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Abstract

Human activities change coastal ecosystems, but they are
also altered by natural causes, such as the relative sea level
rise. This work analyzes the influence of changes of the
relative sea level at Guaratiba mangrove and Marambaia
barrier island, in Sepetiba Bay, Rio de Janciro State (SE,
Brazil), based on photo interpretation. The objective of this
study is to analyze the morphodynamics of Marambaia
coastal sand barrier, estimating the rate of the shoreline
change by mapping the vegetation line position, variations
of dune extension and overwash processes. The Marambaia
barrier island and Guaratiba mangrove are highly vulnerable
to sea level rise. The mangrove is suffering pressure from the
relative sea level rising and urbanization. The mangrove
migration towards the continent is evident through the
analyses of aerial images from 1976 to 2005. If the current

1. Introduction

The Intergovernmental Panel on Climate Change (IPCC)
has estimated that the thermal expansion of the oceans and
melting glaciers were dominant factors that contributed to
the sea level rise in the 20t century (Church et al., 2013).
Since 1971, studies indicate that the thermal expansion of
the oceans and melting glaciers explain 75% of the observed
increase (Church et al., 2013). After the 21t century, the sea
level should have a strong regional pattern change, with
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erosion process continues in the Marambaia barrier island, a
disruption in the central area of the sand bank should occur,
which will create a new communication between Sepetiba
Bay and the ocean. This break will change the present
internal circulation of the bay and modify the ecosystems.
Also considering the anthropic pressure, if the Marambaia
barrier island breaks, the mangrove area will be reduced or
disappear. The sea level rise and the sedimentation rate
lowering will result in the migration and marine
transgression in Marambaia barrier island and Guaratiba
mangrove.

Keywords: Barrier Island. Mangrove. Relative Sea Level
Rise. Coastal Erosion. Overwash.

some places experiencing significant local and regional sea
level differences from the global average (Church et al.,
2013).

In 2007, the IPCC projected a global sea level rise of 18
cm to 59 em for the years 1990 to 2090. Throughout the 20t
century, the rate of sea level rise has tripled in response to
the increase of 0.8 °C of the global temperature. Since the
beginning of the measurements, sea level raised 3.4 mm per
year, which is higher than the average estimated by the IPCC
of 1.9 mm per year.
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Coastal areas ate suffering from erosion and ecosystems
loss, but few studies have observed the relationship between
coastal line retreat and the sea level rise (Nicholls et al.,
2007). Shoreline evolution due to natural and human-
induced causes can be variable over a wide range of different
temporal and spatial scales (Stive, 2002). Changes in relative
sea level triggers a series of consequences that affects directly
or indirectly flooding processes, increased erosion and salt
water intrusion in estuaries and aquifers, resulting in coastal
ecosystems changes. The sea level rise would cause a
migration of the coastal sand barriers and the mangroves
towards the mainland, reducing the width of the coastal sand
barrier, falling the elevation of the dunes, increasing the
overwash and causing the disruption of barrier sandbanks
(Gornitz, 1991). There are currently three possible causes of
coastal erosion, human activities, sea level rise and changes
in strength and frequency of storm events, which are also
being influence by anthropic activities (Zhang et al., 2004;
van Rijn, 2011).

Due to anthropogenic pressure, coastal areas also have
environmental problems caused by pollution, coastal
erosion, dunes degradation, saline water intrusion into the
aquifers and rivers. Coastal areas are associated with climatic
factors (wind and variations of sea level), oceanographic
factors (waves and tides activity), geological factors
(sediment budget) and anthropogenic factors. These factors
influence the erosion processes, the deposition and/or
removal of sediments and sediment transport in coastal areas
(Souza, 2009), involving the beach sedimentary balance.

The sedimentary balance of a beach results of the
relationship between losses and gains of sediment (Fig. 1).
The sediment exchange occurs between the beach and the
mainland or between the continental shelf and the beach
(Bird, 2008; Souza, 2009; Davidson-Arnott, 2010) The
removal of sand from beaches by man or artificial
nourishment also influence the sediment budget. When the
balance is negative, namely sediment loss is greater than the
gain, there is a deficit and sediment erosion and
retrogradation of the shoreline. On the contrary, when the
balance is positive, there are sediment gain for the deposits
and progradation of the shoreline. When the balance is zero,
the beach system reaches the stability (Souza, 2009).

Sea-level rise is not a unique process causing shoreline
change: instead, numerous factors and processes acting at
different spatial and timescales are involved causing
shoreline changes (Fig. 2; Cozannet et al., 2014). Several
types of coastal systems are not expected to respond
similarly to the same rates of sea-level change (Cozannet et
al., 2014). Because of the multiplicity of factors, processes,
interactions and feedbacks and so the attribution of
shoreline changes to one or several causes is complex and
difficult (Bird, 1996; Stive, 2004; Garcin et al, 2011;
Cozannet et al., 2014 and references herein).

Dune fields are the major sink of sediments along the
Brazilian coast, resulting from the huge transfer of beach
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sediments to the inland, removing sediments that are part of
the balance of the beach-shore face system (Neves and
Muehe, 2008). According to Pongano and Fulfaro (1976),
dunes are formed due to wind transport of sediments,
indicating a possible migration of the barrier due to the
availability of sediment.

Losses: =—>

Fig. 1. Sedimentary budget in the coastal zone (Komar,1996;
NOAA, 2016).

The barrier islands are changing constantly. These
changes are influenced by the following conditions
(Freudenrich, 2001):

a) Waves: Waves continually deposit and remove sediments
from the ocean side of the island.

b) Currents: Longshore currents that are caused by waves
when they reach the island at an angle can move the sand
from one end of the island to another. For example, the
offshore currents along the east coast of the United
States tend to remove sand from the northern ends of
barrier island and deposit it at the southern ends.

¢) Tides: The tides move sediments into the saltmarshes.
Thus, the southern sides of bartier islands tend to build
up as the ocean sides erode.

d) Winds: Winds blow sediments from the beaches, and help
to form dunes, and into the marshes, which contributes
to their build up.

e) Sea level changes: Sea level rising tend to push the barrier
islands toward the main land.

f) Storms: Hurricanes and other storms have the most
dramatic effects on barrier islands by creating overwashes
and eroding beaches as well as other portions of barrier
islands.

NOAA  (National Oceanic and  Atmospheric
Administration) (2019) provides a sea level rise rate of 2.24
mm/year for Rio de Janeiro city (at Fiscal Island), based on
monthly mean sea level data from 1963 to 2016. With this
local rate of sea level rise, mangroves may retreat towards
the continent. However, if sea level exceeds mangrove
migration capacity, which is already close to physical barriers
such as urban construction, agricultural fields or mountain
elevations, its area will become much smaller (Kjerfve and
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Macintosh, 1997). In case of events of extreme weather
conditions, there would be a significant change in the
morphology of the coastal barrier island due to large
sediment transport resulting from the force of waves and
currents and consequently the destruction of the protective
vegetation and dunes (Vargas et al., 2008). The sea level rise
will intensify this environmental stress causing coastal
flooding in low zones, beach erosion and destruction of
coastal areas (Snoussi et al., 2009).

Engineering works performed in Sepetiba harbor, which
was designed in 1982 to become the Industrial and Port
Complex of Itaguai, also changes the natural sedimentary
dynamic. In addition, these interventions also generated
environmental conflicts in the area, since they consisted in
the construction for a general cargo terminal, which required
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the grounding of an area near the coast. For this ground were
taken 20 million cubic meters of Sepetiba Bay bottom
material. The applied dredged material used in the landfill
had high degtee of both organic and inorganic pollution
which generated big problems. Among the expansion works,
dredging works for the sinking of the Sepetiba Bay entrance
channel were carried out. These works revolved sediments
and also the metal waste released in this transitional system
during several decades, already accumulated in subsurface
bottom sediments in Sepetiba Bay (Diaz Morales et al., 2019,
and references herein). This dredging for the sinking of the
navigation channel to 14-17.5 meters (Portos Rio, 2010)
removed 5 million cubic meters of sediments from the bay

bottom, generating pollution and siltation of other areas
(Bastos and Bassani, 2012).

Biological processes External geodynamic W
Bioclastic sediment processes
production Erosion, deposition, J
sediment transport
Anthropogenic actions
Hydrometereological Coastal, estuarine, and river
factors Coastal & shoreline works, sand miming, land use
Sea level, waves, winds, changes planning, ressources extraction
storms, ramnfall, etc. (e.g. groundwater), beach
nourishment, etc.
Internal geodynamics i
Climate change <------= Tectonics, vertical ground i
movements, etc. E

Fig. 2. Different categories of factors and processes involved in shoreline changes. Interactions and feedbacks between these factors are
indicated by arrows. Because of the multiplicity of factors, processes, interactions and feedbacks, the attribution of shoreline changes to
one or several causes is complex and difficult (Bird, 1996; Stive, 2004; Garcin et al., 2011; Cozannet et al., 2014).

The objective of this study is to analyze the
morphodynamics of Marambaia coastal sand barrier in Rio
de Janeiro State, estimating the rate of the shoreline change
by mapping the vegetation line position, dune extension
and by detecting the occurrence overwash processes.

2 - Study Area

Marambaia batrier island and Guaratiba mangrove are
included in Sepetiba Bay, Rio de Janeiro State (Fig.3). The
Guaratiba Biological Reserve (RBG) has approximately
3.360 hectares and protects a remaining mangrove (INEA,
2015). Marambaia barrier island has a length of
approximately 40 km and an area of 79 km? (Oliveira et al.,

2008). It is separated from the main land by the “Canal do
Bacalhau” (Codfish Channel) in Guaratiba and is partly
located in the West Zone of the Rio de Janeiro city and in
Itaguai and Mangaratiba cities. The Marambaia barrier
island is dominated by parabolic dune fields and is limited
to the east by channels in Guaratiba and west plains of low
and small lagoons (Pongano and Fulfaro, 1976). The
Marambaia batrier island is controlled by the Brazilian
army and navy. The access to this barrier island is
restrictive and requires permission of the army to get in.
Because of that, it is an unpopulated area and is a protected
ecosystem. In contrast, the Guaratiba mangrove is
bordered by a highly urbanized, continuously growing area
that negatively impacts the mangrove ecosystem.
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Fig. 3. Localization map. Sepetiba Bay-R], Marambaia Barrier Island and Guaratiba Mangrove.

3-Materials and Methods

3.1-Materials

The analysis of variation in the vegetation and in the
shoreline, position was observed through aerial images,
satellite images and orthophoto images. The source of
those images is presented in table1.They were processed in
Arcgis10 software producing maps in which was possible
to identify the position of vegetation and shoreline change
rate along 29 years — 1976, 2005 and 2015.

3.2- Shoreline Change Rate

According to Bush et al. (1999) there are geoindicators
of coastal risk that can be used as qualitative checklist to
be considered as identifying erosion and shoreline changes
in coastal areas like vegetation, overwash, dune
configuration, erosion rate, etc. The values are established
for typical southeastern US barrier islands. So, in this study,
it will be used to identify areas with erosion problems.

Aerial photographs from 1976 and orthophoto from
2005 were used to analyze vegetation migration. The first
step was to import the images to the Arcgis10 and geo
reference the aerial photograph images using as reference

the orthophotomosaic from 2005 in WGS-84 UTM
projection fuse 23S zone K. After georeferencing, it was
created a line shapefile for each image and through visual
criteria defining vegetation lines and saltmarsh lines. The
areas with dead vegetation is one of the indicators of sea
level rises and salt water intrusion, as indicated by Williams
(2013).

The focus of this study in the central area of the
Marambaia barrier island is similar to previous studies,
such as performed by Oliveira et al. (2008), that indicated
this area as the most vulnerable due to intensive erosion
problems.

To calculate the shoreline change rates in the barrier
island and in the mangrove, the vegetation lines in the
mangrove and the barrier island were compared. Line
shapefiles of 1976 and 2005 were created in the mangrove
saltmarsh and shoreline vegetation and in the barrier island
in both sides, the Atlantic Ocean and Sepetiba Bay. Then,
polygons equivalent to the area between the shoreline
position in 1976 and 2005 were created. The determination
of the shoreline change rates (SCR) were calculated
dividing the obtained balance (SD) between the accretion
area (AA) and eroded area (EA) divided by extension of
the coastline (ECL) of 1976 (Almeida et al., 2013).
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Tab. 1. Data used for the analysis of the long-term shoreline changes.
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Sites Date Type of Document Scale Source
Marambaia Batrier Island and 1976 Aerial photographs 1:10.000 Fundrem
Guaratiba Mangrove 2005 Orthophotos 1:25.000 IBGE
2015 Satellite image 1:20.000 Google Earth
SD =AA — FA sinuous (barchans or barcanoides chains). Parabolic dunes

SCR =SD / ECL
The shoreline was divided in four areas:
1- Barrier island shoreline in Sepetiba Bay
2- Barrier island shoreline in Atlantic Ocean
3- Mangrove shoreline in Sepetiba Bay
4-  Mangrove saltmarsh.

3.2 Dunes and overwash

One indicator of shoreline erosion is the overwash
(Fig.4). Overwash is a natural storm-related process that
occurs when wave run up over comes the dune crest
(Rodrigues et al., 2012). Brantley et al. (2014) studied
specific overwash sites and classified overwash features as
“active overwash” if they lacked relief and exhibited
evidences of recent overwash in the past 1-2 years.
Recently disturbed sites that showed some dune accretions
in the most recent overwash event were classified as
“intermediate overwash”. Sites exhibiting evidence of
overwash in the past several decades, but which were
protected from wave action by seaward dunes at the time
of the field survey were classified as “relict overwash”.

The orthophoto images from 2005 were photo
interpreted based on the work Matias et al. (2009) aiming
to analyze the extent of the overwash zone in the
Marambaia barrier island, by defining line shapefiles in the
morphologic shapes.

Gutierrez et al. (2007) suggested some indicators to
notice when a barrier island is close to the tipping point:
increased rate of landward migration of the barrier,
decreased batrier width and elevation of barrier and sand
dunes, increased frequency of storm overwash, increased
frequency of barrier breach, inlet formation and widening
and segmentation of the barrier.

Coastal dunes are natural barriers protecting areas along
many of the world’s sandy coastlines against storm surge
and wave action. The dune may erode rapidly and the
lowering of the dune crest may lead to an increase in wave
over topping and overwash. Overwash occurs either by
inundation of the dune due to high surge and tide levels or
by excessive wave run up (Figlus et al., 2011).

Field dunes (Fig. 5) are isolated masses of sand moving,
that present transversal orientation towards the wind, with
line ridges (transversal dunes), in half moon (barchans) or

are characterized by a U or V geometry, more or less closed
with the convexity to the leeward (Almeida and Suguio,
2012).

Overwash

Fig. 4. Example of overwash. From: http://coastal.er.usgs.gov/
hurticanes/impact-scale/overwash.php

Parabolic

W
- -

Transversal

Fig. 5. Dunes morphology and its guide lines in relation to the
direction of the prevailing winds (Almeida and Suguio, 2012).

4 - Results and discussion
4.1 Shoreline change rate

Changes in the shoreline of the Marambaia Barrier
Island and in the saltmarsh area of Guaratiba mangrove
were observed from 1976 to 2005, as well as a difference
between the vegetation line (Figs. 6 to 8).
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Fig. 6. Shoreline change barrier and Sepetiba Bay from 1976 to 2005. Blue line 1976, red line 2005. Pink polygon accretion and yellow

polygon erosion.
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Fig. 7. Shoreline change bartier and Atlantic Ocean from 1976 to 2005. Blue line 1976, red line 2005. Pink polygon accretion

and yellow polygon erosion.
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Fig. 8. Guaratiba mangrove and saltmarsh vegetation line change. Yellow line from 1976 and red line from 2005.
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Fig. 9. Accretion and eroded areas from 1976 to 2005. Blue
accretion and red erosion (m?).

The results for the four analyzed sectors showed a total
eroded area (EA) of = 84.916 m? and a total accretion area
(AA) of = 490.275 m? (Fig. 9). The SCR (Fig. 10) showed a
retreat of the shoreline with greater intensity in the central
stretch of Marambaia sandbank in relation to the Atlantic
Ocean (sector 2) of about 8.4 m, corresponding to an eroded
area of 70.091 m? There was a barrier migration towards
Sepetiba Bay over decades, which is corroborated by studies
of Oliveira et al. (2008). These results are in agreement with

Guimaries (2014) on the growth of the vegetation in
marshes.

SHORELINE CHANGE RATE
60
50 o
40 S
30 o
20 —
10 = - . -
| L—— |
10 !
-20
1 2 3 4
(sscRm| 14 84 | 414 524

Fig. 10. Shoreline change rate from 1976 to 2005.

The sea level rise is influencing the zonation pattern in
Guaratiba mangrove and the gradual advance of mangrove
in the saltmarshes. In Guaratiba mangrove there are
indications of erosion processes in the margin of the
mangrove exposed to the bay and a growth of the mangrove
for eastwards the saltmarshes and areas with dead trees as it
was possible to observe in Figures 11, 12 and 13 where the
saltmarsh is being colonized by mangrove trees (Guimaraes,
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2014). In Rio de Janeiro city, there are other areas with
coastal erosion. Fach one has its particularity, but the
erosion process is similar in all of them.

The erosion in Atafona is related to natural and
anthropogenic causes linked to the Paraiba do Sul River.
There are records since 1975 that the erosion at south of

RESEARCH PAPER

Paraiba do Sul River mouth has destroyed 183 buildings
(Ribeiro et al., 2004). In this zone, the front erosion of the
dune field displays a cliff about 3 meters high and after 5
years of surveys, the beach line fell about 37 m, setting an

average rate of decline of 7-8 m/year (Bastos and Silva,
2000).

Fig. 12. Mangtrove colonization in saltmarsh in the migration direction (Date: 04/06/2016)
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Fig. 13. Saltmarsh area variation: 2005 to 2015. The red line indicates the area in 2005 and the base picture is a Google Earth image of

2015.

The Praia das Tartarugas, in Rio das Ostras city, for
example, has undergone intense and accelerated erosion.
Urbanization and buildings in the backshore zone changed
the sediment balance. In addition, the construction of
Juturnaiba dam in Sio Jodo River retained sediment
upstream, which affected the sediment transport to the
beaches near the mouth. This sediment deficit is causing
the shoreline recession in the region (Castro et al., 2011).

Studies have shown that the mangrove, at their seaward
margin, is controlled by sea level rise (Ellison, 1994).
Structural gradient, sand zonation at mangroves areas
associated with gradients of tidal flooding frequency and
transition forests would be the pioneers of the process of
mangrove species advancements on the saltflats; overtime,
with the attenuation of marine influence on the substrate,
the transition forests would eventually transform in what
are now basin forests (Estrada et al., 2013). In Guaratiba
mangrove, it is possible to observe zonation and
differences in vegetation patterns due to tide change,
currents activity, seasons and the mangrove dynamic over
the years.

In Marambaia barrier island, the barrier migration is
occurring in response to sea level rise and overwash
processes that transport sediments from the barrier to the
back. With the sea level rise, the sediments in the barrier

are eroded and deposited in the back, causing a migration
of the barrier and a search for balance (Dubois, 1976).

Oliveira et al. (2008) estimated this reduction over 29
years (1975-2004) with Landsat images, but the observed
variation in 1984 — 2004 period may also be influenced by
great tidal influence. As the images were not necessarily
acquired at the same time, the sandbank may have been
imaged with different tidal height in several years, which
also happens in this work despite the best resolution of the
images. Oliveira et al. (2008) observed that the width of the
central portion of the sand bank is reducing in size. The
width reduction was of 158 m to 100 m from 1975 to 2004
and an area reduction of 0.61 km? in 1975 to 0.55 km? in
2004. The average width of the entire time series was
112.89 + 27.00 m. According to the results of this paper
and the observations of Oliveira et al. (2008), it can be
stated that the area of Marambaia sand island is undergoing
intense destructive erosion processes.

4.2 — Dunes and overwash in Marambaia Barrier Island

The results for dunes and overwash for the Marambaia
sand barrier were divided in five sectors (Fig.14): A, B and
C for overwash events (Fig. 15), D for parabolic dunes
(Fig. 16) and E and F for barchans dunes (Fig. 17)
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Overwash and dunes map on Marambaia Sand Barrier
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Fig. 14. Overwash and dunes map (2005).

Overwash A and B with wind direction

Fig. 15. Overwash in Marambaia barrier island.

Overwash C and D with wind direction

Fig. 16. Parabolic dunes in Marambaia Barrier Island.
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Overwash E and F with wind direction

Fig. 17. Barchan dunes in Marambaia barrier island.

The sediment removed from the sandbank by the
overwash and dune erosion are transported to the other
side of the barrier where the internal circulation of Sepetiba
Bay (Fig.17) is responsible for transporting it towards the
bay and across the bay. Borges and Nittroeur (2010)
identified areas in northeastern coastline of Sepetiba Bay
which accumulated clayey sediments over 20 years, causing
progradation of 400 m since 1868. In addition, the Sepetiba
Beach next to the mangrove area of Guaratiba, which was
mangrove in the past, was recovered with beach
nourishment (Neves, 2010). However, currently, this
beach was eroded again being replaced by a young
mangrove.

The sediments eroded from the Sepetiba Beach, by the
internal circulation of Sepetiba Bay, are being transported
to south-southeast. This dynamic should explain the
sedimentation in Guaratiba mangrove as shown in Fig. 18.
In addition, according to Cortez and Guerra (2013), the
Guaratiba channel is influenced by the hydrodynamics
pattern inside the Sepetiba Bay. The most intense currents
were observed during the flood tidal peak, probably by the
seawater entrance into Sepetiba Bay. According to Cortez
and Guerra (2013), these more active currents were the
main cause for the increase of suspended particulate matter
concentrations. The hypothesis is that part of the particles
transported in the channel are being retained, explaining
the silting over the years in the internal area of Sepatiba
Bay.

According to Suguio (1999 and references herein), the
sea level rise rate versus sedimentation rate may result in
three situations: i) sea level rise greater than the
sedimentation rate results in a marine transgression or
retrogradation, with the beach migration towards the
continent; i) sea level rise equivalent to sedimentation rate
corresponds to stability and; iii) sea level rise lower than
sedimentation rate causes marine regression or
progradation, with progradation of the shoreline. In

Marambaia barrier island the sea level rise rate is higher
than the sedimentation velocity due to evidenced erosion
(Oliveira et al., 2008) which is causing migration from the
beach towards the continent.

The transport of sediments is important to analyze the
sedimentation rate and the sea level rise in relation to the
shoreline change. In Marambaia barrier island there are
sediment losses from overwash, dune erosion, wind
transport, longshore transport in Sepetiba Bay and in the
Atlantic Ocean and Sepetiba Bay dredging (Fig.19). In
Guaratiba mangrove the sediment loss is related to the tidal
flux and also dredging activities in the Sepetiba Bay. The
sediment gain also includes the tidal flux, river discharge
and the longshore transport from the Sepetiba Bay
(Fig.20).

Rosati et al. (2010) developed a model of evolution of
sandy barrier islands covering years to decades due to
coastal erosion, overwash and migration. Results indicated
that the barrier island are subject to: i) reduction of dune
elevation; i) volume changes in the outer region of the
barrier; iii) increased overwash and; iv) migration when the
dunes reach a small critical elevation. In Marambaia barrier
island the sea adjustments contribute to the migration and
transport of sediment to reverse the barrier, with evidence
of erosion and reducing of the barrier over the years.

Snoussi et al. (2009) analyzed the impact of the mean
sea level rise in Tangier Bay (Morocco), and found three
beaches with greater vulnerability to coastal erosion. The
vulnerability is not related only to the sediment regime in
the bay but indicates an erosive trend in the southeastern
part of the past two decades, but also due to lack of sandy
sediments. Nowadays, hotels wete built a few meters from
the shoreline and therefore dunes were destroyed, which
affect an adjustment from the beach to a new profile of sea
level rising. This situation does not occur in Marambaia
barrier as in the area of dunes there is no human
intervention.
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The vulnerability of the sandbank is given from the
increase in overwash events, destruction or migration of the
dunes and a possible disruption of the central part of the
barrier (Williams, 2013), which would cause a change in the
internal circulation creating a new communication of
Sepetiba Bay and the ocean, changing the bay internal
circulation and consequently the present ecosystems.

Tidal flux
Sediment Sepetiba Bay
Dredging
Losses
Tidal flux
River discharge
Longshore Transport Sediment
in Sepetiba Bay
Gains

Fig. 20. Sediments transport flux in Guaratiba mangrove.

5. Conclusion

Coastal land form is not simply inundated as sea level rise
but the impacts vary over time and location, and are
determined by geophysical processes and geologic
characteristics. For barrier islands, these changes may result
in increased landward migration, geomorphic change such as
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reduction in size or segmentation, or in extreme cases,
drowning of the barrier island.

The Marambaia barrier island migration and erosion is
related to a lower sedimentation rate and sea level rise. This
effect is happening in many shorelines around the world.
The increase of the vegetation area in the Sepetiba Bay
shoreline, at the Guaratiba mangrove region, can be
explained by a higher sedimentation rate than sea level rise.
But, the vegetation growth in the saltmarsh suggests a
landward migration, which is a consequence of sea level rise.

If this trend remains, it is possible a disruption in the
central area of the Marambaia Barrier Island, which will
create a new communication to the Sepetiba Bay and the
ocean, changing the bay internal circulation and
consequently the present ecosystems and the reduction or
disappearance of the mangrove due to anthropic pressure
and the physical barrier in one side and the sea level rise in
the other.
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