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Abstract: Despite occupying an area no greater than 8% of the earth’s surface, natural wetland
ecosystems fulfill multiple ecological functions: 1. Soil formation and stabilization support, 2. Food,
water, and plant biomass supply, 3. Cultural/recreational services, landscape, and ecological tourism,
4. Climate regulation, and 5. Carbon sequestration; with the last one being its most important
function. They are subject to direct and indirect incident factors that affect plant productivity and the
sequestration of carbon from the soil. Thus, the objective of this review was to identify the incident
factors in the loss of area and carbon sequestration in marine, coastal, and continental wetlands that
have had an impact on climate change in the last 14 years, globally. The methodology consisted of
conducting a literature review in international databases, analyzing a sample of 134 research studies
from 37 countries, organized in tables and figures supported by descriptive statistics and content
analysis. Global results indicate that agriculture (25%), urbanization (16.8%), aquaculture (10.7%),
and industry (7.6%) are incident factors that promote wetlands effective loss affecting continental
wetlands more than coastal and marine ones. Regarding carbon sequestration, this is reduced
by vegetation loss since GHG emissions raise because the soil is exposed to sun rays, increasing
surface temperature and oxidation, and raising organic matter decomposition and the eutrophication
phenomenon caused by the previous incident factors that generate wastewater rich in nutrients in
their different activities, thus creating biomass and plant growth imbalances, either at the foliage
or root levels and altering the accumulation of organic matter and carbon. It is possible to affirm in
conclusion that the most affected types of wetlands are: mangroves (25.7%), lagoons (19.11%), and
marine waters (11.7%). Furthermore, it was identified that agriculture has a greater incidence in the
loss of wetlands, followed by urbanization and industry in a lower percentage.

Keywords: anthropogenic activities; climate change; terrestrial ecosystems; environmental impacts;
greenhouse gases

1. Introduction

The ecosystemic value of wetlands is the set of functions, characteristics, or processes
that indirectly or directly contribute to human well-being [1]. The most stand out functions
are: wildlife habitat, water supply, and carbon sequestration [2,3]. They additionally
produce food, medicine, and recreational uses [4], along with water purification and
filtration of agricultural pollutants [5]. In addition, they counteract the effects of climate
change through atmospheric CO2 sequestration that they capture and store in the long
term either naturally or through man-made sinks [6].

It is important to consider that wetlands represent between 5% and 8% of the earth’s
surface [7,8], constituting 29.83 million km2 distributed in Asia (9.2 million), South America
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(7.95 million) and North America (5.65 million), and representing 78% of the global per-
centage [9]. Africa has 19% (5.6 million) [10]; especially vegetated coastal wetlands, that
store organic and inorganic carbon in greater quantities [11].

Despite the benefits provided by wetlands, the dense populations that develop in
coastal areas along with their added poverty, are both responsible for 1% to 3% of annual
deforestation [12]. It is estimated that this population around wetlands, favored with its
benefits, would reach half the world population located within a radius of 100 km from
the coast [13] as a result of the damages caused to their vegetation. Davidson [14] made
a balance of area losses by continents since 1900 and adjusted the deforestation rate from
64% to 71%, being higher in coastal wetlands.

One of the main environmental services provided by natural wetlands is carbon
sequestration that takes place both in the soil and biomass. In sediments, it is in a 2 to
3 ratio compared to biomass storage [15]. In addition, Marin-Muñiz et al. [16], from their
research on several marshes and swamps from the Gulf of Veracruz in Mexico, determined
that accumulated carbon was higher in swampy soils than marshes, (0.92 ± 0.12 KgC/m2Yr
and 0.31 ± 0.08 KgC/m2Yr, respectively) in a ratio of 3 to 1.

Riparian and coastal wetlands can sequester 50 times more carbon in the soil than
other land forest systems [17]. Other more conservative authors such as Donato et al. [18]
manifest that in the first 30 cm of soil in wetlands such as mangroves, twice more carbon can
be stored in one hectare than boreal forests. This thickness or layer is the most susceptible
to changes in land use. On the other hand, Adame et al. [19], citing the Intergovernmental
Panel on Climate Change (IPCC), state that mangroves can store two or three times more
carbon than tropical and temperate forests.

The largest soil organic carbon reserves are found in tropical wetlands. Köchy et al. [20]
and Villa and Bernal [21] confirm that they can store up to one-third of global carbon.
Mangroves store 218-ton C/year from the atmosphere, a key component of the so-called
‘blue carbon’ (Cui et al.) [22] referring to the carbon exchanged by habitats near the coast
with vegetation [23].

Therefore, determining natural wetland conditions and their evolution over time is
important for the global context since the value of ecosystem services per unit area would
be known, including areas where vegetation losses develop. They are desirable to restore
and protect, as well as to enhance through priority policies [24] due to their quality of being
natural carbon sinks.

Vegetation loss implies loss of its functions not only in the ecosystem services for
man, but also in the breakdown of the world carbon cycle, and in the water and nutrient
cycles [25]. Furthermore, global warming as a result of climate change born from the
industrial revolution puts future human survival at risk and has become a challenge to
mitigate gas emissions and conserve ecosystems such as wetlands that absorb CO2 [26].

In this context, the objective of this review was to identify the incident factors of loss
of area and carbon sequestration in marine, coastal, and continental wetlands that have
had an impact on climate change in the last 14 years at a global level.

2. Materials and Methods
2.1. Information Sources

This research is of a qualitative type, made up of articles integrated with a database
of 134 publications from the last decade, adding some research from the second last one
to further strengthen the search. This temporality was determined following what was
suggested by von Uexkull and Buhaug [27] indicating that in the last decade, scientific
research has abundantly been carried out in relation to conflicts associated with climate,
considering variable incidents in losses. Such is the case of natural events such as floods,
cyclones, pests, or diseases because mangroves and wetlands show resistance to this kind
of disturbance [12].

The review was structured by articles, book chapters, books, and theses, and was
published in both English (93%) and Spanish (7%). For the search, Google Scholar (26%),
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Sciencedirect (10%), 1findr (19%), Springer (11%), Proquest (19%), and EBSCO (15%) were
used. The selected articles were reviewed by academic peers, who guaranteed the quality
of the collected data. When starting the search, keywords were used at phase one such as:
carbon fixation in wetlands, carbon in tropical wetlands, carbon in tropical coastal wetlands,
carbon sequestration in tropical coastal wetlands, wetland boundaries, and remote sensors
in coastal wetland vegetation. At phase two, more specific words such as: coastal wetlands,
carbon sequestration, remote sensing, and others. Finally, in Spanish, pérdida de humedales
[loss of wetlands] and actividades antropogénicas y naturales [anthropogenic and natural
activities], four inclusion and exclusion criteria were used to review the literature and
obtain the final database, as shown in Figure 1.

2.2. Information Analysis

This document was organized with all the extracted data highlighting activities that
affect vegetation loss and decrease carbon sequestration capacity in marine, coastal, and
continental wetlands, considering its geographical position, and organizing it in tables
by continent, country, wetland location, incident factor, indicator, and percentage of af-
fected area.

Descriptive statistics were applied, constructing frequency histograms by incident
factor by country, continent, and type of affected wetland.

According to the Ramsar International Convention, a classification for wetlands was
followed in five levels: system, subsystem, class, subclass, and wetland type. This review
was focused on two levels: the system including the marine, coastal, and continental
ones; and the wetland type, here, the mangroves, lagoons, marshes, rivers, marine waters,
peatlands, swamps, and river deltas. Some wetlands considered natural reserves and those
within national parks were also included.

2.3. Statistical Analysis

For mapping locations of sites studied in the investigations, the software ArcGIS,
Version 10.0 was used. In addition, content analysis was the technique used, and an
analysis guide was used as an instrument for the information by continents regarding the
incident factors, countries, and types of wetlands. The Origin Pro Software, version 2021
(OriginLab Corporation, Northampton, MA, USA) was used to elaborate the frequency
histograms. Figure 1 shows the methodology in a flowchart.
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3. Results and Discussion

Figure 2 shows the spatial location of the number of investigations reviewed that
highlighted the incident activities in the loss of coverage and reduction of carbon seques-
tration capacity in marine, coastal, and continental wetlands. These include 134 documents
structured by countries and continents, where the United States of America and China hold
first place with the most publications on the subject, followed by Australia, Mexico, India,
and Brazil.
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This information makes it possible to visualize the distribution and importance re-
quired for research on natural wetlands, to gain a better understanding of the current
state of the effects on wetlands in the world. Although it is possible that there are other
unreported or unavailable research studies, it is very likely that the incident factors reported
are similar. The collected information became the sample that was classified by continent
for analysis, which allowed us to find the following results.

3.1. Research on the African Continent

Table 1 presents 10 studies found in Africa where location and wetland type, impact
period, incident factor in vegetation loss and sequestration, loss indicator, sequestration
and impact percentage are analyzed, showing a pattern of continental behavior and helping
to build an analysis. It is evident that although few investigations were recorded, the
eastern part of the continent allows us to analyze the following:
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Table 1. Data from the African continent on wetlands in coastal, marine, and continental zones
(n = 10).

Country
Site and Type of

Wetland or
Flooded Area

Affectation
Time (Years)

Incident Factor in
Loss of Vegetation
and Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

Kenia Gazi Bay Mangroves Yearly Logging Vegetation Loss 0.7 [28]

Kenia Gazi Bay Seagrasses Last 140 Fishing with nets Degradation N.A. [29,30]

Egypt

Coastal Area
Governorate of Kafr

Elsheikh-Nile
River Delta,

N.A. Salinity Productivity N.A. [31]

Egypt Burullus Lake Last two
centuries

Soil erosion,
agricultural soil

drainage.

High
Sedimentation and

Eutrophication
62.5 [32]

Ghana
Densu Delta,

Sakumo II and
Muni-Pomadze

1985, 2002, 2017 Flood, marin erosion LDD, NDVI N.A. [33]

Tanzania
Tanzania, Kenia and

Mozambique
Coastal Zone

2000–2016
Urbanization,

agriculture, livestock,
lumber industry

Vegetation Loss N.A. [34]

Tanzania and
Mozambique Rufiji and Zambeze N.A. Illegal Logging and

Coastal Erosion Vegetation Loss N.A. [35]

Uganda Kirinya Wetland
and Nakivo 1950– Agriculture Vegetation Loss N.A. [36]

Uganda Wetland Naigombwa N.A. Agriculture Vegetation Loss N.A. [37]

South Africa Mkuse
Floodable Plain N.A. Agriculture, Dams

Vegetation Loss,
Flood and

Sediment Control
N.A. [38]

N.A.: Not Available. LDD: Landscape Deviation Degree. NDVI: Normalized Difference Vegetation Index.

First, it was found that in the Gazi-Kenya Bay, mangrove forests are used by inhabitants
for construction and firewood, authorized by the government for being the only forests. This
has brought erosion consequences that finally lower sequestration capacity, experimentally
observed in a small-scale plot [28]. On the other hand, Githaiga et al. [29] and Juma
et al. [30] indicated that Gazi-Kenya Bay contains some seagrasses that have been degraded
by daily fishing with trawls and purse seines by artisanal fishermen. These pastures have
not been studied on their vulnerability and carbon sequestration capacity. However, it was
determined that pastures with sediments and vegetation sequestered more carbon than
others with a scarcity of these.

Second, in another latitude, the coastal area of the Nile River is also affected by
salinity when the tide rises, implying a low nitrogen and carbon content since vegetation is
scarce. Restoration and ecosystem management with crops was recommended to improve
sequestration and mitigate climate change [31]. Authors such as Eid and Shaltout [32],
emphasized that Lake Burullus is a Ramsar site and before being declared as such it had
lost almost 62.5% of its area due to erosion and sediment deposit loaded with allochthonous
carbon and pollutants resulting from agricultural land drainage in the Nile River Delta.

Furthermore, in Ghana, an ecosystem health study was conducted in three coastal
Ramsar wetlands, Sakumo II, Densu Delta, and Muni-Pomadze; using structure, function,
and resilience indicators such as the Landscape Deviation Degree (LDD), Normalized
Difference Vegetation Index (NDVI), and Normalized Difference Water Index (NDWI).
The result showed that in 1985, 2002, and 2017, the LDD indicator increased due to urban
development activity as the main fragmentation cause in the three wetlands, and the NDVI
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behaved inversely due to the reduction of areas covered by vegetation. The NDWI was
variable due to flooding processes and erosion caused by the sea [33].

In Tanzania, coastal ecosystems not only protect but also serve as habitats for pop-
ulation and fauna. This last function has been threatening animals, transforming their
vegetation, especially by man. Thus, these changes along with their dynamics, and so-
cioeconomic drivers were studied between 2000 and 2016. It was evidenced that urban
development, agriculture, livestock, and the logging industry are the main activities affect-
ing ecosystems [34].

Comparatively, Lagomasino et al. [35] conducted research in four deltas of two conti-
nents on carbon in mangroves, its losses and gains. In the African Deltas, Rufiji (Tanzania),
and Zambeze (Mozambique), they identified that incident factors in vegetation loss were
illegal logging of mangrove forests and coastal erosion, respectively. Remote sensing tech-
niques were used in the study to determine the changes. The other two deltas will be
observed in the Asian continent sections.

On the other hand, agricultural intrusion into Ugandan wetlands, especially Kirinya
and Nakivudo, very close to Lake Victoria, has replaced native endemic papyrus vegetation
with Cocoyam cultivation. The impact suffered by these incident changes in carbon
sequestration and CO2 emission was determined using the Eddy Covariance Technique [36].
Therefore, it is very important to increase statistics of carbon sequestration worldwide.
Were et al. [37] studied the Naigombwa wetland located in Iganga, Uganda, where the
estimate was determined since a large part of freshwater wetland is being transformed
into rice fields. It was found that in the natural wetland carbon sequestration was higher
than in the transformed area and it was recommended to use other options of sites for rice
cultivation and not in the wetlands.

Finally, the Mkuze floodplain is the largest wetland area in Kwazulu-Natal, South
Africa which has been affected by agriculture and construction of the Pongola dam to
regulate hydrology, consequently varying the thickness and width of peat deposits as well
as sediments along the tributary valley towards Lake Mpanza [38].

Figures 3 and 4, shows eleven (11) incident factors that affect wetlands and the types of
wetlands affected respectively in Africa. The descriptive analysis is premature to infer what
happens continentally, but it is possible to affirm that there is a trend of incident factors of
agricultural activities in the first place, such as farming, fishing, livestock (40%), urbaniza-
tion, and industry. The latter being directly correlated with each other. Nevertheless, they
represent 20% of the analyzed sample.

On the other hand, direct anthropogenic factors alternate; understood as those where
pressure is exerted by man on ecosystems first-hand, with indirect factors, negative exter-
nalities, consequences, or collateral damage that were classified as coastal erosion, salinity,
and flood.

The effects in Africa are mainly due to agricultural activities since this continent is
the second most populated but at the same time the poorest on the planet, being rich in
natural minerals such as platinum, diamonds, chromium, and so on. It also has a high
number of countries without access to the sea and cities with high population density. Its
development has been slowed down in terms of continental trade, due to its large desert
and jungle area that prevent people from transit [39].

The interpretation given to the previous results can be focused on two aspects: In the
first instance, the two figures show a trend in data behavior in Africa, because, with only
ten investigations, they represent 7.46% of the total research. However, in the second one,
this information indicates a consistent trend of what is happening with wetlands due to the
lack of an appropriate conservation policy and extreme poverty. Therefore, farmers do not
consider the effects on wetlands from their productive activities.
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1 
 

Figure 3. Frequency distribution of incident factors of wetland loss in Africa.

1 
 

Figure 4. Frequency distribution by type of affected wetland in Africa.

3.2. Research in the American Continent

In Table 2, fifty-five (55) studies found in the American continent are described,
occupying the first place among all the continents with 41.04% of the total sample, making
it an important number, covering research from the United States to Argentina.
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Table 2. Data from the American continent on wetlands in coastal, marine, and continental zones
(n = 55).

Country
Site and Type of

Wetland or
Flooded Area

Affectation
Time (Years)

Incident Factor in
Loss of Vegetation
and Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

USA
Wetlands of

Albermarle Strait,
North Carolina

N.A. Agriculture Drainage N.A. [40]

USA
Estuaries from

Delaware Bay and the
Indian River Florida

1970– Rising Sea Levels Vegetation Loss N.A. [41]

USA

Tidal Marshes
Estuaries-

National Research
Reserve, Delaware

1780– Agriculture and
Urbanization Vegetation Loss 54 [42]

USA
Seagrasses from

the Virginia
Coastal Reserve

N.A. Mud Mold and
a Hurricane. Vegetation Loss N.A. [43]

USA
Timberlake,

Albemarle Peninsula,
North Carolina

1900–1980 Deforestation
Agriculture Vegetation Loss N.A. [44]

USA Salt Marsh in Rowley
Massachusetts N.A. Waste Water Eutrophication N.A. [45]

USA San Francisco Bay 20th century Agriculture and
Urbanization Vegetation Loss 90 [46]

USA New England Coast Last 30 years Overgrazing Vegetation Loss N.A. [47]

USA Georgia Coast –2100 Rising Sea Levels Vegetation Loss 20 [48]

USA

Elkhorn Slough
Wetland Last century Agriculture Eutrophication N.A. [49]

California

USA Coasts 1960–1970 Oil Spill Pollution N.A. [50]

USA New York N.A. Agriculture
Respiration and

Nitrogen
Mineralization

N.A. [51]

USA Indiana and Illinois 150–200 Agriculture Drainage 90 [52]

USA Coastal Wetlands
of Louisiana

Last two
centuries Flood Control Levees Degradation N.A. [53]

USA Continental
Wetlands Louisiana 200 Agriculture Drainage 80 [54]

USA Barataria Bay, Lousiana Coastal Sinking Rising Sea
Levels, Erosion [55]

USA Ohio Freshwater
Wetlands Agriculture Erosion N.A. [56]

USA Marshes, California 100 Agriculture, Livestock Drainage N.A. [57]

USA Everglades Boglands 19th Century Waste water Eutrophication N.A. [58]

USA Everglades Wetlands,
Great Dismal Swamp 200 Agriculture,

Urbanization and Fire Vegetation Loss N.A. [59]

USA
Indian River Lagoon At the end of

the 20th
Century

Reservoir Construction Drainage variables [60]Vero Beach and Fort
Pierce Florida
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Table 2. Cont.

Country
Site and Type of

Wetland or
Flooded Area

Affectation
Time (Years)

Incident Factor in
Loss of Vegetation
and Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

USA Mangroves in
Tampa Bay 1950–1990 Urbanization Vegetation Loss 21 [61]

USA Naples Bay
Mangroves, Florida 2005 Urbanization Vegetation Loss 70 [62]

Mexico

Nuxco Sub-basin
Mangroves,

Municipality of Tecpan
de Galeana

1981–2015 Agriculture and
Urbanization Vegetation Loss 50 [63]

Mexico Terminos Lagoon Last Years Waste water
and Garbage Disturbance N.A. [64]

Mexico Alvarado
Lagoon System Colonial Period Agriculture

and Livestock
Change in
vegetation variable [65]

Mexico Sinaloa Marshes Last Three
(3) Decades Aquaculture Vegetation Loss variable [66]

Mexico Marshes and Swamps
State of Veracruz N.A.

Livestock,
Petrochemistry and

Urbanization.
Vegetation Loss N.A. [67]

Mexico Gulf of México
Mangroves 100

Sub-freezing and
Increased level of the

substrate due
to sediments

Vegetation
Loss vegetal variable [68]

Mexico

La Encrucijada
Biosphere Reserve N.A. River dredging

and Fires
Degradation N.A. [69]

Chiapas

Mexico California Gulf
Mangroves N.A. Urbanization Population Growth 50 [70]

Mexico
Biosphere Reserve of

Sian Ka’an
Yucatán Peninsula

N.A. Climate Change Sea Level,
Roads, tourism N.A. [71]

Belize and
Guatemala

Milpa, blue creek and
Zotz. Wetlands. Recent Years Agriculture Carbon Isotope

Variation N.A. [72]

Honduras Fonseca Gulf
Mangroves 1985–2013 Aquaculture Vegetation loss 5800 ha [73]

Costa Rica Estereo Brook Basin Last ten years Urbanization,
Waste water

Vegetation Loss
and Eutrophication N.A. [74]

Costa Rica Palo Verde
Freshwater W 30 Livestock Grazing N.A. [24]

Costa Rica Earth University,
Parismina River Basin N.A. Agriculture Vegetation Loss N.A. [75]

Cuba Caguanes
National Park 19th Century Agriculture

and livestock Deforestation N.A. [76]

Dominican
Republic

Providence of
Montecristi Mangroves 1983–1993 Aquaculture Vegetation loss N.A. [77]

Colombia Magdalena River 2007–2012

Livestock,
Agroindustry, Mining,

Energy and
Urban Expansion

Population Growth 24 [78]
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Table 2. Cont.

Country
Site and Type of

Wetland or
Flooded Area

Affectation
Time (Years)

Incident Factor in
Loss of Vegetation
and Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

Colombia Uraba Gulf Mangroves Two (2) decades
Deforestation,

Agrícultural soils and
Urban areas.

Population Growth 29.8 [79]

Colombia Orinoco River Basin
and the Caribbean

Last four
(4) years Agriculture Change in

Land Use variable [80]

Colombia Malaga Bay Mangroves
and Buenaventura Bay N.A.

Deforestation,
Urbanization,

Expansion of ports
and docks.

Vegetation Loss N.A. [81]

Colombia El Tunjo
Freshwater Wetland 1940–2016 Urbanization Fragmentation 90 [82]

Ecuador
El Pantanal Wetland,
Technical University

of Machala
2007–2016 Solid waste

and Enclosure Vegetation Loss 40 [83]

Peru Santa Rosa
Wetland, Lima N.A.

Agriculture,
Porciculture, Livestock

and Waste water

Invasive Plants,
Eutrophication N.A. [84]

Trinidad
and

Tobago
Coasts of the Islands N.A.

Port Industry,
Agriculture and

Urbanization

Ecological Stress
and Loss of Cover N.A. [85]

Brazil O Pantanal N.A. Natural and
Arson Fires Biomass Burning N.A. [86]

Brazil Cananeia-Iguape
Lagoon 165 River Diversion

Intrusion of
Macrophyte

Species
N.A. [87]

Brazil Whale Coast in Bahía Last 34 years
Eucalyptus Forestry,

Agriculture,
Urbanization

Vegetation Loss N.A. [88]

Brazil Varzea Clear Water
Alluvial Plain Currently Livestock Soil Compaction N.A. [89]

Brazil Atibaia River Basin
and Jaguari River N.A. Agriculture and

Urbanization
Eutrophication and

Vegetation Loss 72.4 [90]

Brazil Jaguaribe River N.A. Wastewater and
Aquaculture

Eutrophication
Vegetation Loss N.A. [91]

Brazil
Sepetiba Bay

N.A. Metallurgical industry
and Urbanization

Heavy Metals N.A. [92]
Rio de Janeiro

Argentina Parana River Delta 19 Livestock Vegetation Loss 58.3 [93]

N.A.: Not Available.

It is important to highlight that from the total investigations in this continent (n = 55),
41.82% were developed in the United States and the rest in Latin America (Mexico, Brazil,
and Colombia). Results show that agriculture, urbanization, and ranching occupy the first
places with a frequency of double digits in the entire continent. Wetlands in the United
States have had more impact.

In contrast, regarding agriculture and urbanization in Latin America: Although Quim-
bayo Ruiz [40] stated that Latin America and the Caribbean are the most urbanized regions
in the world, in this region, the territory has been developed by socio-political appropri-
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ations of space degrading ecological issues, so it could be assumed that it is not due to
socio-economic activities.

From the ecosystem point of view, it is evident that coastal wetlands (mangroves,
lagoons, and marshes) are more affected than continental ones. It is important to highlight
that they correspond to the spatial location of the most important and populated cities of
the continent. On another level, global efforts have been made to tackle climate change by
trying to reduce net carbon emissions, but they have not been enough. Only two countries
in Latin America and the Caribbean have mitigation plans [41]. Consequently, conservation
and preservation of these ecosystems should be on the political agenda of current leaders,
for the planet’s sustainability due to its great capacity to sequester carbon and counteract
the effects of global warming.

A first aspect to analyze is the repeated entry of saltwater during drought times that
abruptly decreases concentrations of dissolved organic carbon in the freshwater coastal
wetlands of the Albermarle Strait, reaching a salinity of 12 ppt in the dry season. These
conditions are given by agricultural development that has connected the area with drainage
channels [42].

It was also found that a SLAMM/HEA model or approach was developed to predict
effects and economic costs caused by sea-level rise in the Delaware Bay and Indian River
Florida Estuaries, USA since 1970. Finally, it was shown that it can be achieved with
a resolution of 10 MT, a large-scale analysis, useful for ecosystem managers [43]. According
to St. Laurent et al. [44], organic matter and carbon variability in sediments from two
marshes in Delaware were studied. Results showed significant differences in sequestration
and even in vegetation. Stream basins that supply wetlands are affected by agriculture
and urbanization.

On the other hand, a disease such as mud mold and a hurricane in 1933 extinguished
seagrasses in the Virginia-USA Coastal Reserve, causing the closure of the fishing industry.
Starting in 2001, new grasslands were planted and were subject to study to determine
carbon sequestration at different ages of pastures, resulting in higher values in pastures
of 10 years [45]. The restoration of wetlands has been carried out since 2004 subject to
deforestation and agriculture in the 20th century. Then, through monitoring with Lidar
sensors, biomass in this young vegetation was estimated with limited results, and the use
of optical sensors and high spatial resolution was recommended [46].

Furthermore, Moseman-Valtierra et al. [47], consider that some anthropogenic activi-
ties deposit low nitrogen concentrations in the saltwater marshes in Rowley, Massachusetts.
For this reason, the effects of nitrate in gas production were studied during a time through
parcels. It was concluded that anthropogenic additions alter emissions substantially.

According to the point of view of Stralberg et al. [48], the San Francisco Bay in the
USA contains marshes that will be threatened by the rise in sea level and supply of
sediments limited by works upstream with a possible vegetation loss. However, it was
evident that since European colonization, about 90% of marshes were lost to agriculture
and urbanization.

Regarding the wetland degradation process, it was determined that on the coasts of
New England, not only has overgrazing determined vegetation loss due to population
growth, but also burrows of crabs because they weaken the peat and cause erosion with
tides [49].

On the Georgia coasts, properties of soil, carbon sequestration, and accretion in
freshwater forests from three rivers affected by increases in sea level were studied. It was
concluded that the accelerated level will decrease the forests and expand saline marshes,
and the conversion into marshes will improve carbon sequestration [50].

Now, Siciliano et al. [51], used three approaches to determine changes in nutrient en-
richment in the Elkhorn Slough wetland, California. This served to measure how an estuary
is affected by agricultural activities where amounts of nutrients are discharged to its waters
causing eutrophication. He also used hyperspectral images to detect the spatial changes
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that vegetation underwent when using two spectral indices. They found a relationship
between reflectance, chlorophyll, and nutrients.

Similarly, researchers analyzed the impacts that coastal ecosystems can suffer in
their flora and fauna due to the spills of different types of oil, either due to transport or
production in the high seas, especially the one caused in 2010 off the coast of the Gulf
of Mexico. The spilled oil reached the coasts by high tides or winds, stagnated in the
vegetation and soil, and caused damage to fish and wildlife due to its chemical toxicity [52].

In contrast, the agricultural activity in the Marlens Tract wetland, located in the
Montezuma Wild Management Area in New York State, has partly affected its 99 ha area,
reducing its spatial heterogeneity in soil and microbial properties [53].

In the Corn Belt located in the USA Midwest (Indiana, Illinois), Craft et al. [54] argued
that almost 90% of wetlands have been drained in 150 to 200 years, for agricultural activities
that require large amounts of soil nutrients.

On the other hand, Lane et al. [55] reported that the construction of dams to control
floods has been affecting the forested coastal wetlands of Louisiana, USA, largely due
to scarcity of sediments and the contribution of fresh water. Failing that, these receive
effluents have been treated by wastewater treatment plants. The potential of these wetlands
as carbon pools was researched. Louisiana has 40% of the wetlands in the USA and they
accumulate 42% of the world’s carbon reserve. Furthermore, 80% of losses from the 19th to
the 20th century in Louisiana were due to drainage to convert wetlands into agricultural
land, which accelerated organic matter loss, carbon oxidation, and its release into the
atmosphere as CO2 [56]. In the same state in Barataria Bay, the coastal subsidence of 5 to
16 mm/year and the increase in sea level of 3.4 mm/year has given rise to the loss of
25.9 km2 per year of wetlands due to erosion, causing soil carbon to be dissolved and
degraded until it is released into the atmosphere [57].

Fennessy et al. [58], studied the variation of carbon sequestration depending on the
ecological condition and by eco-region in the USA. Nine (9) freshwater wetlands were taken
in the Erie Drift Plain region (Ohio) and 10 in Ridge and Valley (Pennsylvania). Results
showed that in the Ohio region soil accretion rates were higher because agriculture domi-
nates there and there was greater sediment carry-over, while in Pennsylvania the region is
made up of mountains and wooded areas that limit erosion and sediment transport.

In the Sacramento-San Joaquin Delta located in the central valley of northern California,
Hemes et al. [59] studied the carbon that accumulated organic matter in freshwater marshes
for more than 7000 years, generating a peat layer with more than 15 m deep rich in carbon,
but a large part of it was eliminated in just 100 years due to dams’ construction, drains for
agriculture and livestock, generating a high emission of greenhouse gases. Therefore, their
restoration was proposed.

The nutrient load that the peatlands from the Everglades in the USA receive has
allowed phosphorus to be the main cause of changes in the ecosystem, especially in
vegetation structure. This element has been deposited with the construction of drainage
channels [60]. The Everglades in Florida have historically been subject to agricultural
exploitation on the north and urbanization on the east, thus becoming the subject of
restoration. In addition, the Great Dismal Swamp is a swamp affected by fire, drainage,
and deforestation in the last 200 years [61].

Verhoeven et al. [62] stated that insects are being controlled globally through the Rota-
tional Impoundment management (RIM) approach, which consists of creating reservoirs
and pumping water from wetlands, then returning it through sewers, which has caused
changes in vegetation due to the nitrogen cycle. It was implemented in Florida until 1985
causing the vegetation cover to decrease from 75% to 30%.

In another research, Dontis et al. [63] deduced that in Tampa Bay, Florida, mangroves
have been displacing marshes to a great extent due to climate change. However, wetlands
lost an average of 2000 ha between 1950 and 1990 to urban development. In Naples
Bay, approximately 70% of mangroves have been lost due to urbanization. Where soil
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samples were taken, carbon was estimated, and sequestration data were lower than world
averages [64].

In Mexico, more than 50% of mangroves in the coastal area of the Nuxco sub-basin
from Guerrero State have been lost in 34 years. Geographic information systems were used
to prepare thematic maps that identified agriculture, livestock activities, and developers as
the main causes of vegetation losses [65].

Furthermore, as highlighted by Cerón et al. [66], the Laguna de Terminos in the Yucatan
Peninsula, has been considered a Ramsar site since 2004. Two research sites Esterero-Pargo
and Bahamitas were chosen, both sites affected by human pollution, especially wastewater.
Carbon content was determined at different seasonal times and in relation to depth.

In addition, Vázquez-González et al. [67] in relation to current vulnerability and,
current and strategic trend, using a scale index for coastal wetlands, found in the lagoon
system of Alvarado, Mexico, that the main anthropogenic factors that have affected them
have been livestock since the arrival of conquerors and sugar cane agriculture. As a result,
they found that vulnerability in the current scenario and current trend increases in all
municipalities of the State of Veracruz.

In Mexico, the area with the highest aquaculture shrimp production is the Sinaloa
state. Berlanga-Robles et al. [68] found with satellite images that 75% of shrimp farming
occurred in marshes and 1% on mangroves, modifying the spatial vegetation pattern in
coastal wetlands.

Now, due to livestock, petrochemical, and urbanization activities, coastal wetlands
in the State of Veracruz have been transformed, and their capacity to retain water and
sequester carbon has decreased. It was determined that marshes and swamps are important
for these two functions [69].

The Gulf of Mexico was subject to a historical reconstruction of mangroves in its
area, given its significance on carbon sequestration and the effects of climate change it has
suffered. It was concluded that in 1983 the sub-freezing in Texas affected approximately
80% of mangroves. On the other hand, those without vegetation (open water), decreased
from 1951 to 1967 because the substrate increased due to sediments driven by Hurricane
Carla in 1961 [70].

Additionally, Adame et al. [71], in research developed on the Pacific coast of southern
Mexico, in Chiapas to be exact, located La Encrucijada Biosphere Reserve (LEBR) with
an area of 144,868 ha and different types of wetlands. There, the carbon pool, as well
as sequestration rates, were determined by comparing stocks in trees, fallen wood, and
soil. The degradation of wetlands was evidenced thanks to a load of sediments resulting
from the dredging of the river upstream and fires threatening the potential sequestration
estimated at 38 tons of carbon.

Furthermore, in Mexico, Ochoa-Gómez et al. [72] studied in the region of the Gulf
of California, the coastal zone including Bahía de la Paz that covers an extensive area of
14 mangrove patches with a total area of 270 ha, affected by the expansion of the urban
center of La Paz adjacent to the mangroves. This region has the second-highest rate in
Mexico in terms of population growth and urban development, reducing the mangrove
area in some cases up to 50%.

In the Ramsar site of Sian Ka’an Biosphere Reserve (SKBR), in the Yucatan peninsula,
carbon reserve in its wetlands was quantified with three vegetation types, finding that
tall mangroves had the largest reserves. It was also concluded that climate change has
affected mangroves with the rise of sea levels, road construction, and water pollution due
to tourism [19].

On the other hand, in Belize and Guatemala, carbon isotope relationships were ana-
lyzed over time since the lowland wetlands have been cultivated by Mayan indigenous
people, finding variations in the different soil layers in the Milpa wetlands [73].

Interestingly, in order to increase carbon data in wetlands, a study was carried out
in three areas of Honduras: Laguna de los Micos, Roatan islands (Guanaja, Utila), and Gulf
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of Fonseca. The latter affected by aquaculture since 1985, aimed to transform 5800 ha of
mangroves. The results did not show significant differences among the three sites [74].

Now, according to Rodríguez-Arias and Silva Benavides [75], the wetlands of the
Estereo brook, located in San Ramon, Costa Rica, are being prioritized due to degradation
suffered from urban expansion and wastewater generated by the population, largely losing
the functions of its ecosystem services in the last 10 years.

Ref. [25] studied 12 wetland communities on two continents with different character-
istics to compare carbon sequestration: two freshwater wetlands in the humid tropics in
Costa Rica and two wetlands in the dry tropics, one in the Okavango north of Botswana
and the other one in Costa Rica. Authors stated for the latter, that in the previous three
decades it has been the object of cattle grazing. It was found that humid tropical wetlands
had higher carbon content than dry ones and also, the dry ones had similar data, but the
humid ones differed significantly. This research was developed at the Earth University, it
has an approximate area of 3300 ha and is located in the Parismina river basin. The study
described how wetlands are being used internally within the campus, finding that farming
activities with plantations of bananas and pineapples have been affecting the basin [76].

In Cuba, since the middle of the 19th century, the cultivation of sugar cane increased,
deforesting and draining hectares of forests and swamps. Then, when the Soviet Union
ended, these areas were switched to large-scale livestock activity. Through an agreement
between American universities, the environmental threats that affect these ecosystems in
the Caguanes National Park were determined. The complexity of the research relationships
was evident due to political causes, and it was considered that the community should be
involved in the wetland’s conservation [77].

Kauffman et al. [78], quantified carbon reserves in wetlands in the province of Monte-
cristi, Dominican Republic, including abandoned shrimp ponds since 1993. Results showed
that they represented only 11% of the mangroves in their reserve and that they also emitted
more CO2 gases. The construction of dikes for aquaculture blocked the flow of fresh water
and tides.

Now, in Colombia, in the Magdalena River basin, two types of wetlands, one fluvial
and the other one isolated, were compared in relation to carbon sequestration. The result
was higher in the isolated one. On the other hand, in the same research, Pérez-Rojas
et al. [79], stated in the discussion, that this basin has been too deteriorated due to having the
main river artery of the country and a high settlement of the population in its surroundings.
In general, from 2007 to 2012, the area of wetlands decreased by 24% in Colombia, due to
livestock, agroindustry, mining, energy activities, and urban expansion.

The Gulf of Uraba region, also in Colombia, is suffering from the excessive deforesta-
tion of mangroves attributed to agricultural and urban activities among others, greatly
affecting mangrove structure. In terms of biomass, diameter varied; in terms of species,
there was a reduction of some and proliferation of others [80].

Furthermore, Ricaurte et al. [81], analyzed the loss of wetlands with remote sensor
images. Results highlight that, in the Orinoco and Caribbean regions, the most incidents of
anthropogenic activities are oil palm cultivation.

According to Palacios Peñaranda et al. [82], mangroves of the Colombian Pacific, and
especially the bay of Malaga and Buenaventura, served as scenarios to quantify carbon
reserves, finding that they were similar to other tropical mangroves. They determined that
these mangroves are being degraded by deforestation, urbanization, expansion of docks,
and ports.

In addition, in El Tunjo wetland located in the Colombian capital of Bogota, Mateus
and Caicedo [83] confirmed that it underwent a transformation process from 1940 to 2014,
determined through satellite images, where it was evidenced that urban processes affected
up to 90% of the area, causing fragmentation.

The study area located at the Technical University of Machala, Ecuador, is a wetland
with approximately 12,500 m2. This has been affected not only by the enclosure of the
university campus, but also by the deposit of solid waste, especially construction debris [84].
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The Santa Rosa wetland, located on the north coast of Lima, is an environmental
lung filtering air and water due to its great biodiversity. It has been affected by activities
such as agriculture, pig farming, livestock, and wastewater, developing in it, a large
number of invasive species such as Pistia stratiotes, which is a floating plant that causes
eutrophication [85].

Regarding the Caribbean islands, Trinidad and Tobago has approximately 362 km of
coasts. It is considered as the country in the Caribbean with the industry most heavily de-
pendent on oil and natural gas. On its coasts, port industries, agriculture, and urbanization
have been developed affecting the ecosystem value of its wetlands, especially the economic
valuation of carbon sequestration [86].

In 2014 and over 2 years, Ding et al. [87] sampled three wetlands in different continents,
Everglades, Pantanal, and Okavango, in order to determine the effects of natural and
provoked fires that burn aerial biomass and its final deposit as black carbon dissolved
not only in the soil but also in the atmosphere, water, and sediments; representing large
significant amounts.

Similarly, in Brazil, Rovai et al. [88] determined that the hydrological alterations made
by man 165 years ago in the Valo Grande canal river modified the deposit patterns and
biogeochemistry of the water by diverting the river. Similarly, the mangrove area was
reduced due to the intrusion of freshwater macrophyte species in the estuarine system of
the Cananeia-Iguape lagoon. With this county being the second largest mangrove area in
the world.

Furthermore, the disorderly growth of eucalyptus forestry, agriculture, and urban-
ization have been occupying the coastal wetlands of Costa das Baleias, Brazil for the last
34 years. Therefore, it is urgent to research this area to value and preserve this natural
environment to counteract human actions [89]. In the Varzea alluvial plain in the Amazon
River, cultivation of cocoa, jute, and rubber occurred between 1940 and 1990. Currently,
they are secondary forests that keep livestock among their trees causing soil compaction.
Remote sensors were used to understand how the stored carbon suffered variability over
time as a consequence of livestock, floods, and forest age [90].

The basin areas of the Atibaia and Jaguari rivers in Brazil have been affected by the eu-
trophication of agricultural lands, mainly by the cultivation of sugar cane and urbanization,
respectively, affecting the physical characteristics of the streams and fish community [91].
Now, in the Jaguaribe River, there is a mangrove area where Ferreira et al. [92], studied
the effects on vegetation and soil by herbivorous crabs and also, biomass restoration as
a result of deforestation. The main factors that affected the area are wastewater and aqua-
culture. After 10 years it was found that the restored area sequestered more carbon than
the self-recovered one.

Regarding pollutants, there are metallurgical companies that produce Zn that con-
taminate the Sepetiba Bay with toxic metals generated when processing minerals such as
bauxite. Concentrations of these metals affect the population when consuming diets based
on shellfish from the bay [93].

Finally, in Argentina in the Paraná River delta, studies were conducted using remote
sensors to identify anthropogenic activities that cause area losses. It was concluded that
from 1994 to 2013, the main cause was the change of use of the soil for cattle production [5].

Figure 5 shows the 14 incident factors that affect wetlands in the American continent,
highlighting agriculture, urbanization, livestock, and wastewater, among others.

On the other hand, and according to the bibliography consulted, it is observed in
Figure 6 that the most affected types of wetlands are mangroves, lagoons, and swamps,
followed by various types of wetlands and rivers. In America, it is where the greatest
evidence of work related to the effects was found, which may indicate the interest in their
study, restoration, and of course the economic capacity to finance this type of project,
especially in the United States of America, which represented more than 50% of the studies
in that continent.
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3.3. Research in the Asian Continent

Table 3 shows studies found in Asia, with a total of 46 investigations, highlighting
China, India and Malaysia, with a highly significant presence of wetlands, where affecta-
tions were also reported.

China is the country with the largest area in the Asian continent and the longest length
of its coasts, hence the greatest number of research studies (n = 23). It is considered the
second most important economy in the world and results from Table 3, and Figures 6 and 7
indicate this. Factors such as aquaculture (the largest producer in the world), agriculture,
urbanization, industry, coastal erosion, wastewater, and population growth, and the af-
fected wetlands such as: bays, mangroves, lagoons, estuaries, and river deltas are related



Land 2022, 11, 434 18 of 43

to each other in a cause–consequence relationship [94], where population and urbanization
have affected its coastal wetlands such as bays and estuaries because three large groups of
industrial cities settled in the bays of the most important rivers in the country.

Land 2022, 11, x FOR PEER REVIEW 25 of 45 
 

 
Figure 7. Frequency distribution of incident factors that affect wetlands in Asia. 

On the other hand, the fourteen types of wetlands most affected by these activities 
are observed in Figure 8, where marine waters and mangroves are those that have the 
greatest effects. This is mainly due to the lack of wastewater treatment from the activities 
described in Figure 6. 

 
Figure 8. Frequency distribution of the types of wetlands affected in Asia. 

Figure 7. Frequency distribution of incident factors that affect wetlands in Asia.

Exports from Japan, Taiwan, South Korea, and Hong Kong together represent much
more than twice those of the third world. Similarly, their growth rate is higher than other
countries. Their Gross National Product is comparable to that of the United States of
America [95].

Table 3. Data from the Asian continent on wetlands in coastal, marine, and continental zones (n = 46).

Country
Site and Type of

Wetland or
Flooded Area

Affectation
Time (Years)

Incident Factor in
Vegetation Loss and

Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

China Yellow River 1990–2015 Urbanization Land Use Cover
Change LUCC 15 [17]

China Xiamen Coast
Wetlands N.A. Urbanization,

Population Growth Vegetation Loss N.A. [96]

China Mangroves Northeast
Coast Hainan Island 1960– Aquaculture Vegetation Loss 73 [97]

China Xincun Bay,
Hainan Island N.A. Aquaculture Eutrophication N.A. [98]

China
Shanyutan

Swamp, Minjiang
River Estuary

19th Century
Aquaculture,

Agriculture and
Wastewater

Carbon
Mineralization N.A. [99]

China Sanjiang Plain Last 50 years Agriculture Vegetation Loss N.A. [100]

China Liaoche Rivel Delta N.A.

Agriculture,
Aquaculture, Oil

Exploitation, Forestry,
Industrial Construction

Vegetation Loss N.A. [101]
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Table 3. Cont.

Country
Site and Type of

Wetland or
Flooded Area

Affectation
Time (Years)

Incident Factor in
Vegetation Loss and

Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

China Daya Bay Last Decades.

Domestic, Industrial,
Agricultural and

Aquacultural
Waste Water.

Eutrophication N.A. [102]

China North Hangzhou Bay Last Years Urbanization,
Agriculture and Roads Vegetation Loss. N.A. [103]

China Shenzhen Bay N.A. Microplastics
Heavy and

Organic Metal
Pollution

N.A. [104]

China Yellow River Delta,
Shandong Province Last Century

Agricultural
Fertilization and Fossil

Fuel Combustion
Plant Growing. [105]

China Chongming Island,
Yangtze Estuary Two Decades

Breakwater
Construction

Agricultural Use

Puddling below
Ground Level

(30 cm)
N.A. [106]

China Zhangjiang Estuary N.A. Shrimp Aquaculture
Variation of

Mangrove Height
by Nutrients

N.A. [107]

China Poyang Lake,
Yangtze River Last Decades

Climate change
and intensive

human activities

Loss of Water
Level, Change
in Vegetation

N.A. [108]

China Northeast Last Centuries Agriculture Vegetation Loss N.A. [109]

China Hangzhou Bay 2000, 2010 Industry and
urbanization

Economic
Development 35.81, 15.19 [110]

China Jiaozhou Bay N.A. Aquaculture High Alkalinity
and Salinity N.A. [111]

China Bohai Bay 1979–2014 Urbanization and
agriculture

Economic
Development N.A. [112]

China Heilongjiang, Jilin and
Liaoning Provinces 50 Climate Change Desiccation N.A. [113]

China Yangtze River N.A. Waste water Decreasing
Biomass N.A. [114]

China Sanjiang Plain 50 Agriculture Drainage N.A. [115]

China Yancheng Natural
National Reserve 1988–2006

Agriculture,
aquaculture
urbanization

Landscape
Fragmentation N.A. [116]

China Baiyangdian
Freshwater Wetland 1970– Reservoir Construction Wetland Drying N.A. [117]

Thailand Phang-nga Bay
Phuket Province Variable

Mining, Agriculture,
Aquaculture and

Urbanization
Change in Use N.A. [118]

Saudi
Arabia Pérsian Gulf Last Century

Oil Industry,
Urbanization,

Population Growth
Vegetation Loss 90 [119]

Korea Marshes Mud Flat 1987– Industry Pressure due to
Development 22 [120]
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Table 3. Cont.

Country
Site and Type of

Wetland or
Flooded Area

Affectation
Time (Years)

Incident Factor in
Vegetation Loss and

Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

Korea Seagrasses Korea
Peninsula

Last two or
three decades

Construction of Levees,
Urbanization and
Industrialization

Vegetation Loss N.A. [121]

India Coastal zone Cambay
Gulf, Gujarat N.A.

Industry, Aquaculture,
Urbanization and
Coastal Erosion

Vegetation Loss N.A. [122]

India
Lake wetlands

University of Kalyani
West Bengal.

N.A. Industrial Waste Water Eutrophication N.A. [123]

India Kerala State
Coastal Mangroves Last 50 years Aquaculture and

Coastal Erosion Vegetation Loss N.A. [124]

India Chilika brackish
water lagoon N.A. Nitrogen Fertilizers Eutrophication N.A. [125]

India Kannur, Kerala, and
kunhimangalam Currently

Agriculture,
Aquaculture,

Urbanization, Roads
Vegetation Loss. N.A. [126]

India
Kodungallur-

Azhikode
Estuary

N.A. Aquaculture y
Agriculture

Organic and
Inorganic Waste. N.A. [127]

Malaysia Kalimantan indoor
bog, Borneo Last Decades Fires and Drainage Vegetation Loss N.A. [128]

N.A.: Not Available. LUCC: Land Use Cover Change.

The northeast coast of Hainan Island, in southern China, has lost around 73% of its
mangrove area due to aquaculture activities since 1960, generating high rates of suspended
matter and nutrients such as nitrogen, causing eutrophication of waters, and possibly
causing damage to reefs, seagrasses, and corals [96]. In another area of China Fan et al. [97]
found that the loss of coastal wetlands in Xiamen is due to high urbanization and high
population from recent years, which has caused an expansion of reclamation lands and
a decrease in land for cultivation.

On another level, Jiang et al. [98] stated that contributions of nutrients generated
by shrimp aquaculture in Xincun Bay, Hainan Island, South China Sea, have allowed eu-
trophication to indirectly reduce the seagrass, sequestering organic carbon, and conversely
enhancing labile organic carbon. Carbon mineralization in the Mianjiang River, China has
been affected by anthropogenic activities, mainly aquaculture, agriculture, and pollutant
discharge, inhibiting the sequestration process [99].

Now, the Sanjiang plain is a region with different types of wetlands, bathed by the
Heilong, Wusuli, and Songjhua rivers. Marshes have been converted to farmland for
50 years before this publication, becoming one of the most productive regions in China.
They were converted into Ramsar sites and the rate of carbon accumulation in the short
and long term was estimated [100].

One of the largest coastal wetlands in Asia is the Liaoche River delta, which has
suffered the impact of changes in land use due to different anthropogenic activities, which
led to research on how land reclamation affects the storage of organic carbon and total
nitrogen. It was identified that: oil pollution had a higher concentration of carbon and
nitrogen but does not serve as a fertility test. Sugar cane released both elements quite a lot.
In terms of uses, there were also differences in storage [101].

In another place of high economic importance such as Daya Bay, an industrialized
and highly-populated area, Zhao et al. [102] identified a discharge process of wastewater
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product of different anthropogenic activities, causing the eutrophication phenomenon in its
waters due to nitrogen. That is why the incidence of some environmental attributes within
the denitrification process was researched, studying key enzymes that favorably act to
achieve it. It was concluded that temperature and ammonia are key factors in the removal.
Furthermore, the mangrove has a 48% efficiency in relation to other types of wetlands.

In the Yangtze Delta, North Hangzhou Bay is the largest economic center in China with
a dense population. Demand for land has been such that it has been used for urbanization,
agriculture, and road construction. Huang et al. [103], conducted their analysis, thanks to
the use of remote sensing and geographic information systems, as well as a weighted linear
model used to evaluate the risk of loss and degradation of wetlands.

Moreover, a very serious environmental problem generating pollution is micro-plastics,
not only in the fauna transferred through the food chain causing energy depletion, slowing
growth, and even causing death, but also in the flora because they function as adsorption
vectors and carry heavy metals such as (lead, cadmium, and chromium) and organic
pollutants (polychlorinated, pesticides, biphenyls, and so on) affecting the growth of
microalgae and macrophytes. Depending on the wetland characteristics, whether they
were deposited in it, a study was carried out in Shenzhen Bay, and it was determined that
severe pollution in the mangrove accumulates more in the edge strip than in the inside and
on the floor [104].

The deposition of nitrogen in the soil of wetlands, a product of anthropogenic activities
of fertilization or fossil combustion, affects carbon dynamics and the soil physicochemical
properties, being reflected in the growth of plants and soil microorganisms. The delta
of the yellow river in the Shandong province does not escape this reality, that is why
an experiment was carried out at the mesocosmic level with different amounts of nitrogen.
The effect on plant growth and carbon decomposition was evidenced [105].

Additionally, the effects of climate change at the global level and the constant rise
in temperature, brings with it damaging and catastrophic effects on land ecosystems, es-
pecially in wetlands and in their soil, affecting the microbial activity and the same soil
chemical properties that directly affect the wetland vegetation, for which the possible
changes in the reserves of Carbon, Nitrogen, Phosphorus of the soil and the related micro-
bial activities were examined after 7 years of experimental heating in situ through open
chambers (OTC) in a Phragmites wetland in the Yangtze estuary. The researchers concluded
that global warming in this estuary without tidal impacts could increase C reserves, while
N and P reserves could increase with moderate warming [106].

Floods are equally important since they cause a distribution of the different mangrove
species with their tides. As determined by Zhu et al. [107], many times they are used by
the inhabitants to establish aquaculture activities, especially shrimp farming, resulting in
variability in mangrove growth due to the nutrients in the drainage of the shrimp ponds.
Some species are more sensitive than others.

Researchers Mu et al. [108] showed that Lake Poyang is hydrologically suffering, due
to climate change and anthropogenic activities, affecting its water level, and increasingly
reducing its vegetation cover as well as its distribution in the dry season as a critical period,
thus minimizing its ecological function. Remote sensing images from multiple sources,
using the Random Forest technique, digital elevation models, meteorological data, and so
on, were used to examine long-term vegetation changes during the dry season.

Similarly, a review article was prepared whose main axis was the carbon budget in
Chinese wetlands. The prevailing problem showed uncertainties in the different seques-
tration data in multiple investigations, so all the pertinent information was synthesized.
On another level within the document, it was discussed that a large part of marshes in
northeast China, without specifying location, have been lost due to agricultural activities in
recent centuries [109].

Now, wetlands in Hangzhou Bay China are in a very economically developed coastal
area. Consequently, industrialization and urbanization have had an impact on surrounding
ecosystems in recent decades due to changes in land use, being in descending order among
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the most affected: rice fields, shallow waters, reservoirs and ponds. The total sum of area
among all ecosystems in 1990 was approximately 6000 km2. By 2000 they were reduced by
35.81% and by 2010 by 15.19% [110].

Likewise, Jiaozhou Bay located in the Shandong-China peninsula has an area of
approximately 500 km2, where ponds have been built for aquaculture, becoming the main
use of the land of the Dagu estuary, which has generated high alkalinity and salinity in the
soil, causing a more complex carbon cycle [111].

China suffers rapid urbanization and industrialization, as estimated by Meng et al. [112],
especially Bohai Bay affecting blue carbon ecosystems due to economic development,
affecting wetlands from 1979 to 2014 in 1.11 × 105 km2 of soils for construction and
agricultural activities such as aquaculture, represented by 2/3 of the world total.

Indirectly Zhang et al. [113], state that in northeast China in the provinces of Hei-
longjiang, Jilin, and Liaoning there are different types of wetlands including Ramsar, with
a total area of approximately 753.6 km2. In the last 50 years, these boreal and temperate
ecosystems have undergone transformations as a result of climate change due to varia-
tion in temperature and rainfall, exerting negative effects on carbon sequestration due to
wetland desiccation.

The Jiuduansha Wetland has an area of 423.2 km2 and is located in the estuary of
the Yangtse River. Carbon sequestration and its ecological function, are being affected
by the discharge of wastewater by plants located upstream, causing the eutrophication
phenomenon and also the increase in tides, high soil respiration and decreasing biomass,
thus reducing carbon sequestration [114].

The microbial activity was related to the labile organic carbon of the soil, i.e., dis-
solved, in the Sanjiang plain in northeast China, with a wetland area of approximately
1.04 × 104 km2, specifically, in the Honghe International Nature Reserve wetland, a Ramsar
site since 2001, but despite its category, agriculture around the reserve has affected the
water level in the last 50 years, causing it to drop 4.02 m between 2005 and 2014, affecting
its function as a carbon sink [115].

In the Yellow River Delta in China, an attempt was made to reduce carbon loss by
improving the connections between wetlands fragmented by anthropogenic activities and
land use and cover change (LUCC), moving from crops to urbanization, for which maps
were used to observe the variability over time and proposed to protect the wetlands with
the regulation of sediments and to observe the dynamic changes of landscapes in some
lower reaches and in the delta itself [17].

Bearing in mind Ke et al. [116] who state that the Yancheng National Nature Reserve
in China has received all kinds of considerations because it is a place of protection for en-
dangered birds, and despite its international importance, it does not escape anthropogenic
activities such as agriculture, aquaculture, and urban expansion, which have degraded
and fragmented the landscape due to population growth and economic development. The
damage caused was evidenced by remote sensing techniques.

In the north of China, the Baiyandian wetland is the largest freshwater lake in that
area, Dong et al. [117] studied its storage capacity because it has been affected by the
construction of 150 reservoirs upstream, which has allowed a reduction of its humid area in
drought periods, affecting the Pharagmites australis as the main biomass plant and primary
wetland productivity, reducing its carbon fixation.

On the other hand, in Thailand, the first aspect to highlight is the use of the land
around Phang-nga Bay, province of Phuket, tin mining has been present there since 1600.
Furthermore, other actions such as palm oil, rubber cultivation, and recently, urbanization.
The particulate organic matter in the sediments of the bay was researched, comparing it
with seagrasses and mangroves [118].

Similarly, due to its oil wealth, the Arabian Gulf has undergone transformations in its
wetlands due to industry, population, and urbanization, achieving mass losses of up to 90%
in the last century. Carbon sequestration was found to be higher in mangroves, seagrasses,
and marshes, respectively [119].
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Now, In Korea, Byun et al. [120], studied the Mud Flat 2 tidal plain, finding that it
experiences an anthropogenic impact and pressure for development more than Mud Flat
1, affecting carbon sequestration. Marshes on its shores have been lost by 22% since 1987.
Furthermore in the Korean peninsula, Sondak and Chung [121], pointed out that seagrasses
have been lost in the last two or three decades due to urbanization, dam construction, and
industrialization, reducing the potential for blue carbon sequestration.

In India, in the Gulf of Cambay or Khambhat in the Arabian Sea, there are three
districts with approximately 10 million inhabitants. There is an important industrial center,
deteriorating estuaries such as marshes, mangroves, and cliffs which also suffer coastal
erosion since the last decades. Remote sensing analyses determined that aquaculture and
urbanization affect marshes [122].

In West Bengal-India, five districts were chosen to measure water quality, especially
inorganic carbon content in algae, which depends on the amount of nutrients since some
wetlands receive moderate industrial wastewater. Inorganic carbon and nitrogen may be
important for microalgae in their phytocarbonate content [123].

On the coasts of Kerala, mangroves have lost vegetation in the last 50 years due to
shrimp farming and coastal erosion as expressed by Harishma et al. [124]. Despite this,
results showed that biomass is high and with six varieties of mangroves, highlighting the
Avicenia marina with the highest amount of biomass and Sonneratia alba with the least. It was
concluded that they must be conserved due to the high volume of carbon they sequester.

The Chilika lagoon is the largest in Asia with brackish water. It was declared a Ramsar
site in 1981. It receives a high load of nitrogen fertilizers in agricultural activities by several
freshwater streams. Nutrient concentrations were evaluated showing both spatial and
temporal variations regulating chlorophyll [125].

In Kerala, Kannur, among others, the wetlands belong 50% to the state and 50% to
individuals. In these, cultivation of coconut trees, excessive exploitation of resources,
shrimp farming, urbanization, and roads are developed as the main activities that degrade
mangroves. Researchers monitored with remote sensors and geographic information
systems to make an assessment of carbon stocks in the ecosystem [126].

The Karuvannur and Chalakkudy rivers discharge a large quantity of nutrient-rich
waters to the Kodungallur-Azhikode estuary on the southwest coast of India. The product
is from anthropogenic activities, mainly aquaculture, and agriculture because they release
inorganic and organic waste that causes quality effects of water and therefore, in the fixation
of carbon through phytoplankton [127].

In contrast, an important aspect that Dommain et al. [128] found about carbon seques-
tration in peat from Southeast Asia, in Kalimantan, Borneo to be exact, is that it decreased
with the decrease in sea level. In the Holocene, there was the availability of new lands
allowing the formation of mobs, disturbed by anthropic activities such as fires and drainage
for agriculture; thus, releasing carbon to a depth of 30 cm.

The Berbak National Park according to Miettinen et al. [129] was subject to changes
in its coverage by oil palm plantations despite its state protection. Illegal invasions have
grown by cutting down the forest, increasing its vulnerability.

Something important that Bal and Banerjee [130] highlighted is that little is known
about mangroves in India, especially their biomass and carbon sequestration, so it was
decided to evaluate them in the Bitharkanika Wildlife Sanctuary Wetland and relate them
to physicochemical factors to understand the relationship. Carbon per hectare of biomass
and that of soil was quantified. They showed that the wetland is affected by aquaculture,
agriculture, and urbanization.

In Bangladesh in the Ganges River Delta, agricultural land has progressively changed
from use to wetland aquaculture due to salinization, industrialization, population, and
so on. Shrimp aquaculture has destroyed 45% of mangroves, reducing their ecosystem
services [131].
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Now, on the island of Pulau Indah, Malaysia, a multitemporal analysis was carried
out with remote sensors using Landsat images and it was identified that the main factor of
vegetation loss from the mangroves was the growth of the port infrastructure [132,133].

Due to the very high rates of deforestation in the peatland forests in Borneo, the
importance of knowing the impact and magnitude of the disturbance from the past is
born, so the researchers used the paleoecological technique of fossil pollen and charcoal to
determine the changes, confirming that the last 500 years has been the most critical period
of human disturbance with the oil palm cultivation and the logging industry [134].

There is a special type of activity that has been affecting mangroves of Tanjung Piai
National Park in the south of Johor, Peninsular Malaysia, and it is the river traffic of boats
through the Strait of Malacca towards Singapore, causing waves that generate erosion on
the coasts in addition to road construction [135].

In Indonesia, Tareq et al. [136] found that vegetation underwent changes in the Rawa
Danau wetland in West Java, in the last 7428 years. It was documented based on forest
fires and land uses due to human influences using an elemental analyzer to determine
the content of organic carbon and nitrogen. The results allowed us to conclude that these
effects are not only related to climate change but also to man.

In another Indonesian wetland, Kusumaningtyas et al. [137], identified that the Segara
coastal lagoon is affected by sediment deposition of rivers in the west, achieving reductions
in mangrove vegetation. Furthermore, in the center of the lagoon, there is less vegetation
than in the east of it. In the lagoon, the carbon reserves were measured and compared with
another wetland, Kalimantan, where great variations were evidenced due to the effects
on the ecosystem, especially due to activities such as: sedimentation, aquaculture, and
overexploitation of resources.

Mangroves and coastal wetlands of Mimika district, Papua province, Indonesia, have
undergone modifications due to small indigenous settlements with little impact on them,
unlike the mining industry, and palm plantations as the biggest threats [138].

The PT Setia Alam Jaya logging concession has been cutting down the peat forest in
the upper basin of the Sebangau river, in Indonesia since before 1998. There, the flow of
carbon was studied, especially in the form of greenhouse gases in areas with or without
affected vegetation. Due to the water table, more gases were emitted in the dry season [139].

Now, in Sri Lanka, the tourism industry in recent years has specifically focused on four
natural parks and due to the high influx of visitors it has led to a degradation of attractions
and they should be developed with caution because tourism is already being considered
a source of disturbance. Therefore, other forms of tourism must be diversified. A study
was made through a survey to estimate the perception of tourists, where they showed their
satisfaction with the tour, they evidenced the dirt in the river and other attributes. The
study served as input for the necessary corrections to be taken [140].

Likewise, in Sri Lanka Perera and Amarasinghe [141] studied carbon sequestration in
micro estuaries and tidal lagoons. The general objective was to assess carbon reserves in
the soil in different wetlands. In addition, it was evidenced that the incident factor in the
degradation of these, was the population growth that leads to a depletion of the ecosystem
and its reserves.

Interestingly, research was carried out in four deltas of two continents on carbon in
mangroves, their losses, and gains, in the Asian deltas: Ganges (Bangladesh) and Mekong
(Vietnam). This identified that the incident factors in the vegetation loss were coastal
erosion and deforestation, respectively. Remote sensing techniques were used to determine
the changes in the study [35].

During the Vietnam War between 1964 and 1970, the Can Gio mangrove forest was
sprayed with the orange herbicide causing a 57% loss due to defoliation. Currently, the Kien
Vang mangroves are being affected by aquaculture, deforestation, and coastal erosion [142].

In this way, as seen in Figure 7, there are nineteen incident factors in Asia. The
main factor is aquaculture because the Asian continent is the world’s largest producer
of aquaculture products [143]. It generates economic growth but also many pollution
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problems due to discharges of nutrients from aquaculture production units to wetlands. On
the other hand, despite the fact that China is one of the main economies, agriculture plays
an important role in feeding the most populated continent of the world [144]. Therefore,
the pressure exerted by the land and the negative effect on wetlands.

Urbanization and industry are factors related to economic growth and the phe-
nomenon of modernization of cities and their industry that has led China to sustain
a growth rate of 6.8% GDP even before the pandemic [145].

On the other hand, the fourteen types of wetlands most affected by these activities are
observed in Figure 8, where marine waters and mangroves are those that have the greatest
effects. This is mainly due to the lack of wastewater treatment from the activities described
in Figure 6.
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3.4. Research on the European Continent

In Table 4, a limited information base on the European continent is described with
nine investigations, highlighting Spain with the largest number of researches.

On Schiermonnikoog island in the Netherlands, Elschot et al. [146] analyzed, in
different plots of marshlands, the impact degree on carbon sequestration by cattle grazing,
determining that in young plots sequestration is limited and in older ones, it increases
because the compaction of the cattle trampling decreases oxygen concentration in the soil
and therefore reduces carbon decomposition.

In Spain, the remote sensing technique was used with free software to show changes
made in 11 wetlands, 7 from the coast and 4 continentals. It was determined that urban
development and tourism are the main cause of vegetation loss. This conclusion was
reached through digital Landsat image processing [147].

Wetlands in the Ebro River delta are being affected by the construction of dams and the
adaptation of rice crops, bringing with it an alteration of the accumulation of allochthonous
carbon transported in the sediments. Furthermore, there are alterations in the soil level,
showing that where there is greater connectivity, there will be greater results of organic
carbon accumulation [148].
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Table 4. Data from the European continent on wetlands in coastal, marine, and continental areas
(n = 9).

Country Location and Type
of Humidity

Affectation
Time (Years)

Incident Factor in
Loss of Vegetation
and Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

New Scotland Fundi Bay N.A. Agriculture Change of Use 80 [3]

Spain Lago Fuente de
piedra Last decades Agriculture and

Urbanization Change of Use N.A. [4]

Czech
Republic

Biosphere Reserve
UNESCO

MAB Třeboň
400–600 Aquaculture and

Sowing Pastures Drainage 30 [54]

Holland
Back Barrier

Swamp Island of
Schiermonnikoog

Last 120 Livestock Compaction N.A. [146].

Spain 11 wetlands
in Murcia Last decades

Agriculture,
Urbanization,

tourism
Loss of area N.A. [147]

Spain Ebro River Delta N.A. Dam Construction
and Rice Planting

Reduction of
Sediment Flow and

Organic Matter
99 [148]

Spain
Wetlands adjacent

to the Doñana
National Park

N.A. Aquaculture and
Agriculture Change of Use N.A. [149]

Greece Ten Greek
Ramsar sites 30 Agriculture Change of Use [150]

United
Kingdom

Tadham Moor
Somerset Levels

and Moors
Historically Agriculture and

Livestock Drainage N.A. [151]

N.A.: Not Available.

On the other hand, Sánchez-Espinosa and Schröder [4], affirm that agriculture expan-
sion has led to changes in land use in recent decades within and around the limits of water
resources by modifying water level. The Fuente de Piedra saline lake located in the Malaga
province, with an area of 1400 ha, a Ramsar site since 1983, does not escape this problem of
the effects of olive groves, vineyards, fruit trees, and small urban settlements.

Similarly, Morris et al. [149] assure that the Doñana National Park is the best-protected
wetland in Europe by UNESCO and Ramsar. In this, only activities such as forestry are
allowed. However, on the surrounding wetlands in private properties, aquaculture and
agriculture are the main anthropogenic activities developed. In Doñana, some anthro-
pogenic impacts have reduced the water hydroperiod and when they are extensive, it
favors carbon sequestration.

Now, in the Czech Republic from 400 to 600 years ago, some of the wetlands have
been used for aquaculture (30%) to this day and others drained for sowing pastures [54].

Greece has 10 Ramsar sites. The wetland area including its catchment area covers
1,858,666 ha and, despite enormous conservation efforts, there have been profit and loss
balances as a result of anthropogenic activities from 1986 to 1987 until 2016 to 2017 (30 years).
Among the most relevant is the conversion of forested and natural lands to agriculture
(22,264 ha), in addition to urban expansion with (14,044 ha) [150].

In Nova Scotia Gallant et al. [3] argue that in the Bay of Fundi, a high percentage
of marshes (close to 80%) have been lost due to conversion to agriculture, reducing the
wetland social and environmental benefit in carbon sequestration. The Integrated Dynamic
Climate and Economy Model (DICE) was used for its economic valuation, estimating an
approximate value in the total range from $5105/ha/year to $39,795/ha/year.
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In the United Kingdom, as agricultural and livestock production has been historically
exploited in the Tadham Moor and Somerset Levels, moors and wetlands have been affected
due to their drainage. It became necessary to develop a carbon balance and controls to
design conservation management policies. For this, the Eddy Correlation Technique based
on flows in the ecosystem was used [151].

In Spain, there are two wetlands dependent on groundwater, the Tablas de Daimiel
and the Lagos de Ruidera, some 75 km apart. They have different hydro-geomorphological
conditions, both are Ramsar sites and also nature reserves; the first has a humid area of
250 km2 and only has 20% of its initial area, the Gigüela river provides brackish water
and the Guadiana fresher water apart from other sources that feed it; it is affected by
potentially toxic trace elements (PTEs) dragged by the river and sediments as stated by
Jiménez et al. [152]. In another plane, its water table is 3 m deep because its aquifer has
been affected since 1970 with overexploitation, extracting 20,000 million m3 in the last
40 years, which has caused a drop in the water level of 20 m. Likewise, the second, the
Ruidera Lakes, are a series of wetlands interconnected with each other by different water
sources, which have had drainage problems since the 1980s due to the pumping of wells
for irrigation and have been declared overexploited [153].

Furthermore, in Belgium, the Scheldt estuarine wetland downstream of the city of
Ghent is affected by anthropic activities, such as the case of intertidal marshes with heavy
metals such as Cd, Cu, Pb, and also Zn in their sediments up to a pro- depth of 1 m, with
spatial and temporal variations in its sediments in the short term [154].

In a combined way, Figures 9 and 10 can be explained based on Coles [155], who
states that human alteration on wetlands encompasses a wide history of degradation since
prehistoric settlements. A first aspect to highlight is that they implemented the cultivation
by draining the wetlands, especially when food became scarce in the middle of the 20th
century due to the two world wars. Subsequently, since 1950, the drainage process for
housing construction, industrialization, and of course, agriculture continued. That explains
why agriculture tops the list.
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On the other hand, affected wetlands in Europe are varied as can be seen in Figure 9,
with seven different types of natural wetlands affected by the six incident factors found
in the review. The majority coincide with Asia, with agriculture being the most relevant.
Nonetheless, all have their relative importance. Due to lack of information, it is not possible
to generalize, but the information gives support in trying to understand that several
incident factors are similar in most of the cases analyzed.

3.5. Research in the Oceania/Australia Continent

Oceania and Australia are continents with very important biodiversity for the whole
world, the studies on the effects were 14 as can be seen in Table 5, and the majority are
focused on Australia with 12 investigations.

Overall, 86% of research studies were developed in Australia, so it is relevant to
focus the discussion based on this country. Agriculture as an incident and relevant factor
affecting wetlands, and is attributable to the fact of water regulation for agricultural
purposes, industry, and urbanization. These externalities are expected to influence climate
change to be a preponderant factor in land-use change [156].

In Micronesia, carbon reserves were estimated because they have been little studied
by scientists, being an ecosystem service of high value. Two wetlands were studied on
two different islands. It was found that the mangroves lost vegetation due to climate
change, deriving other effects such as ocean acidification, changes in marine currents,
among others that could decrease their productivity and increase mangrove mortality [157].

On Kosrae Island, there are wooded wetlands that are being replaced with agroforestry
systems, especially by Colocasia esculenta for forestry. Effects of this crop on the carbon cycle
within the forest peat were researched [158].

In Australia, Wong et al. [159] found that estuary drainage in the Richmond and
Clarence River basins, a product of agricultural activities since 1900, has caused the growth
of non-flood-tolerant vegetation in dry or drained areas, and when these occur, organic
matter decomposes causing oxygen consumption by microorganisms and providing anoxic
conditions within the wetland.
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Table 5. Data from the Oceania/Australia continent on wetlands in coastal, marine, and continental
zones (n = 14).

Country Location and Type
of Humidity

Affectation
Time (Years)

Incident Factor in
Loss of Vegetation
and Sequestration

Loss and
Sequestration

Indicator

Affectation
Percentage Author

Micronesia Mangroves Babeldoab
Island and Yap Island N.A. Climate Change Vegetation Loss N.A. [156]

Micronesia Wooded Wetland
Kosrae Island Last 50 years Agroforestry Crops Change of Use N.A. [157]

Australia
Richmond and
Clarence River

Basins Estuaries
1900–1970 Agriculture Drainage N.A. [158]

Australia Queensland wetland N.A. Urbanization
(Waste Water)

Oxygenation,
Water, and

Soil Quality.
N.A. [159]

Australia Herbert River
Queensland 20th Century Agriculture Vegetation Loss variable [160]

Australia
Halifax bay Wetlands,

National Park Insulator
Creek among others

Last Century Deforestation and
Degradation Vegetation Loss 50 [161]

Australia Victoria State 187 Agricultural Frontier Drainage 27 [162]

Australia Fogg Dam Wetland N.A. Floods and, natural
and arson fires Gas emission N.A. [163]

Australia Hunter Estuary 1954–1994 Industry, drainage. Vegetation Loss 30 [164]

Australia Hunter River Estuary N.A. Rising sea level Possible loss of
vegetation 100 [165]

Australia
East Coast Rivers of
New South Wales
and Queensland

1950–1960 Flood control projects Vegetation Loss N.A. [166]

Australia Westernport Bay N.A. Agriculture, industry
and urbanization Vegetation Loss N.A. [167]

Australia

Mangrove forests on
western shores

Moreton
Bay-Queensland

N.A. Waste water Eutrophication N.A. [168]

Australia Duck Creek North
Freshwater Wetland

European
Colonization Dams, roads Change in

hydrology N.A. [169]

N.A.: Not Available.

On the other hand, eutrophication that occurs in the Queensland urbanized wetlands,
due to the load of anthropogenic pressures that add organic matter and nutrients, generated
a water quality loss due to decrease in dissolved oxygen reaching a saturation <5% exposing
the fish to that level daily (Dubuc et al.) [160] which under these conditions are susceptible
to dying due to lack of dissolved oxygen in the water.

Wetland vegetation loss in Queensland, since the last century, can be attributed to
agriculture especially 56% with stagnant pastures, sugar cane cultivation with 8%, and
4% for other uses. These changes of uses have significantly altered the emission process
of greenhouse gases such as CO2, CH4, N2O2 which varied in emission according to land
use [161].

Maleleuca spp. was researched in several wetlands in Australia where there are
large areas of forests because it is considered an invasive species and offers antimicrobial
properties thanks to the oil extracted from its leaves. More than 1 million ha are found



Land 2022, 11, 434 30 of 43

on private land. They suffer high risks of deforestation, preventing their high capacity to
retain sediment during floods and sequester carbon [162].

Based on what was researched by Carnell et al. [163], in the State of Victoria a study
of carbon sequestration and gas emissions was conducted in different types of wetlands.
It was reported that since 1834 (European colonization), 27% of wetlands (147,053 ha)
have been lost out of a total of 530,400 ha, which has generated a gas emission between
22.5 and 74.2 million MgCO2. More than 40% of the carbon reserves of these ecosystems are
a product of the expansion of the agricultural frontier through the drainage of wetlands.

Exchange of greenhouse gases in the Fogg dam wetland and control exerted by
climatological and environmental conditions over these exchanges. It was identified that
an influencing factor is floods and also natural fires caused in 1 to 4 years on average,
burning extensive areas of alluvial plains. These changes in land use have altered the
fragile balance between gas emission and net absorption [164].

Carbon sequestration and area were studied in some undisturbed and disturbed
wetlands, mostly by industry development activities coupled with drainage works on
Kooragang Island, Australia. It was concluded that rehabilitation has positive benefits and
depending on how these wetlands adapt to disturbances, so will their capacity to sequester
carbon [165].

Rogers et al. [166], report that the Hunter Natural Park Wetland will possibly lose
100% with a large rise in sea level. Otherwise, if the levels were kept low, it could expand
by 35%. This theory resulted from modeling of the management of gates given that this
area, despite being a Ramsar site, which with the opening and closing of these, would
increase or decrease carbon sequestration, respectively.

In the 1950s and 1960s in Queensland and New South Wales, some hydraulic works
were built that affected their rivers, causing losses in wetlands. In another hand, around
4200 structures were also identified preventing the tidal flow towards them [167].

Agriculture, industry and urbanization have degraded melaleuca forests in the West-
ernport Bay, a site chosen to assess greenhouse gas emissions in sediments, mangrove soils,
and marshes. Results showed less carbon content than more tropical wetlands [168].

Assessing the incidence of nutrients in mangroves is important, so in the Moreton Bay-
Queensland forests, nutrient-rich pollutants from agricultural runoff caused eutrophication.
It was determined that aerial biomass increased more than soil seedlings [169].

Construction of dikes and roads since the European colonization made changes in the
hydrology of the Duck Creek North freshwater wetland, because normal flow of water
was modified, causing periods of drought and floods that in turn oxygenate or not the soil,
varying microbial activity, altering the carbon cycle and emitting greenhouse gases [170].

In the same case as Asia and Europe, agriculture is the incident factor with the highest
proportion of the ten identified in this continent. This revelation allows us to clearly
observe that the need to produce food is affecting wetlands in these continents, despite the
unfavorable climatic conditions in Australia, the Oceania region where the largest number
of investigations were found as can be seen in Figures 11 and 12.

Regarding wetland type, seven were identified, being mangroves the most affected,
followed by rivers and lagoons. It is very important to notice that agricultural activity in
Australia such as the cultivation of Saccharum officinarum and Colocasia esculenta are highly
demanding of water and fertilization, and all nutrient discharges affect wetlands.

In addition, Australia produces wheat, grains (barley, oats, millet, corn, and triticale),
rice, oilseeds (rapeseed, sunflower, soybeans, and peanuts), legumes (lupins and chickpeas),
cotton, fruits, grapes, tobacco, and vegetables. The main livestock consists of sheep (lamb
and wool), beef, pork, poultry, and dairy products. More than 90% of wool and cotton
are exported, almost 80% of wheat, more than 50% of barley and rice, more than 40%
of meat and grain legumes, more than 30% of dairy products, and almost 20% of fruit
production [144].
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3.6. Incident Factors and Effective Losses Globally

Urban and agricultural development of some continents such as Europe, North
America, Asia, have deteriorated many wetlands, unlike South America, where popu-
lations are widely separated from continental wetlands; but failing that, they deteriorate
the coastal areas by urban settlements [171].

On the other hand, in terms of carbon capture, it is diminished every time wetland
vegetation is lost, or wastewater is added, causing eutrophication. Consequently, the
carbon cycle is broken. First, more greenhouse gases are emitted due to vegetation loss
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when the soil is exposed, and second, vegetation is affected due to changes in nutrients,
especially nitrogen.

Characteristic aspects in all continents are in the loss and sequestering indicators:

• Vegetation loss;
• Eutrophication by wastewater.

Differing aspects are in some incident factors:

• Oil spills;
• Salinity;
• Fires;
• Sea level.

Sixteen factors identified in the different regions are observed in Figure 13, being
agriculture farming the most important, followed by urbanization and aquaculture. Two as-
pects have to do with food and one with industrial development.
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Furthermore, fourteen different types of wetlands have been established on all conti-
nents with effective losses as shown in Figure 14. Mangroves, lagoons, marine waters, and
several wetlands stand out.

This information is useful because global efforts should be focused on this type of
system for future planning, mainly because demand for food will grow together with the
population by 2050 [172]. This indicates that wetlands are at risk if measures are not taken
to work on their protection and on sustainable agricultural production practices.

By grouping wetlands according to the Ramsar system, they can be classified into
marine, coastal, and continental. In Figure 15, results confirm what was stated by [14],
“continental wetlands have been more affected than marine and coastal ones”. He also
debated the theory that wetlands have been lost by 50%, estimating that the value is
between 54% and 57% since losses are attributed to economic growth, population, extensive
and intensive agriculture, changes in use, and urbanization. The results of this research
study identified the most frequent incident factors by continents, establishing a broad
panorama of direct and indirect factors that affect them.
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In another context, global ineffective public development policies have been having
an impact on wetlands, because they uncontrollably allow or promote anthropogenic
activities, being urban or economic. Territorial planning goes in a diametrically opposite
direction to the ecological function of wetlands because the economic point of view prevails
in the first instance. Consequently, it is recommended that the local population participate
in decision-making for the conservation of their territories [173].

Proposal to implement the care and environmental management of wetlands in a sig-
nificant way.

The results, however, will be useful for the entities in charge of monitoring wetlands,
especially those that are most susceptible to changes, on which the most incident factors
are, in such a way that it serves as an early warning to prevent damage. Unfortunately,
those interested in the study of wetlands are very few in Mexico and Colombia. It is
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an opportunity to make significant contributions. More studies are required. It is important
that young people join the research of these environments, from biological, economic and
engineering aspects. In Mexico, research is supported in the Laboratory of Wetlands and
environmental sustainability of the National Technology of Mexico campus Misantla, as
well as in the College of Veracruz, the Institute of Ecology AC, and the Research Institute
on Ecosystems and Sustainability (IIES) of the National Autonomous University of Mexico.
In the Colombia University of Sucre, its research group GIMAGUAS supports this type
of research.

This research work is the starting point that can serve as a guide for wetland studies
to consider: biogeochemical factors, geographic location in severe loss, ‘vegetation loss’,
and ‘blue carbon loss’.

A comprehensive view of the current situation regarding factors that affect the loss
of wetlands at a global level, on the other hand, shows that the impacts are influenced
by human activities related to agricultural, industrial and urban development. Therefore,
decision-makers are the ones to take measures to manage quality towards healthier wet-
lands. This study fulfills its objective, and we hope that it will be useful in the future while
we continue working on this topic with the same interest.

The sustainable development of wetlands must be linked to the Sustainable Devel-
opment Goals of the United Nations. Every country with its commitments acquired for
its fulfillment must consider actions to maintain them in the future, one of them is the
one established by the Ramsar Convention that focuses around three pillars: the wise use
of all wetlands, the designation and conservation of Ramsar sites, and the promotion of
transboundary management. The Ramsar Strategic Plan for 2016–2024 has four closely
related objectives: address wetland loss and degradation, effectively conserve and manage
the Ramsar Site network, wisely use wetlands, and improve enforcement. SCR [174]. Fur-
thermore, in the study carried out by the Secretary of the Ramsar Commission in 2018 [174],
quantitative data on wetland losses in different continents were reported, however, incident
factors were not considered as they were in this research.

This research is pertinent because the level of affectation that the different types of wet-
lands have suffered at a global level is described in a timely manner and not independently
without any type of compilation, considering that their functions are of great importance
to counteract the effects of greenhouse gases that produce global warming. The study is
original as well because the results of previous investigations were found and served as the
basis for the construction of a global map where the countries that do the most research on
issues related to wetlands and the factors that affect them are identified, and the little or no
research in some regions is also observed.

The contribution of this research is built on the description of factors affecting updated
natural wetlands due to population dynamics related to urbanization, and agricultural
activities due to the connection they have between the production of housing and food
for the population. Nonetheless, despite the fact that the sample studied does not have
information from many other countries, it is important to notice that it is very possible
that these factors are common factors in other parts of the world. This is mainly because
they are factors related to the direct pressures exerted by the human being, also bearing in
mind that towards 2050, projections of food and population requirements are alarming and
pressure on wetlands may proportionally increase as well [143,175–177].

These damages degrade wetlands that are losing their sequestration functionality
and consequently, climate regulation, confirming that global warming will continue to
gradually increase in proportion to the damage caused. IPCC [178], unless an international
public policy is applied that minimizes consumption of water-soil resources, we will not
exceed the capacity for nature self-regulation.

Future Lines of Research

Due to the effects that wetlands suffer from distinct factors, it is advisable to monitor
them using remote sensing techniques to identify and quantify the vegetation type, that
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serves to make comparisons among wetlands of different latitudes using the spectral
signatures useful in the identification of coverage and study of the phenology of the
wetland vegetation.

It is important to analyze the health status of wetlands using remote sensors through
indices that work with the reflectance of the cover and show the degree of health of the
vegetation, such as the Normalized Difference Vegetation Index (NDVI), the Normalized
Difference Water Index (NDWI), and the Enhanced Vegetation Index (EVI), which will help
identify health problems that possibly affect wetlands such as nitrification of their waters.
With this information, it is possible to make models of artificial intelligence and large
volumes of satellite images from specialized sensors in water and wetlands. A predictive
analysis of the future behavior of ecosystems is recommended, considering variables such
as population, temperature rise, land-use change, vegetation loss and blue carbon.

Increasing carbon quantification studies to increase global inventory statistics on
different continents is suggested.

Rethinking land use planning policies is also advisable because economic interests
take precedence over the land ecological component, greatly affecting ecosystems. Thus,
sustainability evaluations are necessary with existing methodologies and, failing that,
generate new methodologies for their evaluation.

Some indicators shown in the different tables were not analyzed in this document
because they were not included within the objective of the research. However, they can be
useful for new studies on loss of areas and/or degree of affectation of a quantitative but
not qualitative way as it was in this study.

4. Conclusions

After carrying out a macro-analysis of the incident factors and the types of wetlands
affected at a global level, of 134 articles, the objective set in the investigation was fulfilled,
‘to identify the incident factors in the effective loss of area and carbon sequestration in
marine, coastal, and continental wetlands that have had an impact on climate change in
the last 14 years at a global level’, and it is possible to affirm that this work ratifies the
importance of conserving and preserving wetlands due to the incident factors found.

It is confirmed that all over the world, anthropogenic activities that most affected
natural wetlands were agriculture (25%), urbanization (16.8%), aquaculture (10.7%), and
industry (7.6%). These are direct impacts or pressures exerted by human beings, implying
that, increasingly, population growth will be an important factor as a determining agent of
damage in the future if this trend is followed.

On the other hand, it was determined that the types of wetlands most affected are:
mangroves (25.7%), lagoons (19.11%) and marine waters (11.7%). Nevertheless, after
making a summation between marine-coastal and continental wetlands, we find that these
systems are affected by 35.7% and 64.3%, respectively. This confirms that more effective
environmental management and control measures are urgently needed in order to conserve
and preserve them, given the multiple ecological functions that such ecosystems provide.

Finally, this research work is unique and relevant because it exposes the different
incident factors at a global level together, evidence was found of little research in other
continents on a topic of global interest, the percentages found by continent stand out,
they show that there are some with more studies than others, i.e., America (41.04%), Asia
(34.32%), Oceania/Australia (10.44%), Africa (7.46%), and Europe (6.74%). Thus, it should
be said that the first two have the largest number of coastal wetlands, especially mangroves.
Nonetheless, research should be increased in all of them because economic and population
development as a result of globalization have been affecting the global climate with GHGs.
Therefore, environmental management of conservation and handling of these ecosystems
is recommended to reduce their ecological issues by 2050.
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