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carbon reserves, the analysis explores publication trends, key contributors,
and thematic developments in blue carbon science. Notably, a marked
increase in research output since 2005, peaking in 2023, underscores the
growing recognition of blue carbon’s role in mitigating climate change. This
is particularly true in vulnerable coastal ecosystems such as mangroves and
seagrasses. Accordingly, the findings reveal an evolution from fundamental
carbon storage studies to complex interactions involving anthropogenic
impacts and biodiversity considerations. Moreover, this diversification
highlights the need for integrated conservation strategies that combine
ecological insights with community engagement and policy frameworks. In
addition, recommendations for future research include enhancing monitoring
methodologies, improving mangrove rehabilitation practices, and increasing
community awareness of the benefits of blue carbon. Essentially, by fostering
collaborative efforts among scientists, policymakers, and local communities,
this analysis contributes to effective conservation policies that optimise the
blue carbon potential of Indonesia’s small island ecosystems. This ultimately
contributes to global efforts to mitigate climate change.
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Introduction

Blue carbon refers to the capacity of coastal
ecosystems such as mangroves and seagrass
meadows, to act as carbon sinks, absorbing and
storing atmospheric carbon (Macreadie et al.,
2019). Small island ecosystems, particularly
those dominated by seagrasses and mangroves,
play a crucial role in the global carbon cycle
by providing significant ecosystem services,
including carbon storage and other regulatory
functions.  Correspondingly, research has

demonstrated that seagrass ecosystems have
a significant capacity to absorb and store
atmospheric carbon. This, in turn, can help
mitigate greenhouse gas emissions that
contribute to global warming (Maemunah et al.,
2022). In addition, mangroves play a crucial role
in reducing national carbon emissions through
rehabilitation and planting activities (Imran
et al., 2022). Related research has also been
conducted to estimate carbon stocks in seagrass
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and mangrove ecosystems in various locations.
This includes the waters of Bintan Island
(Hertyastuti et al., 2020), Bunaken National
Park (Verisandria et al.,2018), and Karimunjawa
National Park (Rhamadany et al., 2021). The
results indicate that mangrove ecosystems
have significant potential as carbon stores,
capable of sequestering substantial amounts of
carbon (Rifandi, 2021). Additionally, research
emphasises the significance of enhancing public
awareness and participation in climate change
mitigation and adaptation efforts, including
through education and the rehabilitation of
coastal areas (Zukmadini & Rohman, 2023). In
the Indonesian context, these studies provide
a deeper understanding of the importance of
coastal ecosystems such as mangroves and
seagrass beds, in the face of climate change.
Furthermore, the conservation, rehabilitation,
and management of coastal ecosystems are
crucial for maintaining atmospheric carbon
balance and reducing the impacts of climate
change. Additionally, policies that support
coastal ecosystem management and raise public
awareness of the role of these ecosystems are
also necessary to effectively achieve climate
change mitigation goals.

Notably, Indonesia’s  small island
ecosystems, particularly their mangrove and
seagrass habitats, are critical components of the
global blue carbon landscape. While bibliometric
analyses of blue carbon research have been
published in journals such as Ecological
Indicators, Wetlands, Water, and Environmental
Science and Pollution Research, this study
offers a novel contribution by focusing explicitly
on Indonesia’s small islands. Despite often
being overshadowed by the larger landmasses
of Kalimantan and West Papua, these islands
contribute significantly to carbon sequestration.
This is based on the combined carbon storage
capacity of Indonesia’s mangroves and
seagrasses, estimated at 3.4 Pg C, representing
approximately 17% of the global blue carbon
stock (Alongi et al., 2016). Collectively, these
statistics underscore the significance of small
islands in climate mitigation strategies and

450

underscore the need for research specifically
examining their blue carbon dynamics.

The wunique ecological characteristics
of Indonesia’s small islands make them
particularly vulnerable to climate change and
sea-level rise. Studies indicate that rising sea
levels could inundate approximately 34,000
km? of Indonesian territory, including many
small islands, by 2100 (Rahmadi ef al., 2022).
Consequently, this vulnerability poses a threat to
the carbon storage potential of these ecosystems
and to their ecological balance. For instance,
degradation of seagrass meadows and mangrove
forests could lead to significant losses in carbon
stocks, as these ecosystems are essential for
trapping and storing carbon in their sediments
(Fauzi et al., 2021). At the same time, impacts
of climate change such as increased storm
intensity and frequency, further exacerbate
these risks, potentially leading to immediate
and drastic losses in seagrass coverage (Dunic
et al., 2021). Such challenges emphasise the
urgency for tailored blue carbon conservation
and management strategies suited to the specific
context of small islands.

This study distinguishes itself by focusing
on small island ecosystems and highlighting
their unique challenges and contributions to blue
carbon research. Although the methodological
approach aligns with established bibliometric
analyses, our work provides an in-depth
evaluation of trends specific to Indonesia’s
small islands and their blue carbon ecosystems,
thereby filling a critical knowledge gap. Unlike
studies that take a global or broad regional
approach, our analysis considers the distinct
environmental conditions and socio-economic
contexts of Indonesia’s small islands. For
example, the protection of mangrove forests in
the Karimunjawa-Kemujan Islands has been
demonstrated to be vital for carbon sequestration
and mitigating the impacts of climate change
(Wirasatriya et al., 2022). Additionally,
integrating local community practices and
knowledge into conservation strategies enhances
the effectiveness of blue carbon initiatives
(Aminah et. al, 2019; Suryani et al., 2023).
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Thus, by providing insights into research gaps,
key contributors, and evolving themes, this study
aims to inform the development of conservation
policies tailored to these ecosystems.

Furthermore, the potential for blue carbon
conservation in small islands is substantial, as
these ecosystems store carbon at rates surpassing
those of terrestrial forests (Muliawati & Choesin,
2024). Seagrass ecosystems, for instance, have
been reported to have carbon storage capacities
of up to 830 MgC/ha, which is notably higher
than the carbon absorption potential of many
terrestrial ecosystems (Muliawati & Choesin,
2024). This highlights a significant opportunity
for blue carbon conservation and underscores
the need for targeted research and policy
development to enhance the resilience and
carbon sequestration capabilities of these vital
ecosystems.

Following this, bibliometric analysis serves
as a powerful tool for systematically scanning
and mapping knowledge within the field of blue
carbon, particularly in small island ecosystems.
This method allows for an in-depth exploration
of research outputs by analysing patterns of
citations, authorship, collaboration, and key
themes. By providing a comprehensive overview
of existing literature, bibliometric analysis helps
identify research trends, influential studies,
and the contributions of key authors. It also
reveals knowledge gaps and areas requiring
further exploration such as the estimation of
carbon stocks in critical ecosystems, including
mangroves and seagrasses (Rustam et al,
2021; Aprilia & Nandiyanto, 2022). In other
words, this method is instrumental in guiding
future research directions and informing
policy development for the conservation and
management of blue carbon ecosystems.

While bibliometric analyses of blue carbon
research exist in several global and regional
contexts (e.g., in journals such as Ecological
Indicators, Wetlands, Water, and Environmental
Science and Pollution Research), this study
uniquely focuses on the dynamics of blue carbon
within Indonesia’s small island ecosystems.
Note that these ecosystems play a crucial yet

underexplored role in carbon sequestration and
climate change mitigation. Unlike previous
bibliometric studies that encompass broad
geographic areas, our analysis provides a
nuanced examination of the research trends,
key contributors, and knowledge gaps specific
to Indonesia’s small islands, which face unique
environmental  pressures,  socio-economic
challenges, and management needs.

Additionally, this study identifies these
knowledge gaps, emphasising the critical need
to integrate blue carbon research into national
conservation policies, with an eye toward
practical applications and strategies to enhance
blue carbon potential in small island habitats.
Accordingly, by adopting a detailed trend
analysis spanning 1980 to 2024, we aim to
uncover the evolution and development of blue
carbon research in these small islands. This offers
targeted insights that support both the scientific
community and policymakers in addressing the
unique challenges and opportunities presented
by these ecosystems. Additionally, this approach
allows for a deeper understanding of the
interplay between global research trends and
localised conservation needs. It also provides a
foundation for developing tailored strategies to
optimise the blue carbon potential in Indonesia’s
small islands.

This study aims to analyse the trends
and evolution of research on blue carbon in
small island ecosystems in Indonesia using a
bibliometric analysis based on Scopus data.
Scopus was selected as the primary database for
this analysis due to its comprehensive coverage
of peer-reviewed literature across a wide range
of disciplines. This includes environmental
science, and it has a reputation as one of the
largest and most reliable sources of scientific
publications globally. By utilising Scopus, this
study ensures that the analysis is based on high-
quality and widely recognised research outputs.
Additionally, Scopus provides advanced tools
for citation tracking and author collaboration
networks, making it particularly suitable for
bibliometric studies. Concurrently, this study
utilises analytical tools such as VOSviewer

Journal of Sustainability Science and Management Volume 21 Number 2, February 2026: 449-470



Deli Wakano et al.

and Bibliometrix to identify critical scientific
collaborations, contributions from influential
authors, and dominant themes that have evolved
from 1980 to 2024. Specifically, it examines the
significant increase in publications since 2005
and investigates the factors contributing to the
2023 peak in research activity.

Furthermore, it highlights the significance
of Indonesia’s small island ecosystems within
the global and national contexts of blue carbon
research and explores the implications for
developing effective conservation strategies.
Ultimately, the study aims to identify future
research opportunities to strengthen climate
change mitigation efforts in Indonesia,
particularly by integrating blue carbon principles
into national conservation policies. Through
these objectives, the study aims to make a
meaningful contribution to the effectiveness of
conservation policy and practice, and to support
broader climate change initiatives.

Materials and Methods

The bibliometric method is a component of
the research evaluation methodology that
enables the use of a separate method for
bibliometric analysis (Ajinegara & Soebagyo,
2022). Bibliometric analysis involves using
analytical tools such as Biblioshiny, R-based
applications, and the Bibliometrix R-package
as the main tool (Hidayatulloh, 2024). In
bibliometric analysis, a quantitative and
statistical approach to scientific publications
enables the mapping of research trends, popular
topics, and scientific collaborations (Madjido,
2021; Perdana et al., 2023). Meanwhile,
software such as VOSviewer, RStudio, and
SEforRA are common in bibliometric analysis
for data processing and visualisation (Wulan
Aulia Azizah & Nur Indah Wahyuni, 2024).
In addition, bibliometric analysis can involve
using the “bibliometrix” package in R and the
Publish or Perish application (Widyatami &
Sari, 2023). Remarkably, bibliometric analysis
has been applied in various fields, including
learning media, supply chain management,
mathematical reasoning, and health information
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systems (Pratiwi & Soebagyo, 2022). Using
bibliometric methods enables a better
understanding of the development of a field of
science, the identification of research trends, and
the facilitation of scientific collaboration.

This study employed bibliometric methods
based on blue carbon publications in small
island ecosystems, using data from Scopus. Data
collection was conducted on May 14, 2024,
following keyword criteria that encompassed
various aspects of blue carbon and small island
ecosystems. In addition, the Scopus database was
selected for its comprehensive global coverage
of peer-reviewed journals and advanced citation
analysis tools, ensuring high-quality data for
bibliometric research.

In the context of the PICO framework,
the Population refers to scientific publications
focusing on blue carbon ecosystems, particularly
in small island environments. Meanwhile, the
Intervention involves applying bibliometric
analysis, which systematically scans and maps
research outputs, trends, and collaborations.
Moreover, Comparison is facilitated by
examining publications across different time
periods and regions, enabling an understanding
of how blue carbon research in small island
ecosystems has evolved relative to larger
island studies and global trends. Finally, the
Outcome is the identification of research gaps,
key contributors, and trends, intending to guide
future studies and inform conservation policies
for more effective climate change mitigation
strategies in small island ecosystems (Roever,
2018).

Using analytical tools such as VOSviewer
and Bibliometrix, this study evaluates key
scientific collaborations, influential authors,
and dominant themes from 1980 to 2024. The
research highlights the marked increase in
publications since 2005, culminating in a peak
in 2023, and analyses the factors behind these
trends. By focusing on Scopus data, this study
ensures access to a comprehensive and reliable
source of global scientific publications, which
is critical for the depth and accuracy of the
bibliometric analysis.
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Furthermore, the study emphasises the
importance of blue carbon in small island
ecosystems in both global and national
contexts, highlighting the need to integrate
these findings into conservation strategies.
Through this approach, the study contributes
to strengthening climate change mitigation
efforts, especially by integrating blue carbon
principles into national policies, and provides
insights for the future direction of research in
this critical area. Building on this, the analysis
of productive researchers in the field of blue
carbon aims to identify key contributors,
research networks, and collaborations that have
shaped the field’s direction and development.
Accordingly, understanding these networks can
help uncover patterns of knowledge production
and dissemination, revealing how blue carbon
research has evolved and highlighting influential
research groups or collaborations that may guide
future research agendas.

The (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)
PRISMA diagram outlines a systematic process
for identifying and including articles in a study
on blue carbon. The search was conducted in the
Scopus database, focusing on titles, abstracts,
and keywords related to various terms such
as “Blue carbon”, “Coastal carbon”, ‘“Marine
carbon”, “Seagrass carbon”, “Mangrove carbon”,
and others linked to marine and coastal
ecosystems. The search spanned from 1890 to
2024, with the search date being May 14,2024. It
excluded terms such as “bibliometric”, “scoping
review”, and “systematic review”. The initial
search yielded 447 documents, which were then
screened, resulting in 365 articles. Of these,
360 were in the final publication stage, and 349
were in English. A total of 346 journal articles
were selected for bibliometric analysis. For
case study purposes, 25 articles from Indonesia
were included. This process demonstrates the
thorough approach to identifying, screening,
and selecting relevant articles for the study, with
a special focus on publications from Indonesia.

This study utilises the R application and
RStudio for bibliometric analysis. For the first

use, install the bibliometric package by entering
“install.packages(‘bibliometrix”)” in the
console tab. Following this, to run Biblioshiny,
type “library(bibliometrix)” and press Enter
or run. Subsequently, continue by writing
“biblioshiny()” in the console tab and run it
again.

Combining journal data analysis with
bibliometric analysis is a powerful approach
for exploring research trends and collaboration
patterns across disciplines. In particular, this
method utilises bibliographic data from journals
to indicate author collaboration and research
productivity (Rodriguez & Sandoval-Escobar,
2022). As such, data collection involves
gathering books, articles, and journals to support
the analysis (Fahrezi ef al., 2020). Data sources
for bibliometric analysis can come from meta-
analyses of national and international journals
(Santosa et al., 2021). Meanwhile, bibliometric
analysis utilises tools such as Bibliometrix,
which enables text mining and data analysis
from various databases, including Scopus, Web
of Science, and others (Rodriguez & Sandoval-
Escobar, 2022). In addition, the meta-analysis
research method enables researchers to assess
the impact of Science, Technology, Engineering
and Mathematics (STEM) based teaching
materials on ecology learning (Santosa et al.,
2021).

Moreover, data analysis techniques in
certain research contexts include organising,
synthesising, and identifying. Data on
collaboration and author productivity in specific
journals can be collected and analysed to
understand research trends. At the same time,
bibliometric analysis can provide insights
into research trends, the conceptual structure
of the field of study, and the identification of
researcher collaboration patterns (Rodriguez-
Garcia, 2022). Using tools such as Bibliometrix
enables co-word analysis to understand the
conceptual structure of a particular field of
research (Salazar-Ceciliano & Aguilar, 2020).
Additionally, bibliometric analysis can also
be performed to understand the evolution
and trends within a field of study (Libri et al.,
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Identification
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Figure 1: The PRISMA approach used in this bibliometric

2023). Bibliometric analysis, which employs
quantitative techniques, can comprehensively
comprehend research patterns and investigator
contributions within a particular field of study
(Husna & Sayekti, 2023). Using tools such
as VOSviewer and Bibliometrix enables
descriptive statistical analysis, citation analysis,
and network analysis, which are helpful in
bibliometric studies (Rubio & Salazar, 2022).
Bibliometric analysis can also map concepts and
research trends within a field (Trejos-Salazar et
al.,2021).

In a given research context, bibliometric
analysis can provide insights into the
structure of knowledge, research trends, and
the contributions of researchers in a field
of study (Duque & Cervantes, 2019). Tools
such as RStudio and Bibliometrix enable
comprehensive, in-depth bibliometric analysis
(Moyano Londofio & Marin Cardona, 2024).
With this approach, researchers can gain insight
into the evolution of knowledge, research trends,
and the contributions of researchers in a specific
field of study.
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Results and Discussion
Trend in Publication

Based on general information about blue carbon
publications in small island ecosystems (Figure
2). It indicates that blue carbon research on
small island ecosystems has started since 2005.

From Figure 2, the number of articles
published from 1980 to approximately 2023
reveals several notable trends. The first trend
indicates that from 1980 to 2005, the number
of articles published increased slowly yet
consistently. This trend indicates an increasing
interest in or development within the article’s
field. Following this, the second trend
illustrates that from 2005 to 2015, there was an
acceleration in the number of articles published.
Our analysis highlights that the rise in blue
carbon research publications, particularly since
2005, has presented a sharper incline than many
broader environmental or climate science fields.
This trend may reflect a growing recognition
of the critical role these ecosystems play in
global carbon sequestration and climate change
mitigation. Additionally, it corresponds to the
growing international emphasis on conservation
efforts, the launch of various climate agreements,
and the prioritisation of blue carbon ecosystems
in national and global environmental policies.

Furthermore, the peak in 2023 demonstrates
that small island ecosystems are gaining traction
as a focal area for blue carbon research. This
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trend underscores a shift towards more localised
and specific studies, indicating a maturing
research landscape in which smaller ecosystems
are being explored. While they were previously
underrepresented in scientific discourse, they
are now receiving the attention they deserve due
to their unique contributions to carbon storage
and ecosystem services.

To contextualise this within broader
research trends, we compared the rate of
increase in blue carbon publications with that
of general environmental science. We observed
that blue carbon research, particularly in small
island ecosystems, has increased at a rate
above average. This suggests that the subfield
is expanding rapidly due to increased global
focus on climate change solutions, particularly
in underexplored regions such as small islands.

From this data, it can be inferred that
various factors influence research productivity
and the publication of articles related to these
studies, including changes in research priorities,
access to research resources, and the impact
of global events. Nonetheless, for a more in-
depth analysis, additional specific information
on the types of articles and research areas in
question, as well as external factors that may be
influencing these trends, is required.

50

40
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20

10

0

1980 1990 2000

2010 2020 2030
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Figure 2: Publication of blue carbon in small island ecosystems
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The Most Relevant Author in Blue Carbon at
the Ecosystem Small Island

Figure 3 displays the most relevant authors
based on the number of documents they have.
The horizontal axis (X) represents the number
of documents, while the vertical axis (Y)
represents the authors. This graph highlights
Macreadie Pi as the author with the highest
number of documents, specifically 11, indicating
a significant contribution to the field or topic
being discussed.

Authors LiJand Liu J have seven documents
each, making them relevant after Macreadie Pi
based on the number of documents. Meanwhile,
authors Barnes Dka, Serrano O, Wang C, and
Zhang Y each have six documents, indicating
that they also make significant contributions,
although they are slightly below Li J and Liu
J. Moreover, authors Kusumaningtyas Ma and
Zhang Z have each published five documents,
demonstrating their activity and relevance in
their respective fields. However, Author Chen B
has the lowest number of papers listed in this
graph, with four documents. While this is still
relevant in certain contexts, it is lower than the
other authors mentioned.

From this graph, it can be inferred that
authors with more documents may have a greater
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influence or make more contributions in the field
under study. In particular, Macreadie Pi is the
most dominant author in this data, followed
by Li J and Liu J. Some authors have almost
equal contributions (six documents), indicating
high competition or collaboration in the field.
This graph helps identify key authors and their
contributions based on the number of documents
they produce. It can also be useful for further
research, collaboration, or understanding trends
in a particular field.

Top Ten Authors’ Production Over Time in the
Blue Carbon Ecosystem of Small Islands

Figure 4 illustrates the authors’ productivity in
publishing articles from 2014 to 2024. Each
circle in this figure indicates the number of
articles published by an author in a given year,
with circle sizes varying from small (1 article),
medium (2 articles), to large (3 or more articles).
The colour of the circles also indicates the
number of citations received by those articles,
with darker circles indicating higher citations
(more than 20 citations per year) and lighter
circles indicating lower citations (around ten
citations per year or less).

Most Relevant Authors

MACREADIE F|

ZHANG Y

KUSUMANINGTYAS MA

e © © o

ZHANG Z

CHENB ]

L
N, of Documents

Figure 3: Most relevant author
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Authors' Production over Time
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Figure 4: Top author production over time

Some consistent authors, such as Macreadie
Pi, demonstrate continuous publication activity
from 2014 to 2024, with fluctuations in the
number of citations. Authors such as Zhang Y
and Zhang Z stand out with larger and darker
circles, indicating many frequently cited
articles. Conversely, new authors such as
Kusumaningtyas Ma, began actively publishing
articles around 2021 and appear to exhibit a
significant increase in research activity with
fairly high citations. Figure 4 also provides
information on trends in author productivity
and research impact over time. Authors who
are consistent in their publications and have
frequently cited articles such as Macreadie Pi,
demonstrate long-term contributions to their
field of research. On the other hand, newly
active authors such as Kusumaningtyas Ma,
indicate potential growth and research relevance
in current topics. Overall, this figure also
helps identify influential authors and emerging
research trends in the period shown.

Whileindividual productivity is informative,
a key focus of this study is to understand the
collaborative networks that drive blue carbon
research. Thus, by examining co-authorship
patterns and influential research clusters, we aim
to reveal how interdisciplinary and international
collaborations contribute to advancements in
blue carbon science. This is particularly true
for those that intersect with the ecosystems of

Indonesian small islands. Collectively, these
networks play a critical role in shaping research
priorities, disseminating methodologies, and
fostering partnerships necessary for advancing
both scientific knowledge and practical
conservation efforts.

Top Five Most Cited Countries

Table 1 presents data on scientific production
related to the theme of blue carbon in small
island ecosystems from various countries. This
datareflects the frequency or number of scientific
publications from each country. This table also
highlights each country’s contribution to blue
carbon research, a crucial topic in small island
ecosystems. Accordingly, the table indicates
that China has the highest scientific production
with 392 publications, followed by the United
Kingdom (UK) with 288 publications, and
the United States (US) with 278 publications.
Moreover, this table indicates that these

Table 1: Country scientific production

Region Cited
China 392
UK 288
USA 278
Australia 168
Germany 128
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countries devote considerable attention and
allocate sufficient resources to research and
publish scientific works related to this theme.

With 646 citations, China secured fourth
place, demonstrating the country’s significant
contribution to research on blue carbon in small
island ecosystems. Specifically, the author with
the highest number of citations is Guo et al.
(2013). The research paper focuses on the organic
and inorganic carbon isotope composition of
the Mesoproterozoic Jixian Group in North
China, particularly during the Calymmian
period (1600 Ma -1400 Ma). Notably, the
study presents high-resolution isotope profiles
of carbonate and organic carbon from three
sections in the Yanshan Basin, revealing muted
isotope variations in marine carbonate rocks that
increase through succession, suggesting a long-
term decrease in pCO,. The isotopic composition
of marine organic matter revealed differences in
carbon cycling between lithological units, with
variations in carbon fixation and decomposition
attributed to depositional environments. This
reflects distinct carbon cycling patterns in
benthic microbial mats under low-oxygen
conditions. Additionally, the findings indicated
a predominance of autotrophic carbon fixation
and aerobic decomposition in shallow water
environments, contrasting with enhanced
remineralisation by anaerobic heterotrophs in
deeper water environments within the Jixian
Group.

The UK has 526 citations, placing it in fifth
place, indicating the significance of research
from the UK on this topic. The author with
the highest number of citations is Tokoro et
al. (2014). The research paper focuses on blue
carbon and its role in mitigating climate change
by capturing carbon through marine living
organisms. Furthermore, studies conducted in
Japanese seagrass meadows from 2010 to 2013
revealed that coastal vegetation systems can
act as direct sinks of atmospheric CO,. This
is contrary to the common belief that they are
sources of CO,. Additionally, different methods
were employed to measure air-sea CO, fluxes,
including the bulk formula, the floating chamber
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method, and the eddy covariance method, each
with its own advantages and limitations.

Moreover, the findings suggested that
net ecosystem production is important in
determining whether coastal ecosystems lower
atmospheric CO, concentrations, highlighting
the novel ecosystem function of coastal
vegetation systems. Note that limitations
of the study include differences in spatial
scale and measurement position between the
methods used, emphasising the need for further
quantitative analysis to understand differences
in flux values. However, this paper does not
extensively discuss the potential effects of
diagenesis on preserving the marine carbon
isotope record, which could be a limitation
in fully understanding the isotopic variations
observed in the study.

Furthermore, the US has the highest number
of citations, with 2,354, suggesting that research
on blue carbon in small island ecosystems
conducted by US researchers or covering the US
region is highly referenced by other researchers.
The highest cited journal is Spivak et al.
(2019). The research paper was published in the
prestigious scientific journal Nature Geoscience,
known for its high-impact research in Earth
science. In particular, the study focused on blue
carbon ecosystems, which are crucial in the
global carbon cycle and play a significant role
in carbon sequestration and storage. Findings
from the study highlighted the importance of
understanding soil microbiome interactions with
organic matter sources, reactivity, and diagenetic
state to improve Soil Organic Carbon (SOC)
and ecosystem change models. In line with this,
the paper emphasised the need for advances in
computational and methodological approaches
to integrate better knowledge of the soil
microbiome with organic matter characteristics,
soil properties, and ecological interactions
for more accurate modelling. However, one
limitation discussed is the current knowledge
gaps that hinder the development of realistic
SOC and ecosystem change models. These
gaps require the adoption of standardised field
and laboratory methodologies, the collection
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of time-series data, and the development of
open-access databases to improve the predictive
understanding of preservation mechanisms in
blue carbon ecosystems.

In Australia, the author with the highest
number of citations is Dyksma et al. (2016).
The research paper, which focuses on microbial
ecology and aims to understand the role of
microorganisms in various environments,
was published in the ISME Journal. The
study investigated dark carbon fixation in
coastal sediments, revealing that uncultivated
Gammaproteobacteria, especially sulphur-
oxidising bacteria, dominate this process,
accounting for 70% to 86% of dark carbon
fixation in coastal sediments. Through a
combination of 16S Ribosomal Ribonucleic
Acid (rRNA), single-cell genomics,
metagenomics, and transcriptomics analyses,
the researchers identified three distinct
gammaproteobacterial clades responsible for
most dark carbon fixation in tidal sediments.

Additionally, the findings suggested that
chemoautotrophic Gammaproteobacteria play
a crucial role in fixing carbon in coastal
sediments, potentially sequestering carbon in
a manner similar to that of marine vegetation
habitats worldwide. Nonetheless, this study
acknowledges limitations such as uncertainties
regarding the burial of dark-fixed carbon in
subsurface sediments and the need to understand
whether buried populations actively cycle carbon
or survive in subsurface sediments. Following
this, this research underscored the need for
further investigation to elucidate the long-term
fate of carbon fixed by Gammaproteobacteria
in marine sediments and its role in mitigating
carbon and sulphide emissions in the marine
environment.

Germany came in third with 829 citations,
indicating that research from or about Germany
also significantly influences this field, with
Pedersen et al. (2020) being the highest cited
journal. The research paper focused on detrital
carbon production and export in high-latitude
kelp forests, specifically Laminaria hyperborea
sites in northern Norway. In particular, the

study measured kelp biomass, net production,
detritus formation, and release processes at
ten different sites with varying wave exposure
in northern Norway. Findings revealed that
seaweed detritus production was substantial,
with detritus primarily consisting of whole
plants or blades. Moreover, a large detritus pulse
was delivered in spring, potentially supporting
secondary production or contributing to blue
carbon through burial in marine sediments. The
study also compared detrital carbon donation
by L. hyperborea with other terrestrial and
coastal habitats, highlighting the significance of
understanding detritus production for resource
subsidies and carbon sequestration. Limitations
of'the study include a focus on a specific seaweed
species in a specific geographic region, which
may limit the generalizability of findings to
other seaweed species or locations. Additionally,
this study did not thoroughly investigate the
long-term fate of exported detritus, warranting
further research into the ultimate destination and
impacts of detrital carbon.

Research Topic and Trend Analysis

Figure 5 displays the trend of “blue carbon”
topics in small island ecosystems from 2006
to 2024. The x-axis represents the year, while
the y-axis represents the different topics in the
literature or scientific discussions during the
period. In addition, the size and number of dots
along the topic line reflect the frequency with
which the topic appears in the literature, with
larger sizes indicating higher frequency.

Some of the main topics that appear
frequently include “carbon storage”, “climate
change”, “carbon sequestration”, “ecosystem”,
“biomass”, and ‘“carbon cycle”. These topics
are represented by long lines and large dots,
indicating that they have been the main focus
of research and discussion in the period under

review.

From Figure 5, it is evident that attention to
these topics increased significantly after 2010.
For example, the terms “carbon storage” and
“climate change” began to be discussed more
frequently in 2010 and continued to increase
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until 2024. Similar trends can be observed for
topics such as “blue carbon”, “ecosystem”, and
“carbon sequestration”.

In addition, some specific topics such
as “mangroves”, “wetlands”, and “marine
environment” have also displayed an increase
in frequency in recent years, signalling that
these ecosystems are becoming increasingly
important in the context of blue carbon research.
This term signifies an increased awareness of the
importance of these ecosystems in mitigating
climate change and storing carbon.

Figure 5 indicates that research and
discussion on blue carbon and related ecosystems
have grown rapidly in recent years. This figure
reflects increasing awareness and attention to
the critical role of natural ecosystems in storing
carbon and mitigating climate change, as well as
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the importance of understanding and protecting
these ecosystems in the context of global
environmental change.

Thematic Evolution

Figure 6 presents a thematic evaluation
of research on blue carbon in small island
ecosystems from 1986 to 2024. The graph is
divided into three time periods: 1986 to 2018,
2019 to 2022, and 2023 to 2024, with each
period representing the main themes associated
with blue carbon research. From 1986 to 2018,
research largely focused on carbon, carbon
storage, and the marine environment. The
carbon theme dominated early research on
small island ecosystems and the role of carbon
in them. In contrast, carbon storage has become
a significantly important topic, highlighting
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the ability of these ecosystems to store carbon.
On the other hand, the marine environment,
in general, was also a major concern, with
numerous articles and publications addressing
this topic. Subsequently, from 2019 to 2022,
research began to shift toward new themes,
including carbon storage, which remains a key
topic. For instance, a new focus on the role of
mangroves in blue carbon ecosystems emerged,
along with the recognition of the impact of
human activities on these ecosystems, known as
anthropogenic effects.

The  metabolism  theme  examines
biochemical processes in these ecosystems,
while seawater and coccoliths are important
emerging sub-themes. From 2023 to 2024,
research broadened its focus to more specific
themes. Anthropogenic effects remain a key
theme, implying increasing attention to human
impacts. In addition, basic research on carbon
and the role of seagrasses continued while
biodiversity became a new focus in these
ecosystems. Region-specific research such as
Central Java, also emerged. Moreover, themes
such as seagrass meadows, marine environment,
groundwater, Bacteroidetes, carbon cycling,
mangroves, and budget control denote the
diversification of research into other aspects of
blue carbon ecosystems.

Figure 6 illustrates the evolution and
shifting focus of research on blue carbon in small
island ecosystems over time. Initially, research
focused on the fundamentals of carbon and its
storage. Over time, it began to emphasise human
impacts, biodiversity, and interactions with
other ecosystem components. This increasing
diversification of themes indicates a deeper and
more comprehensive understanding of the role
of small island ecosystems in carbon storage
and the impacts of various external factors. In
line with this, these developments are crucial
for effective conservation and environmental
management policies, as they offer greater
insight into how various components of
ecosystems interact and how human activities
impact them.

Most Frequent Words

As such, it provides an overview of the most
frequently discussed topics in the relevant
literature, which can help researchers understand
the main focus and direction of research in blue
carbon in small island ecosystems.

Figure 7 is a tree map illustrating the
frequency of words appearing in journals
with the theme of blue carbon in small island
ecosystems. The most frequent word is
“carbon,” with a frequency of 141 times, which
represents 9% of the total words analysed. This
number suggests that carbon is a central theme
in these journals. Meanwhile, “climate change”
appeared 97 times (6%), indicating that climate
change is highly relevant in the context of blue
carbon and small island ecosystems. Following
this, the word “carbon sequestration” appears
103 times (6%), indicating the significance
of carbon sequestration in this ecosystem.
Subsequently, the word “ecosystem” appeared
92 times (6%), indicating that ecosystem
studies are important in blue carbon studies. At
the same time, “Wetlands” appeared 26 times
(2%, illustrating the importance of wetlands
in the context of small island ecosystems.
Additionally, “carbon cycle” appears 68 times
(4%), indicating that carbon cycling is a key
process studied in these ecosystems. Moreover,
the word “nitrogen” appears 34 times (2%),
indicating that nitrogen is an important element
being studied in addition to carbon.

Regarding geography, the term “China”
appears 43 times (3%), indicating that a
significant portion of the research is conducted
in or relevant to China. Coastal zones are also
a focus, with 20 occurrences (1%). The word
“biomass” appeared 38 times (2%), highlighting
the significance of biomass in blue carbon
ecosystems, while “organic carbon” appeared
78 times (5%), emphasising the importance
of organic carbon in this study. Specific
themes, such as “mangrove” appearing 49
times (3%) and “seagrass” appearing 37 times
(2%), indicate that these two ecosystems are
also a focus of the study. From this analysis,
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it can be concluded that the study of blue
carbon in small island ecosystems is highly
multidimensional, involving aspects ranging
from carbon cycling and climate change to
biogeochemistry and specific ecosystems such
as mangroves and seagrass beds. The research
is also highly geographically focused, with
many studies conducted in coastal regions and
specific countries such as China. As a result, this
information is invaluable for understanding how
small island ecosystems contribute to carbon
sequestration and how they are affected by
environmental change.

Collaboration Network Between Authors

Figure 8 presents the collaboration network
between authors involved in research on blue
carbon in small island ecosystems. Each point or
node in the figure represents an author, with the
node’s size indicating the number of publications
or level of collaboration by that author. In
particular, larger nodes indicate authors with
more collaborations or publications. The lines
connecting the nodes represent collaborative
relationships between authors.

An author has more collaborations with
more lines connected to a node. The figure also
displays several clusters or groups of authors
who collaborate closely with each other. These
clusters represent groups of researchers who
frequently collaborate on blue carbon research

in small island ecosystems. Authors with
large nodes such as “Macreadie Pi”, “Liu J”,
and “Serrano O”, appear to be lead authors or
researchers with extensive collaborations in
this field. They may serve as research leaders
or coordinators in collaborative projects. In
addition, some sub-clusters illustrate more
specialised collaboration within the larger
group. For example, “Liu J” and “Macreadie
Pi” have a close relationship, suggesting they
often collaborate. Some authors serve as bridges
between different groups such as “Serrano O,
who is connected to several clusters. They may
play a role in connecting different research
groups and facilitating collaboration across
disciplines or institutions. Note that the colour of
the nodes and lines likely indicates institutional
or geographic affiliation, although this needs
to be confirmed with additional information.
In essence, different colours indicate different
groups within the collaboration network.
Overall, this figure illustrates a complex and
broad network of collaborations among authors
focused on blue carbon research in small
island ecosystems. Furthermore, lead authors
who have multiple collaborations are likely to
have played an important role in driving this
research forward. Nonetheless, further analysis
could involve identifying the authors’ home
institutions or countries to understand how
these collaborations are geographically and
institutionally distributed.
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Case Study: Blue Carbon Research on Small
Islands in Indonesia

The collective contributions of various papers
on blue carbon ecosystems in Indonesia’s small
island ecosystems underscore the critical role
that these habitats play in carbon sequestration
and climate change mitigation. For instance,
Vanderklift et al. (2022) emissions and advocate
for their inclusion in national greenhouse gas
inventories to enhance protection and restoration
efforts. Meanwhile, Fauzi et al. (2021)
highlighted Indonesia’s significant contribution
to global blue carbon reserves, noting that the
country accounts for approximately 17% of
the world’s total blue carbon. Together, they
stressed the need for improved monitoring and
socio-economic integration in conservation
strategies to mitigate pressures from climate
change, urbanisation, and fishing activities.

Research by Hafizt er al. (2024) further
supported the notion that these ecosystems
face considerable threats and require enhanced
data collection and monitoring methodologies.
This aligns with the findings of Malik and
Sideng (2022), who assessed mangrove biomass
carbon stocks and highlighted the need to
prevent further habitat conversion to maintain
carbon sequestration functions. Similarly,
Kusumaningtyas ef al. (2022) and Cameron et
al. (2019) advocated for improved rehabilitation
practices and emphasised the significance of
appropriate ecological assessments to maximise
carbon storage potential.

Studies by Jaya et al. (2017) and Nurdin
et al. (2022) provided insights into advanced
remote sensing techniques for estimating carbon
stocks in mangroves and seagrasses, promoting
the adoption of these methods for better accuracy
in carbon accounting. Additionally, the research
by Rifai et al. (2023) focused on community
awareness regarding seagrass ecosystems,
suggesting that education and local engagement
are vital for effective conservation efforts.

Finally, papers Rahayu et al. (2023) and
Pradisty et al. (2022) emphasised the need for
integrated coastal management strategies and
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continuous monitoring of blue carbon stocks.
They recommended enhancing community
involvement and promoting  sustainable
practices to safeguard these ecosystems.

Overall, the body of research presents a
comprehensive roadmap for improving blue
carbon conservation in Indonesia’s small
island ecosystems, emphasising collaborative
efforts between scientists, policymakers, and
local communities to ensure the long-term
sustainability of these vital carbon sinks.

Future Research Prospects in Indonesia

Future research recommendations regarding
blue carbon ecosystems in Indonesia’s small
island ecosystems, according to the references:

* Incorporation into National Inventories:
Vanderklift et al. (2022) suggested that
coastal ecosystems such as mangroves and
seagrasses should be incorporated into
national greenhouse gas inventories to
generate incentives for their protection and
restoration. This inclusion could enhance
financial support through carbon markets and
promote comprehensive data collection on
carbon storage capabilities.

* Improved Monitoring and  Spatial
Analysis: Fauzi ef al. (2021) emphasised the
need for improved monitoring of blue carbon
ecosystems, advocating the use of remote
sensing technologies and spatial analysis to
assess ecosystem services and threats. They
recommended integrating socio-economic
factors into research to involve stakeholders
in conservation efforts.

* Enhanced Data Collection Methodologies:
Hafizt et al. (2024) called for enhanced
monitoring and data collection methodologies
to address gaps caused by environmental
factors such as cloud cover. They advocated
for a multidisciplinary approach that
includes various stakeholders and suggested
developing ideal fishing zones that coexist
with conservation areas.
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e Preventing Habitat Conversion: Malik and
Sideng (2022) highlighted the importance of
preventing the conversion of mangrove areas
to aquaculture and settlements, recommending
policies that align land-use management
with low-carbon development agendas. Still,
ongoing research is necessary to monitor
carbon stocks and assess the impacts of
climate change.

Improved Rehabilitation Practices:
Kusumaningtyas et al. (2022) determined
the necessity for improved mangrove
rehabilitation practices, suggesting that future
efforts should consider appropriate species
selection and site conditions. Continuous
monitoring and evaluation of these projects
are crucial for ensuring effective carbon
storage.

Refinement of Carbon Stock Estimations:
Jaya et al. (2017) recommended enhancing
the accuracy of carbon stock estimations by
integrating advanced remote sensing methods
and advocating for ongoing monitoring to
better understand the dynamics of mangrove
carbon stocks.

Community Awareness and Involvement:
Rifai et al. (2023) stressed the urgent
need to enhance community awareness of
seagrass ecosystem services, suggesting
public campaigns and local engagement in
management efforts. They also highlighted the
potential for Payment for Ecosystem Services
(PES) schemes to incentivise conservation.

Conservation and Sustainable Practices:
Nurdin et al. (2022) recommended
enhanced conservation  strategies  for
seagrass ecosystems and emphasised the
importance of integrating remote sensing for
ongoing monitoring. Increasing community
engagement and awareness is vital for
sustainable management.
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* Integrated Coastal Management:
Rahayu et al. (2023) advocated for
comprehensive coastal management strategies
that address the factors influencing organic
carbon storage in seagrass meadows and
suggested establishing effective Marine
Protected Areas (MPAs).

* Holistic Conservation Approaches:
Pradisty et al. (2022) recommended adopting
diverse planting strategies in restored
mangrove areas and emphasised community
involvement to enhance the ecological
benefits of restoration efforts.

e Predictive Modelling Integration:
Bukoski et al. (2020) suggested integrating
predictive modelling with field data to improve
the accuracy of carbon stock estimates and
involve local communities in blue carbon
programs for sustainable management.

* Continued Research on Carbon Dynamics:
Friess et al. (2015) highlighted the need for
ongoing research into the factors influencing
carbon dynamics in oceanic mangrove
ecosystems, emphasising the integration of
soil carbon assessments with above-ground
measurements.

* Long-Term Monitoring Programs:
Sillanpdd et al. (2024) recommended
establishing long-term monitoring systems
and conducting Environmental Impact
Assessments (EIAs) to better understand local
pressures.

* Further Studies on Mangrove Ecosystems:
Lukman et al. (2022) called for integrated
management approaches that incorporate both
conservation and non-conservation areas to
enhance the functionality of mangroves as
carbon sinks.

These  recommendations  collectively
emphasise the importance of community
engagement, improved monitoring, integrated
management strategies, and continued research
to effectively protect and enhance blue carbon
ecosystems in Indonesia’s small islands.
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Conclusions

This bibliometric analysis elucidates the
significant contributions and evolving trends
in blue carbon research, particularly within the
context of Indonesia’s small island ecosystems.
The findings highlight the crucial role that these
coastal ecosystems, particularly mangroves
and seagrass beds, play in carbon sequestration
and climate change mitigation. With Indonesia
accounting for approximately 17% of the global
blue carbon reserves, the research underscores
the urgent need to incorporate coastal ecosystems
into national greenhouse gas inventories.

The study identifies a marked increase in
publication output since 2005, with a notable
peak in 2023, reflecting a growing recognition
of the importance of localised research in
small island ecosystems. Furthermore, this
trend suggests that blue carbon research is
becoming increasingly relevant, addressing
unique environmental pressures and socio-
economic challenges faced by these regions.
The analysis further reveals key contributors
and collaborative networks that have advanced
blue carbon science, indicating the potential for
interdisciplinary and international partnerships
to enhance conservation efforts.

Moreover, the thematic evolution of
blue carbon research has expanded from
basic carbon storage concepts to encompass
complex interactions involving anthropogenic
effects, biodiversity, and regional specificity, as
evidenced in recent publications. Accordingly,
this diversification illustrates the necessity for
holistic conservation approaches that integrate
ecological understanding with community
engagement and policy development.

Future research prospects emphasise
the importance of enhanced monitoring
methodologies, improved rehabilitation

practices, and community awareness initiatives.
The collective insights derived from this
analysis provide a robust foundation for
informing conservation policies and strategies
tailored to optimise the blue carbon potential
of Indonesia’s small islands. Ultimately, by
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fostering collaborative efforts among scientists,
policymakers, and local communities, there is a
greater opportunity to effectively mitigate the
impacts of climate change and preserve these
vital ecosystems for future generations.
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