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Abstract
Mangroves play a crucial role in supporting human well-being, especially in the coastal regions of developing countries, by providing
a wide range of essential ecosystem services. However, globally, the practice of coastal aquaculture, such as shrimp farming, has severe
detrimental consequences for these vital mangrove forests. It is important to note that mangroves are the most carbon-rich forests in
tropical areas and hold significant ecological and economic value on a global scale. Unfortunately, the destruction of mangroves due to
coastal aquaculture not only contributes to carbon emissions but also hampers their ability to capture and store carbon. This study con-
ducted a thorough quantitative literature review to analyze both numerical and thematic trends in the provision of ecosystem services by
mangrove forests. Additionally, it carried out a systematic review to understand the impact of human activities and natural factors on
the loss of mangrove forests. The period between 2014 to 2025 was identified as a stage of rapid growth, as the number of publications on
this topic increased significantly each year. Notably, researchers from the USA, Australia, China, Indonesia, and the UK have produced
influential work on mangrove ecosystem services. The themes “blue carbon”, “carbon sequestration”, and “carbon stock” were identified
as the emerging fields of research in this area that warrants further investigation in the future. Our findings indicate that shrimp farm-
ing is the primary human cause of mangrove forest loss, accounting for 90.16% of research cases. Other significant threats to mangrove
forests include agricultural expansion, pollution, gathering of mangrove cockles, grazing, and the collection of firewood and timber.
Among natural factors, tropical cyclones are the main cause of mangrove loss. Therefore, it is necessary to implement public policies for

mangrove conservation and restoration actions in order to mitigate the effects of climate change.
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Mangroves play a crucial role in supporting human
well-being, especially in the coastal areas of developing
countries. They provide a wide range of ecosystem ser-
vices that are essential for our survival (DasGupta and
Shaw, 2013; Sannigrahi et al., 2020; Sharifinia et al.,
2019). These areas serve as breeding grounds for various
aquatic animals and act as natural filters for sediments
and nutrients (Kamrani et al., 2016; Ochoa-Gémez et al.,
2019; Harada et al., 2020; Bimrah et al., 2022). Further-
more, mangroves are important for climate change adap-
tation and reducing the risks of disasters (Arifanti et al.,
2022; Zhu and Yan, 2022). For instance, during typhoons
and storm surges, they offer valuable protection, serving
as a barrier (Feller et al., 2017; Friess et al., 2019). They
also contribute to the cycling and retention of nutrients in
the ecosystem (Ellison et al., 2020; Bimrah et al., 2022),
and have a high rate of carbon sequestration per area of
habitat which is approximately ten times of the terrestrial
ecosystems (Adame et al., 2021). Their extraordinary ca-
pability to effectively capture carbon places them at the
forefront of the current advocacy for ecosystem-based

mitigation and adaptation. These strategies aim to utilize
nature and ecosystem services to pave the way for a fu-
ture that is resilient to climate change (Macreadie et al.,
2019; Dasgupta et al., 2022).

Shrimp farming is a common practice in coastal re-
gions of tropical and subtropical countries (Khanjani et
al., 2025, Khanjani, 2026). It is a rapidly growing eco-
nomic activity and a major source of foreign-exchange
earnings for many developing countries in Asia and
Latin America (He et al., 2021; Khanjani et al., 2022).
However, there has been a significant negative impact on
coastal waters (Taherizadeh and Sharifinia, 2015; Emer-
enciano et al., 2025) and especially mangroves in these
areas, with shrimp culture being responsible for 38% of
global historic mangrove loss (Boyd and McNevin, 2016;
Friess et al., 2019). Recognizing the immense value of
mangroves compared to unsustainable shrimp farming,
efforts have been made in recent years to develop man-
grove-friendly aquaculture systems in various countries
(Das, 2017; Anneboina and Kumar, 2017). However, the
success of these initiatives depends on the active involve-
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ment of coastal communities through community and co-
management systems (Farouque et al., 2017; De Royer et
al., 2018; Alam et al., 2022).

Given the popularity and importance of mangrove
ecosystem services, an examination of the academic lit-
erature is necessary for understanding the status quo of
research. Bibliometric analyses have shown great prom-
ise as tools for the quantification of patterns and trends in
the literature (Verrall and Pickering, 2020; Picone et al.,
2021) and were thus applied in fields such as medical sci-
ence (Chen et al., 2021), biomaterials science (Hou et al.,
2021), business (Bretas and Alon, 2021), and environ-
mental science (Jiang et al., 2021). A bibliometric review
helps review the progress in a research field and provides
a specific direction from scholars with significant con-
tributions (Paul and Criado, 2020). It can analyze the
relationship between keywords and literature under the
vision of statistics and provide researchers with new re-
search fields, making bibliometrics a bridge-to-bridge
different discipline (Marrone and Linnenluecke, 2020;
Mohammadi et al., 2024).

This study initially used a bibliometric approach to
examine the patterns of research collaborations. Through
co-authorship analysis, we aimed to determine the trends
in author keywords for past and current studies, identify
popular topics, and visualize thematic maps and their
evolution. To accomplish this, we conducted a quan-
titative review of scientific literature using a rigorous
bibliometric approach and social network analysis. Our
sample consisted of publications on mangrove ecosystem
services from reputable journals in the Scopus database,
up until August 10, 2025. In the second section of our
study, we conducted a systematic review and bibliomet-
ric analysis focusing on the most significant papers re-
lated to the impact of human activities and natural factors
on mangrove loss. The results of our study can provide
valuable insights for academic researchers, helping them
to better comprehend the current research trends and
methodologies in studying the effects of various factors
on mangrove forests. Furthermore, these findings can as-
sist researchers in identifying future research directions.
Additionally, policymakers can benefit from our study’s
recommendations for effective management strategies
aimed at mitigating the adverse effects of climate change
on mangrove forests.

Trend of mangrove distribution and losses

In the last century, there have been concerning trends
in the distribution of mangroves, with significant loss-
es observed in various regions. These losses have been
primarily attributed to human activities such as coastal
development, aquaculture, and deforestation. Here is an
overview of the mangrove distribution trends and losses
for each decade.

According to historical records, the decade of 1900—
1910 saw relatively widespread and intact mangrove
forests worldwide (Spalding et al., 2010). Losses during
this period were minimal and mainly attributed to local-

ized human activities such as small-scale agriculture,
urbanization, and timber extraction (Alongi, 2008). In
the subsequent decade of 1910-1920, mangrove forests
experienced gradual degradation and losses. The primary
drivers of this decline were increased coastal develop-
ment, expansion of agriculture, and the conversion of
mangrove habitats into shrimp farms (Spalding et al.,
2010). This period marked a notable shift towards more
extensive human impacts on mangrove ecosystems. The
rate of mangrove destruction escalated further during
the decade of 1920-1930. The expansion of commer-
cial aquaculture, logging activities, and the construction
of coastal infrastructure emerged as major contributors
to these losses (Spalding et al., 2010). Large-scale land
reclamation projects and the conversion of mangrove ar-
eas to industrial zones also played a role (Alongi, 2008).
Between 1930 and 1940, significant mangrove losses
and degradation occurred. The expansion of large-scale
agriculture and extensive clearing for urban develop-
ment were the primary drivers during this period, along
with the construction of ports and harbors (Spalding et
al., 2010). During the decade of 1940—1950, mangrove
loss continued at an accelerated rate. The conversion of
mangrove forests into commercial salt pans, urban ex-
pansion, and increased logging activities were the main
drivers (Alongi, 2008). Additionally, the impacts of
World War II also led to significant mangrove destruction
in certain regions (Spalding et al., 2010). The 1950-1960
period witnessed extensive clearing and degradation of
mangrove ecosystems globally. The growth of tourism,
industrialization, and the rapid expansion of agriculture,
particularly rice and palm oil cultivation, were identified
as the primary drivers of mangrove losses (Spalding et
al., 2010). Between 1960 and 1970, mangrove forests
faced widespread clearing and degradation. The devel-
opment of aquaculture, including the establishment of
shrimp farms, further contributed to the decline (Alongi,
2008). Large-scale industrial activities and the construc-
tion of dams also negatively impacted mangrove ecosys-
tems during this period (Spalding et al., 2010). During the
1970s and 1980s, the rate of mangrove destruction was
alarmingly high, driven by various factors and industries.
Coastal development, including the expansion of aqua-
culture and the logging industry, played a significant role
in the loss of mangrove habitats (Giri et al., 2011). The
rapid urbanization witnessed in Southeast Asia particu-
larly resulted in substantial habitat loss for mangroves, as
these areas underwent extensive development (Gilman et
al., 2008). Moving into the 1980s and 1990s, the period
continued to witness mangrove losses, albeit with differ-
ent contributing factors. Unsustainable aquaculture prac-
tices, coastal infrastructure development, and increased
deforestation for commercial purposes all played a det-
rimental role in mangrove destruction during this time
(Gilman et al., 2008). The expansion of aquaculture, in
particular, had adverse effects on mangroves, as it often
involved the clearing of mangrove forests for shrimp
ponds (Valiela et al., 2001). Furthermore, the impacts



The environmental cost of shrimp aquaculture

913

of natural disasters, such as cyclones and tsunamis, also
contributed to significant losses of mangroves in some
regions. These events caused widespread damage and
destruction to mangrove ecosystems, exacerbating the
already high rates of mangrove loss (Valiela et al., 2001).
The vulnerability of mangroves to such natural disasters
highlights the importance of considering their resilience
and protection in coastal management strategies.

Since 1990, the trend of mangrove distribution has
been characterized by both losses and gains (Gilman et al.,
2008). However, the losses have generally outweighed the
gains, resulting in an overall decline in mangrove ecosys-
tems globally (Spalding et al., 2010). During the 1990s,
significant losses of mangrove forests were observed due
to factors such as urbanization, agricultural expansion, ag-
uaculture development, and logging (Alongi, 2008). Large
areas of mangroves were cleared to make way for infra-
structure projects, including ports, industrial zones, and
housing (Valiela et al., 2001). Additionally, the expansion
of shrimp and fish farms contributed to the destruction of
mangroves in many regions (FAO, 2007). In the 2000s,
the rate of mangrove loss slightly decreased compared to
the previous decade (Giri et al., 2011). However, notable
losses were still recorded in numerous countries, mainly
driven by ongoing urbanization, population growth, and
conversion of mangrove areas into rice paddies or salt pans
(Valiela et al., 2001). Between 2010 and 2020, the overall
rate of mangrove loss continued, although at a slower pace
than in previous decades (Hamilton and Casey, 2016). The
major factors behind these losses were deforestation for
land conversion, climate change-related events like storms
and sea-level rise, and unsustainable fishing practices
(Spalding et al., 2010).

In terms of species distribution, mangrove ecosystems
vary across regions, resulting in different species compo-
sition. Some common mangrove species include the red
mangrove (Rhizophora spp.), black mangrove (Avicen-
nia spp.), and white mangrove (Laguncularia racemosa)
(Spalding et al., 2010). In Southeast Asia, the most di-
verse and extensive mangrove ecosystems can be found,
with a wide range of species present. Some species that
thrive in this region include Sonneratia spp., Bruguiera
spp., and Ceriops spp. (Kathiresan and Bingham, 2001).
In the Americas, the Caribbean region is known for its
diverse mangrove species distribution (Rull, 2023). For
example, Rhizophora mangle, commonly known as red
mangrove, is particularly abundant in this area. Along
with red mangrove, Avicennia germinans, known as
black mangrove, and Laguncularia racemosa, known as
white mangrove, are also commonly found in the Car-
ibbean region (Rull, 2023). Moving to Africa, the dis-
tribution of mangroves is mainly concentrated along the
coasts of East Africa (Rull, 2023). Within this region,
Rhizophora mucronata, another species of red mangrove,
is the dominant species. Other species commonly found
in African mangroves include Avicennia marina, known
as black mangrove, and Bruguiera gymnorhiza (Diop et
al., 2002; Taylor et al., 2003). The largest distribution

area of mangroves is in the Pacific region, which in-
cludes countries such as Indonesia, Australia, Malaysia,
and Papua New Guinea (Spalding et al., 2010). These ar-
eas have extensive coastlines and suitable environmental
conditions, such as warm temperatures, tidal fluctuations,
and nutrient-rich sediment, which support the growth and
development of mangrove ecosystems (Alongi, 2008).

Material and methods

Data collection and statistical software

The objective of this study was to examine and
analyze existing literature on the various services pro-
vided by mangrove ecosystems. To accomplish this, we
searched the Scopus database for studies published be-
tween 1992 and 10 August 2025 using specific keywords
such as “mangrove forest”, OR “mangrove”, OR “man-
grove tree”, OR “mangrove ecosystem”, AND “ecosys-
tem services”.

Moreover, for understanding anthropogenic/natural
factors that affect mangrove loss, another comprehensive
search was conducted in the Scopus database for articles
published between 1960 and August 1, 2023. The search
string used included various terms related to mangroves,
such as “mangrove”, OR “mangrove ecosystem”, OR
“mangrove tree”, OR “mangrove forest”, AND “shrimp
aquaculture” OR “shrimp farming” AND “conversion”,
“loss”, OR “deforestation”. This search yielded a total of
104 relevant papers, which were retrieved as full records
and cited references. It is important to note that only papers
written in English were considered for this study. From
the downloaded papers, only those that directly addressed
the causes of mangrove loss were utilized. These causes
included anthropogenic factors like shrimp farming and
pollution, as well as natural factors like climate change,
storms, and tsunamis. To extract important information
from the articles, we focused on key details such as author
and publication year, species name, class, region, spatial
scale, range expansion or contraction, and key findings.

Data analysis and visualization in this study were
conducted using Excel 2019, VOSviewer version 1.6.16,
and the Bibliometrix package in R (Aria and Cuccurullo,
2017). Descriptive information such as author, country,
and publication year was obtained directly from the Sco-
pus database (Www.scopus.com/sources), and mapping
was carried out using Excel 2019. The national network,
journal network, and keywords were analyzed using
VOSviewer (van Eck and Waltman, 2010).

The search string initially generated a total of 2279 ar-
ticles. The final search string excluded any gray literature,
such as books, book chapters, conference proceedings,
reports, working papers, notes, letters, preprints, errata,
and short surveys with potentially irrelevant studies, leav-
ing only research articles. The search string also primar-
ily focused on literature available in English, which may
have introduced a language bias. Non-English publica-
tions might not have been adequately represented in this
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search. According to the results obtained from the Scopus
database, it is observed that a minor portion of the articles
included in the study were published in languages other
than English. The other languages in which articles were
published include Chinese (n = 37), Spanish (n = 29), Por-
tuguese (12), French (6), Persian (n = 2), and Korean (n
= 1). The decision to limit the search to English-language
publications was made due to resource constraints and the
desire to maintain consistency in the analysis. Omitting
non-English publications from systematic reviews had a
negligible impact on the overall conclusions, suggesting
that it could serve as a feasible methodological shortcut,
particularly in the context of rapid reviews. Only studies
primarily focusing on mangrove forests and shrimp were
included after screening titles and abstracts. A total of 1240
documents, including research articles, formed the final
dataset and were downloaded for bibliometric analysis. In
this study, we utilized the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) proto-
col for identifying and selecting publications (Page et al.,
2021) (Figure 1). The articles were reviewed by three au-
thors of this research, and the final summary was prepared
by the first author. This study used only selected published
articles that addressed the topic of mangrove forests and
shrimp farming. Authors read the abstracts of the articles
and selected them if they were relevant to the topic; other-
wise, we excluded them.

Co-occurrence analysis

In order to identify clusters of keywords that fre-
quently appear together, this study conducted a co-oc-
currence analysis. Keywords were chosen as the primary
unit of analysis since they capture the main themes dis-
cussed in a publication (Verrall and Pickering, 2020). In

the co-occurrence graph, the size of the circle represents
the weight of an item based on the total link strength.
Total link strength refers to the cumulative strength of the
links of an item with other items (Neff and Corley, 2009).
Indeed, the size of the circles is an indication of how im-
portant a country is based on the number of publications
on mentioned field. The lines represent which countries
have collaborated with each other to form a cluster. The
countries can be grouped into clusters based on their col-
laborations. The colors determine to which group each
country belongs (Neff and Corley, 2009).

Thematic map

The thematic map identifies four clusters: (1) Emerging
themes: Topics in the lower left quadrant require further ex-
ploration as they are underdeveloped or emerging subjects.
These topics have limited importance in the network and
develop slowly within it. However, they present interesting
opportunities for further research. (2) Basic themes: Topics
in the top right quadrant are the main subjects of research
and are central to advancements in the field. These topics are
highly relevant both within and across networks. Recogniz-
ing and developing these topics can highlight opportunities
for further investigation. (3) Niche themes: Topics in the
upper left quadrant are well-connected within the network
but have limited external connections, indicating their cur-
rent lack of significance. (4) Motor themes: Topics in the
upper right quadrant are the major themes in the field and
have high relevance and connectivity within and across the
network. As they are central to the literature, bibliometric
studies can provide insights into their exact nature and guide
future research. Bubble sizes in the thematic map reflect the
number of publications in which each keyword appeared
(Garcia-Lillo et al., 2023).

l Identification of studies via databases and registers l

Records identified from Scopus:

Databases (n =2279)
Registers (n = 0)

}

Records removed before
screening:

Duplicate records removed (n =
200)

Records marked as ineligible by
automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records screened

Records excluded**
(n=79)

(n=2079)
}

Reports sought for retrieval

(n=2000)

|

Reports not retrieved
(n=0)

Reports assessed for eligibility

(n=2000)

Studies included in review
(n=1240)

Reports excluded:
Review (n=226)
Book chapter (n = 249)
Short survey (n=7)
Conference paper (n = 150)
Erratum (n=7)
Conference review (n=1)
Editorial (n=9)
Book (n=14)
Note (n=8)
Data paper (n=2)
Non-English language (n = 87)

Figure 1. Selection process flowchart, based on PRISMA software
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Results

Number of publications across years

Some articles were excluded from the study due to
incomplete or even irrelevant information (after read-
ing the abstract of the article). In this regard our findings
are based on an analysis of 1240 studies extracted from
Scopus, sourced from 386 different publications between
1992 and 2025. These studies were authored by a total
of 5359 authors. Our analysis has revealed a significant
increase in the number of publications on the topic of
mangrove ecosystem services between 1992 and 2025.
The average growth rate of publications was close to
15.84%. The years with the least activity in terms of pub-
lished documents were from 1992 to 2014, with less than
30 publications. However, the peak year was 2024, with
a total of 169 papers. Furthermore, it is worth noting that
on average, each document in this research area received
43.41 citations, indicating the significance of this field,
particularly in recent years.

Geographic research contribution

Among the countries studied, the UK and Germany
stood out with the highest number of international col-
laborations. It was observed that in most publications re-
sulting from such collaborations, at least one author was
from a developed country, if not both. Figure 2 provides
a comprehensive ranking of the top 15 countries with the
highest number of publications in renowned journals.
Overall, a larger proportion of papers (83%) featured au-
thors from the same country, indicating domestic collab-
orations. This percentage was significantly higher than
the number of papers with international collaborations
(25%), as depicted in Figure 2.

Based on the findings presented in Figure 3, it is evi-
dent that the majority of co-authorships occur among au-
thors from the United States, United Kingdom, Germany,
and Australia. Specifically, the United States has the highest
number of collaborations (TLS = 396), followed by Austral-
ia (TLS =333), the United Kingdom (TLS =296), Germany
(TLS = 179), and Italy (TLS = 150) (refer to Figure 3 for
more information). The authors can be grouped into clusters
based on their collaborations. The first cluster (colored in
red) consists of 16 items and is mainly comprised of Eu-
ropean and Asian countries. The second cluster (colored in
green) consists of 15 items and also includes mainly Eu-
ropean and Asian countries. The third cluster (colored in
blue) comprises 7 items, which involve Australia, Bangla-
desh, China, Finland, India, Ireland, and the Netherlands.
The fourth cluster (colored in yellow) consists of 7 items
and predominantly includes European and American coun-
tries. Lastly, the fifth cluster (colored in purple) consists of 3
items, namely Indonesia, New Zealand, and Vietnam.

The United States and Australia had the highest level
of collaboration in scientific research, with a total of 48
collaborative efforts. This was followed by United States
and the United Kingdom with 37 collaborations, and the
Australia and the United Kingdom with 33 collabora-
tions. Other notable collaborations included the United
States and China with 29 collaborations, United States
and Mexico with 21 collaborations, the United King-
dom and Belgium with 19 collaborations, and the United
States and Brazil with 17 collaborations. Figure 4 pro-
vides a comprehensive visual representation of research
collaboration on a global scale. In terms of scientific pro-
duction in the field of mangrove ecosystem services, the
top countries are the United States, Australia, China, In-
donesia and the United Kingdom, as depicted in Figure 4.

Corresponding Author’'s Countries

Countries
USA -

AUSTRALIA -

CHINA -

INDONESIA -
UNITED KINGDOM - Collaboration
B sce
INDIA - . MCP
BRAZIL -
MEXICO -

GERMANY -

MALAYSIA -

&

o
<

0
N. of Documents

100 150

SCP: Single Country Publications, MCP: Muitipie Country Publications

Figure 2. Corresponding author’s country for publications. The red and blue colors, respectively, indicate papers written with/without interna-
tional collaboration
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Co-occurrence analysis In the literature, we discovered four areas of research

Figure 5 displays the thematic map of the literature  that are considered to be important and are also widely
analysis, illustrating the internal and external relation-  studied (Van Eck and Waltman, 2014). These research
ships. The findings reveal that mangrove, wetland, and  foci can be referred to as hot-spots in the field. They
coastal protection are prominent themes. Additionally, include the following: (1) the relationship between eco-
emerging themes such as blue carbon, carbon seques-  system services and mangroves, (2) the concept of blue
tration, and carbon stock have been identified, high-  carbon, (3) the impact of climate change, and (4) the con-
lighting the need for further exploration and expan-  nection between aquaculture and mangrove deforestation
sion. (refer to Figure 6 for more details).
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Table 1 — contd.

The results showed that the mangrove area in 2005 was re-

1050 ha in 2004

Banda Aceh, Tsunami

Thailand

Kamthonkiat et al.,

2011

duced by approximately 5% (1054.5 ha) from 2003 due to

the impact of the 2004 Indian Ocean Tsunami.

The model reveals that a 10-year-old mangrove forest in

1 ha

Banda Aceh, Tsunami

Thailand

Yanagisawa et al.,

2010

a 500 m wide area can reduce a tsunami’s hydrodynamic
force by approximately 70% for an incident wave of 3.0

m inundation depth and a wave period of 40 min at the

shoreline.

30-80% of mangrove stands got affected by the tsunami-

wave.

Banda Aceh, Tsunami

Andaman Islands

Roy, 2016

Factors affecting mangrove loss in the world

Natural factors

According to the findings, the minimal mangrove
loss caused by hail storms was observed in Australia, as
reported by Houston in 1999 (refer to Table 1). On the
other hand, the maximum mangrove loss occurred in the
Gulf of Carpentaria, Australia, between 2015 and 2016,
due to climatic extremes related to the El Nifio-Southern
Oscillation (ENSO), as stated by Duke et al. in 2017 (re-
fer to Table 1).

The unequal distribution of research effort globally
makes it likely that many countries do not report man-
grove loss events. This lack of reporting makes it diffi-
cult to assess changes in loss over time due to the limited
number of reports and the increasing effort put into ob-
servations in recent years (Sippo et al., 2018). Accord-
ing to a study conducted by Sippo et al. (2018), approxi-
mately 80% of reported mangrove mortality since 1990
can be attributed to climatic extremes and tropical cy-
clones (Table 1). Tropical cyclones have caused the larg-
est area of mangrove loss globally, accounting for 45%
of reported loss events over the past six decades (Sippo
et al., 2018). However, recent cases of large-scale man-
grove loss in Australia associated with climatic extremes
represent 22% of all reported historical forest loss (Sippo
et al., 2018). These recent events of mangrove ecosystem
loss emphasize the growing significance of extreme cli-
matic events and suggest that mangroves may serve as
important indicators of global climate change (Sippo et
al., 2018).

Tropical cyclones cause powerful winds, heavy
rainfall, intense waves, and storm surges that can have
detrimental effects on coastal wetlands (Table 1). In
some cases, the damage caused by Cyclone Vance to
the 5700 hectares of mangrove habitat exceeds any
human-induced impact ever witnessed in Western Aus-
tralia by a significant margin (Paling et al., 2008) (Ta-
ble 1). Approximately 70% of global cyclones and hur-
ricanes occur in the northern hemisphere (Knutson et
al., 2010). Furthermore, Australia has reported nearly
100% of mangrove mortality associated with cyclones
in the Southern hemisphere (Table 1).

The El Niflo Southern Oscillation (ENSO) is a large-
scale weather phenomenon that affects seasonal rainfall
and sea levels (Moon et al., 2015). These ENSO-driven
events, characterized by low sea levels and high tempera-
tures, can have significant impacts on nearshore ecosys-
tems. Coastal ecosystems with slow recovery rates, such
as mangroves, are particularly vulnerable to these events
(Glynn, 1988). Therefore, the frequency of ENSO events
is crucial in determining the loss of mangroves in the
future. In regions like Australia and the Eastern Pacific,
mangrove mortality during droughts is predominantly
linked to ENSO events. A study conducted by Duke et al.
(2017) found that severe and widespread dieback affected
over 7400 hectares or 6% of mangrove vegetation along
the affected area, extending from the Roper River estu-
ary in the Northern Territory to Karumba in Queensland.
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This dieback coincided with an unusually long period of
severe drought conditions, record-high temperatures, and
a temporary decrease in sea levels (Table 1). Similarly,
in Venezuela, an El Nifio-induced drought from 1990 to
1994 and an intense El Nifio period from 1997 to 1998
caused the mortality of 880 hectares of mangrove forests
(Table 1, Barreto, 2008; Otero et al., 2017). These exam-
ples highlight the significant impact of ENSO events on
mangrove ecosystems and emphasize the importance of
understanding and monitoring these weather patterns to
protect coastal habitats.

Historically, tsunamis have been responsible for 18%
of mangrove mortality incidents. Some of the largest re-
corded mangrove mortality events have been caused by
tsunamis. For example, the 2004 Indian Ocean earthquake
triggered a series of devastating tsunamis that led to the
loss of 1,880-2,330 hectares of mangroves. Additionally,
this event caused extensive damage to coral reefs, sand
dunes, forests, groundwater reserves, and human settle-
ments and agricultural lands (Kamthonkiat et al., 2011).
The first significant report of mangrove mortality caused
by a tsunami dates back to 1946 in the Dominican Re-
public. The estimated mangrove mortality area due to
this event was around 4,500 hectares (Sachtler, 1973;
Jiminez and Lugo, 1985) (Table 1).

According to a research conducted by Goldberg
et al. (2020), it was found that 38% of the total loss of
mangroves was due to natural causes. Coastal erosion,
which is mainly caused by factors like rising sea levels
and changes in river dynamics, accounted for 27% of
global mangrove losses between 2000 and 2016, mak-
ing it the second largest cause of mangrove loss globally
(Thomas et al., 2017; Goldberg et al., 2020). Addition-
ally, extreme weather events contributed to 11% of the
losses. The process of erosion and deposition, which
are natural processes, led to the retreat and regrowth of
mangroves, respectively (Thomas et al., 2017). These
processes were widespread, resulting in 20.3% of man-
grove loss due to erosion and 32.4% due to colonization
(Thomas et al., 2017). It was often observed that erosion
and colonization occurred simultaneously, as seen in the
case of the French Guiana coastline, where Fromard et al.
(2004) measured a change in mangrove extent of 125.4
km? between 1951 and 1999, attributed to both erosion
and deposition of sediment. The highest concentration of
mangrove erosion loss was found in Bangladesh, where
erosion along the seaward edge of the Sundarbans ac-
counted for almost 80% of national losses (Goldberg et
al., 2020). Along the eastern coast of Brazil, an area of
nearly 130 km? experienced coastal erosion, largely due
to the significant discharge of the Amazon River (Jahfer
etal., 2017).

According to a study by Goldberg et al. (2020), the
losses caused by extreme weather events such as cy-
clones, droughts, heatwaves, and floods were evenly
distributed worldwide. These extreme weather events ac-
counted for between 18% and 22% of the total loss area
on each continent. Interestingly, in Oceania, the highest

percentage of continental losses was attributed to man-
grove diebacks driven by extreme weather events. In fact,
almost half of all losses in Oceania from 2000 to 2016
were due to this phenomenon (Goldberg et al., 2020).
Sippo et al. (2018) found that approximately 70% of re-
ported mangrove loss resulting from natural causes was
caused by low-frequency, high-intensity weather events
such as tropical cyclones and climatic extremes. These
events include droughts, floods, extreme heat or cold,
extreme sea level variations, localized weather events,
and intense wind or wave energy. It is worth noting that
recent reports of mangrove mortality in Australia (Duke
et al., 2017; Lovelock et al., 2017) and other locations
(Servino et al., 2018) suggest an increase of mangrove
loss possibly due to climate change (Sippo et al., 2018).

According to Sippo et al. (2018), extreme storms
have caused the largest area of mangrove mortality glob-
ally, accounting for about 45% of reported cases. Over
the past five decades, the proportion of mangrove mortal-
ity caused by tropical cyclones has remained relatively
consistent, ranging from 30% to 60% of total mortal-
ity area. In Australia and the Eastern Pacific, drought-
induced mangrove mortality is mainly associated with
El Nifio-Southern Oscillation (ENSO) events. A recent
unprecedented mangrove mortality event occurred in the
Gulf of Carpentaria in northern Australia, which was at-
tributed to the combined effects of a severe El Nifo event
and other climatic extremes (Sippo et al., 2018; Harris et
al., 2017). In addition, there have been recent instances
of mangrove forest mortality caused by various factors.
These include temperature extremes, drought, localized
weather events, and regional sea level variability. Ex-
amples of such mortality events have been observed in
Exmouth in Western Australia, Kakadu in North Western
Australia, the Sundarbans, and Brazil (Lovelock et al.,
2017; Servino et al., 2018).

Anthropogenic factors

According to our findings, shrimp farming is the main
human activity responsible for the loss of mangrove for-
ests, accounting for 90.16% of cases (Table 1). Other
significant factors threatening mangrove forests include
agriculture expansion, pollution, gathering of mangrove
cockles, grazing, and the collection of firewood and tim-
ber (Table 1). In Vietnam, the conversion of mangroves
to shrimp farming resulted in the loss of approximately
111,650 hectares between 1980 and 2000 (Baumgartner
etal., 2016). Over time, mangrove ecosystems have been
impacted by various human activities, with the most
recent being deforestation for the expansion of shrimp
farming (de Lacerda et al., 2021). Although forest loss
rates have slightly decreased in the Americas, Africa, and
Australia, the clearing and fragmentation of mangroves
persist, primarily in Southeast Asia (de Lacerda et al.,
2021). Approximately 80% of direct human-induced
mangrove loss in Myanmar, Vietnam, Malaysia, Philip-
pines, Thailand, and Indonesia is attributed to the con-
version of mangroves for aquaculture and agriculture (de
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Lacerda et al., 2021). The shrimp farming sector alone
is responsible for an estimated 38% decline in man-
grove cover worldwide (Trevifio and Murillo-Sandoval,
2021).

According to a study by Goldberg et al. (2020), an-
thropogenic activities were responsible for 62% of the
global mangrove area loss between 2000 and 2016.
Shrimp, rice, and oil palm cultivation were the main driv-
ers of this loss, accounting for nearly half of the global
losses. The majority of the direct anthropogenic loss,
around 80%, occurred in just six countries: Indonesia,
Myanmar, Malaysia, the Philippines, Thailand, and Viet-
nam. These nations accounted for 2,068 km? of mangrove
loss. The conversion of mangrove forests to human set-
tlements contributed the least to global losses, making up
only 3% of the total extent. However, there were cases of
rapid urban expansion into mangrove forests in Ho Chi
Minh City, Vietnam; Bangkok, Thailand; Lagos, Nigeria;
and Conakry, Guinea. In these areas, settlement-driven
loss was significant. In all other countries, settlement-
driven loss remained below 3 km? from 2000 to 2016.
Interestingly, the proportion of loss attributed to human
settlements decreased by 65% between 2005 and 2016.
Furthermore, Ofori et al. (2023) conducted a study on
the Chilaw Lagoon and found that the mangroves in that
area had decreased by 45% from 1973 to 2020. Shrimp
farming was identified as the main cause, accounting for
92% of this change, as shown in Table 1.

According to a study conducted by Arifanti et al. in
2019 and outlined in Table 1, approximately 62% of the
expansive mangrove in the Mahakam Delta has been
lost. This loss is primarily attributed to the conversion
of mangrove areas into aquaculture. Additionally, Hamil-
ton (2013) estimated that across eight tropical countries,
which contribute to 83% of the global shrimp produc-
tion, aquaculture has resulted in the conversion of around
544,000 hectares of mangrove forests.

Coastal aquaculture, particularly shrimp farming, has
a destructive impact on mangrove worldwide. This is con-
cerning because mangroves are crucial for their high car-
bon content, making them ecologically and economically
important on a global scale. The loss of mangroves due to
coastal aquaculture results in carbon emissions and a de-
crease in carbon sequestration. Numerous countries, such
as Bangladesh, Brazil, China, India, Indonesia, Malaysia,
Mexico, Myanmar, Sri Lanka, the Philippines, Thailand,
and Vietnam, experienced significant mangrove destruc-
tion during the 1980s and 1990s due to the rapid expan-
sion of shrimp farming. This destruction has led to a sub-
stantial increase in blue carbon emissions, as highlighted
by studies conducted by Donato et al. (2011), Pendleton
et al. (2012), and Siikamaéki et al. (2012). For instance, in
Sri Lanka, the conversion of mangroves to shrimp ponds
resulted in a loss of 75% of the total carbon (Bournazel
et al., 2015). Research by Hamilton and Lovette (2015)
revealed that in Ecuadorian mangrove forests, 80% of the
living carbon lost can be attributed to the direct displace-
ment of mangroves by shrimp aquaculture (Table 1).

Discussion

Growth trend in publications

Mangroves are globally recognized for the various
benefits they offer to people, such as providing food and
protecting against storms. They also hold great signifi-
cance in terms of local culture, economic value, and so-
cial values (Ruslan et al., 2022). While it is crucial to pro-
tect mangroves, deforestation of these ecosystems does
still occur, although the rate of decline has decreased
in recent years (Ruslan et al., 2022). Between 2000 and
2012, approximately 18.4% of the global mangrove area
was lost, with Southeast Asia experiencing the most sig-
nificant loss, exceeding 1000 km? (Ruslan et al., 2022).
The main causes of this loss are closely linked to urbani-
zation, aquaculture, rice and palm oil plantations, illegal
harvesting, and resource utilization.

Given the importance of mangrove ecosystem ser-
vices and the growing concern about their deforestation
due to human activities (such as shrimp farming, urbani-
zation, and agricultural expansion) and natural factors
(like climate change and storms), there is an urgent need
to investigate the effects of these factors on mangrove
loss (Treviflo and Murillo-Sandoval, 2021). This study
aims to assess the global mangrove ecosystem services
and factors influencing their decline by analyzing pub-
lished papers indexed in the Scopus database. Through
bibliometric analysis, the study aims to identify knowl-
edge evolution trends, potential research hotspots, and
dominant themes in mangrove ecosystem service re-
search from 1992 to 2025. In total, 2079 research papers,
review papers, conference papers, book chapters, and
books were published in this field during the specified
time frame. The number of publications in this area has
seen an exponential increase from 2014 to 2025.

Top countries and journals

The research collaboration between various countries
was analyzed, and the highest collaboration was ob-
served between the USA and Australia, with a total of 48
collaborations. This was followed by collaborations be-
tween USA and the UK (37), Australia and the UK (33),
USA and China (29), USA and Mexico (21), UK and Bel-
gium (19), and USA and Brazil (17). Figure 4 provides
a graphical representation of the research collaboration
across the world. In terms of scientific production in the
field of mangrove ecosystem services, the top countries
are the USA, Australia, the UK, and China, respectively
(Figure 4).

The motor themes in this research field, such as
“mangrove”, “wetland”, and ‘“coastal protection”, are
highly significant and central to the overall research.
These themes have strong centrality and high density,
indicating their importance and development within the
field (Urhan et al., 2023). The keywords within these mo-
tor themes support the notion that mangroves and coastal
protection are closely related (Tiggeloven et al., 2026).
Therefore, it is crucial to prioritize the conservation of
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mangroves in order to mitigate the negative impacts of
global environmental changes on ecosystem services
(e.g. Urhan et al., 2023).

The concepts of “blue carbon”, “carbon sequestra-
tion”, and “carbon stock” are emerging themes that are
supported by Alongi (2012). Among tropical forests,
mangroves have some of the highest carbon densities.
These ecosystems, known as “blue carbon”, are capable
of storing large amounts of carbon for extended periods.
By protecting them, we can reduce greenhouse gas emis-
sions and contribute to climate change mitigation, as
stated by Adame et al. (2021).

According to Adame et al. (2021), if mangroves con-
tinue to be lost, emissions could reach 2391 Tg CO, eq
by the end of the century. When considering the foregone
soil carbon sequestration, this number increases to 3392
Tg CO, eq. The regions with the highest predicted emis-
sions are southeast and south Asia (West Coral Triangle,
Sunda Shelf, and the Bay of Bengal) due to conversion
for aquaculture or agriculture. The Caribbean (Tropical
Northwest Atlantic) follows due to clearing and erosion,
as well as the Andaman coast (West Myanmar) and north
Brazil due to erosion. These six regions account for 90%
of the total potential future CO, eq emissions.

Disturbing mangrove carbon stocks can result in sig-
nificant gas emissions, as highlighted by Alongi (2012).
Despite their importance in providing essential eco-
system services, such as erosion prevention, protection
against extreme weather events, and habitats for estua-
rine species, mangroves have been converted from car-
bon sinks to sources (Rosa et al., 2022). To address this
issue and mitigate climate impacts, it is necessary to im-
plement public policies for mangrove conservation and
restoration actions.

Analysis of keywords

According to Liu et al. (2011), keywords are one of
the most crucial elements in a research paper as they
represent important information presented in the paper.
The analysis of keyword co-occurrence is commonly
used to measure the strength of associations between
different keywords in a large number of documents.
This technique is highly effective for identifying trends
and emerging research streams, as noted by Su et al.
(2024).

The analysis itself is a relational and multidimension-
al indicator, as highlighted by Hellsten and Leydesdorff
(2016). It serves the purpose of discovering knowledge
components and knowledge structure within a specific
academic domain, as well as exploring research frontiers
and trends, as emphasized by Radhakrishnan et al. (2017)
and Yang et al. (2021). Our results indicate that the words
“ecosystem services”, “mangroves”, “mangrove”, “blue
carbon”, “climate change”, and “restoration” are the
most frequently occurring keywords in the research pa-
pers. Specifically, topics related to climate change, blue
carbon, remote sensing, and restoration have garnered
significant attention in recent years, from 2014 to 2025.

Mangrove conservation and restoration are consid-
ered important actions to accomplish various internation-
al environmental goals. To align with the UN Decade of
Ecosystem Restoration 2021-2030, the global conserva-
tion community has committed to increasing mangrove
cover by 20% by 2030 (Sasmito et al., 2023). It is cru-
cial to take immediate action to meet this target, along
with the Sustainable Development Goals (SDGs) and
the Convention on Biological Diversity’s Aichi targets
14 and 15, which focus on improving ecosystem func-
tionality and conserving/restoring degraded ecosystems,
respectively (Sasmito et al., 2023). By preventing further
mangrove loss globally, we could potentially avoid emit-
ting almost 424 MtCO e by 2030, equivalent to 6% of the
emissions produced by land use change in 2019 (Sasmito
et al., 2023). The climate benefits of mangrove manage-
ment (SDG 13) on a global scale could exceed 424 Mt-
CO,e if rehabilitation programs succeed in expanding
mangrove areas and effectively removing atmospheric
carbon. In Indonesia, rehabilitating and conserving man-
groves could benefit around 74 million people living in
coastal areas and potentially contribute to reducing the
country’s land-sector emissions by up to 16% (Sasmito
etal., 2023).

Mangrove forests vs. shrimp farming

The mangrove ecosystem provides both direct and in-
direct benefits. Direct use value includes the utilization of
mangroves for various purposes such as wood, charcoal,
tannin, construction materials, household equipment,
medicines, fish, shrimp, crab, vegetables, and raw mate-
rials for pulp and paper industries. On the other hand, the
indirect use value of the mangrove ecosystem lies in its
vital ecological functions. These functions include con-
trolling coastal erosion, preventing saltwater intrusion,
stabilizing sediment, protecting adjacent coral reefs from
suspended solids, safeguarding coastal land from storms,
naturally purifying coastal water from pollution, sup-
plying organic detritus and nutrients to adjacent coastal
water, and providing feeding, nursery, and breeding ar-
eas for fish, crustaceans, and wildlife. Through the total
economic valuation methodology, the economic value of
mangrove resources has been estimated to range from US
$3,624.98 to US $26,734.61 per hectare per year (Rizal
etal., 2018).

Conclusion and recommendations

In conclusion, our research highlights the vital role
that mangrove ecosystems play in supporting human
well-being, particularly in coastal regions of developing
countries. These ecosystems provide a wide range of es-
sential ecosystem services, including carbon sequestra-
tion, habitat provision, coastal protection, and water fil-
tration. However, the globally unsustainable practice of
shrimp farming poses a severe threat to these valuable
mangrove forests. This study revealed that shrimp farm-
ing is the primary human cause of mangrove forest loss,
accounting for a significant majority of research cases.
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This destructive practice not only contributes to carbon
emissions but also hampers the ability of mangroves to
capture and store carbon, exacerbating the effects of cli-
mate change. Furthermore, we identified other significant
threats to mangrove forests, including agricultural expan-
sion, pollution, gathering of mangrove cockles, grazing,
and the collection of firewood and timber. Additionally,
natural factors such as tropical cyclones were found to be
a major cause of mangrove loss. To address these press-
ing issues, it is imperative to implement comprehensive
public policies for mangrove conservation and restora-
tion actions. Governments, non-governmental organiza-
tions, and local communities should collaborate to de-
velop and enforce regulations that promote sustainable
management practices and protect mangrove ecosys-
tems. This could include measures such as establishing
protected areas, implementing sustainable shrimp farm-
ing practices, promoting alternative livelihood options
for local communities, and raising awareness about the
value of mangrove ecosystems.

Furthermore, there is a need for further research and
investigation in emerging fields such as “blue carbon”,
“carbon sequestration”, and “carbon stock”. Some re-
search showed that mangrove reforestation (reestablish-
ing mangroves where they previously colonized) had a
greater carbon storage potential per hectare than affor-
estation (establishing mangroves where not previously
mangrove) (Song et al., 2023). Though, future research
is needed to understand how better management and
conservation strategies can affect carbon stock. Some
research refers to mangrove-shrimp cultivation that can
help to sequester blue carbon through mangrove restora-
tion (Ahmed et al., 2017), which can be an option for
climate change mitigation but more research is needed
on how we can increase capability of mangrove carbon
sequestration. Current research on fishery carbon sinks
worldwide is lacking, and future research directions may
become a hot spot in the field of blue carbon (Zhong et
al., 2023). Aquaculture was the most mentioned content
in the fishery carbon sinks, and the mixed marine aqua-
culture model could promote the development of blue
carbon. Mixed aquaculture could effectively utilize eco-
logical habitats conducive to the absorption of carbon di-
oxide, achieving the reduction of breeding costs and the
improvement of productivity. The mixed culture mode of
shellfish and algae had a very efficient carbon fixation
effect. Therefore, the absorption effectiveness of carbon
dioxide at different mixing ratios needs to be researched
and verified. This information will help us better under-
stand the potential of mangroves in mitigating climate
change and inform future conservation efforts.

In summary, preserving nature’s gifts and valuing the
ecosystem services provided by mangroves is crucial for
the well-being of both humans and the environment. By
addressing the unsustainable practices of shrimp farming
and implementing effective conservation measures, we
can ensure the long-term survival and sustainability of
these invaluable mangrove ecosystems.

Based on our findings, we recommend the following
actions to preserve and value mangrove ecosystem ser-
vices:

* Implement sustainable shrimp farming practices:
Given that shrimp farming is identified as the primary
cause of mangrove forest loss, it is crucial to promote
and implement sustainable shrimp farming practices.
This could include measures such as minimizing habi-
tat destruction, reducing chemical inputs, and monitor-
ing and regulating shrimp farming activities to mini-
mize their impact on mangrove ecosystems.

* Raise awareness and education: Increasing public
awareness about the importance of mangroves and
the detrimental consequences of unsustainable shrimp
farming is essential. This can be done through educa-
tional campaigns, workshops, and community engage-
ment programs aimed at local communities, shrimp
farmers, and consumers. Providing information about
alternative sustainable livelihood options can also help
alleviate the pressure on mangroves.

* Strengthen environmental regulations and policies:
Governments should strengthen and enforce environ-
mental regulations and policies to protect mangrove
ecosystems. This can involve setting strict standards
for shrimp farming operations, promoting sustainable
land-use practices in coastal areas, and imposing pen-
alties for non-compliance. Collaborative efforts be-
tween governments, NGOs, and local communities are
needed to ensure the effective implementation of these
regulations.

* Support mangrove conservation and restoration
initiatives: Restoration and conservation efforts play
a vital role in preserving mangrove ecosystems. Gov-
ernments, NGOs, and international organizations
should provide financial and technical support for
mangrove restoration projects, including reforestation
efforts and the establishment of protected areas. En-
couraging community participation and involvement
in these initiatives can enhance their long-term success.

¢ Foster international cooperation: Since mangrove
loss and its impacts are a global concern, international
cooperation is crucial. Governments, research institu-
tions, and NGOs from different countries should col-
laborate and share knowledge, resources, and best
practices in mangrove conservation and sustainable
shrimp farming. This can be facilitated through in-
ternational conferences, research collaborations, and
policy dialogues.

¢ Invest in research and monitoring: Given the emerg-
ing fields of research related to mangrove ecosystem
services, it is essential to continue investing in scien-
tific research and monitoring efforts. Further investi-
gation into topics such as blue carbon, carbon seques-
tration, and carbon stock can provide valuable insights
and data to inform decision-making and policy devel-
opment.

By implementing these recommendations, there is
a greater chance of preserving mangrove ecosystems,
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valuing their services, and mitigating the negative im-
pacts of unsustainable shrimp farming on a global
scale.

Some of the limitations in this research include: (1)
This study used papers from only one database, which
does not represent all of the papers published globally
in this field. Therefore, the conclusion and the results
should only be interpreted within the context of man-
grove forest research from this database. (2) Bibliometric
analysis is not applicable to literature published outside
indexed journals (e.g., non-indexed journals and books)
(3) Bibliometric analysis is also hampered by self-ci-
tation, inaccurate citation, and citation of second-rate
works. (4) Due to the use of English search terms (man-
grove forest) and the databases used, there is likely to be
language and associated subsequent geographical bias in
the articles reviewed. Although Scopus and Web of Sci-
ence list publications in a range of languages, English
language publications dominate (Ramirez-Castaneda,
2020). Also, translations of the term ‘mangrove forest’
were not searched. It is also likely that the increasing aca-
demic literature from China may not be fully assessed as
such literature is not always well represented in Scopus
or Web of Science (Li et al., 2014). These limitations are
acknowledged here and their implications for the find-
ings are addressed in the discussion.
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