
INTRODUCTION

Some of the most important mangrove eco-
logical services for humans and other living 
creatures are absorption and storage of carbon 
which is very useful in mitigating global warm-
ing and climate change. The carbon stored in the 
mangrove ecosystems began to show significant 
economic value after the emergence of carbon 
markets [Jaikishun et al., 2017]. Mangroves are 
one of the important „blue carbon” parameters 
in reducing the effects of greenhouse gases as a 
mitigation of climate change, because they can 
reduce CO2 through the mechanism of carbon 
sequestration from the atmosphere [Komiyama 

et al., 2008; Kauffman and Donato, 2012]. The 
role of mangroves as an absorber and storage of 
carbon is emphasized as an effort for mangroves 
to utilize carbon for photosynthesis and store it 
in biomass stocks, both above and below the soil 
surface [Kauffman and Donato, 2012; Alongi, 
2012]. Meanwhile, the fall of organic material 
such as litter and dead mangrove stems on the 
substrate contributes to storing organic carbon in 
the soil [Bouillon et al., 2008]. Mangroves trap 
and convert carbon dioxide into organic com-
pounds in their biomass through the primary pro-
duction process [Bouillon et al., 2008]. Therefore, 
mangroves are considered to have the potential 
to absorb and store carbon that is very significant 
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ABSTRACT
The mangrove ecological services as carbon sinks and storage are very useful in the efforts to mitigate global warm-
ing and climate change. In this study, the above and below-ground biomass, carbon stock, as well as carbon seques-
tration by the mangroves in Demta Bay, Papua Province, Indonesia were estimated. Allometric equations were used 
to determine the mangrove biomass in 36 observation plots. The biomass value was used to determine carbon stock 
and estimate carbon sequestration. Nine mangrove species were found in Demta Bay, with the contribution of man-
grove species to biomass (AGB and BGB) in the following order: Rhizophora apiculata > Rhizophora mucronata > 
Bruguiera gymnorhiza > Bruguiera cylindrica > Heritiera Littoralis > Xylocarpus molucensis > Rhizophora stylosa 
> Avicennia marina > Sonneratia caseolaris. The average mangrove biomass was estimated at 174.20 ± 68.14 t/ha 
(AGB = 117.62 ± 45.68 t/ha and BGB = 56.58 ± 22.49 t/ha). The carbon stocks in mangroves at the Ambora site were 
higher than the Tarfia and Yougapsa sites, averaging 123.57 ± 30.49 t C/ha, 81.64 ± 25.29 t C/ha, and 56.09 ± 39.03 t 
C/ha, respectively. The average carbon stock in the mangrove ecosystem of Demta Bay is estimated at 87.10 ± 34.07 
t C/ha or equivalent to 319.37 ± 124.92 t CO2 e/ha. The results of this study indicate that the mangrove ecosystem in 
Demta Bay stores quite high carbon stocks, so it is necessary to maintain it with sustainable management. Therefore, 
climate change mitigation is not only done by reducing the carbon emission levels but also needs to be balanced by 
maintaining the mangrove ecosystem services as carbon sinks and sequestration.
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in the global carbon cycle [Estrada and Soares, 
2017; Kauffman et al., 2020]. 

Geographically, the potential of carbon stocks 
and the level of carbon sequestration by man-
groves varies greatly due to large variations in lo-
cal factors [Estrada and Soares, 2017; Kusuman-
ingtyas et al., 2019]. The ability of mangroves to 
absorb and store carbon is very high and greater 
than that of tropical forests [Donato et al., 2011; 
Kauffman and Donato, 2012; Murdiyarso et al., 
2015]. Globally, the estimates of mean carbon 
storage in mangrove ecosystems approximate 885 
tons C/ha [Kauffman and Bhomia, 2017] to 1.023 
tons C/ha [Donato et al., 2011]. The mangrove 
ecosystems in Indonesia have great potential to 
absorb carbon from the atmosphere and store it as 
biomass. This can be seen from the total area of   
mangroves in Indonesia, which reaches 22.4% of 
the total area of   mangroves in the world [Giri et 
al., 2011]. Various methods have been developed 
to estimate and quantify the mangrove biomass. 
One method that can be used involves the use of 
allometric equations [Komiyama et al., 2005]. 
Biomass estimation is done by measuring the di-
ameter at breast height (DBH) which is then used 
as an input to the allometric equation. Allome-
tric equations have been widely used to estimate 
mangrove biomass in several studies, especially 
for estimating the above- and below-ground bio-
mass. [Abino et al., 2014; Eusop et al., 2018; Ku-
sumaningtyas et al., 2019; Harishma et al., 2020].

Given the importance of the ecological func-
tion of mangroves as carbon sinks in nature, the 
study of estimated biomass, carbon stocks, and 
carbon sequestration are needed to determine the 
ability of mangroves in Demta Bay as one of the 
important environmental components in climate 
change mitigation. Besides, the data on biomass, 
carbon stocks, and carbon sequestration in man-
grove ecosystems are important to support the 
management of conservation of mangrove eco-
systems. Therefore, this study aimed to estimate 
and evaluate the potential of above- and below-
ground biomass, carbon stocks, and carbon se-
questration in the mangrove ecosystems in Demta 
Bay, Papua Province, Indonesia.

MATERIALS AND METHODS

Study Site

Demta Bay is located in the Demta Dis-
trict, which is one of the districts located in the 

northern coastal area of   Jayapura Regency, Papua 
Province, Indonesia (Figure 1). The coastal area 
of   Demta Bay is quite rich in natural resources, 
such as mangroves, coral reefs, seagrass beds and 
fishery resources [Kalor et al., 2019]. The man-
grove ecosystem in Demta Bay is unique because 
it is directly connected to the Pacific Ocean in the 
north and the tropical forests of Papua Island in 
the south. The morphological, ecological, and bi-
ological conditions in Demta Bay form the main 
ecosystem zone in the coastal area consisting of 
coral reef ecosystems, seagrass ecosystems, and 
mangrove ecosystems. The existence of the man-
grove ecosystem provides enormous benefits for 
the survival of local Papuan communities, who 
live around the mangrove ecosystem and work as 
small-scale fishermen [Rumahorbo et al., 2019; 
Rumahorbo et al., 2020]. Many mangrove eco-
systems in the Demta District are found in Ambo-
ra, Yougapsa and Tarfia Villages, where as many 
as nine types of mangroves have been identified 
in the three villages [Kalor et al., 2019].

Data collection

Non-destructive methods through quadratic 
sampling techniques used in this study were con-
ducted in June 2020 at three study sites in Demta 
Bay, namely in the villages of Ambora, Yougapsa, 
and Tarfia (Figure 1). Data collection was carried 
out by stretching a 50 m transect from the edge of 
the water perpendicular to the mangrove forest (4 
transects at each study site). A 10 m × 10 m plot 
was installed along the transect at 10 m intervals 
(a total of 3 plots in each transect). Thus, there 
were 12 observation plots at each station (a total 
of 36 plots in all stations). All mangrove trees in 
the observation plots were identified at the species 
level, counted in number, and measured DBH (at a 
height of 1.3 m) for estimating above- and below-
ground biomass. Referring to Abino et al. (2014), 
an inventory of mangrove species is only for trees 
with a minimum DBH of 5 cm and it was used to 
calculate the mangrove biomass. The identification 
of mangrove species in the observation plot refers 
to Noor et al. [1999]. A global positioning system 
(GPS, Garmin 78s) was used to mark the coordi-
nates of each data collection location.

Data analysis

The mangrove carbon stock estimates were 
determined from the mangrove biomass. The 
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mangrove biomass was obtained with a non-de-
structive method based on the data from the mea-
surement of DBH. The data was then converted 
into the above- and below-ground biomass using 
allometric equations according to mangrove spe-
cies. In turn, several other mangrove species use a 
general allometric equation for mangrove species 
in Southeast Asia developed by Komiyama et al. 
[2005]. The allometric equations used to determine 
the above-ground biomass (AGB) were as follows:

Avicennia marina [Dharmawan and Siregar, 
2008]:

AGB = 0.1848 D2.3524

Rhizophora apiculata [Vinh et al., 2019]:
AGB = 0.38363 D2.2348

Rhizophora mucronata [Fromard et al., 1998]:
AGB = 0.128 D2.60

Rhizophora stylosa [Clough and Scott, 1989]:
AGB = 0.105 D2.68

Sonneratia caseolaris [Hanh et al., 2016]:

Figure 1. Study area showing the plots points for mangrove data 
collection in Demta Bay, Jayapura Regency, Indonesia
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AGB = 0.04975 D1.94748

Common equations [Komiyama et al., 2005]:
AGB = 0.251 ρ D2.46

While the allometric equations used to deter-
mine the below-ground biomass (BGB) were as 
follows:

A. marina [Komiyama et al., 2008]:
BGB = 1.28 D1.17

R. stylosa [Gevana and Im, 2016]:
BGB = 0.134 D2.40

S. caseolaris [Hanh et al., 2016]:
BGB = 0.01420 D2.12146

Common equations [Komiyama et al., 2005]:
BGB = 0.199 ρ0.899 D2.22

where: D is tree DBH in cm and ρ is wood den-
sity in g·cm-3. The wood density values of 
various mangrove species are presented 
in Table 1.

The values   of the above- and below-ground 
mangrove biomass were summed to obtain the 
total biomass for all observation plots. Then, the 

biomass value was averaged to obtain the mean 
total of mangrove biomass (t/ha). The carbon 
content (C) in organic matter is usually 50%, so 
the carbon stock can be calculated by multiplying 
the total weight of the biomass by the percentage 
of carbon content (0.5) [IPCC, 2006].

RESULTS AND DISCUSSION

The characteristics of the mangrove 
ecosystem in Demta Bay

There are nine species of true mangroves 
found in Demta Bay (Table 2). Only five man-
grove species were found in all study sites, name-
ly B. cylindrical, B. gymnorhiza, R. apiculate, R. 
mucronata, and X. molucensis. The mangrove 
species A. marina, H. Littoralis, and R. stylosa 
were only found at one site, whereas S. caseolaris 
was found at two sites. A total of 902 individual 
mangroves were found in all observation plots. 
The species composition of B. gymnorhiza, R. 
apiculata, R. mucronata, and B. cylindrical was 
higher at 27.94%, 25.17%, 21.84%, and 18.29%, 
respectively. Meanwhile, the species composition 
of R. stylosa, A. marina, X. molucensis, S. case-
olaris, and H. littoralis was very low at 2.00%, 
1.55%, 1.44%, 1.22%, and 0.55%, respectively 
(Figure 2). The number of true mangrove species 
found in this study was higher than the results of 
the study at the same location reported by Kalor et 
al. [2019], where H. Littoralis was not found, but 
one species of mangrove association Derris trifo-
lia was reported in his study. Major mangroves or 
true mangroves can form pure stands and release 
saltwater, so that they can grow in standing water, 

Table 1. Mean value of wood density for mangrove 
species [World Agroforestry Center, 2017]

Mangrove species Wood density (g/cm3)

Avicennia marina 0.732

Bruguiera cylindrica 0.810

Bruguiera gymnorhiza 0.741

Heritiera Littoralis 0.885

Rhizophora apiculata 0.881

Rhizophora mucronata 0.848

Rhizophora stylosa 0.940

Sonneratia caseolaris 0.534

Xylocarpus molucensis 0.654

Table 2. Species diversity and characteristics of the mangrove ecosystem in Demta Bay
Mangrove species Ambora Yougapsa Tarfia DBH range (cm) DBH Mean (cm)

A. marina – – + 5.73 – 9.23 7.09 ± 1.11

B. cylindrica + + + 5.09 – 17.82 8.00 ± 2.06

B. gymnorhiza + + + 5.09 – 13.36 7.63 ± 1.42

H. Littoralis – + – 11.14 – 24.50 19.03 ± 5.01

R. apiculata + + + 5.09 – 16.55 10.14 ± 2.70

R. mucronata + + + 5.09 – 15.91 9.05 ± 2.88

R. stylosa + – – 5.73 – 8.27 6.51 ± 0.69

S. caseolaris + – + 8.27 – 20.36 13.86 ± 4.62

X. molucensis + + + 5.09 – 20.36 8.76 ± 5.22

Diversity index 1.62 1.45 1.54

Tree density (tree/ha) 2991.67 1750.00 2808.33

Note: (+) = was found; (–) = not found.
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minor mangroves grow on the edge of mangrove 
habitats and do not form pure stands, while asso-
ciated mangroves tend to only grow in terrestrial 
habitats [Tomlinson, 1986].

The diameter of mangrove trees (DBH) in 
Demta Bay ranged from 5.09 to 24.50 cm with 
an average of 8.75 ± 2.78 cm (Table 2). The 
composition of DBH mangrove was dominated 
by DBH 5 to 10 cm as much as 74.50%. Mean-
while, the DBH composition of 10.01 to 15 cm, 
15.0 to 20 cm, and 20.01 to 25 cm is 23.17%, 
1.44%, and 0.89%, respectively. The mangrove 
species diversity index (Shannon-Wiener diver-
sity index) ranges from 1.54 to 1.62 which are 
classified as medium diversity categories [Mag-
guran, 1991] (Table 2). The mangrove vegetation 
density level in Demta Bay ranges from 1750.00 
to 2991.67 trees/ha (Table 2). Mangrove vegeta-
tion with a density of >1500 trees/ha is classi-
fied as very dense, >1000 to <1500 trees/ha are 
classified as dense, and <1000 trees/ha are clas-
sified as rare [Kementerian Negara Lingkungan 
Hidup, 2004]. On the basis of these criteria, the 

mangrove density level of Demta Bay is classi-
fied as very dense. The level of mangrove density 
can be maintained by issuing binding regulations 
for the community so that mangrove destruction 
is not carried out.

Above- and Below-ground Biomass

The mangrove biomass in Demta Bay ranged 
from 112.17 ± 29.14 to 247.14 ± 61.28 t/ha, with 
an average of 174.20 ± 68.14 t/ha (Table 3). AGB 
contributed higher mangrove biomass than BGB 
averaging 117.62 ± 45.68 t/ha (67.52%) and 
56.58 ± 22.49 t/ha (32.48%), respectively. The 
contributions of AGB and BGB to the mangrove 
biomass obtained in this study were similar to the 
contributions of AGB and BGB in Kerala, south-
west India coast of 68.49% and 31.51%, respec-
tively [Harishma et al., 2020].

Different mangrove species make different 
contributions to the mangrove biomass. The con-
tribution of mangrove species to mangrove bio-
mass (AGB and BGB) was in the following order: 
R. apiculata > R. mucronata > B. gymnorhiza > 
B. cylindrical > H. Littoralis > X. molucensis > 
R. stylosa > A. marina > S. caseolaris. The man-
grove species R. apiculata, R. mucronata, B. 
gymnorhiza, and B. cylindrical contributed signif-
icantly to AGB and BGB (Figure 3). The contri-
bution of the four mangrove species to mangrove 
biomass are 141.18 t/ha, 78.47 t/ha, 61.46 t/ha, 
and 52.27 t/ha for AGB, and 63.07 t/ha, 42.61 t/
ha, 30.39 t/ha, and 24.96 t/ha for BGB. Several 
research results show a different sequence for the 
contribution of each mangrove species to its bio-
mass. In the mangrove ecosystem in Kerala, the 
southwest coast of India, A. marina and R. mucro-
nata contributed to the mangrove biomass around 
81.09 t/ha and 53.50 t/ha, while R. apiculata only 
0.85 t/ha [Harishma et al., 2020]. Likewise, the 
mangrove species R. mucronata and B. cylindri-
cal in the mangrove ecosystem in Alas Purwo Na-
tional Park, Indonesia have a very high contribu-
tion of 217.22 t/ha and 115.66 t/ha respectively 
[Heriyanto and Subiandono, 2012]. The order of 

Figure 2. Composition of mangrove 
species in the study area

Table 3. Average (± SD) of above- and below-ground mangrove biomass in each study site
Sites AGB (t/ha) BGB (t/ha) Total biomass (t/ha)

Ambora 166.90 ± 42.09 80.24 ± 18.99 247.14 ± 61.28

Yougapsa 76.69 ± 56.28 35.48 ± 21.81 112.17 ± 29.14

Tarfia 109.28 ± 36.18 54.01 ± 14.59 163.29 ± 39.09

Average 117.62 ± 45.68 56.58 ± 22.49 174.20 ± 68.14
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the contribution of mangrove species in Pulau 
Cawan Village, Riau Province, Indonesia is rela-
tively similar to the results of this study, where R. 
apiculata, R. mucronata, and B. gymnorhiza had 
the highest contribution of 2317.48 t/ha, 1142.53 
t/ha, and 680.19 t/ha, respectively [Syafruddin et 
al., 2018]. The difference in the contribution of 
each mangrove species to biomass in different ar-
eas can be related to the peculiarities of the man-
grove vegetation structure in each region.

Generally, the mangrove biomass is different 
for each mangrove species, which is strongly in-
fluenced by tree diameter, tree height, mangrove 
density, soil fertility, and sequestration ability 
[Kusmana et al., 1992]. Sintayehu et al. [2020] 
added that species richness, diversity index, and 
functional diversity can have a significant effect 
on the storage of aboveground carbon, so that 
it also directly affects the biomass. Besides, the 
presence of species dominance also affects the 
carbon storage above the soil surface.

Potential Carbon Stock

The average carbon stock in the mangrove 
ecosystem in Demta Bay is estimated to be 87.10 
± 34.07 t C/ha (Table 4). These carbon stocks 

come from the above and below ground carbon 
stocks averaging 58.81 ± 22.84 t C/ha and 28.29 ± 
11.24 t C/ha, respectively. The average above and 
below ground carbon stock at the Ambora site is 
higher than the Tarfia and Yougapsa sites estimat-
ed at 166.90 ± 42.09 t C/ha and 80.24 ± 18.99 t C/
ha, 109.28 ± 36.18 t C/ha, and 54.01 ± 14.59 t C/
ha, and 76.69 ± 56.28 t C/ha and 35.48 ± 21.81 t C/
ha, respectively. The high carbon stock at the Am-
bora site can be attributed to the higher density of 
mangrove trees compared to the other two sites. 
Besides, although the DBH range at the Ambora 
site is smaller (5.09 to 16.55 cm), the average is 
higher (9.41 ± 2.76 cm) than the Yougapsa site 
(DBH range 5.09 to 24.50 cm, average DBH 8.18 
± 2.79 cm) and Tarfia site (DBH 5.09 to 20.36 
cm range, average DBH 8.44 ± 2.65 cm). The dif-
ferences in environmental settings and conditions 
can affect the local variations in carbon stock, in-
cluding the influence of hydrodynamic processes, 
landform, and vegetation conditions of the man-
grove ecosystem (canopy cover and mangrove 
density) [Hinrichs et al., 2009; Li et al., 2015]. 
Therefore, disturbed mangrove ecosystems (for 
example: a large number of mangrove cutting ac-
tivities) and small tree DBH will result in very 
low carbon stocks [Kusumaningtyas et al. 2019].

Figure 3. Comparison of above- and below-ground biomass 
on different mangrove species in Demta Bay

Table 4. Carbon stock estimates and sequestration (CO2 equivalent) calculated from mangrove biomass
Sites Carbon stock (t C/ha) CO2 equivalent (t CO2 e/ha)

Ambora 123.57 ± 30.49 453.09

Yougapsa 56.09 ± 39.03 205.66

Tarfia 81.64 ± 25.29 299.35

Average 87.10 ± 34.07 319.37 ± 124.92
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The results of the analysis of the average 
carbon stock for each mangrove species in 
Demta Bay based on biomass according to the 
area was in the following order: R. apiculata > 
R. mucronata > B. gymnorhiza > B. cylindrical 
> H. Littoralis > X. molucensis > R. stylosa > 
A. marina > S. caseolaris (Figure 4). The con-
tribution of mangrove species R. apiculata, R. 
mucronata, B. gymnorhiza, and B. cylindrical 
at the Ambora site was very high was 57.43 t 
C/ha, 39.06 t C/ha, 12.88 t C/ha, and 10.57 t C/
ha, respectively. Likewise, at the Tarfia site, the 
four mangrove species also contributed highly, 
i.e. 28.70 t C/ha, 13.38 t C/ha, 12.50 t C/ha, 
and 21.75 t C/ha, respectively. In turn, at the 
Yougapsa site, B. gymnorhiza, R. apiculata, H. 
Littoralis, and R. mucronata contributed sig-
nificantly at 14.82 t C/ha, 14.67 t C/ha, 9.07 t 
C/ha, and 8.81 t C/ha, respectively. The highest 
carbon stock in mangrove species R. apiculata 
was found in Pulau Cawan Village, Riau [Sy-
afruddin et al., 2018], and in Kubu Raya, West 
Kalimantan [Heriyanto and Subiandono, 2016], 
but the lowest was in Saukori Bay, Manokwari 
[Hendri et al., 2020]. The mangrove species 
R. mucronata has the highest carbon stock in 
the Alas Purwo National Park [Heriyanto and 
Subiandono, 2012] and in Kema, North Su-
lawesi [Kepel et al., 2017], while A. marina is 
the highest in Kerala, the southwest coast of 
India [Harishma et al., 2020]. Generally, it is 
not much different from the variations in bio-
mass content, where the differences in carbon 
stocks in the same mangrove species in various 
mangrove ecosystems can be caused by the dif-
ferences in density or number of individuals, 
structural stands, and tree diameters [Kusmana 
et al., 1992; Kusumaningtyas et al., 2019].

The carbon stock assessment can provide an 
overview of CO2 uptake in the air. The mangroves 
in Demta Bay have a high potential in reducing 
global warming because of their ability to absorb 
CO2. In this study, the estimated carbon seques-
tration (CO2 equivalent) was only calculated from 
the mangrove biomass with an average of 319.37 
t CO2 e/ha, where the highest carbon uptake at the 
Ambora location was 453.09 t CO2 e/ha and the 
lowest was at the Yougapsa site, reaching 205.66 t 
CO2 e/ha (Table 4). This carbon sequestration val-
ue is interpreted as an indicative value to highlight 
the importance of mangrove conservation and the 
estimation of mangrove ecosystems in the world 
[Donato et al., 2011; Kauffman et al., 2014]. Cli-
mate change and anthropogenic disturbances can 
impact not only the loss of biodiversity and coast-
al protection but also the loss of function of man-
grove ecosystem services as carbon sequestration 
and storage [Nellemann et al., 2009]. Mangrove 
ecosystems need to be conserved as a strategy for 
climate change mitigation [Pendleton et al., 2012; 
Murdiyarso et al., 2015]. Thus, it is imperative to 
emphasize and implement the importance of Re-
duced Emissions from Deforestation and Degra-
dation (REDD+) as a key and relatively low-cost 
option for mitigating climate change.

CONCLUSIONS

A total of nine mangrove species are found in 
Demta Bay and contribute to biomass and carbon 
stock in the mangrove ecosystem. The contribution 
of mangrove species to biomass and carbon stock 
was in the following order: R. apiculata > R. mu-
cronata > B. gymnorhiza > B. cylindrical > H. lit-
toralis > X. molucensis > R. stylosa > A. marina 

Figure 4. Mangrove species contribution to carbon stock in Demta Bay
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> S. caseolaris. Mangroves in Demta Bay store a 
fairly high carbon stock, estimated at 87.10 ± 34.07 
t C/ha, where the aboveground carbon and below-
ground carbon contribute 67.52% and 32.48%, re-
spectively. Among the three research sites in Demta 
Bay, the mangrove ecosystem at the Ambora site 
was found to store higher carbon because it has a 
higher mangrove density and an average of DBH 
than the other two sites. The results of this study 
have provided an overview of the important con-
tribution of the mangrove ecosystem in Demta Bay 
to climate change mitigation. Therefore, the climate 
change mitigation efforts are not only carried out 
by reducing the level of carbon emissions but also 
need to be balanced by maintaining the mangrove 
ecosystem services as carbon storage and sink.
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