TYPE Review

? frontiers ’ Frontiers in Sustainable Resource Management PUBLISHED 25 September 2024

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Santanu Ray,
Visva-Bharati University, India

REVIEWED BY
Naser Valizadeh,

Shiraz University, Iran
Michael Njoroge Githaiga,
University of Embu, Kenya

*CORRESPONDENCE

Amina Juma Hamza
amina_j2002@yahoo.com;
ahamza@kmfri.go.ke

RECEIVED 04 March 2024
ACCEPTED 05 September 2024
PUBLISHED 25 September 2024

CITATION

Hamza AJ, Esteves LS, Cvitanovi¢ M and
Kairo JG (2024) Global patterns of mangrove
resource utilization: a systematic review.
Front. Sustain. Resour. Manag. 3:1395724.
doi: 10.3389/fsrma.2024.1395724

COPYRIGHT

© 2024 Hamza, Esteves, Cvitanovic¢ and Kairo.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited,
in accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Sustainable Resource Management

Dol 10.3389/fsrma.2024.1395724

Global patterns of mangrove
resource utilization: a systematic
review

Amina Juma Hamza'?*, Luciana S. Esteves?, Marin Cvitanovié?
and James G. Kairo?!

!Department of Oceanography and Hydrography, Kenya Marine and Fisheries Research Institute,
Mombasa, Kenya, 2Department of Life and Environmental Sciences, Bournemouth University,
Bournemouth, United Kingdom

Ecosystem services, encompassing the direct and indirect benefits of natural
systems, are extensively studied in the context of mangroves. These carbon-
rich ecosystems support coastal fisheries, shorelines, and harvestable resources
to local communities. However, research on mangrove ecosystem services
primarily are at a local scale, with limited exploration of global variations in
resource utilization. This paper aims to bridge this knowledge gap through a
systematic review of the existing literature conducted in Web of Science to assess
the geographical variations in the coverage of mangrove use and ecosystem
services. Out of 310 papers analyzed, Asia had the highest coverage (43%)
with support to fisheries (39%) being the most researched ecosystem service
worldwide. Direct use of mangrove resources exhibited regional variations,
particularly in Asia, Africa, and North America. Mangrove wood, primarily used
for fuel (16%) and construction (15%), was the most documented resource,
with its usage persisting in low-income countries. Notably, a shift from being a
primary income source to subsistence use was observed in Asia, Africa, and South
America. Intrinsic and cultural services were less mentioned in the literature,
emphasizing the need for future studies to focus on these areas to ensure
culturally sensitive conservation efforts.
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1 Introduction

Mangroves are trees and shrubs that grow in the intertidal areas of tropical and
subtropical coasts (Spalding et al., 2010; Duke, 2017) covering about 136,000 km? in
108 countries (Spalding and Leal, 2021). They occur in all continents except Europe and
Antarctica, with the largest extent found in Asia (39%), followed by Africa (20%), North
and Central America (15%), South America (14%) and Oceania (12%) (Spalding and
Leal, 2021). The largest contiguous mangrove forests include the Sundarbans (India and
Bangladesh), the Niger Delta (Nigeria), the coastlines of Northern Brazil and the Southern
Papua, which together comprise 16.5% of the world’s mangrove forests (Spalding et al.,
2010). Mangrove distribution falls into two biogeographical regions, the Indo-West Pacific
(IWP) and Atlantic East Pacific (AEP). The IWP includes the mangroves of East Africa,
Asia, and Australia while the AEP constitutes the mangroves of West Africa, East, and
West America (Alongi, 2002). There are 73 mangrove species globally, the IWP region is
the most diverse with 62 species whereas AEP has 12 species with one common species
(Auchrosticum Aureum) (Spalding et al., 2010). Species richness decrease from 30 species
in South East Asia to about <10 species in West Africa and the Americas (Duke, 2017).
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The distribution of mangroves is strongly influenced by
geomorphic and climatic drivers (e.g., temperature and moisture)
(Alongi, 2002; Njiru et al., 2022) and exposure to low temperatures
is a key constraint. Warming temperatures are enabling mangroves
to expand poleward (Giri and Long, 2016; Coldren et al., 2019;
Cohen etal., 2020) and landward (Lucas et al., 2018; Visschers et al.,
2022) as tidal incursion progresses with rising sea levels. While
mangroves are expanding into saltmarsh ecotones, there is a net loss
of mangroves globally (Goldberg et al., 2020; Hagger et al., 2022)
due to the effects of major storms (Sippo et al., 2018; Lagomasino
etal, 2021) and human pressures (Goldberg et al., 2020). Mangrove
loss affects the provision of ecosystem services (ES) that directly
support millions of livelihoods, particularly in the Global South
(Malik et al., 2017; Nyangoko et al., 2022).

Mangroves provide a wide variety of ES (Walters et al., 2008;
Donato et al., 2011; Lee et al., 2014; Mukherjee et al., 2014). They
are carbon-rich ecosystems (Donato et al, 2011; Alongi, 2020),
that support fisheries (zu Ermgassen et al., 2020), provide shoreline
protection (Barbier et al., 2011; Barbier, 2020), and wood and non-
wood resources to coastal communities (Lee et al., 2014). The
concept of ES has created an effective bridge between ecological and
economic approaches, challenging the established views about the
“value” of nature and the long-lasting and wider economic impacts
of resource degradation (Costanza et al., 2017; Cifuentes, 2021). In
the context of this paper, ES refer to all services and benefits offered
by mangroves to people, while mangrove use focuses on the direct
use/provisioning services.

Studies have attempted to review several aspects of mangrove
ES including disservices (Friess, 2016). Most reviews focus on the
valuation of mangrove ES at a local scale (Himes-Cornell et al,
2018; Barbier, 2020; Getzner and Islam, 2020; Afonso et al., 2022) or
on specific types, e.g. cultural services (Moore et al., 2022). There is
a paucity of evidence on how the utilization of mangrove resources
varies globally, despite evidence of the rate of change in mangrove
cover being influenced by use (Sasmito et al., 2019; Goldberg et al.,
2020). Understanding these global utilization patterns is important
for developing effective conservation strategies and ensuring
sustainable use of mangrove ecosystems. Hence, this systematic
review aimed to provide a comprehensive overview of the current
state of knowledge on mangrove resource utilization, focusing
on the coverage of ecosystem services (ES), the geographical
distribution of studies, and the types of uses identified globally. To
achieve these aims, the objectives of this review are to: (a) identify
the range and frequency of different ES covered in the literature
and determine knowledge gaps; (b) map the global distribution
of studies and evaluate regional differences; and (c) categorize
and compare uses (e.g., timber, fisheries, tourism) studied in
different regions.

2 Methods

A systematic review was undertaken following the methods of
previous studies (e.g., Berrang-Ford etal,, 2011; Xu etal,, 2019). The
search was conducted in March 2023 on the Web of Science (WoS),
as this database is widely used and covers interdisciplinary peer-
reviewed literature published since 1900 (Jacso, 2005). No papers
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published after March 2023 were included in the review. The search
criteria were:

Indexes = SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-
SSH, ESCI

Timespan = All years (1900 to March 2023)

Language: English

Document types: Article OR Book Chapter OR Proceedings
Paper OR Review

Topic search (TS) within the title, author keywords, Keywords
Plus® or abstract:

1. TS=(Mangrove* NEAR Use*) OR
2. TS=(Mangrove® NEAR Valu*); OR
3. TS=(Mangrove* NEAR Utili*).

The search yielded a total of 3,238 articles. The titles,
authors’ keywords, and abstracts of these articles were exported
to Excel. A keyword search was done on the Excel file to identify
which papers mentioned the different services (using the search
function and the results were exported to a different Excel sheet)
(Figure 1). Titles and abstracts were screened, and articles covering
experimental/isotope analysis, analysis of the physicochemical
composition, mangrove mapping, genetics studies, or other
studies not focusing on mangrove use or ES were excluded.
Supplementary material 1 provides the justification for exclusion of
articles. A total of 310 articles were retained for full-text reading
and extraction of information (Table 1) and were categorized based
on the main ES covered. If the paper mentioned one service, but the
focus was on another, the paper was moved to the relevant category,
which was the basis for the geographical analysis.

3 Results

The earliest paper included in the analysis was published
in 1993 and the number of publications covering mangrove ES
increased over time, with the highest numbers published in 2018
(16%) and 2019 (13%) (Figure 2).

3.1 Overview of mangrove ecosystem
services presented in analyzed articles

The articles analyzed captured 11 mangrove ES including
wood for construction and fuel, provision of food and fodder,
tanning/dye, and medicines for different ailments (Figure 3). The
role of mangroves in supporting fisheries is the most often
mentioned topic, covered in 39% (120) of the papers, followed by
the provision of habitat, covered in 22% of the papers (Figure 3).

3.2 Continental representation of
mangrove ecosystem services

Studies on mangrove use and ES in Asia dominate in numbers

of papers (43% of all papers), followed by North America (16%)
(Figure 4), and only these two regions have publications on all
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Records Found

Fiaharies = 221
Habitat = 746
Carbon Storage = 125
Fuool <77
Comstruction = 124

FIGURE 1

Records identified, included and excluded per ecosystem service and the reason of exclusion.

11 types of ES (Figure 5). For simplicity, papers covering Central
America and the Caribbean were aggregated with North America,
and they are the focus in the majority of articles in this group.
Oceania was mentioned the least in the scientific literature (9%) and
papers covered fewer ES types.

Only three ES were covered in all regions: the contribution of
mangroves to fisheries, provision for habitat and carbon storage.
The coastal protection service was not captured in papers from
South America, while papers from Africa missed the service of
waste management. Uses of mangrove wood for construction and
fuel, tourism/recreation and tannin/dye were not mentioned in
papers from Oceania. Articles reviewing mangrove ES on a global
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scale (7% of all articles, n = 23) mention all 11 ES and represent
30% of papers that mention the use of mangroves for tannin/dye
and 29% of papers that mention for medicine (Figure 4).

3.2.1 Mangrove utilization in Asia

The contribution to fisheries was the mangrove ES cited most
often in publications covering locations in Asia (35%), followed by
carbon storage (25%) and the use of wood for fuel (20%). Other ES
were covered in <20% of articles (Figure 6). Most literature from
Asia was from Indonesia (26%), China (14%), India (13%) and the
Philippines (11%).
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TABLE 1 The number of articles found in the WoS search, excluded during the review process, and included in the analysis per type of ecosystem service.

Excel Number of Excluded after Included after Included after Number of
keywords articles found screening screening re-categorization articles analyzed
Fisheries 221 144 77 49 126
Habitat 746 681 67 5 72
Carbon 125 65 60 5 65
sequestration and

storage

Fuel and cooking 77 44 33 18 51
Construction 124 107 16 26 42
Coastal protection 72 42 30 9 39
Tourism and 116 90 26 3 29
recreation

Food and Feed 398 389 8 12 20
Medicine 46 33 13 6 19
Tannin and dye 47 30 17 4 21

Water purification 7 4 3 5 8

and waste

management

Like in most regions, products harvested from mangrove
forests in Asia include wood for fuel and construction and/or
furniture making. In the construction of houses, mangrove wood
is used in columns and beams as observed in the Bajo community
in Indonesia (Rahim et al., 2019) and in the Philippines (Walters,
2005; Agaton and Collera, 2022). Mangrove wood is also used to
make fences in India (Dahdouh-Guebas et al., 2006) and Vietnam
(Quoc Vo et al, 2015), and fishing gears, such as fish traps,
paddles, and boats in Malaysia and India (Bennett and Reynolds,
1993; Pattanaik et al, 2008). The traditional use of mangrove
wood as fuel by several communities in Asia was noted in India
(Meynell, 1999; Dahdouh-Guebas et al., 2006; Pattanaik et al., 2008;
Hussain and Badola, 2010), Malaysia (Bennett and Reynolds, 1993),
Vietnam (Quoc Vo et al, 2015; Veettil et al., 2019), Indonesia
(Furukawa et al., 2015; Suharti et al.,, 2016; Purida and Patria,
2019; Rumahorbo et al., 2020), Bangladesh (Arefin et al, 2017;
Rahman et al., 2018) and Myanmar (Feurer et al,, 2018). In some
areas in Bangladesh detritus and leaves from mangroves are also
used as fuel by local communities (Chow, 2015; Rahman et al.,
2018; Barua and Rahman, 2019). Although there has been a
decrease in the use of fuelwood in the Philippines (Walters, 2003),
consumption of fuelwood always exceeded that of house and fence
construction (Walters, 2005). Other reported uses of mangrove
wood in Asia include transmission and telephone poles, railway
girders, and mine timbers (Walters et al., 2008; Arunprasath and
Gomathinayagam, 2015).

The use of mangrove tannin and dye was noted more in
Asia than in any other region. In Indonesia, the extraction
of tannin from mangroves dates to 1900 with the potential
to develop into an industrial activity (Kusmana, 2018). The
tanning and dye from the bark of Avicennia sp. are used
for coloring and preserving fishing nets, coloring clothes, and
used in mat making (Kusmana, 2018). Like in Indonesia,
extraction of tannin from the bark of mangroves (mostly Ceriops
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decandra) is a common practice in most coastal areas in
India used by fishers to dye their nets and increase durability
(Dahdouh-Guebas et al., 2006; Arunprasath and Gomathinayagam,
2015).

The use of mangroves for medicinal values is also quite
common in Asia (Arefin et al,, 2017; Bibi et al., 2019; Veettil
et al., 2019). Mangroves are used to treat diabetes, hypertension,
and gastrointestinal disorders such as constipation, diarrhea,
dysentery, dyspepsia, haematuria, and stomach pain. Species such
as Bruguiera gymnorrhiza and Rhizophora mucronata are widely
used traditionally and are believed to possess several medicinal
values compared to other species (Bibi et al., 2019). In India, the
fruits of Acanthus ilicifolius are crushed and used as a dressing
for snake bites, while the whole plant can be boiled to create a
decoction consumed for kidney stone removal. Other uses of this
species are in the treatment of asthma, diabetes, hepatitis, and
rheumatism. Another medicinal species is Xylocarpus granatum,
although poorly exploited in India it is used for treating cholera
and diarrhea (Bibi et al., 2019). Communities in India have
used different mangrove plants in different forms as medicine
to treat fever, malaria, cold and cough, bronchitis, asthma, skin
diseases, ulcers, leprosy, smallpox, diarrhea, dysentery, diabetes,
infertility, gonorrhea (Mondal et al., 2012; Johnson et al., 2020). The
inhabitants of Bhitarkanika wildlife sanctuary, Kendrapara district
in India, depend on the mangrove forests for medicine and other
traditional products (Pattanaik et al., 2008). In Indonesia, ointment
made from Avicennia sp. is used to treat smallpox ulceration. It is
also used by many as a contraceptive for birth control (Kusmana,
2018). Fruit of Rhizophora mucronata is used to treat leukemia
in Indonesia (Sibero et al., 2020). Other medicinal uses obtained
from Ceriops sp. and other mangrove species include medication
for toothache, used as hair loss treatments, dressing for boils, curing
sore eyes, tumor inhibitor, and mosquito repellent (Kusmana,
2018).
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FIGURE 2
Number of papers included in the analysis per year of publication (up to the end of March 2023).
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FIGURE 3
Mangrove ecosystem services covered in the 310 articles analyzed.
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Coverage of ecosystem services in Asia, Africa, Oceania and North and South America.
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FIGURE 6
Distribution of mangrove ES mentioned in the articles covering studies in Asia (n = 133).

Mangroves in Indonesia are used as food and in beverages
(Kusmana, 2018), as also seen in Sri Lanka, where locals make
beverages from the leaves of Sonneratia caseolaris (Satyanarayana
et al, 2013). The bark of the Bruguiera gymnorrhiza and B.
parviflora has been used for centuries in seasoning fish while
the young leaves, fruits, and embryos are cooked and eaten as
vegetables (Kusmana, 2018). In India, fruits of B. gymnorrhiza,
Sonneratia alba, and S. caseolaris are also eaten cooked as vegetables
or raw in salads (Pattanaik et al., 2008). In China, tannins from B.
gymnorrhiza are used to preserve freshly cut fruits (Liu et al., 2021).
Although reported as an activity of the past, locals in Indonesia and
Bangladesh have been consuming raw seeds, leaves, and fruits of
Bruguiera cylindrica and B. gymnorrhiza for sustenance (Furukawa
et al., 2015; Arefin et al,, 2017). Another product collected from
mangrove forests is honey, mostly reported in India (Badola and
Hussain, 2005; Pattanaik et al., 2008) and Indonesia (Rahman et al.,
2018).

Communities all over Asia obtain proteins from shellfish
such as oysters, snails, and crabs collected from mangrove areas
(Rahman et al., 2018; Rumahorbo et al., 2020; Singgalen, 2020;
Joy and Paul, 2021; Agaton and Collera, 2022). In addition to
being used as food for humans, the literature identifies the use of
mangrove leaves as fodder/feed for animals. In Indonesia, leaves of
Sonneratia sp., Avicennia sp. and Rhizophora sp. are collected and
fed to goats (Kusmana, 2018; Rahman et al., 2018). In India, cattle
are left to feed in mangrove areas (Dahdouh-Guebas et al., 2006;
Hussain and Badola, 2010) and mangrove associates Phragmites
karka, Porteresia coarctata, and Myriostachya wightiana are used
as livestock fodder (Pattanaik et al., 2008). The use of mangroves
as fodder for livestock is reported to have reduced pressure on
pasture lands in India (Arunprasath and Gomathinayagam, 2015).
Historical use of mangroves for camel grazing is seen in the Indus
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Delta in Pakistan (Meynell, 1999). Stable isotope analysis show
that sesarmid crab (Parasesarma bidens) feeds on cellulose-rich
mangrove detritus and leaf litter in the Urauchi River in Japan
(Kawaida et al., 2019).

Commercial harvesting of mangrove wood for fuel has
been linked to the degradation of mangroves in Asia. Charcoal
manufacturing was identified as a major cause of mangrove loss in
Bintan, Indonesia (Winarno et al., 2016) and Myanmar (Estoque
et al, 2018) hence calling for potential alternative sustainable
solutions (Estoque et al., 2018). Mangrove wood is also used
as fuel for commercial brick kilns in India (Arunprasath and
Gomathinayagam, 2015). In the Philippines, intense mangrove
cutting for the commercial sale of firewood between the 1930s
and 1979 (Walters, 2003) led to restrictions placed on mangrove
harvesting. Efforts were made to restore mangrove areas degraded
due to charcoal production after natural regeneration failed in
Matang, Malaysia (Eong, 1993).

3.2.2 Mangrove utilization in North America

The contribution to fisheries was captured in 33% of the
article, followed by carbon storage (31%) and habitat utilization
services (29%) (Figure 7). Like in Asia, all 11 ES were covered in
this continent.

The literature indicates that mangroves were used before
the arrival of Europeans, with some uses shifting through time
and others persisting today. Archaeological findings showed that
around 440-490 A.D. the Mayas were clearing mangrove areas to
create saltpans and using black mangrove (Avicennia germinans)
for fuel and in construction in southern Belize (Robinson and
McKillop, 2013). This study shows that the use of mangrove wood
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Distribution of mangrove ES mentioned in the articles covering studies in North America (n = 49).
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was dominant at the time but was absent in later periods substituted
by other types of wood, indicating that exploitation led to the
depletion of local mangrove resources. Cutting of mangrove wood
for fuel and charcoal production has been practiced since the
18th century in Mankote Basin, the large mangrove area in the
Caribbean island of St. Lucia (Geoghegan and Smith, 2002). The
authors describe the efforts that started in the 1980s to engage with
and support local charcoal producers for the implementation of
management measures and practices aiming to reduce mangrove
loss and enable sustainable resource use.

A wider range of mangrove uses was mentioned in studies in
Mexico than any other countries in North America. Extraction
of mangrove wood for fuel and construction (e.g., walls,
ceiling, fences, fishing traps) is common by fishing communities
surrounding coastal lagoons by the Gulf of California, Sinaloa
state (Cornejo et al., 2005) and on the Pacific coast, Nayarit state
(Kovacs, 1999). However, use of mangrove wood in construction
is not prominent in communities within La Encrucijada Biosphere
Reserve on the Pacific coast (Chiapas state), where the most valued
mangrove ES are coastal protection, fisheries and climate regulation
(Reyes-Arroyo et al., 2021). Fishing in mangrove areas is a common
practice as reported in Mahahual on the Caribbean coast (Jadin and
Rousseau, 2022). Tea made from the bark of Rhizophora mangle
and from leaves of Avicennia germinas are used as medicines by
fishing communities in Mexico (Kovacs, 1999; Cornejo et al., 2005;
Reyes-Arroyo et al., 2021), while in some areas this is considered
a practice of the past (Kovacs, 1999). Infusion of A. germinas are
used to treat gastric diseases (Cornejo et al., 2005), while the bark
and root of R. mangle are used to alleviate stomach illness (Reyes-
Arroyo et al,, 2021), diabetes, kidney stones, skin diseases and
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purify the blood (Kovacs, 1999). Tea made from the bark of L.
racemosa is said to have similar medicinal purposes, except for skin
problems (Kovacs, 1999). In the past, tannin produced from R.
mangle was used to painting buildings and dyeing clothes (Kovacs,
1999), while it is still used in toughening fishing nets (Cornejo et al.,
2005). Mangroves are also identified as places that give tranquility
and happiness to locals in La Encrucijada in Mexico (Reyes-Arroyo
etal., 2021).

3.2.3 Mangrove utilization in Africa

Africa was covered in 13% (n = 41) of the articles analyzed
making it the third most covered continent after Asia and North
America. Fisheries were mentioned in 41% of the articles from
this continent, followed by mangrove wood for fuel (37%) and
construction (29%) (Figure 8). Except for waste management, all
the other mangrove ecosystem goods and services were identified
in the literature reporting studies on mangrove ES in Africa.

The use of mangrove wood for the construction of houses is
practiced in several countries in Africa, including Kenya (Abuodha
and Kairo, 2001; Ronnbick et al., 2007; Hamza et al., 2020),
Senegal (Scales et al., 2018), and Madagascar (Conchedda et al,
2011). Domestic use of mangrove wood for fuel is common in
Africa (Semesi, 1998; Dahdouh-Guebas et al., 2000; Abuodha and
Kairo, 2001; Nfotabong-Atheull et al., 2009; Conchedda et al,
2011; Satyanarayana et al., 2012; Carney, 2017; Gallup et al., 2020;
Afonso et al., 2022). Commercial uses of mangroves as fuel are
practiced in Cameroon in smoking fish (Feka and Manzano, 2008;
Nfotabong-Atheull et al., 2009; Jiazet and Hans, 2019), and lime
production in Madagascar (Scales et al., 2018; Scales and Friess,
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2019). In Cameroon and most West-Central African coastal states,
fuelwood extraction for commercial fish smoking was identified as
a threat to the sustainability of mangrove ecosystems (Feka and
Manzano, 2008; Feka et al., 2009). Mangrove wood is also used to
build fences in Madagascar (Scales and Friess, 2019) and Cameroon
(Nfotabong-Atheull et al,, 2009) and fishing gears e.g., fish traps,
paddles and boats (Ronnbick et al., 2007), as also seen in Asia.

Other products harvested from mangrove forests in Africa
include food and fodder for animals, medicine, tannin, and dye.
Sao Tome community in Guinea obtain wild food (mostly shellfish
such as oysters, snails and crabs) from the mangroves (Afonso
et al., 2022), as also seen in other parts of West Africa (Carney,
2017). In Kenya, mangrove dye is used to produce tie and
dye fabrics and use to seal up tiny pores in trays woven from
reeds and palm leaves (Dahdouh-Guebas et al., 2000). Medicinal
products are made from the bark of the mangrove trees in
Mida Creek, Kenya (Dahdouh-Guebas et al., 2000). Tree stems
of different ages provide medicines for different ailments e.g.,
roots of Rhizophora mucronata provide curative properties for
constipation, fertility, and menstrual disorders (Dahdouh-Guebas
etal, 2000). Xylocarpus granatum is used to soothe aching muscles
and limbs resulting from injuries (Dahdouh-Guebas et al., 2000),
stomach problems and cure rashes (Semesi, 1998). Traditional
use of medicine from mangroves in West Africa is also reported
(Carney, 2017). Like in Asia and South America, making beverages
from mangroves is reported in West Africa, where in the Gambia
tea is made from Avicennia germinas (Satyanarayana et al., 2012).
The use of Avicennia sp. for animal fodder is also customary
practice in East Africa (Semesi, 1998). Mangrove honey is highly
prized and while it is predominantly collected from modern hives in
Senegal some mangrove honey is still collected in traditional hives
(Gallup et al., 2020).
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3.2.4 Mangrove utilization in South America

Most of the articles from South America were from Brazil
covering 53% of the total literature from this region (n = 36).
Articles from South America were mostly on the contribution to
fisheries, which was covered in 61% of the articles from the region,
followed by provision of habitat (14%), with other ES mentioned
in 11% of the papers or less (Figure 9). Mangrove resource use
was better represented in this region than in North America
and Oceania.

Mangrove roots were used in the construction of houses and
boats by the Warao people in Venezuela for over 7,000 years (Bibi
et al., 2019). Villate Daza et al. (2020) reports overexploitation of
Lumpnitzera racemose used for the construction of huts that provide
shade to tourists visiting beaches in Colombia. Commercial uses
of mangrove wood for fuel are observed in Colombia in charcoal
production (Palacios and Cantera, 2017) and in brick kilns in Brazil,
where domestic uses are also reported (Saint-Paul, 2006).

As in other regions worldwide, mangroves are an important
source of food, fodder for animals and medicines in South
America. Mangrove are an important food supplement for
Antillean manatees in northeast Brazil, as the roots are rich in
fibers and the high water content in the leaves are a source
of freshwater (Rodrigues et al, 2021). Carney (2017) reports
traditional uses of mangroves for medicinal purposes in Colombia,
Peru and Brazil, while tannin and dye from Rhizophora sp. are
still currently used in the latter (Moreira dos Santos and Lana,
2017). Extensive deforestation was recorded in Brazil due to the
increased production of leather tannin from bark of Rhizophora
mangle (Saint-Paul, 2006). Historically, bark was removed from
tree trunks and branches and boiled to extract dye that was used
in fishing nets, wood floors, and leather production. The literature
reports a shift from using mangrove resources as a main source

frontiersin.org


https://doi.org/10.3389/fsrma.2024.1395724
https://www.frontiersin.org/journals/sustainable-resource-management
https://www.frontiersin.org

Hamza et al. 10.3389/fsrma.2024.1395724
FoodFeed
Waste management [l
" Tannin/Dye |
7 Tourism/Recreation [ I
z Wood (Fuel) [N
2 Carbon storage | N
2
g
Wood (Construction, furniture etc) | NN
Habitat [
Fisheries |
0 10 20 30 40 50 60 70
% Number of Articles Analysed
FIGURE 9
Distribution of mangrove ES mentioned in the articles covering studies in South America (n = 36).

of income to subsistence use and a decrease in domestic use of
mangroves for fuelwood in Brazil (Moreira dos Santos and Lana,
2017). A lagging economy and lack of alternatives for construction
materials have made mangrove harvesting inevitable in Western
Venezuela adding pressure on mangrove forests (Lopez-Hoffman
et al., 2006).

3.2.5 Mangrove utilization in Oceania

Out of the 310 articles analyzed, only 9% (n = 27) were
from Oceania of which 74% are from Australia. All the articles
were on the regulatory and supporting services of mangroves.
The contribution of mangroves to fisheries and habitat function
was each covered by 44% of the articles. Carbon storage and
coastal protection functions are covered by 11% of the articles each
(Figure 10).

4 Discussion

A literature review produced by Friess (2016) showed that,
between 1823 and 1883, studies focused on the export of mangrove
products, although regulation services, such as erosion control and
sediment accretion, were recognized as early as 1865. Studies on
regulating and supporting services (e.g., fisheries, habitat, coastal
protection and carbon sequestration) have dominated publications
on mangrove ES since 2015, with peak number of articles in
2018 and 2019. Ongoing global attention on climate change and
mitigation mechanisms in the Paris Agreement 2015 and the
subsequent COP conferences have stimulated research on the
contribution of blue carbon e.g., in carbon sequestration (e.g.,
Taillardat et al.,, 2018; Serrano et al., 2019; Were et al., 2019;
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Chatting et al., 2022) and natural coastal protection (Morris et al.,
2018; Vanegas et al., 2019; Asari et al,, 2021; Chang and Mori,
2021). Furthermore, regulating and supporting services have direct
economic value (fisheries) or global significance (carbon storage,
biodiversity), making them priorities for research funding and
policy attention.

The review of 310 articles indicates that uses of mangrove
resources are similar across continents, despite local variations
in the dominant types and intensity of uses (e.g., Hamza et al,
2023; Reyes-Arroyo et al.,, 2021; Cornejo et al., 2005). Therefore,
knowledge gained from research on ES/uses in one region can be
replicable in another. It is unsurprising that the largest number of
papers (43%) cover mangrove ES and use in Asia, where 39.2% of
the global mangrove coverage is found. Indonesia alone has 19.7%
of the world’s mangrove cover (Jia et al., 2023) and was the country
with the most literature on mangrove uses/ES in Asia (26% of
the papers analyzed in Asia) and the world (11% of 310 papers).
Despite the similarity of mangrove use across continents, the noted
absence of published studies covering the ES of coastal protection in
South America and waste management in Africa highlights regional
disparities in mangrove ES research.

In 2020, Brazil and Australia ranked second and third in the
world’s mangrove coverage respectively (Jia et al., 2023) and this
is reflected in the relative high number of papers on mangrove
ES. Despite 20 papers found with information of mangrove ES in
Australia, none covered direct use. This is surprising considering
that traditional use of mangroves by indigenous people of Australia
are wide and varied, including all the uses identified in this
review (firewood and charcoal; construction of houses, furniture,
boats and fishing gear; tannins for dyeing and leather production,
food, medicine) and others, such as insecticide (Bandaranayake,
1998). Although information on uses of mangroves in Australia
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can be found in online and gray literature, they are scarce
in scientific publications. Perhaps there is less research interest
because traditional uses of mangroves in Australia are no longer
common practice and restricted to remote areas of low population,
hence low environmental impact (Bird, 1986).

It is worth noting that the search did not capture all papers that
might be considered relevant, such as the review of traditional and
medicinal uses of mangroves written by Bandaranayake (1998) and
Rasquinha and Mishra (2021). Bandaranayake (1998) cites Walsh
(1977), who described the use of Rhizophora sp. seedlings to cure
sore mouth and to produce wine that had aphrodisiac effect since
the 13th century in Arabia as the earliest historical reference to
the medicinal use of mangroves. It is important to recognize that a
systematic search for scientific literature may miss some interesting
publications and information, even when comprehensive databases
such as the WoS are used. Use of different terms or phrases for
the same concept or publishing in less prominent journals or gray
literature that are not indexed are some of the reasons.

North America was the second most covered region having
16% of all the literature analyzed despite being third in terms of
mangrove coverage (Spalding and Leal, 2021). Most of the literature
on study areas in North America covered regulating and supporting
services, while in Asia and Africa research on provisioning/direct
uses of mangroves dominate the literature. Mangroves support
the livelihoods of coastal communities in lower-income countries
and their direct use is linked to mangrove loss and degradation,
thus understanding their use is relevant to resource management
(Feurer et al., 2018; Das et al., 2022). The proportion of literature
covering the utilization of wood for fuel and construction was
highest in Africa, depicting a greater dependence on mangrove
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wood products in this region compared to others (Spalding and
Leal, 2021; Nunoo and Agyekumhene, 2022). The use of mangrove
wood for domestic fuel is widespread across the continent, while
commercial uses such as fish smoking in Cameroon and lime
production in Madagascar are also notable. This heavy reliance
on wood resources raises concerns about the sustainability of
mangrove ecosystems, especially in West-Central African coastal
states. The historical use of mangroves as a source of medicine, food
and fodder was better represented in literature from Asia and Africa
than in other regions.

This review identified 11 types of ES (Table 1) that were more
often mentioned in the literature and should not be considered
as the only uses and ES provided by mangroves. Other studies
might have identified different number and types of mangrove ES
depending on how the services are grouped, the terminology used
and the geographic scale and focus of the research. For example,
obtaining food for humans and feeds for animals were considered
separate services in other studies (e.g., in Ronnbick et al., 2007),
while here they were counted together (e.g., Table I, Figure 2).
While genetic resources and maintenance of soil nutrients are
more likely to be elicited by experts (e.g., Himes-Cornell et al,
2018), research focused on local community perceptions identify
site-specific ES, such as space for the disposal of household waste,
hunting, urban development (e.g., Jadin and Rousseau, 2022).

Communities living on tropical and subtropical coasts
worldwide have used and relied on mangrove wood for their
needs for thousands of years (e.g., Robinson and McKillop, 2013).
Mangrove wood is appreciated due to high durability, resistance
to salinity (Walters et al., 2008) and termite attacks (Conchedda
et al,, 2011). Due to the quality of the resource and its availability

frontiersin.org


https://doi.org/10.3389/fsrma.2024.1395724
https://www.frontiersin.org/journals/sustainable-resource-management
https://www.frontiersin.org

Hamza et al.

are an attraction, the risk of overexploitation is far greater in
locations within few kilometers from settlements and of easier
access, such as forest edges, around trails and roads or accessible
by boat (Rasquinha and Mishra, 2021). While clearing mangroves
for aquaculture continues, especially in Southeast Asia (Goldberg
etal., 2020), harvesting pressures have decreased in some areas due
to voluntary practice changes or enforced regulations. Examples
are provided here; however, reports on changes in mangrove use
over time are scarce in the scientific literature, and the underlying
drivers are rarely discussed. It is apparent that the use of mangrove
wood in construction of houses and boats is decreasing or no
longer practiced by some communities in Madagascar (Scales and
Friess, 2019), Brazil (Moreira dos Santos and Lana, 2017), India
(Rasquinha and Mishra, 2021) and others. Rasquinha and Mishra
(2021) report that communities living within the Bhitarkanika
Wildlife Sanctuary on the east coast of India now use materials
brought from nearby cities for their construction needs but they do
not explain why mangrove wood is no longer used. They emphasize
that local communities still depend on mangroves for fuelwood
(cooking and heating), harvesting dry wood and cutting branches
of preferred species while preserving larger trees. Legal protection
of mangrove forests was a driver for the reduction in harvest
and use of mangrove wood in southern Brazil, although illegal
cutting is still practiced by locals who cannot afford alternative
products (Moreira dos Santos and Lana, 2017). Legislation and
regulations to halt mangrove loss and degradation were also
implemented in other countries, such as the Philippines (Janssen
and Padilla, 1999) and Kenya (GoK, 2017). However, illegal
harvesting still occurs if suitable and sustainable alternative sources
of income are not available to local communities (Hamza et al,
2023).

While in some places traditional uses of natural resources are
gradually giving way to practices that use alternative products
when they become affordable (Hamza, 2022), in other cases,
increasing local needs for subsistence or income perpetuate the
dependence on mangroves. Scales and Friess (2019) describe
traditional and emerging uses of mangrove wood by communities
in the Bay of Assassins in southwestern Madagascar for
subsistence and commercial purposes that increase pressures
on this natural resource. They report that houses and fences
are almost exclusively built with mangrove wood, and more
recently, mangrove poles are used for seaweed aquaculture and
in the construction and operation of lime kilns. Paradoxically,
the income from aquaculture (an activity that uses mangrove
wood) has increased the demand for lime rendering, as it
strengthens houses against the impacts of cyclones and is seen
as an indicator of status (Scales and Friess, 2019). Contrasting
with other locations in Africa, the Malagasy community in the
Bay of Assassins prefer and mostly use wood from terrestrial
forests as fuelwood for domestic cooking (Scales and Friess,
2019).

Thiagarajah et al. (2015) suggest that many communities in
Asia had a closer connection with nature in the past and had a
greater appreciation of the intrinsic value of mangroves before
coastal areas became intensely developed. Although this might
be common in other coastal areas worldwide, the intrinsic value
of mangroves and how perceptions might have changed through
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time are not well described or assessed in the scientific literature
available in English. Cultural ES associated with the intangible
value of mangroves, such as sense of place, inspiration, and cultural
heritage, are understudied in all regions and only covered in 9%
of the literature analyzed. Similarly, a global review by Bimrah
et al. (2022) mostly identified studies on regulatory services,
such as carbon sequestration and disaster risk reduction, while
cultural services were the least represented. Cultural services are
more difficult to identify as they are innate to specific sites and
individual experiences and, therefore, cannot be assessed through
simple benefit transfer methods. Understanding the direct uses
of mangrove resources by surrounding communities and their
basic needs is essential for policy and management measures to
be effective and sustainable. However, the management of natural
resources will only be inclusive and equitable when their intangible
cultural values are fully appreciated and considered.

5 Conclusion

A systematic review of 310 papers in the WoS focusing on
mangrove uses has shown that mangrove ecosystems provide a
wide range of ecosystem services globally, but their importance and
utilization vary significantly across regions. While some services
like fisheries support, carbon storage, and habitat provision are
universally recognized, others show distinct regional patterns.
The emphasis on certain ecosystem services in specific regions
likely reflects local socio-economic dependencies and cultural
values. Direct use of mangrove resources (e.g., wood for fuel
and construction) are most often covered in less developed
regions, such as Asia, Africa and South America. While the use
of mangrove wood for fuel is still pervasive in less developed
countries, the use in construction is reducing in some areas.
The information presented also reveals a tension between the
intensive use of mangrove resources (particularly for wood and
charcoal) and the need for conservation. However, a shift is
observed in the use of mangrove wood, transitioning from a
primary source of income to subsistence use in Asia, Africa, and
South America.

Beyond their ecological functions, mangroves provide
significant value by supporting livelihoods, cultural practices,
and traditional knowledge systems. Notably, mangroves possess
medicinal properties, yet such uses remain underutilized globally.
Furthermore, cultural services, which are essential for inclusive
and equitable conservation, were found to be underrepresented
in the literature. Therefore, it is crucial to emphasize these values
in conservation efforts. The findings underscore the need for
context-specific conservation and management approaches that
consider both the ecological importance of mangroves and their
socio-economic value to local communities, ensuring a more
holistic and effective conservation strategy.

The literature coverage might not be a fair reflection of pressing
issues as funding availability, distance from research centers and/or
language barriers can create bias (in geography or topic coverage).
This paper only reviewed literature from WoS and may have missed
some relevant literature that might have been obtained if the search
was extended to other databases. In addition, the review covers
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only scientific papers published in English, which tend to reflect
wider/international interests, while gray literature in local language
might offer different insights into local uses.

Author contributions

AH: Conceptualization, Formal analysis, Funding acquisition,
Methodology, Writing - original draft, Writing - review &
editing. LE: Conceptualization, Writing - review & editing.
MC: Conceptualization, Writing - review & editing. JK:
Conceptualization, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

AH acknowledges PhD scholarship funding by Bournemouth
University. Content of the manuscript is part of her PhD thesis
available online at https://eprints.bournemouth.ac.uk/38004/.

References

Abuodha, P. A. W, and Kairo, J. G. (2001). Human-induced stresses
on mangrove swamps along the Kenyan coast. Hydrobiologia 458,
255-265.doi: 10.1023/A:1013130916811

Afonso, F., Félix, P. M., Chainho, P., Heumiiller, J. A., de Lima, R. F., Ribeiro, F.,
et al. (2022). Community perceptions about mangrove ecosystem services and threats.
Regional Stud. Marine Sci. 49:102114.doi: 10.1016/j.rsma.2021.102114

Agaton, C. B, and Collera, A. A. (2022). Now or later? Optimal timing of
mangrove rehabilitation under climate change uncertainty. Forest Ecol. Manage.
503:119739.doi: 10.1016/j.foreco.2021.119739

Alongi, D. M. (2002). Present state and future of the world’s mangrove forests.
Environ. Conserv. 29, 331-349.doi: 10.1017/S0376892902000231

Alongi, D. M. (2020). Global significance of mangrove blue carbon in climate
change mitigation (Version 1). Science 2:57. doi: 10.3390/5ci2030057

Arefin, M. S., Hossain, M. K., and Akhter Hossain, M. (2017). Plant diversity of
sonadia island - an ecologically critical area of south-east Bangladesh. Bang. J. Plant
Taxon. 24, 107-116. doi: 10.3329/bjpt.v24i1.33037

Arunprasath, A., and Gomathinayagam, M. (2015). Ecological importance
of rhizophoraceae - a true mangrove family. Int. Lett. Nat. Sci. 43,
6-9.doi: 10.56431/p-ylem77

Asari, N., Suratman, M. N.,, Mohd Ayob, N. A, and Abdul Hamid, N.
H. (2021). “Mangrove as a natural barrier to environmental risks and coastal
protection,” in Mangroves: Ecology, Biodiversity and Management. Singapore: Springer
Singapore, 305-322.

Badola, R., and Hussain, S. A. (2005). Valuing ecosystem functions: An empirical
study on the storm protection function of Bhitarkanika mangrove ecosystem, India.
Environ. Conserv. 32, 85-92. doi: 10.1017/50376892905001967

Bandaranayake, W. M. (1998). Traditional and medicinal uses of mangroves. Mang.
Salt Marshes 2, 133-148.doi: 10.1023/A:1009988607044

Barbier, E. B. (2020). Estuarine and coastal
against flood damages: an economic perspective. Front.
doi: 10.3389/fclim.2020.594254

Barbier, E. B., Hacker, S. D., Kennedy, C., Koch, E. W., Stier, A. C., and Silliman,
B. R. (2011). The value of estuarine and coastal ecosystem services. Ecol. Monogr. 81,
169-193. doi: 10.1890/10-1510.1

ecosystems as defense
Climate 2:594254.

Frontiers in Sustainable Resource Management

10.3389/fsrma.2024.1395724

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsrma.2024.
1395724/full#supplementary-material

Barua, P., and Rahman, S. H. (2019). Sustainable livelihood of vulnerable
communities in Southern Coast of Bangladesh through the utilization of mangroves.
Asian J. Water Environm. Pollut. 16, 59-67. doi: 10.3233/AJW 190007

Bennett, E. L., and Reynolds, C. J. (1993). The value of a mangrove area in Sarawak.
Biodivers. Conserv. 2, 359-375. doi: 10.1007/BF00114040

Berrang-Ford, L., Ford, J. D., and Paterson, J. (2011). Are we adapting to climate
change? Glob. Environm. Change 21, 25-33. doi: 10.1016/j.gloenvcha.2010.09.012

Bibi, S. N., Fawzi, M. M., Gokhan, Z., Rajesh, J., Nadeem, N., Rengasamy Kannan,
R.R. R, et al. (2019). Ethnopharmacology, phytochemistry, and global distribution of
mangroves—a comprehensive review. Mar. Drugs. 17:231. doi: 10.3390/md 17040231

Bimrah, K., Dasgupta, R., Hashimoto, S., Saizen, I, and Dhyani, S. (2022).
Ecosystem services of mangroves: a systematic review and synthesis of contemporary
scientific literature. Sustainability 14, 1-16. doi: 10.3390/su141912051

Bird, E. C. (1986). “Human interactions with Australian mangrove ecosystems,” in
Man in Mangroves: The Socio-economic Situation of Human Settlements in Mangrove
Forests, eds. P. Kunstadter, E. C. Bird, and S. Sabhasri (Tokyo: United Nations
University Press), 130. Available at: https://archive.unu.edu/unupress/unupbooks/
80607¢/80607E00.htm#Contents (accessed February 28, 2024).

Carney, J. (2017). “The mangrove preserves life”: habitat of African survival in the
Atlantic world. Geogr. Rev. 107, 433-451. doi: 10.1111/j.1931-0846.2016.12205.x

Chang, C.-W., and Mori, N. (2021). Green infrastructure for the reduction of coastal
disasters: a review of the protective role of coastal forests against tsunami, storm surge,
and wind waves. Coast. Eng. J. 63, 370-385.doi: 10.1080/21664250.2021.1929742

Chatting, M., Al-Maslamani, I., Walton, M., Skov, M. W., Kennedy, H., Husrevoglu,
Y. S, et al. (2022). Future mangrove carbon storage under climate change and
deforestation. Front. Mar. Sci. 9:781876. doi: 10.3389/fmars.2022.781876

Chow, J. (2015). Spatially explicit evaluation of local extractive benefits
from mangrove plantations in Bangladesh. J. Sust. Forest. 34, 651-681.
doi: 10.1080/10549811.2015.1036454

Cifuentes, D. A. G. (2021). Review of ‘Twenty Years of Ecosystem Services: How Far
Have We Come and How Far Do We Still Need To Go?’

Cohen, M. C. L, Rodrigues, E., Rocha, D. O. S,, Freitas, J., Fontes, N. A., Pessenda,
L. C. R, et al. (2020). Southward migration of the austral limit of mangroves in South
America. CATENA. 195:104775.doi: 10.1016/j.catena.2020.104775

frontiersin.org


https://doi.org/10.3389/fsrma.2024.1395724
https://eprints.bournemouth.ac.uk/38004/
https://www.frontiersin.org/articles/10.3389/fsrma.2024.1395724/full#supplementary-material
https://doi.org/10.1023/A:1013130916811
https://doi.org/10.1016/j.rsma.2021.102114
https://doi.org/10.1016/j.foreco.2021.119739
https://doi.org/10.1017/S0376892902000231
https://doi.org/10.3390/sci2030057
https://doi.org/10.3329/bjpt.v24i1.33037
https://doi.org/10.56431/p-ylem77
https://doi.org/10.1017/S0376892905001967
https://doi.org/10.1023/A:1009988607044
https://doi.org/10.3389/fclim.2020.594254
https://doi.org/10.1890/10-1510.1
https://doi.org/10.3233/AJW190007
https://doi.org/10.1007/BF00114040
https://doi.org/10.1016/j.gloenvcha.2010.09.012
https://doi.org/10.3390/md17040231
https://doi.org/10.3390/su141912051
https://archive.unu.edu/unupress/unupbooks/80607e/80607E00.htm#Contents
https://archive.unu.edu/unupress/unupbooks/80607e/80607E00.htm#Contents
https://doi.org/10.1111/j.1931-0846.2016.12205.x
https://doi.org/10.1080/21664250.2021.1929742
https://doi.org/10.3389/fmars.2022.781876
https://doi.org/10.1080/10549811.2015.1036454
https://doi.org/10.1016/j.catena.2020.104775
https://www.frontiersin.org/journals/sustainable-resource-management
https://www.frontiersin.org

Hamza et al.

Coldren, G. A,, Langley, J. A,, Feller, I. C., and Chapman, S. K. (2019). Warming
accelerates mangrove expansion and surface elevation gain in a subtropical wetland. J.
Ecol. 107, 79-90.doi: 10.1111/1365-2745.13049

Conchedda, G., Lambin, E. F.,, and Mayaux, P. (2011). Between land and sea:
livelihoods and environmental changes in mangrove ecosystems of Senegal. Ann. Assoc.
Am. Geograph. 101, 1259-1284.doi: 10.1080/00045608.2011.579534

Cornejo, R. H., Koedam, N., Luna, A. R., Troell, M., and Dahdouh-Guebas,
F. (2005). Remote sensing and Ethnobotanical Assessment of the mangrove forest
changes in the Navachiste-San Ignacio-Macapule Lagoon Complex, Sinaloa, Mexico.
Ecol. Soc. 10:16. doi: 10.5751/ES-01286-100116

Costanza, R., de Groot, R., Braat, L., Kubiszewski, I., Fioramonti, L., Sutton, P., et al.
(2017). Twenty years of ecosystem services: how far have we come and how far do we
still need to go? Ecosyst. Serv. 28, 1-16.doi: 10.1016/j.ecoser.2017.09.008

Dahdouh-Guebas, F., Collin, S., Lo Seen, D., Ronnbick, P., Depommier, D.,
Ravishankar, T., et al. (2006). Analysing ethnobotanical and fishery-related importance
of mangroves of the East-Godavari Delta (Andhra Pradesh, India) for conservation and
management purposes. J. Ethnobiol. Ethnomed. 2:24.doi: 10.1186/1746-4269-2-24

Dahdouh-Guebas, F., Mathenge, C., Kairo, J. G., and Koedam, N. (2000). Utilization
of mangrove wood product around Mida Creek (Kenya) amongst subsistence and
commercial users. Econ. Bot. 54, 513-527. doi: 10.1007/BF02866549

Das, S. C,, Das, S., and Tah, J. (2022). “Mangrove forests and people’s livelihoods bt
- mangroves: biodiversity, livelihoods and conservation,” in Mangroves: Biodiversity,
Livelihoods and Coservation, eds. S. Das, C. Pullaiah, and E. C. Ashton (Singapore:
Springer Nature Singapore), 153-173.

Donato, D. C. C,, Kauffman, J. B., Murdiyarso, D., Kurnianto, S., Stidham, M., and
Kanninen, M. (2011). Mangroves among the most carbon-rich forests in the tropics.
NatureGeosci. 4, 1-5. doi: 10.1038/ngeo1123

Duke, N. C. (2017). “Mangrove floristics and biogeography revisited: further
deductions from biodiversity hot spots, ancestral discontinuities, and common
evolutionary processes BT - mangrove ecosystems: a global biogeographic perspective:
structure, function, and services,” in Mangrove Ecosystems: A Global Biogeographic
Perspective. Structure, function and services, eds. V. H. Rivera-Monroy, S. Y. Lee, E.
Kristensen, and R. R. Twilley (Cham: Springer International Publishing), 17-53.

Eong, O. J. (1993). Mangroves - a carbon source and sink. Chemosphere 27,
1097-1107. doi: 10.1016/0045-6535(93)90070-L

Estoque, R. C., Myint, S. W., Wang, C,, Ishtiaque, A., Aung, T. T., Emerton, L.,
et al. (2018). Assessing environmental impacts and change in Myanmar’s mangrove
ecosystem service value due to deforestation (2000-2014). Glob. Chang. Biol. 24,
5391-5410. doi: 10.1111/gcb.14409

Feka, N. Z., Chuyong, G. B, and Ajonina, G. N. (2009). Sustainable
utilization of mangroves using improved fish-smoking systems: a management
perspective from the Douala-Edea wildlife reserve, Cameroon. Trop. Conserv. Sci. 2,
450-468.doi: 10.1177/194008290900200406

Feka, N. Z., and Manzano, M. G. (2008). The implications of wood exploitation
for fish smoking on mangrove ecosystem conservation in the South West Province,
Cameroon. Trop. Conserv. Sci. 1, 222-241.doi: 10.1177/194008290800100305

Feurer, M., Gritten, D., and Than, M. (2018). Community forestry for livelihoods:
benefiting from Myanmar’s Mangroves. Forests 9:150.doi: 10.3390/f9030150

Friess, D. A. (2016). Ecosystem services and disservices of mangrove forests: insights
from historical colonial observations. Forests 7:183. doi: 10.3390/7090183

Furukawa, F., Kobayashi, S., and Iwata, A. (2015). Changing relationships between
mangrove resources and local residents in South Sulawesi and Maluku, Indonesia.
Tropics 24, 33-46. doi: 10.3759/tropics.24.33

Gallup, L., Sonnenfeld, D. A., and Dahdouh-Guebas, F. (2020). Mangrove use
and management within the Sine-Saloum Delta, Senegal. Ocean Coast. Managem.
185:105001. doi: 10.1016/j.0cecoaman.2019.105001

Geoghegan, T., and Smith, A. (2002). Conservation and sustainable
livelihoods: collaborative mangrove management in St. Lucia. Int. Forest. Rev. 4,
292-297.doi: 10.1505/ifor.4.4.292.40534

Getzner, M., and Islam, M. S. (2020). Ecosystem services of mangrove forests:
results of a meta-analysis of economic values. Int. J. Environ. Res. Public Health.
17:5830.doi: 10.3390/ijerph17165830

Giri, C., and Long, J. (2016). Is the geographic range of mangrove forests in the
conterminous united states really expanding? Sensors 16:2010.doi: 10.3390/s16122010

GoK (2017). National Mangrove Ecosystem Management Plan. Nairobi, Kenya:
Government of Kenya.

Goldberg, L., Lagomasino, D., Thomas, N., and Fatoyinbo, T. (2020). Global
declines in human-driven mangrove loss. Glob. Chang. Biol. 26, 5844-5855.
doi: 10.1111/gcb.15275

Hagger, V., Worthington, T. A., Lovelock, C. E., Adame, M. F., Amano, T., Brown,
B. M, et al. (2022). Drivers of global mangrove loss and gain in social-ecological
systems. Nat. Commun. 13:6373.doi: 10.1038/s41467-022-33962-x

Hamza, A. (2022). Understanding Changes in Mangrove Forests and the Implications
to Community Livelihood and Resource Management in Kenya (Doctoral Thesis).
Bournemouth University, Poole, England. Available at: https://eprints.bournemouth.
ac.uk/38004/ (accessed January 17, 2024).

Frontiersin

10.3389/fsrma.2024.1395724

Hamza, A. J., Esteves, L. S., Cvitanovic, M., and Kairo, J. (2020). Past and present
utilization of mangrove resources in eastern africa and drivers of change. J. Coast. Res.
95:39.doi: 10.2112/8195-008.1

Hamza, A. J., Esteves, L. S. Cvitanovi¢, M., and Kairo, J. G. (2023).
Sustainable natural resource management must recognise community diversity.
Int. J. Sust. Dev. World Ecol. 30, 727-744. doi: 10.1080/13504509.2023.21
92006

Himes-Cornell, A., Pendleton, L., and Atiyah, P. (2018). Valuing ecosystem
services from blue forests: a systematic review of the valuation of salt marshes, sea
grass beds and mangrove forests. Ecosyst. Serv. 30, 36-48.doi: 10.1016/j.ecoser.2018.
01.006

Hussain, S. A., and Badola, R. (2010). Valuing mangrove benefits: contribution of
mangrove forests to local livelihoods in Bhitarkanika Conservation Area, East Coast of
India. Wetlands Ecol. Manage. 18, 321-331.doi: 10.1007/s11273-009-9173-3

Jacso, P. (2005). As we may search : Comparison of major features of the Web of
Science, Scopus, and Google Scholar citation-based and citation-enhanced databases.
Curr. Sci. 89, 1537-1547.

Jadin, J., and Rousseau, S. (2022). Local community attitudes towards mangrove
forest conservation. J. Nat. Conserv. 68:126232.doi: 10.1016/j.jnc.2022.126232

Janssen, R., and Padilla, J. E. (1999). Preservation or conversion? Valuation and
evaluation of a mangrove forest in the Philippines. Environm. Resour. Econ. 14,
297-331. doi: 10.1023/A:1008344128527

Jia, M., Wang, Z., Mao, D., Ren, C, Song, K, Zhao, C., et al. (2023).
Mapping global distribution of mangrove forests at 10-m resolution. Sci. Bullet. 68,
1306-1316.doi: 10.1016/j.scib.2023.05.004

Jiazet, D. K., and Hans, J.
mangrove resources in Southwest Cameroon.
doi: 10.1177/1940082919833300

Johnson, M., Adaikala Raj, G., Shibila, T. Ramakrishnan, P., Menezes,
. R A, da Costa, J. G. M., et al. (2020). Utilization of SDS-PAGE and
histochemistry for pharmacognostical studies on selected mangroves and
halophytes from the Pichavaram, South India. Environm. Dev. Sustainab. 22,
7607-7618.doi: 10.1007/s10668-019-00538-7

(2019). Potential impact of fish smoking on
Trop. Conserv. Sci. 12:3300.

Joy, N. M., and Paul, S. K. (2021). Analysis of the economic value and status of
the ecosystem services provided by the Ashtamudi Wetland Region, a Ramsar Site in
Kerala. J. Indian Soc. Remote Sens. 49, 897-912.doi: 10.1007/512524-020-01263-9

Kawaida, S., Nanjo, K., Ohtsuchi, N., Kohno, H., and Sano, M. (2019). Cellulose
digestion abilities determine the food utilization of mangrove estuarine crabs.
Estuarine, Coast. Shelf Sci. 222, 43-52. doi: 10.1016/j.ecss.2019.04.004

Kovacs, J. M. (1999). Assessing mangrove use at the local scale. Landsc. Urban Plan.
43, 201-208.doi: 10.1016/S0169-2046(98)00106-6

Kusmana, C. (2018). Mangrove plant
community in Indonesia. IOP Conf. Ser.
doi: 10.1088/1755-1315/196/1/012028

Lagomasino, D., Fatoyinbo, T., Castafieda-Moya, E., Cook, B. D., Montesano,
P. M, Neigh, C. S. R, et al. (2021). Storm surge and ponding explain
mangrove dieback in southwest Florida following Hurricane Irma. Nat. Commun.
12:4003.doi: 10.1038/s41467-021-24253-y

Lee, S. Y., Primavera, J. H., Dahdouh-guebas, F., Mckee, K., Bosire, J. O., Cannicci,
S., et al. (2014). Ecological role and services of tropical mangrove ecosystems : a
reassessment. Glob. Ecol. Biogeog. 23, 726-743. doi: 10.1111/geb.12155

Liu, X., Chen, T., Wang, Q. Liu, J, Lu, Y., and Shi, Y. (2021). Structure
analysis and study of biological activities of condensed tannins from Bruguiera
gymnorhiza (L.) lam and their effect on fresh-cut lotus roots. Molecules 26:1369.
doi: 10.3390/molecules26051369

utilization by local coastal
Earth Environ. Sci. 196:012028.

Lépez-Hoffman, L., Monroe, I. E., Narvaez, E., Martinez-Ramos, M., and Ackerly,
D. D. (2006). Sustainability of mangrove harvesting: how do harvesters’ perceptions
differ from ecological analysis? Ecol. Soc. 11:110214. doi: 10.5751/ES-01820-110214

Lucas, R,, Finlayson, C. M., Bartolo, R., Rogers, K., Mitchell, A., Woodroffe, C. D.,
et al. (2018). Historical perspectives on the mangroves of Kakadu National Park. Mar.
Freshw. Res. 69:1047. doi: 10.1071/MF17065

Malik, A., Mertz, O., and Fensholt, R. (2017). Mangrove forest decline:
consequences for livelihoods and environment in South Sulawesi. Reg. Environm.
Change. 17, 157-169.doi: 10.1007/s10113-016-0989-0

Meynell, P. J. (1999). “Sustainable management in the Northern Indus Delta,’in
Indus River: Biodiversity, Resources, Humankind, eds. A. Meadows, and P. S. Meadows
(London: Burlington House), 47-61.

Mondal, B., Sarkar, N. C., Mondal, C. K., Maiti, R. K., and Rodriguez, H. G. (2012).
Mangrove plants and traditional Ayurvedic practitioners in Sundarbans region of West
Bengal, India. Res. Crops 13, 669-674.

Moore, A. C., Hierro, L, Mir, N, and Stewart, T. (2022). Mangrove
cultural services and values: current status and knowledge gaps. People Nat. 4,
1083-1097.doi: 10.1002/pan3.10375

Moreira dos Santos, N., and Lana, P. (2017). Present and past uses of mangrove
wood in the subtropical Bay of Paranagud(Parana, Brazil). Ocean Coast. Manag. 148,
97-103.doi: 10.1016/j.0cecoaman.2017.07.003


https://doi.org/10.3389/fsrma.2024.1395724
https://doi.org/10.1111/1365-2745.13049
https://doi.org/10.1080/00045608.2011.579534
https://doi.org/10.5751/ES-01286-100116
https://doi.org/10.1016/j.ecoser.2017.09.008
https://doi.org/10.1186/1746-4269-2-24
https://doi.org/10.1007/BF02866549
https://doi.org/10.1038/ngeo1123
https://doi.org/10.1016/0045-6535(93)90070-L
https://doi.org/10.1111/gcb.14409
https://doi.org/10.1177/194008290900200406
https://doi.org/10.1177/194008290800100305
https://doi.org/10.3390/f9030150
https://doi.org/10.3390/f7090183
https://doi.org/10.3759/tropics.24.33
https://doi.org/10.1016/j.ocecoaman.2019.105001
https://doi.org/10.1505/ifor.4.4.292.40534
https://doi.org/10.3390/ijerph17165830
https://doi.org/10.3390/s16122010
https://doi.org/10.1111/gcb.15275
https://doi.org/10.1038/s41467-022-33962-x
https://eprints.bournemouth.ac.uk/38004/
https://eprints.bournemouth.ac.uk/38004/
https://doi.org/10.2112/SI95-008.1
https://doi.org/10.1080/13504509.2023.2192006
https://doi.org/10.1016/j.ecoser.2018.01.006
https://doi.org/10.1007/s11273-009-9173-3
https://doi.org/10.1016/j.jnc.2022.126232
https://doi.org/10.1023/A:1008344128527
https://doi.org/10.1016/j.scib.2023.05.004
https://doi.org/10.1177/1940082919833300
https://doi.org/10.1007/s10668-019-00538-7
https://doi.org/10.1007/s12524-020-01263-9
https://doi.org/10.1016/j.ecss.2019.04.004
https://doi.org/10.1016/S0169-2046(98)00106-6
https://doi.org/10.1088/1755-1315/196/1/012028
https://doi.org/10.1038/s41467-021-24253-y
https://doi.org/10.1111/geb.12155
https://doi.org/10.3390/molecules26051369
https://doi.org/10.5751/ES-01820-110214
https://doi.org/10.1071/MF17065
https://doi.org/10.1007/s10113-016-0989-0
https://doi.org/10.1002/pan3.10375
https://doi.org/10.1016/j.ocecoaman.2017.07.003
https://www.frontiersin.org/journals/sustainable-resource-management
https://www.frontiersin.org

Hamza et al.

Morris, R. L., Konlechner, T. M., Ghisalberti, M., and Swearer, S. E. (2018). From
grey to green: efficacy of eco-engineering solutions for nature-based coastal defence.
Glob. Chang. Biol. 24, 1827-1842.doi: 10.1111/gcb.14063

Mukherjee, N., Sutherland, W. J.,, Dicks, L., Hugé, J., Koedam, N., and
Dahdouh-Guebas, F. (2014). Ecosystem service valuations of mangrove ecosystems
to inform decision making and future valuation exercises. PLoS ONE 9, 1-9.
doi: 10.1371/journal.pone.0107706

Nfotabong-Atheull, A., Din, N., Longonje, S. N., Koedam, N., Dahdouh-Guebas,
F., Atheull, A. N, et al. (2009). Commercial activities and subsistence utilization of
mangrove forests around the Wouri estuary and the Douala-Edea reserve (Cameroon).
J. Ethnobiol. Ethnomed. 5:35. doi: 10.1186/1746-4269-5-35

Njiru, D. M., Githaiga, M. N., Nyaga, ]. M., Lang’at, K. S., and Kairo, J. G. (2022).
Geomorphic and climatic drivers are key determinants of structural variability of
mangrove forests along the Kenyan Coast. Forests 13:870.doi: 10.3390/f13060870

Nunoo, F. K. E., and Agyekumhene, A. (2022). Mangrove degradation
and management practices along the coast of Ghana. Agricult. Sci. 13,
1057-1079.doi: 10.4236/as.2022.1310065

Nyangoko, B. P, Berg, H., Mangora, M. M., Shalli, M. S., and Gullstrém, M. (2022).
Local perceptions of changes in mangrove ecosystem services and their implications
for livelihoods and management in the Rufiji Delta, Tanzania. Ocean Coast. Manag.
219:106065. doi: 10.1016/j.0cecoaman.2022.106065

Palacios, M. L. and Cantera, J. R. (2017). Mangrove timber use as an
ecosystem service in the Colombian Pacific. Hydrobiologia 803, 345-358.
doi: 10.1007/s10750-017-3309-x

Pattanaik, C., Reddy, C. S., Dhal, N. K., and Das, R. (2008). Utilisation of mangrove
forests in Bhitarkanika wildlife sanctuary, Orissa. Indian J. Trad. Knowl. 7, 598-603.

Purida, N., and Patria, M. P. (2019). Economic valuation of mangrove ecosystem
in Cilamaya Wetan, Karawang, West Java. IOP Conference Series: Earth and
Environmental Science 404(1). doi: 10.1088/1755-1315/404/1/012016

Quoc Vo, T., Kuenzer, C., and Oppelt, N. (2015). How remote sensing supports
mangrove ecosystem service valuation: a case study in Ca Mau province, Vietnam.
Ecosyst. Serv. 14, 67-75.doi: 10.1016/j.ecoser.2015.04.007

Rahim, M., Basri, A., and Fauzi, H. (2019). Identification of construction system
and arrangement of bajo tribe settlement based on local wisdom and environmentally
friendly. Int. J. Geomate 17, 261-266. doi: 10.21660/2019.64.ICEE4

Rahman, M. M., Jiang, Y., and Irvine, K. (2018). Assessing wetland services
for improved development decision-making: a case study of mangroves in coastal
Bangladesh. Wetlands Ecol. Manage. 26, 563-580.doi: 10.1007/s11273-018-9592-0

Rasquinha, D. N., and Mishra, D. R. (2021). Impact of wood harvesting on
mangrove forest structure, composition and biomass dynamics in India. Estuar. Coast.
Shelf Sci. 248:106974.doi: 10.1016/j.ecss.2020.106974

Reyes-Arroyo, N., Camacho-Valdez, V., Saenz-Arroyo, A., and Infante-Mata,
D. (2021). Socio-cultural analysis of ecosystem services provided by mangroves
in La Encrucijada Biosphere Reserve, southeastern Mexico. Local Environ. 26,
86-109.doi: 10.1080/13549839.2020.1867836

Robinson, M. E., and McKillop, H. I. (2013). Ancient maya wood selection and
forest exploitation: a view from the Paynes creek salt works, Belize. J. Archaeol. Sci.
40, 3584-3595.doi: 10.1016/j.jas.2013.04.028

Rodrigues, F. M., Marin, A. K. V., Rebelo, V. A., Marmontel, M., Borges, J. C. G.,
Vergara-Parente, J. E., et al. (2021). nutritional composition of food items consumed
by antillean manatees (Trichechus manatus manatus) along the coast of paraiba,
northeastern Brazil. Aquat. Bot. 168:103324. doi: 10.1016/j.aquabot.2020.103324

Ronnbick, P., Crona, B., and Ingwall, L. (2007). The return of ecosystem goods and
services in replanted mangrove forests: perspectives from local communities in Kenya.
Environ. Conserv. 34, 313-324.doi: 10.1017/S0376892907004225

Rumahorbo, B. T., Hamuna, B., and Keiluhu, H. J. (2020). An assessment of the
coastal ecosystem services of Jayapura City, Papua Province, Indonesia. Environm.
Socio-Econ. Stud. 8, 45-53.doi: 10.2478/environ-2020-0011

Saint-Paul, U. (2006). “Interrelation among Mangroves, the local economy and
social sustainability: a Review from a case study in North Brazil,” in Environment and
Livelihoods in Tropical Coastal Zones (CABI Publishing; International Rice Research
Institute (IRRI); Philippines & International Water Management Institute (IWMI)).

Sasmito, S. D., Taillardat, P., Clendenning, J. N., Cameron, C., Friess, D.
A, Murdiyarso, D., et al. (2019). Effect of land-use and land-cover change
on mangrove blue carbon: A systematic review. Glob. Chang. Biol. 25,
4291-4302.doi: 10.1111/gcb.14774

Satyanarayana, B., Bhanderi, P., Debry, M., Maniatis, D., Foré, F., Badgie, D., et al.
(2012). A socio-ecological assessment aiming at improved forest resource management
and sustainable ecotourism development in the mangroves of Tanbi Wetland National
Park, The Gambia, West Africa. Ambio 41, 513-526.doi: 10.1007/s13280-012-0248-7

Satyanarayana, B., Mulder, S., Jayatissa, L. P., and Dahdouh-Guebas, F. (2013). Are
the mangroves in the Galle-Unawatuna area (Sri Lanka) at risk? A social-ecological
approach involving local stakeholders for a better conservation policy. Ocean Coast.
Manag. 71, 225-237.doi: 10.1016/j.0cecoaman.2012.10.008

Frontiersin

10.3389/fsrma.2024.1395724

Scales, I. R, and Friess, D. A. (2019). Patterns of mangrove forest disturbance and
biomass removal due to small-scale harvesting in southwestern Madagascar. Wetlands
Ecol. Managem. 27, 609-625.doi: 10.1007/s11273-019-09680-5

Scales, 1. R., Friess, D. A., Glass, L., and Ravaoarinorotsihoarana, L. (2018). Rural
livelihoods and mangrove degradation in south-west Madagascar: lime production as
an emerging threat. Oryx 52, 641-645. doi: 10.1017/50030605316001630

Semesi, A. K. (1998). Mangrove management and utilization in Eastern Africa.
Ambio 27, 620-626.

Serrano, O., Kelleway, J. J., Lovelock, C., and Lavery, P. S. (2019). “Chapter 28 -
conservation of blue carbon ecosystems for climate change mitigation and adaptation,”
in G. M. E. Perillo, E. Wolanski, D. R. Cahoon, E. Hopkinson, C. S. B. T.-C. W (London:
Elsevier), 965-996.

Sibero, M. T., Sabdono, A., Pribadi, R., Frederick, E. H., Wijaya, A. P., Haryanti,
D., et al. (2020). “Study of biomedical properties of Rhizophora mucronata fruit
from Rembang, Central Java,” in IOP Conference Series: Earth and Environmental
Science, 584.

Singgalen, Y. A. (2020). Mangrove forest utilization for sustainable livelihood
through community-based ecotourism in kao village of north halmahera district. J.
Manajemen Hutan Tropika 26, 155-168. doi: 10.7226/jtfm.26.2.155

Sippo, J. Z., Lovelock, C. E., Santos, I. R,, Sanders, C. J., and Maher, D. T. (2018).
Mangrove mortality in a changing climate: an overview. Estuar. Coast. Shelf Sci. 215,
241-249.doi: 10.1016/j.ecss.2018.10.011

Spalding, M., Kainuma, M., and Collins, L. (2010). World Atlas of Mangroves.
London, UK: Earthscan, Routledge.

Spalding, M. D., and Leal, M. (2021). “The state of the world’s mangroves 2021,
in Global Mangrove Alliance. Available at: https://www.mangrovealliance.org/wp-
content/uploads/2021/07/The- State- of- the- Worlds- Mangroves-2021- FINAL- 1.pdf
(accessed September 6, 2024).

Suharti, S., Darusman, D., Nugroho, B., and Sundawati, L. (2016). Economic
valuation as a basis for sustainable mangrove resource management: a case
in East Sinjai, South Sulawesi. Jurnal Manajemen Hutan Tropika 22, 13-23.
doi: 10.7226/jtfm.22.1.13

Taillardat, P., Friess, D. A., and Lupascu, M. (2018). Mangrove blue carbon strategies
for climate change mitigation are most effective at the national scale. Biol. Lett. 14:10.
doi: 10.1098/rsbl.2018.0251

Thiagarajah, J., Wong, S. K., Richards, D. R,, and Friess, D. A. (2015). Historical and
contemporary cultural ecosystem service values in the rapidly urbanizing city state of
Singapore. Ambio 44, 666-677. doi: 10.1007/s13280-015-0647-7

Vanegas, G., C. A., Osorio, A. F., and Urrego, L. E. (2019). Wave dissipation across
a Rhizophora mangrove patch on a Colombian Caribbean Island: an experimental
approach. Ecol. Eng. 130, 271-281.doi: 10.1016/j.ecoleng.2017.07.014

Veettil, B. K., Ward, R. D., Quang, N. X,, Trang, N. T. T., and Giang, T. H. (2019).
Mangroves of Vietnam: Historical development, current state of research and future
threats. Estuarine, Coast. Shelf Sci. 218, 212-236. doi: 10.1016/j.ecss.2018.12.021

Villate Daza, D. A., Moreno, H. S., Portz, L., Manzolli, R. P., Bolivar-Anillo, H. J.,
and Anfuso, G. (2020). Mangrove forests evolution and threats in the Caribbean sea of
Colombia. Water. 12:1113. doi: 10.3390/w12041113

Visschers, L. L. B., Santos, C. D., and Franco, A. M. A. (2022). Accelerated migration
of mangroves indicate large-scale saltwater intrusion in Amazon coastal wetlands. Sci.
Total Environm. 836:155679.doi: 10.1016/j.scitotenv.2022.155679

Walters, B. B. (2003). People and mangroves in the
fifty years of coastal environmental change. Environ.
293-303.doi: 10.1017/S0376892903000298

Walters, B. B.  (2005). Patterns of local wood use and
cutting of  Philippine  mangrove forests.  Econ.  Bot. 59, 66-76.
doi: 10.1663/0013-0001(2005)059(0066:POLWUA)2.0.CO;2

Walters, B. B., Rénnbick, P., Kovacs, ]. M., Crona, B., Hussain, S. A., Badola, R.,
et al. (2008). Ethnobiology, socio-economics and management of mangrove forests: a
review. Aquat. Bot. 89, 220-236.doi: 10.1016/j.aquabot.2008.02.009

Walsh, G. E. (1977). “Exploitation of mangal,” in Ecosystems of the World, ed. V. ].
Chapman (New York, NY: Elsevier Scientific), 347-335.

Were, D., Kansiime, F., Fetahi, T., Cooper, A., and Jjuuko, C. (2019). Carbon
sequestration by wetlands: a critical review of enhancement measures for climate
change mitigation. Earth Syst. Environm. 3, 327-340. doi: 10.1007/s41748-019-00094-0

Winarno, S., Effendi, H., and Damar, A. (2016). Damage level and claimed value
estimation of damage mangrove ecosystem in Bintan Bay, Bintan District. Jurnal Ilmu
dan Teknologi Kelautan Tropis 8, 115-128. doi: 10.29244/jitkt.v8i1.12500

Philippines:
Conserv. 30,

Xu, M., Chen, X., and Kou, G. (2019). A systematic review of blockchain. Financ.
Innovat. 5:27.doi: 10.1186/s40854-019-0147-z

zu Ermgassen, P. S. E,, Mukherjee, N., Worthington, T. A., Acosta, A., Rocha
Araujo, A. R, da, Beitl, C. M., et al. (2020). Fishers who rely on mangroves: modelling
and mapping the global intensity of mangrove-associated fisheries. Estuar. Coast. Shelf
Sci. 247:106975. doi: 10.1016/j.ecss.2020.106975


https://doi.org/10.3389/fsrma.2024.1395724
https://doi.org/10.1111/gcb.14063
https://doi.org/10.1371/journal.pone.0107706
https://doi.org/10.1186/1746-4269-5-35
https://doi.org/10.3390/f13060870
https://doi.org/10.4236/as.2022.1310065
https://doi.org/10.1016/j.ocecoaman.2022.106065
https://doi.org/10.1007/s10750-017-3309-x
https://doi.org/10.1088/1755-1315/404/1/012016
https://doi.org/10.1016/j.ecoser.2015.04.007
https://doi.org/10.21660/2019.64.ICEE4
https://doi.org/10.1007/s11273-018-9592-0
https://doi.org/10.1016/j.ecss.2020.106974
https://doi.org/10.1080/13549839.2020.1867836
https://doi.org/10.1016/j.jas.2013.04.028
https://doi.org/10.1016/j.aquabot.2020.103324
https://doi.org/10.1017/S0376892907004225
https://doi.org/10.2478/environ-2020-0011
https://doi.org/10.1111/gcb.14774
https://doi.org/10.1007/s13280-012-0248-7
https://doi.org/10.1016/j.ocecoaman.2012.10.008
https://doi.org/10.1007/s11273-019-09680-5
https://doi.org/10.1017/S0030605316001630
https://doi.org/10.7226/jtfm.26.2.155
https://doi.org/10.1016/j.ecss.2018.10.011
https://www.mangrovealliance.org/wp-content/uploads/2021/07/The-State-of-the-Worlds-Mangroves-2021-FINAL-1.pdf
https://www.mangrovealliance.org/wp-content/uploads/2021/07/The-State-of-the-Worlds-Mangroves-2021-FINAL-1.pdf
https://doi.org/10.7226/jtfm.22.1.13
https://doi.org/10.1098/rsbl.2018.0251
https://doi.org/10.1007/s13280-015-0647-7
https://doi.org/10.1016/j.ecoleng.2017.07.014
https://doi.org/10.1016/j.ecss.2018.12.021
https://doi.org/10.3390/w12041113
https://doi.org/10.1016/j.scitotenv.2022.155679
https://doi.org/10.1017/S0376892903000298
https://doi.org/10.1663/0013-0001(2005)059(0066:POLWUA)2.0.CO;2
https://doi.org/10.1016/j.aquabot.2008.02.009
https://doi.org/10.1007/s41748-019-00094-0
https://doi.org/10.29244/jitkt.v8i1.12500
https://doi.org/10.1186/s40854-019-0147-z
https://doi.org/10.1016/j.ecss.2020.106975
https://www.frontiersin.org/journals/sustainable-resource-management
https://www.frontiersin.org

	Global patterns of mangrove resource utilization: a systematic review
	1 Introduction
	2 Methods
	3 Results
	3.1 Overview of mangrove ecosystem services presented in analyzed articles
	3.2 Continental representation of mangrove ecosystem services
	3.2.1 Mangrove utilization in Asia
	3.2.2 Mangrove utilization in North America
	3.2.3 Mangrove utilization in Africa
	3.2.4 Mangrove utilization in South America
	3.2.5 Mangrove utilization in Oceania


	4 Discussion
	5 Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


