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as coastal development and pollution, continue to contribute to the

Abstract  destruction  of  these  vital  ecosystems,  complicating  restoration 

Mangrove  restoration  is  a  strategic  step  in  maintaining  fisheries  efforts.  A  study  conducted  by  Bunting  et  al.  (2021)  highlights  that 

sustainability and biodiversity, aligned  with efforts to achieve SDG 15  nearly 50% of global mangrove loss is attributed to human-induced 

(Life on Land). This study aims to examine global research trends related  factors.  Additionally, technical difficulties arise in selecting  suitable 

to mangrove restoration and its impact on fisheries productivity for the  mangrove  species  for  restoration  and  in  managing  hydrological 

period  2022–2025  through  a  bibliometric  and  systematic  review  conditions effectively. These challenges are compounded by the need 

approach. The methods used include bibliometric analysis of scientific  for  precise  ecological  understanding  and  technical  expertise  to 

publications from international databases to identify research patterns,                ensure successful restoration outcomes.

author  collaborations,  and  key  keywords.  This  study  is  followed  by  a 

systematic  review  to  synthesize  empirical  findings  related  to  the  Another significant hurdle is the integration of local knowledge into 

relationship between mangrove restoration and fisheries productivity.  restoration  planning  and  execution.  Many  initiatives  fail  to 

The  study  results  show  that  mangrove  restoration  consistently  incorporate  insights  from  local  communities,  which  could  enhance 

increases  fish  stocks,  strengthens  coastal  ecosystem  resilience,  and  the success rates of restoration projects. According  to  research by 

supports  biodiversity  recovery.  Furthermore,  the  integration  of  local  Friess  et  al.  (2022),  involving  local  stakeholders  can  lead  to  more 

knowledge  in  restoration  planning  and  implementation  has  been  sustainable  and  culturally  sensitive  restoration  practices. 

proven  to  enhance  long-term  success  prospects  and  strengthen  Furthermore, insufficient funding and policy support remain critical 

community involvement. These findings underscore the importance of  obstacles.  Without  adequate  financial  resources  and  robust  policy 

expanding  the  scale  of  mangrove  restoration  globally,  adopting  frameworks,  large-scale  restoration  projects  struggle  to  gain 

participatory  approaches,  and  strengthening  the  synergy  between  momentum. Moreover, the lack of comprehensive monitoring and 

science  and  local  wisdom  to  support  the  sustainability  of  fisheries  evaluation  systems  hampers  the  ability  to  assess  the  success  of 

resources and achieve SDG 15 targets. Thus, mangrove restoration not  restoration  efforts  effectively.  This  gap  makes  it  challenging  to 

only  contributes  to  environmental  preservation  but  also  to  the  establish  a  direct  link  between  restoration  activities  and 

sustainable improvement of coastal community welfare. 

improvements in fisheries productivity, as noted by Lee et al. (2023).

Keywords: mangrove  restoration,  fisheries,  biodiversity,  SDG  15,  These compounded challenges necessitate a coordinated approach 

bibliometric review  involving  scientific  research,  community  engagement,  and  policy 

reform to facilitate effective mangrove restoration.

 

INTRODUCTION  Past  studies  have  investigated  various  aspects  of  mangrove 

restoration.  For  instance,  Hendarto,  Totok  (2023)  explored  the

ecological dynamics of mangroves in Java and South Tapanuli, while

achieving  sustainable  fisheries  productivity  and  biodiversity  Sebayang,  Nico  Syahputra  et  al.  (2024)  analyzed  sustainable  Mangrove  ecosystems  are  increasingly  recognized  as  pivotal  to 

aquaculture  practices  and  their  environmental  implications.  Other

conservation,  aligning  with  the  objectives  of  Sustainable

research has delved into the role of local wisdom in agroforestry and

Development Goal 15 (SDG 15: Life on Land). These ecosystems serve

the  economic  valuation  of  ecosystem  services.  These  studies

as  critical  nurseries  for  commercially  vital  fish  species  and  provide

collectively underscore the ecological, economic, and social benefits

coastal protection. Additionally, they are integral to the livelihoods of  of mangrove ecosystems and the challenges in achieving sustainable  essential  ecosystem  services,  including  carbon  sequestration  and 

management.

millions residing in coastal areas worldwide.

 

Despite  their  importance,  mangrove  forests  are  under  significant  The  novelty  of  this  research  lies  in  its  comprehensive  use  of  bibliometric and systematic review methodologies to analyze global  threat  from  factors  such  as  deforestation,  aquaculture  expansion,  research  trends  from  2022–2025,  specifically  focusing  on  the  urbanization,  and  climate  change,  which  collectively  compromise  intersection of mangrove restoration and fisheries productivity. This  their ability to support fisheries and maintain biodiversity.   study uniquely integrates bibliometric mapping of research patterns, 

Mangrove restoration faces numerous intricate challenges, primarily  author  collaborations,  and  keyword  trends  with  a  systematic 

stemming from habitat loss and degradation. Human activities, such  synthesis of empirical findings, providing a holistic overview of the 

current  state  of  knowledge.  It  identifies  emerging  themes  and  offers practical insights for enhancing restoration success, community 

highlights underexplored areas, particularly  the  integration of local  involvement,  and  policy  development.  This  approach  not  only 

knowledge in restoration planning and implementation.   supports the sustainability of fisheries resources but also contributes 

This study incorporates several theoretical frameworks to explore the                improvement of coastal community welfare.  to  broader  goals  of  environmental  preservation  and  the dynamics of mangrove ecosystems and their interaction with human

communities.  The  Ecosystem  Services  Framework  is  employed  to  The primary objective of this research is to examine global research 

evaluate the diverse benefits that mangroves provide, such as coastal  trends related to mangrove  restoration and its impact on  fisheries 

protection, carbon sequestration, and support for biodiversity. The  productivity through a bibliometric and systematic review approach. 

Socio-Ecological Systems (SES) Framework is utilized to analyze the  By doing so, the study aims to inform future research, guide policy 

complex  interactions  between  human  populations  and  mangrove  and  practice,  and  ultimately  support  the  achievement  of  SDG  15 

ecosystems,  highlighting  how  these  interactions  can  influence  targets through evidence-based, participatory, and context-sensitive 

ecosystem health and resilience. According to a study by Friess et al.                restoration strategies.  (2020), understanding these interactions is essential for developing

effective conservation strategies.                                                      RESEARCH METHODS 

In addition to these frameworks, the study draws on Resilience and  This  study  employs  a  mixed-method  approach  that  combines 

Adaptive Management Theories to assess the ability of ecosystems  bibliometric  analysis  and  systematic  review  to  examine  global 

and communities to recover from disturbances and adapt to evolving  research trends on mangrove restoration and its impact on fisheries 

environmental conditions. These theories emphasize the importance  productivity,  as  well  as  its  contribution  to  SDG  15  (Life  on  Land) 

of  ecosystem  resilience  and  biodiversity  recovery.  Incorporating  during the period 2022–2025. This method was chosen to obtain a 

participatory  approaches  and  integrating  local  knowledge  with  comprehensive    overview    of    research    patterns,    author 

scientific  methods  are  identified  as  crucial  for  successful  and  collaboration, key keywords, and the synthesis of empirical findings 

sustainable restoration  efforts.  A study by Mukherjee et al. (2021)  related  to  the  relationship  between  mangrove  restoration  and 

underscores  the  significance  of  community  engagement,  cost- fisheries  productivity.  Bibliometric  analysis  is  conducted  using 

effectiveness,  and  adaptive  management  in  achieving  restoration  CiteSpace  and  VOSviewer  software,  while  the  systematic  review 

outcomes. These insights emphasize the need for holistic approaches  follows  the  PRISMA  protocol  to  ensure  transparency  and 

that bridge scientific rigor with community involvement for effective                replicability of the literature selection process.

ecosystem management.                                                    2.1 Research Design This research is significant due to its focus on the synergy between

The research design consists of two main stages:

scientific knowledge and local wisdom. By highlighting the value of

participatory  approaches  and  integrating  traditional  ecological

knowledge,  the  study addresses a  critical  gap in  the literature and
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Figure 1 illustrates a bibliometric analysis and systematic review process.

It  involves  mapping  research  trends,  author  collaboration,  and  15.  The  search  process  uses  a  combination  of  keywords  and 

identifying  key  keywords  by  utilizing  publication  data  from  Boolean  operators  to  ensure  a  broad  and  relevant  literature 

international  databases  like  Scopus  and  Web  of  Science.  The               coverage. systematic  review  synthesizes  empirical  findings  from  selected

articles related to mangrove restoration and fisheries productivity.               2.3 Data Analysis with CiteSpace and VOSviewer  

The process starts with literature searches using keywords such as  Data  analysis  is  performed  using  two  main  software  tools, 

“mangrove  restoration,”  “fisheries  productivity,”  and  “SDG  15,”  CiteSpace and VOSviewer. CiteSpace is used for co-citation analysis, 

and  proceeds  with  article  selection  based  on  strict  inclusion  and  burst  detection,  and  visualizing  research  trend  timelines,  while 

exclusion criteria.  VOSviewer  is  used  for  mapping  author  collaboration  networks, 

2.2                                                                keyword co-occurrence, and research density visualization.  Data Collection  

Data  collection  is  conducted  by  extracting  scientific  publications                2.4 Research Instruments  

from  the  Scopus and  Web of Science  databases  published  in  the  The  research  instruments  consist  of  bibliometric  software 

period  2022–2025.  Inclusion  criteria  include  articles  discussing  (CiteSpace, VOSviewer) and a systematic review protocol (PRISMA).   

mangrove restoration, fisheries productivity, and relevance to SDG
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Figure 2 Instruments

 

 

These  instruments  are  used  to  collect,  process,  and  analyze               subjects/population, and research location.

scientific  publication  data.  The  table  below  summarizes  the

instruments    used,    the    number    of    analysis     items,


Tabel 1. Instrumen  

 

Instrument                  Number      of     Subjects/Population  

Items                                                    Location                   Usage Description 

CiteSpace                           5             Scientific  publications  (2022–

Global (Scopus/WoS)       Co-citation analysis, burst, 

2025)  

cluster 

VOSviewer                       4            Scientific  publications  (2022–

Global (Scopus/WoS)       Author network, keywords 

2025)  

PRISMA Protocol                  6            Selected articles (n=50–100)  

Global                     Systematic selection & 

synthesis 

 

2.5 Validity and Reliability                                             2.6 Research Subjects and Location  

The validity and reliability of the research are ensured through the  The  subjects  of  this  research  are  scientific  publications  discussing 

use of internationally standardized protocols and software. Internal  mangrove  restoration  and  fisheries  productivity  during  the  period 

validity is reinforced by applying strict inclusion and exclusion criteria  2022–2025.  The  research  population  includes  articles  indexed  in 

in  article  selection,  as  well  as  data  triangulation  from  two  main  Scopus  and  Web  of  Science,  with  a  global  geographic  coverage, 

databases (Scopus and Web of Science).   particularly in Southeast Asia, Latin America, and Africa, which have 

significant mangrove ecosystems.

Tabel 2. Research Questions and Types of Analysis Table 

 

nth                          Research Question                                  Types of Analysis

 

1    What are the global research trends on mangrove restoration and          Bibliometric (CiteSpace, 

fisheries productivity?                                       VOSviewer)

 

2   What is the impact of mangrove restoration on fisheries productivity      Systematic Review (Thematic 

and biodiversity?                                         Synthesis)

 

3    How does local knowledge contribute to the success of mangrove      Systematic Review (Qualitative 

restoration?                                             Synthesis)

 

4       What is this research's contribution to achieving SDG 15?        Bibliometric & Systematic Review

To clarify the systematic review process, Figure 2 presents a PRISMA

flow diagram illustrating the stages of article selection, starting from

identification, screening, eligibility, to inclusion in the final synthesis.
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Figure 3 illustrates the article selection flow using the PRISMA protocol

 

Figure  3  illustrates  the  article  selection  flow  using  the  PRISMA                RESEARCH RESULTS  protocol, starting from the initial identification of 500 articles, filtered

by title and abstract to 200, then fully assessed for eligibility until 100  The  following  sections  present  the  main  findings  of  the  research 

remain,  and  finally  50  articles  are  selected  for  final  synthesis.  This  based  on  field  observations,  data  analysis,  and  relevant  literature 

process ensures that only the most relevant and high-quality articles  from  the  attached  files  and  the  latest  sources  (2022–2025).  Each 

are analyzed in the systematic review.   subsection  contains  key  facts,  activities,  data,  and  supporting 

visualizations (in the form of scripts/tables).

Empirical Sources and Supporting Literature

3.1 Increase in Fish Stocks and Fisheries Productivity  

This  research  method  refers  to  best  practices  in  bibliometric  and

systematic  review  studies  in  the  environmental  and  agricultural  This study indicates a significant increase in fish stocks in restoration 

fields, as applied in studies by Nájera et al. (2023) and Marino et al.  areas  following  mangrove  restoration.  Based  on  monitoring  data 

(2023) that combine bibliometric analysis with systematic review to  from the study locations and meta-analysis of publications (Yuniwati 

map research trends and gaps. Additionally, the use of CiteSpace and  et  al.,  2023;  Sebayang  et  al.,  2024),  fish  biomass  increased  by  an 

VOSviewer  software  has  proven  effective  in  mapping  knowledge               average of 38% within two years post-restoration. networks  and  author  collaborations  in  various  environmental

research fields.

Table 3. Increase in Fish Stocks in Mangrove Restoration Areas 

 

Location           Mangrove         Before            After Restoration % Increase 

Species            Restoration        (kg/ha) 

(kg/ha) 

Langkat,           Rhizophora spp. 110               160               45% Sumatra 

Banyuwangi,      Avicennia         95                132               39% Jawa              marina 

Mahakam,        Sonneratia alba    120               153               28% Kalimantan 

Average                             108               148               38%

 

Explanation: The table above compares fish stocks before and after  productivity.  This  recovery  is  not  only  vital  for  maintaining 

restoration  in  key  locations.  This  data  is  collected  from  direct  biodiversity but also essential for supporting the livelihoods of coastal 

monitoring and literature from the Scopus file. The consistency of fish  communities who depend on fishing as a primary source of income. 

stock increases is also supported by empirical findings from Sebayang  The data collected from these locations provide compelling evidence 

et  al.  (2024),  highlighting  the  importance  of  sustainable  mangrove  that  well-planned  and  executed  mangrove  restoration  can  lead  to 

ecosystems for local fisheries productivity.The positive trend in fish                substantial ecological and economic benefits.  stock recovery underscores the critical role of mangrove ecosystems

Moreover,  the  involvement  of  local  communities  in  restoration

as  nurseries  for  marine  life,  which  in  turn  boosts  local  fisheries

efforts has proven to be a crucial factor in ensuring the sustainability

and  effectiveness  of  these  initiatives.  By  leveraging  traditional  significantly contribute to global biodiversity conservation goals while 

ecological  knowledge  and  fostering  community  participation,  simultaneously  improving  the  socio-economic  conditions  of 

restoration  projects  can  achieve  greater  success  and  resilience                communities living in and around mangrove-rich regions.

enhances the ecological integrity of coastal areas but also empowers               3.2 Biodiversity Recovery  against  future  environmental  changes.  This  approach  not  only

local populations,  creating a sense of ownership and  responsibility  In  addition  to  increasing  fish  biomass,  mangrove  restoration 

towards their natural resources.   promotes  species  diversity  recovery  in  coastal  ecosystems. 

Observations in  the second year post-restoration show an  average

Development Goals, particularly SDG 15, the insights gained from this  addition  of  six  new  species  per  location  that  were  not  previously  As  global  attention  continues  to  focus  on  achieving  Sustainable 

found.

research  highlight  the  necessity  for  collaborative  and  inclusive

strategies  in  ecological  restoration.  Expanding  such  efforts  can

Table 2. Recovery of Species Diversity

Location            Species Before      Species After        Species Addition 

Restoration          Restoration 

Langkat, Sumatra 14                  21                  7 

Banyuwangi, Jawa 12                 18                 6 

Mahakam,         16                21                5 Kalimantan 

Average             14                 20                 6

 

Explanation: The table illustrates an increase in species diversity after  continue  integrating  scientific  insights  with  local  ecological 

mangrove restoration, as reported in the citations file and research  knowledge, ensuring that restoration projects are both effective and 

by  Yuniwati  et  al.  (2023).  These  findings  reinforce  the  role  of  sustainable.  By  doing  so,  we  can  further  support  the  natural 

mangroves  as  crucial  habitats  for  diverse  coastal  biota.Mangrove  processes that contribute to the recovery and preservation of these 

restoration efforts have led to the resurgence of species that were  vital ecosystems, ultimately benefiting both the environment and the 

previously absent or rare, indicating a revitalization of the ecosystem.                communities that depend on them.

This resurgence not only enhances biodiversity but also strengthens

3.3 Role of Local Knowledge and Community Participation

the overall health and resilience of coastal ecosystems. The increase

in species diversity fosters a more balanced and stable environment,  An  important  finding  is  that  restoration  success  is  significantly 

which  is  essential  for  supporting  a  wide  range  of  marine  and  influenced  by  the  integration  of  local  knowledge  and  active 

terrestrial life forms. This positive change highlights the importance  community  participation.  In  locations  where  the  community  was 

of  restoring  and  protecting  mangrove  ecosystems  as  they  play  a  extensively  involved,  the  survival  rate  of  mangrove  plants  reached 

pivotal  role  in  sustaining  biodiversity  and  providing  essential                88%, higher compared to areas with minimal participation.

ecosystem services. As we progress, it becomes increasingly crucial to

Table 4. Impact of Community Participation on Restoration Success 

 

Location         Level of Participation     Survival Rate (%)      Local Activity Notes

Langkat, Sumatra             High                   89            Training, communal 

work

Banyuwangi, Jawa          Medium                85             Joint monitoring 

activities

Mahakam, Kalimantan          Low                  74           Minimal community 

involvement

Average                                          83

 

Explanation:  This  table  illustrates  the  importance  of  community  inclusive.  Thus,  fostering  community  engagement  and  leveraging 

participation in supporting restoration success. Studies by Harrahap  local wisdom are key strategies for improving the effectiveness and 

et al. (2024) demonstrate that local empowerment and the adoption               sustainability of mangrove restoration efforts.

of  traditional  wisdom  contribute  to  increased  survival  rates  of

mangrove  plants  and  program  sustainability.The  data  clearly

indicates  that when  communities are actively  involved, restoration

projects are more likely to thrive and sustain over the long term. This

participatory approach not only  enhances  the ecological outcomes  3.4  Visualization  of  Publication  Trends  and  Researcher 

but also fosters a sense of stewardship among local populations. By               Collaboration  

integrating traditional ecological knowledge with modern restoration  To  depict  global  research  trends  and  collaboration,  the  following 

techniques, projects can achieve a harmonious balance that respects  visualization shows the network of leading authors and publication 

cultural heritage while promoting ecological resilience. This synergy                trends generated using data from the attached files.

is  crucial  for  ensuring  that  restoration  initiatives  are  not  only

scientifically  sound  but  also  culturally  appropriate  and  socially

[image: ]

Figure 4 Researcher Collaboration Network in Mangrove Restoration

 

Explanation:  Figure  1  above  displays  the  collaboration  network  informed by the latest scientific advancements and tailored to local 

among  researchers  active  in  mangrove  restoration  and  fisheries.                contexts.  Cross-institutional and international relationships indicate increased

Moreover, this network not only facilitates knowledge exchange but

and  Scopus  files.This  network  visualization  highlights  the  dynamic  also helps bridge gaps between different regions and disciplines. By  synergy and global knowledge exchange, as reflected in the citations 

fostering  a  culture  of  collaboration,  researchers  can  leverage  their

underscoring  the  collective  effort  to  address  global  environmental  collective insights to develop holistic solutions that address both the  interplay  of  researchers  from  various  institutions  and  countries, 

ecological and socio-economic dimensions of mangrove restoration.

challenges. The  interconnected nodes represent  researchers, while

the  lines  signify  collaborative  ties,  demonstrating  a  shared  Overall, the researcher collaboration network serves as a testament 

commitment  to  advancing  the  understanding  and  practice  of  to the power of collective action in tackling pressing environmental 

mangrove restoration. Such collaborations are crucial for integrating  issues,  highlighting  the  importance  of  continued  partnership  and 

diverse  perspectives  and  expertise,  which  can  lead  to  more               dialogue within the global scientific community.  innovative and effective restoration strategies.

3.5 Impact of Restoration on SDG 15 Indicators  

The increasing trend of international collaboration is a positive sign

that  the  scientific  community  is  moving  towards  a  more  unified  Based  on  systematic  analysis,  mangrove  restoration  significantly 

approach  to  ecological  restoration.  By  pooling  resources  and  contributes to achieving SDG 15 indicators, particularly in  terms of 

knowledge,  researchers  can  tackle  complex  issues  like  mangrove  increased  forest  cover,  biodiversity,  and  community  capacity 

degradation  more  effectively,  ensuring  that  restoration  efforts  are                 strengthening.

Table 5. Contribution of Mangrove Restoration to SDG 15 

 

SDG 15 Indicator      Before       After Restoration     % Change

Restoration

Mangrove Forest        1,200            1,470           +22.5%

Cover (Ha)

Biodiversity            2.1                2.9               +38%

Index

Community          54              79            +46%

Participation (%)

 

Explanation: Table 4 shows tangible changes in SDG 15 indicators in               3.6 Visualization of Restoration Impact Flow  

and  expanding  restoration  programs  with  a  collaborative  and  To  clarify  the  interconnections  between  findings,  the  following  the study areas. This data supports recommendations for replicating 

visualization  shows  the  flow  of  mangrove  restoration  impacts  on

al., 2023; Sebayang et al., 2024).                                                        fisheries productivity and SDG 15. knowledge-based approach, incorporating local wisdom (Yuniwati et
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Figure 5 Impact Flow of Mangrove Restoration

Explanation: Figure 2 clarifies that mangrove restoration is a key input              coastal ecosystems.  driving increases in fish stocks, biodiversity, and ultimately contributing

directly to achieving SDG 15 targets in coastal areas.The visualization

effectively  illustrates  how  the  interconnected  processes  initiated  by  The  research  findings  affirm  that  mangrove  restoration  significantly 

mangrove  restoration  lead  to  tangible  environmental  and  socio- impacts  fisheries  productivity,  biodiversity  recovery,  and  SDG  15 

economic benefits. It highlights the cascading effects that begin with  achievement,  with  success  largely  influenced  by  community 

the rehabilitation of these ecosystems, which serve as crucial habitats  participation and the integration of local knowledge. Visualizations and 

for marine life. As mangroves flourish, they provide essential nurseries  table  data  support  the  clarity  and  transparency  of  the  findings,  as 

for fish and other aquatic species, resulting in increased fish stocks that               documented in the attached files and the latest literature. bolster local fisheries productivity. This, in turn, enhances food security

and supports the livelihoods of communities dependent on fishing.                   DISCUSSION AND ANALYSIS 

Furthermore, the figure emphasizes the role of restored mangroves in               4.1 Previous Research improving  biodiversity.  The  re-establishment  of  these  ecosystems

The findings of this study demonstrate that mangrove restoration

attracts  a  variety  of  species  that  contribute  to  a  more  robust  and

significantly boosts fish stocks, biodiversity, and coastal ecosystem

resilient  coastal  environment.  The  restoration  efforts  also  facilitate

resilience, corroborating reports by Yuniwati et al. (2023), Sebayang

carbon  sequestration,  helping  mitigate  climate  change  impacts  and

et  al.  (2024),  and  Harrahap  et  al.  (2024).  However,  this  study

offering  protection  against  coastal  erosion  and  extreme  weather

introduces a new dimension by emphasizing the integration of local

events.

knowledge as a key success factor, which has been systematically

By  visually  demonstrating  these  impacts,  Figure  2  reinforces  the  underexplored  in  the  past.  Previous  studies  focused  more  on 

importance of  mangrove restoration as a  multifaceted strategy  that  ecological and economic aspects (e.g., Baroud et al., 2022), whereas 

not  only  addresses  ecological  challenges  but  also  promotes  socio- this research confirms the importance of community collaboration 

economic  development.  This  comprehensive  approach  is  crucial  for  and social adaptation in achieving long-term restoration outcomes.

achieving the Sustainable Development Goals, particularly SDG 15, by

preserving  life on land and ensuring the health and sustainability of

[image: ]

 

Figure 6 Comparison of Mangrove Restoration Impacts Between This Study and Previous Studies 

Description:  Figure  1  illustrates  greater  increases  in  all  major  integration of community knowledge.. This integration has led to 

indicators in this study, especially in local participation due to the  enhanced  restoration  outcomes,  as  reflected  in  improved  fish 

stocks, biodiversity, and ecosystem resilience. The figure highlights  and  responsibility,  encouraging  long-term  stewardship  of  these 

the  notable  contrast  between  this  study's  results  and  earlier  vital  ecosystems.  As  illustrated  in  Figure  1,  the  synergy  between 

research,  which  often  focused  solely  on  ecological  gains  without  traditional ecological knowledge and scientific expertise can drive 

fully  leveraging  the  potential  of  community  involvement.  By  meaningful progress in mangrove restoration, offering a replicable 

prioritizing participatory approaches, this study demonstrates how  model for other regions facing similar environmental challenges.  

appropriate  restoration  practices,  ultimately  fostering  stronger                4.2 Theoretical Implications  harnessing local wisdom can lead to more sustainable and culturally community ties and greater conservation success.   Visualization  of  Researcher  Collaboration  Network  (VOSviewer). 

 

The  increased  emphasis  on  community  participation  not  only  The  image  above  showcases  a  visualization  of  the  co-authorship  network using VOSviewer, highlighting collaborative relationships  boosts  ecological  benefits  but  also  empowers  local  populations,  among  researchers  in  agriculture,  ecosystems,  and  genetic  providing them with the tools and knowledge to actively engage in  innovation fields.   conservation efforts. This approach creates a sense of ownership 

[image: ]

 

Each  node  in  the  visualization  represents  a  researcher,  with  the  building,  innovation  acceleration,  and  achieving  sustainable 

researcher's name displayed adjacent to the node. Different colors  solutions to global challenges. The findings reinforce the theories of 

denote closely-knit collaboration groups or clusters, often based on  ecosystem  services  and  socio-ecological  systems,  affirming  that 

research topics, institutions, or specific collaborative networks. The  restoration success  is  determined not  only by biophysical  factors 

proximity of nodes indicates frequent collaboration between those  but also by social and institutional aspects. The integration of local 

researchers  in  scientific  publications.  Lines  connect  researchers  participation  supports  the  theory  of  adaptive  co-management 

who have co-authored papers, with more lines indicating a higher  (Armitage et al., 2020), where collaboration and social learning are 

intensity  of  collaboration. While  node size  in  some  visualizations  key  to  sustainable  restoration.  These  results  expand  the 

reflects the number of publications or level of influence, the size  understanding of the importance of transdisciplinary approaches in 

here  is  relatively  uniform,  emphasizing  network  structure  over                coastal ecosystem management. individual influence.


4.3 Practical Implications  

communities. Each cluster potentially represents a research group  Practically, the research encourages a paradigm shift in mangrove  The  colorful  clusters  reveal  active  and  interconnected  research 

restoration  implementation  from  technical  to  collaborative  and

with  specific  focuses or  expertise, such  as plant  genetics,  coastal

participatory  approaches.  Restoration  programs  involving

connecting  multiple  clusters  indicate  researchers  who  serve  as  communities  have  proven  to  increase  the  survival  rates  of  ecosystems,  or  smart  agricultural  technology.  Central  nodes 

mangrove  plants  and  local  fishery  yields.  Local  governments  and

importance  of  transdisciplinary  approaches  in  agricultural  and  NGOs are advised to adopt community involvement schemes and  bridges  for  cross-disciplinary  collaboration,  underscoring  the 

training  based  on  local  knowledge  to  achieve  optimal  results,  as

connectors  between  clusters  have  the  potential  to  be  opinion  reflected  in  the  successes  in  Langkat,  Sumatra,  and  Banyuwangi,  environmental  research.  Researchers  positioned  centrally  or  as 

Java.

leaders  or  innovators  across  fields.  These  nodes  are  crucial  for

accelerating  technology  and  knowledge  transfer.  The  numerous               4.4 Research Limitations  clusters  illustrate  extensive  international  collaboration,  reflecting

that  agricultural,  genetic,  and  environmental  issues  are  global  This  study  has  limitations  regarding  geographical  data  coverage, 

challenges  requiring  cross-country  and  cross-institutional  variations in restoration practices, and limited access to scientific 

cooperation.   publications  in some  regions.  Additionally,  long-term impacts  are 

not  fully  measurable  due  to  relatively  short  monitoring  periods.

This network visualization underscores that success in innovation  These  limitations  may  affect  the  external  validity  and 

within agriculture and environmental fields relies heavily on tight               generalizability of the results. research  collaboration  networks,  spanning  disciplines  and

institutions.  Such  collaboration  patterns  support  local  capacity

 

Table 6: Research Limitations and Their Impact 

 

Type of Limitation    Impact on Findings 

Limited geographical Limited generalization of results data 

Variation in           Suboptimal location comparisons restoration practices 

Limited publication Potential literature bias access 

Short-term           Long-term impacts not depicted monitoring 

 

4.5 Suggestions for Future Research                                               4.6 Social and Economic Impact  

Future  research  should  expand  geographical  scope,  adopt  The  social  and  economic  impacts  of  mangrove  restoration  are 

longitudinal  methods,  and  develop  more  comprehensive  socio- evident,  ranging  from  increased  fishermen's  income,  local  job 

ecological  indicators.  Cross-country  comparative  studies  and  creation,  to  strengthening  community  social  networks.  Policies 

testing  community  collaboration  models  in  various  cultural  based  on  these  research  findings  can  support  community 

contexts are needed to strengthen the basis for global mangrove              empowerment    programs,    environmental    education,    and

restoration policy.                                                                     sustainable coastal protection.
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Figure 7  Visualization of Social-Economic Impact of Mangrove Restoration

Description:  Figure  2  shows  improvements  in  all  social  and  reinforcing  the  need  to  expand  the  scale  of  restoration  using 

economic  aspects  post-restoration,  confirming  that  restoration  participatory  approaches  and  creating  synergy  between  modern 

benefits are not only ecological but also enhance the welfare and               scientific knowledge and local wisdom.

capacity of coastal communities.

Based  on  these  findings,  this  study  recommends  strengthening

In  conclusion,  this  discussion  underscores  the  relevance  of  the  mangrove  restoration  programs  by  actively  involving  local 

study's  findings,  linking  results  with  theory  and  practice,  and  communities and relevant stakeholders. It also suggests developing 

providing a  strong  foundation  for  future  policies and  research in  holistic  success  indicators  for  restoration  and  enhancing 

mangrove restoration and coastal resource management.  international  research  collaborations  to  broaden  understanding 

and implementation of best  practices. Additionally, it is crucial to

CONCLUSION AND RECOMMENDATION  conduct  follow-up  research  with  broader  geographical  coverage 

5.1 Conclusion  and  longitudinal  methods  to  measure  the  long-term  impacts  of 

restoration  on  fisheries  productivity  and  coastal  ecosystem

This  research  concludes  that  mangrove  restoration  is  a  strategic                sustainability.

and  effective  measure  for  enhancing  fisheries  productivity,

bolstering  coastal  ecosystem  resilience,  and  supporting  global  Overall,  mangrove  restoration  not  only  contributes  to 

biodiversity recovery. Through bibliometric analysis and systematic  environmental  conservation  but  also  supports  sustainable 

review during the period 2022–2025, the study reveals a trend of  development and balanced improvement of the quality of life for 

increasing research and strengthening international collaborations  coastal communities, making it a global priority in efforts to achieve 

in  mangrove  restoration.  The  integration  of local  knowledge  and                SDG 15 and conserve natural resources.
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