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ABSTRACT
This study aims to determine what is the influence of the density of mangroves on the rate of
coastal sediment transport and abrasion that occurred in the Sikakap Coastal area of Mentawai Island
district. The research method used is the quadratic transect method and the sediment trap method. The
type of mangrove vegetation that dominates in the Sikakap Coastal area of Mentawai Island district is
Avicennia marina. Tree level mangrove density at Station I is 1,450 stands / ha and categorized as good,
while the tree level mangrove density at Station II is 900 stands / ha and categorized as heavily damaged
mangrove forests. The relationship between mangrove density and transport sediment rate in Sikakap
Coastal, Mentawai Island district shows a negative correlation with the value -1, meaning that when
mangrove density is high, the transport sediment rate will be low, and vice versa, when mangrove
density is low, the transport sediment rate will be high.
Keyword: mangrove density, quadratic transect method, sediment trap method, transport sediment rate,
Avicennia marina

1. INTRODUCTION
Mangrove forest area in addition to physically functioning as a barrier to coastal abrasion,
also has a biological function, namely mangroves provide food for humans, especially fish,
( Received 04 June 2020; Accepted 22 June 2020; Date of Publication 23 June 2020 )

World Scientific News 146 (2020) 202-214

shrimp, shellfish, crabs, and a source of energy for life on the beach, like plankton, nekton, and
algae. Ref. [3] states that there are 38 types of mangroves that grow in Indonesia, including the
genera Rhizophora, Bruguiera, Avecennia, Sonneratia, Xylocarpus, Barringtonia, Lumnitzera,
and Ceriops. Ecologically, the use of mangrove forests in coastal areas that are not managed
properly will decrease the function of the mangrove forest itself with a negative impact on the
potential of biota and forest function others as habitat [1,3].
Mangrove forests provide many valuable services, including wave- and tidal-energy
dissipation, sediment accumulation, and substrate stabilization. But, their global extent is
rapidly shrinking. Sedimentary research that is needed to inform restoration projects has so far
been focused on characterizing flow patterns through the forests associated with single rivers,
nearshore environments, or terminating tidal channels. However, flows within the most
extensive mangrove forests tend to be driven through channels that connect the multiple
estuaries or other channels with temporally lagged tides [1-3].
Mangrove forests, according to [4-8], are a set of plant species that grow along tropical
to sub-tropical coastlines, having important functions in an environment that contains salt and
landforms in the form of beaches with an aerobic soil reaction. The physical function of
mangrove forests can function as a controller of coastal abrasion by mangrove ecosystems that
occur through the mechanism of breaking the kinetic energy of sea water waves. Mangrove
forests can also function to control sea water intrusion, in addition mangrove forests can
accelerate the rate of sedimentation which eventually gives rise to arising land so that the land
area is expanding.
Results of sedimentological analysis showed that the habitat of Rhizophora spp. and
Avicennia spp. mud content reaches 61%, while the remainder is sand and gravel [2-9].
Sediment transport on the coast can occur due to waves, ocean currents or a combination of
both. A beach will experience erosion or sedimentation being dependent upon the equilibrium
of incoming and outgoing sediment on the beach.
The foundations of coastal ecosystems and communities are built with sediment that is
captured by hydrodynamic processes within coastal zones and then deposited. Sedimenttransport dynamics in coastal environments, such as tidal mudflats [3-6] and vegetated
marshlands [2, 4-7] have been the focus of numerous research projects over the past several
decades. Recently, more focus has been directed towards mangrove forests. In tropical and
subtropical settings, these forests serve as buffers to coastal erosion and storm damage [2, 5,
6-8] and are considered important juvenile habitats, refuges, and feeding grounds for many fish
species. Mangroves also sustain traditional human communities worldwide, especially in
developing regions, such as the Indonesian coastal area [4-10].
The condition of mangrove forests in the Mentawai Island district has been getting worse
from year to year. That was due to the change of function of the mangrove forest land into
ponds, plantations, human settlements, as well as illegal logging. This triggers the occurrence
of coastal erosion (abrasion) which is quite severe because it is estimated that within 30 years
the coastline will retreat to 1 km [3]. Even today, the threat of a coastline retreat is increasingly
visible and has a negative effect on coastal and oceanic ecosystems.
This study is intended to determine what is the influence of the density of mangroves on
the rate of sediment transport and coastal abrasion that occurs in the Sikakap Coastal Coast
region, Mentawai Island district (Fig. 1). This research activity expects from outputs in the form
of information and data about the condition of mangrove forests and how they affect the rate of
sediment transport in the Sikakap Coastal Coast region, concerning the mangrove density.
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This can be the basis for Mangrove forest management in the Sikakap Coastal region,
Mentawai Island district, West Sumatra Province.

Fig. 1. Map of Sikakap Coastal Area

2. MATERIAL AND METHOD
The material used is mangrove vegetation and sediment samples in Sikakap Coastal,
Mentawai Island district, West Sumatra Province. This research was carried out using survey
techniques and mangrove vegetation analysis with a combination of transect methods and
quadrat methods, referred to as quadratic transect methods. Transects are placed perpendicular
to the coastline to the land with a size of 10 × 10 m in length, depending on field conditions
(the distance of the mangrove forest on the coast with the border of the mangrove forest with
the land behind the mangrove forest) [5, 11].
According to [5, 11], the size of the stands used in the mangrove forest vegetation analysis
activities are as follows:
A) Sample plot of 10 × 10 m for trees> 10 cm in diameter> 1.5 m high
B) Sample plot of 5 × 5 m of samplings with height above 1.5 m with diameter <10 cm
with height <1.5 m
C) Sample plot of 2 × 2 m for seedlings.
Sedimentation rate is calculated by a sediment trap (Figure 2).
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The sediment trap tube used is a PVC pipe with a diameter of 5 cm and a height of 11.5 cm. At
the top of the PVC pipe, baffles are installed and the bottom is paid a cover. It should be decided,
how to install a sediment trap, as a sediment trap tube tied to a steel pole, using a wire and then
inserted at a height of 20 cm from the bottom of the water [5,11].

Fig. 2. Sediment Trap Tool

Pearson Correlation Analysis is used to analyze the relationship between the mangrove
density and transport sediment to be assessed using IBM SPSS Statistics Version 17.0 for
Windows or commonly called PASW (Predictive Analytics SoftWare). The value of the
correlation coefficient ranges from 1 to 1. The value of the correlation coefficient 1 (minus
one) leads to a perfect negative relationship (inverse), the value of the correlation coefficient 0
means there is no relationship at all, and the correlation coefficient value 1 means that there is
a perfect positive relationship.

3. RESULTS AND DISCUSSION
3. 1. Mangrove type composition
There are 7 types of vegetation at Station I, namely Avicennia marina, Avicennia alba,
Bruguiera gymnorhiza, Bruguiera cylindrical, Rhizopora mucronata, Rhizopora stylossa,
Rhizopora apiculata (Figure 3). The highest composition of mangrove vegetation of tree level
at the study site was Avicennia marina by 47%, and the lowest was Bruguiera cylindrical by
2%. Avicennia marina holds the highest composition because the characteristics of this research
location match the characteristics of Avicennia marina.
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Fig. 3. Composition of tree-level mangrove vegetation.

The composition of mangrove vegetation for the highest sampling level is Avicennia
marina by 40%, and the lowest is Rhizopora stylossa by 4% (Figure 4). Avicennia marina has
the highest composition in addition to be paid to the compatibility of characteristics, also
because this species grows to spread in large numbers at stations I and II.
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8%

40%
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Fig. 4. Composition of mangrove vegetation at the stake level.

The highest composition of mangrove vegetation for seedlings is Rhizopora mucronata
by 43%, and the lowest is Bruguiera cylindrical by 4% (Figure 5). Rhizopora mucronata
dominates the seedling level because at Station II there is the result of planting that can be seen
from the growth that spreads regularly.
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Fig. 5. Composition of seedling mangrove vegetation.

3. 2. Species density
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Fig. 6. Type density of Station I

Tree level is characterized by Avicennia marina with 550 stands / ha. The sampling level
is dominated by Avicennia marina with 600 stands / ha. Seedlings are dominated by Rhizopora
mucronata with 550 stands / ha (Figure 6). The number 0 in the Table means that no plants
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Species Mangrove Stands (number/species)

were found at the tree, sampling and seedling levels in the research transect. That is explained
by the low regeneration ability (for seedling level) and is utilized by the community (tree level).
Low regeneration ability to seedling level is caused by various things such as individuals
covered by plastic waste and dead, thereby reducing the number of stands for seedling level.
Meanwhile, for tree level stands, the small number of stands found was due to various factors,
such as falling down by the wind and logging by residents.
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Fig. 7. Type density of Station II

Avicennia marina dominates at the tree level because this area of Station I is an area that
is heavily influenced by tides. Density for tree level determines the level of mangrove forest
damage, as contained in the Minister of Environment Decree No. 201 of 2004 with a good
category > 1,500 species mangrove stands/ha, moderately damaged > 1,000 species mangrove
stands/ha, and heavily damaged < 1,000 species mangrove stands/ha. Tree level density of
1,450 species mangrove stands/ha, station I was categorized as good.
There are 4 types of mangrove vegetation at Station II, namely Avicennia marina,
Avicennia alba, Bruguiera gymnorhiza, Rhizopora mucronata (Figure 7). The tree level is
dominated by Avicennia marina with a density of 550 stands / ha and there is also Avicennia
alba with a density of 350 stands / ha, while at the state level is also dominated by Avicennia
marina with a density of 400 stands / ha. The seedling level is dominated by Rhizopora
mucronata with a density of 450 stands / ha. Rhizopora mucronata at the seedling level is found
to grow very regularly and spread because it is the result of planting. The absence of Bruguiera
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gymnorhiza and Rhizopora mucronata species at the tree level is due to the type of mangroves
planted at this location which has only reached saplings and seedlings.
Station II is a mangrove forest area which is included in the utilization zone by the local
government, where the location is exercised by the surrounding community as a place to tour.
In accordance with the Minister of Environment Decree No. 201 of 2004, with a total tree
species density of 900 stands / ha, Station II was still categorized as heavily destroyed mangrove
forests (<1000 stands/ha).
3. 3. Physical Characteristics - Chemistry
This study measured several physical-chemical parameters, namely temperature (air and
water), current velocity, degree of acidity (pH), and salinity. Physical - chemical parameters at
the study site can be seen in Table 1 below.
Table 1. Physics - Chemistry Parameters at the study site.
Parameter

Station I

Station II

Seawater Temperature
(°C)

29

30

31

30

30

32

Seawater Current Speed
(m/s)

0.216

0.225

0.240

0.142

0.164

0.193

pH

8.3

8.4

8.1

8.3

8.5

8.4

Salinity (ppt)

24

26

26

35

35

33

3. 4. Temperature
Temperature is part of the important parameters for the survival of marine life.
Temperature can affect processes, such as photosynthesis and respiration. In addition,
temperature can also serve as a limiting factor for certain biota. Water temperature in the study
area ranged from 29 – 32 °C. The lowest water temperature is 29 °C obtained at Station I. The
highest water temperature is found at Station II, which is 32 °C.
Of all types of mangrove vegetation found at each station in the study location, all are
suitable and ideal at these temperatures in accordance with the Standard Quality in Minister of
Environment Decree No. 51 of 2004 which states that the ideal sea water temperature for
mangroves is 28 – 32 °C.
3. 5. Salinity
Water salinity is a major factor for growth, survival, and zoning of mangrove species [1120]. Salinity at the study site shows a range of 24 - 35 ppt. The highest salinity value was found
at station II which was 35 ppt, while the lowest salinity was found at the station I which was 24
ppt. (Salinity value at each study location.)
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3. 6. Acidity (pH)
The pH value at the study site ranged from 8.1 - 8.5. The highest pH value was found at
the station II with a value of 8.5. The lowest pH was found at station I, which was 8.1. The pH
values at each study site can be seen in Table 1. The low pH values indicate the influence of
river flows that tends to be alkaline. The results of the measurement of the degree of acidity
showed a difference that was not so large, so that the pH of the water of the Sikakap Coastal
Mentawai Island district was classified as homogeneous.
3. 7. Flow Speed
The measured current velocity is the velocity of tidal currents at the sea level caused by
tides. Current speed needs to be measured using a current meter. The current meter is located
in a depth of 0.5 - 1 meter and faces the direction of the current. Current speed values at each
study location can be seen in Table 1.
Current velocity measurements at the study site were conducted in high tide, thus the
current conditions at the study site came from the eastern Java sea (Figure 8). Current velocity
ranges from 0.142 - 0.240 m/s. The lowest current speed at the station II is 0.142 m/s and the
highest – at the station I, with a value of 0.240 m/s.

1,0

Tidal height (m)

0,8
0,6
0,4
0,2
0,0
0

3

6

9

12 15 18 21 24 27 30 33 36 39 42 45 48

Time (hour)

Fig. 8. Tidal height graph on March 21-22, 2017 in Sikakap Coastal
of Mentawai Island district

3. 8. Substrate
Observation of the substrate type was carried out at the Soil Physics Laboratory,
Department of Soil Science, Faculty of Agriculture, Padjadjaran University. Types of substrates
at the study site are presented in Table 2.
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Table 2. Types of substrates at the study site.

Location

Sand (%)

Clay %

Silt (%)

Substrate
Classification

Station I

42.58

25.40

32.02

Dusty clay

Station II

55.51

20.65

23.84

Dusty sand

Substrate was analyzed based on 3 fractions, namely sand, clay, and dust. The sand
texture content was greater when opposed to the value of the percentage of clay and dust. Sand
substrate type dominates at the two stations located in Sikakap Coastal. The characteristics of
the substrate is a factor that limits the growth and distribution of mangrove plants, as suggested
by [12-19], that differences in physical and chemical characteristics of the soil will cause
differences in Mangrove zoning. This is proven by the finding of many Avicennia marina and
Rhizopora mucronata at the study site, as stated by [2, 6-11] that in Indonesia, muddy substrates
are very good for stands of Rhizopora mucronata and Avicennia marina.
3. 9. Sediment Transport Rate
Sediment transport rates at the observation station ranged from 73.81 - 262.8 mg/cm2 /
day (Table 3). The highest sediment transport rate occurred at Station II, which was 262.8
mg/cm2 / day. The results of the analysis showed that the high level of sedimentation at the
study site was due to the low density of mangrove forests [3, 20-24]. The research location is
open water (windward), dealing directly with the incoming waves. The sediment transport rate
at Station I was the lowest compared to Station II, which was 73.81 mg/cm2/ day.
Table 3. Sediment transport rates at each research station
Sediment Transport Rate mg/cm2/day
Station
Sub Station 1

Sub Station 2

Sub Station 3

I

82.98

111.2

73.81

II

262.8

190.6

244.1

It is observed that the rate of transport sediment occurring at the study site is the opposite
of the current speed. At station II, with the lowest current speed of 0.142 m/s has the highest
value of the transport sediment rate of 262.8 mg/cm2 / day. At Station II in Sikakap Coastal is
an area that is protected by a pier and its beach topography is facing the mainland, with the
lowest current velocity when it receives sediment input; it is likely that a greater precipitation
will occur [3, 25-29]. On the other hand, at the station I, with the highest current speed of 0.240
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m/s it has a low value of the transport sediment rate of 73.81 mg/cm2 / day, the rate of transport
sediment that occurs is lower than that of station II.

4. CONCLUSION
The relationship between the mangrove density and transport sediment rate in Sikakap
Coastal, Mentawai Island district, shows a negative correlation with the value 1 (minus one),
meaning that when the mangrove density is high, the transport sediment rate will be low, and
vice versa, when the mangrove density is low, the transport sediment rate will be high.
Obviously, similar to our assumptions, the transport sediment in mangrove ecosystems
located in the Sikakap Coastal area was affected by tidal hydrodynamic factors. Specifically,
(1) a high tidal current velocity appeared to promote sedimentation during the flood and ebb
tides and thus increased the abundances of the mangrove sediment; (2) the sediment at the
seaward boundary was significantly lower than that at the landward boundary, and the growth
rates were also determined by the tidal current velocity. Furthermore, the findings of this study
highlight that the tidal current velocity and tidal range must be taken into account when the
mechanism of sediment in the mangrove ecosystems is studied.
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