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Abstract 

 
Mangroves play an essential ecological roles, such as providing habitats for various organisms and contributing to reducing 

CO2 emissions from human activities. These emissions are one of the main causes of global warming and climate change. This 

study aims to analyze the litter production rate and carbon content of mangrove litter in Sungai Nibung Village, Kubu Raya 

Regency, West Kalimantan. Sampling of mangrove litter was conducted for 14 days using a 1x1 m2 litter trap with a mesh size 

of 0.2 cm. The litter traps have been placed in 9 stations. Litter samples were collected on the 7th and 14th days, including parts 

of mangroves (leaves, twigs, flowers, and fruits) that naturally fell. Result of the study showed the total litter production rate 

ranged from 4.95 to 30.07 tons/ha/year, and the findings reveal a clear hierarchy in litter production with the composition 

being leaves > twigs > propagules/fruits > flowers. Leaves litter production rate is notably high, followed by twigs which 

represent the second-largest portion, then fruits, and flowers. Meanwhile, the total carbon content varied across sampling 

station, accounting for 2.30–23.59 tons/ha/year. This research provides essential baseline data for Sungai Nibung Village and 

highlights the potential of mangroves as significant carbon sinks. The results can be utilized for ecosystem-based coastal 

management and mangrove restoration aligned with regional environmental policies. 
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INTRODUCTION 

 

Sungai Nibung Village, located in Kubu Raya Regency, West Kalimantan, covers an area of 

approximately 75.33 km² (BPS Kubu Raya Regency, 2023). Recognizing its ecological importance, the 

village has been designated as one of West Kalimantan’s conservation areas under Regional 

Regulation No. 1 of 2019 and the Minister of Marine Affairs and Fisheries Decree No. 92/Kepmen-

KP/2020. Among the key conservation priorities in this region is the mangrove ecosystem, which spans 

±3,058 ha and plays a critical role in maintaining coastal stability, supporting biodiversity, and 

contributing to global carbon sequestration. Previous studies have documented 18 mangrove 

species thriving in the area, with dominant genera including Avicennia, Rhizophora, Bruguiera, 

Sonneratia, and Nypa (Safitri et al., 2024). 

 

Mangrove forests play a crucial ecological role in maintaining the stability and resilience of 

coastal ecosystems. These unique intertidal forests serve as natural buffers, protecting shorelines from 

erosion, storm surges, habitat for marine and terrestrial fauna, and rising sea levels (van Hespen et al., 

2023) underscoring the significance of conservation and sustainable management efforts in Sungai 

Nibung Village. One of their most significant functions is acting as a highly efficient carbon sink 

(Choudhary et al., 2024), which helps mitigate the impacts of global climate change. Due to their 

ability to sequester and store large amounts of carbon over long periods, mangrove ecosystems are 

recognized as an essential component of the global carbon cycle. Research has shown that 

mangrove forests can absorb up to three times more carbon compared to other forest types, making 

them one of the most effective ecosystems for carbon storage and climate regulation (Kauffman 

and Donato, 2012). This high carbon sequestration capacity is attributed to their rapid growth, high 

productivity, and ability to trap organic material in waterlogged soils, which slows down 
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decomposition and enhances long-term carbon storage. Mangroves absorb atmospheric CO₂ and 

convert it into carbohydrates and oxygen through the process of photosynthesis (Quitain, 2024). 

Studies indicate that mangrove forests can store up to 1,528.8 MgC/ha (Stankovic et al., 2023), 

reinforcing their role as a major carbon reservoir. The carbon captured is then stored in different 

components of the mangrove ecosystem, including living biomass (leaves, twigs, flowers, and fruits), 

sediment, and decomposing litter. 

 

Among these, mangrove litter generally contains lower carbon content than biomass and 

sediment. The composition of litter, which includes carbohydrates, water, and other minerals, 

significantly influences its carbon storage capacity. Mangrove species with higher lignin and 

cellulose concentrations tend to produce litter with a greater carbon content compared to species 

with softer tissue structures, which decompose more rapidly and release carbon back into the 

environment (Rajaras et al., 2023). A study by Islamiah et al. (2022) estimated that the average 

carbon production from mangrove litter is 4.09 tons/ha/year, with variations among species and 

environmental conditions. Specifically, Zone dominated by Avicennia, produces 2.40 tons/ha, while 

Zone with mainly Rhizophora contributes 5.66 tons/ha, and Zone dominated by Bruguiera generates 

4.23 tons/ha of carbon. These variations highlight the differences in litterfall production and 

decomposition rates across different mangrove species and habitats. 

 

Despite the high mangrove species diversity in the coastal ecosystem of Sungai Nibung Village, 

data on the estimated carbon stock in mangrove litter remains scarce. Mangrove litter, composed 

of leaves, twigs, flowers, and fruits, plays a fundamental role in the carbon cycle by acting as a 

temporary carbon reservoir before decomposing and contributing to nutrient cycling. However, 

there has been no specific research dedicated to analyzing the carbon content of mangrove litter 

in Sungai Nibung Village, leaving a significant gap in understanding the ecological dynamics of this 

region. Addressing this gap is essential for evaluating the role of mangrove litter in long-term carbon 

sequestration and improving conservation strategies. Given the importance of mangrove 

ecosystems in mitigating climate change and supporting biodiversity, this study aims to estimate the 

production rate and carbon content of mangrove litter in Tanggul River, Sungai Nibung Village, Kubu 

Raya Regency, West Kalimantan. 

 

MATERIAL AND METHODS 

 

This study was conducted from March 24 to April 7, 2024, in the mangrove area of Tanggul 

River, Sungai Nibung Village, West Kalimantan (Figure 1). Mangrove litter samples, including leaves, 

twigs, flowers, and fruits, were collected over 14 days (on the 7th and 14th days) at 8 sampling stations. 

 

Mangrove Litter Collection 

 

The sampling points were determined using the systematic sampling method, with stations 

placed 500 m apart. At each station, litter traps were installed to collect mangrove litter samples. The 

traps used were 1x1 m² in size with a mesh size of 0.2 cm, positioned 1.5 meters above the ground 

(Figure 2) to minimize the effects of tidal fluctuations. Over a 14-day period, litter samples were 

collected every 7 days. The collected mangrove litter samples were then transported to the 

laboratory for subsequent analysis. 

 

Treatment of Mangrove Litter Samples 

 

The litter samples, collected on days 7 and 14, were immediately weighed to determine their 

wet weight. Next, in the laboratory, the samples were then carefully wrapped in aluminum foil and 

placed in an oven set to a temperature range of 70–105°C for 24 hours to dry, until a constant weight 

was achieved, in accordance with SNI 7724:2019. The samples were dried until they reached a 

constant weight, ensuring that all moisture was removed. This drying process allowed for the 

accurate determination of their dry weight. Subsequently, the carbon content of the dried samples 

was quantified using the methodology described by Farhaby et al. (2023). 
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Figure 1. Sampling Location of Mangrove Litterfall and Its Carbon in Sungai Nibung Village, West 

Kalimantan 

 
 

Figure 2. Illustration of Mangrove Litter Collection (adopted from Farhaby et al., 2023) 

 

Data Analysis 

 

The rate of mangrove litter production can be calculated using the formula by Dali (2023): 

 

𝑋 =
𝑊

𝐴
 

where X is litter production over a specific time period (g/m²/day), W is dry weight of litter fallen in 

the litter trap (g), and A is area of the litter trap (1 m²). The organic material (BO) is calculated using 

the following formula: 

 

BO =
𝐵𝑘𝑠 𝑥 𝐵𝑏𝑡

𝐵𝑏𝑠
 

Where BO is weight of organic material (g), Bks is dry weight of the sample (g), Bbt is total wet weight 

(g), and Bbs is wet weight of the sample (g). The calculation of mangrove litter carbon content is 

performed using the following equation: 

 

C = BO x %Corg 
 

Where C is carbon concentration (g/m²/day), BO is organic material weight (g), and %Corg is 

percentage of carbon content (0.47). The data were then statistically analyzed using the Kruskal-

Wallis test with a 95% confidence level. 
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RESULTS AND DISCUSSION 

 

In the mangrove area of Tanggul River, leaves are the dominant component of the litter, 

ranging from 53.62 to 93.06% across all sampling stations, with an average of 77.75%. The percentage 

of litter components was followed by twigs (4.13-42.80%), flowers (1.21-45.17%), and fruits (1.21-

17.62%) (Table 1). This pattern is consistent with several studies that reported leaves as the main 

component of litter production in mangrove ecosystems (Rafael and Calumpong, 2018; Dali et al., 

2023). Purnobasuki et al. (2022) reported that leaves accounted for 76.26–78.53% of the mangrove 

litter in Surabaya East Coast, followed by twigs (9.43-13.27%) and reproductive parts such as flowers 

and fruits (8.20-14.31%). Similar results have been observed in various mangrove ecosystems across 

Indonesia, where leaves are consistently the dominant litter component (Pradisty et al., 2022; 

Khoirunisa et al., 2022; Rumondang et al., 2023; Selviani et al., 2024). 

 

 

In general, the litter production for mangrove forests is estimated to range from 1-20.30 

tons/ha/year (Rafael and Calumpong, 2018). The litter production observed in this study is higher 

compared to previous study in the mangrove areas of Mendalok Village (24.08 tons/ha/year) 

(Islamiah et al., 2022) and Setapuk Besar Village (3.35–27.04 tons/ha/year) (Darwati and Destina, 

2022). Several factors can influence litter production, including the composition and density of 

mangrove species (Ahmed and Kamruzzaman, 2021), air temperature, wind speed, rainfall, salinity 

levels, freshwater input (Souza et al., 2019; Pradisty et al., 2022; Dali et al., 2023), and geographic 

location (Clough et al., 2000). 

 

According to data from the Meteorology, Climatology, and Geophysics Agency of West 

Kalimantan (2024), the air temperature at the study site during data collection ranged from 30.6 to 

31.5°C, belonged to the rainy season. Temperature is considered as a key factor influencing 

mangrove litter production. During dry season, high temperatures and low rainfall lead to reduced 

litter fall, due to the tree being water-stressed, which limits the number of leaves drop. Conversely, in 

the rainy season, high rainfall and humidity encourage higher litter production (Sukardjo et al., 2013). 

Conversely, during the rainy season, increased rainfall and humidity encourage higher litter 

production, due to an increase in physiological processes in mangrove plant (Sukardjo et al., 2013). 

At the study site, the average daily rainfall was relatively high at 15.86 mm/day during data collection 

(BMKG West Kalimantan, 2024), suggesting that precipitation may have played a significant role in 

increasing mangrove litter production in Sungai Nibung Village. This is supported by findings from 

Teutli-Hernández et al. (2024), who reported that rainfall significantly influences mangrove litter 

production, with the highest litterfall occurring during high rainfall. Although rainfall and wind speed 

are important environmental drivers of litterfall, their relationship with litter production is often 

complex and influenced by multiple interacting factors. Salinity fluctuations, sunlight intensity, soil 

nutrient composition, tidal inundation frequency, and mangrove species composition and density, 

also contribute significantly to variations in litter production (Dewiyanti et al., 2021; Torres et al., 2022). 

 

Wind speed plays a crucial role in influencing the rate of mangrove litter production. Strong 

winds can increase the amount of fallen litter by causing mechanical damage to the mangrove 

canopy (Sukardjo, 2014). During the study periods, meteorological data from BMKG recorded an  

 

Table 1. Percentage of Mangrove Litter in Tanggul River, Sungai Nibung Village 

 

Litter 

Component 
Mangrove Litter Percentage (%) 

I II III IV V VI VII VIII 

Leaves  90,09 93,06 79,27 92,53 53,62 88,08 68,18 57,20 

Twigs 4,13 0 6,56 0 0 10,14 14,20 42,80 

Flowers 5,78 2,83 1,46 1,21 45,17 0 0 0 

Fruits 0 4,11 12,71 6,26 1,21 1,78 17,62 0 
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average wind speed of 0.97 m/s. While this wind speed is relatively low and unlikely to cause 

significant mechanical damage, it can still contribute to the detachment of senescent or weakened 

plant parts, particularly leaves, which may have already reached the final stages of their life cycle. 

Salinity also plays a significant role in regulating mangrove litter production. Field measurements in 

the mangrove area of Tanggul River, showed salinity levels ranging from 10 to 13 ppt. High salinity 

increases osmotic pressure on mangrove trees, affecting their photosynthetic capacity and inhibiting 

growth, which can lead to a reduction in litter production. In contrast, lower salinity levels generally 

promote optimal mangrove growth, resulting in higher litterfall. Water availability is another key factor 

influencing plant physiology, including growth, metabolism, and biomass productivity. Research by 

Milovančević et al. (2024) reported that water deficiency reduces plant height, leaf area, and root 

length. In mangrove ecosystems, an adequate water supply supports photosynthesis and biomass 

formation, leading to increased litter accumulation. Conversely, during the dry season, limited water 

availability can cause physiological stress, restricting biomass growth and reducing litter production. 

 

The total litter production varied across sampling stations, ranging from 4.95 to 30.07 

tons/ha/year (Figure 3). Among all stations, station III recorded the highest litter production rate, while 

station VIII had the lowest. This variation is likely influenced by differences in species composition and 

mangrove density at each location. Stations I to VII were dominated by Rhizophora, known for their 

high stand density (Manurung, In Press), which significantly contributed to the higher litter production 

rates. Islamiah et al. (2022) found that mangrove forests dominated by Rhizophora had a higher litter 

production rate (11.10 tons/ha/year) compared to Bruguiera (8.28 tons/ha/year) and Avicennia 

(4.71 tons/ha/year). Similarly, Selviani et al. (2024) reported that Rhizophora mucronata produced 

litter up to 69.62 tons/ha/year, while Khoirunisa et al. (2022) found that R. stylosa and R. apiculata 

had production rates of 25.81 tons/ha/year and 20.73 tons/ha/year, respectively. Several factors 

contribute to the higher litter production in Rhizophora-dominated areas. One key factor is their 

dense canopy structure and large leaf biomass, which leads to a higher rate of leaf removal (Hilyana 

and Rahman, 2022). The physiological characteristics of Rhizophora species, including their leaf 

morphology, also influence litter production rates. Studies have shown that larger and thicker leaves, 

as found in Rhizophora species (Putri and Bashri, 2023), enhance photosynthetic efficiency by 

capturing more sunlight. This increased photosynthetic activity supports greater biomass 

accumulation, ultimately leading to higher litterfall. Moreover, the structural properties of Rhizophora 

leaves make them more susceptible to environmental factors such as wind and rainfall. Andrianto et 

al. (2015) and Mulya and Arlen (2018) reported that R. apiculata and R. mucronata exhibit high litter 

production due to their larger leaf size, which makes them prone to mechanical damage, 

accelerating leaf abscission. During periods of strong winds or heavy rainfall, these species tend to 

experience more rapid leaf shedding, further increasing their contribution to litterfall. Additionally, 

Rhizophora species have relatively high photosynthetic capacity (Chen et al., 2022; Pascoalini et al., 

2022). Efficient photosynthesis enables greater carbohydrate and energy production, which supports 

plant growth and the development of various tissues, including leaves, twigs, flowers, and fruits 

(Menzel, 2005). 

 

Station VIII recorded the lowest litter production rate at 4.9 tons/ha/year, which is considered 

closely linked to the dominance of Excoecaria agallocha in this area. This species is reported to have 

low growth rates (Kader and Sinha, 2022; Chowdhury et al., 2023), less number of branches, and tend 

to have lower photosynthetic ability (Dasgupta et al., 2011), all of which contribute to reduced 

biomass production. Additionally, E. agallocha has leaves with a longer lifespan (Basyuni et al., 2018), 

leading to a lower frequency of leaf turnover, resulting in lower litter production rates. Beyond species 

characteristics, structural attributes of the mangrove stand also influence litter production. Tree 

diameter and height are significant factors affecting litterfall dynamics (Dali et al., 2023). Moreover, 

mangrove density plays a crucial role in determining the quantity of litter produced. Areas with higher 

tree density typically exhibit greater litterfall due to increased leaf shedding and biomass turnover 

(Widhitama et al., 2016; Dali et al., 2023). Study conducted by Mulya and Arlen (2018) in the Karang 

Gading mangrove area, sites with high mangrove density (1,200 ind/ha) recorded a litter production 

rate of 0.035 g/ha/day, whereas locations with lower density (766.67 ind/ha) had a significantly lower 

rate of 0.029 g/ha/day. 
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Figure 3. Total Mangrove Litter Production in Tanggul River, Sungai Nibung Village 
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Figure 4. Litter Production of Each Mangrove Part in Tanggul River, Sungai Nibung Village 
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The findings of the study reveal a clear hierarchy in litter production, with leaves > twigs > 

propagules/fruits > flowers. The rate of leaf litter production is notably high, ranging from 3.06 to 24.01 

tons/ha/year, followed by twigs (0.79-2.55 tons/ha/year) represent the second-largest portion, while 

fruits account for 0.21-3.67 tons/ha/year, and flowers contribute between 0.09-0.75 tons/ha/year 

(Figure 4). Leaves are highly exposed to environmental factors such as to wind, rain, and sunlight as 

they have a large surface area. This exposure significantly accelerates the leaf shedding process, 

resulting in higher shedding rates (Lenz et al., 2021). Compared to the stem or roots, leaves have a 

generally accelerated life cycle. Leaves are regularly shed and replaced with new leaves to optimize 

photosynthesis (Russo and Kitajima, 2016; Tanaka et al., 2018). Leaves are also often shed due to age, 

environmental stress, and external disturbances such as rainfall and wind speed. In comparison, 

flowers are the part that has the lowest litter production rate with an average value of 0.34 

tons/ha/year. This is largely due to their relatively small size, shorter lifespan, and limited number. In 

addition, flower production normally occurs within a certain period associated with the reproductive 

phase of the plant, making its contribution to total litter smaller than other plant parts that are present 

throughout the year, such as leaves and twigs. 

 

Carbon content in plants provides valuable insight into how efficiently a plant can absorb 

CO2 from the atmosphere. A portion of this carbon is utilized for energy in various physiological 

processes, while the remaining carbon is incorporated into the plant’s structure, contributing to 

growth and development (Heriyanto and Subiandono, 2012). Mangrove forests are particularly 

significant in terms of carbon storage, both in biomass and in litter. The findings from this study about 

organic carbon content in mangrove litter in Tanggul River, Sungai Nibung Village, showed values 

ranging from 0.04-13.16 tons/ha/year. The data were non-homogeneous and not normally 

distributed, therefore the Kruskal-Wallis test was used. The results of the Kruskal-Wallis test on 

mangrove litter carbon content show an Asymp. Sig. value of 0.00 (< 0.05), indicating a significant 

difference in carbon content among the litter components (Table 2). The results are notably higher 

compared to a similar study conducted in Mendalok Village West Kalimantan, where the organic 

carbon content of mangrove litter was found to be 12.29 tons/ha/year (Islamiah et al., 2022). 

Globally, mangrove forests are recognized as one of the most efficient carbon sinks, with an average 

carbon storage capacity of approximately 885 tonsC/ha/year. In Indonesia, where mangrove 

ecosystems are extensive, they have the potential to store around 950.5 tonsC/ha/year (Alongi et 

al., 2016). 

 

In this study, the lowest total organic carbon content in mangrove litter was found at station 

VIII (2.30 tons/ha/year), while the highest value was recorded at station VII (23.59 tons/ha/year). This 

difference can primarily be attributed to variations in the dominant litter types at each station. At 

station VII, the high carbon content was largely driven by branch litter, which generally has a higher 

carbon storage capacity compared to leaf litter. Branches are more complex and denser in 

structure, composed of woody tissue that contains higher concentrations of lignin, cellulose, and 

hemicellulose (Yang et al., 2007) compared to leaves or fruits. Specifically, branches are made up of 

approximately 40-43% lignin, 15-20% cellulose, and 20-35% hemicellulose (Wang et al., 2024), all of 

which play important roles in carbon storage and decomposition. Additionally, branches tend to 

have a longer lifespan and decompose more slowly than other litter components. The 

decomposition of lignin and cellulose in branch litter is particularly slow, with 39.82-49.84% of the lignin 

and 15.77-21.34% of the cellulose remaining after the decomposition process (Wu et al., 2022). 

Furthermore, branch litter typically has a lower water content than leaf or fruit litter. When the water 

content in plant tissue is low, the proportion of organic compounds like lignin, cellulose, and 

hemicellulose increases, contributing to a higher organic carbon content. In contrast, while leaf litter 

has a higher rate of production, it tends to contain less organic carbon. Leaves contain numerous 

cell cavities filled with water and minerals to facilitate photosynthesis (Kusuma et al., 2022). This water-

filled space takes up a significant portion of the tissue volume, reducing the relative proportion of 

organic compounds and resulting in a lower concentration of carbon per unit of dry weight. 

Consequently, although leaf litter is produced in greater quantities, it is less efficient in terms of carbon 

storage compared to branch litter. 
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Table 2. Carbon Content of Mangrove Litter in Tanggul River, Sungai Nibung Village 

 

Litter 

Component 

Carbon Content of Mangrove Litter (ton/ha/year) 

I II III IV V VI VII VIII 

Leaves  8,27 6,57 11,28 10,77 4,88 4,82 13,16 1,43 

Fruits 0 0,23 1,72 0,58 4,89 0,13 6,79 0 

Twigs 0,37 0 0,97 0 0 0,48 3,64 0,87 

Flowers 0,35 0,19 0,15 0,04 0,07 0 0 0 

Total 8,99 6,98 14,13 11,39 9,84 5,43 23,59 2,30 

 

 

CONCLUSION 

 

The total litter production rate ranged from 4.95 to 30.07 tons/ha/year, and the findings reveal 

a clear hierarchy in litter production with the composition being leaves > twigs > propagules/fruits > 

flowers. Leaves litter production rate is notably high, followed by twigs which represent the second-

largest portion, then fruits, and flowers. Meanwhile, the total carbon content varied across sampling 

station, accounting for 2.30–23.59 tons/ha/year. This study provides baseline data for the Sungai 

Nibung area, highlighting the potential of mangroves as carbon sinks. These findings can be utilized 

for ecosystem-based coastal management and mangrove restoration efforts in alignment with local 

government policies. 
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