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ARTICLE INFO ABSTRACT

Article History: Mangrove aquatic ecosystems are among the most threatened
Received: Aug. 28,2022  environments in the world due to the effects of climate change and
Accepted: Sept. 19, 2022  anthropogenic activities. This study aimed to identify the anthropic impacts
Online: Oct, 25, 2022 on mangrove ecosystems worldwide to determine a bibliographic review of
scientific articles referring to the subject of the study of the MDPI; Taylor &

Francis and Google Scholar bases were developed. It was found that
Bibliographic review, aq_uaculture z_amd agricultural activities, sea level rise, p_ollution by the_ oil
Anthropic activities, spills, _plastlc waste and heavy metgl concentration, defore_zstatlon,
Climate change, population development, wastewater discharges, coral extraction for
Mangroves construction material, cumulative impacts of dams, overfishing and
meteorological phenomena are the impacts that stalk and directly degrade
mangrove ecosystems around the world. From the results recorded, it was
concluded that the American continent and Asia are the most affected with
respect to their mangrove forests.

INTRODUCTION

Keywords:

Mangroves are tropical forests (Caldo et al., 2008) considered one of the most
productive ecosystems worldwide ( Turner et al., 2003; Bouillon et al., 2008), which
generally occupy shallow waters near the coastal profile and adjacent lands (Wolf, 2012;
Armono et al., 2022) and in turn act as nurseries for many species (Viet Dung et al.,
2021). Moreover, they maintain water quality and clarity (Alongi et al., 2004), and
protect the coasts from floods ( Dahdouh-Guebas et al., 2005; Chan-Keb et al., 2021;;
Waiyasusri & Chotpantarat, 2022; Zhang et al., 2022), hurricanes and waves
(Barbier, 2016). Mangrove soils are highly effective carbon sinks (Adame et al., 2018),
which store large amounts of carbon and prevent its entry into the atmosphere (Agraz-
Hernandez et al., 2019).
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Globally, there are 152,000 km? of mangroves distributed in 123 countries
(Palacios et al., 2021); they are rich in carbon (Alongi, 2022; Pandisamy et al., 2019).
They cover approximately 13,776,000 hectares worldwide (Giri et al.,, 2011;
Sanderman, 2017), estimated between 60% and 70% of the coasts in the tropics and
subtropics (Nathan et al., 2020). These coasts are very dynamic due to the dense
population of the canopy and the flooding of tides (Mohamad et al., 2022). Mangroves
are critical breeding habitats for fish, birds and marine mammals (Mumby et al., 2004)/
the area where they are found is characterized by highly variable environmental factors,
such as temperature, sedimentation and tidal currents (Nagelkerken et al., 2008).
Therefore, these tropical forests are purposed to mitigate the effects of climate change in
coastal areas (Al-Guwaiz et al., 2021; Zhu et al., 2021).

Estimates of the cumulative loss of mangroves over the past 50 to 100 years range
from 25% to 50% of the global area of this ecosystem (Mcleod et al., 2011). Almost
100% of mangroves could be lost in the next 100 years (Duke et al., 2007). The
deforestation of mangroves is an issue of great concern worldwide; it is estimated that
more than 35% has been lost (Hamilton & Casey, 2016; Huong Nguyen et al., 2022).
Despite the value they represent in the world, they are marginalized and degraded in
numerous tropics (Arafio Tagulao et al., 2022).

Anthropogenic activities (Benson et al., 2017) highly contribute to the degradation
of mangrove ecological systems (Grellier et al., 2017; Worthington & Spalding, 2018),
in addition to the impact of agricultural activities (Friess, 2017; Velde et al., 2019),
human settlements, coastal defense, tourism, and aquaculture activities (Sousa & Small,
2021). These activities alter the natural dynamics of these ecosystems and inhibit their
capacity to adapt to/ alleviate climate change (Silva et al., 2020); therefore, human
actions are one of the most relevant pressures faced by mangroves (Hinestroza-Mena et
al., 2021). It is estimated that the loss of mangrove forests worldwide represents 38%
(Awty-Carroll et al., 2021). In Latin America, despite the environmental management
that has considerably developed in the last years (Silva et al., 2014), it is still very
common for problems associated with anthropic factors, such as pollution, destruction
and the degradation of renewable natural resources and the environment (Chacon
Abarca et al., 2021).

Due to the effects of climate change (Escudero & Mendoza, 2021), the mangrove
systems are among the most threatened ecosystems worldwide (Nguyen et al., 2021). The
elimination of mangroves leads to a collapse of intertidal food webs and coastal fisheries
(Ellison et al., 2005) and a rapid accumulation of acidic sulphides in the soil, increased
coastal erosion, and sedimentation on coral reefs offshore (Canty et al., 2018). In tropical
and subtropical areas, mangroves are frequently used to stabilize the living coast
(Fatoyinbo et al., 2008; Fillyaw et al., 2021), provide shelter, food, nesting space for
more than 1300 species of animals and provide a variety of goods and services important
to humanity (L.i et al., 2021).
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The world's largest mangrove areas are located in low-latitude regions, such as
Indonesia (22.6% of the world total), Australia (7.1%) and Brazil (7.0%) (Arai et al.,
2021), the world's most developed mangrove forests can be found in the Sundarbans, the
Mekong Delta, the Amazon, Madagascar, Southeast Asia (Giri et al., 2011). Indonesia
has a great diversity of species of mangrove (48 especies) (Murdiyarso et al., 2015).

The scientific article was presented due to comprehend and determine the
anthropogenic impacts of aquatic mangrove ecosystems on the five continents of planet
earth; therefore, the study was based on identifying mangroves degraded by human
activity and climate change all over the world.

MATERIALS AND METHODS

This scientific article corresponds to the review of the bibliography which is the
documentary operation of recovering a set of documents (Bernardo, 2010), or
bibliographic references that are published in the world about a topic, an author, a
publication or a specific work (Silamani & Guirao, 2015). The work of bibliographic
review is part of a fundamental stage of any research project (Aleixandre et al., 2011)
and must guarantee the obtaining of the most important information in the field of study
(Fernando-Navas et al., 2014).

The bibliographic review of the research consists of reviewing the anthropic or
anthropogenic impacts on aquatic mangrove ecosystems worldwid; to carry out the
review, four stages are taken into account (Fig. 1).

Bibliographic review of anthropic impacts on
aquatic mangrove ecosystems worldwide

4

It consists of four stages:

Stage 1. Definition of the problem:
Anthropic  impacts on mangrove
ecosystems worldwide.

Stage III. Organization of information:

Stage II. Information Search: Use of
bibliographic databases such as MDPI, Taylor
& Francis, and Google Scholar; keywords
were used for the search "mangrove",
"impacts" and "antropics".

The 48 articles found were organized by

continents i Excel software and graphed in
Stage IV. Analysis of the information:
Power BL

Information is analyzed in the support software
for document management EndNote x9, which
allows for saving bibliographic references and
documents in PDF format.

Fig. 1. Flowchart of the stages of the bibliographic review of the study
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According to Fig. (1), the first stage of the research corresponds to the definition of
the research problem; this must be clear enough to be able to carry out a bibliographic
search that responds to the needs of the particular researcher, and that also allows the
feedback of the researched (Cué Brugueras et al., 2008); therefore, the anthropic
Impacts on aquatic mangrove ecosystems worldwide are taken into account as a research
problem.

The second stage refers to the search for information, which for the bibliographic
research process must have informative material such as books, journals of scientific
dissemination, sites web and other information necessary to start the search (Cisneros &
Olave, 2012); this is how the use of bibliographic bases of scientific articles such as
MDPI is taken into account, besides Taylor & Francis and Google Scholar, using
"mangrove”, "impacts” and "antropics" as keywords for searching for information. At the
stage of information organization (Stage I11), it is relevant to systematically organize the
documentation found that can be done both in a basic or detailed way (Rivera & Garcia-
Rojo, 2003); therefore, the 48 articles found were organized in detail in the Excel
software and graphed in POWER BI.

Finally, at the last stage (Stage V), the analysis of the information is taken into
account, which is the task that takes more time in the bibliographic research since it is
expected to identify the contribution to be made.In fact, once the main documents are
identified, it is necessary to carry out an analysis of co-citation of authors and co-
occurrences to identify the research fronts and the authors with the most citations. For
this purpose, the endNote X9 document management support software was used, which
allows to save and order the bibliographic references by authors, in addition to saving the
copy of the scientific article in PDF format (Fernadndez-Sora et al., 2011).

A systematic review was carried out (Moher et al., 2009; Palacios et al., 2021), in
which they conducted individual searches in the MDPI, Taylor & Francis and Google
Scholar databases of published articles. In this literature review, the focus was on the
anthropic impacts on mangrove aguatic ecosystems worldwide, taking into account only
research published from 2017 to 2022 due to the constant research carried out on the
subject under study; Likewise, only research in the English language was considered.

A total of 368 articles were obtained from the three databases: 106 from MDPI,
197 from Taylor & Francis and 65 from Google Scholar. All the extracted articles were
discarded (320) for not having sufficient relevance with the subject of study; thus, there
were 48 investigations for the development of the scientific article (Fig. 2).
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extracted from different

L Systematic review of articles ’

information bases.

Total articles

v MDPI (n=106)
v Taylor & Francis (n=197)
v Google Scholar (n=65)

LAmcles extracted from the base:

identified (n=368).

320 articles discarded for
not being relevant and not

having enough relation to
the subject of study.

l

Studies included in the
systematic review of the

literature (n=48),

Fig. 2. Flowchart of the identification and selection process included in the bibliographic

RESULTS

review

Reviewed the 48 scientific articles were found from the 31 studies of the MDPI base,
12 studies from the Taylor & Francis base and 5 studies from the Google Scholar base;
these were duly ordered by continent as shown in Table (1).

Table 1. Results of the bibliographic review of the anthropic impacts of mangrove
aquatic ecosystems worldwide

Continent  Country Ubication Anthropic impact Article Base  Author
Todos os Santos Bay Google Vasconcelos
Brazil mangroves, northwest Weather Phenomena g
Scholar et al. (2022)
coast
L. Agquaculture activities,
Brazil Acarau River Estuary,, Plastic waste pollution Google Jorge et al.
western coast of Ceara - Scholar (2021)
and deforestation
Peri-urban mangrove of Gooale Dominaues et
Brazil the Itanhaém River, Population development 9 9
S . Scholar al. (2021)
. municipality of Itanhaém
America
« e Wastewater discharge
Mexico Los Petenes” Biosphere and agricultural MDPI Chan et al.
Reserve, Campeche e (2021)
activities
Pifiones State Forest, Gao and Yu
Puerto Rico  coastal plain north of Wastewater discharge MDPI
Loi (2021)
oiza.
Colombia Alta Guajira mangrove, Overfishing and MDPI Vasquez and

Guajira Peninsula

weather phenomena

Sullivan
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Continent  Country Ubication Anthropic impact Article Base  Author
(2021)
. La Mancha lagoon, Gulf . Chacon et al.
Mexico of Mexico Deforestation MDPI (2021)
Champagne Bay
USA Mangroves, Port ngartir;?; ngg?g\]/i?: MDPI é%gir)] etal
Fourchon, Louisiana 9
Tropical forest of the Gulf Mereci et al
Ecuador of Guayaquil, province of  Aquaculture activities MDPI (2021) '
Guayas and El Oro
Parita Bay, central pacific Aquacu_lture activities Taylor & Castillo et al.
Panama coast and agricultural Erancis (2021)
activities
Bookery Bay mangroves, McCarthy et
USA Southwest Florida Weather phenomena  MDPI al. (2020)
The Majorcan swamps, Deforestation, Villate et al
Colombia the Pacific Ocean coast population development  MDPI (2020) '
and the Caribbean Sea and rising sea levels
Weather phenomena .
Brazil Ceara river estuary and population MDPI (E,)IO;I R(g'gi';)eto
development '
. Weather phenomena
Brazil Guar_labara Bay, Rio de and population MDPI Granado et al.
Janeiro (2018)
development
Honduras :;?;%Z mangrove, Guanaja Weather phenomena MDPI Fickert (2018)
Inner estuary of the
Guayaquil Gulf, Trinitaria L Google Quevedo et al.
Ecuador Island and Chupador Overfishing Scholar (2018)
Chico, Guayas
. Punta Banda Estuary, Baja  Rising sea levels and Bl."k.e and
Mexico . - - - MDPI Hinojosa
California Peninsula population development (2018)
Tanzania Mangroves of the Rufiji Weather phenomena Taylor & Nyangoko et
delta and rising sea levels Francis al. (2021)
Overfishing and coral
Mozambique Cabo Delgado mangrove extraction for building Taylo_r & Short et al.
forests . Francis (2021)
. material
Africa
— . I S Taylor & Adamu et al.
Nigeria Warri mangroves Oil spill contamination Francis (2018)
. Adounko and Djégbadji . - Google Akotossode et
Benin mangrove forests Agricultural activities Scholar al. (2018)
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Continent  Country Ubication Anthropic impact Article Base  Author
. Xuan Thuy mangrove, Deforestation and Huong et al.
Vietnam Red River Basin aquaculture activities MDPI (2022)
Mangroves of the Red Viet et al
Vietnam River Delta and Tien Yen  Plastic waste pollution MDPI ’
B (2021)
ay
Muthurajawela Marsh

. mangrove and Negombo . Athukorala et

Sri Lanka Lagoon, western coastal Population development  MDPI al. (2021)
plain

. Beilun Estuary, shores of . . .

China Fangchenggang City Plastic waste pollution MDPI Li et al. (2021)
Mangroves in the coastal Davar et al

Oman area of the Gulf of Oman,  Rising sea levels MDPI (2021) '
Jask County

. Mangroves of eastern . Summarmi et

Indonesia Surabaya, Java Population development  MDPI al. (2021)

. Mangroves in Thanh Hoa - Nguyen et al.
Vietnam and Nghe An provinces Aquaculture activities MDPI (2021)
Malavsia Johor National Parks, ﬁ;]qdu:cgilétd:fuerlglt|V|tles MDPI Kanniah et al.

4 Peninsular Malaysia ! ag| (2021)
. activities
Asia
i, South Coast Mangroves, . - Seveso et al.
Mauritius Pointe d'Esny Oil spill contamination MDPI (2021)
Sundarbans mangrove
India swamp, West Bengal Rising sea levels Taylo_r & Mohanty et
Francis al. (2021)
coast
Indonesia East Java Mangroves, Deforestation MDPI Rudianto et
Java al. (2020)
Mangrove forests of
Malaysia, Singapore,
Southeast northern Kalimantan, Agricultural activities MDPI Sakti et al.
Asian western Thailand, western  and overfishing (2020)
Papua, and southern
Sumatra
Aquaculture activities Leetal
Vietnam Can Gio mangrove forests  and population MDPI '
(2020)
development
) Khor al Beidha mangrove,  Heavy metal
Er%l;fa(:eérab Arabian Gulf, Umm Al concentration MDPI (S;Orgg; aetal.
Quwain contamination
Philippines Dos Barangay Mangrove, Aquaculture activities MDPI Valenzuela et

Quezon Province

al. (2020)
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Continent  Country Ubication Anthropic impact Article Base  Author
- Heavy metal
China g;pnirr']i? Mangroves, concentration MDPI é%gg)t al.
contamination
. Mekong river delta - Taylor & Bosma et al.
Vietnam mangroves Aquaculture activities Francis (2019)
- Cumulative impacts of Taylor & Kékonen and
Cambodia Koh Kong Estuary dans Francis Thuon (2019)
Sundarbans mangrove - Taylor & Ghosh et al.
Bangladesh forests Rising sea levels Francis (2019)
Guadalupe Beaches, . . Lebordais et
France Guadalupe Island Plastic waste pollution MDPI al. (2021)
Mangrove forests of
Mayotte, the Mozambique . Longépée et
France Channel and part of the Population development  MDPI al. (2021)
Europe Comoros archipelago
Mangrove area throughout - Hastings et al.
Ireland the country Aquaculture activities MDPI (2020)
Mayotte mangrove, . Taylor & Trégarot et al.
France Mayotte archipelago Wastewater discharge Francis (2017)
Mangroves that flow into Zhu et al
Fiji the sea, Viti Levu Island Rising sea levels MDPI (2021) '
and Vanua Levu
Ba Delta and Rewa Delta ~ Aquaculture activities
Fiji mangroves, northwest of and agricultural -lli—?gr:girs& é\(/)tzalr)et al.
. Viti Levu activities
Oceania
. Gladstone Harbour, _ Taylor & Flint et al.
Australia Queensland mangroves Overfishing Francis (2021)
Mangrove forests of .
. - Taylor & Al-Nasrawi et
Australia Comerong Island, south of  Rising sea levels Francis al. (2018)

Sydney

Table (1) shows that, in the American continent, 12 articles were identified from
the MDPI base, 1 article from Taylor & Francis and 4 articles from Google Scholar; for
the African continent, from the MDPI base no article was identified, from Taylor &
Francis 3 articles and from Google Scholar 1 article; from the Asian continent, 15 articles
were identified from the MDPI base; from Taylor & Francis 4 articles, and from Google
Scholar no article was identified. For the European continent, from the MDPI base 3
articles were identified, from Taylor & Francis 1 article, and from Google Scholar no
articles was identified. Whereas, for the continent of Australia, from the MDPI base 1
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article was identified, from Taylor & Francis 3 articles, and from Google Scholar no
articles were identified.

The bibliographic review of the investigated topic resulted in different anthropic
impacts on mangroves on the planet, which is why the different anthropic impacts on
each continent are identified through map graphs with their respective legends (Figs. 3-
7).

Anthropic Impact

@ Agricultural activities

@ Aquaculture activities

@ Deforestation
@Overfishing

@ Plastic waste pollution
@ Population development
@Rising sea levels

@ Wastewater discharge

@ Weather Phenomena

Fig. 3. Anthropic impacts on mangrove aquatic ecosystems in the American continent

ANTHROPIC IMPACT AFRICAN CONTINENT
Anthropic Impact
@ Agricultural activities

@Coral extraction for building material
®0il spill contamination
@Overfishing

@Rising sea levels

@Weather phenomena

Fig. 4. Anthropic impacts on mangrove aquatic ecosystems in the African continent
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ANTHROPIC IMPACT ASIAN CONTINENT
Anthropic Impact #
@ Agricultural activities

@ Aquaculture activities

® Cumulative impacts of dans

@ Deforestation

@Heavy metal concentration contamination
@0il spill contamination

@ Overfishing

@Plastic waste pollution

@Population development

®Rising sea levels

.....

Fig. 5. Anthropic impacts on mangrove aquatic ecosystems in the Asian continent

ANTHROPIC IMPACT EUROPEAN CONTINENT
Anthropic Impact
@ Aquaculture activities 4
®lastic waste pollution £
@ Population development 7
@ Wasteviater discharge

R
pias

Fig. 6. Anthropic impacts on mangrove aquatic ecosystems in the European continent
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ANTHROPIC IMPACT CONTINENT OF OCEANIA
Anthropic Impact
®Agricultural activit
@ Aquaculture activitie:
@ Overfishir
@Rising sea levels
INDONESIA
PAPUA-NUEVA
s GUINEA
Yakarta \

Port Moresby

AUSTRALIA

~Wellingtor
NUEVA ZELANDA

2022 Tom¥am, © 2022 Micrasok Comporaton, & OrenSlreenicn

Fig. 7. Anthropic impacts on mangrove aquatic ecosystems on the continent of Australia
DISCUSSION

Based on data in Figs. (3- 7), the following anthropic impacts affecting aquatic
mangrove ecosystems globally were identified:

Agquaculture activities

Mangrove forests play an important role in mitigating climate change, but they are
threatened by the expansion of aquaculture activities that represent a major impact on the
decline of these forests (Rodriguez Herrero & Bozada Robles, 2010). In the American
continent, it was identified in the mangrove areas of the estuary of the Acaral River on
the western coast of Ceard in Brazil (Jorge Benevides et al., 2021), the tropical
mangrove forests of the Gulf of Guayaquil in the provinces of Guayas and El Oro in
Ecuador (Mereci-Guaman et al., 2021), and the mangroves of Parita Bay on the central
Pacific coast of Panama (Castillo et al., 2021).

Likewise, in the Asian continent aquaculture activities represent a threat to
mangrove ecosystems; this problem was evidenced in the Mekong River Delta (Bosma et
al., 2020), in Can Gio (Le et al., 2020), in the mangroves of Dos Barangay of the
province of Quezon in the Philippines (Valenzuela et al., 2020) and in the Xuan Thuy
mangrove of the Red River in Vietnam (Huong Nguyen et al., 2022). In addition, the
mangroves of Thanh Hoa and Nghe province (Nguyen et al., 2021), the mangrove forests
of the National Parks of Johor, Peninsular Malaysia in Malaysia (Kanniah et al., 2021)
are also under threat. On the other hand, in Europe and Australia, this threat was
evidenced in the mangrove area of the whole country of Ireland (Hastings et al., 2020)
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and in the mangroves of Ba Delta and Rewa Delta, the northwest of Viti Levu in Fiji
(Avtar et al., 2021).

Agricultural activities

Pollution caused by the bad practice of agricultural activities is worrying since they
affect the degree of health and permanence of mangroves (Olguin et al., 2007). In the
American continent, this problem was identified in the mangrove area of Parita Bay on
the central Pacific coast of Panama (Castillo et al., 2021) and in the mangrove forests of
the biosphere reserve "Los Petenes”, Campeche in Mexico (Chan-Keb et al., 2021).
While in the African continent, the problem is detected in the mangrove forests of
Adounko and Djégbadji in Benin (Akotossode et al., 2018).

Simultaneously, this problem was evidenced in the mangrove area of Singapore,
north of Kalimantan, west of Thailand, West Papua, south of Sumatra and Malaysia
(Sakti et al., 2020), in Australia in the Mangroves of Ba Delta and Rewa Delta,
northwest of Viti Levu in Fiji (Avtar et al., 2021) and in the Asian continent in the
mangrove forests of the national parks of Johor, Peninsular Malaysia in Malaysia
(Kanniah et al., 2021).

Rising sea levels

It is common knowledge that sea level rise is a central part of the planet's response
to human-induced global warming and is projected to continue to rise during the twenty-
first century and beyond, various investigations denote that this is a high risk factor for
mangrove ecosystems in the world (Yéafiez-Arancibia et al., 1998); thus, inthe American
continent this affectation occurs in the mangroves of the bay of Champagne, Port
Fourchon, Louisiana in the United States (Cohen et al., 2021), in the mangrove forests of
the Ciénagas de Mallorquin, coast of the Pacific Ocean and Caribbean Sea of Colombia
(Villate Daza et al., 2020), in the Punta Banda estuary of the Baja California Peninsula in
Mexico (Burke Watson et al., 2018).

Similarly, in Africa, sea level rise occurs in the mangroves of the Rufiji Delta in
Tanzania (Nyangoko et al., 2022); likewise, this impact currently affects the Asian
continent, in the mangroves of the coastal area of the Gulf of Oman, Jask County in
Oman (Davar et al., 2021), in the mangrove forests of Sundarbans in India and
Bangladesh (Ghosh et al., 2019; Mohanty et al., 2021); and in Oceania this impact was
evidenced in the mangroves that flow into the sea, Viti Levu Island and Vanua Levu in
Fiji (Zhu et al., 2021) and in the mangrove forests of Comerong Island, south of Sydney
in Australia (Al-Nasrawi et al., 2018).

Oil Spill Contamination

This anthropogenic affectation was reported in the mangroves of the south coast,
Pointe d'Esny in Mauritius, when the oil was released in coastal waters and washed
towards the coast, and was deposited in the sediments that cover the fine highly sensitive
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feeding roots of mangrove trees in the area, preventing the respiration of the roots, stems,
seedlings and surrounding sediments of these, as well as the fauna present in the burrows
and hollows of the roots (Seveso et al., 2021); likewise, this type of contamination was
evidenced in Africa, in the mangroves of Warri in Nigeria (Adamu et al., 2018).

Plastic waste pollution

Plastics are essential materials that play a fundamental role in the lives of people in
the modern world, however, plastic pollution in the ocean has become a critical
environmental problem, due to its durability and long service life directly affecting the
life of mangrove aquatic ecosystems (Jaén et al., 2019). This problem was observed in
the American continent in the estuary of the Acarau River, western coast of Ceara in
Brazil (Jorge Benevides et al., 2021).

Likewise, this impact was found in Asia, in the mangroves of the Red River Delta
and Tien Yen Bay in Vietnam (Viet Dung et al., 2021) and in the Beilun estuary, coasts
of the city of Fangchenggang in China (Li et al., 2021).

Heavy metal concentration contamination

Metalpollution in mangrove ecosystems is really complex because the
bioavailability of pollutants is influenced by a combination of multiple environmental
factors including discharge from rivers, temperature, salinity, organic matter
concentrations, nutrients and other pollutants (Martinez-Alier, 2004). On the Asian
continent, this affectation was observed in the Khor al Beidah mangrove, Arabian Gulf of
um Al Quwain in the United Arab Emirates (Samara et al., 2020); also, in the riparian
mangroves of Danshui in China (Yam et al., 2020).

Deforestation

Deforestation is considered one of the main anthropogenic causes of mangrove
degradation, changes the phytogeographic landscape of mangroves and reduces their
biological diversity (Tovilla Hernandez et al., 2001). This impact not only decreases the
number of mangrove specimens, but also produces ecological effects in the forest, such as
stunted and shrubby growth, canopy opening, stem mortality, decreased regeneration of
exploited species and changes in species composition, among others (Walters, 2005). In
America this anthropic impact is found in the estuary of the Acaral River, western coast
of Ceara in Brazil (Jorge Benevides et al., 2021), in the lagoon of La Mancha in the Gulf
of Mexico (Chacén Abarca et al., 2021), in the Ciénagas de Mallorquin, coast of the
Pacific Ocean and Caribbean Sea in Colombia (Villate Daza et al., 2020).

Similarly, this impact on mangrove ecosystems is found in the Xuan Thuy
mangrove, Red River basin in Vietham (Huong Nguyen et al., 2022), and in the east Java
mangroves in Indonesia (Rudianto et al., 2020).
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Population development

The loss of mangrove ecosystems is closely related to the growth and density of the
human population, so the larger the population of the areas near the forests, the greater
the destruction and exploitation of these ecosystems (Mendoza Avilés et al., 2019). In
addition, population development constitutes a barrier to the inland expansion of
mangrove ecosystems in the face of sea level rise (Uribe Pérez & Urrego Giraldo,
2009). This problem in the American continent was identified in the peri-urban mangrove
of the Itanhaém River in the municipality of Itanhaém (Domingues Blotta et al., 2021),
in the estuary of the Ceara River (Dos Reis-Neto et al., 2019), and in Guanabara Bay in
Rio de Janeiro in Brazil (Granado et al., 2018), in the Ciénagas de Mallorquin, pacific
ocean coast and Caribbean Sea in Colombia (Villate Daza et al., 2020), and finally, in
the Punta Banda estuary, Baja California Peninsula in Mexico (Burke Watson &
Hinojosa Corona, 2018).

Also, in the Asian continent, this problem was evidenced in the mangrove of
Muthurajawela Marsh and Negombo Lagoon, western coastal plain of Sri Lanka
(Athukorala et al., 2021), in the mangroves of eastern Surabaya, Java in Indonesia
(Sumarmi et al., 2021) and in the mangrove forests of Can Gio in Vietnam (Le et al.,
2020). On the European continent, this impact was observed in the mangrove forests of
Mayotte, Mozambique Channel and part of the Comoros archipelago belonging to France
(Longépée et al., 2021).

Wastewater discharge

The discharge of wastewater or sewage is a serious problem because these are
discharged into mangrove ecosystems directly, often without prior treatment, so they
constitute not only an environmental aggression with a negative impact on these
ecosystems, but also an imminent direct danger to human health (Zhindén et al., 2018).
This problem in the American continent, was evidenced in the biosphere reserve "Los
Petenes" of Campeche in Mexico (Chan-Keb et al., 2021) and in the state forest of
Pifiones, coastal plain north of Loiza in Puerto Rico (Gao & Yu, 2021); also in the
European continent in the mangrove of Mayotte, archipelago of Mayotte belonging to
France (Trégarot et al., 2017).

Coral extraction for building material

Over-harvesting of a species in a breeding habitat, such as seagrass beds, can have
side effects for later stages of adult life in different ecosystems, such as coral reefs
(Unsworth et al., 2008). It was evidenced that on the African continent, in the mangrove
forests of Cabo Delgado in Mozambique, excessive extraction of coral reefs occurs for
the creation of building materials (Short et al., 2020).
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Weather phenomena

Meteorological phenomena are consequences of global climate change as a result of
anthropogenic impact, this is how mangrove forests are often affected by storms, tropical
cyclones, among others. On the continent of America, this affectation was identified in
the mangroves of the bay of Todos os Santos (Vasconcelos Nascimento et al., 2022), the
estuary of the Ceara River (Dos Reis-Neto et al., 2019) and the bay of Guanabara, Rio de
Janeiro (Granado et al., 2018) in Brazil, in the manglar of the Alta Guajira in Colombia
(Vasquez-Carrillo & Sullivan Sealey, 2021), in the grande mangrove of the island of
Guanaja in Honduras (Fickert, 2018), in the mangroves of Champagne Bay, Port
Fourchon, Louisiana (Cohen et al., 2021) and in the manglares of Bookery Bay,
southwest Florida (McCarthy et al., 2020) in USA. Likewise, this affectation was
observed in the mangroves of the Rufiji delta in Tanzania (Nyangoko et al., 2022).

Cumulative impacts of dans

The Koh Kong estuary contains the mangrove forests of Southeast Asia and some
of Cambodia's best-known villages, where crabs and fishing are vital to maintaining the
livelihoods of most people; however, these mangrove ecosystems in Cambodia have been
totally affected by the cumulative impacts of dams (Kéakoénen & Thuon, 2019).

Overfishing

Overfishing is one of the anthropic effects with the greatest impact on mangrove
ecosystems due to overfishing that occurs when the mangrove's resource extraction
capacity exceeds its renewal capacity (Martinez Ballesteros et al., 2014). In America,
this impact was identified in the mangrove swamp of Alta Guajira in Colombia
(Vasquez-Carrillo & Sullivan Sealey, 2021) and in the interior estuary of the Gulf of
Guayaquil of Trinitaria Island and Chupador Chico in Ecuador (Quevedo et al., 2018).
On the African continent this was evidenced in the mangrove forests of Cabo Delgado in
Mozambique (Short et al., 2020).

Similarly, overfishing was observed in the mangrove forests of Malaysia,
Singapore, Northern Kalimantan, Western Thailand, West Papua and South Sumatra
(Sakti et al., 2020). In Oceania this affectation was found in the mangroves of the port of
Glandstone, Queensland in Australia (Flint et al., 2021).

CONCLUSION

The bibliographic review resulted in 48 investigations being the most relevant to
determine the object of study of the scientific article, identifying that much more
information was found from the base of MDPI article base than from the Taylor &
Francis and Google Scholar bases.
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In the Asian and American continents, the greatest number of anthropic impacts on
mangrove aquatic ecosystems were identified, among these are: aquaculture activities,
sea level rise, population development, deforestation, meteorological phenomena and
overfishing.

In the continents of Africa, Europe and Ausralia, fewer anthropic impacts were
identified than in the continents of Asia and America, overfishing and sea level rise are
the phenomena that most threaten the mangroves of these continents.

REFERENCES

Adame, F.; Brown, C.; Bejarano, M.; Herrera-Silveira, J.; Ezcurra, P.; Kauffman,
J. and Birdsey, R. (2018). The undervalued contribution of mangrove protection
in Mexico to carbon emission targets. Conservation Letters, 11: el12445.
doi:http://dx.doi.org/10.1111/conl.12445

Adamu, B.; Tansey, K. and Ogutu, B. (2018). Remote sensing for detection and
monitoring of vegetation affected by oil spills. International Journal of Remote
Sensing, 39(11): 3628-3645. doi:https://doi.org/10.1080/01431161.2018.1448483

Agraz-Hernandez, C. M.; Chan-Keb, C. A.; Mufiz-Salazar, R.; Peréz-Balan, R. A.;
Osti-Séaenz, J.; Gutiérrez-Alcantara, E. J.; . . . Ruiz-Hernandez, J. (2019).
Relationship between blue carbon and methane and the hydrochemistry of
mangroves in southeast Mexico. Applied Ecology and Environmental Research,
18(1): 1091-1106. doi:http://dx.doi.org/10.15666/aeer/1801 10911106

Akotossode, C. C.; Achoh, M. E.; Agadjihouede, H.; Vodougnon, H. M. B.;
Amadou, A. S. and Tchabi, V. I. (2018). Etat des ressources naturelles de
djegbadji et de adounko (site ramsar 1017) au sud-ouest benin (afrique de 1’ouest)
dans le contexte actuel de changement climatique. J. Rech. Sci. Univ. Lomé
(Togo), 20(2): 19-33.

Al-Guwaiz, S. M.; Alatar, A. A.; EI-Sheikh, M. A.; Al-Gehni, G. A.; Faisal, M.;
Qahtan, A. A, and Abdel-Salam, E. M. (2021). Role of Mangrove
Rehabilitation and Protection Plans on Carbon Storage in Yanbu Industrial City,
Saudi  Arabia: A  Case  Study. Sustainability, 13(23):  13149.
doi:d0i:10.3390/s5u132313149

Al-Nasrawi, A. K. M.; Hamylton, S. M.; Jones, B. G.; Hopley, C. A. and Al Yazichi,
Y. M. (2018). Geoinformatics vulnerability predictions of coastal ecosystems to
sea-level rise in southeastern Australia. Geomatics, Natural Hazards and Risk,
9(1): 645-661. doi:https://doi.org/10.1080/19475705.2018.1470112

Aleixandre, R.; Gonzalez, M.; Alonso, A. and Gonzalez, J. (2011). Sources of
bibliographic information (l). Fundamentals for carrying out bibliographic
searches. Spanish Pediatric Act, 69(3): 131-136.

Alongi, D. (2022). Impacts of Climate Change on Blue Carbon Stocks and Fluxes in
Mangrove Forests. Forests, 13(2): 149. doi:https://doi.org/10.3390/f13020149

Alongi, D. M.; Sasekumar, A.; Chong, V. C.; Pfitzner, J.; Trott, L. A.; Tirendi, F.; ..
. Brunskill, G. J. (2004). Sediment accumulation and organic material flux in a
managed mangrove ecosystem: estimates of land ocean atmosphere exchange in
peninsular Malaysia. Marine Geology, 208: 383-402.



http://dx.doi.org/10.1111/conl.12445
https://doi.org/10.1080/01431161.2018.1448483
http://dx.doi.org/10.15666/aeer/1801_10911106
https://doi.org/10.1080/19475705.2018.1470112
https://doi.org/10.3390/f13020149

Anthropic impacts on aquatic mangrove ecosystems worldwide 1155

Arai, H.; Inubushi, K. and Chiu, C. Y. (2021). Dynamics of Methane in Mangrove
Forest: Will It Worsen with Decreasing Mangrove Forests? Forests, 12(9): 1204.
doi:https://doi.org/10.3390/f12091204

Arafno Tagulao, K. A.; B.l.,, B.; Allan, Hoi Kei, L. and Coutinho Calheiros, C. S.
(2022). Mangrove Conservation in Macao SAR, China: The Role of
Environmental Education among School Students. International Journal of
Environmental Research and Public Health, 19(6): 3147.
doi:https://doi.org/10.3390/ijerph19063147

Armono, H. D.; Bromo, B. H.; Sholihin and Sujantoko. (2022). Numerical Study of
Bamboo  Breakwater for  Wave  Reduction.  Fluids, 7(1): 14.
doi:https://doi.org/10.3390/fluids7010014

Athukorala, D.; Estoque, R. C.; Murayama, Y. and Matsushita, B. (2021).
Ecosystem Services Monitoring in the Muthurajawela Marsh and Negombo
Lagoon, Sri Lanka, for Sustainable Landscape Planning. Sustainability, 13(20):
11463. doi:https://doi.org/10.3390/su132011463

Avtar, R.; Navia, M.; Sassen, J. and Fujii, M. (2021). Impacts of changes in mangrove
ecosystems in the Ba and Rewa deltas, Fiji using multi-temporal Landsat data and
social  survey. Coastal Engineering  Journal, 63(3): 386-407.
doi:https://doi.org/10.1080/21664250.2021.1932332

Awty-Carroll, K.; Bunting, P.; Hardy, A. and Bell, G. (2021). Evaluation of the
Continuous Monitoring of Land Disturbance Algorithm for Large-Scale
Mangrove Classification. Remote sensing, 13(19): 3978.
doi:https://doi.org/10.3390/rs13193978

Barbier, E. B. (2016). The protective service of mangrove ecosystems: A review of
valuation  methods. Marine  Pollution  Bulletin, 109(2): 676-681.
doi:https://doi.org/10.1016/j.marpolbul.2016.01.033

Benson, L.; Glass, L.; Jones, T. G.; Ravaoarinorotsihoarana, L. and Rakotomahazo,
C. (2017). Mangrove Carbon Stocks and Ecosystem Cover Dynamics in
Southwest Madagascar and the Implications for Local Management. Forests, 8(6):
190. doi:https://doi.org/10.3390/f8060190

Bernardo, L. (2010). Inquiry project: the bibliographic review. Colombia. Retrieved
from:
http://www.javeriana.edu.co/prin/sites/default/files/La_revision_bibliografica.may
0

Bosma, R. H.; Ha, T. T. P.; Hiep, T. Q.; Phuong, N. T. H.; Ligtenberg, A.; Rodela,
R. and Bregt, A. K. (2020). Changing opinion, knowledge, skill and behaviour of
Vietnamese shrimp farmers by using serious board games. The Journal of
Agricultural Education and Extension, 26(2): 203-221.
doi:https://doi.org/10.1080/1389224X.2019.1671205

Bouillon, S.; Connolly, R. M. and Lee, S. Y. (2008). Organic matter exchange and
cycling in mangrove ecosystems: Recent insights from stable isotope studies.
Journal of Sea Research, 59(1): 44-58.
doi:https://doi.org/10.1016/].seares.2007.05.001

Burke Watson, E. and Hinojosa Corona, A. (2018). Assessment of Blue Carbon
Storage by Baja California (Mexico) Tidal Wetlands and Evidence for Wetland

Indexedin (S€OPUS FEF L SEVIER “IUcAT
2D



https://doi.org/10.3390/f12091204
https://doi.org/10.3390/ijerph19063147
https://doi.org/10.3390/fluids7010014
https://doi.org/10.3390/su132011463
https://doi.org/10.1080/21664250.2021.1932332
https://doi.org/10.3390/rs13193978
https://doi.org/10.1016/j.marpolbul.2016.01.033
https://doi.org/10.3390/f8060190
https://doi.org/10.1080/1389224X.2019.1671205
https://doi.org/10.1016/j.seares.2007.05.001

1156 Grijalva et al. (2022)

Stability in the Face of Anthropogenic and Climatic Impacts. Sensors, 18(1): 32.
doi:https://doi.org/10.3390/s18010032

Caldo, S.; Conolly, R. and Lee, S. Y. (2008). Organic matter exchange and cycling in
mangrove ecosystems: recent insights from stable isotope studies. Journal of Sea
Research, 59(1): 44-58. doi:https://doi.org/10.1016/j.seares.2007.05.001

Canty, S. W. J.; Preziosi, R. F. and Rowntree, J. K. (2018). Dichotomy of mangrove
management: A review of research and policy in the Mesoamerican reef region.
Ocean & Coastal Management, 157: 40-49.
doi:https://doi.org/10.1016/j.0cecoaman.2018.02.011

Castillo, Y. B.; Kim, K. and Kim, H. S. (2021). Thirty-two years of mangrove forest
land cover change in Parita Bay, Panama. Forest Science and Technology, 17(2):
67-79. doi:https://doi.org/10.1080/21580103.2021.1922512

Chacén Abarca, S.; Chavez, V.; Silva, R.; Martinez, M. L. and Anfuso, G. (2021).
Understanding the Dynamics of a Coastal Lagoon: Drivers, Exchanges, State of
the Environment, Consequences and Responses. Geosciences, 11(8): 301.
doi:https://doi.org/10.3390/geosciences11080301

Chan-Keb, C. A.; Agraz-Hernandez, C. M.; Pérez-Balan, R. A.; Gutiérrez-
Alcantara, E. J.; Muhfiz-Salazar, R.; Reyes-Castellano, J. E. and Osti-Saenz,
J. (2021). Phytotoxicity in Seedlings of Rhizophora mangle (L.) Exposed to 2,4-
Dichlorophenoxyacetic Acid under Experimental Conditions. Journal of Marine
Science and Engineering, 9(12): 1417.

Cisneros, M. and Olave, G. (2012). Writing and publication of scientific articles:
Discursive approach. Colombia: Printed Editorial Image.

Cohen, M. C. L.; de Souza, A. V.; Liu, K. B.; Rodrigues, E.; Yao, Q.; Pessenda, L.
C. R.; ... Dietz, M. (2021). Effects of Beach Nourishment Project on Coastal
Geomorphology and Mangrove Dynamics in Southern Louisiana, USA. Remote
sensing, 13(14): 2688. doi:https://doi.org/10.3390/rs13142688

Cué Brugueras, M.; Diaz Alonso, G.; Diaz Martinez, A. G. and Valdés Abreu, M. d.
I. C. (2008). The review article. Cuban Journal of Public Health, 34(4).

Dahdouh-Guebas, F.; Jayatissa, L. P.; Di Nitto, D.; Bosire, J. O.; Lo Seen, D. and
Koedam, N. (2005). How effective were mangroves as a defence against the
recent tsunami? Current Biology, 15(12): R443-R447.
doi:https://doi.org/10.1016/j.cub.2005.06.008

Davar, L.; Griggs, G.; Danehkar, A.; Salmanmahiny, A.; Azarnivand, H. and
Naimi, B. (2021). A Spatial Integrated SLR Adaptive Management Plan
Framework (SISAMP) toward Sustainable Coasts. Water, 13(16): 2263.
doi:https://doi.org/10.3390/w13162263

Domingues Blotta, K.; Lopes Guimardes, L.; Quinofes Braz, E. M.; Galvéo
Magenta, M. A.; Braga Ribeiro, R. and Giordano, F. (2021). Diagnosis of
Periurban Mangroves after 20 years of anthropic impacts. Research, Society and
Development, 10(1): €23610110657. doi:https://doi.org/10.33448/rsd-
v10i1.10657

Dos Reis-Neto, A. S.; De Andrade Meireles, A. J. and Cunha-Lignon, M. (2019).
Natural Regeneration of the Mangrove Vegetation on Abandoned Salt Ponds in
Ceara, in the Semi-Arid Region of Northeastern Brazil. 11(2): 27.
doi:https://doi.org/10.3390/d11020027



https://doi.org/10.3390/s18010032
https://doi.org/10.1016/j.seares.2007.05.001
https://doi.org/10.1016/j.ocecoaman.2018.02.011
https://doi.org/10.1080/21580103.2021.1922512
https://doi.org/10.3390/geosciences11080301
https://doi.org/10.3390/rs13142688
https://doi.org/10.1016/j.cub.2005.06.008
https://doi.org/10.3390/w13162263
https://doi.org/10.33448/rsd-v10i1.10657
https://doi.org/10.33448/rsd-v10i1.10657
https://doi.org/10.3390/d11020027

Anthropic impacts on aquatic mangrove ecosystems worldwide 1157

Duke, N. C.; Meynecke, J. O.; Dittmann, S.; Ellison, A. M.; Anger, K.; Berger, U.; ..
. Dahdouh-Guebas, F. (2007). A world without mangroves? Science, 317(5834):
41-42. doi:https://doi.org/10.1126/science.317.5834.41b

Ellison, A. M.; Bank, M. S.; Clinton, B. D.; Colburn, E. A.; Elliott, K.; Ford, C. R.; .
.. Webster, J. R. (2005). Loss of foundation species: consequences for the
structure and dynamics of forested ecosystems. Frontiers in Ecology and the
Environment, 3(9): 479-486. doi:https://doi.org/10.1890/1540-
9295(2005)003[0479:LOFSCF]2.0.CO;2

Escudero, M. and Mendoza, E. (2021). Community Perception and Adaptation to
Climate Change in Coastal Areas of Mexico. Water, 13(18): 1-16.
doi:https://doi.org/10.3390/w13182483

Fatoyinbo, T. E.; Simard, M.; Washington-Allen, R. A. and Shugart, H. H. (2008).
Landscap... scale extent, height, biomass, and carbon estimation of
Mozambique's mangrove forests with Landsat ETM+ and Shuttle Radar
Topography Mission elevation data. Journal of Geophysical Research, 113:
G02S06. doi:https://doi.org/10.1029/2007JG000551

Fernandez-Sora, A.; Hernandez-Diaz, D.; Rojas-Sola, J. I. and Serrano-Tierz, A.
(2011). A historical review: from engineering drawing to design engineering.
Dyna, 78(167): 17-26.

Fernando-Navas, D.; Aponte-Mayor, G.; Betancourt-Buitrago, L. A. and Gdémez-
Luna, E. (2014). Methodology for bibliographic review and information
management of scientific topics, through its structuring and systematization.
Dyna, 81(184): 158-163.

Fickert, T. (2018). Better Resilient than Resistant—Regeneration Dynamics of Storm-
Disturbed Mangrove Forests on the Bay Island of Guanaja (Honduras) during the
First Two Decades after Hurricane Mitch (October 1998). Diversity, 10(1): 8.
doi:https://doi.org/10.3390/d10010008

Fillyaw, R. M.; Donnelly, M. J.; Litwak, J. W.; Rifenberg, J. L. and Walters, L. J.
(2021). Strategies for Successful Mangrove Living Shoreline Stabilizations in
Shallow Water Subtropical Estuaries. Sustainability, 13(21): 11704.
doi:https://doi.org/10.3390/su132111704

Flint, N.; Anastasi, A.; De Valck, J.; Chua, E. M.; Rose, A. K. and Jackson, E. L.
(2021). Using mud crabs (Scylla serrata) as environmental indicators in a harbour
health report card. Australasian Journal of Environmental Management, 28(2):
188-212. doi:https://doi.org/10.1080/14486563.2021.1923579

Friess, D. A. (2017). Mangrove rehabilitation along urban coastlines: A Singapore case
study. Regional  Studies in  Marine  Science, 16:  279-289.
doi:https://doi.org/10.1016/].rsma.2017.09.013

Gao, Q. and Yu, M. (2021). Elevation and Distribution of Freshwater and Sewage
Canals Regulate Canopy Structure and Differentiate Hurricane Damages to a
Basin Mangrove Forest. Remote sensing, 13(17): 3387.
doi:https://doi.org/10.3390/rs13173387

Ghosh, M. K.; Kumar, L. and Kibet Langat, P. (2019). Geospatial modelling of the
inundation levels in the Sundarbans mangrove forests due to the impact of sea
level rise and identification of affected species and regions. Geomatics, Natural

Indexedin (S€OPUS FEF L SEVIER “IUcAT
2D



https://doi.org/10.1126/science.317.5834.41b
https://doi.org/10.1890/1540-9295(2005)003%5b0479:LOFSCF%5d2.0.CO;2
https://doi.org/10.1890/1540-9295(2005)003%5b0479:LOFSCF%5d2.0.CO;2
https://doi.org/10.3390/w13182483
https://doi.org/10.1029/2007JG000551
https://doi.org/10.3390/d10010008
https://doi.org/10.3390/su132111704
https://doi.org/10.1080/14486563.2021.1923579
https://doi.org/10.1016/j.rsma.2017.09.013
https://doi.org/10.3390/rs13173387

1158 Grijalva et al. (2022)

Hazards and Risk, 10(1): 1028-1046.
doi:https://doi.org/10.1080/19475705.2018.1564373

Giri, C.; Ochieng, E.; Tieszen, L. L.; Zhu, Z.; Singh, A.; Loveland, T.; ... Duke, N.
(2011). Status and distribution of mangrove forests of the world using earth
observation satellite data. Global Ecology and Biogeography, 20(1): 154-159.
doi:https://doi.org/10.1111/].1466-8238.2010.00584.x

Granado, R.; Pinto Neta, L. C.; Nunes-Freitas, A. F.; Voloch, C. M. and Lira, C. F.
(2018). Assessing Genetic Diversity after Mangrove Restoration in Brazil: Why Is
It So Important? Diversity, 10(2): 27. doi:https://doi.org/10.3390/d10020027

Grellier, S.; Janeau, J. L.; Dang Hoali, N.; Nguyen Thi Kim, C.; Le Thi Phuong, Q.;
Pham Thi Thu, T.; ... Marchand, C. (2017). Changes in soil characteristics and
C dynamics after mangrove clearing (Vietnam). The Science of the total
environment, 593: 654-663. doi:https://doi.org/10.1016/j.scitotenv.2017.03.204

Hamilton, S. E. and Casey, D. (2016). Creation of a high spatio-temporal resolution
global database of continuous mangrove forest cover for the 21st century
(CGMFC-21). Global Ecology and Biogeography, 25(6): 729-738.
doi:https://doi.org/10.1111/geb.12449

Hastings, R.; Cummins, V. and Holloway, P. (2020). Assessing the Impact of Physical
and Anthropogenic Environmental Factors in Determining the Habitat Suitability
of Seagrass Ecosystems. Sustainability, 12(20): 8302.
doi:https://doi.org/10.3390/su12208302

Hinestroza-Mena, K. M.; Toro, V. G.; Londofio-Colorado, G. S.; Chavez, V.;
Garcia-Blanco, J. K. and Silva, R. (2021). Fine Spatial Scale, Frequent
Morphological Monitoring of Urbanised Beaches to Improve Coastal
Management. Journal of Marine Science and Engineering, 9(5): 550.
doi:https://doi.org/10.3390/jmse9050550

Huong Nguyen, T. M.; Quynh Le, T. P.; Van Hoang, V. and Tu Vu, C. (2022).
Biodegradable and Seasonal Variation of Organic Carbon Affected by
Anthropogenic Activity: A Case in Xuan Thuy Mangrove Forest, North Vietnam.
Water, 14(5): 773. doi:https://doi.org/10.3390/w14050773

Jaén, M.; Esteve, P. and Banos-Gonzalez, 1. (2019). Future teachers facing the problem
of contamination of the seas by plastics and consumption. Eureka Magazine on
Teaching and Dissemination of Sciences, 16(1): 1501.
doi:http://dx.doi.org/10.25267/Rev_Eureka ensen_divulg_cienc.2019.v16.i1.1501

Jorge Benevides, J. d. A.; Camargo Maia, R. C. and Carvalho, I. (2021).
Phenological monitoring for environmental impact assessment in estuarine
mangroves in Northeastern Brazil. Ciéncia Florestal, 31(4): 1631-1653.
doi:https://doi.org/10.5902/1980509839683

Kékonen, M. and Thuon, T. (2019). Overlapping zones of exclusion: carbon markets,
corporate hydropower enclaves and timber extraction in Cambodia. The Journal
of Peasant Studies, 46(6): 1192-1218.
doi:https://doi.org/10.1080/03066150.2018.1474875

Kanniah, K. D.; Kang, C. S.; Sharma, S. and Amir, A. A. (2021). Remote Sensing to
Study Mangrove Fragmentation and Its Impacts on Leaf Area Index and Gross
Primary Productivity in the South of Peninsular Malaysia. Remote sensing, 13(8):
1427. doi:https://doi.org/10.3390/rs13081427



https://doi.org/10.1080/19475705.2018.1564373
https://doi.org/10.1111/j.1466-8238.2010.00584.x
https://doi.org/10.3390/d10020027
https://doi.org/10.1016/j.scitotenv.2017.03.204
https://doi.org/10.1111/geb.12449
https://doi.org/10.3390/su12208302
https://doi.org/10.3390/jmse9050550
https://doi.org/10.3390/w14050773
http://dx.doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2019.v16.i1.1501
https://doi.org/10.5902/1980509839683
https://doi.org/10.1080/03066150.2018.1474875
https://doi.org/10.3390/rs13081427

Anthropic impacts on aquatic mangrove ecosystems worldwide 1159

Le, H. T.; Tran, T. V.; Gyeltshen, S.; Nguyen, C. P. T.; Tran, D. X.; Luu, T. H. and
Duong, M. B. (2020). Characterizing Spatiotemporal Patterns of Mangrove
Forests in Can Gio Biosphere Reserve Using Sentinel-2 Imagery. Applied
sciences, 10(12): 4058. doi:https://doi.org/10.3390/app10124058

Li, D.; Zhao, L.; Guo, Z.; Yang, X.; Deng, W.; Zhong, H. and Zhou, P. (2021).
Marine Debris in the Beilun Estuary Mangrove Forest: Monitoring, Assessment
and Implications. International Journal of Environmental Research and Public
Health, 18(20): 10826.

Longépée, E.; Ahmed Abdallah, A.; Jeanson, M. and Golléty, C. (2021). Local
Ecological Knowledge on Mangroves in Mayotte Island (Indian Ocean) and
Influencing Factors. Forest, 12(1): 53. doi:https://doi.org/10.3390/f12010053

Martinez-Alier, J. (2004). Ecological-distributive conflicts and sustainability indicators.
Ibero-American Journal of Ecological Economy, 1: 21-30.

Martinez Ballesteros, A. J.; Plaza Rodriguez, C. M. and Guevara, G. (2014).
Contribution of litter from the black mangrove (avicennia germinans 1.) in the
Colombian Caribbean. Blue Moon Magazine (On Line), 38: 218-230.

McCarthy, M. J.; Jessen, B.; Barry, M. J.; Figueroa, M.; Mcintosh, J.; Murray, T.; .

. Muller-Karger, F. E. (2020). Automated High-Resolution Time Series
Mapping of Mangrove Forests Damaged by Hurricane Irma in Southwest Florida.
Remote sensing, 12(11): 1740. doi:https://doi.org/10.3390/rs12111740

Mcleod, E.; Chmura, G. L.; Bouillon, S.; Salm, R.; Bjork, M.; Duarte, C. M.; . ..
Silliman, B. R. (2011). A blueprint for blue carbon: toward an improved
understanding of the role of vegetated coastal habitats in sequestering CO2.
Frontiers in  Ecology and the Environment, 9(10): 552-560.
doi:https://doi.org/10.1890/110004

Mendoza Avilés, H. E.; Aranda de la Torre, K. G. and Romero Aguirre, C. O.
(2019). Analysis of the marketing channels that affect the capture of the red crab
(Ucides Occidentalis) of the Association of crabbers July 6 of the Gulf of
Guayaquil. University and Society Magazine, 11(1): 93-100.

Mereci-Guaman, J.; Casanoves, F.; Delgado-Rodriguez, D.; Ochoa, P. and
Cifuentes-Jara, M. (2021). Impact of Shrimp Ponds on Mangrove Blue Carbon
Stocks in Ecuador. Forests, 12(7): 816. doi:https://doi.org/10.3390/f12070816

Mohamad, N.; Ahmad, A.; Abdul Khanan, M. F. and Md Din, A. H. (2022). Surface
Elevation Changes Estimation Underneath Mangrove Canopy Using SNERL
Filtering Algorithm and DoD Technique on UAV-Derived DSM Data.
International Journal of Geo-Information, 11(1): 32.
doi:https://doi.org/10.3390/ijgi11010032

Mohanty, P. C.; Shetty, S.; Mahendra, R. S.; Nayak, R. K.; Sharma, L. K. and
Rama Rao, E. P. (2021). Spatio-temporal changes of mangrove cover and its
impact on bio-carbon flux along the West Bengal coast, Northeast coast of India.
European Journal of Remote Sensing, 54(1): 525-537.
doi:https://doi.org/10.1080/22797254.2021.1977183

Moher, D.; Liberati, A.; Tetzlaff, J. and Altman, D. G. (2009). Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. PL0S
Med, 6(7): e1000097. doi:https://doi.org/10.1371/journal.pmed.1000097

Indexedin (SC€OPUS :il LSEVIEE “IUCAT
el



https://doi.org/10.3390/app10124058
https://doi.org/10.3390/f12010053
https://doi.org/10.3390/rs12111740
https://doi.org/10.1890/110004
https://doi.org/10.3390/f12070816
https://doi.org/10.3390/ijgi11010032
https://doi.org/10.1080/22797254.2021.1977183
https://doi.org/10.1371/journal.pmed.1000097

1160 Grijalva et al. (2022)

Mumby, P. J.; Edwards, A. J.; Arias-Gonzalez, J. E.; Lindeman, K. C.; Blackwell,
P. G.; Gall, A.; ... Llewellyn, G. (2004). Mangroves enhance the biomass of
coral reef fish communities in the Caribbean. Nature, 427(6974): 533-536.
doi:10.1038/nature02286

Murdiyarso, D.; Purbopuspito, J.; Kauffman, J. B.; Warren, M. W.; Sasmito, S. D.;
Donato, D. C.: . .. Kurnianto, S. (2015). The potential of Indonesian mangrove
forests for global climate change mitigation. Nature Climate Change, 5: 1089-
1092. doi:http://dx.doi.org/10.1038/nclimate2734

Nagelkerken, I.; Blaber, S. J. M.; Bouillon, S.; Green, P.; Haywood, M.; Kirton, L.
G.; ... Somerfield, P. J. (2008). The habitat function of mangroves for terrestrial
and marine fauna: A review. Aquatic Botany, 89(2): 155-185.
doi:https://doi.org/10.1016/j.aquabot.2007.12.007

Nathan, V. K.; Vijayan, J. and Ammini, P. (2020). Comparison of bacterial diversity
from two mangrove ecosystems from India through metagenomic sequencing.
Regional Studies in Marine Science, 35: 101184.
doi:https://doi.org/10.1016/j.rsma.2020.101184

Nguyen, H. T. T.; Hardy, G. E. S. J.; Le, T. V.; Nguyen, H. Q.; Le, D. H.; Nguyen, T.
V. and Dell, B. (2021). Mangrove Dieback and Leaf Disease in Sonneratia
apetala and Sonneratia caseolaris in Vietnam. Forests, 12(9): 1273.
doi:https://doi.org/10.3390/f12091273

Nyangoko, B. P.; Berg, H.; Mangora, M. M.; Shalli, M. S. and Gullstrém, M. (2022).
Community perceptions of climate change and ecosystem-based adaptation in the
mangrove ecosystem of the Rufiji Delta, Tanzania. Climate and Development, 1-
13. doi:https://doi.org/10.1080/17565529.2021.2022449

Olguin, E. J.; Hernandez, M. E. and Sanchez-Galvan, G. (2007). Pollution of
mangroves by hydrocarbons and bioremediation, phytoremediation and
restoration strategies. International Journal of Environmental Pollution, 23(3):
139-154.

Palacios, O. A.; Adame-Gallegos, J. R.; Rivera-Chavira, B. E. and Nevarez-
Moorillon, G. V. (2021). Antibiotics, Multidrug-Resistant Bacteria, and
Antibiotic Resistance Genes: Indicators of Contamination in Mangroves?
Antibiotics, 10(9): 1103. doi:https://doi.org/10.3390/antibiotics10091103

Pandisamy, R.; Sivakumar, K.; Jayaraj, R.; Mohan, P. M. and Rana, T. (2019).
Carbon Storage Potential of Mangroves — Are We Missing the Boat? Current
science, 116: 889-891. doi:https://doi.org/10.18520/cs/v116/i12/2071-2071

Quevedo, O.; Cero6n, J.; Ceron, R.; Calderon, M. and Jaramillo, B. (2018).
Referential seasonality of critical loads of sulfur on Rhizophora harrisonii in the
port of Guayaquil. Wseas transactions on biology and biomedicine, 15: 23-34.

Rivera, F. and Garcia-Rojo, M. (2003). Literature searches: new solutions to an old
problem. Nephrology, 23(6): 487-496.

Rodriguez Herrero, H. and Bozada Robles, L. (2010). Social vulnerability to climate
change in the coasts of the Gulf of Mexico: an exploratory study. In Vulnerability
of Mexican coastal areas to climate change (pp. 427-468): Autonomus University
of Campeche.



http://dx.doi.org/10.1038/nclimate2734
https://doi.org/10.1016/j.aquabot.2007.12.007
https://doi.org/10.1016/j.rsma.2020.101184
https://doi.org/10.3390/f12091273
https://doi.org/10.1080/17565529.2021.2022449
https://doi.org/10.3390/antibiotics10091103

Anthropic impacts on aquatic mangrove ecosystems worldwide 1161

Rudianto, R.; Bengen, D. G. and Kurniawan, F. (2020). Causes and Effects of
Mangrove Ecosystem Damage on Carbon Stocks and Absorption in East Java,
Indonesia. Sustainability, 12(24): 10319. doi:https://doi.org/10.3390/su122410319

Sakti, A. D.; Fauzi, A. I.; Wilwatikta, F. N.; Rajagukguk, Y. S.; Sudhana, S. A,;
Yayusman, L. F.; ... Wikantika, K. (2020). Multi-Source Remote Sensing Data
Product Analysis: Investigating Anthropogenic and Naturogenic Impacts on
Mangroves in  Southeast Asia. Remote sensing, 12(17): 2720.
doi:https://doi.org/10.3390/rs12172720

Samara, F.; Solovieva, N.; Ghalayini, T.; Nasrallah, Z. A. and Saburova, M. (2020).
Assessment of the Environmental Status of the Mangrove Ecosystem in the
United Arab Emirates. Water, 12(6): 1623.
doi:https://doi.org/10.3390/w12061623

Sanderman, J. (2017). Global mangrove soil carbon: dataset and spatial maps. Retrieved
from: https://doi.org/10.7910/DVN/OCYUIT

Seveso, D.; Louis, Y. D.; Montano, S.; Galli, P. and Saliu, F. (2021). The Mauritius
Oil Spill: What’s Next? Pollutants, 1(2): 18-28.
doi:https://doi.org/10.3390/pollutants1010003

Short, R. E.; Mussa, J.; Hill, N. A. O.; Rowcliffe, M. and Milner-Gulland, E. J.
(2020). Challenging assumptions: the gendered nature of mosquito net fishing and
the implications for management. Gender, Technology and Development, 24(1):
66-88. doi:https://doi.org/10.1080/09718524.2020.1729583

Silamani, J. and Guirao, A. (2015). Utility and types of literature review. Ene Journal of
Nursing, 9(2).

Silva, R.; Martinez, M. L.; Hesp, P. A.; Catalan, P.; Osorio, A. F.: Martell, R.; . . .
Govaere, G. (2014). Present and Future Challenges of Coastal Erosion in Latin
America. Journal of Coastal Research, 71: 1-16. doi:https://doi.org/10.2112/S171-
001.1

Silva, R.; Martinez, M. L.; Van Tussenbroek, B. I.; Guzméan-Rodriguez, L. O.;
Mendoza, E. and Ldpez-Portillo, J. (2020). A Framework to Manage Coastal
Squeeze. Sustainability, 12(24): 10610. doi:https://doi.org/10.3390/su122410610

Sousa, D. and Small, C. (2021). Land Cover Dynamics on the Lower
Ganges&ndash;Brahmaputra Delta: Agriculture&ndash;Aquaculture Transitions,
1972-2017. Remote sensing, 13(23): 4799.
doi:https://doi.org/10.3390/rs13234799

Sumarmi, S.; Purwanto, P. and Bachri, S. (2021). Spatial Analysis of Mangrove Forest
Management to Reduce Air Temperature and CO2 Emissions. Sustainability,
13(14): 8090. doi:https://doi.org/10.3390/su13148090

Tovilla Hernandez, C.; De la Lanza Espino, G. and Orihuela Belmonte, D. E. (2001).
Impact of logging on a mangrove swamp in South Mexico: cost / benefit analysis.
Journal of Tropical Biology, 49(2): 571-580.

Trégarot, E.; Failler, P. and Mareéchal, J. P. (2017). Evaluation of coastal and marine
ecosystem services of Mayotte: Indirect use values of coral reefs and associated
ecosystems. International Journal of Biodiversity Science, Ecosystem Services &
Management, 13(3): 19-34. doi:https://doi.org/10.1080/21513732.2017.1407361

Turner, B. L.; Kasperson, R. E.; Matson, P. A.; McCarthy, J. J.; Corell, R. W,;
Christensen, L.; . .. Schiller, A. (2003). A framework for vulnerability analysis

Indexedin (S€OPUS FEF L SEVIER “IUcAT
2D



https://doi.org/10.3390/su122410319
https://doi.org/10.3390/rs12172720
https://doi.org/10.3390/w12061623
https://doi.org/10.7910/DVN/OCYUIT
https://doi.org/10.3390/pollutants1010003
https://doi.org/10.1080/09718524.2020.1729583
https://doi.org/10.2112/SI71-001.1
https://doi.org/10.2112/SI71-001.1
https://doi.org/10.3390/su122410610
https://doi.org/10.3390/rs13234799
https://doi.org/10.3390/su13148090
https://doi.org/10.1080/21513732.2017.1407361

1162 Grijalva et al. (2022)

in sustainability science. Proceedings of the National Academy of Sciences of the
United States of America, 100(14): 8074-8079.
doi:https://doi.org/10.1073/pnas.1231335100

Unsworth, R.; Salinas-de-Leon, P.; Garrard, S.; Jompa, J.; Smith, D. and Bell, J.
(2008). High connectivity of Indo-Pacific seagrass fish assemblages with
mangrove and coral reef habitats. Marine Ecology Progress Series, 353: 213-224.
doi:https://doi.org/10.3354/meps07199

Uribe Pérez, J. and Urrego Giraldo, L. E. (2009). Environmental management of
mangrove ecosystems. Approach to the Colombian case. Management and
Environment, 12(2): 57-72.

Valenzuela, R.; Yeo-Chang, Y.; Park, M. S. and Chun, J.-N. (2020). Local People’s
Participation in Mangrove Restoration Projects and Impacts on Social Capital and
Livelihood: A Case Study in the Philippines. Forests, 11(5): 580.
doi:https://doi.org/10.3390/f11050580

Vasconcelos Nascimento, D.; Mara Hadlich, G.; Ferreia Mendonga, L. F.; Domingos
Lentini, C. A.; Barreto Mascarenhas, R. and Balbino da Silva, J. J. (2022).
Spatial evolution of supramareal hypersaline plans associated with mangrove
forests: anthropic and natural factors on the Todos os Santos bay, northeast coast
of Brazil. Raega - O Espaco Geografico em Analise, 53: 116-138.
doi:http://dx.doi.org/10.5380/raega.v53i0.79573

Vasquez-Carrillo, C. and Sullivan Sealey, K. (2021). Biodiversity of Upwelling
Coastal Systems of the Southern Caribbean Sea Adjacent to Guajira Peninsula.
Journal of Marine  Science  and Engineering, 9(8): 846.
doi:https://doi.org/10.3390/jmse9080846

Velde, K.; Hugé, J.; Friess, D. A.; Koedam, N. and Dahdouh-Guebas, F. (2019).
Stakeholder discourses on urban mangrove conservation and management. Ocean
Coastal Management, 178: 104810.
doi:https://doi.org/10.1016/J.OCECOAMAN.2019.05.012

Viet Dung, L.; Huu Duc, T.; Thi Khanh Linh, L.; Thi Dieu Ly, T.; Anh Duong, H.
and Thi My Hao, N. (2021). Depth Profiles of Microplastics in Sediment Cores
from Two Mangrove Forests in Northern Vietnam. Journal of Marine Science and
Engineering, 9(12): 1381. doi:https://doi.org/10.3390/jmse9121381

Villate Daza, D. A.; Sanchez Moreno, H.; Portz, L.; Portantiolo Manzolli, R.;
Bolivar-Anillo, H. J. and Anfuso, G. (2020). Mangrove Forests Evolution and
Threats in the Caribbean Sea of Colombia. Water, 12(4): 1113.
doi:https://doi.org/10.3390/w12041113

Waiyasusri, K. and Chotpantarat, S. (2022). Spatial Evolution of Coastal Tourist City
Using the Dyna-CLUE Model in Koh Chang of Thailand during 1990-2050.
International Journal of Geo-Information, 11(1): 49,
doi:https://doi.org/10.3390/ijgi11010049

Walters, B. B. (2005). Ecological effects of small-scale cutting of Philippine mangrove
forests. Forest Ecology Management, 206: 331-348.
doi:https://doi.org/10.1016/J.FORECO.2004.11.015

Wolf, B. (2012). Ecosystem of the Mangroves. NRES 323 — International Resource
Management.



https://doi.org/10.3354/meps07199
https://doi.org/10.3390/f11050580
http://dx.doi.org/10.5380/raega.v53i0.79573
https://doi.org/10.3390/jmse9080846
https://doi.org/10.1016/J.OCECOAMAN.2019.05.012
https://doi.org/10.3390/jmse9121381
https://doi.org/10.3390/w12041113
https://doi.org/10.3390/ijgi11010049
https://doi.org/10.1016/J.FORECO.2004.11.015

Anthropic impacts on aquatic mangrove ecosystems worldwide 1163

Worthington, T. A. and Spalding, M. (2018). Mangrove Restoration Potential: A global
map highlighting a critical opportunity. Retrieved from

Yam, R. S. W.; Fan, Y. T.; Tan, Z.; Wang, T. D. and Chiu, C. Y. (2020). Assessing
Impacts of Metallic Contamination along the Tidal Gradient of a Riverine
Mangrove: Multi-metal Bioaccumulation and Biomagnification of Filter-Feeding
Bivalves. Forests, 11(5): 504. doi:https://doi.org/10.3390/f11050504

Yéafez-Arancibia, A.; Twilley, R. R. and Lara-Dominguez, A. L. (1998). Mangrove
ecosystems in the face of global climate change. Wood and Forests, 4(2): 3-109.

Zhang, Y.; Gui, H.; Zhang, S. and Li, C. (2022). Diversity and Potential Function of
Prokaryotic and Eukaryotic Communities from Different Mangrove Sediments.
Sustainability, 14(6): 3333. doi:https://doi.org/10.3390/su14063333

Zhindén, R.; Cartuche, D.; Espafia, P. and Maldonado, M. (2018). Environmental
evaluation of residual waters: estuary and mangrove el macho of the city of
Machala. Paper presented at the Conference Proceedings UTMACH.

Zhu, B.; Bai, Y.; He, X.; Chen, X.; Li, T. and Gong, F. (2021). Long-Term Changes in
the Land—Ocean Ecological Environment in Small Island Countries in the South
Pacific: A Fiji Vision. Remote sensing, 13(18): 3740. doi:https://doi.org/10.
3390/rs13183740

Indexed in (SCOPUS “*il LSEVIER “IUcAT
el



https://doi.org/10.3390/f11050504
https://doi.org/10.3390/su14063333

