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Abstract

Background: Fire plays a key role in the world’s wetland ecosystems, affecting the fundamental aspects of their ecological
functioning. The increased frequency of wildfires continues to exert a significant influence on the succession of mangrove
ecosystems and the spatial distribution of species. Numerous studies have attempted to highlight the effect of fires on forest
ecosystem function and integrity; however, the results are inconclusive. In particular, it remains uncertain whether forest
fires have direct impacts and implications on mangrove ecosystems, a forest type known for its distinct characteristics and
low ignition rates due to high moisture levels.

Methods: We have conducted a comprehensive review of over 120 relevant scholarly articles found through formal searches
of literature and citation databases and by surveying relevant publications to identify and examine the interactions,
prevalence, and implications of forest fires in mangrove ecosystems globally. We have also synthesised the impacts of
recurrent fires on the numerous ecological goods and services offered by mangroves and highlighted the existing literature
gaps and directions for future research.

Results: Mangrove forest fires are prevalent in many countries across the world with varying distributions of forested
areas. While there are numerous causes of wildfires in mangroves, most occurrences are due to a combination of natural dry
periods (El Nifio events) and anthropogenic activities, which may deliberately or accidentally increase fire regimes. There
are many negative effects of mangrove forest fires which can affect the goods and services provided to the environment
and society, including habitat loss, pollution, and wildlife destruction. However, our findings have highlighted some cases
where wildfires have positive effects on mangrove ecosystems by encouraging nutrient enrichment and habitat expansion.
Our review reports numerous literature gaps with high priorities for future research on understanding sustainable forest
management with the coexistence of fires through preservation, conservation, and public awareness.

Conclusions: Forest fires are prevalent in mangrove ecosystems due to a combination of natural phenomena and human-
induced factors. With predominantly negative effects, forest fires result in a loss of ecological integrity, leading to severe
economic losses and habitat degradation. Emphasis should therefore be placed on sustainable forestry and public
awareness for the mitigation of the dynamic effects of forest fires on mangrove ecosystems.
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mangroves; wetland fires; wildfires

Introduction

Fire acts as a potent biological filter, exerting a significant
influence on the succession of terrestrial ecosystems
and the spatial distribution of species. Human activities
cause environmental change and disturb the natural

patterns of fire occurrence worldwide, leading to arise in
the frequency and severity of fires (Harrison et al. 2024).
Droughts are prevalent across all geographic regions and
climates, resulting in substantial economic, agricultural,
and environmental impacts. The combined magnitude of
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this phenomenon with the continuing impacts of climate
change suggests that there will likely be a rise in the
frequency, extent, and severity of droughts in numerous
regions of the world, many of which are particularly
susceptible to such events (Vogt et al. 2016). The
persistent occurrence of El Nifio, combined with climate
change extremes (particularly high temperatures),
has led to droughts that have repeatedly affected
many nations, endangering wildlife as well as the local
economy and society in numerous locations throughout
continents (Arias et al. 2023).

Droughts not only alter the water cycle, causing
heightened abnormalities in precipitation and associated
water-related risk factors but are also known for their
propensity to trigger catastrophic wildfires (Burton
et al. 2021). Although they have both detrimental and
beneficial biological effects, wildfires are a worldwide
occurrence that entails significant repercussions for
ecology, environment, population, and industry (Kumar
2022). The recent surge in fire activity is particularly
alarming due to its potential to negatively affect
local ecosystems and the global climate by depleting
significant carbon reserves in the face of projected socio-
environmental transformations (Mega 2020; Lizundia-
Loiola et al. 2020). Traditionally, wildfires have not been
regarded as a significant danger in forests, especially in
tropical regions, because of the abundance of moisture
and scarcity of natural sources of combustion. Scientists
are concerned aboutthe increasinglikelihood of wildfires
spreading over larger territories in the future. This is
due to ongoing global climate change, which is causing
warming and drying conditions that are expected to
persist for centuries (Kala 2023).

Mangrove forests have firmly established themselves
inland, along rivers, and bordering coastlines as
significant, essential forested ecosystems worldwide,
and are widely recognised for the multitude of valuable
goods and services they provide (Crameri & Ellison
2022). Mangroves cover around 152,000 km? of the
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Earth’s surface, which accounts for roughly 0.12% of the
total terrestrial area. Indonesia, Mexico, Brazil, Nigeria,
Venezuela, Papua New Guinea, Malaysia, Colombia,
Thailand, and Gabon have extensive distributions of
mangroves (Sadeer et al. 2019) (Figure 1). Mangroves
are renowned for their versatile and perpetually shifting
adaptations since they offer inherent and distinctive
benefits to people.

Mangroves have a crucial role in safeguarding against
natural calamities like tsunamis while also serving as
a source of sustenance and other coastal commodities
(Bourgeois etal. 2019; Hilaluddin et al. 2020). Mangroves
face numerous challenges, such as flooding, catastrophic
events, urbanisation for fuel and agriculture, excessive
fishing, infrastructure development, and pollution
from hazardous materials and chemicals. Additionally,
studies have demonstrated that mangrove forests are
also susceptible to wildfires, either directly or indirectly.
Although there are many reviews that examine the
different perturbations taking place in mangrove
ecosystems, there is currently no extensive review that
specifically covers the occurrence of forest fires in these
habitats. This ultimately diminishes our understanding
of this subject from a variety of perspectives.

We believe that investigating and analysing the
impacts and implications of forest fires on mangrove
ecosystems is critical. Forest fires have significant effects
on vegetation composition, forest succession, carbon
budgets, the socioeconomic standing of nations, and
socially vulnerable populations (Chas-Amil et al. 2022;
Kala et al. 2023). We acknowledge the significance of
mangrove forests as ‘blue carbon’ forests because of
their substantial ability to sequester and store carbon
while mitigating greenhouse gas emissions (Song et al.
2023; Morrissette et al. 2023). Mangrove ecosystems
actively contribute to mitigating the disruptive impact on
the carbon cycle and promoting ecological equilibrium,
closely linking forest fires and climate change. Within
this context, the objectives of our review were to:
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FIGURE 1: Global habitat extent of mangroves (including coastline coverage) from 1996 to 2020 (Adapted from: Bunting

etal. 2022).
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(i) provide a comprehensive overview of the prevalence
and causes of mangrove forest fires locally and globally;
and (ii) examine the effects and implications of fires on
the health and ecological goods and services provided by
mangrove forests.

Methods

Literature acquisition and selection

We gathered information on forest fires occurring in
mangrove ecosystems by conducting a comprehensive
search in reputable academic journals, databases, and
books using the Scopus and Google Scholar platforms.
The search was conducted during the period of
20 -25% June 2024 using the following key search terms:
‘wildfires, ‘grass fires, ‘bush fires, ‘forest fires, ‘forest
fire causes, ‘forest fire effects, ‘mangroves, ‘mangrove
ecosystems, ‘mangrove wetlands, and ‘mangrove forests'’
The search was limited to publications in the English
language, which were published in and after 2000 to
2024. This yielded approximately 192 relevant articles
using the defined search criteria and these articles were
manually screened. Articles not meeting any of the
screening criteria were excluded from further analysis,
i.e, (1) articles that were not available or accessible,
(2) articles that were not relevant to the research
objectives, i.e.,, did notarticulate any specific interactions,
impacts, or implications of fires in mangrove forests.
After the manual screening, 120 articles fulfilled the
criteria, which were considered for further analysis.

Prevalence and causes of mangrove forest fires

To assess the prevalence and causes of mangrove
forest fires, we conducted a thorough examination of
the selected literature pertaining to the interactions of
forest fires in countries at both local and global scales.
After viewing various research objectives/hypotheses
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and methodology sections of book chapters and articles,
we then utilised various recommended online platforms
such as ‘Global Forest Watch’, ‘Mangrove Forest Watch’,
‘Global Mangrove Watch’, and ‘NASA FIRMS’, as well as
official government and non-governmental organisation
websites to gather supporting information, including
datasets, statistics, and visualisations, on the current
extent of different mangrove forests worldwide and the
number of recorded wildfires (prevalence). The results
were further adjusted to concentrate on and convey
relevant information on the distribution of mangrove
forests and trends in forest fires occurring within them.
This was accomplished by utilising applications like
Microsoft Excel, QGIS, GIMP, and NASA FIRMS software to
illustrate figures and graphs that depicted the patterns,
causes of forest fires, and their prevalence in mangrove
forests.

Impacts and implications of mangrove forest fires
To understand the effects and consequences (short and
long-term) of fires on the health of mangrove forests, we
conducted a comprehensive examination of countries
with adequate distributions of mangroves that were or
are currently affected by forest fires. We then identified
the key variables contributing to forest fires and used
this information to construct a table on their effects
on mangrove vegetation and their adjacent biological
systems. The existing information was then categorised
into positive and negative impacts and was subsequently
synthesised and displayed in corresponding figures and
flowcharts. This enabled us to recognise the implications
of forest fires on mangrove ecological goods and services
as well as emphasise neglected study domains and
future research directions. The findings derived from
our examination of the literature followed an existing
framework (Figure 2), were consolidated into a textual
compilation, and organised according to the main topics
of interest outlined below.

Use of key search terms relating to mangrove
forest fires in search engines, online
databases, organisation websites etc.

Selection of appropriate/relevant literature
based on title, abstracts, study
objectives/hypotheses, and methods.

Examination and extraction of relevant
information from the selected body of

/

T

INTERACTIONS of fires in mangrove
forests locally and globally
(prevalence and possible causes).

IMPACTS of firesin
mangrove
forests/wetlands. services.

IMPLICATIONS of forest fires on
mangrove ecological goods and

I

I

Identification and examination of subject trends, relationships, research gaps,
and possible future research directions.

Textual and visual compilation of literature
review under popular themes/ sub-headings

FIGURE 2: Framework showing the acquisition, selection, and presentation of articles compiled in our literature review.
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Results and Discussion

The interactions and prevalence of mangrove forest
fires

Fires are recognised as the most significant natural
phenomenon that annually eliminates vast areas of
plant and organic material while also impacting many
ecosystems concurrently (Crowe 2020). Wetland
ecosystems, with their considerable organic matter
content, frequent and abundant rainfall, and limited
natural drainage, have the ability to retain significant
amounts of water in their soils. These factors contribute
to an environment that is less susceptible to fires (Taufik
et al. 2018). However, specialists often debate the fire
vulnerability of mangroves, despite their classification
as forested ecosystems, because of their naturally damp
wetlands and habitats. Historically, the interactions
of forest fires have been perceived to disrupt forest
ecosystems, altering their physical features and
impacting their native plants and animals (Enoh et al.
2021). There is currently substantial evidence indicating
that as global warming persists, bushfires are becoming
more prevalent and intense, especially in both local and
global regions. Between 2001 and 2023, fires caused
a cumulative loss of 138 Mha of tree cover worldwide,
resulting in a 28% reduction in forest cover (Tyukavina
et al. 2022). Fires significantly increased the loss of tree
cover in 2023, resulting in a total loss of 11.9 Mha (42%
of all tree cover loss) (Global Forest Watch 2024).

Page 4

From 2019 to 2023, Global Forest Watch (GFW)
datasets have predicted that the total forest cover (ha)
was greatly reduced in countries with large forest
distributions (including mangrove forests) such as the
United States, Australia, Brazil, and Indonesia (Figure
3). Current wildfire datasets have also revealed that tree
cover loss (inclusive of mangroves) in these countries
was also positively linked to raging wildfires, which also
increased during the five-year period (Figure 3) (Global
Forest Watch 2024). In South Asia, 51% of forests were
affected by fires in 15 years. Of the seven South Asian
countries, Bangladesh has the highest emerging hotspot
area (34.2%) in forests, followed by 32.2% in India and
29.5% in Nepal (Reddy et al. 2019). In the El Nifio fires in
Indonesia, the fires on dry organic matter spread quickly
over a large area and caused megafires. Consequently,
between 0.8 and 2.6 Gt of carbon were released into the
atmosphere as a result of burning peat and mangrove
vegetation (Page etal. 2002). Thisamount was equivalent
to 13-40% of global carbon emissions (Darmawan et
al. 2020). More than 24 fire events have occurred in
the Sundarbans, the world’s largest mangrove forest in
Bangladesh, resulting in damage to 34.61 ha (0.005767%
of the Sundarbans) of the forest (Mahmood et al. 2021).

The unprecedented Australian Black Summer
bushfires led to the combustion of elevated peat swamps
and coastal wetlands, impacting 183 ha of salt marshes
and 23 ha of mangroves, covering 19 estuaries. The
extent of fire-damaged salt marsh varied from 51%
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FIGURE 3: Total forest cover loss due to wildfires (ha) in countries with the largest forest distribution (including

mangroves) during the period of 2019-2023(GFW 2024).
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to 81% in the most severely affected estuaries (Ward
et al. 2020). Approximately 50% of the mangroves in
Wonboyn Lake were affected by fire, while in the other
wetlands, approximately 5% of the mangroves were
burned (Glasby et al. 2023). The global estimations
for ongoing vegetation fires reveal that more than
70% of all such fire interactions take place in tropical
regions. According to Matricardi et al. (2020), fire has
been identified as a significant factor contributing to the
destruction of forests in the Amazon. Between 2003 and
2020, Brazil accounted for an average of 73% of yearly
active fire detections, with Bolivia and Peru following at
14.5% and 5.3%, respectively. Collectively, these three
nations have consistently accounted for more than 87%
of the total yearly active fire detections and interactions
in the Amazon region. Between 2019 and 2020, Brazil
experienced a 10% increase in burned area, while
Venezuela reported a modest 2% increase. In contrast,
Colombia, Guyana, Bolivia, and subsequently the entire
Amazon region experienced significant increases of
63%, 51%, 36%, and 19%, respectively. The occurrence
of wildfires in wetlands, excluding flooded woods, was
shown to have the second-greatest mean percentage in
Bolivia (34%) and Guyana (26.5%) (Silveira et al. 2022).
In February and March 2024, Guyana experienced a
forest fire that persisted for a week. This fire ravaged
both natural and restored mangroves located along the
Western Coast of Berbice, specifically in Bushlot, Bath
and Woodley Park. The fire was caused by the prolonged
dry season that overlapped with the El Nifio period
(Figure 4) (DPI Guyana, 2024; NAREI 2024).

Permission was obtained from NASA's Fire Information for Resource Management System
(FIRMS) (hitps://earthdata.nasa.gov/firms), part of NASA's Earth Science Data and Information
System (ESDIS).

Permission for use of images b), c) and e) was obtained and granted by NAREI, 2024.
Permission for image d) was obtained and granted by DPI Guyana, 2024.
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Although the Caribbean region trails behind other
locations in terms of fire forecast and monitoring,
even a small increase in temperature and decrease in
moisture could lead to more frequent fire interactions
in sections of humid woods that have never been
burned before. This was apparent in small island states
like the Dominican Republic and Trinidad and Tobago
(Al Tahir & Baban 2005; Robbins et al. 2008; LeBlanc
et al. 2017). Furthermore, during dry periods common
to West Africa, a 30% reduction in mangrove cover has
been recorded over 25 years, primarily due to human
activities, including bushfires (Padonou et al. 2021).
The combustion of ground matter and dry litter (leaves,
stems, buds, etc.) serves as fuel for the spontaneous
ignition of flames originating from diverse sources. This
phenomenon significantly contributes to the occurrence
of flare-ups in many locations, ranging from Guinea to
Nigeria (Lombard et al. 2023).

The causes of mangrove forest fires
Forest fires can result from various direct and indirect
factors, which may be linked to both human activities
and natural events occurring in or around mangrove for-
ests. These fires can either happen sporadically in man-
grove ecosystems or occur periodically (Figure 5).
Nevertheless, the significant impact of human
activities on the mangrove environment might lead
to the formation of new ecosystems that are more
susceptible to fires due to changes in vegetation cover
caused by timber harvesting, burning, and construction
(Robbins et al. 2008). Ninety percent of all studies in this

FIGURE 4: (Left) NASA FIRMS have detected increased active fire occurrences (red dots) along the coastal areas of Guyana
which fosters the majority of mangrove forests within the entire country. (Right) Sections of the Bath mangrove forest
(a and b) and Woodley Park mangrove forest (c) which was cleared due to raging wildfires which lasted one week along
the coastline of Guyana, d) Section of the Better Hope mangrove forest which was deliberately lit by residents burning
household garbage and shrimp waste dumped in the mangroves (Permission obtained for image use from DPI Guyana

2024 and NAREI 2024).
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‘ Causes of mangrove forestfires
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FIGURE 5: Possible causes of mangrove forest fires - synthesis of findings from our review.

review have emphasised the significant impact of human
activities, whether through direct or indirect means, on
the occurrence of forest fires. Wildfires become more
severe and widespread during dry periods, which have
shown a recurring pattern and positive relationship
in many regions throughout the 21% century (Tian et
al. 2021). Furthermore, in many parts of the globe, the
overwhelming majority of ignition sources originate
from the practice of using fire to regenerate deteriorated
pasture vegetation and eliminate the surplus biomass
following deforestation (Alencar et al. 2020).
Furthermore, there is a growing likelihood of agricultural
and deforestation fires spreading into nearby mangrove
forests and resulting in uncontrollable wildfires (Silveira
et al. 2022). Human activities, such as intentional ‘slash
and burn’ farming on peatland and coastal areas, fishing,
land conversion to infrastructure, and logging, are the
primary causes of forest fires in extensive mangrove
forests seen among heavily forested mangrove nations
such as Indonesia (Darmawan et al. 2020).

Occasionally, mangrove forest fires in certain regions
were the result of both unintentional and deliberate
actions. In the Sundarbans, forest fires were caused
by the negligent actions of woodcutters, indigenous
fuelwood collectors, honey collectors, and fishermen.
Cigarettes and torches used for honey harvesting
were discarded on the desiccated woodland grounds.
Intentional fires are deliberately set to clear areas for
illegal cattle grazing, gather fuelwood, engage in fishing
activities, and distract forest officials from illegal trade in
wildlife and poaching activities (Mahmood et al. 2021).
Studies have indicated that there is a connection between
natural disasters, such as hurricanes and cyclones, and an
increase in the occurrence of fires in hot tropical regions.
Lightning-ignited fires are infrequent in dry tropical
forests; however, the significance of lightning as a source
of ignition in tropical forests has been emphasised in
the literature (LeBlanc et al. 2017; Song et al. 2024).
Additionally, factors such as slope factor, elevation, land
cover, proximities to communities, and highways have
had a significant impact on the occurrence of forest

fires in mangroves (Jaiswal et al. 2002; Pandey & Ghosh
2018; Enoh et al. 2021). A summary of the primary
factors contributing to mangrove forest fires in various
countries is provided in Table 1.

The impacts of mangrove forest fires

The societal and scientific literature has widely
recognised forest fires as a growing issue in recent
decades, with an accepted notion that fires are becoming
more frequent, and intense, causing greater damages
(Figure 5). Fire can have both beneficial and detrimental
impacts on the expansion of vegetation communities
and species diversity in wetland systems, particularly
mangroves (Osborne et al. 2013). Nevertheless, society
commonly perceives fire as a natural hazard that
primarily has adverse consequences (Doerr & Santin
2016). Research has indicated that forest fires have
numerous implications for mangrove communities and
their ecosystems. Furthermore, apart from the decline
in biodiversity and destruction of natural habitats, these
fires also have a significant influence on the quality of air,
thereby impacting the well-being of local communities
living near affected forests (Kala et al. 2023). Forest fires
also result in substantial economic impacts, especially
for the forestry, energy, and mining sectors. Additionally,
there are expenses incurred by the devastation of
infrastructure, such as roads and homes. In this review,
we have evaluated both the negative and positive impacts
of forest fires on mangroves, as synthesised in Figure 6.

Negative impacts

1. Changes to hydrology and soil biochemistry

Forest fires can impact several properties of soil and
water, including mineralogical, physical, chemical,
and biological characteristics. Forest fires (including
those occurring in mangrove forests) have also been
recognised as a possible source of organic pollutants in
ecosystems (Wu et al. 2018). The impact of fire on soil
and its characteristics is contingent upon various aspects,
including the intensity of the fire and the variables that
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TABLE 1: Factors contributing to forest fires in mangrove vegetative zones of various countries
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Country Causes of mangrove forest fires Reference(s)
Natural Anthropogenic

Indonesia Increased hotspots due to Burned forest for plantation, land Taufik et al. (2018)
decreased rainfall, El Nifio conversion, fishing, logging, utilised as Thoha et al. (2018)
driven haze over multiple weapons during regional land disputes Khan et al. (2020)
areas. between locals, migrant communities and Crowe (2020)

companies, increased canalisation to drain
excessive water into wetlands to make them
suitable for agricultural practices.

Bangladesh Dry season, lack of rainfall, Use of fire to remove honey from bee nests, Islam & Bhuiyan
spontaneous combustion of  unattended fires, illegal clearing for land and (2018)
litter and debris on forest firewood. Mahmood et al.
floor. (2021)

Australia Extremely dry periods due to  Exclusively due to extreme or high severity Collins et al. (2021)
high temperatures. fires in adjacent terrestrial vegetation. Glasby et al. (2023)
Extreme fuel desiccation. Deliberate burning to manage species

composition.

India Low humidity, high Proximity and distance of forests from Jaiswal et al. (2002)
temperatures, spontaneous ~ human activities and settlements. Attri et al. (2020)
combustion due to prevailing Careless disposal of matches and torches.
dry seasons.

Brazil El Nifio events (weak to very  Increased agriculture and shifting cultivation Cochrane & Laurance

(Amazon) strong). systems, deforestation, cattle ranching. (2002)

Juarez-Orozco et al.
(2017)
Africa Lightning strikes due Close proximity of humans, settlements, and  Otitoloju et al., (2006)

United States

Guyana

Mexico

Madagascar

to higher elevation in
forested area, spontaneous
combustion (due to dry
weather) of leaves and dense
vegetation.

Lighting, spontaneous
ignition of dry matter,
spreading of fires from
adjacent vegetation by
the wind and dry matter
accumulation.

El Nifio events, spontaneous
combustion of dried leaves
and litter.

Lightning, spontaneous
combustion of forest fire fuel
under dry conditions as well
as debris from hurricanes.

Dry period events, El Nifio.

roads to forests, oil spilling, bush burning
due to the release of oil from oil spills,
elimination of vegetation for easy use of

herbicides, nomadic farming.

Deliberate use of fire to reduce the cover of

undesirable vegetation.

Connectivity between roads and human
settlements promoted larger incidences of

human- induced fires.

Land clearing for agriculture (rice and
shrimp), pest control (mosquitoes), burning
household garbage and shrimp waste.

Adjacent burning from grasslands can spread

into mangrove forests.

Clearing land for agriculture, intentionally
setting fire to forested land for cattle
ranching rejuvenation, clearing of land
and mangroves for charcoal and lime clay

production.

Izah et al. (2017)
Enoh etal. (2021)

Slocum et al. (2007)
Smith etal. (2013)
Nocentini et al.,
(2021)

Hollowell (2005)
DPI Guyana (2024)

Trejo (2008)

Frappier-Brinton &
Lehman (2022)
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affect the combustion process, such as the humidity,
temperature, quantity and type of fuel, wind velocity, and
the physical conditions of the region (Certini 2005). The
first four secondary effects, which manifest in the short
term immediately following a fire, largely influence the
loss of sediments and nutrients in mangrove wetlands:
soil erosion, depletion of soil organic matter (SOM), soil
exposure to solar radiation, and increased availability
of nutrients (Kotze 2013). Bushfires deplete vegetation,
leading to enhanced soil erosion and increased
mobilisation into streams, ultimately causing water to
become cloudy. The increased silt load and reduced light
in the water column has a significant impact on aquatic
wildlife productivity. In a comparable way, elevated
levels of metals can also have detrimental effects on
marine organisms, leading to mortality due to toxicity
or disrupting their ability to reproduce and grow at
normal rates (Sydney Institute of Marine Science 2020).
The emission of smoke and ash from fires elevates the
concentrations of certain nutrients, such as nitrogen
and phosphorus, in water bodies, thereby promoting
the proliferation of phytoplankton and the formation of
detrimental algal blooms (Wu et al. 2018). Intensified or
recurrent hazard reduction burning could have adverse
effects on coastal habitats, including heightened soil
erosion and prolonged time frames for recovery (Symth
2020). In addition, the ash resulting from forest fires
can either be washed away from the land, remain within
the land, or act as a deposition site for ash produced in
the wetland and ash that is carried into it from burned
regions in the upstream catchment of the wetland (Ellery
etal. 2009; Kotze 2013).

Studies have found that mangrove soils impacted by
forest fires exhibit higher levels of chemical compounds
such as total organic carbon (TOC) and polycyclic
aromatic hydrocarbons (PAHs), which are known to be
both carcinogenic and mutagenic to both people and
animals, compared to unaffected areas (Sojinu et al.
2010). The presence of microcharcoal in the uppermost
layers, a sign of nearby fires, suggests an association
with hurricane-related forest disturbances (LeBlanc et
al. 2017). Ground fires have a greater and more enduring
effect on the accessibility of soil nutrients compared
to surface fires. When the charred soil crumbles, a
significant process by which this phenomenon takes place
is the physical accumulation of non-volatile elements in
mangrove soils, such as phosphorus and calcium (Smith
et al. 2001). In addition to water pollution, forest fires
also lead to elevated water temperatures in waterways.
This is caused by the loss of canopy and riparian cover,
which exposes rivers and streams to greater degrees
of direct sunlight (Ice et al. 2004; Burton 2005). Rising
temperatures can lead to a multitude of potential
consequences. For example, when a species inhabits an
area near the lower limit of its temperature tolerance, a
rise in water temperature can enhance its productivity
(Lamborn & Smith 2023). In addition, canalisation
results in decreased groundwater levels during the dry
season, which in turn leads to a heightened occurrence of
high fire hazard levels. Draining natural wetland forests
leads to an increase in the vulnerability to fire (Taufik et
al. 2018). This provides evidence that alterations in the
hydrology of mangrove ecosystems by processes such as
canalisation can result in an extended duration of high
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fire risks as well as a significantly increased number of
seasons with fires.

2. Habitat loss and degradation

Deforestation, the loss of mangrove habitats, and the
degradation caused by forest fires have adverse effects
on both soil and water quality, as well as contributing to
climate change. Deforestation can lead to several issues
such as soil erosion, depletion of nutrients, and decreased
productivity in agriculture, due to the crucial role of
trees in regulating water cycles and preventing erosion
(Khan et al. 2021). Fire-affected mangrove forests have
lower tree densities, are more exposed, experience more
extreme temperatures, and contain more non-forest
plants, leading to a decrease in biodiversity compared
to unburned areas. Over time, monitoring ecological
factors in unburned forests revealed that ecosystems
were highly sensitive to repeated, intense fires in the
surrounding areas (Harrison et al. 2024). Wildfires
cause extensive habitat destruction, which has far-
reaching consequences and intensifies global warming,
as trees (especially mangroves) are essential for the
removal of atmospheric carbon. Deforestation is a
significant contributor to greenhouse gas emissions as it
releases stored carbon into the atmosphere (Kundu et al.
2022). Research has indicated that the extent of forests
(including mangroves) in the Sundarbans has had a
notable decline 0f 3531.16 km?in 2004 to 3065.80 km? in
2022, with an annual reduction rate of 2.66% as a result
of fires (Saoum & Sarkar 2024). In conditions similar to
the Sundarbans, if there are high emissions, increased
temperatures, decreased precipitation, and more fires
in South American mangrove forests in the future, there
could be a significant loss of canopy coverage, vegetation
carbon, and productivity, leading to drier forests (Burton
etal. 2017).

Research has also demonstrated that in certain
mangrove environments, occurrences of natural
fires are rare and the plant life is not well-adapted to
withstand the effects of fire (Malhi et al. 2008). As a
result, the forest has a diminished capacity to recover
from disturbances and is susceptible to any changes in
the pattern of fires. Possible consequences may involve
the complete transformation of the mangrove forest into
a seasonal forest or a savannah-like ecosystem (Lovejoy
& Nobre 2018). Significant fires can sometimes hinder
the regrowth of trees following natural disasters such
as hurricanes (Urquhart 2009). Alternatively, in certain
instances, fires have caused extensive harm to the
forests, resulting in a substantial accumulation of dead,
combustible wood. This, in turn, greatly heightens the
likelihood of recurring fire disasters (Siegertetal. 2001).
Fires can lead to habitat destruction, which in turn can
provide favourable conditions for the proliferation of
exotic plants, particularly grass species. These species
can also cause significant harm to the structure and
composition of forests where fires are naturally rare as
well as forests that depend on fire but have had their fire
regime changed to include more intense and/or frequent
fires than the local vegetation is adapted to (in some
cases restored mangrove forests) (Robbins et al. 2008).
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3. Changes in species zonation, composition, density, and
migration patterns

Fire can have a substantial impact on the dynamics of
species in mangrove wetlands by altering or preserving
vegetation communities and, consequently, their habitat.
Fire can also cause abrupt changes in habitat, which
can either benefit or harm organisms (Brennan et al.
2005; McWilliams et al. 2007). Mangroves depend on
pneumatophores, often known as breathing roots, to
obtain oxygen from the atmosphere and thrive in muddy
coastlines. In addition to increased sedimentation,
algal blooms, and seagrass wrack, which can all worsen
following bushfires in the catchment, higher sea levels
and coastal development pose the biggest threat to
mangroves (0zCoast 2016). Even at the microbial level,
fire significantly impacts wetlands’ chemistry and biotic
ecosystems. This element of fire ecology has not been
extensively researched, yet it is extremely important
since biogeochemical processes control the cycling of
nutrients, productivity, and greenhouse gas emissions in
these structures. The impact of fire on biogeochemical
processes in wetlands is often unpredictable (Osborne
etal. 2013). The destruction of forests poses a significant
threat to numerous plant and animal species found
within mangroves, potentially leading to their extinction.
This not only adversely affects the survivability of those
reliant on trees but also poses a threat to global food
security and the quality of water (Saoum & Sarkar 2024).

Studies have demonstrated that the nutrients,
sediments, debris, ash, and metals discharged by
mangrove fires when carried into water bodies, can
disrupt the feeding and reproductive habitats of
aquatic animals, obstruct the gills of fish, and impair
the respiration of filter-feeding organisms like mussels
(Cheng 2021). During periods of inundation, the polluted
sediment mass might gradually flow from within the
forest towards the coast, causing harm to aquatic
organisms in its path. Metals like mercury, lead, copper,
and zinc, together with other pollutants discharged
by wildfires, have the potential to alter the physiology
and behaviours of marine organisms and gradually
accumulate in the food chain (Symth 2020). The majority
of wildfires exhibit a low to moderate intensity and
hence have minimal repercussions on fish and fisheries.
Nevertheless, there is an increasing occurrence of severe
fires, which might have significant impacts on stream
fish (Burton 2005; Lamborn & Smith 2023).

Generally, fire frequently triggers significant
alterations in vegetation, typically through its interaction
with otherdisturbances. Fire frequently interacts with the
presence of extremely dry periods, creating conditions
suitable for ground fires to occur (Loudermilk et al.
2022). Ground fires cause the destruction of vegetation
and seed banks, leading to a physical and biological
“opening” in the landscape. This, along with alterations
in the hydrological and biogeochemical cycles, can
cause significant changes in vegetation structure, even
in moist mangrove forests (Kotze 2013). Nevertheless,
many tropical forests exhibit signs of crucial biological
thresholds and positive feedback mechanisms, in which
drought, land-use changes, and fire may trigger a self-
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reinforcing shift towards vegetation with low biomass
that is fire adapted (Brando et al. 2014).

4. Shifts in biogeochemical cycles in the face of climate
change

The contribution of mangroves to both the adaptation
and mitigation of climate change is widely considered to
be one of the most significant among forests worldwide,
especially in tropical regions. Additionally, they can offer
safe and durable nutrient storage systems (nutrients,
metals, carbon etc.) that are considerably resistant
to fires. Therefore, it is crucial to prioritise their
preservation (Crowe 2020). Climate change has partially
contributed to the increased frequency and intensity
of forest fires in recent years (Williams et al. 2019).
According to Turco et al. (2018), forest fires can become
more likely to change their patterns due to climate
variability, droughts, heat waves, and local climate
patterns. Mangrove wetlands are particularly vulnerable
to hydrologic changes brought on by climate change,
which is predicted to affect fuel conditions and therefore
fire frequency through changes in rainfall, temperature,
and salinity (Osborne et al. 2013). Deforestation
disrupts local weather patterns, resulting in reduced
evapotranspiration and elevated surface temperatures
(Saoum & Sarkar 2024). Researchers have observed that
climate change may result in heightened fire weather
conditions and an elevation in the Forest Fire Danger
Index, which is determined by factors such as relative
humidity, wind speed, air temperature, and drought.
Consequently, this could amplify the likelihood of “severe
water quality events” even in mangrove forests (Symth
2020). Fire can impact the water cycle by changing
the amount of water removed from the atmosphere
through evapotranspiration and the amount of water
that penetrates the soil through infiltration, due to shifts
in hydraulic characteristics. Burning in dispersive soils
can also contribute to the formation of soil crusts (Mills
& Fey 2004). These consequences, in turn, lead to a
decrease in the amount of water that can permeate into
the ground, which is likely to cause more surface runoff
during storms and a decrease in the sustained supply of
groundwater into and out of wetlands.

Within certain forested zones, a confluence of natural
occurrences and human-driven influences leads to
alterations in the regular patterns of nature, resulting
in the creation of circumstances that are conducive
to heightened occurrences of fires in wetlands. For
example, Indonesia has a humid environment with
significant levels of precipitation, particularly during
monsoonal seasons, which makes it inherently resistant
to burning. Extensive and significant deforestation in
Indonesia has resulted in the drying up or excavation
of substantial portions of the country’s wetlands, which
has exposed flammable materials (Crowe 2020). El
Nifio causes a decrease in rainfall, resulting in reduced
groundwater levels in wetland ecosystems. This leads
to a drier climate, which promotes the occurrence of
more frequent and widespread forest fires (Taufik et al.
2018). Similarly, it is expected that the South American
region will experience an increase in burned areas and
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fire emissions in the future as a result of hotter and drier
circumstances (Fonseca et al. 2019). This will lead to
significant reductions in carbon storage, particularly
when combined with the ongoing increase in land-use
alteration. Combining climate and land use change
scenarios, it is projected that fire danger in Amazonia
might increase by 21% to 113% by the end of the century
(Burton et al. 2021).

According to Jaafar and Loh (2014), the haze caused by
bushfires has the potential to reduce sunlight and disrupt
the process of photosynthesis in marine ecosystems,
such as coral reefs, seagrasses, and mangroves. This
consequently impacts the carbon cycle to a certain degree
in these environments. Despite covering just 0.5% of the
world’s coastal area, mangroves play a significant role in
carbon storage, accounting for 10-15% (24 Tg C y') of
coastal sediment carbon storage and exporting 10-11%
ofterrestrial carbon into the ocean (Alongi 2014). Carbon
deposition in the atmosphere can have a notable impact
in regions with frequent fires, particularly in mangrove
forests located in Indonesia, Australia, and Bangladesh
(Sundarbans). These areas see high concentrations of
black carbon (BC) from smoke and dust during certain
seasons (Jurado et al. 2008).

Smoke particles can exacerbate drought conditions.
In a study conducted by Liu (2005), it was discovered
that smoke particles emitted from bushfires had the
ability to absorb solar radiation, resulting in a decrease
in rainfall and an intensification of dry conditions. The
combustion of mangrove vegetation releases various
gases such as carbon monoxide (CO), carbon dioxide
(CO,), hydrogen gas (H,), methane (CH,), nitric oxide
(NO), chloromethane (CH,CI), carbonyl sulphide (COS),
hydrogen cyanide (HCN), and particulate carbon. These
gases have an impact on the atmospheric cycles and the
Earth’s radiation balance. Additionally, fires are a major
contributor to greenhouse gas emissions on a global
scale (Archibald et al. 2009). When vegetation burns, it
releases the carbon that has been retained within it. This
is the primary cause of the atmospheric CO, emissions
from massive forest fires, which greatly accelerate the
rate of climate change (Singh 2022).

Moreover, ground fires, specifically, are distinguished
by slow-burning combustion, resulting in significant
releases of carbon monoxide, volatile organic compounds,
and polyaromatic hydrocarbons, which can have severe
implications for human well-being (Blake et al. 2009).
Black carbon (BC) significantly impacts the carbon
budget and plays an essential part in the global carbon
sink (Guo et al. 2018). BC is expected to play a crucial
role in the coastal carbon pool due to its external origin
and resistance to decomposition (Taillardat et al. 2018).
This can have a significant impact on carbon storage
in mangrove sediments, influencing the distribution
and sequestration of carbon stocks in mangroves. This
consequently affects the overall global blue carbon budget
(Zhang et al. 2022). BC exhibits substantial deposition in
sediments with varying sizes of particles, particularly in
the size fractions following coastal forest fires (including
mangroves). This BC originates from a combination of
biomass and mineral combustion (Wang et al. 2022).
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5. Damage to defence structures and increased
vulnerability to coastal disasters

Mangroves in numerous tropical and subtropical areas
mitigate the impact of storm surges and wave actions,
acting as a primary barrier against flooding, coastline
erosion, waves, and tidal bores (Thampanya et al. 2006).
These benefits are derived from factors such as bottom
friction, the width of forests in relation to the shoreline,
and the density and shape of trees (Barbier et al. 2011).
Mangrove forests utilise aerial roots to hold sediments,
thereby anchoring intertidal soil and mitigating erosion.
The presence of canopies, trunks, and roots helps to
disperse storm surges and waves (Spalding et al. 2013).
However, the upsurge in forest fires in these ecosystems
leads to the destruction of habitats, which in turn
heightens the vulnerability of coastal areas, especially in
developed regions with a high concentration of coastal
inhabitants (Menéndez et al. 2020).

The primary benefit of mangrove ecosystems is their
ability to safeguard coastal areas from calamities such
as tsunamis and hurricanes. This helps to reduce the
detrimental impact on both human life and property
(Osti et al. 2009). The factors that determine the level
of protection provided by mangroves against natural
disasters include the width of the forest, the slope of
the forest floor, the density and diameter of the trees,
the proportion of root biomass, the height of the trees,
the texture of the soil, the location of the forest (open
coast, lagoon, or inland) (Unnikrishnan et al. 2012), the
type of vegetation and cover in the surrounding lowland
area, the presence of foreshore habitats such as seagrass
meadows, dunes, and coral reefs, the magnitude and
velocity of tsunamis or hurricanes, and the distance from
tectonic events (Gholami 2016).

Mangrove wetlands, such as those found in South
Africa, provide more effective mitigation against the
threat of fires and droughts due to the consistent
availability of moisture (Belle et al. 2018). Wildfires
heighten the likelihood of both flash floods and flows of
debris in the wetland. Furthermore, we must emphasise
that the hydrological response to a fire does not
consistently diminish smoothly and linearly over time.
Several studies conducted after fires have observed that
even low-intensity rainfall events can lead to a small
first runoff response immediately after the wildfire (Li
et al. 2020). Severely burned watersheds have a higher
likelihood of experiencing postfire flooding and debris
flows (Brogan et al. 2019). Considering that a fire could
increase the chances of a severe flooding occurrence,
operational culverts or other structures may become
inaccessible during postfire flooding. The simultaneous
occurrence of postfire water and debris can result
in erosion, obstruction, impairment, and ultimately
modification of a structure to such an extent that
wildlife movement becomes exceedingly challenging or
unattainable (Lamhorn & Smith 2023).

(b) Positive impacts
Although the detrimental impacts of forest fires are
greater than their positive impacts on the environment,
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we have identified a few cases where forest fires
have gradually brought about favourable changes in
mangrove ecosystems. Forest fires have been employed
for habitat management in both upland, inland, and
wetland populations (Boughton et al. 2006). Fire
often promotes regrowth by creating openings in the
upper layer of vegetation, enhancing the availability of
nutrients to plants, and clearing away debris. However,
it normally has a minimal impact on the survival of
seeds, although it may encourage their germination
(Kotze 2013). Heating wetland soils directly can
enhance the accessibility of some soil nutrients,
particularly phosphorus (P) (Giardina et al. 2000). The
rise in greenhouse gases can potentially mitigate the
vulnerability of certain species (including mangroves)
to future droughts and accelerate their recovery after
disturbances by enhancing photosynthesis, carbon
absorption, and water usage efficiency (Castanho et al.
2016). In addition, the act of removing litter through fire
resulted in a substantial increase in both the diversity
of plant species and the temperature of the soil, which
improves nutrient availability and plant reabsorption
rates (Heim et al. 2021).

Forest fires vs. non-native plants in mangrove forests
A noteworthy relationship has been established
between fires and the distribution of invasive/alien
plant species in mangrove forests. Fires can either
facilitate the proliferation of non-native species
occurring due to human influence or eliminate them
through intentional rehabilitation measures for forest
restoration. Uncontrolled wildfires can largely facilitate
the advancement of alien and invasive grasses in and
around mangrove forests (Robbins et al. 2008). These
invasions can have long-term impacts on forests by
modifying fuel qualities, which can affect fire behaviour
and, eventually, alter fire regime frequency, severity,
extent, type, and seasonality. If the regime shifts
encourage the dominance of non-native plant species
resulting in the establishment of an invasive plant-fire
regime cycle (Brooks et al. 2004) (Figure 7).

Moreover, modified fire regimes may adversely
impact native plant and animal species on a long-term
basis. The cycle of invasive plants and fire regimes may
increase the availability of fuels or speed up the recovery
of fuels after a fire, which could lead to more or stronger
fires (Underwood et al. 2019). On the other hand, it may
decrease fuels in a way that prevents fires from spreading
in places where it is beneficial. This type of disturbance
regime can be considered a significant factor influencing
species adaptation and evolution. The alteration of fire
regime characteristics outside their adaptive range may
shift plant communities towards new dominant species
(Brooks 2008). This modification in vegetation may
impact higher trophic levels in mangrove ecosystems.

Our review also highlights a few cases where fires
were occasionally employed as a tactic in wetlands
to deliberately diminish the presence of unwanted
vegetation, particularly shrubs and trees. Despite long-
term negative impacts in some cases, the consequences
of forest fires in mangrove ecotones have presented
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FIGURE 7: The invasive plant/fire regime cycle: positive (+) and negative (-) interactions in mangrove forests (Modified

from Brooks 2008).

prospects for the re-establishment and expansion of
native plant species in mangroves (Williams-Jara et al.
2022). Periodic fires in ecosystems provide benefits by
eliminating accumulated dead organic matter, hence
promoting the survival, reproduction, and expansion
of certain plant and animal populations (Brown 2022).
For example, this practice was employed over 50 years
ago in Mexico, where the Ursulo Galvan project used
deliberate fire channels to restore mangrove forests and
native vegetation that were destroyed by uncontrolled
fires (Cedefio 2000). Smith et al. (2013) also emphasised
that the Everglades of Florida experienced significant
migration of the mangrove ecotone, particularly in areas
with the highest frequency of fires. Additionally, Kautz
et al. (2011) have shown that forest gaps resulting from
lightning strikes supply dead matter that enhances soil
fertility and facilitates the natural reemergence of native
mangrove vegetation. As such, specific flora and fauna
within such ecosystems have developed a reliance on
regular wildfires to maintain ecological equilibrium
(Shivanna 2022).

Implications of forest fires on mangrove ecological
goods and services

Fire is widely acknowledged as a significant factor
that has a large impact on the environment and affects
numerous ecosystem services (Sil et al. 2019). Wildfires
are frequently recognised as a significant disruption
that has a detrimental effect on the resources and

benefits offered by many land-based ecosystems,
such as mangrove forests and other wetlands (Thom
& Seidl 2016). When considering the overall value
of nature to a country’s economic welfare, society
often underestimates and disregards the economic
significance of mangroves (Queiroz et al. 2017). The
primary value of mangrove ecosystems lies not in their
ability to generate revenue but in the importance of their
contribution to communities through their regulating
environmental services. This value becomes apparent
when society incurs the expenses associated with the
absence of the goods and services previously provided
by the mangroves, which were freely available to society
at large (Moonsammy"). The livelihoods of many coastal
residents rely heavily on the resources and productivity
of mangrove forests. Mangrove forests play a crucial
role in the local economy as they offer valuable timber,
medicinal herbs, and various other natural assets
(Atkinson et al. 2016).

Undoubtedly, the efficiency of these ecosystems is
demonstrated by the valuable outputs they provide,
including fisheries, lumber and its byproducts, fresh
and oxygenated water, clean air, and coastline defence
(Ribeiro et al. 2019). Mangroves play a significant role
in reducing poverty, ensuring food security, empowering
rural women, regulating climate, and adapting to climate
change through ecosystem-based approaches (Sinsin
et al. 2023). The forests support a diverse range of
commercially valuable fish and shellfish species, which

! Moonsammy, S. (2020). Rapid economic assessment of mangrove ecosystems in Guyana. Unpublished Technical Report. Trowbridge, United

Kingdom: Landell Mills International.
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in turn support local fishing enterprises and ensure food
security for millions of people worldwide (Rahman et
al. 2013). Despite this, the effects on fisheries resulting
from water pollution produced by forest fires may
bear similarities to those generated by catchment
clearing, draining, and coastal development. This
provides a forecast of the possible damage to culturally
and economically significant fisheries and ecosystem
services caused by bushfires. These fires pose a threat to
the future of recreational and commercial fishing, as well
as related tourism and aquaculture industries (Symth
2020).

The cost of building the infrastructure to replace
one kilometre of lost mangroves along the coast and
associated coastal protection services is estimated to be
US$ 10.9 million (Moonsammy'). The annual economic
worth of the ecosystem services provided by one
hectare of mangroves is estimated to be US$193,845.
On the other hand, it has been estimated that changes
in land use worldwide have cost between $4.3 and
$20.2 trillion annually in lost ecosystem services
(Costanza et al. 2011; 2014). The loss of services
provided by mangroves in many countries reflects the
economic impact of forest fires. For example, forest fires
in Southeast Asia impacted almost 35 million people.
Smog pollution incurred a financial burden of around
USD 674-799 million and is linked to carbon emission
losses equating to nearly USD 2.8 billion (Darmawan et
al. 2020).

Moreover, East Gippsland and the southern coast
of New South Wales in Australia are popular tourist
locations among numerous Australians. However, the
increasing frequency of wildfires (including those
on wetlands) has led to mandatory evacuations and
the cancellation of vacations, resulting in substantial
financial losses to Australia’s tourism sector. Estimates
suggest that these losses might range from hundreds of
millions of dollars to over $4 billion, taking into account
the absence of foreign tourists (Butler & Wahlquist 2020).
The recent forest fires in Guyana’s coastal mangrove
forests resulted in a financial loss of USD 28,700 due
to damages to infrastructure and coastal defences
(DPI Guyana 2024). Mangroves are now recognised as
ecosystems with a high carbon content that should be
conserved and restored (Siikamaki et al. 2012). They
are ecologically and economically valuable, with the
ability to regulate climate by capturing and preserving
large amounts of carbon. This helps offset the human-
generated releases of CO, (Alongi 2014). In addition to
having negative effects on greenhouse gas emissions and
global warming, fire damage to these habitats would also
lessen their capacity to store blue carbon (Symth 2020).

Research gaps and future research directions

In many regions, fire poses severe disturbances, but
we have yet to fully assess and evaluate its long-term
consequences on mangrove ecosystem services. Fire
management in mangrove forests necessitates an
awareness of the ecological consequences of fires and
the ecosystem’s ability to recover. Mangrove forests
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must be maintained in the surrounding environment in
order to continue providing products and services. One
endeavour to safeguard mangrove ecosystems is through
conducting studies focused on identifying changes in
mangrove forest health in the aftermath of fire. This
initiative can serve as the foundation for sustainable
mangrove forest management. While fire avoidance is
critical, long-term, context-specific forest restoration is
required to address the negative effects of fire.

Monitoring and evaluating decreases in mangrove
vegetation health is critical for implementing effective
preservation, restoration, and management methods.
Understanding these changes in plant and seedling
health can help to improve land use strategy, ecosystem
restoration, and efficient resource utilisation in many
places around the world, reducing degradation and
promoting vegetative sustenance and resilience.
Furthermore, the future of land use is required to
complement planning and regulations. Research can
address this element by promoting land cover change
modelling as a tool for analysing the long-term causes
and implications of land cover change resulting from
fire. Most studies we have examined focused on short-
term impacts and were rarely structured to identify the
positive benefits of fire on ecosystem services, despite
the fact that fire is essential for the survival of wildfire-
adapted ecosystems.

Research conducted over the previous three decades
does not reveal any discernible patterns in terms
of direct fatalities caused by fire and the associated
economic losses linked to mangrove forests. We have
not adequately quantified the indirect effects, such
as health issues caused by smoke or disturbances to
social functioning, for examination. Global forecasts
of heightened fire activity due to climate change
further underscore the urgency of coexisting with fire.
Therefore, we propose that future research should focus
on diminishing misconceptions and promoting a better
comprehension of the actualities of global forest fires.

Preserving mangrove forests is critical not only for
environmental reasons but also for benefits to society
and the economy. It is critical to educate people about
the value of these dynamic forests and integrate them
into conservation efforts. By conducting comprehensive
research, we can fully recognise their significance and
implement proactive measures to conserve and restore
them. We strongly advocate for further investigations
into the crucial factors necessary for the effective
recovery of mangrove forests after fire events, given the
current situation and limited study findings. Immediate
implementation of projects and research is necessary to
facilitate the widespread dissemination of knowledge
and improve agricultural and silvicultural management
practices in forested ecosystems and communities. This
will enable a transition away from irresponsible and
destructive use of fire. Therefore, additional research
must be undertaken and supported by rigorous land
use rules and environmental legislation to enhance the
effectiveness of efforts to combat illicit fire usage in
agriculture, deforestation, and land mining.
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Conclusions

Forest fires, while understudied, are prevalent in
mangrove forests in many countries. While many
factors contribute to increased forest fires in these
ecosystems, our review highlights many natural and
human-induced causes, particularly climate change as
a result of El Nifio, which was aggravated by accidental
or deliberate human actions aimed at forest clearing
for agriculture, silviculture, mining, and fisheries. These
actions, combined with natural phenomena, have led
to many negative effects on mangrove-forested areas,
such as damage to coastal defence structures, habitat
loss and degradation, loss and migration of species and
vegetative cover, disruption of biogeochemical cycles,
and reductions in water quality and soil biochemistry.
Contrary to popular belief, forest fires also have
positive impacts on mangrove ecosystems, such as soil
enrichment and nutrient release, habitat management,
and providing opportunities for mangal growth
and expansion. Our review also indicates a notable
relationship between fires and the distribution of
invasive species in mangrove forests, either by facilitating
the proliferation of these species when occurring due
to human influence, or by eliminating them through
intentional measures for forest restoration. Forest
fires have detrimental implications for the goods and
services provided by mangrove ecosystems, leading to
a loss of revenue and severe economic impacts on both
society and the environment. These impacts include
tourism loss, pollution, soil and water degradation, and
habitat and wildlife destruction. This ultimately reduces
the ability of mangroves to function as blue-carbon
ecosystems and maintain their ecological integrity in the
fight against climate change. Based on our findings, we
have identified several research gaps and recommend
conducting future research in areas that focus on both
short- and long-term effects of fires on mangrove health,
the direct factors contributing to increased forest fire
regimes, enhancing education and awareness on the
use of illegal fire activities in mangrove communities,
and implementing sustainable mangrove forestry
management with focal points on the preservation and

restoration of mangrove forests affected by fires.
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