to the present, and the red nodes are almost all from
China. The close connectivity between the nodes of universities, laboratories and research
institutions indicates that there is a high level of cooperation between these institutions,
which greatly promotes the development of marine ranching. However, the connectivity
with various foreign research institutions is sparse, which suggests that there is room for
improvement in the level of cooperation with foreign research institutions. In the
institutional analysis, a lack of cooperation between universities, laboratories or research
institutions and management institutions is not conducive to the promotion and
implementation of research results, which may result in a lag in the timely adjustment of
government policies [117-118]. It is therefore recommended that scientific research
institutions cooperate more with management institutions to form a virtuous cycle of
R&D-policy-practice-incentive for R&D.

Finally, a keyword analysis was conducted on the screened literature in order to
identify emerging research trends in marine ranching development. The development of
marine ranching was broadly categorised from the time of keyword occurrence, with a
keyword mutation map drawn using citespace. We have summarised the development of
marine ranching from the formation of the ideology of marine ranching, through to
conceptualisation, fish enhancement and ecological sustainability. A number of researchers
and scholars have given very innovative studies on the means of enhancement and
ecological sustainability, which have greatly contributed to the efficiency and sustainability
of marine ranching. A keyword analysis of marine ranching reveals the research hotspots in
different periods. After, I will present substantial suggestions for the development and
construction of marine ranching based on the results of this research below.

(1) Global Cooperation and Knowledge Sharing: Promote international cooperation
and knowledge sharing in marine ranching research, and exchange best practices,
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innovative designs, and successful strategies for sustainable development. Learn from the
experiences and advances in marine ranching in countries such as China, where marine
ranching research is growing exponentially.

(2) Focusing on and promoting ecological sustainability: Shifting the focus of research
towards ecological sustainability and coordinated development of marine ranching.
Implementation of Integrated Multi-Trophic Aquaculture (IMTA) practices to minimize
environmental impacts, encourage nutrient recycling from by-products, support sustainable
intensification of aquaculture, and promote sustainable aquaculture.

(3) Integrate gene technology: Emphasize the potential of gene technology to improve
productivity and disease resistance in marine ranching. Invest in genetic improvement
programs for popular species such as Pacific oysters to increase growth rates and disease
resistance.

(4) Adapting to Climate Change: Analyze the impacts of climate change on
aquaculture organisms in marine ranching and develop aquaculture management strategies
to adapt to changing environmental conditions. Implement sustainable intensification
practices to support aquaculture in addressing climate change challenges.

(5) Utilization of Artificial Reefs: Explore the development and deployment of
artificial reefs in marine ranching to enhance local biodiversity, provide shelter and
nurseries for marine organisms, and promote the recovery of depleted fish stocks.

(6) Invest in monitoring technologies: Utilize high-resolution satellite imagery and
Internet of Things (loT)-based aquaculture management systems to effectively monitor
environmental changes in marine ranching. Strengthen monitoring capabilities to track the
health and productivity of marine ranching and aquaculture operations.

4.2 Shortcomings of the Article's Research and the Future Outlook of Marine Ranching-

While the article provides valuable insights into the current state of marine ranching
research through bibliometric analyses, there are still some shortcomings.

() Lack of in-depth analysis: The article only provides a macro-level cluster analysis
of the screened articles, but does not provide a more in-depth analysis of specific case
studies or successes of marine ranching. The article could have benefited from providing
practical examples of best practices and challenges in different regions.

(b) Limited attention to social and economic aspects: Future research should also
consider the social and economic impacts of marine ranching, including the impacts on
local communities, employment opportunities and economic sustainability.

(c) Interdisciplinary approaches are needed: Marine ranching involve complex
interactions between ecological, technological and socio-economic factors. An
interdisciplinary approach that involves experts in fields as diverse as marine biology,
engineering, economics, and social sciences can provide a more comprehensive
understanding of marine ranching.

(d) Integrating stakeholder perspectives: Involving stakeholders such as local
communities, fishermen, policy makers and environmental organisations in the research
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process can help to ensure that the practice of marine ranching is socially acceptable,
environmentally sustainable and economically viable.

The preceding study indicates that the field of marine ranching is experiencing a
period of growth and remains a significant area of research interest in the future. Currently,
marine ranching has entered an ecologically sustainable stage, with the advancement of
science and technology, including gene editing technology to cultivate good seeds [119],
artificial intelligence [120]Jcombined with marine ranching to adapt to the impact of rising
water temperature and ocean acidification and predict the water quality [121-123]. The
integration of remote sensing image and machine learning has enabled to draw high
definition image and predict the changes in marine ranching and the implementation of
timely adjustments [124-126], as well as the automatic analysis of the nutritional structure
of the computer to maximize the efficiency of marine ranching, will become a reality
[127-129]. Furthermore, the integration of wind farms in marine ranching and other
methods will also become a reality [130-132]. Marine ranching is a complex field,
encompassing a multitude of disciplines. By adopting a multi-faceted, multi-disciplinary
approach, marine ranching will flourish.
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