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Abstract. This study aimed to determine the amount of carbon storage of various mangrove
zonation formed on Marsegu Island, West Seram, Maluku. Marsegu Island is a Raised Coral
Island which has 46.75% mangrove vegetation (112.29 ha) with the area of each zonation is
32.12 ha (proximal zone), 39.00 ha (middle zone) and 41.17 ha (distal zone). The calculation of
stored carbon stocks of various mangrove zonation in Marsegu island used SNI guidelines
(Indonesian National Standard) 7724:2011. Field measurements for estimation of forest carbon
stocks (ground-based forest carbon accounting). The estimations of above-ground carbon stored
in the proximal zone, middle zone and distal zone are as follows: 52.11 t/ha, 70.50 t/ha and
140.13 t/ha. Meanwhile, the below-ground (root) carbon storage is 10.62 t/ha, 13.48 t/ha and
24.36 t/ha. The potential amount of carbon of above and below ground plus dead trees and dead-
wood (necromass), with estimation soil carbon storage up to 20 cm depth, are 234.07 t/ha for
the proximal zone, 317.47 t/ha for middle zone and 406.58 t/ha for the distal zone. The
estimated total carbon stock in Mangrove Forest of Marsegu Island is 36,637.02 tonnes.

1. Introduction

Climate change that occurs on earth affects many life aspects. Humans’ efforts to reduce the damage
caused by climate change are still continuing. Small islands are very vulnerable to climate change,
especially the impact of sea level rise. It is estimated that many small islands are sinking due to sea level
rise [1,2].

Sea level rise will cause changes in the structure and composition of vegetation species around the
coastal areas, including mangroves that grow in small islands. The area of mangrove forests is predicted
to shrink if the mangroves cannot adapt to the speed of sea level rise [3]. The width of the tidal zone
factor will change with the occurrence of sea level. Although very vulnerable to sea level rise, mangrove
forests provide great environmental services and benefits for coastal communities as it functions as high
carbon storage [4,5]. Mangrove forest ecosystems are very productive with higher carbon storage
compared to swamp forests, seagrass beds, tropical rainforests, boreal forests, and temperate forests
[6,7].

Mangroves are woody plants that are able to survive and strengthen growth in a salty environment
along tropical coastlines protected under the influence of wide tides [8]. In some areas, mangroves can
also be found on shores protected from large waves, flat delta plains, and sandy or rocky coastlines
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around small islands [4,9]. The adaptation response of mangroves to the surface height of seawater in a
muddy coastal area has led to the formation of mangrove zonation. Zonation is an expression of the
succession that occurs in mangroves and many mangrove studies around the world have interpreted
zonation in the context of succession [8].

Marsegu Island is a raised coral island, meaning that there are mangrove plants that grow on the
coral. The mangrove forest that grows on the coral islands of Marsegu appears to have characteristics
with high salinity without river flow which can be divided into three zonations, namely proximal,
middle, and distal [9]. Each zonation has a different vegetation structure and composition that affects
the productivity differences occurring in the community [10].

This study aimed to: (1) calculate the potential carbon storage in each mangrove zonation on Marsegu
Island. (2) find out the comparison of several carbon pools in each mangrove zonation on Marsegu
Island. (3) estimate the potential of carbon stock in the mangroves of Marsegu Island which is classified
in the raised coral island.

2. Methods

2.1. Research time and location

Field research was conducted in March 2020 on Marsegu Island, West Seram, Maluku. Marsegu Island
is a protected forest area with an area of 240.24 ha and its waters are a Marine Nature Tourism Area,
including a conservation area. Marsegu Island consists of several ecosystems including: Mangrove
Forest, Rocky Secondary Forest, Beach Forest, and the Imperata cylindrica area [11].

MAP OF MANGROVE ZONATION
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Figure 1. Map of mangrove zonation on Marsegu Island.

Mangrove forest located in the southern part of Marsegu Island is divided into three zonations,
namely proximal zone, middle zone, and distal zone. The Proximal Zone is a mangrove area adjacent to
the sea, next to the middle zone and the backward is the distal zone (figure 1). Each zonation has an area
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as follows: proximal 32.12 ha, Middle 39.00 ha and distal 41.17 ha so that the total area of the Marsegu
Island mangrove forest is 112.29 ha [9].

2.2. Growth stages and sample plots size
The growth stages and sample plots in the line transect method are shown in the figure 2, as follows:

a. Trees@>20cm :20mx20m x5 = 2,000m?= 0.2 ha
b. Poles @>10to <20 cm :10mx20mx 5 = 1,000m2= 0.1ha
c. Saplings @>2 to <10 cm : 10mx 10m x5 = 500 m?= 0.05ha
d. Seedlings up to 1.5 m high ©o2mx2mx5 = 20 m?=0.002 ha

Observation of seedlings was used to determine natural regeneration and biodiversity in mangrove
forests.

<4— 20m —»

@ : 2m x 2m  seedlings plot . 10m x 20m  poles plot

trees plot. dead trees, dead wood and
- ¢ 10mx 10m  saplings plot D ¢ 20m x 20m n\ull'n romas plot
s! ccromas ple

Figure 2. Sample plots size and design.

The azimuth points of the three lines transect sampling are as follows: proximal zone 3°00°57,1”°S
128°03°18,2”E and 285° of direction; middle zone 3°00°55,8”S 128°03°12,9”E and 285° of direction;
distal zone 3°00°26,2”S 128°03°12,1”E and 180° of direction. Plots design of soil organic carbon
sampling, understorey and soil to calculate bulk density [12], are shown in the figure 3:

|
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Figure 3. Soil and understorey sample plots.

2.3. Equipment and materials

The equipment used in the field study were: Garmin GPS Personal Navigator, compass, diameter tree
tape, hagameter, roll meter, digital camera, caliper, analytical scale, Eijkelkamp soil drill, ring soil
sampler, saw and machete. Data analysis and tabulation used Microsoft Office Excel software.

2.4. Measurement and calculation of carbon stocks

Measurement and calculation of stored carbon stocks of various mangrove zonation in Marsegu island
used SNI guidelines (Indonesian National Standard) 7724:2011. Field measurements for estimation of
forest carbon stocks (ground-based forest carbon accounting).

Measurement and calculation of forest carbon stocks were carried out in five carbon pools where
biomass and organic matter are stored, namely above-ground biomass, below-ground biomass, dead-
wood, litter, and soil organic matter. The measurement of litter in mangrove forests is not carried out
because the tidal factor in sea water causes the measured litter not to come entirely from the mangrove
stands at the location [13].

2.4.1. Measurement of above-ground biomass. Above-Ground Biomass (AGB) is all biomass of tree
parts that live and grow above the ground including trunks, branches, twigs, leaves, flowers, and fruits
that are usually expressed in kilograms (kg) or tonnes. The usual above-ground biomass is intended for



IC-FSSAT 2021 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 807 (2021) 022044  doi:10.1088/1755-1315/807/2/022044

trees that store the largest forest carbon stocks and thus constitutes a very important carbon pool.
Measurement of tree life form starting at saplings stage (9> 2 to <10 cm), poles (9>10 to <20 cm), and
trees (> 20 cm). Afterwards, the trees’ species are recorded and measured the diameter at breast height
(DBH) [14].

The calculation of tree biomass used the allometric method according to the tree species with the
equation in the table 1.

Table 1. Allometric by species for calculating AGB.

No Mangrove Species Allometric AGB Equation in MS Excel Source
1 Bruguiera gymnorhiza (L.) Lam. log AGB=-0.552+2.244*l0g(D) AGB=10"(-0.552+2.244*LLOG(D)) [15]
2 Ceriops tagal (Perr.) C.B.Rob. AGB =0.168p D**" AGB =0.168*p*D"2.471 [16]
3 Rhizophora apiculata Blume logAGB = -1.315+2.614*log(D) AGB =10"(-1.315+2.614*LOG(D)) [17]
4 Rhizophora mucronata Lam. AGB = 0.045*D 28% AGB =0.045*(D)"2.868 [18]
5  Rhizophora stylosa Griff. AGB = 0.045*D 28% AGB =0.045%(D)"2.868 [18]
6  Xylocarpus granatum J. Koenig log AGB = -0.763+2.23* log(D) AGB =10"(-0.763+2.23*LOG(D)) [19]
7  Xylocarpus moluccensis (Lam.) M.Roem. log AGB = -0.763+2.23* log(D) AGB =10"(-0.763+2.23*LOG(D)) [19]

Noted: D= Diameter, p = Wood Density http://db.worldagroforestry.org/.

2.4.2. Measurement of dead trees biomass. Necromass is a part of a dead tree that is either standing
upright or falling on the not-yet-rotted ground, including stumps, branches, and twigs [20]. This study
used the terms of large necromass and small necromass. Large necromass are dead trees and dead-wood
that have a diameter of >10 c¢cm, while small necromass have a diameter of >5 to <10 cm.

The dead tree biomass calculation used the allometric equation of the diameter at breast height and
multiplied by the correction factor for the integrity stage of the dead tree, which are 0.7; 0.8 and 0.9
[13]. The shape of the tree integrity stage and the correction factors are seen in the figure 4:

A B C

Figure 4. The stages of dead tree integrity.

where:
A. Tree integrity stage with a correction factor of 0.9 (Dead tree without leaves).
B. Tree integrity stage with a correction factor of 0.8 (Dead tree without leaves and twigs).
C. Tree integrity stage with a correction factor of 0.7 (Dead tree without leaves, branches and twigs).

2.4.3. Measurement of deadwood biomass. Dead-wood is wood lying on the ground, dead roots, and
stumps with a diameter of >10 cm. Deadwood biomass calculations are carried out by measuring the
diameter of the base, end and length of the deadwood. Furthermore, it is calculated using a modification
of the Brereton and Hairiah equations [13,21], as follows:

2
Bgw = 0,251 [:Zisg] xlx px % decomposition (1
where:
Bdw : biomass of deadwood; ! : length of deadwood;

db : diameter of the base;
de : diameter of the end;
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n @ 22/7o0r3.14 p : deadwood density (kg/m?), Usually deadwood density about 0.4 g/cm? (400
kg/m?), however, depending on the level of decomposition. The higher the
level of wood decay, the lower the wood density

2.4.4. Measurement of small necromass biomass. Measurement of small necromass biomass (>5 to
<10 cm) used direct weighing by collecting all deadwood on a 20x20m sub-plot and taking a 300 gram
sample for carbon content analysis in the laboratory. Testing the sample of carbon content was carried
out at The Biochemistry laboratory of Universitas Pattimura.

2.4.5. Measurement of soil organic carbon. Measurement of soil organic carbon (SOC) content in
mangrove areas was conducted by taking soil samples at five points, the four plot angles and one point
in the middle of the plot. Soil sampling was taken with the composite method using an Eijkelkamp soil
drill by mixing soil samples from the five soil sample points at a depth of 20 cm. Soil samples were
taken to calculate Bulk Density using a ring soil sampler. Analysis of the percentage of carbon in soil
samples was carried out at the Laboratory of the Center for Agricultural Technology Studies (BPTP)
South Sulawesi. Soil carbon calculation used the following formula [13]:

Cs=Dsxpx %Corganic )
where:
Cs - soil carbon content (g/cm?);
Ds : soil sampling depth (cm);
p - bulk density (g/cmd);

%Corganic - percentage of carbon content.

2.4.6. Measurement of below-ground biomass. Below-Ground Biomass (BGB) is the biomass from the
roots of living trees to a size greater than 2 mm. Roots smaller than 2 mm in diameter are often
overlooked because they cannot be distinguished from soil organic matter or litter.
Root stem ratio is the ratio between root biomass and above-ground biomass (AGB). The equation
for obtaining the root biomass estimation (Root biomass density) used equation [22] as follows:
RBD = EXP [—1.0587 + 0.8836 x LN (AGB)] (3)

where:
RBD : Root Biomass / BGB (tonnes/ha), AGB : Above-Ground Biomass (tonnes/ha).

3. Results and discussion

Mangrove growth and development depends on the age of the vegetation community which determines
the level of productivity. At the beginning of establishing themselves in coastal areas or in the succession
stage, mangrove plants have a slightly large diameter [8]. At the final stage of the succession, there are
larger trees with a greater mix of species compared to the initial stage of succession. The appearance of
a succession of mangrove plants can be seen in the growth zones formed, such as the proximal zone,
middle zone and distal zone. Zonation in mangrove forests is an expression of succession stage changes
that have occurred [8].

3.1. Above-ground biomass (AGB)
The proximal zone is the area adjacent to the sea which is dominated by the poles stage (9>10 to <20
cm) from a mixture of Rhizophora stylosa and Rhizophora mucronata with a density of 820 poles per
hectare (AGB of 66,243 kg/ha). The middle zone begins to be dominated by tree stage (¢ >20 cm) by
Bruguiera gymnorhiza, Rhizophora apiculata, Ceriops tagal, and Xylocarpus granatum with a density
of 105 trees per hectare (AGB of 70,900 kg/ha). The distal zone is dominated by the tree stage by
Bruguiera gymnorhiza, Ceriops tagal, Rhizophora apiculata, and Xylocarpus moluccensis with a
density of 300 trees per hectare (AGB of 212,270 kg / ha).

The number of trees per hectare and above-ground biomass for each mangrove zonation are shown
in the table 2.
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Table 2. Above-ground biomass (AGB) for each mangrove zonation.

Saplings Poles Trees
Mangr_ove ?>2to <10 cm 0210 to <20 cm 0 >20 cm Total
Zonation N/ha kg/ha N/ha kg/ha N/ha kg/ha kg/ha
Proximal 1,120 13,322 820 66,243 115 31,299 110,864
Middle 2,920 28,991 530 50,105 105 70,900 149,996
Distal 2,620 23,834 610 62,046 300 212,270 298,151

The highest AGB was in the distal zone of 298,151 kg/ha, then the middle zone of 149,996 kg/ha
and the lowest was the proximal zone of 110,864 kg/ha. More trees density with large diameters in the
distal zone causes the highest AGB when compared to the middle and proximal zones.

3.2. Below-ground biomass (BGB)

Below-ground biomass is the biomass of all living roots with a diameter of > 2 mm for each zonation
are shown in the table 3.

Table 3. Below-ground biomass for each zonation.

Mangrove Zonation Saplings (kg/ha) Poles (kg/ha) Trees (kg/ha) Total (kg/ha)
Proximal 3,351 13,619 5,625 22,595
Middle 7,416 10,099 11,161 28,677
Distal 6,154 12,459 33,226 51,838

The highest BGB was in the distal zone of 51,838 kg/ha, then the middle zone was 28,677 kg/ha and

the lowest was the proximal zone of 22,595 kg/ha. The highest BGB has the same yield pattern as AGB
because BGB was an allometric calculation of AGB.

3.3. Biomass of dead tree, dead-wood, and small necromass
In the proximal zone line transect, there were no dead trees standing upright since they had fallen and

classified as dead-wood. In the middle and distal zones, there were found dead tree biomass of 77,855
kg/ha and 77,414 kg/ha, are shown in the table 4.

Table 4. Biomass of dead tree and wood (kg/ha).

Mangrove Zonation Dead Trees (kg/ha) Dead-Wood (kg/ha)
Proximal - 137
Middle 77,855 6,110
Distal 76,414 4,183

The highest dead-wood biomass value was in the middle zone (6,110 kg/ha), while the lowest was
in the proximal zone (137 kg/ha). The high dead-wood biomass in the middle zone was the result of tree
cutting carried out by the community, but the dead-wood biomass in the distal zone (4,183 kg/ha) came
from old trees that died naturally.

The value of small necromass biomass was the result of weighing the small necromass in the sub-

plot multiplied by the density of the sample analyzed in the laboratory. Small necromass biomass per
hectare is completely shown in the table 5.
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Table 5. Biomass of small necromass.

Zonation (kgha) ~ WeIgNtof . ha)
Plot 1 Plot 2 Plot 3 Plot4  Plot5 g Sample g
Proximal 264 277 508 464 449 392 0.66 259
Middle 326 396 500 653 423 460 0.69 316
Distal 376 523 322 580 608 482 0.72 345

3.4. The presence of seedlings and understorey in various mangrove zonation
The presence of seedlings as regeneration determines the regeneration of mangrove forests to grow and
develop in the future. The species of seedlings found in the proximal zone were Bruguiera gymnorhiza
and Rhizophora stylosa with a density of 1,500 seedlings/ha. The middle zone had a higher seedling
density, namely 11,000 seedlings/ha of the Bruguiera gymnorhiza and Ceriops tagal species. Whereas
for the distal zone, only Bruguiera gymnorhiza species were found with a density of 2,000 seedlings/ha.
The understorey was not found in the predetermined research plot transect since vegetation was
difficult to grow in flooding and tick mud conditions. In addition, the canopy cover factor in the distal
zone and the tight of mangrove stilt roots in the proximal zone dominated the growing area. The middle
zone had a canopy gap due to tree cutting, but the area was inundated with muddy soil thus there was
no understorey but seedlings were found. The presence of understorey can be found in drier and more
open soil conditions where Acrostichum speciosum is growing. The understorey is one of the
components of the pool above-ground biomass, but the carbon content is very small compared to trees.
In certain forest types, understorey can be ignored [23].

3.5. Carbon stocks of above and below ground
The carbon content obtained from above-ground and below-ground biomass multiplied by the carbon
percentage of 0.47 [13] are shown in the table 6.

Table 6. Carbon stocks of above and below ground.

Biomass (kg/ha) Carbon Stocks (kg/ha)
Mangrove Carbon (%)*
Zonation Above Below ar 0 Above Below
Ground Ground Ground Ground
Proximal 110,864 22,595 47.00 52,106 10,620
Middle 149,996 28,677 47.00 70,498 13,478
Distal 382,843 62,893 47.00 179,936 29,560

Noted : * SNI 7724:2011.

The highest above-ground carbon stock was in the distal zone of 179,936 kg/ha followed by carbon
stock in the middle zone of 70,498 kg/ha and the lowest was in the proximal zone of 52,106 kg/ha.
Similarly, the highest below-ground was in the distal zone of 29,560 kg/ha followed by carbon stock in
then the middle zone of 13,478 kg/ha and the lowest was in the proximal zone of 10,620 kg/ha.

3.6. Carbon stocks of dead trees, dead-wood, and small necromass
The carbon stocks obtained from dead trees and wood biomass (large biomass) multiplied by the carbon
percentage of 0.47 [13] are shown in the table 7.
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Table 7. Carbon stocks of dead trees and wood.

Biomass (kg/ha) Carbon stocks (kg/ha)
Mangrove o)+
Zonati Dead Carbon (%)
onation tree Dead-wood Dead trees  Dead-wood Total
Proximal - 137 47.00 - 64 64
Middle 77,855 6,110 47.00 36,592 2,872 39,464
Distal 76,414 4,183 47.00 35,914 1,966 37,881

Noted : * SNI 7724:2011.

The highest carbon stock of dead trees and wood was in the middle zone, namely 39,464 kg/ha. The
distal zone contained carbon from dead trees and wood of 37,881 kg/ha, came from old trees that had
died. The carbon stock of small necromass from direct weighing in the field was multiplied by the carbon
content percentage from the analysis of the Biochemistry laboratory of Universitas Pattimura. The
calculation can be seen in the table 8. The largest carbon stock of small necromass was in the distal zone
of 77 kg/ha followed by carbon stock in the middle zone of 64 kg/ha and the smallest was in the proximal
zone of 38 kg/ha.

Table 8. Carbon stock of small necromass.

Mangrove Zonation Smal!ﬂl;lgctgo:\ei%sc(;g/ha) Carbon (%)** Car?;;/s;c))cks
Proximal 259 14,60 38
Middle 316 20,13 64
Distal 345 22,40 77

Noted : ** Analysis of the Biochemistry Laboratory of Universitas Pattimura.

3.7. Soil organic carbon (SOC)

Organic material in mangrove soil is the result of the decomposition of dead trees, trunks, twigs, and
leaves that are buried under the soil surface. The older the mangrove forest is, the more organic material
is stored and buried in it. Soil organic matter becomes a source of macro and micro nutrients for tree
growth and other organisms.

Soil fertility depends on the biological, physical, and chemical properties that are formed and
processed in the soil. The process of soil development in mangrove areas is also influenced by several
factors, such as salinity and limited oxygen levels in flooding. Soil carbon stock of each mangrove
zonation can be seen in the table 9.

Table 9. Soil organic carbon in various mangrove zonation.
Carbon (%)

Mangrove Bulk Density

Zonation (g/em?d) Soil Depth (cm) . SOC (g/cm?) SOC (t/ha)

Proximal 0.4648 20 18.42 1.71 171.25
Middle 0.5055 20 19.18 1.94 193.91
Distal 0.5520 20 18.49 2.04 204.13

Noted : *** Analysis of BPTP laboratory Sulawesi Selatan.

The highest soil organic carbon at a depth of 0-20 cm was in the distal zone. Weathering of organic
matter that settles, accumulates, and is confined with weak currents is difficult to bring out into the open
seas. The estimated soil carbon stock for the depth of 20 cm per zonation is as follows 171.25 t/ha
(proximal), 193.91 t/ha (middle), and 204.13 t/ha (distal). This carbon potential will be even higher if
calculated with a soil depth of more than 20 cm.
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3.8. Carbon stock of various mangrove zonation in Marsegu Island

The total carbon stock of all calculated mangrove carbon pools shows that soil is the largest store of
carbon. The second rank is the above-ground (trees), followed by dead trees, below-ground (roots),
dead-wood, and small necromass. The comparison of carbon stock per hectare for each pool of various
zonation shown in the figure 5.

Carbon Stock in Mangrove Forest
500,00
S
8 400,00
(&)
=
E 300,00
=
S 200,00
100,00
Proximal Middle Distal
= Above-Ground 52,11 70,50 140,13
m Dead Trees - 36,59 35,91
m Dead Wood 0,06 2,87 1,97
m Small Necromass 0,04 0,06 0,08
m Below-Ground 10,62 13,48 24,36
= Soil 20 cm depth 171,25 193,91 204,13

Figure 5. Carbon stock in mangrove forest (t/ha).

The highest carbon stock per hectare is in the distal zone of 406.58 t/ha followed by carbon stock in
the middle zone of 317.42 t/ha and proximal zone of 234.07 t/ha, are shown in the table 10. This shows
that the distal zone is the area with the last succession stage. The more trees and organic matter
accumulation in the soil, the greater the carbon stock in the zone is.

Table 10. Carbon stock of various mangrove zonation in Marsegu Island.

Mangrove Zonation Carbon Stock Area of Carbon Stock
(t/ha) Mangrove (ha) (tonnes)
Proximal 234.07 32.12 7,518.42
Middle 317.42 39.00 12,379.49
Distal 406.58 41.17 16,739.12
Total 112.29 36,637.02

Carbon stock according to the zonation area of mangrove forests are as follows: 7,518.42 tonnes in
the proximal zone, 12,379.49 tonnes in the middle zone, and 16,739.12 tonnes in the distal zone. The
total estimated carbon stock of mangrove forests on Marsegu Island was 36,637.02 tonnes.

4. Conclusions

e The highest above-ground carbon stock was in the distal zone of 140,131 kg/ha followed by carbon
stock in the middle zone of 70,498 kg/ha and the lowest was in the proximal zone of 52,106 kg/ha.
Similarly, the highest below-ground was in the distal zone of 24,364 kg/ha followed by carbon stock
in then the middle zone of 13,478 kg/ha and the lowest was in the proximal zone of 10,620 kg/ha.

e The highest carbon stock of dead trees and wood was in the middle zone, namely 39,464 kg/ha. The
distal zone contained carbon from dead trees and wood of 37,881 kg/ha, came from old trees that had
died.



IC-FSSAT 2021 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 807 (2021) 022044  doi:10.1088/1755-1315/807/2/022044

e The largest carbon stock of small necromass was in the distal zone of 77 kg/ha followed by carbon
stock in the middle zone of 64 kg/ha and the smallest was in the proximal zone of 38 kg/ha.

e The estimated soil carbon stock for the depth of 20 cm per zonation is as follows 171.25 t/ha
(proximal), 193.91 t/ha (middle), and 204.13 t/ha (distal). This carbon potential will be even higher
if calculated with a soil depth of more than 20 cm.

e The total carbon stock of all calculated mangrove carbon pools shows that soil is the largest store of
carbon. The second rank is the above-ground (trees), followed by dead trees, below-ground (roots),
dead-wood, and small necromass.

e Carbon stock according to the zonation area of mangrove forests are as follows: 7,518.42 tonnes in
the proximal zone, 12,379.49 tonnes in the middle zone, and 16,739.12 tonnes in the distal zone.
The total estimated carbon stock of mangrove forests on Marsegu Island was 36,637.02 tonnes.
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