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Abstract – Mangrove forests are primary producers that can absorb carbon with greater intensity than land
plants. This is because mangroves photosynthesize chemically with the process of assimilation of CO2 gas
(carbon uptake). The study of biomass content, especially mangrove forests, is currently important because
it is related to climate change management. The purpose of this study is to analyze 3 types of dominant
mangrove vegetation and to find out the amount of biomass content in the Gulf of Kotania. The methodology
used is the Importance Value Index (IVI) to determine the type of vegetation while to calculate the amount
of seedling biomass with destructive sampling techniques while the pole and tree level uses allometric
equations that have been available previously. The results showed mangrove forests in the Gulf of Kotania,
there were 10 species and the dominant species was R. apiculata both at the tree and seedling level with IVI
values of 180.024% and 231.004%. The average of all mangrove forest biomass in Kotania Bay (eastern
Indonesia) starting from seedlings to 137.03 tons / ha with details of 3.03 tons / ha seedlings, 84.10 tons / ha
poles and 49.90 trees ton / ha.

INTRODUCTION

Mangrove forest is one of the potential forest
resources that has a very strategic role in the
dynamics of coastal and marine ecosystems,
especially coastal fisheries. Thus, the maintenance
and management of mangrove ecosystems is one of
the reasons for the existence of these ecosystems.
The existence of mangrove forests has an important
role for human life, this is because in the mangrove
ecosystem there are various types of biological
resources that can be utilized for the welfare of
coastal communities. In general, mangrove
ecosystems have two main functions, namely
ecological and socio-economic functions. The
ecological function of mangrove forests is as a
coastal protector to prevent erosion, tsunamis,
storms, sediment capture, absorbers of infiltration
rates; maintaining biodiversity, and supporting
other coastal ecosystems,i.e. habitat, foraging,
spawning, and care and enlargement of other
organisms. While the socio-economic function of
mangrove ecosystems as a provider of building
materials, wood, medicines, food and beverage
materials, agriculture and fisheries as well as

ecotourism.
Mangrove forests with other ecosystems such as

seagrass beds and coral reefs play a very important
role in mitigating climate change through carbon
sequestration or CO2 emissions which are
greenhouse gases. Besides that mangrove forests are
primary producers that can absorb carbon with a
greater intensity level than land plants. This is
because mangroves photosynthesize chemically
with the process of assimilation of CO2 gas (carbon
uptake). The ability of carbon assimilation by
mangrove forests is greater than most other tropical
forests throughout the world. Damage to mangrove
forest ecosystems is the physical changes of biotic
and abiotic in the mangrove forest ecosystem to be
no longer intact or damaged caused by natural
factors and human factors. In general, damage to
mangrove forest ecosystems is caused by human
activities in the utilization of natural resources in
coastal areas without regard to sustainability, such
as; felling and cutting for excessive use of fuelwood,
fishponds, settlements, industry and mining, etc.
Mangrove forest damage does not only occur in
western Indonesia but also in eastern Indonesia as it
did in Seram Island, Maluku. According to
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Pattimahu (2016), there has been a change in
mangrove land cover in West Seram District by 174
Ha (7.4% of the total area of  mangrove forests) due
to uncontrolled mangrove exploitation by local
communities, expansion of settlements, plantations
and pond opening.

Mangrove forests are primary producers that can
absorb carbon with greater intensity than land
plants. This is because mangroves photosynthesize
chemically with the process of assimilation of CO2
gas (carbon absorption). The ability of carbon
assimilation by mangrove forests is 4 (four) times
more than most other tropical forests around the
world (Donato et al., 2011). Mangrove vegetation is
the forest with the highest carbon storage in the
tropics which is 1,023 Mg C / Ha (C stock above the
surface). Carbon uptake biomass by vegetation
varies according to age, species, morphology, and
location (Whittaker and Linkens, 1975).

Environmental services of mangrove forest are
now beginning to be associated with efforts to
mitigate climate change in controlling greenhouse
gases, especially in the context of carbon
sequestration in the atmosphere. Carbon
sequestration by mangroves is a unique process
compared to other vegetation that are its relatives on
land, because carbon in mangroves can be found in
almost all parts of the body, including stands
(stems), necromass, roots, leaves, even their

substrate. In this regard, it is necessary to conduct
research on the magnitude of mangrove forest
biomass in West Seram District, Maluku Province.

METHODOLOGY

This research was carried out in the Gulf of Kotania,
West Seram District as presented in Figure 1.

Observation and measurement of mangrove
forest biomass is done by making 3 strips in the field
with a distance between 100 m. Each strip
measuring 60 x 20 m consisting of 3 plots each
(60x20 m) as shown in Figure 2.

Fig. 1. Study site

Fig. 2. Strip for Biomass Observation and Measurement



530 PATTIMAHU ET AL

Data analysis of ecological mangrove forest uses
several calculation methods, including

a. IVI values are calculated based on the sum of
the values of Relative Density (RDe), Relative
Frequency (RF) and Relative Dominance (RDo). The
amount of IVI in a vegetation can be calculated by
the following equation (Soerianegara and Indrawan,
1983).

Number of individuals of a type
Density (De) =

The whole area of the sample plot

Density of a type
Relative Density (RDe) = × 100 %

Density of all types

Number of plots found in a species
Frequency (F) =

The total number of plots

Frequency of a type
Relative Frequency (RF) = × 100 %

Frequency of all types

Broad basal area of a species
Dominance (Do) =

The whole area of the sample plot

 Domination of a type
Relative Dominance (RDo) = ×100%

Domination of all types

Based on these equations, then to calculate the
importance value index (IVI) of pole and tree
species using the following formula:

The allometric equation used to estimate
mangrove biomass at the tree and pole level is
presented in Table 1.

Where :     W     : Total of biomass (ton/ha)
                  Wpi :  Tree biomassa (ton)

A     :  Plot area (m2)
n      : Number of trees

RESULTS AND DISCUSSION

Vegetation Analysis on Plots of Biomass
Measurement

Kotania Gulf is one of the gulfs in the waters of the
West Seram Regency, with an area of  water 470,999
km2 and a depth of 0–200 m. This gulf is a
permanently closed water area and has coastal and
marine resources such as mangroves, seagrass beds
and coral reefs. The coastal and marine areas are
also used for capture fisheries, aquaculture, tourism
and also ecotourism activities. Based on field survey
results found 10 types of mangroves i.e. Avicenia
marina, Avicenia officinalis, Avicenia alba, Bruquiera
gymnorrhiza, Ceriops tagal, Laguncularia racemosa,
Rhizophora apiculata, Rhizophora stylosa, Rhizophora
mucronata and Xylocarpus moluccis. In this study only
3 types of mangroves were dominant in the village
of Wael, Kotania Gulfi.e. R. apiculata, B. gymnorrhiza
and A. marina. The results of research on the three
carbon measurement plots have different types of
vegetation for tree and pole levels. The results of the
mangrove vegetation analysis showed that for the
IVI of tree level of R. apiculata, A. marina and B.
gymnorrhiza were 180.02, 72.60 and 47.38
respectively, with the details presented in Table 2 .

Based on the analysis of vegetation in Table 2,
stands of tree level of R. apiculata dominate other
mangrove species. This is indicated by the category
of R. apiculata frequency value which is greater than
other mangrove species. Whereas B. gymnorrhiza has
more number of species per unit area than A. marina

Table 1. Allometric equations for estimating biomass at level of the tree and pole

No Tree Species Allometric Type Sources:

1 Avicennia marina (Forsk.) Vierh. B = 0,1848 D 2,3524 Dharmawan and Siregar (2008).
2 Bruguiera gymnorrhiza (L.) Lamk. logB = -0,552 + 2,244 logD Krisnawati et al (2012).
3 Rhizophora apiculata  Bl. logB = -1,315 + 2,614 logD Amira (2008).

b. Biomass per hectare is calculated by the following equation:

Table 2. IVI of Tree Level Mangroves on Three Measurement plots

No Scientific names De RDe F RF Do RDo IVI

1 R. apiculata 44 67.69 0.88 67.69 0.58 44.64 180.02
2 A. marina 7 10.77 0.14 10.77 0.34 25.84 47.38
3 B. gymnorrhiza 14 21.54 0.28 21.54 0.38 29.52 72.60

Total 65 100 1.3 100 1.30608 100 300
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so the value of plant density is also greater when
compared with A. marina which has a low frequency
level. In addition, R. apiculata also has a greater
dominance value so that this species dominates the
growing space in the mangrove vegetation
community for each measurement plot.

For the stand at pole level, the condition is also
the same as the level of the tree where IVI R.
apiculata, B. gymnorrhza and A. marina were 231.00,
60.11 and 8.89 respectively with the details
presented in Table 3.

Based on Table 3, R. apiculata grew to dominate in
the study area. This is marked by the large value of
the visible frequency based on the results of
measurements and calculations. However, when
viewed from the value of the difference in the
overall distribution of mangrove species, the pole
level of R. apiculata has a significant difference when
compared with the other 2 types of mangrove.
Evaluation of frequency values for all mangrove
species showed significant differences between R.
apiculata against B. gymnorrhiza and A. marina. For R.
apiculata, there are more plants per unit area of the
base area compared to the other two mangrove
species, because the density value of the mangrove
species is greater. In addition, R. apiculata stands
have a greater dominance value because of the
nature and character that dominates almost the
majority of the mangrove vegetation community at

the study site.
According to Martono (2012), species diversity

index is important information about a community.
The larger or sample area and the more species
found, the higher the index value of species
diversity. Relatively low diversity index values are
common in communities that have reached climax.
In general, the type of vegetation that dominates has
a wider range of environment compared to other
types of vegetation. Thus a wide range of tolerance
to environmental factors will cause a type of
vegetation to have a wide distribution. Tree species
are said to be dominant if the species is found in the
area concerned in large numbers, spread evenly
throughout the entire area and large diameter.
Therefore it is very appropriate if the determination
of a dominant type is done by using the basis of a
value which is a combination of three values i.e.
density value, frequency value and dominant value
(Heriyanto and Subiandono, 2012). So the dominant
mangrove type in this study was R. apiculata with a
tree level IVI of 180.02 and for a pole level of 231.00.

Biomass Estimation of Carbon Absorption at
Seedling Level

The measurement of seedling mangrove biomass is
carried out by destructive sampling followed by
weighing and calculation of dry weight as presented
in Table 4 and Figure 3.

Table 3. IVI of Pole Level Mangroves on Three Measurement Plots

No Scientific Names De RDe F RF Do RDo IVI

1 R. apiculata 102 77.27 1.02 77.27 0.31 76.46 231.00
2 A. marina 4 3.03 0.04 3.03 0.01 2.83 8.89
3 B. gymnorrhiza 26 19.70 0.26 19.70 0.08 20.71 60.11
Total 132 100 1.32 100 0.40 100 300

Table 4. Biomass Content of Mangrove Seedling in each strip and plot

No Strip and Plot Plant Parts (g/m2) Biomass Content
Leaf Stem Root (g/m2)

1 Strip I Plot 1 5.49 4.24 7.81 17.54
Plot 2 4.24 2.52 7.98 14.15
Plot 3 5.42 11.62 7.58 24.62

2 Strip II Plot 1 31.39 20.13 15.64 67.16
Plot 2 14.95 13.3 20.59 48.84
Plot 3 8.63 10.86 3.93 23.42

3 Strip III Plot 1 15.76 26.49 15.95 58.20
Plot 2 10.32 15.13 7.31 32.76
Plot 3 3.59 10.29 2.71 16.59

Total 303.28 (g/m2) or
3.03 ton/ha
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Figure 3. Biomass Content of Mangrove Seedling
in each strip and plot

Table 4 shows that in strip II, plot 1 has a high
biomass value of 67.16 g/m² (0.67 tons/ha) in leaf
samples having a large yield of 31.39 g/m² (0.31 tons
/ ha) while strip I plot 1 has a low biomass value of
14.15 g / m² (0.14 ton / ha). Explained by Hairiah &
Rahayu (2007) that the value of biomass and stored
carbon content varies in various ecosystems,
depending on the diversity and density of existing
plants, as well as how to manage them.

Estimated Biomass Measurement from Mangrove
at level pole and tree

Mangrove forest biomass is calculated using
allometric equations that have been established and
developed by previous researchers (Kauffman and
Donato, 2012). The biomass of a stand can be
calculated using several variables such as diameter
and tree height data. The content of mangrove
biomass at the tree level is presented in Table 5.

Table 5 shows that in strip III Plot 3 has a high

biomass value of 89.40 tons/ha.  This trip has a fairly
high density. In this strip there are 15 trees in one
plot. Conversely, in strip III plot 2 is the lowest
biomass 17.00 tons/ha. In the plot there are only 3
mangrove trees, all of which are Rizophora. The
average amount of tree biomass from the entire strip
is 49.90 tons/ha. The content of mangrove biomass at
seedling level is presented in Table 6.

In Table 6 it can be seen that in strip III, plot 2 has
a large biomass of 115.10 tons/ha. This is due to the
fact that this strip has a large density and the level of
poles on this strip has a large number of diameters,
which is between 10 - 12 cm when compared with
the diameters in other plots. The average amount of
pole level biomass is 84.10 tons/ha. Thus the average
of all mangrove forest biomass in the Kotania Gulf
(eastern Indonesia) from seedling to tree level is
137.03 tons/ha. The biomass content is actually very
small when compared to Perancak, Jembrana
Regency, Bali Province (central Indonesia) which
reached 312.64 tons/ha. In this case the total of above
ground biomass of 187.21 tons/ha and below ground

Table 6. Biomass content at the pole level

No Strip and Plot Mangrove Species  Biomass Total of Total of
Content Biomass Biomass

(Kg/100m²)  (Kg/m2) (ton/ha)

1. Jalur I Petak 1 R. apiculata, B. gymnorrhisa, A. marina 761.80 7.60 76.20
2. Jalur I Petak 2 R. apiculata, B. gymnorrhisa 999.20 10.00 99.90
3. Jalur I Petak 3 R. apiculata, B. gymnorrhisa, A. marina 992.60 9.90 99.30
4. Jalur II Petak 1 R. apiculata, B. gymnorrhisa 606.10 6.10 60.60
5. Jalur II Petak 2 R. apiculata, B. gymnorrhisa, A. marina 790.60 7.90 79.10
6. Jalur II Petak 3 R. apiculata, B. gymnorrhisa, 676.30 6.80 67.60
7. Jalur III Petak 1 R. apiculata 532.40 5.30 53.20
8. Jalur III Petak 2 R. apiculata 1151.00 11.50 115.10
9. Jalur III Petak 3 R. apiculata 1060.10 10.60 106.00

Average (ton/ha) 84.10

Table 5. Biomass content at the tree level

No Strip and Plot Mangrove Species Biomass Total of Total of
Content Biomass Biomass

(Kg/400 m²) (Kg/m2) (ton/ha)

1. Strip I Plot 1 R. apiculata, B. gymnorrhisa, A. marina 2083.50 5.20 52.10
Plot 2 R. apiculata, B. gymnorrhisa, A. marina 1861.40 4.70 46.50
Plot 3 R. apiculata, B. gymnorrhisa, A. marina 2310.20 5.80 57.80

2 Strip II Plot 1 R. apiculata, B. gymnorrhisa 844.30 2.10 21.10
Plot 2 R. apiculata, B. gymnorrhisa, A. marina 2137.80 5.30 53.40
Plot 3 R. apiculata, B. gymnorrhisa 2562.40 6.40 64.10

3 Strip III Plot 1 R. apiculata 1909.10 4.80 47.70
Plot 2 R. apiculata 680.90 1.70 17.00
Plot 3 R. apiculata 3575.40 8.90 89.40

Average (ton/ha)
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biomass 125.43 ton/ha (Suryono et al., 2018). Also the
biomass content in the mangrove forests of East
Lampung Regency, Lampung Province (western
Indonesia) which amounted to 397.22 tons/ha
(Windarni, 2017).

This condition indicates that the larger the
diameter of the stem of a plant, the higher the plant
biomass value. Likewise with the magnitude of
carbon content and tree biomass varies based on the
part of the plant measured, growth stage, plant level
and environmental conditions. Tree stand biomass
greatly affects the potential of stored carbon.
Indirectly all parameters that affect biomass will
also affect the carbon storage in a stand. The
parameters that affect biomass in an ecosystem are
stem diameter, individual density, diversity of tree
species, and soil types. The trees density in an area
will affect the increase in carbon stocks through
increased biomass (Rahayu et al., 2007).

The biomass content of each diameter class is
different because it is influenced by the number of
trees in each diameter class. The higher the density
of trees the greater the biomass content in an area. In
addition, the greater the diameter of the tree, the
stored biomass will be even greater. In general the
biomass of each part of the largest tree is obtained in
the largest diameter tree (Wahyu, 2002). This is
related to the process of photosynthesis in which
plants absorb CO2 and convert it into organic
compounds. The results of photosynthesis are
stored in parts of the tree and used to grow diameter
and height. Tree trunks are the woody part where
the largest photosynthetic reserves are stored so it
shows that diameter growth is related to biomass
growth. The difference in the magnitude of
mangrove forest biomass in central-eastern and
eastern Indonesia is due to the different conditions
of individual mangroves i.e. diameter, plant height,
wood density, soil fertility, and disturbance received
by mangrove vegetation.

CONCLUSION

There are 10 species of mangrove forests in the
Kotania Gulf and the dominant species are R.
apiculata both at the tree and pole level with IVI
values of 180.02 and 231.00. The average of all
mangrove forest biomass in the Gulf of Kotania
(eastern Indonesia) ranging from seedlings to trees
137.03 tons/ha with details of 3.03 tons/ha at
seedling level, pole 84.10 tons/ha and trees 49.90
ton/ha. The biomass content is actually very small

when compared to Perancak, Jembrana District, Bali
Province (central Indonesia) 312.64 tons/ha and in
East Lampung District, Lampung Province (western
Indonesia) which amounted to 397.22 tons/ha. In
general, the content of mangrove biomass in eastern
Indonesia is relatively smaller compared to other
places because of the large disturbance from the
local population.
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