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Abstract. Suhaili NS, Fei JLJ, Sha’ari FW, Idris MI, Hatta SH, Kodoh J, Besar NA. 2020. Carbon stock estimation of Sulaman Lake
Forest Reserve in Sabah, Malaysia. Biodiversitas 21: 5657-5664. Mangrove forest has a significant role in sequestering carbon gases
from the atmosphere but there are lesser literature has been made on it. This research was conducted to quantify the aboveground,
belowground and soil carbon stock in Sulaman Lake Forest Reserve, Sabah, Malaysia. Nine transect lines with 125 m length were
established and a circle with 7 m radius was set in every 25 m. Forest inventory was done to get the diameter breast height of standing
trees and soil sampling with four different depths (0-15 ¢cm, 15-30 cm, 30-50 cm and 50-100 cm) were taken for soil analysis and bulk
density. Allometric equation was used to calculate aboveground and belowground biomass then its carbon stock was estimated as 50%
from its total biomass. The result shows the total carbon stock in the study area was 441.72 Mg C ha’', and soil has the highest value of
carbon stock (351.98 + 11.73 Mg C ha*) followed by aboveground carbon (67.30 + 20.55 Mg C ha*) and belowground carbon (22.44 +
0.17 Mg C ha?). This study found that soil carbon stock made up almost 80% of the total carbon stock in the mangrove forest. This
ecosystem also shows a higher value of carbon stock compared to other locations hence emphasized the importance of prioritizing a

mangrove forest in any climate mitigation efforts.
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INTRODUCTION

The Mangrove forest is a type of forest that has a
unique ecosystem in which the plant community that lives
inside has its very own way to adapt and survive the
abnormal living condition for a plant to grow such high
salinity, extreme tides, and muddy soils (Giri et al. 2011).
It was estimated that the world’s total mangrove areas are
ranging from 14-15 million ha (1990-2020 data) with Asia
holds the biggest number of it which approximately 6.8
million ha (FAO 2020; Kauffman and Donato 2012) and
was estimated to have an economic value from
US$3624.98 to US $26734.61/halyear (Rizal et al. 2018).
This economic value comes from the ecosystem services
that a mangrove could provide such as forest timber
production and carbon credit program (Hemati et al.
2014). Malaysia’s mangrove constitutes approximately
537,686 ha in area and Sabah covered more than half of the
total area with 364,100 ha. Meanwhile, the mangroves in
Sarawak and Peninsular Malaysia is accounted for 132,000
ha (23%) and 104,181 ha (18%) respectively (Olaniyi et al.
2012; Marzuki 2019; Tangah et al. 2020).

Donato et al. (2011) reported mangrove forests are three
to five times more effective in storing carbon compared to
other types of forest and almost 70% to 90% of it was
stored in the soil (Hance 2011). These values show how
important it is to do an accurate measurement of the
mangrove forest carbon storage. Though the carbon pools
inside the mangrove forest have great ability to store

carbon for a long time, the information regarding this
matter is still lacking especially in the belowground carbon
pools. Despite all the important services that a mangrove
forest could provide, the rate of deforestation and
degradation is still at alarming rate. Bryan-Brown (2020)
reported Indonesia, Malaysia, and Myanmar showing a
continuing number of mangrove losses with 0.26%, 0.41%
and 0.70% respectively. This problem comes from
unsustainable anthropogenic activities that were done in
mangrove areas such as conversion into aquaculture sites,
timber harvesting and shrimp farming (Goessens et al.
2014). These treats obviously could give a bad impact on
the natural function of the mangrove forest especially in
combating the current issue which is mitigating climate
change. When destruction or land changes happen, the
carbon pools inside the mangrove ecosystem will be
reduced and this could affect the capability of forest to
capture and store carbon. Any kind of changes or losses
that happen inside mangrove forests also could cause the
forest to become the main source of atmospheric carbon
emissions (Kauffman et al. 2011). A deeper investigation
on the mangrove ecosystem carbon stocks and the impact
of human activities on it is much needed so a better plan
and strategies can be implemented to protect the forest. The
conservation of mangrove forests is essential in offsetting
carbon emission and climate change.

Several publications that have been made on the
Malaysian’s mangrove are carbon stock evaluation in
mangrove forest at Peninsular Malaysia (Hong et al.
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2017), soil carbon storage in Sarawak’s mangrove
(Chandra et al. 2015), and soil chemical properties by
Rambok et al. (2010). Although Sabah covered more than
half of the total mangrove in Malaysia, not much
information could be found about its value as global carbon
(C) stocks. Therefore, it is very crucial to fill this gap so a
better understanding of the function and contribution of
mangrove forests can be achieved. The main objective of
this research is to quantify the main carbon pools in
mangroves which are the living vegetation and soil carbon.
This study would provide feasible data for future
management planning and hopefully the realization for
Reducing Emissions from Deforestation and Forest
Degradation, and Enhancing Forest Carbon Stocks in
Developing Country (REDD+) programs.

MATERIALS AND METHODS

Study area

This study was conducted at Sulaman Lake Forest
Reserved, Sabah, Malaysia. The Sulaman Lake Forest
Reserved is a mangrove forest that can be found at the west
coast division of Sabah, Malaysia and is under Kota
Kinabalu forestry district. The total area of this site is
approximately 2635 hectares and was gazetted as a class V
forest reserve under the Forest Enactment 1968. Under this
regulation, most of the mangrove forest in Sabah are
gazetted as Mangrove Forest Reserve (Class V), Protection
Forests (Class 1), and Virgin Jungle Forest Reserve (Class
VI) (Tangah et al. 2020). This classification is done as one
of the efforts for mangrove forest conservation in Sabah. A
small scale of commercially harvesting activities are
allowed in a Class V forest reserve and it is limited only for
domestic consumption. Some of the products that usually
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being harvested from this forest are charcoal and fuelwood.
Meanwhile, any kind of harvesting is prohibited in a Class
VI forest reserve as the main purpose of the classification is
to conserve and protect the forest. The only activities that
allowed to be done inside a Class VI forest are research,
education, and gene bank (Tangah and Chung 2011). The
elevation is 18 meters above the sea and the coordinate is
in between N 6°15° 15.48” latitude and E 116° 16’ 55.19”
longitude (Figure 1). The common mangrove species in this
site are Rhizophora apiculata, Rhizophora mucronata,
Avicennia alba, and Ceriops decandra.

Procedures
Experimental design

The carbon stocks that have been measured in this study
are the standing trees for both above and belowground
carbon and the soil carbon. A non-destructive method was
implemented to estimate the aboveground data and soil
sampling was done to get the belowground data. A transect
line method was used in this study and this method is
applied based on the protocol book that has been published
by Kauffman et al. (2011). The field data collections were
done on August-October 2016 and August 2017. There
were 9 transect lines have been established randomly
across the study site and within each transect, 5 subplots
were established to get the replicate of the samples. The
length of each established transect line established is 125
meters and each subplot was built in a circle. The circle is 7
meters in radius and the distance between each subplot is
25 meters. All standing trees with a diameter breast height
(DBH) more than 5 c¢cm that can be found within the
subplots were measured for aboveground biomass and soil
sampling was done at an accessible random point within
each subplot for soil carbon stock.
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Figure 1. Location of Sulaman Lake Forest Reserve, Sabah, Malaysia (N 6° 15 15.48”, E 116° 16” 55.19”), which can be found on the
west coast division of Sabah, Malaysia and is facing the South China Sea (Tangah et al. 2020; Wong et al. 2020). The triangles represent

nine (9) established transects inside the study area



SUHAILI et al. — Carbon stock of mangrove forest in Sulaman Lake Forest Reserve, Malaysia

Field data collection

Forest inventory was done to get the diameter breast
height (DBH) of both standing live and dead trees inside
the transect lines. All trees with DBH greater than 5 cm
were measured in the 7 m radius and for trees with stem
diameters between 0.5cm and 5cm, only those within 2 m
radius from the center of circle were measured. Typically,
tree stem diameter will be recorded 1.37 meter above the
ground but as some species of mangrove have stilt types of
roots, the measurement was taken on the highest roots
(Komiyama et al. 2005; Kauffman and Donato 2012). The
decaying status of standing dead trees also was recorded
and categorized as 3 classes which are Class 1 (dead tree
that still have small branches and twigs attached with the
stem), Class 2 (dead tree that has lesser twigs or branches
attached with the stem) and Class 3 (dead tree with a
standing stem only).

Soil sampling was taken by using sampling tools such
as PVC pipe, scope, and shovels. The PVC pipe was used
as an auger to get the mixed soil samples for soil
physicochemical properties. A bulk density ring with the
volume 98.125 cm?® was used to collect the undisturbed soil
sample for the measurement of bulk density. All samples
were taken at four depths: 0-15 cm, 15-30 cm, 30-50 cm,
and 50-100 cm.

Data analysis
Soil analysis

All soil samples were analyzed for their physico-
chemical properties after being air-dried at room temperature
and sieved using a 2mm soil siever. The soil physical
properties were soil moisture content, soil texture, and soil
bulk density, while for chemical properties were soil pH,
soil salinity, soil cation exchange capacity (CEC), soil nutrient
content and soil carbon concentration. Soil moisture
content was determined by using Gravimetric method in
which the soil water loss was calculated after being dried at
105°C for 24 hours (Shukla et al. 2014) meanwhile soil
bulk density is expressed as the ratio of the dry mass of soil
over its volume (Han et al. 2016). The percentage of silt,
clay, and sand was calculated using Pipette method and the
same values were used to determine the soil texture by
referring it to USDA Soil Classification Triangle.

Soil pH value was measured using soil-distilled water
ratio (1:2.5) method and a pH meter while soil salinity was
measured using a portable refractometer. The
determination of soil organic matter was done by
measuring the dry weight of soil after being ignite at 500 °C
for 24 hours (loss-on-ignition method). Total cation
exchange capacity (CEC) in soil was measured by
summing the exchangeable cation which is base cations
(calcium, magnesium, potassium and sodium) and acid
cations (hydrogen and aluminum) (Culman et al. 2019).
All the elements (except hydrogen) were extracted by
digesting the soil using aqua regia then analyzed using
Inductively Couple Plasma-Optical Emission Spectrometry
(ICP-OES) machine. Soil nutrient availability also was
analyzed using the same method. A Vario EL CHNS (carbon-
hydrogen-nitrogen-sulfur) auto analyzer was used to get the
concentration of carbon, hydrogen, nitrogen and sulfur.

5659

Aboveground and belowground biomass analysis

There are several other equations that were established
to calculate biomass of mangrove trees, but as there is not
enough information on the distribution of species in the
study site, the choices of allometric equations are limited
(Wong et al. 2020). An allometric equation for Rhizophora
spp that was generated by Fromard et al. (1998) was used
to calculate the aboveground biomass as the dominant
species for main mangrove zone in Sabah is Rhizophora
(Tangah et al. 2020). The equation is W=0.128DBH?%°
where it only uses the trees diameter at breast height
(DBH) as its parameter. This allometric equation has-8.44
to +6.81% of relative error compared to other equations
such Clough and Scott (1989) with-9.84 to +10.3% and
Ong et al. (2004) with +6.81 to 10.8% (Komiyama et al.
2008). The result for aboveground biomass then was
converted into aboveground carbon by using the 0.5
conversion factor in respect of the assumption of standing
trees carbon stock is 50% from its biomass (Houghton and
Hackler. 2001). The biomass for roots was calculated by
using the 3:1 (AGB: BGB) biomass comparison ratio
developed by Kusmana et al. (2018) and its carbon too was
estimated as 50% from its biomass.

Soil carbon stock and total carbon stock

All undisturbed soil samples that were collected from
four different depths were analyzed for their bulk density
and carbon concentration. The values then were used as the
parameters to calculate the soil carbon stock. The soil
carbon stock (Mg C ha) per sampled depth interval was
calculated using the equation shown below (Kauffman and
Donato 2012) and the total soil carbon stock was calculated
by summing all the carbon stock for each soil depth;

Soil carbon (Mg ha?) = Bulk density (g cm=) x Soil Depth
Interval (cm) x Carbon concentration (%C)

The total ecosystem carbon pools in Sulaman Lake
Forest Reserved were estimated by summing all the main
carbon pools that have been measured which are the
aboveground (living vegetation) and belowground (roots)
and soil carbon pools. The total value of ecosystem carbon
stock then was converted into its carbon dioxide
equivalents (CO¢) to see the potential value of study site
in emitting and absorbing carbon dioxide to and from the
atmosphere (Kauffman and Donato 2012; Hong et al. 2017).

RESULTS AND DISCUSSION

Soil physicochemical properties

Soil properties such nutrients content, organic matter,
and salinity are the key factors that could determine the
species composition and structure in a mangrove forest
(Hossain and Nuruddin 2016). The soil physical properties
(bulk density, moisture content, clay, silt, and sand) and
soil chemical properties (pH, salinity, carbon
concentration, and cation exchange capacity) of Sulaman
Lake Forest Reserve are shown in Tables 1 and 2.

Both physical and chemical properties of soil were used
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to indicate soil fertility (Rambok et al. 2010). Data obtained
show soil bulk density and moisture content did not vary
largely throughout the soil depth. The range for both
parameters are 0.67 g cm™ to 0.74 g cm™ and 18.46% to
19.58% respectively. Sand has the highest percentage
among the particles of soil texture with the range of
61.62% to 54.57% and silt has the lowest percentage with
range of 7.55% to 12.88%. The soil texture in Sulaman
Lake Forest Reserve is sandy clay loam and it was
calculated based on the percentage of clay, silt, and sand.
The presence of high percentage of sand in soil caused the
soil to have high porosity. Soil with high porosity tends to
have low bulk density and high water holding capacity.

The range of pH is from 5.11 to 5.71 thus shows the
soil is acidic. The mean is decreased as the depth increased.
Soil salinity did not have huge difference throughout the
depth with the highest value of 8.9 at 50-100 cm and lowest
8.3 at 30-50 cm. The mean for soil organic matter ranged
from 14.91% to 18.55%. This high value of soil organic
matter caused the soil to have a darker color and also
explain the low value of bulk density (Rambok et al. 2010).
Analysis of the important elements in the soil shows Ca
and Na were dominant elements with the range
7.17meq/100g to 26.70meq/100g and 2.42 meq/100g to
3.67 meq/100g respectively. H and Mg have the lowest
mean range compared to the others (Al andK) with lowest
value 1.02 meg/100g and 0.81meq/100g and highest value
which are 2.15 meg/100g and 1.75meq/100g respectively.
The high number of calcium helps in reducing soil salinity
and this is important as a high salinity could stunt the tree
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growth (Hemati et al. 2014). Soil Cation Exchange
Capacity (CEC) is increasing with the depth with the
lowest value 14.12meqg/100g at 15-30 cm and highest value
35.82meq/100g at 30-50 cm. Table 3 shows potassium has
the highest mean range among the nutrient elements and
followed by sulfur (0.74 ppm to 1.29 ppm), nitrogen (0.80
ppm to 1.04 ppm), and the lowest is phosphorus (0.10 ppm
to 0.85 ppm). The result also shows the carbon
concentration and carbon-nitrogen ratio did not vary
throughout the depths.

Aboveground and belowground biomass

Figure 2 shows the aboveground and belowground
biomass for both standing living trees and dead living trees
in Sulaman Lake Forest Reserve. The aboveground tree
biomass has a greater value compared to the belowground
biomass and this is because the roots continuously exposed
to the harsh environment of mangroves such as high
salinity and highwater table (Kusmana et al. 2018). This
study found the aboveground biomass for standing trees in
Sulaman Lake Forest Reserve is 134.59 Mg ha? and it is
slightly higher compared to aboveground biomass found in
the dominant species (Rhizophora apiculate) mangrove
forest that was measured by Chandra et al. (2011) at Awat-
Awat mangrove forest, Sarawak, Malaysia which is 116.79
Mg ha?l. The same paper also mentioned that a species
dominant types of forest has higher aboveground biomass
values compared to a mixed species (Rhizophora apiculate,
Rhizophora mucronata, Ceriops tagal mangrove forest
which is 115.56 Mg ha™.

Table 1.The physical properties of soil in Sulaman Lake Forest Reserve, Sabah, Malaysia

So'gcdrﬁfth B“(;kccgﬁf‘f)'ty Mo'sw([,i;o“te“t sand (%) silt (%) Clay (%) Texture
015 0.74%0.08 18.46 223 61621513  1288t250 2381304  Sandy clay loam
15-30 0.67 +0.08 19.58 +2.03 58.85+623  10.37+374 2750373  Sandy clay loam
30-50 0.70 % 0.09 19.73+1.94 59.70 + 6.70 7.55+1.26 20.88+541  Sandy clay loam
50-100 0.72+0.09 19.22+1.79 5457+888  11.96+347 3296660  Sandy clay loam

Table 2.The chemical properties of soil in Sulaman Lake Forest Reserve, Sabah, Malaysia

Soil . . Acid cations .
depth pH (1:2.5) Salinity Sr;’;'tferfgﬂ'f (meg/100g) Base cations (meg/1009) (meC/El(éo )
(Cm) 0 Al H* Mgz+ Ca?t Na* K* q g
0-15 571+025 85+19 1568+225 135+04 1.02+0.22 0.81+025 7.90+5.04 291+0.84 092+0.36 14.91+6.42
15-30 547+022 87+18 1790+248 182+053 122+025 069+012 7.17+3.87 242+042 0.80+0.21 14.12+5.00
30-50 518+0.19 83+23 1855+255 1.86+079 1.25+027 092+0.35 26.70+1454 367+135 142+0.62 3582+17.66
50-100 511+0.15 89+22 1491+257 215+048 127+029 095+0.19 1865+7.22 319+0.68 175+059 27.96+8.77
Table 3. Soil nutrient contents in Sulaman Lake Forest Reserve, Sabah, Malaysia
Soil depth Carbon (@ IN(© S C: .
(cm) arbon (%) Total N (%) P (ppm) K (ppm) (90) :N ratio
0-15 5.46 +1.08 0.80+0.24 0.10 £0.02 0.92 +0.36 0.74+0.14 21.46 +1.91
15-30 6.37 £1.19 1.04 +£0.34 0.52 +0.30 0.80+0.21 1.13+0.21 23.28 +1.88
30-50 6.15+1.19 1.03+0.33 0.12 +0.02 1.42 +£0.62 1.24+£0.23 22.63+2.61
50-100 6.47 £1.37 1.03+0.32 0.85 +0.69 1.75 +0.59 1.29 +£0.26 22.47 +3.73
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Figure 2. Aboveground and belowground biomass for standing
living and dead trees in Sulaman Lake Forest Reserve, Sabah,
Malaysia

The recorded number of aboveground biomass in these
study area, however, are smaller compared to the
aboveground biomass that was reported in an undisturbed
mangrove forest at Kuala Selangor Nature Park, Peninsular
Malaysia which is 305.03 Mg ha' (Hemati et al. 2015).
These variations in values depended on the composition of
species in the forest and its ecological environment
(Komiyama et al. 2008; Chandra et al. 2011). Sulaman
Lake Forest Reserve has a similar environment with the
Awat-Awat mangrove forest which is both were located
near the village and mangrove was dominated by a
Rhizophora species (Chandra et al. 2015). Meanwhile, the
Kuala Selangor Nature Park is a mangrove forest managed
by a Non-Government Organization (NGO) called the
Malaysian Nature Society. The restriction to access the
Kuala Selangor Nature Park makes it hard for anybody to
do any kind of human activities there so most of the area is
still undisturbed and this site has more Avicennia and
Bruguiera species (Hemati et al. 2015).

There are lesser literature could be found on
belowground biomass in mangrove compared to
aboveground biomass as it includes an intensive labor work
and energy, other than the difficulty to get the sample itself
(Njana et al. 2015; Adame et al. 2017). Hossain et al.
(2008) in their study at Kuala Selangor Nature Park,
Malaysia found that the roots biomass in that mangrove
forest is 0.4924 Mg ha?! meanwhile Komiyama et al.
(2000) compiled some studies that have been made on
belowground biomass by some mangrove species which
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17.4 Mg ha! for Rhizophora forest, 147.3-160.3 Mg ha!
for Avicennia forests and 32.4 Mg ha?' for Sonneratia
forest. Our study found a bigger value compared to in the
Kuala Selangor Nature Park which is 44.86 Mg ha* but is
smaller than the study that was mentioned by Komiyama et
al. (2000). Some of the reason that might be caused the
differences in belowground biomass value is the anoxic
environment in the study area, forest structure and the
excavation  procedures that was applied during
measurement (Hemati et al. 2014; Njana et al. 2015).
According to Adame et al. (2017), roots biomass are varied
among species and usually increases by the forest age. As
mentioned above, different types of mangrove species
show different value of belowground biomass and it was
also recorded that a replanted mangrove forest (Rhizophora
apiculata) has 23.1 Mg ha of belowground biomass at 5
years old and 35.6 Mg ha* at 25 years old (Alongi and
Dixon 2000).

Aboveground carbon stock, belowground carbon stock,
soil carbon, and total carbon stock

In this study, the aboveground and belowground carbon
stock was estimated 50% from its aboveground biomass
(Pearson et al. 2007) and soil carbon stock was calculated
using equation that has been modified by Kauffman and
Donato (2012). Our study found soil has the highest value
of carbon stock which is 351.98 + 11.73 Mg C ha'
followed by aboveground carbon for living trees with 60.86
+ 5.74 Mg C ha and belowground carbon for living trees
with 2029 * 191 Mg C ha'. Meanwhile, both
aboveground and belowground carbon for dead trees has
the lowest value of carbon stock which are 6.44 + 0.17 Mg
ha' and 2.15 Mg C ha? respectively. The total ecosystem
carbon stock in Sulaman Lake Forest Reserved is 441.72
Mg C ha! and after being converted into carbon dioxide
equivalents (multiplying total ecosystem carbon stock with
3.67), it shows that Sulaman Lake Forest Reserved has the
potential to emit and absorb as much as 1621.11 Mg C ha™*
to and from the atmosphere (Kauffman and Donato 2012;
Hong et al. 2017). Martuti et al. (2017) in their study at
Semarang, Indonesia illustrate the positive correlation
between the total carbon stock and the carbon dioxide
absorption of a mangrove forest hence explaining the value
of carbon dioxide equivalent in Table 4, which are
increasing along with the value of total ecosystem carbon
stock.

Table 4 also shows the comparison of aboveground,
belowground, and soil carbon stock of mangrove forest
from various studies. In most locations, there is a clear
distinction of percentage between the living vegetation
carbon pools with soil carbon pools. Soil carbon alone
could be made up from 44% to 80% of the total ecosystem
carbon stock meanwhile belowground carbon pools have
the least amount of carbon stock percentage which range
from 2% to 22%. This relatively high soil carbon stock was
contributed by the high concentration of carbon in soil and
bulk density (Kauffman et al. 2011).
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Table 4. Comparison of aboveground carbon, belowground carbon, and soil carbon stock with other studies

Aboveground Belowground

Total ecosystem CO;

Location carbon carbon SI%II cargo_rl carbon stock  equivalent Reference
(MgChal) (MgChat) MICHE) “paichal)  (MgC hal)
Republic of Yap, Micronesia 116.7 (26%) 100.0 (22%) 237.2 (52%) 453.9 1665.81  Kauffman et al. (2011)
Sumatra, Sulawesi, Java, 191.2 (20%) 21.1(2%) 761.3 (78%) 973.6 3573.11  Alongi et al. (2016)
Kalimantan, Papua and Bali,
Indonesia
Peninsular Malaysia, Malaysia 48.17 (32%) 13.12 (8%) 90.11 (60%) 1514 555.64 Hong et al. (2017)
Cotabato City, Philippines 188.38 (38%) 66.23 (14%) 218.03 (44%) 490.69 1800.83  Dimalen and Rojo (2019)
Sabah, Malaysia 67.30 (15%) 22.44 (5%) 351.98 (80%)  441.72 1621.11  Present study
250 carbon stock value. Their study shows that soil made up
only 13% of the total ecosystem carbon stock while the
- living trees hold the most carbon with 87%. This supported
= all the other findings that highlighted the fact that
s mangrove soils hold more carbon than their trees and roots
2 150 compared to the other major global forest domains such
¥ tropical forest, boreal forest, and temperate forest (Donato
5 et al. 2011; Kauffman et al. 2011).
81 Other than storing most of its carbon in the soil,
S mangrove ecosystem also reported are the most carbon-
] " dense forest in tropical regions. According to Kauffman
and Donato (2012), the carbon storage of mangrove forest
. . in the Asia-Pacific region is estimated around 1000 Mg C
0 ha* meanwhile tropical forest shows a lower value which
015 1520 bepth }3050 50-100 is 280 Mg C ha’. Other types of forest also reported has
epth (cm

Figure 3. Soil carbon stock by sampling depth in Sulaman Lake
Forest Reserved, Sabah, Malaysia

Figure 3 shows the trend of soil carbon stock by its
sampling depth. The highest value was found in the depth
of 50-100 cm which is 178.37 + 28.56 Mg C ha* and there
is a big gap between 50-100 cm depth with the other which
is 52.12 + 8.90 Mg C ha* (0-15 cm), 53.60 + 5.29 Mg C
hal (15-30 cm) and 67.89 * 7.22 Mg C ha* (30-50 cm).
Similar result was reported by Hemati et al. (2015) in their
study which the soil organic carbon is increasing by depth
but an opposite trend was reported by Hong et al. (2017) in
which the surface layer of the soil has a greater value of
organic carbon compared to the lower part of soil profile.
These differences in findings may be influenced by the
disturbance history, pattern of tidal inundation, forest age,
sedimentation, and species composition (Sherman et al.
2003; Hemati et al. 2015; Hong et al. 2017).

This study shows that soil carbon stock made up almost
80% of the total carbon stock and this value is slightly
higher than a study reported by Hong et al. (2017) at
degraded mangrove forest in Peninsular Malaysia which is
60%. The higher number in this study might be affected by
the depth of the soil sample that has been taken which is 1
meter depth compared to the previous study (0.3 meters).
However, these reports are in contrast with the study
reported by Besar et al. (2020) on a natural tropical forest

lower carbon storage compared to a mangrove forest which
temperate forest with 210 MgCha and boreal forest is 380
Mg C ha, thus emphasizing how important it is to gather
more knowledge about ecosystem carbon stock in
mangrove forest so it can be included and being prioritize
in the efforts to mitigate the climate change. A study on the
spatial distribution of soil carbon stock in mangrove forest
was done in 2018 and the finding shows mangrove forest
stored around 6.4 PgC on the top meter of its soil in 2000
but almost 75% of it (30-122 TgC) was released in between
2000 and 2015 because of the reduction in mangrove forest
area which mostly occurred in Indonesia, Malaysia and
Myanmar (Sanderman et al. 2018). All these reductions
and degradation on coastal wetland could lead to a major
emission from mangrove forest and shifting the role from
becoming net source of carbon sink into the biggest source
of carbon released back to the atmosphere and ocean
(Howard et al. 2017).

From all the results and discussion above, it shows that
Sulaman Lake Forest Reserve has the capability to store an
enormous amount of carbon, especially on its soil. The
comparison between our study site with other studies in the
undisturbed mangrove forest (Kuala Selangor Nature Park)
also shows how human activity could influence its ability
to store carbon. The high percentage of soil carbon stock
compared to other locations such inland forest also
illuminates the fact that mangrove forest is also just
important as natural tropical forest and more study needs to
be done inside. The implementation of climate change
mitigation projects such as REDD+ is also highly required
to keep the current carbon stocks value inside the forest.
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And the information shown in this study can be used as
guideline for further conservation or any sustainable forest
management in Sulaman Lake Forest Reserve.

In conclusion, the total carbon stock in mangrove
forests at Sulaman Lake Forest Reserve, Sabah, Malaysia
was 441.72 Mg C Ha. The soils in the mangrove forest
are the major contributor to the total ecosystem carbon
stocks followed by the aboveground (living trees and dead
trees) and the belowground (roots).
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