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ABSTRACT

Objective: To identify the central themes and research trends on blue carbon in mangroves through a
bibliometric analysis of the existing global scientific literature.

Design/Methodology/Approach: A total of 1,128 scientific documents from the period 1986-2023 were
analyzed, obtained from the Scopus database. The Bibliometrix package in R Studio and VOSviewer were
used for processing.

Results: The results, encompassing 4,602 authors, 94 countries, 64 research areas, and 346 journals, indicated
an exponential growth (R2=0.99) in mangrove carbon research. The most productive author, country,
research area, and journal were Lovelock, L. C., the United States of America, environmental sciences, and
Science of The Total Environment, respectively. The studies focused on four thematic clusters: carbon storage,
sedimentation, carbon dynamics, and climate change and anthropogenic impact. Topics related to blue
carbon, carbon stores, climate change, restoration, and remote sensing are currently of significant interest to
the scientific community.

Study Limitations/Implications: While Scopus covers a vast number of peer-reviewed journals, it may
omit some relevant research on the topic. Although the main research themes were identified, more in-depth
information on each of them is still needed.

Findings/Conclusions: Four globally relevant themes in blue carbon research in mangroves were identified,
providing a roadmap for researchers to strategically direct efforts and funding in future scientific investigations.

Keywords: Carbon stores, sediments, carbon dynamics, climate change, anthropogenic impact.

INTRODUCTION

Since the second half of the last century, Lugo & Snedaker (1974) pointed out that
mangroves are wetlands composed of halophytic plants that develop along the tropical and
subtropical intertidal zones of the planet. These ecosystems have a significant capacity to
capture and store carbon dioxide (COy) from the atmosphere (Duarte de Paula Costa &

Macreadie, 2022), thus playing a crucial role in climate change mitigation and adaptation
(Macreadie et al., 2021).
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The organic carbon (C) captured and stored by mangroves is termed “blue carbon,”
a concept introduced to underscore the significant contribution of ocean and coastal
ecosystems with vegetation to carbon capture (Nellemann et al., 2009). Global interest
from various stakeholders in blue carbon has spurred the scientific community to address
a breadth of uncertainties surrounding carbon science in mangroves (Macreadie e al.,
2019). While some important topics have been well-documented in abundant scientific
literature (Duarte de Paula Costa & Macreadie, 2022; Yin et al., 2023), there are still areas
that require greater attention.

Bibliometrics is considered one of the most effective tools for the quantitative and
qualitative analysis of academic literature. Through statistical methods based on computer
science, bibliometrics allows exploration of the current state of scientific research (De
Moya-Anegén et al., 2007). This analysis also helps identify gaps and trends to strategically
guide efforts and budgets for scientific research (Chen, 2017). Therefore, the objective
of this study was to identify the central themes and research trends on blue carbon in
mangroves through bibliometric analysis of the existing global scientific literature.

MATERIALS AND METHODS

The document search was conducted on September 6, 2023, using Scopus, which
is widely recognized for its authority and importance in the international scientific
community. An advanced search strategy with Boolean operators was employed, using the
following equation: TITLE-ABS-KEY (“mangrove” OR “mangroves” AND “carbon sink”
OR “carbon storage” OR “carbon sequest” OR “blue carbon” OR “carbon burial” OR
“carbon pool” OR “carbon stock” OR “carbon accumulation” OR “carbon drawdown”
OR “carbon cycl”). Additionally, a filter was applied for document type, selecting only
research and review articles.

For the processing and analysis of the documents, eight indicators were utilized: number
of documents, language, historical scientific production, research area, geographical
distribution, most productive authors, most cited articles, and most productive journals. To
perform a quantitative and statistical analysis of these indicators, the Bibliometrix package
in RStudio was employed (Aria & Cuccurullo, 2017).

Cluster analysis was conducted to identify thematic groups in the current state of
research using the keyword co-occurrence technique in VOSviewer (van Eck & Waltman,
2010). Additionally, to identify current topics of interest among researchers, an overlaid
visualization of the co-occurrence network was utilized. Keyword co-occurrence included
all terms from titles, abstracts, and keywords of the documents, with a minimum occurrence
threshold set at 14 to facilitate network visualization.

RESULTS AND DISCUSSION

A total of 1,281 documents related to blue carbon in mangroves were recorded (1,172
research articles and 109 reviews) over a period of 37 years (1986-2023), with the majority
published in English (1,241). Historical scientific production shows exponential growth
(R2=0.99, Figure 1) in the number of publications. Publication trends can be categorized
into three distinct periods.
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Figure 1. Historical global scientific production and research areas on carbon in mangroves during the period
1986-2023.

Firstly, the exploratory phase (1986-2008) saw a maximum of five documents
published per year. Secondly, the phase of steady growth (2009-2014) began after
Nellemann et al. (2009) first introduced the term “blue carbon” to the literature. Lastly,
the period of rapid development (2015-2023) which started following the 21* United
Nations Climate Change Conference and the Paris Agreement, events that led to the
official recognition of the role of blue carbon ecosystems in climate change mitigation
and adaptation (Zhong et al., 2023).

Studies were classified into 64 research areas related to the topic of interest,
demonstrating that blue carbon science in mangroves is a multidisciplinary field,
similar to findings reported by Jiang et al. (2022). The most popular research areas were
environmental sciences and agricultural and biological sciences, accounting for over 60%
of the scientific production (Figure 1). Social sciences showed significant growth, ranking
fourth, highlighting the importance of including mangroves in national greenhouse gas
inventories (Friess, 2023) and their connection with rural communities (Herrera-Silveira et
al., 2020). Moreover, there is a need to enhance research in the field of economics to reduce
uncertainty in carbon valuation (Macreadie et al., 2019).

Regarding geographical distribution, a total of 94 countries were identified as involved
in research on this topic (Figure 2). More than 50% of the total publications were jointly
produced by the three most productive nations: United States of America (348), Australia
(284), and China (242). Indonesia, United Kingdom, and Brazil followed in the ranking.

1™ with 61 documents.

Mexico ranked 1

This distribution responds to two main reasons: the level of economic development of
the country and the extent of mangrove coverage they have. Thus, developed countries
like the United States of America, China, and the United Kingdom, which have little to no
mangrove coverage, benefited from their strong economic base facilitating high scientific

output (Yin et al., 2023). Conversely, the extensive mangrove ecosystems in Indonesia,
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Figure 2. Countries that published on carbon in mangroves during the period 1986-2023.

Australia, and Brazil —ranked first, second, and third globally in terms of area— explain
their high number of publications (Bunting et al., 2018). In contrast, Mexico ranks fourth
in mangrove area but studies on this topic are considered scarce, indicating a need for
more assessments to promote climate change adaptation, in Mexico and other developing
countries rich in blue carbon (Herrera-Silveira ez al., 2020).

Out of the 4,602 authors involved in the research, the top ten most productive in terms
of number of publications come from five different countries (Table 1). Six of these authors
are affiliated with institutions in Australia, the second most productive country globally.
The strong performance of Australian researchers in blue carbon science was also noted by
Jiang et al. (2022).

Within the top ten most cited articles, the primary one addresses methodology for
estimating tree carbon in tropical forests (Table 2). Only two of these articles exclusively
studied mangroves, while the others evaluated them alongside other coastal ecosystems.
Moreover, four out of the ten were published before the term “blue carbon” was first
introduced in the literature (2009), including the most cited and influential article in blue
carbon science (Duarte de Paula Costa & Macreadie, 2022).

Table 1. Authors who produced the highest number of publications on carbon in mangroves during the

1986-2023 period.

Number Authors Affiliation Publications | Citations
1 Lovelock, C. E. | The University of Queensland, Australia 51 2117
2 Sanders, C. J. Southern Cross University, Australia 48 1020
3 Duarte, C. M. | King Abdullah University, Arabia Saud{ 39 2307
4 Macreadie, P. I. | Deakin University, Australia 35 909
5 Friess, D. A. Tulane University, United States of America 33 1169
6 Santos, 1. R. Southern Cross University, Australia 32 770
7 Serrano, O. Spanish National Research Council, Spain 25 704
8 Maher, D. T. Southern Cross University, Australia 24 686
9 Rogers, K. University of Wollongong, Australia 23 712

10 Murdiyarso, D. | IPB University, Indonesia 21 1214
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Table 2. Most cited articles in research on blue carbon in mangroves during the 1986-2023 period.
Number Article Authors Citations

) Tree allometry and_lmproYed estimation of carbon Chave et al. (2003) 9139
stocks and balance in tropical forests
A blueprint for blue carbon: toward an improved

2 understanding of the role of vegetated coastal habitats Mcleod et al. (2011) 2051
in sequestering CO,

3 Mar?grovcs among the most carbon-rich forests in the Donato et al. (2011) 1765
tropics

4 Global carbon sequestration in tidal, saline wetland soils | Chmura et al. (2003) 1178

5 Seagrass ecosystems as a globally significant carbon Fourqurean et al. (2019) 1159
stock

6 The role of cogstal plant Communltles for climate Duarte et al. (2013) 1151
change mitigation and adaptation

7 Major role of marine vegetation on the oceanic carbon Duarte et al. (2005) 962
cycle
Estimating Global “Blue Carbon” Emissions from

8 Conversion and Degradation of Vegetated Coastal Pendleton et al. (2012) 958
Ecosystems

9 Carbon cycling and storage in mangrove forests Alongi (2014) 862

10 Carbon and carbonate metabolism in coastal aquatic Gattuso et al. (1998) 804

ecosystem

The ten journals (out of a total of 346) with the highest scientific impact related to

blue carbon in mangroves represented 25.9% of the total production (Table 3). The

research landscape was dominated by Elsevier (four journals) and Springer (two journals),

while other publishers had only one journal each in the top 10 list. Science of The Total

Environment and Estuarine, Coastal and Shelf Science were the most productive, similar
to findings highlighted by Jiang ez al. (2022).

Regarding the current state of blue carbon science in mangroves, from a total of 6,520

keywords and 275 terms retained through co-occurrence, four clusters of research were
identified (Figure 3):

Table 3. Most productive journals in blue carbon research in mangroves during the period 1986-2023.

Number Journal I;: (l:t?:_t Quartile | Publications
1 Science of The Total Environment (Elsevier) 9.8 Ql 67
2 Estuarine, Coastal and Shelf Science (Elsevier) 2.8 Ql 53
3 Forests (MDPI) 2.9 Ql 35
4 Global Change Biology (Wiley Online Library) 11.6 Ql 31
5 Frontiers in Marine Science (Frontiers) 3.7 Ql 29
6 Wetlands (Springer) 2.0 Q2 25
7 Regional Studies in Marine Science (Elsevier) 2.1 Q2 24
8 Wetlands Ecology and Management (Springer) 1.8 Q2 24
9 Forest Ecology and Management (Elsevier) 3.7 Ql 23

10 Biodiversitas (Society for Indonesian Biodiversity) 1.5 Q3 21
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I) Carbon storage (red cluster). This thematic group comprises the largest number of
studies, primarily related to the estimation of carbon stocks in tree biomass and soil
components across different regions worldwide (Akhand et al., 2023). Long-term
accumulation rates are reported to a lesser extent due to their difficulty in obtaining,
yet Adame et al. (2015) emphasize their critical role in carbon payment programs.
Globally, approximate values between 856 and 1,023 Mg ha™' of total ecosystem
carbon reservoirs are noted (Alongi, 2014; Kauffman et al., 2020). Remote sensing is
also addressed in this cluster as an emerging technological opportunity to enhance
the accuracy of carbon measurement and monitoring in mangroves (Araya-Lopez et
al., 2023).

II) Sedimentation (green cluster). Sediment in mangroves accounts for between 70 and
85% of the total ecosystem carbon stocks (Beloto ¢z al., 2023), making it the focus of
the majority of publications analyzed in this group. Recent studies in this cluster have
implemented stable isotopes to effectively distinguish the origin of organic matter in
sediments (Tang ez al., 2023). As noted by Huang ez al. (2023), mangrove sediments
derive from a variety of terrestrial, limnetic, and marine sources, including leaf litter
and mangrove roots, algae, microalgae, and phytoplankton. On the other hand,
some studies assess the impact of sea level rise on sediment accretion and its potential
effect on carbon reservoirs (Saintilan et al., 2023).

III) Carbon dynamics (blue cluster). An important theme in this cluster is the study of
vertical and horizontal carbon fluxes in mangroves to understand their complex
cycle. Studies highlight the significance of lateral exchange of dissolved and
particulate organic carbon between mangroves and other coastal ecosystems (Lu
et al., 2023; Ray et al., 2021). Regarding greenhouse gas flux measurements, in
addition to carbon dioxide (CO,), methane (CH,) and nitrous oxide (N,O) have
been addressed, though they remain limited in many regions (Sugiana ez al., 2023).
Multiple factors control carbon flux in these ecosystems, prominently biotic factors
(Zhao et al., 2023), as well as spatial-temporal and physical factors (Nie ¢t al., 2023).

IV) Climate change and anthropogenic impact (yellow cluster). This group addresses
the study of carbon in mangroves as a nature-based solution to mitigate climate
change (Zeng et al., 2021), a topic of significant interest in achieving the global goal
of limiting the increase in global temperature to no more than 1.5 °C by 2035.
Relevant studies include those evaluating the impact of mangrove loss and land use
change on CO, emissions to the atmosphere (Adame et al., 2021; Das et al., 2023),
as well as those focusing on the conservation and restoration of these wetlands as a
measure for carbon sequestration (Ray et al., 2023; Sharma ez al., 2023). Additionally,
the effects of climate change on future carbon stocks are analyzed through modeling
approaches (Chatting et al., 2022).

Regarding current research interests, the overlay map of the co-occurrence network
depicts them in yellow circles (Figure 4). Notably among these are blue carbon and carbon
stocks, which, despite being extensively studied, still have regions of the world where such
research is scarce (Herrera-Silveira et al., 2020). Other recent topics of interest include
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Figure 3. Co-occurrence network map based on articles related to carbon in mangroves during the period

1986-2023.
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climate change, greenhouse gas emissions, sea level rise, eutrophication, nutrients,
restoration, conservation, biodiversity, microbial community, and remote sensing. Future

research is expected to focus on addressing these topics.

CONCLUSIONS

The study successfully identified four key thematic trends in global research on blue
carbon in mangroves, which can serve as a roadmap for researchers to strategically
allocate efforts and funding in the future. Significant research has focused on carbon
stock estimations, yet there is a need to increase studies providing insights into capture
rates. Future research should target regions with scarce data to promote conservation
and restoration efforts for these ecosystems. This study also highlights the importance of
addressing research gaps related to the sociopolitical aspects of blue carbon science in these

wetlands.
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