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ABSTRACT
For coastal communities, fringe mangrove forests can help to protect their coasts from high
energy waves and provide various ecosystem services. Nevertheless, these forests are under threat
of damage caused by climate change and variability and stress related to development. Coastal
hydrology / morphology is one of key processes to be monitored and assessed to implement an
appropriate management especially for mangrove rehabilitation. This paper reports on the lessons
learnt from the Community based mangrove rehabilitation of a fringed mangrove project in the
Pedada bay, Philippine. The sea floor level in the area was too low (less than 0.5 m below the
Mean Sea Level or MSL) and exposed to high energy waves from the sea. A pair of breakwaters
was constructed for reducing the wave energy, but sea floor level could not be amended artificially
in January 2010. Thus, the first plantation attempt failed. Nevertheless, continuous monitoring
of sea floor level has been conducted and the ongoing sedimentation processes been traced. The
maximum sedimentation rate was recorded at 0.5 m / year in the region during 2012-2013. The
survival rates of Avicennia marina, Sonneratia alba, and Rhizophora mucronata were 44.0 %,
73.6 %, and 0 %, respectively (during 2010-2013), due to differences in natural succession and
tolerance of species. In 2013, the area was battered by Typhoon Yolanda (Nov. 2013), but the
breakwaters and sheltered mangroves survived. These attempts emphasize the importance of an
integrated management with community participation and a science based approach.
Keywords: Mangrove restoration, Community based management, Coastal protection, Topography,
Sediment transport.
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INTRODUCTION
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any unexpected failure of restoration. The

for any process that aims to return a system
to its pre-existing condition (Lewis, 1990) and
includes “natural restoration” or “recovery”.
“Ecological restoration” includes “a process
assisting in the recovery of an ecosystem that
has been degraded, damaged, or destroyed”
(Society for Ecological Restoration, 2002).
Conservation and rehabilitation of mangrove
forests by various national and international
agencies is still on-going and the success of
such activities is influenced by various socioeconomic, political, as well as environmental
factors such as climate change (Veettil, et al.
2019).
For those who lack an understanding
of the hydraulic situation as tides and waves,
little attention is paid to the tidal inundation
frequency. It is linked with the micro-topography
and variations in sea level (Kjerfve, 1990).
Since micro-topography is controlled by the
dynamic process of tides and waves interacting
with complex root systems (Massel et al.,
1999; Furukawa et al. 1997), inundation
frequency can change with the time frame
(hours, days and seasons). Nevertheless, such
temporal changes and variations are seldom
taken into account in mangrove hydraulics
(Lewis and Estevez, 1988). Recently, a
numerical calculation was done to determine
the microscopic interaction between the flow
and seedlings (Le Minor et al., 2019).
Nevertheless, the overall hydraulic suitability
is based on observations with the duration of
inundation playing a vital role (Van Loon,
2016).
Since coastal ecosystems interact with
hydraulics, especially sediment transport, their

term “restoration” has been adopted specifically

restoration and conservation is embedded

Mangrove forests provide various
ecosystem services and are under threat due
to an alarming rate of deforestation. A
worldwide synergy between people and forests
is significant (Lugo and Snedaker, 1974). Trees
provide timber and charcoal, while fish,
shellfish, and benthos abound in the surrounding
waters provide foods. Furthermore, shore
protection by regulating wave and current
energy and sedimentation is one of the more
important services as a eco-system based
disaster risk reduction mechanism (International
Union for Conservation of Nature, 2016). One
fifth of all mangrove forests have been lost
since 1980, and although loss rates are declining
at 0.7 % per year, this is still 3 to 4 times higher
than the average global forest loss estimates
(Food and Agricultural Organization, 2003;
Spalding et al., 2010).
In the Philippines, mangrove coverage
has declined from 500,000 ha in the early 20th
century (estimated by Brown and Fisher, 1918)
to 132,500 ha in 1990 (Auburn University,
1993). The loss of mangrove forests has been
associated with an increase in the number of
converted aquaculture ponds for mollusks,
fish, shrimps and crabs from mangrove forests
(Primavera, 1995, 2000).
Various management and restoration
efforts have since been implemented. As
summarized by Lewis III (2005), the key terms
and principles are “restoration” and “ecological
restoration”. Both terms have to be defined
carefully and understood thoroughly to avoid
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within the coastal protection measures as
“nature-based defences” (Narayan et al., 2016).
The study shows that coastal habitats have a
significant potential in reducing wave height
that varies with habitat and site. Moreover,
salt-marshes and mangroves can be a cost
effective restoration and conservation option
under specific conditions.
Under these circumstances, understanding
the more dynamic hydraulic / topographic
processes are needed during the planning,
implementation, and monitoring phases of a
mangrove ecosystem restoration. Furthermore,
to understand the dynamic processes, frequent
and continual monitoring is necessary. Thus,
it is important to determine the contribution
and awareness of stakeholders.
Rationales (Backgrounds of the Project)
Definition of action and success
criteria of the project
Some people use restoration as a more
general term for managing the ecosystems.
In that context, restoration is used as a collective
expression for creating, altering, or improving
the ecosystems. For example wetland restoration
is defined as a group of the following activities
(The World Association for Waterborne
Transport Infrastructure, 2003);
- Creation: The conversion of a
persistent non-wetland area into a
wetland through some manmade
activity.
- Enhancement: The alteration of
existing wetlands to provide conditions
that did not exist previously, which
can increase one or more user-defined
values.

- Reclamation: The conversion of a
waterbody or wetland area into a
more terrestrial-based system or into
a wetland above the mean water
level through some manmade activity.
- Regeneration: Natural regrowth after
a disturbance.
- Rehabilitation: Human activity aimed
at repairing the damaged or blocked
ecosystem functions.
- Remediation: The cleaning up of a
polluted wetland site.
Nevertheless, restoration is used for
more specific activities to return a degraded
mangrove land to its pristine state; (of an
ecosystem) [is] the act of bringing it back into,
as nearly as possible, to its original condition,
renewing or bringing back into use. On the
other hand, rehabilitation is a term used for
the restoration of degraded mangrove lands
to a fully functional mangrove ecosystem,
regardless of the original state of the degraded
land (Field, 1998; Field, 1999).
ZSL-CMRP activities in Padada
Beach
Since the functions of mangrove forests
have declined due to erosion of the coast, a
Community-based Mangrove Rehabilitation
Project (ZSL-CMRP) was initiated to
“rehabilitate” the missing functions of mangrove
forests by the Zoological Society of London
(2018), using a plantation at the site. The
project set a success criteria based on the
survival rate of the planted mangroves and
natural (wild) succession.
One of the ZSL-CMRP projects,
implemented at the Padada Beach, East-South
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side of the Penai Island, is shown in Figure 1.
A community referred to the people’s organization
formed in 2009 (Barangay Pedada Fisherfolks
Association: BPFA). Within the project,
“Community-based” activity was defined as
an integrated activity of the BPFA that: 1)
constructed breakwaters in 2010 (based on a
design prepared by the engineering consultants
in AMH Philippines, Inc.), 2) planted, and
monitored, the mangroves together with ZSL,
the local government employees, and students.
Before the project implementation,
sparse cubic hollow concrete structures or
“modules” with 10 cm wide beams, intended
to function as wave breakers, were placed on
the tidal flats (Figure 2, 3a). The concrete
cubes were about 1 m x 1 m x 1m in dimensions.
These structures were placed 1–3 m apart
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along a line. No significant interactions between
structures and the sediments (or microtopography) were seen (Cruz et al., 2013).
The project started in March 2009
with a baseline survey of the coastal geology.
In June 2009, a People’s Organization (PO),
called the Barangay Pedada Fisherfolks
Association (BPFA) was formed, and
consultations with the Municipal Local
Government Unit (MLGU), ZSL, Barangay
Local Government Unit (BLGU), and BPFA
were started. Based on the engineering
consultation with AMH Philippines, Inc., the
MLGU finalized the breakwater design in
December 2009. They made a decision to
construct breakwaters which were smaller
than that recommended by the engineering
consultant.

Figure 1 Project locations of ZSL-CMRP
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Figure 2 Project site map with bottom topography (elevation from LWL in meter)

Figure 3 The existing concrete structure (a: left) and constructed breakwater (b: right)
Following this decision, two breakwaters

Pedada point through bamboo rafts. The rocks

were constructed by the members of PO from

used in constructing the breakwaters were of

January to February 2010. The dimensions of

volcanic origin and were typically of size

the structure were: a height of 0.7 m, width

20–40 cm.

of 1.5 m, and 50, 60 m in length, respectively

After the breakwaters had been

(Figure 2, 3b). As shown in figures 2, 3b, the

constructed, the mangrove planting was done

two breakwaters were aligned parallel to the

in March to September 2010. Around 500 A.

bottom topography, 100-130 m offshore from

marina seedlings and 200 R. mucronata

the coastline, and at gaps of 20 m between the

seedlings were planted behind the breakwaters.

two breakwaters. Materials for the breakwaters

Planting and the follow up monitoring of

were brought from the rocky coast near the

topography was conducted by the ZSL staff
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with the assistance of PO members, local
government employees, and students.
Throughout the activities, the local
communities were engaged through PO meetings
and other such related events. For example,
the construction and transportation of materials
for breakwaters were discussed in the PO
meetings and the objectives of the project were
shared. Local communities provided labor and
sustained the activities by pooling their
compensation as a fund.
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MATERIALS AND METHODS
Historical development of the area and
zonation of mangrove
The historical topography was checked
with map published by the National Mapping
and Resource Information Authority (NAMRIA),
based on the Spot satellite imagery in 1988
and the Seven Cs map, based on the Electronic
Chart Display and Information System (ECDIS)
(2007).
Mangrove succession is determined
by the hydrology (depth, duration, and frequency
of tidal flooding, Detweiler et al.,1975, Whitten
et al., 1987, Duke and Tomlinson, 1986: Figure
4).

Figure 4 Mangrove zonation and associated tidal flat (modified from Duke and Tomlinson, 1986)
The tidal flat in front mitigates the
impact of high energy waves through wave
breaking and energy reduction due to bottom
friction effect, and supply and stock sediment
materials to be circulated by tidal motion.
Thus, the topography of tidal flat and fringe
zone dynamically changes with time and space.
Avicennia sp. and Sonneratia sp. in the fringe
zone and Rhizophora sp. widely covered the
fringe to transient zone, followed by Bruguiera
sp. and Ceriops sp. in the transient zone. The
transient zone was inundated to about 35–60
% in temporal scale or 6000-10,000 times in
2 years in Florida, USA (Cahoon and Lynch,
1997).

The habitation of mangrove has
previously been checked by visual observation
at species level (Primavera et al., 2004).
Bottom topography measurement
Topography in the mangrove forests
and fore front tidal flat can be measured by
ordinary level measurements. The only difficulty
is taking a proper reference site such as an
authorized benchmark. It is usually located in
the inland. It is therefore a good idea to have
temporal benchmarks on site. Water level can
also able to used as a reference for measuring
the level on site. If the real time tidal records
are available, we can estimate the bottom level
(Zb) by averaging the records as,
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Zb = 1/n Σ{Ht(tn) - Dt(tn)},
(1)
where t is time, Ht is the tidal height record
which is the sum of astronomic tidal height,
suction of atmospheric pressure, and water
drifted by wind and currents, and Dt is the
depth of water.
The instruments for measuring the
level are well equipped and very accurate
(within a mm). Nevertheless, inevitable errors
and uncertainty will be involved in the
measurements. It is recommended to take more
than two reference points / way to calibrate
the measurements and distribute the error to
all measurement points equally.
Bottom topography was monitored
before and after the construction of the
breakwaters. Measurements were taken in
December 2009, March 2011, April 2012,
November 2014, and January 2016. Transect
1 is located on the northern end of breakwater
2, transect 3 is located on the southern end of
breakwater 2, and transect 2 is in between
transects 1 and 3 (Figure 2).
These measurements are referenced
to the top of breakwaters, and land side
benchmarks. The elevation was measured
based on low water level (LWL) determined
by short term onsite tidal observation and the
mean water level was 1.0 m above the LWL.
Sea level, Tide level, and inundation period
Sea level can be measured directly by
setting a level onsite, or by measuring the
static water pressure with a pressure gauge.
Atmospheric pressure variation effects the
water level measurements. Nevertheless, as a
first order short term estimation (i.e., few hours
or days), does give a good accuracy (on the
order of cm) for the sea level.

Astronomic tide (Ha) can be predicted

using a harmonic composition as,
Ha = ΣAn cos(2pt/ Tn + qn) + Hc, (2)
where An, Tn, and qn are estimation amplitude,
time period, and phase shift of n-th component,
respectively, while t is time and Hc is constant.
For a good separation of the components
(harmonics) with high accuracy, 25 hour
observation for 3 harmonics, 15 days observation
for 10 harmonics and 1 month observation for
13 harmonics are needed respectively (Murakami,
1981).
For the site observation, a pressure
sensor (MDS-TD: JFE Advanteck) had been
deployed for 25 hours, from 6 to 7 March
2011, to check the onsite tide every 10 minutes.
Harmonic composite software WXTide32
gave the tidal prediction at the Banate in Panay
island. Four tidal components were tuned
against the observed data.

Sedimentation processes in the Fringe
Mangrove Forests
At the site associated with a wide tidal
flat in front of forests, sedimentation process
between foreshore and forests are important.
According to tidal asymmetry, sediments will
be trapped in the forest by tidal pumping
(Furukawa et al. 1997). Since a high drag
force occurs during flood tides, at a relatively
large velocity, turbid water inundates the
forests with a small velocity and low turbidity
water is released from the forests. As a result,
a convex shore profile is observed in the forest
and a concave shore profile in the front tidal
flat, when the tidal process is dominant.
Furthermore, if the process has a tidal basis,
tidal flow will become gentle (i.e., on the order
of several tenths of cm/s) and the associated
sediments will be mainly fine sand, clay, and
silt (Figure 5).
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When wave processes dominate, a
more dynamic process will be seen. Since the
sediment will move faster and thicker by wave
energy, the associated sediments are gravel,
sand, and fine sand. Erosion will occur during
high waves and shore breaking point will be
inside the forest. Eroded sediments will be
brought to the front and form an offshore sand
bar. As a result, a concave slope will be seen
in the forests. On the contrary, during calm
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weather, asymmetry of wave induced velocity
leads to a Stokes’ drift, which brings the
sediment to the shore from the offshore sand
bar and the shore slope becomes flat to balance
the wave energy (Figure 6; USACE, 1984).
The bottom sediment materials (fine
sand, course sand, gravel etc.) were observed
visually, and the cross-section of shore profile
was checked using the bottom topography
data sets.

Figure 5 Schematic image of sediment pumping by tidal current

Figure 6 Schematic image of cross shore sedimentation process by waves
Survival rate of planted mangroves
Initial survival rate of planted mangroves
had been monitored during 2010-2013. The

mangroves were calculated by dividing the
number of seedlings which survived by the
original number of planted seedlings.

plantation was established in 2010 with A.

Since January 2013, newly planted

marina (562 seedlings), S. alba (87 seedlings),

and naturally recruited mangroves has been

and R. mucronata (188 seedlings). In total,

monitored behind each breakwaters. The

837 mangroves had been planted behind the

number of seedlings and their respective heights

breakwaters. The survival rates of planted

were monitored during 2013-2016.
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RESULTS AND DISCUSSION
Historical change of targeted area and
zonation of mangrove
The map published by the NAMRIA,
based on the Spot satellite imagery in 1988
and the Seven Cs map based on ECDIS (2007)
shows different sedimentation patterns (as
shown in tidal flat front lines in Figure 7). It
indicates to long-term changes in the coastal
topography. The area was hit by tropical storms

several times (Typhoon Amy in Dec. 1951,
Typhoon Diding in Apr. 1971, Typhoon Iliang
in Jul. 1982, Super Typhoon Rosing in Oct.
1995, Typhoon Frank in 2007, and Typhoon
Yolanda in 2013). The above mentioned
sedimentation change during 1988-2007 could
be caused by the super Typhoon Rosing. It
brought the strongest recorded winds of 36
m/s from the SW direction which could be the
driving force for a clockwise circulation in
the bay.

Figure 7 The coastal and tidal front line extracted by NAMRIA’s (1988) and Seven Cs’ (2007) chart
Over ten years, the site suffered from
beach erosion (according to the local people),
with the exposed roots of Avicennia marina
(Bungalon / Apiapi) providing ample evidence
of such an erosion (Figure 8). The other
dominant species are Sonneratia alba (Pagatpat)
and Rhizophora species (Bakhaw). S. alba
and A. marina form a mixed habitat in front
of the coast, while Rhizophora sp. had been
planted in between and front of the forests to
mitigate erosion.
The forefront tidal flat has a gentle
slope of about 1/200 - 1/400, while the beach
has a steep slope of 1/10. The bottom materials
are sand (< 2 mm), gravel (< 5 cm), or rock
(> 5 cm). Footprints of high energy waves and
currents are also present on the coasts. An

erosional scarp, formed on the alluvial deposits,
marks the shoreline in an area where there are
no mangroves. Only the front of A. marina
(50 – 70 m away from beach) is covered by
silt and sand to a depth of 10 cm.
In Panay Island, there were 33 species
of mangroves (Primavera et al., 2004). Avicennia
alba and A. marina are found in the fringe
zone and Sonneratia alba is found in the fringe
to transient zone. Rhizophora apiculata, R.
mucronata, and R. stylosa are found in the
transient zone, followed by Bruguiera sp., and
Lumnitzera sp. in the upper zone. Since the
site has a wave-swept ridge behind the transient
zone, the major species for restoration will be
A. alba and R. mucronata.

Journal of Tropical Forest Research 3 (1) : 36-53 (2019)
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Figure 8 Photo of the shore ridge behind the mangrove forests in 2011
Bottom topography

The above mentioned sedimentation

Bottom topography results are shown

processes can be triggered by cross shore

in Figures 9, 10 and 11 for Transects 1, 2, and

movements since the bottom slope of each

3 respectively. In Transect 1, the sedimentation

transect has a balanced shape (concaved) in

started in all areas from coastline to offshore

general. Of course, we have to consider the

side of the breakwater. The maximum rate of

alongshore processes initiated by the longshore

sedimentation was 50 cm/year. After 2014,

current. Especially alongside of the river

no significant changes in sedimentation have

mouth, significant sandbar or delta type

been observed. In 2016, the level reached 80

topography formation is observed due to

cm above the LWL offshore (behind the

massive supply of sediment. Nevertheless, in

breakwater) and 220 cm above the LWL on

Pedada Bay, there is no big river as a sediment

the coastline.

source inside, but the large scale sediment

In Transect 2, erosion near the shoreline
(about 0-30 m) had occurred and sedimentation

transport along the south-east coast of Panay
Island could be the source of the sediment.

in 2009-2011 and 2014-2016 was significant

Figure 12 shows a set of sedimentation

near the breakwater. The rate of sedimentation

images behind breakwater 2 on 2010 and 2012.

was 20 cm/year maximum. In 2016, the level

It has a clear convex shape, which means the

reached 70 cm and 150 cm above the LWL at

sedimentation progressed behind (land side)

offshore and around the coastline respectively.

the breakwater with fine sand accumulation.

In Transect 3, greater erosion near the

The estimated area of sedimentation behind

shoreline (about 0-40 m) was observed and

the breakwater from 2010-2014 is summarized

sedimentation in 2009-2011 and 2012-2014

in Table 2. 65 % of the accreted sediment was

was significant in the area at around 40-120

mostly very fine sand (0.1-0.05 mm). It indicates

m (in behind of breakwater). The maximum

to the possibility of a local (near the breakwater)

rate of sedimentation was 10-15 cm/year. In

trapping of the along shore sediments.

2016, the level reached 70-150 cm above the
LWL.

Thus, one possible scenario for these
integrated phenomena can be that the breakwaters
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act as an obstacle for the longshore current
and trap massive sediments behind it.
Simultaneously, breakwaters reduce the wave
energy in cross shore direction and a more
gentle-slope equilibrium on the shoreline.
These scenarios can be enhanced with
mangrove habitation. Actually, additional

measurements in 2018 (not shown) suggest a
massive increase in the sedimentation process.
But the process is not as simple, as a bare
shore profile indicates, since the dense vegetation
makes for complex hydraulics, and so, further
consideration should be made to justify the
hypothesis.

Figure 9 Measurement of bottom topography in Transect 1

Figure 10 Measurement of the bottom topography in Transect 2

Journal of Tropical Forest Research 3 (1) : 36-53 (2019)
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Figure 11 Measurement of the bottom topography in Transect 3

Figure 12 Sediment accretion behind breakwater 2
Table 1 Area of accretion behind breakwater, Pedada, Ajuy, Iloilo, 2010-2013
Date
Apr 2010
Spt 2012
Jun 2013
Dec 2014

Length (m)
140
140
140
140

Sea level variation and inundation frequency
Four tidal components were determined
through the observed data (Table 2). The major
components are semidiurnal M2 and S2.
Diurnal components K1 and O1 were about
half of the semidiurnal components. The

Width (m)
0
9
15
21

Area (sq m)
0
1.260
2.100
2.940

maximum amplitude of tide was 1.6 m. Seasonal
change could not be included due to paucity
of available data.
Inundation time was calculated using
a one-year prediction of the tide (Figure 13),
assuming a horizontal water surface on the
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tidal flat and in the forests (Figure 14). When
the datum increased from 70-80 cm to 150

cm, the inundation rate was around 60 % to
20 %, respectively.

Table 2 Predicted components of the tidal harmonics in Pedada Bay
Components
M2
S2
K1
O1

Amplitude (m)
0.61
0.43
0.25
0.33

Phase (deg.)
240.1
295.2
113.2
61.2

(Standard Time Zone)

Figure 13 The predicted astronomical tide at Pedada Bay in 2011 with 4 tidal components

Figure 14 Inundation rate calculated using a one year astronomical tide at Pedada Bay in 2011
Survival rate of planted mangroves
In 2013, 311 planted mangroves
survived behind the breakwaters. The average
survival rate was 37 %. S. alba had a high
survival rate (73.6 %) and an active natural
succession (248 wildlings), A. marina had a
moderate survival rate (44.0 %) and natural
succession (71 wildlings). It is to be noted that
R. mucuronata could not survive in the plantation
(0 %) but 22 recruits did appear naturally
(Table 3).

The reason for a low survival rate of
R. mucronata could be the following. R.
mucronata is naturally found in the tidal rivers
and creeks and the species found in the fringe
mangroves are R. apiculata and behind the
frontline species are S. alba and A. marina.
Therefore, the survival rate was low because
R. mucronata has low tolerance for seafront
environment. It could have endured a long
inundation time, high wave energy, and highly
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saline water compared with tidal rivers and

reached 100-160 cm in height (Figure 15). In
December 2013, when Typhoon Yolanda hit
the area, sediment deposition occurred and no
significant damage to both the breakwaters
and mangroves was observed (Figure 16).

creeks.

Height (cm)

The mean height recorded for each
species during 2013-2017 is summarized in
Figure 16. In December 2014, all the species
280

Avicennia marina

240

Sonneratia alba

200

Rhizophora mucronata

160
120
80
40
0

Jun-13

Mar-14

Dec-14

Jan-16

Jan-17

Figure 15 Mean height propagation of mangroves in 2013-2017(standard deviations for the
height are shown as error bars)

Figure 16 Mangrove survival after the Typhoon Yolanda (Nov. 2013) and situation of wild
mangrove recruitments during the next year
Table 3 Number of planted and naturally recruited mangroves and their survival rates

2010
2013
(fraction %)
Survival Rate
during 2010-2013
(%)

Bungalon
(A. marina)
Nat.
Plan.
Total
562
71
(22.3)

247
(77.7)

318
(100)

44.0

Possible scenarios of rehabilitation
Since the area has suffered from high
wave energy, erosion at shoreline led to the

Pagatpat
(S. alba)
Nat.
Plan.
Total
87
248
(79.5)

64
(20.5)
73.6

312
(100)

Bakhaw
(R. mucronata)
Nat.
Plan.
Total
188
22
(100)

0
(0)

22
(100)

0

lowering of fringed mangrove forests floor.
Accretion of coarse sediment and exposed
root systems were evidence to such processes.
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Reduction of wave energy is one of

the first change was in 2009-2011 just after

the strategies used in the project. There is also

the construction of breakwaters, no significant

a need to enhance the sedimentation (accretion)

erosion occurred and accretion propagated

process in the wider area by the means of small

landward from the breakwater. In Transect 2,

mound type breakwaters.

a higher accretion was seen in 2014-2016, a

The arrangement of breakwaters does

possibly resulting from typhoon-induced

not block the along-coast sediment movement,

alongshore sedimentation as shown in Transect

and the porous sloped structure does not cause

1. While Transect 3 as affected less by such

a significant reflection of waves and associated

massive sedimentation, but the cross shore

scouring on the front. If a block or caisson

process combining erosion and accretion at

type structure had been adopted, these secondary

the shore and off-shore seems to be dominant.
Since accretion made the bottom level

effects could have been evident.
In the northern area of breakwater 2,

higher and inundation frequency lower at the

as seen in Figure 9, both the sedimentation

site, a good survival rate was seen in the planted

along the breakwater and a wide area of

mangroves. Nevertheless, sedimentation takes

sediment accretion can be seen. Since the slope

time to build up to a certain level, therefore

gradient for tidal flat in front of, and behind,

the first stage of plantation was not successful.

seems continuous, the dominant process of

Temporal propagation of the project will take

sedimentation could not be blocked by the

more than 4 years to achieve the desired

breakwater. Thus, accretion could be caused

success.

by an along shore sediment transport. There

Furthermore, the process did not

is a possibility of the transport of along shore

propagate uniformly across the whole site. It

currents induced by strong winds such as

suggests that more high energy waves came

typhoons. The composition of sediments

from South-East direction of the area and the

(mostly very fine sand) also enforced this

cross shore processes were influenced by

possibility. If the sediment transport is dominated
by waves, fine sand will be mobilized and
transported. It should make the composition
of deposited sediments more coarse and sandy.
Since breakwater 1 was located slightly offset
of the shoreline, there is possibility of it
reducing alongshore currents and trapping the
sediment in the area of concern.

different sedimentation processes in Transect
1, 2, and 3. Thus, the breakwaters effectively
reduced the wave energy and enhanced the
sediment accretion behind it. They also promoted
the succession of new mangroves.

CONCLUSION
A Community-based Mangrove

In the middle and southern end of

Rehabilitation Project for coasts affected by

breakwater 2, as seen in Figure 10 and 11,

high energy waves was designed and implemented

shoreline erosion and offshore accretion behind

in Pedada Bay, Ajuy, Iloilo, Philippines. The

the breakwater occurred simultaneously. Since

results of this scientific study suggest
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implementation of breakwaters to manage the

of fresh vegetation, and requires long-term

excess wave energy hitting the coasts and

monitoring to facilitate an adaptive management

trapping sediment transported by the alongshore

of the area.

currents.
The local government and people’s
organization participated in the consultation
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topography, and increased the survival rate of
planted mangroves.
The survival rate was the highest for
S. alba (73.6 %) followed by A. marina (44.0
%), and R. mucronata (0 %) during the years
2010-2013. Even when Typhoon Yolanda
(Nov. 2013) hit the coastline, no significant
damage neither to brekwaters nor the planted
trees was observed. Furthermore, natural
succession of these three species has been
observed in the area, and the goal of the project
seems to have been achieved.
At present, the breakwaters have
become a part of the offshore mound, such an
island type habitat for mangroves can propagate
a typical mangrove composition on the front
low marshes followed by salt flats and upland
forests (Crewz and Lewis, 1991). The ZSLCMRP project helped in the natural establishment
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