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Abstract. Sari N, Patria MP, Soesilo TEB, Tejakusuma IG. 2019. The structure of mangrove communities in response to water quality in
Jakarta Bay, Indonesia. Biodiversitas 20: 1873-1879. The waters of Jakarta Bay, which is a habitat for mangrove vegetation, have been
polluted caused by many human activities such as development of housing, industry, tourism and facilities along the coast, and
reclamation of man-made islands. The islands reclamation has caused changes in ocean current pattern and has impacts on material
mobilization in the waters. The mangroves have experienced degradation as well since long time ago. The purpose of this research was
to investigate the responses of mangrove vegetation to the quality of water in disturbed areas in Jakarta Bay to be used as baseline
information for mangrove forest management in the area. Analysis of vegetation was used to examine mangrove community structure
with the results were then related to the measurements on water quality using simulation modeling. The results show that mangrove
forests in Jakarta Bay have an average Important Value Index (IVI) for all levels of life stage 95.7% with relative density of 28.85%,
relative frequency of 29.21%, and closure relative of 38.62%. These results indicate that the mangrove forests in Jakarta Bay are under
the criteria of damaged or disturbed according to the Minister of Environment Regulation. The mangrove forests were dominated by
Avicennia marina, Avicennia lanata, Rhizophora apiculata, Sonneratia caseolaris, and Sonneratia alba. The average of ocean current
velocity was 0.04-0.08 m/s. tides were single type with short waves generated by wind. The water discharge from 13 rivers were 205 +
97 m¥/s and the water discharge from power plant 224.9 m3/s. The heavy metal whereas The average pH was 7.75; Dissolved Oxygen
4.68 mg/L; turbidity 5 m; Total Suspended Solid (TSS) 50.95 mg/L; and salinity 6.6 %o. The result of grain size analysis showed that
most sediments obtained was in the form of silt with a mixture of little clay and sand. The responses showed that there was a reinforced
pattern for pH, temperatures, rainfall, brightness, sediment, DO, and ocean current, with a trend of exponential growth in two years next
of important value index of mangroves in response to water quality in Jakarta Bay. The heavy metals of Pb have concentrations of 65-
104 ppm in sediments and 38-60 ppm in the water column; Zn has 150-258 ppm in sediment and 42-140 ppm in water column; Cu has
34-72 ppm in sediment and 13-30 ppm in water column; Ni has 33-39 ppm in sediment and 40-50 ppm in water column; Cd has 5.9-8
ppm in sediment and 8.5-15 ppm in the water column. The heavy metals, TSS, and water river discharge have balance-decay pattern.
The amount of river water discharge entering Jakarta Bay, the heavy metals, and the low level of ocean currents cause coastal waters of
Jakarta Bay to become muddy puddles that cannot flow properly. These conditions make the mangrove forest habitat becomes polluted
and the mangrove vegetation degraded. Therefore, all of these things need to get serious attention so the mangrove forests can be
restored and the function of mangroves can return to normal.

Keywords: Balance-decay pattern, Important Value Index, leverage parameters, reinforced-exponential growth pattern.

INTRODUCTION preventing seawater from intrusion and pollution,

protecting from wind and abrasion of the beach, and

The coastal area of Jakarta Bay has experienced
relatively high land cover changes. In a decade, the land
cover had reduced from 340,90 ha in 1997 to 232,04 in
2006, equating 31.93% loss (Parawansa 2007). This change
is mainly caused by land degradation with human as the
main driver as indicated by many studies such as
Permanawati et al. (2013), Kusuma et al. (2014), KLHK
and Plarenco (2015), Breckwoldt et al. (2016), Ladwig et
al. (2016), Simon et al. (2016), Sindern et al. (2016),
Siregar et al. (2016), Dsikowitzky et al. (2018), and Latief
et al. (2018).

The existence of mangrove vegetation in coastal areas
plays important roles. First main function is the protection
function including improving water management,

maintaining habitat of aquatic and terrestrial biota. The
second function is maintaining the purity and uniqueness of
genetic diversity of species and mangrove forest
ecosystems (Parawansa 2007).

The position of Jakarta Bay, which is the estuary of 13
rivers, bring very large environmental pressures coming
from various human activities, such as industries, hotels
and restaurants, settlement, and coastal area development
(Dsikowitzky et al. 2018). As a consequence, mangrove
forest located on its beaches has been exposed to
pollutants, garbage accumulation, and sedimentation. The
current condition of Jakarta Bay shows that this area is very
sensitive to ecosystem vulnerability (KLHK and Plarenco
2015). Therefore, to sustain the condition of Jakarta Bay,



1874

one effort is to conserve the mangrove forest optimally and
systematically. However, the mangrove forests in Jakarta
Bay are threatened by deforestation and land conversion
which affects community structure of the mangroves in
Jakarta Bay. There are three types of mangrove vegetation
in disturbed areas of the Jakarta Bay. Avicennia and
Rhizophora are genera of mangrove vegetation which are
mostly grown in flooded areas on the coastal, while
Sonneratia is a genus often found in river estuaries.
Avicennia, Rhizophora, and Sonneratia can live in areas
with high environmental stress and are able to adapt to poor
conditions.

This study aims to analyze the responses of Avicennia,
Rhizophora, and Sonneratia to water quality based on the
structure of mangrove community in disturbing areas in
Jakarta Bay predicted using system dynamics modeling.
The significance of this study is expected to provide
baseline information on the management of mangrove
forests in Jakarta Bay including the importance of
restoration of the main function of the mangrove forest.

MATERIALS AND METHODS

Study area and period

The research was conducted in Jakarta Bay, Indonesia
areas in years of 2016 (one year), encompassing Tangerang
(Banten Province), North Jakarta (Jakarta Province), and
Bekasi (West Java Province). The research locations were
divided into five stations where Station-1 (Sta-1) was
located in Dadap (Tangerang) at latitude 6°5'13.78 "S and
longitude 106°43'11.94" E; Station-2 (Sta-2), Station-3
(Sta-3), and Station-4 (Sta-4) were located in North Jakarta
at latitude and longitude of 6°5'59.09 "'S and 106°44'18.45" E,
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6°6'2.34 "S and 106°44°52.89" E, 6°'15.29 "S and
106°45°34.47" E, respectively; and Station-5 (Sta-5) was
located in Muara Bendera (Bekasi) at latitude 5°56'18.63 "'S
and longitude 106°59'25.78" E.

Procedures

Data on the field were collected using line transect
method with length of the line was 100 m. Three plots of
quadrant were then established with size of 10 x 10 m? and
distance between quadrants was 20 m. The mangroves
within the plots have identified the species, measured the
stem diameter, and counted the number of individual at
each life stage/level (i.e. trees, saplings, and seedlings).
These procedures were applied across the five stations. The
data were brought into laboratory and analyze the structure
of mangrove community.

The data of water and sediment quality were also
collected after the sampling of vegetation analysis. The
samples of water were brought using portable tools and
analyzed in laboratory, while the sediment analysis used
soil mechanic laboratory. All collected data including the
structure of mangrove community and water quality were
then analyzed by simulation using system dynamics
modeling with Powersim Studio 10 software.

Data analysis

Vegetation structures of mangroves were analyzed by
calculating the relative density, relative frequency, relative
closure, and important value index (I\VVI). The water quality
was analyzed by measuring pH, Dissolved Oxygen (DO),
Total Suspended Solid (TSS), salinity, temperature,
rainfall, turbidity, and grain size analysis. System dynamic
modeling was used to investigate trend analysis of IVI
mangrove in response to water quality.

Research Location

Explanation:

B : $ta-1, Tangerang-Banten

I 5ta-2, Arboretum-North Jakarta

[+ ta-3, Cengkareng Drain-North Jakarta
I : Sta-4, Pos 2nd-North Jakarta

I : 5ta-5, Muara Bendera-Bekasi-West Java

Figure 1. Research locations in Jakarta Bay areas, Indonesia. Station 1 (Sta-1) was located in Tangerang, Banten province; Station 2
(Sta-2), Station 3 (Sta-3) and Station 4 (Sta-4) were located in North Jakarta, Jakarta Province; while Station 5 (Sta-5) was located in

Bekasi, West Java Province
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RESULTS AND DISCUSSION

The structure of mangrove community

The result of the structure of mangrove community in
the research locations is presented in Table 1. The results
of relative density, relative frequency, relative closure, and
important value index (IVI) in Table 1 combine all the five
stations for each level of life stage (trees, saplings, and
seedlings).

Table 2 shows the dominant species of mangrove across
the five stations in which species from the genera of
Avicennia, Rhizophora, and Sonneratia have the highest
IVI. Sta-1 until Sta-4 were disturbed by human activities
either in the terrestrial and ocean areas, while Sta-5 was
less disturbed with some parts were undisturbed.

The dominance of a species indicates the adaptive
ability of such species in a polluted habitat. The species
presented in Table 2 are those of trees, saplings, and
seedlings dominant. The dominant are Avicennia marina,
Avicennia lanata, Rhizophora apiculata, and Sonneratia
caseolaris.

The species of mangrove found in the five research
stations in this study is lower than previous study by
Sukardja (1982). He mentioned that there were 11
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dominant species in Muara Angke (Sta-2 until Sta-4)
including Avicennia marina, A. alba, A. officinalis,
Rhizophora apiculata, R. mucronata, Bruguiera parviflora,
Sonneratia alba, and Excoecaria agallocha. The Bekasi
area (Sta-5) was dominated by Avicennia, Rhizophora, and
Sonneratia while in Tangerang area (Sta-1) was dominated
by Rhizophora and Nypa. Our results combined with the
study by Sukardja (1981) shows the changes in the
structure of mangrove community from the 1980s to
present. The reduced number of surviving species
demonstrates natural selection of species due to habitat
degradation condition in Jakarta Bay.

The quality of water in mangrove habitat

Measuring water quality describes the condition of
mangrove habitat in term of its physical and chemical
properties. The parameters of DO, brightness, TSS, salinity
indicate that the habitat in the study locations are relatively
not suitable for mangrove growth, while temperatures and
pH are within the range (Table 3). The pH inside habitat
mangrove was around 7-8 while outside habitat was around
3-4. A large volume of solid waste has made the estuaries
around Jakarta Bay become dirty and unpleasant to see, and
caused the pollutants to sink into the sediment.

Table 1. The structure of mangrove community in Jakarta Bay, Indonesia for each level of life stage

The structure of mangrove community

Level Relative Density of Relative Frequency Relative Closure species Important Value Index
species (i) (RDi) (%) species (i) (RFi) (%) (i) (RCi) (%) (IVD) (%)

Tree 35.18 29.99 47.34 113.57
Sapling 28.82 29.52 39.22 92.93
Seedling 22.55 28.14 29.32 80.6
Average 28.85 29.21 38.62 95.7
Table 2. The dominant species at tree, sapling and seedling at study locations in Jakarta Bay, Indonesia
Sta. Dominant species

Tree Average IVl Sapling Average 1Vl Seedling Average 1VI
1 Rhizophora aviculata 145.96 Avicennia marina 115.04 Avicennia marina 102.64
2 Avicennia lanata 125.79 Avicennia marina 127.39 Avicennia marina 129.56
3 Rhizophora apiculata 104.32 Avicennia lanata 104.56 Rhizophora apiculata 78.51
4 Avicennia marina 124.99 Avicennia marina 127.18 Avicennia marina 102.29
5 Sonneratia caseolaris 133.19 Sonneratia caseolaris 126.56 Sonneratia caseolaris 106.04
Table 3. Water quality in five study locations in Jakarta Bay, Indonesia
Parameters units Tools Stations *Standard

Sta-1 Sta-2 Sta-3 Sta-4 Sta-5 quality

Temperature °C Thermometer 28.36 29.03 27.03 30.23 26.13 Natural
pH - pH meter 7.3 7.3 8.1 8.07 7-8.5
DO mg/L DO meter 7.4 0.13 4.5 7.9 >5
Turbidity m Secci dish 6 5 5 3 >6
TSS mg/L Ex-situ 51.25 48.76 43.33 59.96 51.45 20
Salinity %0 Refractometer 6 9 5 5 34
Solid waste** - +2 +4 +4 - 0

Note: * Decree of the Minister of Environment N0.51/2004. **Measurement of solid waste: 0= None; 1= Very small volume; 2 = Small

volume; 3= Moderate; 4 = Large volume; 5 = Very large volume (Full coverage)



1876

The hydro-oceanographic measurements including the
average current velocity were 0.04-0.08 m/s, the tides were
single type with short waves generated by wind, the
discharge from 13 rivers were 205 + 97 m®/s and the water
discharge from the power plant were 224.9 m%/s. The heavy
metals concentrations are presented in Table 4 which
divided the resources either from terrestrial and marine.
The result showed that the sources from terrestrial give
larger pollution than those from marine.

The analysis of grain size shows that the sediments in
the study locations in Jakarta Bay are dominated by mix of
clay and sand (Figure 2).

The composition of sediment type and the dominance
of mangrove species at each station is described in Table 5.
This Table is used to understand the relationship between
dominant species that could adapt in habitat with varying
conditions of sediment type.

The analysis of mangrove responses on disturbed area
The response of mangrove in disturbed area was
modeled using simulation of system dynamic with the
results presented in Figure 3. This simulation was used to
predict how the mangrove would response in the future
with assumption that the condition is the same as the time
when this research was carried out (i.e. business as usual).
The model was set to predict condition 24 months in the
future because the data were taken in one year. Each model
run was validate using absolute mean error (AME). For
environmental scale, the model was said to be valid if
AME<0.3 while for laboratory scale, the model would be
said to be valid if the AME < 0.1. The formula of AME:

Absolute Mean Error (AME) = (S-R)/R

Whereas:
S = Simulation
R= Reference

The result of AME for pH was 0.13; temperature 0.09;
rainfall 0.13; salinity 0.15; Total Suspended Solid 0.07;
Disolved Oxygen 0.07; brightness 0.08; sediment 0.09;
heavy metal 0.14; ocean current 0.07; water river discharge
0.06. All results indicate that the AME are under 0.3 so it
can be said that all models designed were valid and useable.

Discussion

Our study found that mangrove community structures at
five locations in Jakarta Bay were dominated by Avicennia
marina, followed by Avicennia lanata, Rhizophora
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apiculata, Sonneratia caseolaris, and Sonneratia alba at
the level of trees and saplings. At seedling stage, the
dominant species were Acrostichum aureum and Acanthus
ilicifolius. The Avicennia genus was located in the frontier
of coastal zone and resistant to environmental stress
(Martuti et al. 2016). Behind it is the Rhizophora group.
Avicennia marina and other species from Avicennia genus
are species of mangrove pioneer plants and have the ability
for phytoremediation because of its ability to survive in
polluted environments (MacFarlane et al. 2003; Usman et
al. 2013; Martuti et al. 2016). Therefore, it is not surprising
if Avicennia is in the frontier zones. However, their
response to water quality could decrease, mean that they
have a maximum threshold to adapt to bad environment,
and if pollution continues, their adaptability would
decrease (MacFarlene and Burchett 2000; Martuti et al.
2016; Crugati et al. 2018; Latief et al. 2018) which is in
agreement with the result of our study as shown in Figure
3.

Table 4. The concentration of heavy metals in sediments and
water columns and their sources in Jakarta Bay, Indonesia
(Kusuma et al. 2014)

Concentration (ppm) Source
Heavy Water
metal Sediment Terrestrial  Marine
column

Pb 65-104 38-60 +
Zn 150-258 42-140 +
Cu 34-72 13-30 +
Ni 33-39 40-50 +
Cd 5.9-8.0 8.5-15 +
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40
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water Land water

water Land

Land water Land

Gravel | Sand Silt Clay
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Figure 2. The analysis of grain size of sediment in coastal areas
in Jakarta Bay, Indonesia

Table 5. The composition of sediment type and the dominant species in coastal areas of Jakarta Bay, Indonesia

Station Gravel Sand Silt Clay Dominant species VI

Sta-1 1 5 9 3 A.marina (5%), A. lanata (1*) 132.23-164.72
Sta-2 1 10 163 63 R. apiculata (2*), A. lanata (3*), A. marina (1*) 116.55-173.99
Sta-3 1 20 75 15 A.lanata (2*), R. apiculata (4%). 105.73-161.79
Sta-4 1 1,5 11 4 A.marina (6%) 118.76-160.43
Sta-5 0 1 33 37 S. caseolaris (5*), S.alba (1%) 121.01-179.31

Note: *the average number of species found in each plot on each station
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Figure 3. Relationships between important value index of mangroves and the parameters of water quality in disturbed areas in Jakarta

Bay (Y-axis), while X-axis refer to times in month

The low value of IVI of mangrove vegetation in all
stations was likely a response to the condition of the waters
in Jakarta Bay which were polluted by heavy metals, both
from the land and from the waters (Table 3) (Permanawati
and Ibrahim 2013; Kusuma et al. 2014; Siregar et al. 2016;
Sinern et al. 2016; Lohr et al. 2017; Latief et el. 2018). The
ocean currents of 0.04-0.08 m/s combined with water from
13 rivers flowing into Jakarta Bay at the volume of 216.84
m®/s and the inlet/outlet discharge from electricity power
plant with the volume of 224.9 m?%s (Setiawan 2016), have
caused the coastal waters of Jakarta Bay to become a
highly polluted water area with low mobilization (Rinawati
2012; Pranowo and Tim Kajian Reklamasi 2016; Simon et
al. 2016; Sindern 2016; Siregar et al. 2016). This makes the
water trapped and resembles an inundated pool. As such, it
is not surprising that mangrove growth and productivity
have decreased. This condition also causes reforestation
efforts carried out by stakeholders to stagnate and less
successful. Mangrove seeds originating from outside
Jakarta Bay were not able to grow well in this area due to
the mangrove habitats in Jakarta Bay has been highly
contaminated.

In coastal area, heavy metals are returned to external
environments through decomposition of mangrove litters.
Leaves can accumulate heavy metals through translocation

process from roots and stems (MacFarlane et al. 2003; Qiu
et al. 2011; Martuti et al. 2018). Sonneratia, as well as
Avicennia and Rhizophora, has a way to adapt in highly
pressed environment by falling they leave (defoliation)
(Qiu et al. 2011; Martuti et al. 2016; Rahmania et al. 2018).
This process brings back the heavy metals from litters to
sediment or the surrounding places.

A large amount of waste in the mangrove habitats in
Jakarta Bay suggests that there was poor waste
management which can cause the death of both vegetation
and animal living around the area (Rinawati et al. 2012;
Alimba and Caterina 2019; Mishra and Alok 2019). The
accumulated plastic waste, domestic waste, and other solid
waste was the effect of high urbanization in Jakarta and its
surroundings (Breckwoldt et al. 2016; Dsikowitzky et al.
2018). This problem must be addressed, otherwise, it will
impact the conservation, economic, and social aspects
(Sindern et al. 2016; Lohr et al. 2017; Latief et al. 2018;
Chung et al. 2019; Mishra et al. 2019).

Grain size analysis showed that the composition of the
sediment of mangrove habitat in Jakarta Bay was
dominated by silt with a mixture of clay and sand (Figure
2). Avicennia marina and Avicennia lanata could grow
well in sediment dominated by silt with a mixture of clay
and sand on a small ratio (Table 5). While Rhizophora
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apiculata has more dominantly grown in sediments of silt
with a mixture of sand and clay on a large ratio. Sonneratia
caseolaris and Sonneratia alba could grow in sediments of
clay with a silt ratio greater than sand. The low IVI value in
Sta-3 and Sta-4 were dominated by Avicennia marina and
Avicennia lanata with habitats composed by silt sediments
with almost balanced clay and sand mixtures. Sediment
composition determines the species of mangrove vegetation
that could grow since each mangrove species give different
response on the ability of mangrove root to bind substrates.
This difference is also influenced by the rate of deposition
of the substrate affected by physical factors such as ocean
currents, waves, rainfall, and temperature. While chemical
factors affect the growth of mangrove vegetation in binding
sedimentary substrate (Rinawati 2012). All the conditions
mentioned above relate to the changes in mangrove
community structures occur in Jakarta Bay. This explains
the succession of several mangrove species in regard to
their adaptation to changes in the physical and chemical
conditions in the waters of Jakarta Bay. In addition to the
composition, it is also seen the condition of seawater
pollution that changes the quality of water in Jakarta Bay.

Jakarta Bay accommodates 13 rivers flowing into the
waters of the bay. Every year, the 13 rivers carry 46 tons of
sediment into the waters of the Jakarta Bay. Therefore the
composition of grain size in sediments is important to
observe. The waters of Jakarta Bay are contaminated with
pollution and affect the life of mangroves in the bay. The
responses of some dominant species will determine the
future succession of mangrove forests in Jakarta Bay.

The result of simulation suggests that the important
value index (IVI) of Avicennia, Rhizophora, and
Sonneratia show a reinforced pattern in response to water
quality conditions in Jakarta Bay (Figure 3). Sediment,
salinity, DO, TSS, brightness, ocean currents, and
temperature parameters could cause reinforced behavior of
IVI mangroves with slow growth. On the contrary, water
river discharge and heavy metal parameters could balance
the IVI value of mangrove in trend of decay. Important
value index of mangroves in Jakarta Bay resembles natural
selection process experienced by a species by showing
relative density, relative frequency and relative closure
which leads to how this species dominates the structure of a
community as an adaptive response to habitat conditions.
In other words, the important value index describes the
ecological position of a species in a community by looking
at the dominance of a species against others.

As explained earlier that the quality of seawater in
Jakarta Bay has decreased due to human activities, the
contamination of heavy metals leads to a decrease in the
important value index of mangroves. The polluted waters
cause several mangrove species cannot live although there
are also other mangrove species that are able to adapt to the
disturbed habitats. There has been a shift in the structure of
mangroves from the past to nowadays. Dominance arises,
but growth slows down due to habitat disturbance. Many
seedlings and saplings were not able to grow well, resulting
in high mortality, while at the tree level the value of 1VI
was small and it grew slowly. The flow of 13 rivers in the
waters of Jakarta Bay bring 46 tons of sediment each year.
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With small currents, these sediments were contaminated
with dangerous dissolved particles, eventually changing the
composition of matters in mangrove habitat restricting
several mangrove species to grow in the area. Reduction in
the number of species and changes in species dominance
demonstrate a shift in mangrove structure in Jakarta Bay.

In conclusion, the mangrove community in five
locations in Jakarta Bay was dominated by the species from
the genera of Avicennia, Rhizophora, and Sonneratia.
Mangrove community structures in this area reinforce
slowly along with the increase in pollution and decrease in
water quality, especially for pH, temperatures, rainfall,
brightness, dissolved oxygen, total suspended solids,
sediment, and ocean current. The trend was worsened by
heavy metals accumulation and water river discharge. The
mangrove species in Jakarta Bay have the ability to
neutralize the pH of water indicated by the value of pH was
around 7-8 inside the habitat and while outside the habitat
the value of pH was around 3-4. Nonetheless, some species
of mangrove are able to adapt to the conditions of waters
contaminated by heavy metals. This ability is inherited
continuously so that the dominant species can grow in
contaminated habitats although with slow growth.
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