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Abstract

This bibliometric analysis synthesizes 39 years (1987-2025) worth of highly cited publi-
cations on mangrove sustainability, using 2465 publications from the Web of Science and
Scopus. This study offers researchers and policymakers a clear map of the core knowledge
and emerging areas in this field. It highlights influential publications and traces the field’s
development through bibliometric analyses of keywords, citations, co-authorships, and
geographic collaborations. Research on this area crystallizes around threat assessment,
management, ecosystem services, and operationalizing blue carbon, strongly supported by
remote sensing and aligned with SDGs 13, 14, and 15. Catherine E. Lovelock is the most
prolific author, and Science of the Total Environment is the leading journal. Geographically,
the Global North (USA, Australia, and Europe) remains dominant, while China asserts
institutional and country-level leadership as a hybrid collaborator in the Global South. The
collaboration network reveals a hub-and-spoke structure and a research capacity gap in
mangrove-rich nations across Africa and South America. Global events, environmental
issues, and modern technologies are driving the development of new theories, concepts,
and techniques regarding mangrove sustainability. This study reveals key research imbal-
ances and concludes that achieving mangrove sustainability requires robust South-South
collaboration and autonomous research capacity in climate-vulnerable regions.
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1. Introduction

Mangroves, the only forests at the land—sea interface in the tropics and subtropics,
are among Earth’s most productive ecosystems, covering approximately 13.76 million
hectares globally (see [1-5]). In response to the mounting threats posed by anthropogenic
activities and climate change over the past three decades, a significant volume of research
has emerged to diagnose the various challenges pertaining to mangrove sustainability
(see [6-11]).

Mangroves have long faced high rates of deforestation, contamination, and habitat
loss [9-13]. Due to human settlement, the expansion of agricultural or salt-making lands, the
development of coastal industries, and the expansion of coastal aquaculture, climate change
impacts, such as sea-level rise and extreme weather events, have inflicted considerable
damage on mangrove forests [14-17]. In addition to mangrove loss, mangrove degradation
also requires more attention globally, as remaining mangrove patches are often exposed to
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significant pollution and fragmentation [15,18-20]. Mangrove loss and degradation can be
addressed through rehabilitation efforts and, most importantly, protection [12,15,21].

Despite mangroves’ ecological and economic importance, global mangrove cover
declined by approximately 35% from 1980 to 2000 [9,15,22,23]. This issue is exacerbated by
unsustainable exploitation, poor governance, and a lack of awareness [24-26]. Promising
solutions are emerging through community-based conservation and geospatial technologies
like remote sensing, the latter of which enables accurate monitoring that can support
informed policymaking for the sustainable management of mangroves [27-36].

The concept of sustainability, advanced by the Brundtland report and later frameworks
such as the Millennium Development Goals (MDGs) and Sustainable Development Goals
(SDGs), is a cornerstone of public policy [10,15,37,38]. In this context, mangrove ecosystems
are a critical natural resource, and their unsustainable degradation has become a significant
focus of scientific research [15,39]. Conservation of mangroves is directly aligned with
global frameworks, specifically the UN SDGs for climate action (SDG 13), life below
water (SDG 14), and life on land (SDG 15) [37,38]. Meanwhile, the proliferation of digital
scholarly databases and analytical software [40,41] has unlocked a powerful new capacity
for synthesizing large volumes of research, enabling sophisticated bibliometric analyses of
complex sustainability challenges like those faced by mangrove ecosystems [41-44].

A bibliometric analysis is a quantitative examination method in which researchers
focus on documents—primarily scientific ones, such as articles and books—to uncover
research categories, publication types, key research institutions, citation patterns, and
countries and conduct keyword and title content analysis [11,43,45]. The insights it provides
can significantly impact both scholars and practitioners, as they offer a wider range of
options for redesigning next steps to expedite advancement in specific disciplines or
fields [46-48]. In mangrove studies, bibliometric analysis is pivotal for external evaluations
conducted to investigate research quality, interest in impact and prestige factors, and the
field’s development [24,46,49,50]. Numerous studies on mangrove-related topics using
bibliometric analysis have been published in a variety of journals [44,46,48,51-55], and they
always provide new perspectives on debates and discussions in mangrove studies [6,15,39].

In this study, we present a systematic bibliometric analysis of highly cited publica-
tions to explore and delineate the global intellectual structure of mangrove sustainability
research [56,57]. By specifically targeting the most influential literature, we use keyword
co-occurrence, co-authorship, co-citation, and bibliographic coupling to accomplish four
main goals: (1) identify and visualize the core intellectual structure of mangrove sustain-
ability research; (2) trace the thematic evolution of the field over time, highlighting shifts in
research focus and emerging frontiers; (3) map global scholarly networks to reveal key col-
laborative patterns and influential contributions; and (4) distinguish between foundational
knowledge clusters and current research fronts, providing a clear taxonomy of the field’s
development. This analysis provides a strategic evidence base allowing research funders to
redirect resources towards underfunded geographies and critical thematic gaps, enhancing
the field’s overall capacity to support on-the-ground mangrove sustainability.

2. Materials and Methods

Bibliometric analysis is a widely recognized cross-disciplinary research technique that
relies on quantitatively and qualitatively mapping research landscapes to understand a
field’s evolution and accelerate knowledge production [38,40,57-59] to create a map of the
structure and patterns of knowledge on data repositories as part of the development of a
particular field of study [53,60]. While there are several databases, such as Web of Science
(WoS), Scopus, and PubMed, available for bibliometric analysis, we used WoS and Scopus
as primary data sources to retrieve studies on mangrove sustainability [53,60-63].
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Currently, over 20,000 research articles have been published on diverse topics related

to mangrove sustainability in WoS and Scopus [26,64]. Notably, both databases provide
trusted data with comprehensive coverage, superior quality, and cleanliness and ensure
efficient retrieval for robust bibliometric analysis [53,65,66]. WoS was the first database
used in this study, with 8591 publications, and Scopus was the second, with 13,111 publica-
tions [62,63]. Figure 1 presents the data-mining framework used for bibliometric analysis
in this research.
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Figure 1. Flow diagram of the systematic literature screening process, showing studies included and
excluded from the synthesis.

As shown in Figure 1, there were seven stages in the data-mining framework [67]:

Defining the field of study: The primary field of study for this research is
mangrove sustainability.

Defining search platforms: WoS and Scopus databases were used.

Mining bibliometric data: (a) Define the execution search criteria—search terms “man-
grove* AND sustainab* OR conserv* OR manag* OR restor* OR rehabilitat* OR ecosys-
tem service*” and other criteria were used as described in Table 1. Although numerous
terms are associated with mangrove sustainability, the selected search terms capture
the core conceptual dimensions [10,24,43,68]. Figure 1 outlines the data screening
and refinement procedure applied to the two databases. Based on the subject area
keywords, a total of 21,702 publications were identified across both databases.

The concept of sustainability was first formally articulated in 1987 by the Brundtland

Commission report [37,69-71]; therefore, we limited our analysis to the period from 1987
to 2025, encompassing 39 years of research publication. After the time limitation filter
was applied, 20,950 articles were identified: 8542 from WoS and 12,408 from Scopus. To
identify foundational, high-impact studies, we used a normalized citation metric called
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Citation Per Year (CPY = Total Citations/Years since publication) [72-75]. A threshold of
>5 CPY was chosen as a recognized standard for high-impact research on environmental
science, balancing inclusivity with a focus on keywords [51,73-76]. While this criterion
applies to both older and recent publications, it helps us map the field’s well-established
intellectual core. The refined result for this step was 3959 for both databases. In the final
stage, WoS served as the primary source, with Scopus serving as the secondary source.
After deduplication in RStudio (version 2025.09.2+418) in Bibliometrix, the final dataset
comprised 1762 publications from WoS and 703 from Scopus, for a total of 2465 unique
publications. A study by Mongeon et al. found that WoS covers 54 percent of Scopus

publications [62]; therefore, Scopus displays only a few highly cited publications.

Table 1. Criteria for publication searching using WoS and Scopus.

Criteria

WoS Core Collection

Scopus

Keywords

((mangrove*) AND (sustainab* OR
conserv* OR manag* OR restor* OR
rehabilitat* OR ecosystem service*))

((mangrove*) AND (sustainab* OR
conserv* OR manag* OR restor* OR
rehabilitat* OR ecosystem service*))

Subject Area and Index

Topic field, Science Citation Index
Expanded (SCIE), and Social Sciences
Citation Index (SSCI)

Title, Abstract, and Keywords

Document types

Article, Review Article, Conference
Paper, Editorial, and Book Chapter

Article, Book Chapter, Review,
Conference Paper, and Editorial

Author

Anonymously written and undefined
documents were excluded

Anonymously written and undefined
documents were excluded

Highly cited

>5 CPY method (Citation rate = Total
Citations/Years since publication [76])

>5 CPY method (Citation rate =Total
Citations/Years since publication [76])

Years

From 1987 to 2025 (39 years)

From 1987 to 2025 (39 years)

Search date

20 December 2025, at 10.00 a.m.

20 December 2025, at 03.00 p.m.

Location

University of Tsukuba, Japan

University of Tsukuba, Japan

Result finalization and exporting: We refined our searches of both the WoS Core
Collection and Scopus databases according to criteria in Table 1 and imported the library
source metadata into plaintext (txt) and comma-separated values (csv) format to ensure
data accuracy and quality, respectively.

1. Importing data: After determining the criteria, we exported the recorded data to
the web-based interface Bibliometrix (biblioshiny) [59] in RStudio; the program
VOSViewer (version 1.6.20) [77,78]; and MS Excel, which are valuable software
products designed to allow users to construct and view bibliometric maps, graphs,
and data.

2. Analyzing bibliometric data: We employed bibliometric analysis, a quantitative oper-
ational method in which research data are examined through three key indicators—
quantity, quality, and structural variables.

3. Mapping the state of the art and identification, along with grouping and analyzing

gaps and trends: We used Bibliometrix (biblioshiny) and VOSviewer to operationalize
bibliometric mapping by analyzing authors, institutions, journals, keywords, citations,
and geographical regions. This process generated distance-based maps, where prox-
imity reflects relationship strength, and graph-based maps for visualizing networks to
identify research trends, gaps, and the state of the art [59,78].

4. Concluding: Here, the bibliometric results were analyzed to map the intellectual

landscape and emerging trends in mangrove sustainability research. The synthesis
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identifies research gaps and dominant paradigms, providing a framework for guiding
future research and policy application.

3. Results and Discussion
3.1. Publication Output and Citation Impact Trends

The results illustrate that journal articles constitute the majority of publications in
the databases, accounting for 1985 publications (80.5%), highlighting the predominance
of original study contributions in this field. Review articles account for the second-largest
share, with 367 (14.9%) publications, indicating the considerable importance of knowledge
synthesis. Book chapters (53; 2.1%), proceedings papers (39; 1.6%), and editorial materials
(21; 0.9%) made up a minor proportion of the total output. Figure 2 shows the number of
highly cited articles on mangrove sustainability in each year from 1987 to 2025 on WoS
and Scopus.
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Figure 2. The number of highly cited articles involving mangrove sustainability on both WoS and
Scopus by year from 1987 to 2025.

More publications on mangrove sustainability are indexed on WoS than on Scopus.
Both databases recorded their highest publication counts in recent years: 205 for WoS in
2022 and 83 for Scopus in 2021. Although there are numerous publications from 1987 to
1999, this period is considered less highly cited in the field of mangrove sustainability. Only
three publications were recorded as highly cited from 1987 to 1994: one from WoS and two
from Scopus. Highly cited publications on mangrove sustainability have steadily increased
since 2000, with a significant acceleration in growth from 2015 to 2022. Although a decline
was observed after 2022, it is not a true drop in scholarly output but rather a data artifact.
Bibliometric databases like WoS and Scopus exhibit a significant lag in indexing, processing,
and assigning publications to annual volumes, meaning that publications from May 2023
to 2025 are not yet fully reflected in the data. However, the overall volume remains high
for the study period.

To map the field’s core material—its foundational studies and their impact trajectory—
we analyzed the annual citation trends of highly cited publications (Figure 3). The WoS
database was searched first, followed by Scopus. The duplication process revealed a 37.7%
overlap between the two databases, with the Scopus records being largely redundant
relative to those already found on WoS, resulting in fewer unique publications from Scopus.
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However, the result presented here accounts for the aggregated citation counts of all
mangrove sustainability publications from 1987 to 2025. Publications from 1987 to 1994
received few or no citations because there were fewer highly cited publications during
this period. The highest citation count in 2011 and 2020 was over 15,000 for both WoS and
Scopus publications; these two years represent the highest WoS citation counts, 14,598 and
12,915, respectively. Citation counts on both WoS and Scopus increased gradually from
1995 to 2007 and accelerated substantially from 2008 to 2022; however, from 2023 to 2025,
they decreased. Notably, over 2000 highly cited publications on mangrove sustainability
were published in the first quarter of the 21st century.
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Figure 3. The number of citations related to mangrove sustainability research among the highly cited
publications on WoS and Scopus from 1987 to 2025.

Furthermore, a strong positive correlation was observed between annual publication
count and citation numbers for the highly cited literature from both databases, indicating
that increases in research output correspond to greater scholarly impact and discourse.
Several key developments in the field have likely driven this link. First, the discovery
of mangroves as key ‘blue carbon’ sinks created a vital research agenda, stimulating
widespread study [15]. Second, major advancements in remote sensing technology enabled
large-scale, long-term monitoring, generating new, high-impact data streams [5,21,31].
Finally, the rise in global policy initiatives and collaborative scientific programs explicitly
framed mangrove conservation as a climate solution, mobilizing international research
efforts and creating a focused, citable body of work [15,26].

The publications in the leading journals (Figure 4) reveal key phases in the maturation
of mangrove sustainability science. The Journal Science of the Total Environment is the
leading journal in the field, with 118 highly cited publications in the database, all of which
were abstracted and indexed in Scopus and WoS (SCIE). The journal has a CiteScore of
16.4 and is an open-access publication on Elsevier’s ScienceDirect platform. The second
top journal is Remote Sensing, for which 88 highly cited publications were recoded, ab-
stracted, and indexed in Scopus and WoS. This success is the result of playing a significant
role in GIS and remote sensing for detecting spatiotemporal changes in mangrove ecosys-
tems [31,32,34,79,80]. In 2023, all the top 10 journals were classified as Q1 or Q2, each with
a CiteScore above 4.5. Five are published by Elsevier, two are published by MDPI, and the
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remaining three are published by Frontiers Media, Wiley, and PLOS, respectively. All are
indexed in both WoS and Scopus, forming a platform for mangrove sustainability research
that is science-based, technologically advanced, and field relevant.
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Figure 4. The number of publications on mangrove sustainability research in the top 10 journals,
based on the highly cited publications index in WoS and Scopus (1987-2025).

Figure 5 illustrates the top 10 authors, along with their quantities of articles and
citations, based on the timescale generated by Biblioshiny’s “author production over
time” analysis. These authors have contributed continuously to mangrove sustainability
research since 2005, with the highest level of contribution occurring between 2019 and
2023. The years 2020 and 2021 saw the highest annual publication output, with each of
the top ten researchers publishing over four articles per year and being cited more than
100 times during this period. The most articles and citations were recorded for C. Lovelock
and D. Friess, as well as S. Lee and F. Dahdouh-Guebas, who are also noted as long-
term, continuous contributors, with approximately 30 years of experience. Furthermore,
among the top ten most prolific authors, 60% are affiliated with institutions in high-income
countries (primarily in the Global North). In contrast, 40% are affiliated with institutions in
low- and middle-income countries (generally associated with the Global South) as classified
by the World Bank income categories [81].

The observed publication trends are directly linked to major international policy
events and technological progress. Foundational reports like the Brundtland Report
(1987) [37,82] and the Millennium Ecosystem Assessment (2001) [83] established the
scientific value of ecosystem services [84], while subsequent accords such as the Paris
Agreement (2015) [85] and the SDGs [86] set explicit climate and biodiversity targets,
channeling research toward mangroves’ roles in mitigation and adaptation. Dedicated
initiatives such as the UNEP Blue Carbon Report (2009) [87,88] and the Global Mangrove
Alliance (2017) [48] provided focused frameworks and funding. High-impact events
like the 2004 Indian Ocean tsunami [89,90] underscored mangroves’ protective services,
triggering focused study [5,91,92]. Over the past three decades, advancements in remote
sensing have provided the tools necessary for the large-scale monitoring demanded by
these global agendas [27,93].
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Figure 5. Number of publications over time related to mangrove sustainability research for top-
ten authors based on WoS and Scopus highly cited publications from 1987 to 2025 (N = Number,
TC = Total Citations).

3.2. Thematic Evolution and Key Research Fronts

The co-occurrence of author keywords in bibliometrics analysis is crucial for ef-
fectively presenting research topics and providing insights into publications within
databases [53,94,95]. In this context, the idea is that keyword co-occurrence enriches
documents, supporting the notion that each research area can be characterized by a list of
its most essential keywords [96]. Figure 6 shows the 212 keywords selected from a total of
5861 across the WoS and Scopus databases that met a minimum occurrence threshold of
20. These keywords reflect the corresponding scientists” and researchers’ research publica-
tion priorities and directions within the selected discipline, along with global knowledge
flow directions.

There are four clusters in Figure 6. The central keyword, “Mangrove” (427 occurrences,
192 links), and other frequently used keywords, ranked by total link strength, can be listed,
such as “management (157)”, “conservation (196)”, and “ecosystem (201)”, which connect
four thematic clusters. The blue cluster highlights spatial analysis, remote sensing, and
monitoring, with keywords such as ‘land use’, ‘satellite imagery’, ‘gis’, and ‘Landsat’,
indicating the use of geospatial technology to assess extent and change. The red cluster
addresses conservation, management, and socioeconomics, linking ecological value to
human action. Keywords such as ‘conservation’, ‘management’, ‘restoration’, ‘biomass’,
‘biodiversity’, ‘climate change’, and ‘values’ reflect research on sustainable use and human
impacts. The green cluster encompasses ecology and ecosystem dynamics keywords
such as ‘environmental protection’, ‘water pollution’, and ‘geological sediment’, with
highlighted studies on species distribution and ecosystem health. The yellow cluster
focuses on mangrove research and integrates core ecological processes with blue carbon
and biogeochemistry (soil carbon, sediments, and salinity), with a research emphasis on
mangroves’ roles in carbon sequestration and climate adaptation. However, the evolution of
keyword priorities over the study period reflects the direct influence of major global policies,
concepts, and scientific initiatives aimed at monitoring and identifying the many countries
in the Global South facing mangrove-related issues [97,98]. This alignment began with
major international events, newly introduced concepts, and technological advancements
related to mangrove sustainability.

https:/ /doi.org/10.3390/£17020240


https://doi.org/10.3390/f17020240

Forests 2026, 17, 240 9 of 19

matter
denitrification phosphorus = _
nittagen geologicggediments
di ¢ bioaccugnulation
organi@carbon e ‘n S bacteria water pollygants, chem
L~ plant
" contar@ination
t icennia-marina surface sediments se nt chegiistry,
stafage — aycennigr 7 > : SN ‘
’f’onlrol'i'study )Naler pollutant
gulf-ofynexicos(uks soil carbon pollgtion = - <4
rages coastal @wetlands X @y
sequestration ® e = . L
> flofida (oastal egosystems riger <
spartina-alternifidra bay .
“ proddgtivity bi@ss tempepature £ 5 \'ec' »
seaglevel climate | iz : 7
z ik
- sea-level risenuewbor watersguality We?/JS
[} abovegroupd biomass g carbon ' coastal wetland '\ anignal
resp@nses dyx“ics co'mmuni“struc(ure' b
seagpass Y anifpals
cllmat*hangev diversity vegétation b dusggalia f S e
mangrcﬁforests * Z sea ft*t “carbon se‘e’stra n > epgronme{"" franagemet ]
landzusely fc*s ¢ restoration Z = RN e ) <N
o . N P e 529 5N 9
patferns eco*ms o X 5 Lo S LS rediew -
> : (sarbostocks g — $ g s . » /
- impacts ingex o JandgEape tip m Ve AL X
seagrags beds \ chipa @ forest a"r:i lture
o codstal island IMRACt . g sl sep s '"dla'bcea". CWPEEf 7 a4
i) vuln‘bility @ \«
connggtivi model . -
& ; & » ~ blo*suy rhlzo‘aceae chmar*hange conservat* of natura
man*neﬂt e @ ecalogy
@ s "‘a . . envuronm*al protecti
habilitation: < rv:ans 1
coralgreefs o€ erasion aquagulture forestry @ anguse -
sergpes cons*tion envirgnment < asia
protggtion
T (e cayer @ bangladesh fishgries: - sustainableigevelopmen
¢ ., classification adaptation™ i
L J L4 eur@sia
chal es @ A
framgwork ® ok forest mapagement ecosystef service b ind .
values knowgedge valuation gis » Tagesia
mekong delta @ satellitymageryt dec.isiowmaking
remotegsensing ®
@  landsat o
&VOSviewer

Figure 6. Co-occurrence network (author keywords) related to mangrove sustainability research
in the WoS and Scopus databases based on highly cited publications from 1987 to 2025. Note:
A minimum number of occurrences of 20 was applied to highly cited publications, resulting in
212 out of 5861 keywords being distributed among 4 clusters. Bubble size represents the total number
of highly cited articles, line thickness indicates the strength of the linkage, and color represents the
cluster to which each article belongs.

3.3. Influential Institutions and Research Networks

Universities and academic institutions serve as the primary hubs of knowledge gen-
eration and dissemination [99]. Figure 7 illustrates the most relevant affiliations among
the leading universities and institutions in regard to mangrove sustainability publications.
The Chinese Academy of Sciences and the University of Queensland (Australia) are the
two most influential institutions, with 224 and 161 highly cited publications, respectively.

Although developed countries have become pioneers in knowledge generation and
dissemination, in the field of mangrove sustainability publications, the Chinese Academy
of Sciences has the most relevant affiliations. Two more of Asia’s institutes rank among the
top ten affiliations, including the National University of Singapore and Xiamen University
in China. The other top seven publication affiliations correspond to the USA (four) and
Australia (three).
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Figure 7. The most relevant affiliations in the field of mangrove sustainability studies from 1987
to 2025.

The co-authorship network (Figure 8) reveals not only the structure of scientific col-
laboration but also the thematic foundations of affiliations for highly cited publications
in mangrove sustainability research drawn from the WoS and Scopus databases. It shows
that the top ten affiliations have a strong relationship with publications on mangrove sus-
tainability. This bibliographic coupling figure confirms that the main red cluster forms the
core area and indicates that each of these affiliations constitutes a highly integrated global
knowledge base on mangrove sustainability. The Chinese Academy of Sciences, the Univer-
sity of Queensland, the National University of Singapore, and Griffith University generated
many references, with strong alignment across theoretical frameworks, methodologies, and
research themes in regard to the field of mangrove sustainability.

Furthermore, this figure shows the institutional integration of closely convergent
research and the dependence on key studies among the groups involved in mangrove and
coastal sustainability studies.

3.4. Geographical and International Collaboration Patterns

The geographical distribution of publications reveals the global origins of mangrove
sustainability research, highlighting significant disparities in scholarly output across coun-
tries. Mangroves are globally distributed across tropical and subtropical coastlines [5,15].
Thus, most of the publications on mangrove studies are not recorded in these zones.
Figure 9 illustrates the top 10 single- and multi-country publications by corresponding
authors on mangrove sustainability research in the WoS and Scopus databases. As a coun-
try, the USA has the most publishers, with approximately 135. However, China leads in
terms of on single- and multiple-country collaborative publishers, with over 428 of such
publications. Australia ranks third in terms of publications on mangrove sustainability,
with 302 contributions, both independently and through intranational collaboration.
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Figure 8. Bibliographic coupling of universities and institutions related to mangrove sustainability
research on WoS and Scopus based on highly cited journals from 1987 to 2025. Note: A minimum
number of occurrences of 10 was applied to highly cited publications, resulting in 128 institutions out
of 8128. Bubble size represents the total number of highly cited publications, line thickness indicates
the strength of the linkage, and color represents the cluster to which each article belongs.

The most important detail is that among the top ten countries, four are Asian: China,
India, Indonesia, and Bangladesh. Among the highly cited publications, these four countries
contributed approximately 700 out of the 2465 publications as single and collaborative
publishers. This reveals a new trend regarding the Global South’s academic strength in Asia.
A considerable number of Asian countries are becoming economically strong and have
prioritized higher education to generate new scientific knowledge [15]. However, there
are no countries in the African continent in the top ten single- and multiple-publication
country list.
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Figure 9. Highly cited articles: The single- and multiple-country publications pertaining to corre-
sponding authors regarding mangrove sustainability research in the WoS and Scopus databases
obtained by accessing the highly cited publications from 1987 to 2025 (SCP—single-country publica-
tion; MCP—multiple-country publication).

Figure 10 shows the co-authorship network among the top contributing countries,
highlighting the collaborative landscape that supports the field’s core ideas. The USA,
Australia, and the People’s Republic of China were among the top-ranked countries for
the highest level of collaboration with other countries on mangrove studies. These three
countries serve as central hubs within the global mangrove sustainability research net-
work, with total link strengths of 1371, 1328, and 772, respectively, indicating their pivotal
role in facilitating extensive international collaboration and knowledge exchange. Eng-
land (734), Germany (568), the Netherlands (497), Spain (491), Indonesia (445), Malaysia
(434), Singapore (404), Belgium (367), and India (361) have strong network links with
other countries. The People’s Republic of China, Indonesia, Malaysia, India, and Singa-
pore play leading roles in Asia and are closely associated with the USA, Australia, and
European countries.

In Figure 10, the yellow, purple, and blue clusters combine the USA, Australia, Belgium,
England, Brazil, and the Netherlands, highlighting strong international collaboration,
particularly between Australia and many other Western countries. Furthermore, the red
and green clusters represent collaborations among Asian countries, regionally led by China,
as well as partnerships with leading countries outside the region. Canada, Italy, Germany,
and Saudi Arabia have a significant number of publications written in collaboration with
China. There are few countries representing Africa—even though this region accounts for
approximately 10% of the world’s mangrove cover [5,91]—and most of the publications
are linked to European countries. Saudi Arabia, Canada, Belgium, India, and Indonesia
function as minor hubs in the field of mangrove sustainability publication.
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Figure 10. Co-authorship network of the top countries regarding mangrove sustainability research
from WoS and Scopus obtained by accessing the highly cited journals from 1987 to 2025. Note: A
minimum number of occurrence value of 6 was applied to highly cited publications, resulting in
67 countries out of 118. Bubble size represents the total number of highly cited articles, line thickness
indicates the strength of the linkage, and color represents the cluster to which each article belongs.

Figure 11 demonstrates that the top three most prolific countries in terms of contribu-
tions have strong social and geographical ties in their scientific communication networks
on mangrove sustainability studies. The USA, China, and Australia have engaged in
over 100 collaborations pertaining to highly cited publications, as the leaders of economic
development in the USA and China have collaborated with developing nations to share
knowledge on mangrove sustainability. Many Southeast Asian and Middle Eastern coun-
tries collaborate with China, the USA, and Australia in regard to their publication networks.
Latin American countries are primarily linked with the USA and Europe.

Among the continents, the USA in North America, Brazil in South America, China
in Asia, the United Kingdom in Europe, and Australia in Oceania lead, with the highest
number of publications.

The global landscape of mangrove sustainability research exhibits distinct geograph-
ical and collaborative patterns, strongly influenced by mangrove distribution. Asia,
which contains over 40% of the world’s mangroves, is a dominant knowledge producer,
demonstrating a correlation between research output and proximity to the studied ecosys-
tem [15,93]. However, output is highly concentrated in specific regions, notably Southeast
Asia, Australia, and the USA. At the same time, mangrove-rich nations in Africa and South
America exhibit disproportionately low publication rates, indicating a significant research
capacity gap [9,15]. Many African countries face economic barriers due to high article-
processing charges [15,98], publication bias, language barriers [99], limited collaboration
with international communities [33], and historical underinvestment [15]. The international
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collaboration network is structured around central hubs, with the United States, China, and
Australia serving as the most connected knowledge hubs, facilitating broad global links.
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Figure 11. Social and geographical structure of the scientific communities for mangrove sustainability
studies worldwide from 1987 to 2025 (the minimum number of mid-edge collaborations is 6 in
Bibliometrix (biblioshiny)).

Secondary hubs exist in Western Europe, East Asia, and South Asia. This network
operates through defined pathways, Global North-South partnerships for capacity build-
ing, strong regional intra-networks (e.g., within ASEAN and the EU), and an overarching
hub-and-spoke model where central hubs connect numerous low-connected countries [81].
This concentrated structure accelerates knowledge dissemination and has significant im-
plications. It risks allowing central hubs to set the global agenda disproportionately and
may perpetuate academic dependencies. This dynamic is reinforced by a common trend
in which researchers from the Global South publish through affiliations with northern
host institutions, further centralizing knowledge production. Consequently, there is an
urgent need to strengthen South-South collaboration and support the autonomous research
capacity of mangrove-rich nations to foster a more equitable and responsive global science.
Within this context, China, together with a few Asian countries, plays a significant role
as a unique and hybrid superpower in the Global South, substantially contributing to the
generation and dissemination of academic knowledge on mangrove sustainability.

4. Conclusions

This bibliometric analysis spanning nearly four decades (1987-2025) establishes a
clear intellectual and structural map of mangrove sustainability by identifying its core
themes, tracing their evolution over time, mapping global collaboration patterns, and
distinguishing foundational knowledge from emerging research frontiers. It reveals a field
defined by a feedback cycle in which global policy agendas, from the Brundtland Report to
the SDGs and the Paris Agreement, drive research on threats, blue carbon, and ecosystem
services, which in turn is enabled and validated by advances in remote sensing. This
cycle has firmly embedded mangroves within the global climate agenda. However, a stark
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geographical imbalance persists: although mangroves are predominantly located in the
global South (Southeast Asia, Latin America, and Africa), research leadership remains
concentrated in the North (the USA, Australia, and Europe). Meanwhile, China acts
as a key hybrid collaborator, bringing regions into the dominant hub-and-spoke model,
which risks deepening dependencies rather than fostering autonomy. To ensure that
science advances both global sustainability and local resilience, the field must actively
foster equitable South-South collaboration and develop independent, place-based research
capacity across all mangrove-rich regions. In terms of funding and capacity-building,
parties should prioritize the creation of autonomous, local research hubs in mangrove-rich
countries. The aim should be to shift from a northern-led, extraction-oriented model to an
equitable, southern-empowered network where local science directly contributes to and
guides effective, context-specific conservation and sustainable management.
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IPCC Intergovernmental Panel on Climate change
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SCI-E Science Citation Index Expanded
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