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ABSTRACT
A sediment accretion and carbon accumulation study was carried out in Kamora Estuary, Mimika Regency, Papua
Province, Indonesia, to determine the accretion rate and total organic carbon loading in the area as well their correlation with geographical setting and mangrove aerial root type. The sediment stake method was used to measure
the elevation changes, whereas the sediment trap method was used to determine sediment accretion and total organic carbon accumulation. Three locations were selected, namely at upstream, middle and downstream the mangrove communities, with each location installed up to 500 m perpendicular to the riverbank. The elevation changes
based on sediment stakes were 8.4–12.3 mm year-1. Sediment accretion based on sediment traps was 18.5–25.4 mm
year-1 or 1.88–2.98 g cm-2 year-1, while the mean total organic carbon accumulation was 736.8 ±169 g m-2 year-1.
The results are higher than those of similar studies in other regions, but they are consistent with other studies in
Papua New Guinea. This study found that higher sediment accretion occurred at the riverbank compared with the
interior area, while the elevation changes were greater in the upstream area. Higher relative density and higher
basal area had a negative correlation with sediment accretion, but the number of roots had a positive correlation
with sedimentation. The high sedimentation in the Kamora Estuary is resulting in the expansion of the mangrove
forest at a rate of 3% year-1. Assisted mangrove colonization can be applied to expand the mangrove forest, especially considering the use of Rhizophora species, which this study found to be more effective at trapping sediment.
Keywords: aerial roots, carbon accumulation, Mangrove, Mimika, Papua, sediment accretion

INTRODUCTION
Mangrove swamps only develop where the
coastal physiography is favorable. Mangrove forests are net accumulators of sediment (Alongi et
al., 2005) and play a major role as sediment traps
(Kathiresan, 2003), promoting the formation of a
new habitat suitable for natural mangrove colonization, facilitating the continuous development
142

of mangrove forests, and providing coastal zone
stabilization (Phan et al., 2015). The mangrove
responses in the areas receiving large supplies of
sediments may show rapid coastal progradation
and the expansion of mangrove habitats (Adame
et al., 2010).
The sedimentation rates in mangroves forests have been widely studied. The highest
rate recorded was 4.5 cm year-1, measured in
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Papua New Guinea (Walsh and Nittrouer, 2004).
In most cases, mangroves forests are not adversely affected by sediment accretion, although
excess sediment input can cause tree death due
to root smothering (Ellison, 1999). For example,
the high quantities of volcano mud in the Porong
River, East Java, lead to vertical accretion of
more than 10 cm year-1, causing reduced growth
in Avicennia sp. (Sidik et al., 2015).
The mangrove forests in Indonesia are considered the most extensive in the world and represent
about 23.5% of global mangroves (Kathiresan
and Bingham, 2001); the largest area is in Papua
Island, representing about 58% of the total area
(Hanum et al., 2014). In Mimika, one of the regencies of Papua Province, Indonesia, and located on the southern coast of Papua, the mangroves
are estimated to cover about 186,291 ha (Aslan
et al., 2018). These mangroves are dominated by
Avicennia – Sonneratia colonization on mud and
sandbanks, Rhizophora, Bruguiera, and Nypa
forests, as well as mixed forests along the freshwater margins (Ellison, 2005). In the Bruguiera
and Rhizophora communities, the tree sizes reach
25–30 m in height (Brunskill et al., 2004).
Papua Island is the result of the collision of the
Pacific and Australian plates, forming steep topographic expressions (Aalto & Dietrich, 2005) with
one of the most mountainous areas having peaks
around 4.9 km above sea level (Davies, 2012) and
substantial river catchment areas (Brunskill et al.,
2004). Southern Papua has significant annual rainfall (4–13 m yr-1) (Setyadi et al., 2009). The combination of this rugged terrain and high rainfall results in high erosion, creating sediment deposition
in the coastal zones (Kastoro et al., 2007).
There are limited studies on sediment accretion in correlation with mangrove responses in
Papua, Indonesia. The only studies have been
conducted on the sediment depositional history
(Brunskill et al., 2004) and Holocene stratigraphic records of vegetation change and sedimentation (Ellison, 2005) and carbon stock (Taberima
et al., 2014). Some studies on sedimentation were
conducted in Papua New Guinea (Aller & Blair,
2004; Walsh & Nittrouer, 2004; Aalto & Dietrich,
2005), which has a similar mangrove ecosystem
to Papua, Indonesia. The sediment accumulation
in the Gulf of Papua ranging from 1.2 to 4.4 cm
year-1 was determined by Walsh and Nittrouer
(2004) using steady-state 210Pb profiles, and the
mangroves in that area were shown to account for
trapping 2–14% of the total sediment load.

Determining sedimentation in mangroves is
important to identify the increase in coastal surface (Willemsen et al., 2016) and the changes
to the mangrove community (Walsh & Nittrouer,
2004) as well as to estimate the concentrations
of nutrients that increase the productivity of flora and fauna (Ewe et al., 2008). The selection
of appropriate methods to measure sedimentation depends on the time scale of interest due
to the variable nature of this process (Swales &
Lovelock, 2020).
The aim of this study was to determine the
sedimentation rate and total organic carbon
loading in certain mangrove forest communities
of Kamora Estuary, Mimika, Papua Province,
Indonesia, as well as their correlation with aerial
root structure and mangrove area changes. The
behavior of sedimentation due to differences in
the mangrove aerial root systems and geographical settings, such as upstream and downstream
and between the riverbank and interior mangroves, was also evaluated. Furthermore, the
methods used to measure sediment accretion or
elevation changes were assessed to determine
the effectivity of measuring the sedimentation
rate in a mangrove ecosystem. The results of
this study can be used for the conservation or
selection of mangrove species for the mangroveassisted colonization programs.

MATERIALS AND METHODS
Study area
The study area is located in the Kamora
Estuary, Mimika Regency, Papua Province,
Indonesia. The coordinates for the study locations were K1 (S: 04°49’07.117” and E:
130°40’59,202”), K2 (S: 04°48’00.603” and E:
130°41’06.207”), and K3 (S: 04°47’51,142” and
E: 130°41’57,816”). Detailed study locations
can be seen in Figure 1.
The Kamora Estuary has a catchment area of
1,474 km2, with an estimated mangrove area of
14,000 ha. The thickness of the mangrove from
the coastline is about 20 km.
The measurement of the sedimentation
rate was conducted from the year 2006 until
2020. The measurements and analyses were
carried annually during a low tide. The vegetation analysis and aerial root analysis were
conducted in 2020.
143
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Figure 1. Study locations in the Kamora Estuary, Mimika, Papua

Sedimentation rate
The sedimentation rate was measured using
the sediment trap and sediment stake methods. The
sediment traps and sediment stakes were installed
perpendicular to the riverbank. The sediment traps
were installed at distances of 0 m, 100 m, 300 m
and 500 m, while the sediment stakes were installed every 50 m. At each distance (station), three
sediment traps and three sediment stakes (A, B,
and C) were installed about 10 m apart. The placement and design of the sediment traps and sediment stakes are exemplified in Figure 2.

The sediment trap method was used by Santen et al. (2007), Adame et al. (2010) and Rogers
et al. (2013). Santen et al. (2007) used a 0.4 mm
thick canvas with a rough surface and with the
dimensions 0.4 × 0.4 m. The canvas was attached
to the ground with the aid of a wooden stake.
The sediment-filled traps were removed after 2–3
weeks, and the sediment weight was calculated
based on the fraction of lutum (<2 µm), fine clay
(2–20 µm), coarse clay (20–50 µm) and sand
(> 50 µm). The dry sediment accumulation was
calculated as g cm-2 year-1. Meanwhile, Adame et
al. (2010) used a 9 cm Whatman filter. The filter

Figure 2. Placement and design of sediment trap (left) and sediment stake (right)
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was placed on the lid of a petri dish and then attached to the ground using a hook. The petri dish
cover was 0.8 cm high by 9 cm wide (0.1 ratio),
thereby reducing the risk of overestimating sediment capture under turbid conditions. The sediment trap was collected after about 7–10 tide cycles. All sediment trapped in the petri dish was
calculated. Salinity correction was performed
by immersing the sample in water and heating
it to 60°C. The sedimentation rate was calculated based on each tidal cycle, by calculating the
difference in weight after and before the sediment trap had been placed in the field. Finally,
Roger et al. (2013) used PVC pipes 30 cm long
and 5 cm in diameter that were buried with 1 cm
exposed above the forest platform and 100 cm2
ceramic tiles.
This study adopted the method by Rogers
et al. (2013) method, but the used sediment trap
design involved fiber glass, with the dimensions
20 cm x 20 cm, placed on the ground, with the top
surface of the fiber glass level with the soil surface. In order to mark each trap, a string attached
to the edge of each sediment trap was affixed to
a nearby mangrove aerial root or mangrove tree.
After 12 months of placement, the sediment traps
were excavated, and the vertical accretion was
measured using a caliper to assign a total of five
points for each sediment trap (at each corner and
the middle of each sediment trap). Then, using a
pre-cleaned certified 1000 mL wide mouth HDPE
bottle 11.2 cm in diameter, the sediment above
the trap was carefully collected by pushing the
open bottle into the sediment and ensuring that
all the sediment within the diameter of the HDPE
bottle was collected. The HDPE bottle was then
labeled and placed in a cold box for transport
to the laboratory. The samples were oven-dried
at 103–105°C and weighed once the weight had
stabilized. Subsequently, the samples were measured in the laboratory in terms of particle size
distribution and total organic carbon concentration. The calculation of the sediment accretion
rate was performed using the approach of Adame
et al. (2010), with the following equation:
Dry weight of sediment (mg) × 365
=
Sedimentation rate (mg m-2 year-1)
= Diameter of bottle (m2) × number of days
Thickness of sediment (cm) × 365
Sedimentation rate (cm year-1)
= Number of days

=

The sediment stake or pin sediment method
was used by Krauss et al. (2002), which employed stainless steel rods 0.25 m2 in diameter
and 100 cm in length, which were buried in the
ground up to a depth of about 70 cm. The distance between the top of the rod and the ground
was measured using a meter with an accuracy of
0.1 cm. The vertical sediment addition was determined by calculating, with an accuracy of 0.1 cm,
as the distance from the top of the plug to the
marker horizon. This marker showed the occurrence of additional sediment or erosion, i.e., if the
marker was buried with sediment, there had been
sediment accretion, while a lost marker would indicate erosion.
The current study used PVC pipes 1 inch
(2.5 cm) in diameter and 100 cm in length. The
sediment stakes were stuck into the soil at a depth
of 50–70 cm. Then, the distance from the top of
the stake to the soil surface was measured with a
ruler with an accuracy of 1 mm. Each sediment
stake was measured again after 1 year using the
same method. The delta of measurement was calculated as sediment increment if the value was
negative and as sediment erosion if the value was
positive. The total days measured was adjusted
to 365 days to obtain sedimentation accretion for
one year (mm year-1). Given the possibility of
land subsidence, this research only describes the
changes in elevation. The method and sedimentation rate calculation were adopted from Krauss et
al. (2003), using the following equation:
(First measurement – second measurement) × 365
=
Elevation change (cm year-1)
= Number of days

Mangrove vegetation and
aerial root measurement
Mangrove trees were measured in 20 m ×
20 m plots with two replicates along a 500 m
perpendicular to the riverbank, whereby the total
transect was 50 plots, covering 2 ha. In each plot,
all trees with a diameter of breast height (dbh), or
a chest diameter at 1.3 m, of >10 cm were measured in terms of their diameter and height, and
their species was identified. If the species was unknown, photos of roots, stems, leaves, flowers and
fruit were taken with a camera. Leaf, flower and
fruit samples were also taken for further identification. The sampling data recording for trees was
the species name, diameter, height and position
145
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(coordinates) of the trees in the plot. The analysis of the vegetation data focused on the relative
density (RD) and basal area (BA) of each species.
Considering that the root system of mangroves plays an important role in capturing sediment (Krauss et al., 2001), the measurement of
root types and the location of sedimentation measurements were used to identify the relationship
between the types of mangrove roots and their
ability to capture sediment. At each sediment trap
location (0 m, 100 m, 300 m and 500 m), a plot
measuring 1 m2 was established to calculate the
number and diameter of the aerial roots (adopting from Krauss et al., 2002). The diameter of the
root was calculated using a caliper with an accuracy of at least 0.01 cm. The result represented
the number and volume of aerial roots for every
m2. The data were correlated with the sedimentation rate to determine the effect of aerial root type
on the sedimentation rate.
Tide and water quality
The tide data were recorded using a CS475
Non-Contact Water Level Monitoring sensor from Campbell Scientific installed at the
Tipuka Estuary, located about 11 km east of
the Kamora Estuary. This sensor recorded the
water level every 15 minutes throughout 2020.
The water quality data were collected upstream
and downstream of the Kamora Estuary study
location. The water samples were taken every
3 months during the 2006–2020 period. The
sampling referred to SNI 6989.57:2008, Water and Wastewater, Section 57: Surface Water Sampling Method. The water samples were
analyzed for total suspended solids at the laboratory (Standard Methods for the Examination

of Water and Wastewater, 22nd edition 2012,
APHA, AWWA, WEF. Method #2540D).
Spatial analysis of the mangrove area
A spatial analysis was carried out to calculate the changes in the mangrove area and the
formation of new mangrove colonization using
Landsat 7 ETM Imagery from 2006 and 2010
and Landsat 8 for 2020. The calculation of the
spatial data was done by digitization using ESRI
ArcGIS 10.8 software.

RESULTS
Tide and water quality
The tide measurements are shown in Figure 3.
The data show that the highest tide was recorded
at 4.45 m on December 17th, 2020, at 05:00 AM
and the lowest tide was recorded at 0.26 m on July
6th, 2021, at 1:30 AM. The mean sea level (MSL)
was 1.821 m of tide measurement. On the basis of
the elevation measurement, K1 had an elevation
of 1.1.m above MSL, and K3 was 0.94 m above
MSL based on the measurement using differential
GPS. On the basis of the MSL, the stations were
inundated with seawater for around 16% of the
total time during the year.
The total suspended solids (TSS) data are
shown in Figure 4. On the basis of the water quality data analysis, the TSS from Kamora River
(KR) ranged from 1 to 2560 mg L-1 with an average of 172 mg L-1, for Kamora Estuary 1 (KE1) it
was 3–310 mg L-1 with an average of 124 mg L-1,
for Kamora Estuary 2 (KE2) it was 1–298 mg L-1
with an average of 38 mg L-1.

Figure 3. Tide measurement in Mimika, Papua
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Sediment stakes
A summary of the elevation changes measured with the sediment stake method is presented
in Table 1, while the plot-and-whisker graph for
each station and the elevation changes along the
plot are shown in Figure 5. The elevation changes
varied from 8.5 ± 3.9 to 12.3 ± 0.8 mm year-1, with
an average elevation change from the three stations of 10.4 mm year-1. The measurement shows
that the elevation change at K1 was the highest,
followed by K2 and K3. The high variation in the
elevation change was mainly due to the burrowing activities of crustaceans, resulting in some
stakes having very high sediment deposition.
Sedimentation traps
A summary of the sedimentation rate or
sediment accretion in both mm year-1 and kg m2
year-1 is shown in Table 2. The plot-and-whisker
graphs of the sedimentation rates are shown in
Figure 6 and Figure 7. The data from Table 2
show that the highest sedimentation rate was K2,
followed by K1 and K3. The highest mass for
the sedimentation rate per m2 was also K2, followed by K1 and then K3.
Total organic carbon and
particle size distribution
Table 3 shows the total organic carbon and
particle analysis of the sediment from the study
sites. The mean total organic carbon was 3.07 ±
1.37 mg kg-1 while the mean total organic carbon
accumulation was 736.8 ±169 g m-2 year-1. The

highest total organic carbon concentration was
K1, followed by K2 and K3, whereas the total
organic carbon loading had a similar trend. The
D50 median particle size was the highest at K3,
followed by K1 and K2.
Aerial roots and correlation
with sedimentation rate
The measurement results for the aerial roots
with mangrove vegetation species are shown in
Table 4. The table shows that K2 had the highest
number of roots as well as the highest root area.
This may explain the highest sedimentation rate
in this location, as shown in Table 2. The dominant mangrove vegetation comprised Bruguiera
gymnorrhiza (75 ha-1) and Rhizophora apiculata
(28 ha-1). The correlation between aerial roots
and the sedimentation rate is shown in Figure 8,
which presents a negative correlation between
relative density, basal area and diameter and sediment accretion, although there is a positive correlation between the means of the roots and sediment accretion.
Spatial analysis of mangrove area changes
Figure 9 presents the spatial analysis using
ArcGIS to calculate the changes in the mangrove area over time. On the basis of the spatial
analysis, there was an increase of 266.48 ha in
the mangrove area from 2006 until 2020, while
there was also a loss of mangroves amounting to
74.3 ha. Thus, the total additional mangrove area
was 192.18 ha. The total mangrove area calculated in 2006 was 3.646.5 ha, and after 15 years,

Figure 4. Total suspended solids (TSS) from the Kamora River (KR)
and Kamora Estuaries (KE1 and KE2) in Mimika, Papua
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Table 1. Summary of the elevation changes of the mangrove forest in the Kamora Estuary, Mimika, Papua
Station

0–100 m

150–300 m

350–500 m

Average

K1

11.6 ± 7.8

12.1 ± 2.6

13.1 ± 4.7

12.3 ± 0.8

K2

10.4 ± 6.6

10.7 ± 10.9

13.2 ± 4.8

11.5 ± 1.5

K3

12.6 ± 8.9

4.8 ± 2.0

9.2 ± 1.3

8.5 ± 3.9

Average

10.5 ± 2.7

9.2 ± 3.9

11.4 ± 2.1

10.4 ± 1.1

the additional mangrove area was calculated as
5.27%, or about 0.35% every year.

DISCUSSION
Several methods were applied to measure the
sedimentation rates in mangrove ecosystems. The
most widely used technique is based on the radioisotope 210Pb (Bajernee, 2012; Smoak et al.,
2013; Swales et al., 2015;). Other radioisotope
methods are 137Cs (Swales et al., 2015; Marchio
et al., 2016), 7Be (Swales et al., 2007; Swales et
al., 2015;), and 234Th (Smoak & Patchineelam,
1999). Other methods for measuring sedimentation rates in mangroves are surface elevation
tables (Stokes et al., 2009; McKee, 2011), sediment stakes (Krauss et al., 2003) and sediment
traps (Santen et al., 2007; Adame et al., 2010).
The method applied in the current study, namely sediment stakes and sediment traps, over a

15-year period produced different results. The
sediment stakes revealed lower sedimentation
rates (8.5–12.3 mm year-1) than the sediment traps
(18.5–25.4 mm year-1). The sediment trap method
has the advantage of measuring the sedimentation
rate in mass units, but it can introduce an overestimation due to erosion or resuspension (Adame et
al., 2010). Meanwhile, the sediment stake method has the advantage of describing the process of
erosion and accretion, as described in Krauss et
al. (2003). This study has shown that both sediment stakes and sediment traps can be used to
effectively measure the sedimentation rates in a
mangrove forest.
The sediment accretion in this study was higher than that found by MacKenzie et al. (2016) in
Vietnam (2.44 ± 1.38 cm year-1) and Palau mangrove forests (0.47 ± 0.08 cm year-1), by Smoak
et al. (2013) in Everglades National Park, Florida
(2.5 and 3.6 mm yr−1), by Swales et al. (2020)
in New Zealand (averaging 17–41 mm yr−1), by

Figure 5. Plot-and-whisker graph for each station and the elevation changes along
the transect in the mangrove forest of Kamora Estuary, Mimika, Papua
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Table 2. Summary of sedimentation rate changes of mangrove forest in the Kamora Estuary, Mimika, Papua
Distance (m)

Sedimentation rate (mm year-1)

Sedimentation rate (g cm2 year-1)

K1

K2

K3

K1

K2

K3

0

16.5 ± 12.6

27.7 ± 17.1

16.6 ± 9.2

2.16 ± 1.36

2.76 ± 1.60

1.97 ± 0.76

100

24.0 ± 15.6

29.6 ± 12.6

20.7 ± 9.7

2.72 ± 1.64

3.74 ± 1.34

2.08 ± 0.76

300

22.9 ± 15.1

22.7 ± 13.2

17.1 ± 10.6

2.04 ± 0.98

2.44 ± 1.04

1.74 ± 0.79

500

14.0 ± 7.5

21.4 ± 9.6

19.6 ± 11.0

0.76 ± 0.51

2.98 ± 0.84

1.73 ± 0.73

Mean

21.4 ± 4.9

25.4 ± 4.0

18.5 ± 2.0

1.92 ± 1.02

2.98 ± 0.80

1.88 ± 0.52

Li et al. (2016) in Deep Bay, China (1.38 mm
yr−1) and by Bomer et al. (2019) in Bangladesh
(2.16 ± 0.2 cm year-1 at the stream bank and
1.32 ± 0.17 cm year-1 in the interior). Woodroffe
et al. (2016) summarized the vertical accretion for
different mangrove hydrogeomorphic settings,
whereby the riverine vertical accretion ranged
from 6.5 to 13.0 mm yr−1 and for the interior it
ranged from 0.7 to 20.8 mm yr−1.
The mass accumulation of sediment in this
study (means ranging from 1.88 to 2.98 g cm-2
year-1) was also higher compared to other studies, such as Banerjee et al. (2011) in the Sundarbans (0.66 g cm−2 year−1), Morelli et al. (2012) in
Queensland (0.16 ± 0.01 to 0.71 ± 0.30 g cm−2
year−1), and Li et al. (2016) in Deep Bay, China

(0.5 to 0.94 cm−2 year−1). The results were also
higher than in a previous study at a nearby estuary
(Ajkwa River) by Brunskill et al. (2004), which
showed a mass accumulation rate of 0.45 to 1.3 g
cm−2 year−1. The sedimentation rate in Papua New
Guinea is relatively high due to numerous major
rivers and estuaries resulting from the high rainfall
and high mountains. It was estimated that the discharge from New Guinea contains about 1.5 billion tons year-1 of sediment into the adjacent seas,
including the foreland basin between New Guinea
and Australia (Harris et al., 1996). Walsh and Nittrouer (2004) determined the sediment accumulation in the Gulf of Papua using steady-state 210Pb
profiles, and found the greatest mean rates in midtidal areas (4.4 cm year-1; 3.9 g cm−2 year−1) with

Figure 6. Plot-and-whisker graph for each station and the average sedimentation rate (mm year-1)
along the transect in the mangrove forest of the Kamora Estuary, Mimika, Papua
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Figure 7. Plot-and-whisker graph for each station and the sedimentation rate (kg m-2 year-1)
along the transect in the mangrove forest of Kamora Estuary, Mimika, Papua

slower accumulation in high-tidal and low-tidal
areas (1.8 and 1.5 cm year-1, respectively; 1.2 and
1.0 g cm−2 year−1, respectively).
This study demonstrated that higher sediment accretion occurred at the riverbank compared to the interior area, which is consistent with

other studies (Woodroffe et al., 2016; Bomer et
al., 2020). The highest sediment accretion was
found at a distance of 100 m from the sediment
trap measurement. These areas seem to have maximum deposition due to a combination of tidal resuspension, elevation and aerial root structures.

Table 3. Total Organic Carbon (TOC), TOC loading and particle analysis of sediment in the Kamora Estuary,
Mimika, Papua
Station
K1

K2

K3

150

Distance
(m)

Mean of
TOC (%)

Mean of TOC
Accumulation
(g m2 year-1)

Mean of D50
Mean of
Particle Size Particle Size
(µm)
>125 µm (%)

Mean of
Particle
Size
125 µm (%)

Mean of
Particle Size
63 µm (%)

Mean of
Particle Size
2 µm (%)

0

2.02

443.32

29.59

18.20

15.05

75.08

6.31

100

3.13

911.92

24.22

19.10

12.60

77.97

8.24

300

4.27

897.56

31.67

16.15

15.89

70.14

6.49

500

7.19

549.21

59.50

44.30

11.03

68.35

7.11

Mean

3.86

700.51

33.10

22.17

13.89

73.28

7.07

0

2.24

708.76

24.41

10.16

76.84

11.16

100

2.08

957.51

36.05

15.30

54.75

9.77

300

2.83

798.95

32.56

10.11

57.99

10.66

500

3.64

873.62

21.54

8.73

71.45

10.96

Mean

2.82

834.71

28.37

11.00

64.93

10.64

0

1.74

497.26

28.36

14.18

76.16

6.22

100

2.37

596.81

56.60

30.38

53.58

4.53

300

2.83

690.66

40.08

22.97

60.03

5.69

500

3.09

915.79

64.04

23.16

52.56

4.82

Mean

2.53

675.13

46.93

22.61

60.81

5.32
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Table 4. Mangrove vegetation and aerial root for each station (Bp: Bruguiera parviflora, Ra: Rhizophora
apiculata, Rm: Rhizophora mucronata, Bg: Bruguiera gymnorrhiza, Bs: Bruguiera sexangular, Hl: Heritiera
littoralis, Xg: Xylocarpus granatum. The sequence is based on the highest dominance).
Station

Distance
(m)

Mangrove
Species

Mean of Relative
Density (ha-1)

Mean of Basal
Area (cm2 ha-1)

Mean of
roots (m-2)

Mean of
diameter (mm)

Mean of root
area (cm2 m-2)

K1

0

Bp, Ra, Rm

675

46.8

14

28.4

418.2

100

Ra, Rm

200

46.1

18

29.3

583.9

300

Bg, Bp, Ra

475

49.7

12

33.6

485.0

500

Bg, Bs, Hl, Ra, Xg

300

51.7

13

26.4

329.1

0

Bp, Ct, Ra, Xm

200

15.0

25
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The aerial root structures influence sedimentation
by creating a greater amount of friction during
flowing tides and then settling out during slowing
or ebbing tides (Krauss et al., 2003). The plant
structure also reduces the water velocity, and stagnant zones are created between roots and trunks
(Mackenzie et al., 2015). This study showed
that higher relative density and higher basal area

reduce sediment accretion (Figure 8). This is consistent with the analysis of Krauss et al. (2003),
based on the study of Spenceley (1977), who concluded that root density may create more turbulence at aerial roots and promote erosion instead
of deposition. The diameter of the aerial roots
also had a negative correlation with sedimentation. Since the most of mangrove vegetation was

Figure 8. The correlations of relative density, basal area, mean of
roots and diameter with sedimentation accretion
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a)

b)

c)

Figure 9. Spatial analysis of the mangrove area changes in the
Kamora Estuary, Mimika, Papua, from 2006 to 2020.

152

Journal of Ecological Engineering 2021, 22(11), 142–156

Bruguiera or Rhizophora, this study suggests that
the prop roots of Rhizophora, which have a lower
diameter than the knee roots of Bruguiera, are
more effective at trapping sediment. Krauss et al.
(2003) also demonstrated that the prop roots of
Rhizophora facilitate greater sediment deposition
than other knee roots and pneumatophores.
The sedimentation accumulation in the upper
stream was greater compared to the lower stream
of the estuary, as shown in Table 1. This is consistent with the study of Woodroffe et al. (2016),
where the riverine area had the highest vertical
accretion compared with the scrub or overwash.
The different results for the sediment stakes and
sediment traps suggest that the downstream mangroves with lower elevation experience greater
erosion due to frequent tidal pumping. On the basis of the elevation measurement, K3 had a lower
elevation than K1, causing it to experience more
frequent inundation. According to Horstman
(2015), deposition rates are significantly affected
by relative elevation, with the sediment accumulation decreasing with deeper inundation. The
sediment trap data show that the sediment inputs
were similar, although erosion appears to occur in
the more downstream area.
Another factor causing higher sedimentation
accumulation at the upstream location was particle
size. K1 is the only location that had a particle size
> 125 µm. A higher particle size reduces erosion,
in line with Lovelock (2015), who determined that
the rates of surface elevation gain are high for sandy sediments. Larger particles have faster settling
velocity of the sediment and need more energy
for erosion or resuspension ,due to the relationship between the settling velocity and particle size,
as determined by Graham and Smith (2010). The
higher particles stem from the sediment load of the
Kamora River, as shown by the high TSS data in
Figure 4, ranging from 1 to 2,560 mg/L with an average of 172 mg L-1. According to Puri Fajar Mandiri (2002), the Kamora River has a catchment area
of 1,475 km2 with a river flow of 287–1700 m3 s-1
and a TSS of 32–1700 mg L-1. The estimated sediment loading ranges from 366 to 160,752 ton day-1.
With a flow average of 300 m3 s-1 and a TSS of
172 mg L-1, an estimated 4.458 ton day-1 of sediment are deposited in the estuary and marine area.
Due to the gravitation, the larger particles settle in
the upper estuary and the fine particles continue
and settle in the downstream area.
The total organic carbon accumulation in this
study was 736.8 g m2 year-1, which is relatively

high compared with the global average mangrove
carbon burial of 174 g m2 year-1 (Alongi, 2012).
This study also found greater carbon accumulation than the study by Pérez et al. (2017) in New
Zealand (65.5 ± 16.3 g m2 year-1) and Aysha et
al. (2016) in Bangladesh (83.1 g m2 year-1), but
it was close to the maximum carbon accumulation found in Palau and Vietnam by MacKenzie
(2016), which ranged from 69 to 602 g m2 year-1.
A study on carbon storage was carried out by Taberima et al. (2014) in Papua, revealing total carbon storage ranging from 853.23 to 1,311.61 mg
ha-1. Another study by Sasmito et al. (2020) in
West Papua also found consistent results of 1,087
± 584 mg C ha-1, whereby the greatest carbon
storage was found in estuarine interior mangroves, followed by the open coast interior and
the open coast fringe. The results of those studies show that the carbon storage in Papua found
in this study is exceptionally high, compared to
other mangroves around the world. Organic carbon, as a nutrient source, can alter the competitive balance and affect the species distribution of
mangroves (Kathiresan, 2003).
The high sedimentation rate and total organic
carbon accumulation contribute to the expansion
of mangrove forests. Using spatial analysis, this
study concluded that the progression of mangroves
is about 0.35% every year, mainly due to the development of new land at the estuary mouth. The
new mangrove area in the past 15 years in the Kamora Estuary amounts to 192.18 ha. Krauss et al.
(2003) stated that the root structure of mangroves
contributes to the geomorphological stability of
the mangrove forest soil through entrapment and
sediment binding, which in turn promotes the
growth and expansion of mangrove forests. The
study in New Zealand by Lundquist et al. (2013)
found that mangrove expansion is primarily associated with increased terrestrial sediment erosion
and deposition into coastal and estuarine environments. Mangrove expansion has been widely observed on the North Island of New Zealand, at a
rate of 0.33% per year (from 1940 to 2003). The
result is very similar to the expansion rate seen in
the Kamora Estuary.

CONCLUSIONS
This study makes an important contribution
in determining the mangrove response to rapid
sedimentation in Papua, where limited studies
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have been conducted thus far. The results of this
study show that sediment accretion and total organic carbon accumulation in the mangrove forest of the Kamora Estuary, Mimika were higher
than in other mangrove regions in the world, although they are consistent with the results from
Papua New Guinea. The dynamic process of sedimentation was also determined, showing higher
sediment accretion on the riverbank, whereby the
prop roots of Rhizophora were found to be more
effective at trapping sediment compared to the
knee roots of Bruguiera. This study also showed
a negative correlation between mangrove density
and basal area and sedimentation accretion.
The high sedimentation in the Kamora Estuary has resulted in the expansion of the mangrove
forest, particularly in the seaward area, due to the
deposition of sediment, creating new land that is
rapidly colonized by mangroves. Conservation
and assisted colonization can be used to expand
the mangrove forest, which offers many benefits
in terms of coastal stabilization and the provision
of habitat for marine fauna. The selection of species can consider the Rhizophora species, as this
study has shown that it can promote greater sediment deposition and retention.
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