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Abstract: Rapid degradation of stabilized mangrove plantations in the southern and south-eastern part of Bangladesh has
raised much concern to the scientists and environmentalists. In the past, land stabilization concept in connection to mangrove
plantations is poorly understood. This study aimed at assessing the current status of mangrove plantations and understanding
more about their impacts on land stabilization along the coastline of Bangladesh. The study was carried out at five Coastal
Afforestation Divisions (here mentioned as CADs) of Bangladesh Forest Department (BFD) from September 2014 to August
2015. Primary data on stabilized mangrove plantations over the time period of 1966 - 2014 were collected from BFD field
offices. Secondary data on natural accretion and erosion were collected from a large number of existing literatures. The results
showed that more than 192,395 ha of mangrove plantations were stabilized over the period from 1966 through 2014 in five
CADs with the highest distribution in Noakhali (40%) followed by that in Chittagong (26%), Bhola (20%) and Patuakhali
(14%). The total area of stabilized mangroves maintained a significant (P<0.01) positive relationship with plantation age. Mean
land stabilization rate in the mangrove plantation area was significantly higher than that in the non-mangrove areas. The
outcome of this research provides useful information on the potential role of mangrove plantation in stabilizing naturally
accreted coastal land along the coastline of Bangladesh and other similar areas. However, this study suggests for need of
further research to investigate delta building activities in relation to actual accretion and erosion rates along the coast.
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to minimize the loss of human life and property accelerating
sediment deposition, land accretion and stabilization [28]. Up
to 2001, 170,000 ha of newly accreted land were stabilized
by mangrove plantations at five CADs [30]. Some places
across the CADs could not be stabilized due to plantation
failures caused by river erosion [30]. No study has yet been
carried out after 2001 to evaluate the status of mangrove
plantations and their impacts on land stabilization in
Bangladesh [24, 33].

Bangladesh faces simultaneous and continuous erosion and
accretion of land in the southern coast line [1, 30, 33]. IPCC
reported that coastal erosion and accretion are influenced by

1. Introduction

Mangroves grow in the intertidal zones located in tropical
and subtropical latitudes occupying approximately 138,000
km [7, 15]. Considering the depletion of natural mangroves,
plantation mangroves have been established in many
countries [2, 7, 31]. Bangladesh is pioneer in establishing
mangrove plantations [30, 33, 35]. The country has a 710 km
long coast line consisting of three landscapes - western,
central, and eastern coasts that support of both natural and
plantation mangroves [14, 20, 30, 33]. Excluding the natural

mangroves, the extensive shoreline had no vegetation until ; R
the Bangladesh Forest Department (BFD) launched a tidal waves, storm surges, cyclonic winds, water currents and

plantation program in 1966 [13]. Repeated cyclones and tidal ~ ¢4 leYel .rise (SLR). Studies show that ghe average rate.of
surges led BFD to establish mangrove plantations using accretion in ]32angladesh was about 46 km™ per year, of which
mangrove species within five Coastal Afforestation Divisions only 13.4 km" per year of newly accreted lands was usable to
(CADs) of BFD [30, 33, 34]. The primary objectives of  Mangrove plantat1op purposes [23, 33]. Although .1ar¥d
mangrove plantations on newly accreted coastal lands were accretion rate was high in the coastal areas, the net gain in
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landmass was low due to the lack of land reclamation
practices though mangrove plantations [13, 16, 34]. Newly
accreted land remains unstable and surface erosion is a
continuous process until the initiation of deep-rooted
mangrove vegetation [16]. Mangrove plantations enhance
sediment deposition because the aerial root system of
mangroves is rapid and extensive [21, 23, 30]. This root
system acts on reducing the energy of progressing waves and
tidal current with decreased sediment carrying capacity of
water, which in turn, increases the sediment deposition
around the planted mangroves [30, 33]. Therefore, the rate of
accretion was higher in mangrove plantations than non-
mangrove barren lands which were not planted by BFD with
mangroves [13, 30, 33, 34].

Bangladesh is one of the most vulnerable countries to
climate change [6, 12, 17, 34]. Coastal communities in
Bangladesh are always at risk because of natural cyclones
and extreme events caused by climate change. However,
extensive mangrove plantations in coastal areas can minimize
the adverse impacts of climate change, such as soil erosion,
flooding, loss of life and property [12, 25, 35]. Additionally,
mangrove plantations act as a shelter belt which protects
coastal life and property from climatic events, such as
cyclones [30, 33, 35]. The principal effect of the shelter belt
is the retardation of wind velocity during the coastal cyclonic
events [5, 6, 30]. Thus, the mangroves reduce the devastation
of cyclones decreasing the intensity of wind velocity and
tidal surges [12]. During the period of 1960 to 2013, around
15 cyclonic events occurred in the coast of Bangladesh [34].
The loss of life and property due to these events was lower in
mangrove areas than that in non-mangrove areas in the coast
line [33, 34]. It has been predicted that about 96% of the
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Bangladesh Sundarbans could be lost because of a 28 cm
SLR, if the land surface of the Sundarbans were not elevated
by sedimentation [17]. However, both mitigation and
adaptation might be the way of reducing the impacts of SLR
[17, 29]. The exposed coast should be managed by planted
mangroves for sediment accretion and land stabilization [12].

Though the previous studies focused on the rate of
sediment deposition, land accretion and stabilization
processes in mangrove areas was faster than those in the non-
mangrove areas [12, 30, 34, 35], none of them focused on the
significant impacts of mangrove plantations on land
stabilization rate in comparison to natural land stabilization
rate in non-mangrove areas. The connection of land
stabilization through mangroves has not been sufficiently
addressed in existing body of literature. However, frequent
cyclonic events, unstable geo-morphological changes and
predicted SLR along the coast of Bangladesh increased the
importance of mangrove plantations in relation to their land
stabilization and coastal protection capacities [1, 6]. Thus,
this study was designed to evaluate the status of mangrove
plantations in Bangladesh and their impacts on land
stabilization.

2. Materials and Methods
2.1. Study Area

This study has been conducted in five CADs of the BFD.
The CADs were Chittagong CAD (22° 22" N to 91° 48 E),
Noakhali CAD (22° 42" N to 91° 6 E), Barisal CAD (22° 42’
N to 90° 22 E), Patuakhali CAD (22° 21' N to 90° 19' 5 E)
and Bhola CAD (22° 41' N to 90° 38’ E) (Figure 1).
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Figure 1. Map of the study areas showing five Coastal Afforestation Divisions (CADs) of the Bangladesh Forest Department. This map was produced in

ArcGIS environment.
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2.2. Data Collection

We were interested in the primary attributes of total
planted area (ha), eroded area (ha), stabilized mangrove
plantations (ha) from 1966 to 2014. We collected data on
these attributes of the coastal mangrove plantation across the
five CADs of the BFD. Secondary data on land area under
natural accretion and erosion along the coast of Bangladesh
was collected from existing scientific literatures like books,
journals and proceedings.

2.3. Data Analysis

2.3.1. Comparing the Land Stabilization
Rates
The rate of land stabilization (ha per year) in mangrove
plantations and non-mangrove areas was calculated using the
equations (1) through (4) developed by Uddin and Hossain
[34].

Ep = Cp — Dy, (1)
Fn = 52 @)
En = €y~ Dy 3)
Fo= 3t “)

Where, B is the age of the mangrove under study, C is the
total area under mangrove, D is the total eroded area (ha), E
is the total stabilized area (ha), and F is the land stabilization
rate (ha per year), m and n are the planted mangrove and non-
planted non-mangrove states of accreted land, respectively.

On determination of the stabilized arecas and land
stabilization rates, the state of accreted land was compared to
identify whether each of these two attributes differed from a
mangrove planted state of accreted land to a non-planted
naturally stabilized state of the same. Our hypothesis was that

the planted mangrove areas were better able to stabilize
accreted land along the coastline of Bangladesh. We
conducted an unpaired t-test to test the null hypothesis that
E,, = F,. The rejection of this null hypothesis would indicate
that, land stabilization rates were different in the two states of
accreted land. The sample sizes (n) for mangrove plantations
and non-mangrove areas were 27 and 25, respectively.

2.3.2. Linking the Size of Stabilized Land and
the Plantation Age
We hypothesized that, plantation age has a positive role to
play in stabilizing the size of land. To test this hypothesis, we
estimated the following ordinary least square regression
model (equation 5).

E=a+ B(B)+e (5)

Where, E is the area (ha) of stabilized mangrove
plantations from five CADs of BFD was considered over the
period of 1966 — 2014, B is the age (year) of plantations, a
and f are the parameters to be estimated, e; is the normally
distributed error term with mean zero and constant variance.
The sign off will indicate the type of relationship exists
between E and B, the magnitude of B will indicate the
marginal change in E corresponding a unit change in B.

3. Results

3.1. Status of Mangrove Plantations in
Bangladesh

Table 1 illustrates the stabilized area (ha) of mangrove
plantations at five CADs of BFD from 1966 to 2014.
Approximately 77,685 ha of mangrove plantations were
recorded in Noakhali by 2014 followed by Chittagong
(48,891 ha), Bhola (39,203 ha), Patuakhali (26,607 ha) and
Barisal (9 ha) CADs.

Table 1. Stabilized area (ha) of mangrove plantations at five Coastal Afforestation Divisions (CAD) of Bangladesh Forest Department over the period of 1966

-2014.

Stabilized mangrove plantations (ha)

Year of plantations

Total stabilization (ha)

Chittagong Noakhali Barisal Patuakhali Bhola

1966 — 1972 1,587 0 0 1,792 304 3,683
1973 - 1979 10,291 8,337 0 5,379 5,513 29,520
1980 — 1986 22,574 27,495 0 12,520 18,383 80,972
1987 — 1993 6,880 10,682 0 3,913 5,297 26,772
1994 — 2000 2,230 12,290 0 520 1,085 16,125
2001 —2007 4,000 6,572 0 666 5,359 16,597
2008 —2014 1,329 12,309 9 1,817 3,262 18,726

Total 48,891 77,685 9 26,607 39,203 192,395

Source: Bangladesh Forest Department, 2015

Approximately 192,395 ha of mangrove plantations have
been stabilized over the period of 1966 - 2014 in five CADs
of BFD. Figure 2 showed the highest area distribution (40%)

of stabilized mangrove plantations in Noakhali CAD,
whereas remaining 60% was distributed in other four CADs
of BFD. Barisal CAD started plantation activities after 2008
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and very few areas of mangrove plantations were stabilized

by 2014.
L ‘ . M Chittagong
. 1 W Noakhali
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Figure 2. Area distribution of stabilized mangrove plantations at the five
Coastal Afforestation Divisions of Bangladesh Forest Department.

3.2. Impacts of Mangrove Plantations on
Land Stabilization

Mangrove plantations stabilized newly accreted land in all
CADs of BFD except Barisal CAD (Figure 3). The stabilized
area (ha) of plantations in Noakhali and Bhola CADs showed
a highly significant (P<0.01) positive relationship with the
age of the plantations over the period of 1966 — 2014 (Figure
3). In Chittagong and Patuakhali CADs, the land stabilization
(ha) by mangrove plantations showed significant (P<0.05)
positive relationship with the age of plantations over the
same period (Figure 3). There was no significant relationship
(P<0.05) in Barisal CAD between land stabilization (ha) and
the planting of mangroves (Figure 3). The total stabilized
area (ha) of mangrove plantations within five CADs showed
a highly significant (correlation coefficient, R = 0.956,
critical value of Pearson’s correlation coefficient, R = 0.9343,
df = 5, P<0.01) positive relationship with the age of
plantation between 1966 and 2014 (Figure 4). The findings of
the R-statistics support one of the two hypotheses showing a
significant positive relationship between the stabilized area
(ha) of mangrove plantation and the age of plantation over
the period of 1966 — 2014.
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Figure 3. Stabilized area of mangrove plantations in all Coastal
Afforestation Divisions of Bangladesh Forest Department showing the linear
trend lines that represent the relationship between land stabilization and age
of the plantations over the period of 1966 — 2014.
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Figure 4. Total stabilized area of mangrove plantations in Bangladesh
showing a linear regression line which represent the relationship between
total land stabilization (ha) of all Coastal Afforestation Divisions and age of
plantations over the period of 1966 — 2014.

3.3. Land Stabilization Rate in Mangrove and
Non-mangrove Areas

In mangrove plantations, the estimated mean stabilization
rate (Figure 5) of all CADs was approximately 1200 ha per
year, whereas it was about 300 ha per year in non-mangrove
areas (barren land) which were not planted by BFD. The
stabilization rate (ha per year) between mangrove plantations
and non-mangrove areas (newly accreted barren land) was
highly significant (t-test, t= 3.56, df= 39, P<0.001) (Figure
5). This result confirms the other hypothesis that there is a
highly significant difference (P<0.001) between stabilization
rate (ha per year) in mangrove plantations and non-mangrove
(newly accreted barren land) areas which were not planted by
mangrove species.
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Figure 5. Land stabilization rate (ha per year) showing a highly significant
difference (P<0.001) between mangrove plantations and non-mangrove
areas. The error bar indicates the standard error of mean.

4. Discussion

4.1. Status of Mangrove Plantations in
Bangladesh

The present study showed the reasons for which BFD
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took the initiatives of extensive mangrove plantations on
newly accreted lands has been proved to be beneficial.
Uddin [33] reported about 170,000 ha of stabilized
mangrove plantations between 1966 and 2001 along the
coast. In comparison to the previous study conducted by
Uddin [33], the present study on mangrove plantations in
Bangladesh showed an upward trend of stabilization
(Figures 3 and 4). This study recorded approximately
22,395 ha of additional stabilized mangrove plantations
over the last 13 years (2001-2014) representing additional
stabilization rate of about 1,723 ha per year which was
possible only due to the introduction of mangrove species
on this newly accreted land. However, the findings of the
present study increased the importance of conserving
stabilized plantation mangroves in Bangladesh. The
conservation of stabilized mangrove plantations is
particularly important as there are concerns that 3% of the
stabilized mangrove plantations are degraded due to the
factors, such as shrimp farming, salt cultivation,
industrialization and ship recycling [12]. Additionally,
much of the accreted land remains exposed without
vegetation although actual accretion and erosion rates along
the coast remain under question [16]. This study suggests
that introducing mangrove species on the exposed barren
lands and their proper management through the BFD may
increase the stabilized land area protecting the coastal
communities from natural calamities, such as cyclonic
events and SLR.

4.2. Impacts of Mangrove Plantations on
Land Stabilization

No previous study has determined the significance of the
relationship between stabilized mangroves (ha) and age of
plantation. This study showed a significant relationship
(P<0.05) between stabilized mangrove plantations and age of
plantations over the period from 1966 to 2014. The land
stabilization rate was significant in all CADs except Barisal
(Figure 3). In Barisal CAD, only 9 ha stabilized mangrove
plantations were recorded after 2008. The reason of the small
Figure in Barisal CAD was the rapid sediment discharge,
strong water current and very dynamic erosion and accretion
rates [3, 29]. Total stabilization (ha) of all five CADs also
showed a highly significant relationship in comparison to the
age of plantation (Figure 4).

Uddin and Hossain [34] conducted a study on the role of
mangrove plantations on land stabilization at Nolchira
forest range of Hatiya Island under Noakhali CAD in
Bangladesh. They reported that approximately 14,371 ha of
newly accreted land were planted with Sonneratia apetala
of which about 12,451 ha (87%) mangrove plantation was
stabilized over the period of 1967 to 2007. Uddin and
Hossain [34] also reported that almost 795 ha of stabilized
forests were converted into agricultural land which was
only possible due to land stabilization by mangrove
plantations. Uddin et al. [35] conducted a further study in
the Mirersharai coast within the Chittagong CAD and found
that almost 5,477 ha newly accreted lands were planted by

pioneer mangrove species (S. apetala and A. officinalis) of
which approximately 4,852 ha of mangrove plantation was
stabilized over a period of 1966 to 2014. In this study, they
also reported that almost 625 ha of the planted land were
damaged due to erosion caused by tidal waves and storm
surges. Haque et al. [9] found that almost 2,694 ha
mangrove plantation was stabilized in the coastal forest of
Sitakunda and Mirsharai under Chittagong CAD between
the years of 1993 - 1976. They also mentioned that newly
accreted areas in this region were unstable as it was
exposed to tidal inundation, tidal waves and storm surges.
Tamin et al. [32] conducted a study on the impacts of
mangroves in accreting coastal land at Sangai Haji Dorani,
Selangor, Malaysia and reported that Avicennia species was
helpful in depositing sand and silt in the soil from 5% to
18% within 18 months in comparison to the adjacent barren
lands. They also mentioned that accreted shoreline was
completely stabilized with 1.8 m tall Avicennia species over
a period of 18 months (November 2008 to May 2010).
From the study of Tamin et al. [32], it was evident that
sediment deposition had increased by 13% within 18
months (1.5 year). Considering the study of Tamin et al.
[32], sediment deposition could be increased by 100% over
some 138 months by planting mangrove species on the new
accreted land. Depositing 100% of the sediments on the
surface of mangrove plantations increase the elevation of
land along the coast. If the land can be elevated to about a
one meter and stabilized, then coastal communities in
vulnerable countries like Bangladesh can be protected from
the risk of climatic events [30]. These findings and
underlying concepts are similar to the findings of Hashim et
al. [10] who reported that planting mangroves was an
effective method for coastal rehabilitation in Malaysia. The
mangrove species when planted on newly accreted land
along the coast of Malaysia in 2010 showed beach
morphological changes over 8 months resulted in rapid
sediment accretion. Yang et al. [37] carried out a study on
the North Island of New Zealand to investigate the response
of mangroves (4Avicennia spp.) to sediment deposition. They
recorded that mangroves had induced rapid sediment
deposition on the forest floor which increased the land area
by 21% from 1940 to 2003. The findings of the Yang et al.
[37] showed that the original area of mangroves had
increased by 21% over 63 years, which is an increment of
about one-fifth of the original mangroves added due to
sediment deposition and land stabilization. This prediction
can also help to find the number of years required for
increasing the land area by stabilized mangroves in
Bangladesh. However, the present study in five CADs of
BFD only recorded the stabilized areas by mangrove
plantations over a period of 48 years (1966 - 2014).
Comparing with the findings of Tamin et al. [32] in
Malaysia and Yang et al. [37] in New Zealand, the present
study addresses the need for conducting further research to
investigate the sediment deposition rate (%) in mangrove
plantations and the area of land actually increased by
mangroves along the coast of Bangladesh.
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4.3. Land Stabilization Rate at Mangrove and
Non-mangrove Areas

The present study compared the stabilization rate (ha per
year) of areas with and without mangrove plantations. A
hypothesis was assumed to determine whether mangrove
plantations had a significant impact on land stabilization
relative to natural stabilization in non-mangrove areas which
were devoid of vegetation. The findings of the present study
showed that the stabilization rate was significantly (P<0.001)
higher in the areas with mangrove plantations in comparison
to the non-mangrove areas (Figure 5). Although the general
assumption is that mangroves stabilize land, some studies on
the Sundarbans (natural mangroves) contradict this
assumption. Rahman [27], for example, conducted time
series analysis of coastal erosion of the Sundarbans and
reported that it was very difficult to find conclusive evidence
on accretion and erosion rates in mangrove or non-mangrove
areas. Rahman [27] also recorded that the Sundarbans
experienced a loss of about 630 ha per year which was
greater than accretion rate (281 ha per year) over a period of
1973 - 2010. Similarly, Giri et al. [8] conducted a study on
the entire Sundarbans region and reported that the accretion
rate (145 ha per year) was lower than that of erosion rate
(160 ha per year) over the period of 1970 - 1990. Both
Rahman [27] and Giri et al. [8] mentioned that the findings of
their study contradict the general assumption of mangroves
on the development of land stabilization. Although the
contradictory results on the accretion and erosion of the
Sundarbans does not match with the stabilization rate of
mangrove plantations in the central (Barisal, Patuakhali,
Bhola) and eastern coast (Noakhali, Chittagong) of
Bangladesh, some of the climate impacts reported and
predicted by previous authors support the results of Rahman
[27] and Giri et al. [8]. Sarwar [29] reported that
approximately 5 — 7% of the entire Sundarbans has already
lost due to 5 - 7 cm predicted SLR by 2005. Sarwar [29] also
mentioned that the Sundarbans could be lost entirely with a
one metre predicted SLR by 2100. He also concluded that
15% of the Sundarbans will be lost due to 10 cm SLR by
2020. IPCC [17] predicted that about 96% of Bangladesh
Sundarbans could be declined with only a 28 cm SLR, if the
land surface of this mangrove forest is not elevated by
sedimentation. These findings have increased the importance
of stabilizing mangrove plantations to protect the coastal
communities from adverse impacts of climate change such as
SLR and cyclonic events.

However, the findings of the present study on the
stabilization rate of mangrove plantations in Bangladesh is in
agreement with the findings of Perry and Berkeley [26],
Uddin and Hossain [34] who mentioned that the rate of
accretion was higher in mangrove plantations in comparison
to non-mangrove areas along exposed areas of the Bay of
Bengal. The new findings of this study concluded that the
rate (ha per year) of stabilized land by mangrove plantations
was highly variable in comparison to the rate at non-
mangrove areas (barren lands). The findings of the present

study were also supported by other studies in other parts of
the World mangroves. Victor et al. [36] found that the mean
rate (35 mg cm?day') of sediment deposition was
significantly higher in mangrove areas of Pohnpei Island,
Micronesia in comparison to nearby barren areas. Similar
trend was seen by Horstman et al. [11] in a study carried out
in the Trang river estuary at the Thai Andaman coast. They
suggested that sediment deposition was significantly lower in
the areas where mangroves were absent. Allison and Lee [4]
investigated the volume of sediment exchange along shore-
fringing mangroves in French Guiana over a 30-year period.
They reported that sediment accretion (8 — 26 million tons ha’
" in the mangroves was higher than Amazon mud banks (6 —
23 million tons ha™) which were devoid of mangroves.
However, from the study of Allison and Lee [4], it is evident
that 30 years old stabilized mangroves accumulate about 17
million tons sediments per hectare. The findings of Allison
and Lee [4] from French Guiana suggest an ability to predict
the sediment deposition rate by the stabilized mangrove
plantations. Comparing the result in French Guiana, it is
predicted that the stabilized 192,395 ha of mangrove
plantations in Bangladesh can accumulate a sediment load of
approximately 3,270 billion tons, if plantations have been
established for 30 years. Comparing with the findings in
other parts of the World [4, 36], the evidence and findings of
the present study showed that sediment deposition and land
stabilization was higher in mangrove areas than non-
mangrove barren lands. However, the present findings also
demonstrated the need for further research to investigate
more accurate sediment deposition rate of the stabilized
mangrove plantations in Bangladesh.

5. Conclusions

The coast of Bangladesh along the Bay of Bengal, prior to
1966, had a limited protection with the exception of some
natural mangroves, the Sundarbans. Repeated cyclones and
tidal surges encouraged the BFD for planting pioneer
mangrove species (Sonneratia apetala and Avicennia
officinalis) within five CADs. What is clear geographically is
that land accretion and erosion is a continuous process in
these coastal areas and the delta building activities are quite
unstable due to dynamic accretion and erosion processes. The
reason of the mangrove plantation was to stabilize the newly
accreted land along the coast protecting the coastal
communities from the adverse impacts of cyclonic events
caused by climate change. The majority of the mangrove
plantations (about 192,395 ha) have been stabilized over the
period of 1966 to 2014. Land stabilization and age of the
plantations showed a significant positive relationship in all
CADs except Barisal. Present study revealed that mangrove
plantations stabilized a significant amount of naturally
accreted coastal land. Additionally, land stabilization rate was
significantly higher in the areas of mangrove plantations in
comparison to naturally stabilized non-mangrove areas
(barren lands) which were not planted by mangrove species.
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6. Recommendations

Based on the findings of the present study, some
suggestions are included here that could be helpful for
conservation, management and restoration of mangrove
plantations in Bangladesh. Data management by BFD is not
up to date. The actual rate of land stabilization by mangrove
plantation can only be determined if BFD takes initiative for
a separate data management programme. An extensive
plantation program on the newly accreted coastal land should
be undertaken by BFD to accumulate more sediment on the
forest floor. If rapid sediment deposition can be increased by
mangrove species, then land stabilization and elevation can
also be increased. Existing stabilized mangrove plantations in
Bangladesh should be conserved and protected by BFD by
strengthening and implementing existing Forest Act, 1927
because mangrove degradation due to shrimp farming, salt
cultivation and industrialization is a regular scenario in
Bangladesh. If BFD fails to stop mangrove degradation soon
then the coastal communities will be more vulnerable to the
impacts of climate change. In addition to the management of
mangrove plantations by BFD, NGOs and local communities
in the coastal areas could also be involved in plantation
activities on the newly accreted land. Due to the lack of staff
and funding, most of the accreted lands remain exposed
without any plantations. The concept of community forestry
can be applied for involving the local communities who will
be responsible for managing and conserving the mangrove
plantations. BFD can provide both financial and technical
support (plantation technique, supply of seedlings,
management technique, etc.) to the local communities. In this
case, the coastal communities will get a scope to increase the
awareness and necessities of stabilizing mangrove plantations
in a changing climate. Further research should be conducted
by government research organizations, non-government
bodies and wuniversity professionals to investigate the
complex delta building activities in the Ganges-Brahmaputra-
Meghna (GBM) estuaries. The present data on delta building
activities seems to be contradictory as the Figure on accretion
and erosion vary from one author to others for the same
location.

Acknowledgements

The authors would like to express their profound gratitude
to the Director and other faculty members of the Natural
Resources Institute (NRI), University of Greenwich at
Medway, Kent, UK for their constructive criticism,
suggestions, and encouragement throughout the period of this
study as well as throughout the process of manuscript
preparation. The authors are also thankful to the
Commonwealth Scholarship Commission (CSC), UK and the
University of Greenwich for providing financial support
(BDSS: 2014/442) to conduct this study. The authors are
thankful to Bangladesh Forest Department, Government of
the People’s Republic of Bangladesh for providing easy
access to necessary data and information.

References

(1]

(2]

(3]

(4]

(6]

(8]

9]

[10]

[11]

[12]

[13]

Alam, M. S., Uddin, K., 2013. A study of morphological
changes in the coastal areas and offshore islands of
Bangladesh using remote sensing. American Journal of
Geographic Information System 2, 15-18.

Ali, A., Gab-Alla, Ishrak, K., Khafagi, Waleed, M., Morsy, M.
F., M., 2010. Ecology of Avicennia marina mangals along
Gulf of Aqaba, South Sinai, Red Sea. Egypt Journal of
Aquatic Biology and Fish 14, 79-93.

Allison, M. A., Khan, S. R., Goodbred, J. S. L., Kuehl, S. A.,
2003. Stratigraphic evolution of the late Holocene Ganges—
Brahmaputra lower delta plain. Sedimentary Geology 155,
317-342.

Allison, M. A., Lee, M. T., 2004. Sediment exchange between
Amazon mudbanks and shore-fringing mangroves in French
Guiana. Marine Geology 208, 169-190.

Alongi, D. M., 2002. Present state and future of the world's
mangrove forests. Environmental conservation 29, 331-349.

Barbier, E. B., Koch, E. W., Silliman, B. R., Hacker, S. D.,
Wolanski, E., Primavera, J., Granek, E. F., Polasky, S.,
Aswani, S., Cramer, L. A., Stoms, D. M., Kennedy, C. J., Bael,
D., Kappel, C. V., Perillo, G. M. E., Reed, D. J., 2008. Coastal
Ecosystem-Based Management with Nonlinear Ecological
Functions and Values. Science 319, 321-323.

Giri, C., Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A.,
Loveland, T., Masek, J., Duke, N., 2011. Status and
distribution of mangrove forests of the world using earth
observation satellite data. Global Ecology and Biogeography
20, 154-159.

Giri, C., Pengra, B., Zhu, Z., Singh, A., Tieszen, L. L., 2007.
Monitoring mangrove forest dynamics of the Sundarbans in
Bangladesh and India using multi temporal satellite data from
1973 to 2000. Estuarine, Coastal and Shelf Science 73, 91-100.

Haque, S. M. S., Hossain, M. K., Kabir, M. A., 2000.
Performance of some common mangrove species in Sitakunda
and Mirersarai forest ranges under Chittagong coastal
afforestation division. The Chittagong University Journal of
Science 24, 1-10.

Hashim, R., Kamali, B., Tamin, N. M., Zakaria, R., 2010. An
integrated approach to coastal rehabilitation: mangrove
restoration in Sungai Haji Dorani, Malaysia. Estuarine,
Coastal and Shelf Science 86, 118-124.

Horstman, E. M., Dohmen-Janssen, C. M., Bouma, T. J.,
Hulscher, S. J. M. H., 2015. Tidal-scale flow routing and
sedimentation in mangrove forests: combining field data and
numerical modelling. Geomorphology 228, 244-262.

Hossain, M. S., 2013. Conserving Mangrove Ecosystem for
Climate Change Adaptation in the Ganges Basin, in:
Moksness, E., Dahl, E., Stettrup, J. (Eds.), Global Challenges
in Integrated Coastal Zone Management, 1 ed. John Wiley &
Sons, Ltd, Oxford, UK, pp. 85-100.

Hossain, M. S., Sam, W., Shamsuddoha, M., 2008. Care
mangrove forest care coastal people. Institute of Marine
Sciences and Fisheries, University of Chittagong, Chittagong,
Bangladesh, p. 4.



[14]

[15]

[18]

[19]

[24]

[25]

Mohammad Main Uddin ef al.: Impacts of Mangrove Plantations on Land Stabilization Along the Coastline in Bangladesh

Hossain, M. S., Wong, S., Chowdhury, M. Z. R,
Shamsuddoha, M., 2009. Remote sensing and GIS application
to mangrove forest mapping in the Meghna Deltaic Islands of
Bangladesh. Bangladesh Journal of Marine Sciences and
Fisheries 1, 81-96.

Huxham, M., Emerton, L., Kairo, J., Munyi, F., Abdirizak, H.,
Muriuki, T., Nunan, F., Briers, R. A., 2015. Applying Climate
Compatible Development and economic valuation to coastal
management: A case study of Kenya's mangrove forests.
Journal of environmental management 157, 168-181.

Iftekhar, M. S., Islam, M. R., 2004. Managing mangroves in
Bangladesh: A strategy analysis. Journal of Coastal
Conservation 10, 139-146.

IPCC, 2014. Summary for policymakers, in: Field, C. B,
Barros, V. R., Dokken, D. J., Mach, K. J., Mastrandrea, M. D.,
Bilir, T. E., Chatterjee, M., Ebi, K. L., Estrada, Y. O., Genova,
R. C.,, Girma, B., Kissel, E. S., Levy, A. N., MacCracken, S.,
Mastrandrea, P. R., White, L. L. (Eds.), Climate Change 2014:
Impacts, Adaptation, and Vulnerability. Cambridge University
Press, Cambridge, United Kingdom and New York, USA, p.
32.

Islam, K., Sato, N., 2012. Deforestation, land conversion and
illegal logging in Bangladesh: the case of the Sal (Shorea
robusta) forests. iForest - Biogeosciences and Forestry 5, 171-
178.

Jabbar, M. A., 1985. Influence of ecological and meteorogical
environment on mangrove in Bangladesh, Training seminar on
Geology, Erosion and Accretion in Mangrove Areas.
UNDP/UNESCO, Dhaka, Bangladesh, p. 16.

Johan, 1998. Mid Term Review Report on Coastal
Afforestation Programme in Bangladesh, Coastal Greenbelt
Project. Bangladesh Forest Department, Dhaka, Bangladesh.

Kathiresan, K., 2012. Importance of Mangrove Ecosystem.
International Journal of Marine Science 2, 70-89.

Khan, Z. H., Hussain, M. S., Mazumder, A. R., 1998.
Properties of soils from the offshore islands of Bangladesh.
Bangladesh Journal of Forest Science 27, 114-120.

McConchie, D. M., 1990. Delta morphology and
sedimentology with particular reference to coastal land
stability problems in Bangladesh. Bangladesh Forest
Department, Dhaka, p. 62.

Nandy, P., Haider, M. R., Islam, M. R., Alam, M. J., Moula,
M. G., Habib, M. A., 2002. Growth performance of 37 species
raised in the embankment of Eastern, Central and Western
coastal belt of Bangladesh, Research Bulletin. Plantation Trial
Unit Division, Bangladesh Forest Research Institute, Barisal,
Bangladesh.

Othman, W. J., 2014. Understanding the complexity and
dynamics of mangrove social-ecological systems through the

[26]

[27]

[29]

[30]

[33]

[34]

[35]

[36]

[37]

use of a resilience approach in Unguja, Zanzibar, Natural
Resources Institute (NRI). University of Greenwich, Medway,
UK.

Perry, C. T., Berkeley, A., 2009. Intertidal substrate
modification as a result of mangrove planting: Impacts of
introduced mangrove species on sediment microfacies
characteristics. Estuarine, Coastal and Shelf Science 81, 225-
237.

Rahman, M. M., 2012. Time-Series Analysis of Coastal
Erosion in the Sundarbans Mangrove, XXII ISPRS Congress.
ISPRS-International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences, Melbourne,
Australia, pp. 425-429.

Saenger, P., Siddigi, N. A., 1993. Land from the sea: the
mangrove afforestation program of Bangladesh. Ocean &
Coastal Management 20, 23-39.

Sarwar, M. G. M., 2005. Impacts of sea level rise on the
coastal zone of Bangladesh, Centre for Sustainability Studies.
Lund University, Lund, Sweden, p. 45.

Siddigi, N. A., 2001. Mangrove Forestry in Bangladesh.
Institute of Forestry and Environmental Sciences, University
of Chittagong, Chittagong, Bangladesh.

Spalding, M. D., 1997. The global distribution and status of
mangrove ecosystems. International News Letter of Coastal
Management-Intercoast Network 1, 20-21.

Tamin, N. M., Zakaria, R., Hashim, R., Yin, Y., 2011.
Establishment of Avicennia marina mangroves on accreting
coastline at Sungai Haji Dorani, Selangor, Malaysia. Estuarine,
Coastal and Shelf Science 94, 334-342.

Uddin, M. M., 2008. Growth performance of human induced
coastal plantations and its role on environment at Mirersarai,
Chittagong, Bangladesh, Institute of Forestry and
Environmental Science. University of Chittagong, Chittagong.

Uddin, M. M., Hossain, M. K., 2013. Growth performance of
coastal plantations and land stabilization in an offshore island
of Hatiya in Noakhali, Bangladesh. Bangladesh Journal of
Forest Science 32, 80-83.

Uddin, M. M., Rahman, M. S., Hossain, M. K., Akter, S.,
2014. Growth density and regeneration of afforested
mangroves at Mirersarai forest range in Bangladesh. Forest
Science and Technology 10, 120-124.

Victor, S., Neth, L., Golbuu, Y., Wolanski, E., Richmond, R.
H., 2006. Sedimentation in mangroves and coral reefs in a wet
tropical island, Pohnpei, Micronesia. Estuarine, Coastal and
Shelf Science 66, 409-416.

Yang, J., Gao, J., Cheung, A., Liu, B., Schwendenmann, L.,
Costello, M. J., 2013. Vegetation and sediment characteristics
in an expanding mangrove forest in New Zealand. Estuarine,
Coastal and Shelf Science 134, 11-18.



