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Abstract. Hilmi E, Hendrayana, Samudra SR, Fikriyya N, Junaidi T, Cahyo TN, Putri NA, Ummah AN. 2024. Species-specific and
landscape carbon storage analysis of mangrove forest in Segara Anakan Lagoon, Cilacap, Central Java, Indonesia. Biodiversitas 25:
2748-2755. Mangrove forests are one of the world's largest carbon pools. However, each mangrove species has a different capacity to
sequester and store carbon in its biomass. Therefore, at the landscape scale, there are also differences in carbon storage and percent
carbon between habitat sites influenced by dominant species and stand density due to differences in environmental conditions. This
study aims to analyze each mangrove species' percent carbon and carbon storage and develop a mangrove landscape in Segara Anakan
Lagoon, Cilacap District, Central Java Province, Indonesia. This study used destructive methods to collect mangrove samples. The
percentage of carbon of each species was analyzed using a formulation of volatile and ash values, while carbon stock for each species
was estimated using allometric equations. Landscape analysis of carbon stocks was based on mangrove stand density. The results
showed that the carbon percentage of mangrove species averaged between 42.48-53.34% with Rhizophora spp. (R. apiculata, R.
mucronata and R. stylosa) and Bruguiera gymnorrhiza having the highest carbon percentage of 47.1-55.6%, followed by Sonneratia
spp. and Avicennia with 43.0-48.6%, Ceriops spp., Aegiceras spp., Heritiera littoralis and Xylocarpus spp. with 43.0-48.2%, and Nypa
fruticans had the lowest carbon percentage with 39.1-41.0%. At the landscape scale, Segara Anakan had mangrove biomass between
34.83-786.61 tons/ha with carbon stock between 7.85-186.09 tons C/ha. Based on percent carbon, the mangrove landscape in Segara
Anakan was dominated by B. gymnorrhiza, R. apiculata, R. stylosa, Ceriops tagal, and R. mucronata. Avicennia marina, Aegiceras
corniculatum, N. fruticans, R. apiculata, and Sonneratia alba dominated mangrove landscapes based on carbon storage. The results of
this study indicate that carbon storage in mangrove ecosystems is important to support carbon conservation because it has a high
percentage of carbon and large carbon storage.
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INTRODUCTION

The use of carbon storage potential and percentage is
crucial in species and landscape-specific analysis of
mangrove ecosystems to support conservation under
REED+ and other schemes. Species-specific carbon stock
indicates the ability of each mangrove species to sequester
carbon, while landscape-specific carbon stock shows the
distribution of species and carbon storage potential.
Mangrove forests can absorb and store carbon per hectare
up to four times more than other types of tropical forest
(Alviana et al. 2023; Sugiatmo et al. 2023; S. Li et al.
2024). In particular, mangrove forest has species and
landscape-specific capacity to store and sequester carbon in
the form of plant biomass (Hartoko et al. 2015; Azizah et
al. 2017; S. Li et al. 2024) as the result of photosynthetic
activities in the leaves and roots. Carbon sequestration
occurs in stems and roots where approximately 50% of tree
biomass is stored (Adame et al. 2017; Njana 2020; Sharma
et al. 2020). The high capacity of carbon sequestration of
mangrove forests implies its important role in mitigating

the impacts of climate change (Karl and Church 2017;
Azman et al. 2021) and supporting conservation programs.

The potential carbon shows the amount stored that can
be sequestered (Cameron et al. 2019; Kandasamy et al.
2021). Mangrove forest has a high ability to store carbon
which contributes to 40-55% of the biomass (Hilmi et al.
2017, 2019b). However, carbon sequestration capacity
differs among species and zones (Datta and Deb 2017;
Sharafatmandrad and Mashizi 2020; Hilmi et al. 2023b).
The zones have varying community structures and
composition which are influenced by the adaptation of
mangrove species to environmental variables, such as
salinity, pH, and soil texture (Hilmi et al. 2021a, 2024a;
Wintah et al. 2023). This condition impacts the distribution
of mangrove species in a zone and provides information on
carbon stock (Perera et al. 2018; Hilmi et al. 2019b).
Furthermore, carbon storage potential is related to species-
specific biomass capacity (Swangjang and Panishkan
2021), sequestration rate (Doughty et al. 2016; Sleeter et al.
2017), and the prospect of mangrove forest which is also
influenced by degradation condition (Owuor et al. 2019;
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Lulandala et al. 2023) and stand density (Hilmi 2018, et al.
2022a).

Segara Anakan Lagoon in Cilacap District, Central Java
Province, Indonesia is considered one of the important
remaining areas on Java Island which has an important role
in supporting the storage carbon system (Hilmi et al. 2017;
Dai et al. 2018; Azman et al. 2021). Mangrove forest in
Segara Anakan is composed of various species including
Rhizophora apiculata, R. mucronata, R. stylosa, Avicennia
marina, Sonneratia caseolaris, Bruguiera gymnorrhiza,
Ceriops tagal, and Nypa fruticans which are dominant species.
Meanwhile, Avicennia alba, Aegiceras corniculatum, A.
floridum, Lumnitzera spp., and Xylocarpuss spp. are co-
dominant and associate species (Hilmi et al. 2017, 2021a,
2022b). The western part has a mangrove density of 166-
4000 trees ha, while the eastern part has a lower density
of 133-3000 trees ha with the dominant species being N.
fruticans (high dominant) (Hilmi et al. 2021b), R. stylosa,
R. apiculata, A. corniculatum, Sonneratia alba and A.
marina (moderate dominant) (Hilmi et al. 2022b).

A study in 2016-2017 showed that the potential carbon
stock in Segara Anakan and Meranti Island (Riau Province,
Indonesia) reached 79.2-242.2 tonsC/ha, with the estimated
economic value between 396.2 US$/ha (price 5 US$/tons)
and 4360.4 US$/ha (price 18 US$/tons) (Hilmi et al. 2017).
The clustering species were Bruguiera spp. and Rhizophora
spp. (highest contribution), Aegiceras spp., and Ceriops
spp. (moderate contribution) as well as N. fruticans with
the lowest contribution (Hilmi et al. 2019b). Although there
are previous studies on carbon stock in Segara Anakan,
there is no study on the zonation and landscape of
mangrove forests based on carbon percent and storage for
each species. Therefore, this study aimed to analyze
specific species and mangrove landscapes based on carbon
percent and storage. The results are expected to provide
information on mangrove zonation as the blueprint for
carbon conservation of the mangrove ecosystem.
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MATERIALS AND METHODS

Study area and period

This study was conducted from January-March 2024 in
Segara Anakan Lagoon (western and eastern part), Cilacap
District, Central Java Province, Indonesia (Figure 1 and
Table 1). The lagoon is an outlet from many rivers and is
pressured by sedimentation with the average reduction of
water bodies averaging 61 ha yr (Cahyo et al. 2024). The
study site was composed of N. fruticans, R. stylosa, A.
corniculatum, R. apiculata, A. marina, and S. alba as the
major species (Hilmi et al. 2024a).

Two clusters were predominant in the study site (i) East
Segara Anakan covering Donan, Sapuregel, Kalipanas,
Kembang Kuning River, Sleko, Tritih, and Muara
Pelawangan; as well as (ii) West Segara Anakan covering
Ujung Alang, Ujung Gagak, Karang Baja, Kayu Mati,
Klaces, Majingklak, Muara Cawitali, Muara Bagian, Muara
Legok, and Muara Masigitela. A total of 15 observation
stations were established on each western and eastern part
with each station having 3 sampling plots, resulting in a
total of 90 plots. The sample plots followed the river
condition including the current and tidal seawater, offering
insights into the potential of mangrove density.

Data collection procedures
Sampling design

Sampling to collect mangrove samples was carried out
using a one-stage cluster method (Hilmi et al. 2021b).
Mangrove cluster followed the indicator of density (Hilmi
et al. 2021b; Cahyo et al. 2024). The clustering of
mangrove sampling was developed to analyze species
density, as well as potential biomass, and carbon (Hilmi et
al. 2024h).

Table 1. List of observation stations in Segara Anakan, Cilacap District, Central Java, Indonesia, along with geographical coordinates

East Segara Anakan West Segara Anakan
Stations Coordinates Number Stations Coordinates Number
Lat (S) Lon (E) plots Lat (S) Lon (E) plots
Kali Panas 1 River 07°40°22” 109°00’56” 3 Majingklak River 07°40°32”  108°48°01” 3
Kali Panas 2 River 07°40°29” 109°00°41” 3 Jongor River 07°40°23”  108°48°20” 3
Kali Panas 3 River 07°40°21” 109°00°34” 3 Muara Cawitali River 07°41°46”  108°47°41” 3
Kali Panas 4 River 07°40°18” 109°00°32” 3 Kebuyutan River 07°41°13”  108°47°45” 3
Kali Panas 5 River 07°40°41” 109°00°34” 3 Batu Macan River 07°41°38”  108°47°46” 3
Donan 1 River 07°40°34” 108°59°58” 3 Ujung Gagak River 07°40°13”  108°48°43” 3
Donan 2 River 07°40°24”  108°59°57” 3 Muara Legok River 07°39°48”  108°48°13” 3
Donan 3 River 07°41°15” 108°59°43” 3 Kayu Mati River 07°39°50”  108°48°27” 3
Donan 4 River 07°42°10” 108°59°23” 3 Lorogan River 07°40°44”  108°48°30” 3
Donan 5 River 07°42°46” 108°59°29” 3 Karang Baja River 07°40°59”  108°48°47” 3
Donan 6 (Sleko) 07°43°48” 108°59°11” 3 Klaces River 07°41°05”  108°49°47” 3
Pelawangan Timur 07°43°21”  108°58°07” 3 Inti Ujung Gagak River 07°40°34”  108°49°47” 3
Sapuregel 1 River 07°41°48”  108°57°38” 3 Muara Bagian River 07°40°58”  108°51°42” 3
Sapuregel 2 River 07°42°54”  108°57°42” 3 Muara Masigitsela River 07°41°24”  108°50°46” 3
Kembang Kuning River 07°43°13” 108°57°14” 3 Pertigaan Ujung Alang River 07°41°44”  108°51°39” 3
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Figure 1. Map of the study area in Segara Anakan Lagoon, Cilacap District, Central Java, Indonesia, showing 30 observation stations

Table 2. Allometrics are used to estimate the above-ground
biomass of each mangrove species (Komiyama et al. 2005, 2008;
Fatoyinbo et al. 2008; Fatoyinbo and Simard 2011)

Spesies Allometric equations

Wop = 0.308*D?1
Wiop = 0.2901*D22605,

Avicennia marina
Avicennia alba

Rhizophora sp.
Bruguiera gymnorryza
Ceriops tagal
Bruguiera parviflora
General equation

Wiop = 0.128*D250,
Wiop = 0.186*D23%,
Wiop = 0.189*D259,
Whop = 0.7749*D24167
Wiop = 0.251*P*D246

Note: D is the Diameter at Breast Height (DBH)

Mangrove density analysis

The analysis of mangrove density was conducted
through a line transect system using a plot with a size of 10
m x 10 m based on a zone in Segara Anakan. Each plant
with a diameter >4 cm was measured for the diameter and
height. The mangrove tree was calculated based on (Xiong
et al. 2018; Cooray et al. 2021; Hilmi et al. 2021b) as
follows:

mangrove individu (trees)

Mangrove tree density = ey p——

Mangrove density was then classified based on the
density model developed by Hilmi et al. (2019a).

Data analysis
Biomass estimation

The diameter at breast height was measured at 1.3 m
from ground level. The allometric equation was used to
estimate the above-ground biomass of each mangrove
species as presented in Table 2 (Cohen et al. 2013; Hilmi et
al. 2017; Dutca et al. 2020; Malakini et al. 2020).

Carbon percentage of mangrove species

The carbon percentage of mangrove species was
determined through a destructive method by collecting
samples including wood, root, and leaves (Chabi et al.
2016; Hilmi et al. 2019b; Malakini et al. 2020) using a
plastic cover (Hartoko et al. 2015; Chabi et al. 2016). After
collection, the samples of each species were analyzed for
carbon percentage and wood density (Lai et al. 2023;
Nascimento et al. 2023). Carbon percentage was determined
using the formulation between volatile and ash values with
the formulation as follows (Piponiot et al. 2016; Hilmi et
al. 2017):

Carbon percentage (%) =100% - (A + B)

_(a1-az)

- az

A is volatile value (%) 100

B is ash value, (%) = % x 100

Where:

ar : Initial sample weight, gram

a : Sample weight after heating, gram
b:  : Residual ash, gram

b:  : Sample weight, gram

Landscape analysis

Landscape analysis used the indicator carbon
percentage of each species and total mangrove carbon per
hectare. This analysis explains the zonation of mangroves
based on the potential of carbon storage and the
distribution of each species.

Data tabulation

Data tabulation used average and standard deviation
analyses, as well as minimum-maximum data. The data
were tabulated by table and figure.



HILMI et al. — Species-specific and landscape carbon storage analysis

RESULTS AND DISCUSSION

Carbon storage of mangrove species

As shown in Table 3, the mangrove ecosystem in
Segara Anakan Lagoon had biomass between 34.83-786.61
tons/ha with carbon storage between 7.85-186.09 tonsC/ha.
Carbon storage of each mangrove species can be divided
into four groups where S. alba and A. corniculatum had the
highest potential with 14.74-15.66 tonC/ha, followed by A.
marina, N. fruticans, R. stylosa and R. apiculata with 7.46-
10.54 tonC/ha, then A. alba, B. gymnorrhiza, R. mucronata,
Xylocarpus  moluccensis, S. caseolaris, Avicennia
officinalis and C. tagal with 2.10-5.44 tonC/Ha. The last
group comprised Ceriops decandra, Xylocarpus granatum,
Heritiera littoralis, A. floridum and Bruguiera parviflora
est with 0.17-1.74 tonC/ha. Two species, S. alba, and A.
corniculatum had the highest carbon storage/ha attributed
to the high density, diameter, and biomass (Table 3). On
the other hand, R. stylosa, R. apiculata, S. alba, N.
fruticans, and A. corniculatum had the highest density with
189-496 trees/ha.

Species presented in Table 3 have high adaptation to the
environmental conditions in Segara Anakan (Hilmi et al.
2023a; Cahyo et al. 2024). Hilmi et al. (2021b, 2022b)
stated that mangrove ecosystems have soil texture of clay,
loam, loamy clay, mud, mud clay, water salinity 0-40 ppt,
salinity 0-7.05 ppt, soil pH 5.7-6.92, water pH 5.6-7.07,
pyrite 1.03-3.10%, nitrate 0.010-0.22% and phosphate
between 6.85-17.65%. The R. apiculata, R. mucronata, A.
corniculatum, and R. stylosa have similar environmental
requirements (water salinity, substrate, and pH). The S.
alba lives in the frontier zone of mangrove ecosystem,
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specifically in the border area with the Hindian Ocean in
the western part of Segara Anakan. The N. fruticans has a
specific habitat which is commonly found in estuaries and
riverside.

Carbon percentage of mangrove species

The percentage of carbon in each mangrove species is
influenced by stem diameter, wood density, as well as
volatility, and ash value (Chabi et al. 2016; Hilmi et al.
2017). Based on the results, carbon percentage in Segara
Anakan ranged between 42.48-53.34% (Table 3) with
descending order of B. gymnorrhiza > R. apiculata > R.
stylosa > C. tagal > R. mucronata > B. parviflora. C.
decandra > Bruguiera sexangula > X. granatum > X.
moluccensis > S. caseolaris > A. marina > S. alba > A.
corniculatum > A. floridum > A. officinalis > A. alba > H.
littoralis > N. fruticans.

Carbon percentage shows the ability of mangrove
species to sequester, absorb, and accumulate carbon in the
form of biomass (Soares et al. 2018; C. Li et al. 2024). This
parameter is essential in enhancing carbon stock and
reducing Green-House Gas (GHG) emissions (Pearson et
al. 2017; Cameron et al. 2019). Tree diameter has a strong
influence on carbon storage in mangrove ecosystems which
is related to the ability in CO. absorption and carbon
sequestration (Liu et al. 2016, 2024). It positively
correlates with biomass, carbon, and organic compounds.
The organic compound is represented as cellulose and
hemicellulose where 40%-45% of wood is composed of
cellulose as a linear chain of glucose (Ray et al. 2012;
Chabi et al. 2016; Hilmi et al. 2021c).

Table 3. Species-specific carbon storage in the mangrove ecosystem of Segara Anakan, Cilacap District, Central Java, Indonesia

Mangrove species Mangrove Mangrove Biomass (ton/ha)  Percent carbon Carbon (ton/ha)
diameter (cm)  density Min Max Min Max Average Min Max Average
Bruguiera gymnorhiza (L.) Lam. 4.14-14.01 8-103 15 39.2 51.1355.55 53.34 0.36 10.23 5.30
Rhizophora apiculata Blume 4.14-22.93 15-360 2.4 56.52 51.3 53.98 52.64 0.58 14.34 7.46
Rhizophora stylosa Griffith 4.14-14.33 10-496 1.66 78.11 50.3552.32 51.335 0.39 19.21 9.80
Ceriops tagal (Perr.) C.B.Rab. 4.14-7.32 20-40 5.78 11.52 50.1252.29 51.205 1.38 2.83 2.10
Rhizophora mucronata Lam. 4.14-7.96 9-187 0.75 20.2 50.0951.86 50.975 0.18 4.92 255
Bruguiera parviflora (Roxb.) Wight & 4.46-4.78 1-4 0.08 1.37 50.02 51.01 50.515 0.02 0.33 0.17
Arn. ex Griff.
Ceriops decandra (Griff.) Ding Hou 4.14-7.01 8-62 1.89 12.68 49.0451.22 50.13 0.44 3.05 1.74
Bruguiera sexangula (Lour.) Poir. 4.46-11.15 6-38 1.62 21.48 49.0550.42 49.735 0.37 5.09 2.73
Xylocarpus granatum J.Koenig 4.80-13.40 6-74 0.47 6.8 47595159 4959 0.10 1.61 0.86
Xylocarpus moluccensis (Lam.) M.Roem. 10.10-13.40 4-10 10.6 11.25 47.2350.15 48.69 2.35 2.65 250
Sonneratia caseolaris (L.) Engl. 4.10-16.60 6-153 0.6 18.28 45.0252.12 4857 0.13 4.48 2.30
Avicennia marina (Forssk.) Vierh. 4.14-17.20 10-298 1.09 88.28 45.4150.23 47.82 0.23 20.84 10.54
Sonneratia alba Sm. 4.14-23.31 8-224 1.63  130.39 44.99 50.55 47.77 0.34 30.98 15.66
Aegiceras corniculatum (L.) Blanco 4.14-23.89 10-189 0.6 123.08 44.8550.67 47.76 0.13 29.31 14.72
Aegiceras floridum Roem. & Schult. 4.10-5.40 2-20 0.64 123 44.9250.55 47.735 0.13 0.29 0.21
Avicennia officinalis L. 4.1-15.90 2-20 0.65 17.73 45.3249.05 47.185 0.14 4.09 211
Avicennia alba Blume 4.14-20.06 20-129 1.99 445 43.6250.09 46.855 0.41 1048 5.44
Heritiera littoralis Dryand. ex Aiton 4.46-6.05 1-7 0.1 3.18 43.5949.87 46.73 0.02 0.74 0.38
Nypa fruticans Wurmb 4.60-7.96 10-447 0.78 100.81 41.45 435 42.475 0.15 20.61 10.38
Total 34.83 786.61 7.85 186.09



https://www.nparks.gov.sg/florafaunaweb/flora/6/2/6265
https://www.nparks.gov.sg/florafaunaweb/flora/6/2/6265
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Tree diameter also influences stem, canopy, leaf,
branch, and roots which positively correlates with
cellulose, hemicellulose, and lignin. An increase in tree
diameter within mangrove forests also affects the level of
organic compounds and Net Primary Production (NPP).
According to Hilmi et al. (2017; 2019b) and Bolivar et al.
(2018), Rhizophora spp. and Bruguiera spp. have a wood
density between 0.75-0.95 which shows the potential of
carbon as a basic component of protein structure developed
by the photosynthesis process to create organic compound
of cellulose and hemicellulose. Mangrove species and
diameter have a relationship with specific gravity, wood
chemical compound (hemicellulose, cellulose, and
extractive matter) dust degree (calcium, potassium, and
magnesium) volatile degree, and matter (aliphatic, terpene,
and phenolic compound) as the main variables to analyze
carbon percentage (Bolivar et al. 2018; Hilmi et al. 2019b).

Landscape analysis of mangrove species based on
carbon percentage

The zonation of mangrove landscape provides insights
into composition, carbon percentage, and species-specific
(Chen et al. 2024; Zhu et al. 2024). Based on the results, B.
gymnorrhiza, R. apiculata, R. stylosa, C. tagal, and R.
mucronata were positioned at the first zone of mangrove
landscape with carbon percentage between 50.97-53.34 %.
Meanwhile, B. parviflora, C. decandra, B. sexangula, X.
granatum, X. moluccensis, and S. caseolaris were in the
second zone with carbon percentage between 48.6-50.5%.
A. marina, S. alba, A. corniculatum, A. floridum, A.
officinalis, A. alba, and H. littoralis were in the third zone
with carbon percentage of 46.7-47.82. The N. fruticans was
in the fourth zone with carbon percentage of 42.48%
(Figure 2).

ZONE 1

ZONE 2
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Carbon percentage in each mangrove species correlates
with organic compound, water degree, wood density, extractive
matter, cellulose, hemicellulose, tannin, and lignin. Rhizophora
spp., Bruguiera spp., and Ceriops spp. belong to hardwood
species with higher organic compounds, wood density,
extractive matter, cellulose, hemicellulose, tannin, and lignin
compared to softwood species such as Avicennia spp.,
Sonneratia spp., Aegiceras spp., Xylocarpus spp., Aegiceras
spp., and N. fruticans (Subandriyo and Setianingsih 2016;
Abdullah and Lee 2017; Hilmi et al. 2017). Landscape
analysis of carbon storage explains the distribution of
mangrove species based on the carbon percentage of each
species. This analysis is different from other studies which
were based on tannin (Hilmi et al. 2021c), as well as the
reduction of heavy metal pollution, intrusion disasters,
coastal disasters, and sedimentation. Landscape analysis
using carbon percentage might be useful to inform efforts
related to conservation in mangrove forest.

This study estimated that biomass and carbon stock in
mangrove forests was between 34.83-786.61 ton/ha
(biomass) and 7.85-186.09 tonC/ha (carbon storage)
respectively. The potential of carbon storage in Segara
Anakan was higher compared to coastal salt marshes in
China which ranged from 4.53-8.39 tonC/ha (Chen et al.
2024), the entire Kenyan coastline with 60 tonC/ha,
Mombasa (36.5 tonC/ha), Kiunga NMR (100 tonC/ha)
(Cohen et al. 2013), and in the Colombian Pacific coast
with 181.236+28.939 tonC/ha (Selvaraj and Gallego Pérez
2023). (Mukherjee and Ray 2012; Chen et al. 2024) also
stated that mangrove forests located in estuarine of tropical
rivers have highly productive carbon of 2500 mgCm-day™.
(Cohen et al. 2013) estimated that 8-20% of annual global
anthropogenic CO emissions were from land-use changes
occurring primarily in the tropics.

ZONE 4

Figure 2. Landscape analysis of mangrove forest using species-specific carbon percentage as an indicator. Note: Bg: Bruguiera
gymnorrhiza; Ra: Rhizophora apiculata; Rs: Rhizophora stylosa; Ct: Ceriops tagal; Rm: Rhizophora mucronata; Bp: Bruguiera
parviflora; Cd: Ceriops decandra; Bs: Bruguiera sexangula; Xg: Xylocarpus granatum; Xm: Xylocarpus moluccensis; Sc: Sonneratia
caseolaris; Am: Avicennia marina; Sa: Sonneratia alba; Ac: Aegiceras corniculatum; Af: Aegiceras floridum; Ao: Avicennia officinalis;

Aa: Avicennia alba; HI: Heritiera littoralis; Nf: Nypa fruticans
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Table 4. Carbon storage based on mangrove density in Segara
Anakan, Cilacap District, Central Java, Indonesia

Density Carbon storage

Mangrove species (tons/ha)
category Value  STDEV
Low density Aegiceras corniculatum 0.44 0.17

Avicennia alba 1.65 1
Avicennia marina 4.08 191
Avicennia officinalis 2.68 1.39
Bruguiera gymnorryza 1.26 0.85
Ceriops decandra 2.96 1.49
Ceriops tagal 0.16 0.06
Nypa fruticans 1.15 0.81
Rhizophora stylosa 29 1.47
Rhizopora apiculata 1 0.38
Rhizopora mucronata 1.24 0.84
Sonneratia alba 1.6 0.6
Sonneratia caseolaris 1.41 3.92
Xylocarpus granatum 0.17 0.06
Total 22.7 14.95
Moderate  Aegyceras corniculatum 3.84 1.14
density Avicennia alba 11.44 341
Avicennia marina 4.28 1.28
Avicennia officcinalis 5.11 1.52
Bruguiera gymnorryza 1.21 0.36
Bruguiera sexangular 1.37 0.41
Ceriops decandra 0.31 0.09
Ceriops tagal 2.04 0.61
Nypa fruticans 5.67 1.69
Rhizophora apiculata 1.23 0.37
Rhizophora mucronata 5.32 1.59
Rhizopora stylosa 3.36 1.00
Sonneratia alba 1.04 0.31
Sonneratia caseolaris 4.12 1.23
Xylocarpus granatum 10.88 3.24
Total 61.22 9.47
High density Aegiceras corniculatum 6.09 1.27
Aegiceras floridium 1.24 0.26
Avicennia alba 6.10 1.27
Avicennia marina 18.91 3.95
Bruguiera gymnorhiza 4.72 0.98
Bruguiera sexangular 1.50 0.31
Ceriops tagal 1.52 0.32
Heritiera littoralis 0.20 0.04
Nypa fruticans 7.50 1.57
Rhizophora apiculata 12.22 2.55
Rhizopora mucronata 2.73 0.57
Rhizopora stylosa 8.04 1.68
Sonneratia alba 3.74 0.78
Sonneratia caseolaris 2,37 0,49
Xylocarpus granatum 3.67 0.77
Xylocarpus moluccensis 3.28 0.69
Total 83.81 12.96
Very high  Aegiceras corniculatum 21.75 4.09
density Avicennia alba 5.39 0.5
Avicennia marina 40.69 8.78
Bruguiera gymnorryza 4.73 0.44
Bruguiera parviflora 1.17 0.02

Bruguiera sexangular 1.2 0.02
Ceriops decandra 221 0.21
Ceriops tagal 1.71 0.07
Nypa fruticans 26.57 6.54
Rhizophora apiculata 21.22 5.04
Rhizophora mucronata 1.3 0.12
Rhizophora stylosa 8.4 0.78
Sonneratia alba 21.63 1.08
Sonneratia caseolaris 1.3 0.03
Total 159.27 21.72
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The potential of carbon storage underscores the ability
of forests to accumulate carbon in tree biomass which can
be developed to support sustainable mitigation measures
and reduce carbon emissions programs such as REDD+
(Reducing Emissions from Deforestation and Forest
Degradation) to mitigate the impact of climate change
(Sasaki et al. 2016; Castillo et al. 2017; Pearson et al.
2017). The role of forests in carbon sequestration has been
a crucial issue as an indicator of stability (Deng et al.
2024). Mangrove forests significantly contribute to carbon
sinks in marine biota manifested as organic sedimentation,
above-ground, and below-ground biomass (Deng et al.
2024; C. Li et al. 2024).

Carbon storage based on mangrove density

Carbon storage of mangrove forest in Segara Anakan
based on stand density is presented in Table 4. There were
four classes of carbon storage based on mangrove density
namely (i) low density with carbon storage of 22.70+14.95
tonC/ha dominated by A. marina and C. decandra; (ii)
moderate density with carbon storage of 61.22+9.47
tonC/ha dominated by A. alba and X. granatum; (iii) high
density with carbon storage of 83.81+ 12.96 tonC/ha
dominated by A. marina and R. apiculata; and (iv) very-
high density with carbon storage of 159.27+27.72 tonC/ha
dominated by A. marina, A. corniculatum, N. fruticans, R.
apiculata, and S. alba. These species influence carbon
storage from mangrove forest Segara Anakan (Cameron et
al. 2019; Lei et al. 2019; Sitoe et al. 2014). Carbon storage
is influenced by density, percentage of carbon, and
dominant species.

In conclusion, this study found that B. gymnorrhiza, R.
apiculata, R. stylosa, C. tagal, and R. mucronata were
mangrove species in Segara Anakan Lagoon with the
highest species-specific carbon percentage, ranging from
50.98-53.43%. The potential of carbon storage was
between 7.85 tonC/ton-186.09 tonC/ha. Landscape analysis
showed that carbon storage in the studied area can be
divided into 4 classes, namely (i) low density with carbon
storage of 22.70+14.95 tonC/ha; (ii) moderate density with
carbon storage of 61.22+9.47 tonC/ha; (iii) high density
with carbon storage of 83.81+£12.96 tonC/ha; and (iv) very-
high density with carbon storage of 159.27+27.72 tonC/ha.
These results underscore the need for the development of
mangrove rehabilitation patterns based on carbon percentage
and storage to support a blueprint for conservation in
mangrove ecosystems.
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