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ABSTRACT: Mangroves can store carbon. However, it also produces carbon emissions by
degrading organic matter in mangrove sediments. This research was conducted in a mangrove
ecosystem at Waiheru, in the inner Ambon bay, to determine CO, and CH4 emissions and their
potential for global warming (GWP) from mangrove sediments. Gas is taken through a syringe
mounted on the hood. Gas concentration analysis used the gas chromatography method, while
the average gas concentration in each sediment was tested using ANOVA Single Factor. The
results showed that the average concentration of CO, gas was significantly different for each
sediment (P-value <0.05), while the average concentration of CH4 gas was not significantly
different (P-value >0.05). The largest CO, gas emission in mangrove sediments in Waiheru
Village was found in sandy mud sediments with an emission value of 136.99 mg.m2.h%, and the
lowest was in sand sediments, namely 13.01 mg.m2.h"X. Meanwhile, the largest emission of CHy4
gas was in silty sand sediments, namely 0.32 mg.m?2.h?, and the lowest was in sandy mud
sediments, namely 0.15 mg.m?.h, Fluctuations in carbon gas emissions in each sediment are
inversely proportional, which indicates that the formation of CH,4 gas is obtained through ethanol
reduction, which utilizes CO> gas concentrations. The total GWP in the mangrove sediments of
Waiheru Village is 231.58 mg.m2.h't. The GWP contributed by the type of sandy silt sediment
was 140.72 CO,-eq mg.m2.h"t, muddy sand was 70.95 mg.m=2.h*, and sand sediment was 19.91
COz-eq mg.m2, ht,

1. Introduction

Increased emissions of greenhouse gases can trigger global warming to cause climate change.
Climate change can impact various aspects of human life, such as agriculture (foodsecurity), health, and
fisheries [1, 2]. Various studies have found that climate change impacts rising sea surface temperatures,
sea level rise, rainfall, wind speed, lower seawater pH, seawater deoxygenation and heat waves [3].
These changes can decrease the benefits and ecological services of coastal marine, and freshwater
ecosystems [4]. Meanwhile, it is reported [5], [6], and [7] that coastal and marine ecological damage
due to climate change causes a decrease in fishery production and loss opeople's livelihoods.

Besides carbon dioxide (CO-) and methane (CH.) gases, another contributor to triggering climate
change is nitrous oxide (N20). N»O has the potential to affect the climate more than 298 times compared
to CO; [7], and microorganism activities in the soil form N-O through nitrification and denitrification
processes in aerobic and anaerobic conditions [8]. N2O increases significantly with increasing organic
material concentration entering the aquatic environment [9].

Greenhouse gases that have the largest atmospheric concentration and are the main contributors
to global warming are CO; and CH4 [9]. These gases are produced by human activities, such as
motorized vehicles, industrial, and burning fossil fuels, which causes accumulation of greenhouse gases
[8, 9, 10]. Apart from human activities, the accumulation of carbon gas in the atmosphere can also occur
naturally through the decomposition of litter produced by plant vegetation, including mangrove
ecosystems [11,13]. Mangrove ecosystems can store up to 295 Mg C.ha! of carbon in tree stands [13].
Meanwhile, [14] stated that the total carbon storage in mangrove ecosystems, namely tree stands and
substrates, reaches 1000 Mg C.ha* and is four times greater than other ecosystems.
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Besides storing and absorbing carbon, mangrove ecosystems also produce carbon gas emissions
through the degradation of litter [15]. Mangrove litter can come from fallen leaves or mangroves tha die
naturally [16]. Besides that, mangrove litter can also come from logging activities and the conversion
into ponds, settlements, and wharves [17, 18]. Mangrove litter mixes with organic waste produced by
anthropogenic activities and decomposes in mangrove sediments [12]. Moreover, [11] reported that the
substrate or sediment in the mangrove ecosystem consists of a substrate of sand, muddy sand, sandy silt,
and silt. Each type of substrate can be occupied by one or two dominant species, which are the
distinguishing features of other substrates [17].

Research on the global warming potential of carbon gas emissions from mangrove sediment in
Indonesia is minimal, especially in the mangrove ecosystem around the inner Ambon bay mangrove.
The mangrove ecosystem can be found in several locations along the inner Ambon bay's coastal area,
such as Passo, Negeri Lama, Nania, Poka, and Waiheru. Mangrove species in Waiheru coastal area
consist of six species, Bruguiera cylindrica, Rhizophora apiculata, Sonneratia alba, Ceriops tagal,
Avecenia alba, and Osbornia octodonta [18, 19]. These mangrove species can produce debris, mix it
with organic waste from anthropogenic activities, and decompose in mangrove sediments. The results
of the decomposition of organic matter that occurs in mangrove sediments produce carbon emissions
which have the potential for global warming. Therefore, this study aimed to analyze the potential for
global warming from carbon emissions from the mangrove ecosystem in Waiheru coastal area in Inner
Ambon Bay.

2. Materials and Methods

2.1. Description of research sites

This research was conducted in July 2022 in the mangrove ecosystem, the coastal area of Waiheru
village, inner Ambon Bay, Ambon (Fig. 1). In 2012, the density of mangroves in Waiheru coastal area
was 420 stands/ha for the tree category, and 2240 stands/ha for the saplings or saplings category [19].

MAP OF STUDY SITE
MANGROVE ECOSYSTEMS
IN THE WAIIERU VILEAGES

Figure 1. Map of the research site (x)

In general, the condition of the mangrove ecosystem in Waiheru coastal zone is influenced by the
input of runoff from the adjacent, which impacts the fluctuation of the water salinity. The habitat of the
mangrove ecosystem around the inner Ambon bay has a salinity ranging from 30 to 34.3 ppm [20].
However, during the rainy season, with the rainfall ranging from 292 — 330 mm/day, the salinity drops
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between 29 and 32 ppm. The dominant mangrove species in the study area are B. cylindrica, R.
apiculata, S. alba, C. tagal, A. alba, and Osbornia octodonta [18, 19], and silt and silty sand are the
dominant type of sediments [11, 12, 16, 17].

2.2. Gas collection

The gas carbon (CO, and CH.) was collected by placing a chamber (17L) under the mangrove
canopy on different substrates, such as muddy sand, sandy mud, and sand substrate. Gas was collected
from the chamber using a syringe and put into the 10 mL bottles (Figure 2). The time interval of gas
collection in each type of substrate was 30 seconds (0s, 30s, 60s, 90s, and 120s). The same method was
repeated twice in each type of substrate. All samples were kept in the box for further analysis in the
laboratory.

Figure 2. Gas trapped using a chamber

2.3. Samples Analysis

2.3.1. Carbon gas concentration

The concentration of CO, and CH. gas was analyzed using the gas chromatography method. In
the analysis of CO; gas concentration, 2 ml of gas flowed through a thermal conductivity detector (TCD)
for 5 minutes, which is done or three replication. Meanwhile, for CH4 gas analysis, 3 ml of gas flowed
through the flame ionization detector (FID) for 2 minutes with three replication (Fig. 3). The
measurement of carbon gas concentrations was carried out at the Laboratory of the Agricultural
Environmental Research Institute, Pati Regency — Central Java.

Figure 3. Measurement of carbon concentration using GC-MS; a.) 2-3ml carbon was taken from the
bottle using injection b) the measurement of carbon using GC-MS.
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2.3.2. Emission of carbon gases

The emission of carbon gases was calculated using the formula [14]:

_ | SxVxtxmW

F=| (RT* A) |

Where: F=flux of CO, and CH4 (mg.m2.h'), S=regression slope of carbon gas concentration every 30 seconds
(ppm.sY), V=chamber volume (L), A=total area covered by chambers (m?), R= constanta of ideal gas (0.082
L.atm.K1.mol?), T = temperature chamber or air temperature (K), t= Constanta of time transformation (1
hour/time interval of sampling time of gas), and mW = relative atomic mass of CO,= 44 g.mol* and CH,= 16
g.mol?

2.3.3. Global Warming Potential (GWP) of carbon

The GWP of greenhouse gasses is equivalent to the radiation of CO, concentration in the
atmosphere [10]. GWP is equivalent to greenhouse gas radiation at 100 years [9]. The value of the GWP
of carbon was analyzed using the formula [9]:

Fe = Fm x GWP

Where: Fe -value of flux CO,-equivalent (mg.m=2.h1), which is equal to a value of global warming
potential, Fm=flux of CH, (mg.m-2.h't), GWP =value of global warming potential of carbon which was
converted from emission value per mol of CHs, equivalent to 25 times CO»-eq emission at 100 years.

2.4. Statistical Analysis
A single-factor ANOVA test was performed to test the difference in average carbon (CO- and
CH.) concentration from different types of mangrove sediment.

3. Result and Discussion

3.1. Carbon gas concentration

The concentration of CO; gas resulting from the activity of organic matter degradation in
mangrove sediments shows different results between those found in sandy mud, muddy sand, and sand
substrates. The average concentration of CO2 gas was 593 ppm in sandy mud sediments, 609.33 ppm in
muddy sand sediments, and 525.39 ppm in sand sediments (Fig. 4).
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Figure 4. CO; concentrations from different types of mangrove sediment at the coastal zone of Waiheru.
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Unlike CO; gas, the largest and smallest concentrations of CH4 gas are found in muddy sand
sediments and sand sediments, respectively. The value of CH4 gas concentration in each sediment is
1.83 ppm for sandy mud sediment, 2.05 for muddy sand sediment, and 1.81 for sand sediment (Fig. 5).
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Figure 5. CH,4 concentrations from different types of mangrove sediment at the coastal zone of Waiheru.

Differences in concentrations of CO; and CH, gases in mangrove sediments indicate differences
in organic matter content in each mangrove sediment [9, 13]. High organic matter content requires a
longer decomposition process, so oxygen availability will not support the decomposition process. As a
result, the decomposition process runs anaerobically and triggers increased CO, concentrations from the
reduction of acetic, propionic, and lactic acids present in mangrove debris [11]. The formation of CH,
gas occurs through a methanogenic process due to the accumulation of organic matter that is not
proportional to the availability of oxygen in mangrove sediments.

The results of the variance test analysis (ANOVA single factor) showed that the average CO; gas
concentration in the three sediments was significantly different from the F-value (4.02) > the
critical F (3.35) (Table 1). It shows that the mean concentration of CO, gas resulting from the
degradation of organic matter in each sediment is different. Significant differences in average CO, gas
concentrations were also seen in the variance test between sandy mud and sand (F-value > F critical =
45819 > 4.4139) and between muddy sand and sand (F-value > F critical = 4.8379 > 4.4139).
Meanwhile, the average concentration of CO; gas between sandy mud and muddy sand did not differ
significantly or the same (F-value < F critical = 0.2564 < 4.4139) (Table 1).

In contrast to CO; gas, the average CH4 gas concentration was not significantly different between
all sediments where P-yaiies < 0.05 (Table 1). It shows that the process of forming CH4 gas in all types
of sediments takes place through the ethanol reduction process, not solely through the methanogenic
process [22].

Table 1. Analysis of variance of CO, and CH. gas concentrations in several types of mangrove sediments
in the coastal of Waiheru, inner Ambon Bay - Ambon

Gases Sediment F-value F-critical P-values

CO; Sandy mud: Muddy Sand: Sand 4.02132 3.3541 >0.05
(n=10-30) Sandy mud: Muddy Sand 0.2564° 4.4139 <0.05
Sandy mud: Sand 458192 4.4139 >0.05

Muddy sand: Sand 4.83792 4.4139 >0.05

CH. Sandy mud: Muddy sand: Sand 1.44092 3.3541 <0.05
(n=10-30) Sandy mud: Muddy sand 1.40192 4.4139 <0.05
Sandy mud: Sand 0.08512 4.4139 <0.05

Muddy sand: Sand 1.75792 4.4139 <0.05

Remarks: a is significantly different, and b is not significantly different at the 0.05 significant values
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3.2. CO; emission

Although the largest average concentration of CO; gas is found in muddy sand sediments, the
most significant CO, emission is found in sandy mud sediments with an emission value of 136.99 mg.m-
2,h1. The lowest CO, emission was found in sand sediments, which was 13.01 mg.m-2.h'* (Fig. 6). This
difference is caused by fluctuations in CO; gas concentrations at each gas sampling interval of 30
seconds. This study's results align with reports [9] and [13], which state that CO, gas emissions in mud
or sandy mud sediment types are more significant than in muddy sand and sand sediment types. This
emission value is higher than the average total CO2 gas emission found in the West Muna mangrove
ecosystem, which ranges from 16.44 — 38.28 mg.m2.h! [13], and lower when compared to CO,
emissions. in the Tallo River - Makassar mangrove ecosystem, with CO; gas emission values ranging
from 194.33 mg.m=2.h" [10].

140.00

136.99

63.03

0.00 13.01

Sandy mud Muddy sand Sand

Sediments

Figure 6. CO, emission at the different types of mangrove sediment in the study area

Differences in sediments show differences in total soil carbon, bulk density, and salinity [24]. B.
cylindrica species live on muddy substrates, so that mangrove litter degradation can occur faster than in
sandy sediment types [24, 25]. In addition, the value of CO2 emissions is generally influenced by the
frequency and duration of rain during the observation. The influence of the frequency and duration of
the rain causes the decomposition process of organic matter to be faster, thus triggering an increase in
CO; emissions.

CO; emissions in mangrove ecosystems are generally influenced by two factors, namely internal
and external. Internal factors such as temperature and salinity affect the rate of acidogenic reactions in
the litter decomposition process and the formation of CO2 gas [13, 22]. External factors are the input of
organic and fresh waste, which increases the amount of organic matter that must be decomposed, thereby
increasing the production of CO; gas [13, 25, 27, 28].

Seasons also spatially and temporally influence CO,gas emissions in mangrove ecosystems. The
length of sunlight in summer causes an increase in water temperature which triggers the rate of
microorganism activity in the reaction to form CO, gas [21, 29]. The same goes for the duration and
frequency of heavy rains. The degradation process of organic matter and mangrove debris becomes
faster during the rainy season because it can reduce the water salinity between 25 and 28 ppm in the
mangrove ecosystem to an optimal value for the process of litter degradation [13].

3.3. Gas CH4 emission

Muddy sand sediments contributed the most significant CH4 emission (0.32 mg.m=2.h1), while the
lowest CH4 gas emission was in sandy mud sediments, 0.15 mg.m=2.h! (Fig. 7) . The value of CH4 gas
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emissions is higher than gas emissions in mangrove sediments in North India reported by [29], with CH,4
gas emission values of 0.0003 — 0.0004 mg.m=2.h1. However, it is much lower than the average emission
in mangrove sediments in the Tallo - Makassar River, which is 6.68 mg.m=2.h! [12]. The difference in
fluctuations in CO, and CH. gas emissions in each sediment (Fig. 8) shows that decomposing glucose
to form CO,, a further reaction occurs, namely the formation of CH,4 gas by utilizing CO; gas [10,11].
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Figure 7. CH4 gas emissions on several types of mangrove sediments in the coastal of Waiheru.
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Figure 8. Comparison of fluctuations in CO, and CH4 gas emissions in different types of mangrove
sediments in the coastal of Waiheru.

CH4 gas has not been optimally produced in methanogenic processes. Most of the CH4 gas
formation resulted from the reduction of CO,. However, the input of organic matter from human
activities can trigger a reduction in oxygen for aerobic waste decomposition so that a methanogenic
anaerobic reaction will occur to form more significant CH, gas [10].

Internal and external factors generally influence CH4 emissions in mangrove ecosystems. Internal
factors such as temperature and salinity affect the rate of acidogenic reactions and methanogenic in the
litter and organic matter decomposition, and CH. gas formation [30, 31]. External factors are the input
of organic and fresh waste, which increases the amount of organic matter that must be decomposed,
thereby increasing the production of CH4 gas [25, 27]. Increased nutrients and organic matter in
mangrove ecosystem areas can be influenced by anthropogenic activities [29]. Organic matter
accumulated in mangrove sediments can increase the amount of total organic carbon, which is a
significant factor in the formation of methane gas in mangrove ecosystem areas [30].
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3.4 Global Warming Potential

Carbon gas is the main contributor that can trigger climate change [8]. Several factors, such as
fossil burning, fuel use, forest conversion, and the degradation of organic waste, trigger the increase in
carbon gas in the atmosphere. The carbon gas concentration also increases due to natural processes such
as litter degradation in mangrove sediments [30].

The GWP in the mangrove sediments of the Waiheru coastal area is 231.58 mg.m2.ht. The
highest contributed by the sandy mud sediment type (140.72 CO,-eq mg.m2.h?). and sand sediments
contributed the lowest ( 19.91 COz-eq mg.m2.h1) (Table 2).

Table 2. The GWP of carbon produced from different types of mangrove sediment in Waiheru coastal
area

Sediments Carbon emission (mg.m2.hr?) GWP (mg.m=.h?
CO; CHs CO2-eq

Muddy sand 136.99 0.15 140.72

Sandy mud 63.03 0.32 70.95

Sand 13.01 0.28 19.91

Total 213.04 0.74 231.58

The total GWP value is lower than the GWP value of mangroves in Honda Bay - Philippines,
namely 8606.88 mg.m=2.h-* [31] and mangrove ecosystems in Twin Bays - Central Belize with GWP
values ranging from 332.63 - 1203, 84 CO,-eq mg.m=2.h! [28], and the GWP of the mangroves of the
Tallo — Makassar river is 346.71 mg.m2.h"1 [10]. The GWP value of the mangrove sediments of Waiheru
coastal area is greater than the GWP in the coastal mangrove ecosystem of the Northeast Bay of Bengal
- India, with CO.-eq values ranging from 0.03 to 2.06 mg.m2.h-* [33].

4, Conclusion

The average CO; gas concentration was significantly different for each sediment (P-value < 0.05),
while the average CH4 gas concentration was not significantly different (P-value > 0.05). The largest
CO; gas emission in mangrove sediments in Waiheru coastal area was found in sandy mud sediments
with an emission value of 136.99 mg.m2.h-%, and the lowest was in sand sediments, namely 13.01 mg.m-
2.h'l. Meanwhile, the largest emission of CH,4 gas was in muddy sand sediments, namely 0.32 mg.m2.h-
1 and the lowest was in sandy mud sediments, namely 0.15 mg.m=2.h"t. Fluctuations in carbon gas
emissions in each sediment are inversely proportional, which indicates that the formation of CH4 gas is
obtained through ethanol reduction, which utilizes CO, gas concentrations. The total GWP in the
mangrove sediments of Waiheru Village is 231.58 mg.m2.h"t. The GWP contributed by the type of
sandy silt sediment was 140.72 CO2-eq mg.m-2.h-1, muddy sand was 70.95 mg.m?2.h*, and sand
sediment was 19.91 COz-eq mg.m=2.h2,
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