International Journal of Environmental Monitoring and Protection
2018; 5(2): 18-23

http://www.openscienceonline.com/journal/ijemp

ISSN: 2381-4551 (Print); ISSN: 2381-456X (Online)

Open Science

A Review of Climate Change Impacts on Mangrove
Ecosystems

Davood Mafi-Gholam" *, Eric Zenner”

'Department of Forest Science, Shahrekord University, Shahrekord, Iran

“Department of Ecosystem Science and Management, The Pennsylvania State University, Pennsylvania, USA

Email address
d.mafigholami@nres.sku.ac.ir (D. Mafi-Gholam), eric.zenner@psu.edu (E. Zenner)

*Corresponding author

To cite this article
Davood Mafi-Gholam, Eric Zenner. A Review of Climate Change Impacts on Mangrove Ecosystems. International Journal of Environmental
Monitoring and Protection. Vol. 5, No. 2, 2018, pp. 18-23.

Received: March 11, 2018; Accepted: March 30, 2018; Published: May 29, 2018
Abstract

Mangrove forests, like other ecosystems, are subject to various disturbances that vary in their intrinsic nature (e.g., geological,
physical, chemical, biological) in time and space. Mangroves and other coastal ecosystems offer significant opportunities for
climate change adaptation and mitigation, including livelihood support, food security and storm/flood protection. Inter-related
and spatially variable climate change factors including sea level rise, increased storminess, altered precipitation regime and
increasing temperature are impacting mangroves at regional scales. Based on the most recent Intergovernmental Panel on
Climate Change (IPCC) forecasts, mangrove forests along arid coasts, in subsiding river deltas, and on many islands are
predicted to decline in area, structural complexity, and/or in functionality, but mangroves will continue to expand poleward. It
is highly likely that they will survive into the foreseeable future as sea level, global temperatures, and atmospheric CO,
concentrations continue to rise. The ultimate disturbance, climate change, may lead to a maximum global loss of 10-15% of
mangrove forest, but must be considered of secondary importance compared with current average annual rates of 1-2%
deforestation. Mangroves will survive into the future but there have already been, and will continue to be, more negative than
positive impacts due to climate change. Mangroves are expanding their latitudinal range as global temperatures continue to
rise. Mangrove forests will either experience little change or some positive impact in areas where precipitation is forecast to
increase. The greatest current threat to mangrove survival, however, is deforestation and such continuing losses must be
considered in tandem with the impact of climate change.

Keywords

Climate Change, Ecological Impacts, Mangroves

1. Introduction

Mangroves perform valued regional and site-specific
functions [1]. Reduced mangrove area and health will
increase the threat to human safety and shoreline
development from coastal hazards such as erosion, flooding,
storm waves and surges, and tsunami, as most recently
observed following the 2004 Indian Ocean tsunami [2].
Mangrove loss will also reduce coastal water quality, reduce
biodiversity, eliminate fish and crustacean nursery habitat,
adversely affect adjacent coastal habitats, and eliminate a
major resource for human communities that rely on

mangroves for numerous products and services [1-3].
Mangrove destruction can also release large quantities of
stored carbon and exacerbate global warming and other
climate change trends [4]. The value of Malaysian mangroves
just for storm protection and flood control has been estimated
at USD 300,000 km-1 of coastline, which is based on the cost
of replacing the mangroves with rock walls [5]. The
mangroves of Morton Bay, Australia, were valued in 1988 at
USD 4850 ha-1 based only on the catch of marketable
fish [5].

Accurate predictions of changes to coastal ecosystem area
and health, including in response to projected relative sea-
level rise and other climate change outcomes, enable site
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planning with sufficient lead time to minimize and offset
anticipated losses [6]. We review the state of understanding
of the effects of projected climate change on mangrove
ecosystems, including the state of knowledge for assessing
mangrove resistance to relative sea-level rise.

2. Climate Change Consequences
2.1. Storms

During the 21st century the Intergovernmental Panel on
Climate Change projects that there is likely to be an increase
in tropical cyclone peak wind intensities and increase in
tropical cyclone mean and peak precipitation intensities in
some areas as a result of global climate change [7]. Storm
surge heights are also predicted to increase if the frequency
of strong winds and low pressures increase. This may occur
if storms become more frequent or severe as a result of
climate change [7]. The increased intensity and frequency of
storms has the potential to increase damage to mangroves
through defoliation and tree mortality. In addition to causing
tree mortality, stress, and sulfide soil toxicity, storms can
alter mangrove sediment elevation through soil erosion, soil
deposition, peat collapse, and soil compression [8-9]. Areas
suffering mass tree mortality with little survival of saplings
and trees might experience permanent ecosystem conversion,
as recovery through seedling recruitment might not occur due
to the change in sediment elevation and concomitant change
in hydrology [10]. Other natural hazards, such as tsunami,
which will not be affected by climate change, can also cause
severe damage to mangroves and other coastal ecosystems
(e.g., the 26 December 2004 Indian Ocean tsunami [2].

2.2. Precipitation

Globally, rainfall is predicted to increase by about 25% by
2050 in response to climate change. However, the regional
distribution of rainfall will be uneven [11-13]. Increased
precipitation is very likely in high-latitudes, and decreased
precipitation is likely in most subtropical regions, especially
at the pole ward margins of the subtropics [7]. In the most
recent assessment, the Intergovernmental Panel on Climate
Change reported significant increases in precipitation in
eastern parts of North and South America, northern Europe
and northern and central Asia, with drying in the Sahel, the
Mediterranean, southern Africa and parts of southern
Asia [7]. Long-term trends had not been observed for other
regions.

Changes in precipitation patterns are expected to affect
mangrove growth and spatial distribution [14, 15]. Based
primarily on links observed between mangrove habitat
condition and rainfall trends [14, 16], decreased rainfall and
increased evaporation will increase salinity, decreasing net
primary productivity, growth and seedling survival, altering
competition between mangrove species, decreasing the
diversity of mangrove zones, causing a notable reduction in
mangrove area due to the conversion of upper tidal zones to
hyper saline flats. Areas with decreased precipitation will

have a smaller water input to groundwater and less
freshwater surface water input to mangroves, increasing
salinity. As soil salinity increases, mangrove trees will have
increased tissue salt levels and concomitant decreased water
availability, which reduces productivity [14]. Increased
salinity will increase the availability of sulfate in seawater,
which would increase anaerobic decomposition of peat,
increasing the mangrove’s vulnerability to any rise in relative
sea-level [17]. Reduced precipitation can result in mangrove
encroachment into salt marsh and freshwater wetlands [18].

Increased rainfall will result in increased growth rates and
biodiversity, increased diversity of mangrove zones, and an
increase in mangrove area, with the colonization of
previously unvegetated areas of the landward fringe within
the tidal wetland zone [14, 16]. For instance, mangroves tend
to be taller and more diverse on high rainfall shorelines
relative to low rainfall shorelines, as observed in most global
locations, including Australia [16]. Areas with higher rainfall
have higher mangrove diversity and productivity probably
due to higher supply of fluvial sediment and nutrients, as
well as reduced exposure to sulfate and reduced salinity [14,
15]. Mangroves will likely increase peat production with
increased freshwater inputs and concomitant reduced salinity
due to decreased sulfate exposure [17]. These predicted
responses are based on assessments from only a few areas
and are currently untested in longitudinal studies at any
single location. Further research is needed to confirm these
hypotheses and to assess the broader significance of rainfall
variability on mangroves.

2.3. Sea Level Rise

Global sea-level rise is one of the more certain outcomes
of global warming, it is already likely taking place (12-22
cm occurred during the 20th century), and several climate
models project an accelerated rate of rise over coming
decades [7, 20, 21]. The range of projections for global sea-
level rise from 1980 to 1999 to the end of the 21st century
(2090-2099) is 0.18-0.59 m [7]. Recent findings on global
acceleration in sea-level rise indicate that upper projections
are likely to occur [20]. ‘Relative sea-level change’, the
change in sea-level relative to the local land as measured at a
tide gauge, is a combination of the change in eustatic
(globally averaged) sea-level and regional and local factors.
The former is the change in sea level relative to a fixed Earth
coordinate system, which, over human time scales, is due
primarily to thermal expansion of seawater and the transfer
of ice from glaciers, ice sheets and ice caps to water in the
oceans [21]. The latter is the result of vertical motion of the
land from tectonic movement, the glacio- or hydro-isostatic
response of the Earth’s crust to changes in the weight of
overlying ice or water, coastal subsidence such as due to
extraction of subsurface groundwater or oil, geographical
variation in thermal expansion, and for shorter time scales
over years and shorter, meteorological and oceanographic
factors [21]. The rate of change of relative sea-level as
measured at a tide gauge may differ substantially from the
relative sea-level rate of change occurring in coastal wetlands
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due to changing elevation of the wetland sediment surface.
There are several interconnected surface and subsurface
processes that influence the elevation of mangroves’
sediment surface. Mangroves of low relief islands in
carbonate settings that lack rivers were thought to be the
most sensitive to sea-level rise, owing to their sediment-
deficit environments [22-23]. However, recent studies have
shown that subsurface controls on mangrove sediment
elevation can offset high or low sedimentation rates [8], such
that sedimentation rates alone provide a poor indicator of
vulnerability to rising sea-level. The surface elevation table-
marker horizon (SET-MH) method [8,24] and stakes inserted
through the organic peat layer to reach consolidated
substrate [25] have been used to measure trends in wetland
sediment elevation and determine how sea-level relative to
the wetland sediment surface is changing.

There have been observations of disparate trends in
sediment elevation within an individual mangrove [24].
This highlights the importance of designing sampling
methods to observe trends in change in surface elevation
to adequately characterize a mangrove site. Furthermore,
there can be large and significant differences between
trends in mangrove sediment accretion and sediment
elevation [27]: Subsurface processes, in some cases in the
deepest soil horizon, have been found to be primary
controlling factors of elevation change [8]. Therefore,
sediment elevation monitoring needs to account for
subsurface processes through the entire soil profile. The
understanding of how surface and subsurface processes
control mangrove sediment surface elevation, and
feedback mechanisms resulting from changes in relative
sea-level, is poor. There are likely several feedback
mechanisms, where processes that control the mangrove
sediment elevation interact with changes in sea-level.
Relatively short-term observations, over periods of a few
years, documented positive correlations between relative
sea-level rise and mangrove sediment accretion [8], which
contributes to mangroves keeping pace with regional
relative sea-level rise.

The rate of inorganic sediment accretion may decrease
exponentially as the sediment elevation increases due to
decreased tidal inundation frequency and duration [8, 22]. It
is unclear how strong the feedback mechanism is, which is
likely site-specific depending on the geomorphic setting and
resulting sedimentation processes. Observations over decades
and longer and from numerous sites from a range of settings
experiencing rise, lowering and stability in relative sea-level,
may improve the understanding of this and other feedback
mechanisms. If sediment accretion does increase with
increased hydro period (duration, frequency and depth of
inundation), because increased sedimentation can increase
mangrove plant growth through direct effects on elevation as
well as increased nutrient delivery, this might further increase
sediment accretion through organic matter deposition as well
as enhanced sediment retention with the reduced rate of flow
of floodwaters that would occur with higher tree productivity
and root accumulation [24].

2.4. Extreme High Water Events

The frequency of extreme high water events of a given
height relative to fixed benchmarks is projected to increase
over coming decades as a result of the same atmospheric and
oceanic factors that are causing global sea-level to rise, and
possibly also as a result of other influences on extremes such
as variations in regional climate, like phases of the El Nino
Southern Oscillation and North Atlantic Oscillation, through
change in storminess and resulting storm surges [27]. For
example, an analysis of 99th percentiles of hourly sea-level at
141 globally distributed stations for recent decades showed
that there has been an increase in extreme high sea-level
worldwide since 1975 [28]. In many cases, the secular
changes in extremes were found to be similar to those in
mean sea-level. Increased frequency and levels of extreme
high water events could affect the position and health of
coastal ecosystems and pose a hazard to coastal development
and human safety. Increased levels and frequency of extreme
high water events may affect the position and health of
mangroves in some of the same ways that storms have been
observed to effect mangroves, including through altered
sediment elevation and sulfide soil toxicity, however, the
state of knowledge of ecosystem effects from changes in
extreme waters is poor.

2.5. Atmospheric CO, Concentration

The atmospheric concentration of CO, has increased 35%
from a pre-industrial value, from 280 parts per million by
volume (ppmv) in 1880 to 379 ppmv in 2005 [7]. In recent
decades, CO, emissions have continued to increase: CO,
emissions increased from an average of 6.4+0.4 GtC yr-1 in
the 1990s to 7.2+0.3 GtC yr-1 in the period 2000-2005. A
direct effect of elevated atmospheric CO, levels may be
increased productivity of some mangrove species [14, 29].
Mangrove metabolic responses to increased atmospheric CO,
levels are likely to be increased growth rates [30] and more
efficient regulation of water loss [31]. For some mangrove
species, the response to elevated CO, may be sufficient to
induce substantial change of vegetation along natural salinity
and aridity gradients. Ball et al. (1997) showed that doubled
CO; had little effect on mangrove growth rates in hypersaline
areas, and this may combine with reduced rainfall to create
some stress [29]. The conclusion is that whatever growth
enhancement may occur at salinities near the limits of
tolerance of a species, it is unlikely to have a significant
effect on ecological patterns [29]. However, not all species
may respond similarly, and other environmental factors,
including temperature, salinity, nutrient levels and the
hydrologic regime, may influence how a mangrove wetland
responds to increased atmospheric CO, levels [14]. The
effect of enhanced CO, on mangroves is poorly understood
and there is a paucity of research in this area.

2.6. Temperature

Between 1906 and 2005, the global average surface
temperature has increased by 0.74°C (+0.18°C) [7]. The
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linear warming trend of the last fifty years (0.13°C per
decade) is nearly twice that for the last 100 years. This rise in
globally averaged temperatures since the mid 20th century is
considered to be very likely due to the observed increase in
anthropogenic greenhouse gas atmospheric
concentrations [7]. The range in projections for the rise in
global averaged surface temperatures from 1980 to 1999 to
the end of the 21st century (2090-2099) is 1.1-6.4°C [7].
Mangroves reach a latitudinal limit at the 16°C isotherm for
air temperature of the coldest month, and the margins of
incidence of ground frost, where water temperatures do not
exceed 24°C [15]. The optimum mangrove leaf temperature
for photosynthesis is believed to be between 28 and 32°C,
while photosynthesis ceases when leaf temperatures reach
38-40°C [32]. The frequency, duration and intensity of
extreme cold events have been hypothesized to explain the
current latitudinal limits of mangrove distribution [17].
However, the incidence of extreme cold events is not likely
to be a factor limiting mangrove expansion to higher latitudes
in response to increased surface temperature. The
Intergovernmental Panel on Climate Change projects reduced
extreme cold events [7], in correlation with projected
changes in average surface temperatures. For instance,
Vavrus et al. (2006) predicted a 50-100% decline in the
frequency of extreme cold air events in Northern Hemisphere
winter in most areas, while Meehl et al. (2004) projected
decreases in frost days in the extra tropics, where the pattern
of decreases will be determined by changes in atmospheric
circulation [33, 34].

2.7. Ocean Circulation Patterns

Key oceanic water masses are changing, however, the
Intergovernmental Panel on Climate Change reports that at
present, there is no clear evidence for ocean circulation
change [35]. However, there have been observations of long-
term trends in changes in global and basin-scale ocean heat
content and salinity, which are linked to changes in ocean
circulation [35]. Changes to ocean surface circulation
patterns may affect mangrove propagule dispersal and the
genetic structure of mangrove populations, with concomitant
effects on mangrove community structure [36]. Increasing
gene flow between currently separated populations and
increasing mangrove species diversity could increase
mangrove resistance and resilience.

2.8. Adjacent Ecosystem Responses

Coral reefs, seagrass beds, estuaries, beaches, and coastal
upland ecosystems may experience reduced area and health
from climate change outcomes, including increased
temperature, timing of seasonal temperature changes, and
ocean acidification [37]. Mangroves are functionally linked
to neighboring coastal ecosystems, including seagrass beds,
coral reefs, and upland habitat, although the functional links
are not fully understood [38]. Degradation of adjacent coastal
ecosystems from climate change and other sources of stress
may reduce mangrove health. For instance, mangroves of low

islands and atolls, which receive a proportion of sediment
supply from productive coral reefs, may suffer lower
sedimentation rates and increased susceptibility to relative
sea-level rise if coral reefs become less productive due to
relative sea-level rise or other climate change outcomes.

2.9. Human Responses

Anthropogenic responses to climate change have the
potential to exacerbate the adverse effects of climate change
on mangrove ecosystems. For instance, we can expect an
increase in the construction of seawalls and other coastal
erosion control structures adjacent to mangrove landward
margins as the threat to development from rising sea-levels
and concomitant coastal erosion becomes increasingly
apparent. Seawalls and other erosion control structures cause
erosion and scouring of the mangrove immediately fronting
and down current from the structure [39] Or, for example,
areas experiencing reduced precipitation and rising
temperature may have increased groundwater extraction to
meet the demand for drinking water and irrigation. Increased
groundwater extraction will increase sea-level rise rates
relative to mangrove surfaces [40], increasing mangrove
vulnerability. Increased rainfall could lead to increased
construction of storm water drainage canals to reduce
flooding of coastal upland areas, diverting surface water from
mangroves and other coastal systems, reducing mangrove
productivity.

3. Conclusions

To date, relative sea-level rise has likely been a smaller
threat to mangroves than non-climate related anthropogenic
stressors, which have likely accounted for most of the global
average annual rate of mangrove loss, estimated to be 1-2%,
with losses during the last quarter century ranging between
35 and 86% [41]. However, relative sea-level rise may
constitute a substantial proportion of predicted future losses:
Studies of mangrove vulnerability to change in relative sea-
level, primarily from the western Pacific and Wider
Caribbean regions, have documented that the majority of
mangrove sites have not been keeping pace with current rates
of relative sea-level rise [24]. Longer term studies are needed
to determine if these are long-term trends or cyclical short-
term patterns, and whether this is a global or regional
phenomenon. Extrapolating from results in American Samoa
on mangrove resilience to relative sea-level rise, a 0.2%
average annual reduction in mangrove area for the Pacific
Islands region is predicted over the next century based on
relative sea-level trends and physiographic settings [25].
Based on this limited information, relative sea-level rise
could be a substantial cause of future reductions in regional
mangrove area, contributing about 10-20% of total estimated
losses.

Mangrove forests occupy an inter-tidal habitat, and are
extensively developed on accretionary shorelines, where
sediment supply, in combination with subsurface
processes that affect sediment elevation, determines their
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ability to keep up with sea-level rise. Rising sea-level will
have the greatest impact on mangroves experiencing net
lowering in sediment elevation, that are in a physiographic
setting that provides limited area for landward migration
due to obstacles or steep gradients. Direct climate change
impacts on mangrove ecosystems are likely to be less
significant than the effects of associated sea level rise.
Rise in temperature and the direct effects of increased CO,
levels are likely to increase mangrove productivity, change
the timing of flowering and fruiting, and expand the
ranges of mangrove species into higher latitudes. Changes
in precipitation and subsequent changes in aridity may
affect the distribution of mangroves. However, outcomes
of global climate change besides sea-level rise are less
certain, and the responses of mangrove ecosystems to
changes in these parameters are not well understood. The
understanding of the synergistic effects of multiple
climate change and other anthropogenic and natural
stressors on mangroves is also poor. For example, a
mangrove that is experiencing an elevation deficit to
rising sea-level may be located in an area experiencing
decreased precipitation, where groundwater extraction for
drinking water is predicted to increase. The combined
effect of just these three stresses on the mangrove could
result in an sediment surface, and at the same time
decreased productivity, resulting in highly compromised
resistance and resilience to stresses from climate change
and other sources. Models have not been developed to
predict the effects of multiple stresses such as described in
this hypothetical example. There is an urgent need to test
the hypotheses that have been advanced on the likely
effects of global climate change on mangroves as there are
many uncertainties and the effects are likely to be felt over
a very long time scale.

Reduced mangrove area and health and landward
mangrove migration will increase the threat to human safety
and shoreline development from coastal hazards such as
erosion, flooding, and storm waves and surges. Predicted
mangrove losses will also reduce coastal water quality,
reduce biodiversity, eliminate fish nursery habitat, adversely
affect adjacent coastal habitats [38], and eliminate a major
resource for human communities that traditionally rely on
mangroves for numerous products and services [1, 42]. There
is a need to better plan our responses to climate change
impacts on mangroves, especially in its identification through
regional monitoring networks, and coastal planning that
facilitates mangrove migration with sea-level rise and
incorporates understanding of the consequence of shoreline
changes. The resistance and resilience of mangroves to sea-
level rise and other climate change impacts can be improved
by better “no regrets” management of other stressors on
mangrove area and health, strategic planning of protected
areas including mangroves and functionally linked
ecosystems, rehabilitation of degraded mangroves, and
outreach and education directed at communities residing
adjacent to mangroves.
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