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Abstract: Mangroves in Tien Yen Bay, Quang Ninh province are considered typical 

mangrove ecosystems in Northern Vietnam. Mangroves play a significant role in carbon 

storage, and mangrove sediment is the largest carbon pool in this ecosystem. The present 

study aims to determine the role of the carbon source from mangroves to provide the organic 

matter in intertidal sediments by the stable isotopes approach. The ŭ13C of sediments ranged 

from ï27.36 ± 0.28ă in mangrove forest (RNM) to ï26.28 ± 0.05ă in the tidal flat with 

seagrass (SG1). Stable isotope mixing model results showed that mangrove materials are an 

important source of sedimentary organic carbon (OC), providing 64.6 ± 14.9%, 38.4 ± 

14.9%, 39.8 ± 15%, and 48.8 ± 14.9% for the site RNM, SG1, SG2, and SG3, respectively. 

The second OC source in mangrove sediment is suspended particulate organic matter 

(POM). The POM in this area includes fine mangrove materials, which are exchanged with 

coastal waters through the tidal dynamics. The present results suggested that mangroves are 

important in accumulating organic carbon and fineïgrained sediments in the Tien Yen Bay, 

contributing important values to climate change mitigation and maintaining biodiversity in 

this area. 
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1. Introduction  

Mangrove forests play an important role in preventing climate change, natural disasters, 
catastrophes such as storms, floods, coastal erosion, saline intrusion, etc. [1ï2]. They also 
provide critical ecological functions and services such as nursing habitat, feeding zone, 
breeding grounds for aquatic species, waterbirds, migratory birds, and providing high 
economic benefits for humans [3ï5]. Recently, mangrove forests have been degraded 
globally due to human activities such as aquaculture, urbanization, industry, and agriculture 
[6ï7]. The Kyoto Protocol (1997) and the Paris Agreement on Climate Change (2016) were 
signed by 191 members of the United Nations Framework Convention on Climate Change to 
reduce greenhouse gas emissions. These agreements are the legal basis for implementing 
greenhouse gas reductions through various solutions and mechanisms such as the Clean 
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Development Mechanism (CDM) and the Greenhouse Gas Emission Reduction Initiative. 
The Reducing Emissions from Deforestation and Forest Degradation program (REDD+) 
plays essential roles in reducing deforestation and forest degradation, enhancing 
conservation, sustainable management of forests, and maintaining forest carbon stocks [8ï
9]. Mangroves are considered a rich carbon pool in coastal areas, with higher carbon storage 
than other forests on Earth [10ï11]. Currently, the total global area of mangroves is 139170 
km2, from which mangroves accumulate about 6.5 billion tons of carbon, equivalent to 24 
billion tons of potential CO2 gas [12]. 

The largest C stock of mangrove forests is sedimentary organic carbon, which have 
trapped CO2 for thousands of years [10, 13ï15]. Thus, carbon accumulation in mangrove 
sediments plays a vital role in the global carbon cycle and reduces Greenhouse gas. In 
Vietnam, mangrove forests are also large carbon sinks in coastal areas and can store more 
than 900 tons of C/ha [14, 16, 17]. In mangrove research, the stable isotope carbon (ŭ13C) is 
applied to trace organic carbon sources for animals and deposited sediments [18]. Study 
results from the Red River Delta and Thanh Hoa province highlighted that mangrove 
materials are important carbon sources in mangrove sediments [19ï20]. Therefore, 
understanding the roles of mangroves on carbon accumulation in the sediment will provide 
valuable information for conserving and coastal ecosystems and climate change mitigation. 
In the present study, we hypothesize that the mangrove materials are the primary sources of 
organic carbon accumulation in mangrove sediments and adjacent habitats in Tien Yen Bay, 
Northern Vietnam. We investigated the transect analysis of sediment grain size, total organic 
carbon (TOC), total Nitrogen (TN) and ŭ13C values of sediment samples through a natural 
mangrove forest to seagrass beds to examine the roles of mangrove forest in organic carbon 
accumulation and to determine the sources of organic carbon in sediments. 

2. Materials and Methods  

2.1. Study site 

The study was conducted in the Hai Lang and Dong Rui communes, Tien Yen District, 
Quang Ninh province. Sampling sites are located between the Voi Lon and the Ba Che 
Rivers, with natural mangrove forests and seagrass bed growth in the tidal flat along the 
coastline. Tien Yen Bay is a large semi-closed Bay in the Northeast of Quang Ninh Province 
[21], which has a high biodiversity with specific ecosystems such as mangroves, seagrass 
beds and estuaries. Recently, the wetlands in Hai Lang have been converted into cultivated 
land and aquaculture, causing the degradation of coastal ecosystems. Human activities such 
as exploiting marine resources, farming, sea transportation, seafood harvesting strongly 
affected the environment and ecosystem in this area. The mangrove forest in Hai Lang 
commune covered 770.81 ha, which is considered a typical mangrove ecosystem in Northern 
Vietnam. The mangroves have good forest quality, dominated by Kandelia obovata, 
Avicennia marina, Aegiceras corniculatum, and Bruguiera gymnorrhiza and Rhizophora 
stylosa [21]. Mangrove forests in this area are rich in biodiversity with highïvalue seafood 
products such as peanut worms, octopus, flower crabs, and penaeid shrimps. However, the 
mangrove forest ecosystem in the study area has been degraded due to the less sustainable 
exploitation activities. The remaining forest area is still under threat of destruction and 
degradation due to infrastructure and economic development impacts. 

2.2. Field Sampling 

Sediment samples were collected following three transects from mangrove forest to 
seagrass beds in Hai LangïDong Rui tidal flat, Tien Yen Bay, Quang Ninh (Figure 1). Four 
sediment samples were collected at each transect by a stainless-steel spatula in the low tide 
and kept in polyethylene bags. Samples were stored in a cool box with ice immediately then 
transported to the laboratory for further analysis. We also recorded additional information of 
dominant vegetation and sediment characteristics in each sampling site. The seagrass species 
Halophila ovalis and Halophila beccarii are distributed in tidal mudflat (SG1, SG2, SG3) 
adjacent to mangrove forest (RNM). Total 12 sediment samples were collected for analysis, 
with 09 samples in seagrass beds and 03 samples in mangrove forests. SG 01 is the sampling 
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zone with a distance of 300 m from the mangrove forest, SG 02 is located between the estuary 
and mangrove forests, SG 03 is adjacent to the mangrove forest, and the RNM zone is inside 
mangrove forests. The distance between each transect was approximately 200 m in length. 

 

Figure 1. Map of the study area and sampling location. 

2.3. Sediment grain size and organic matter content analysis 

For sediment grain size analysis, approximately 1g of wet sediment sample was weighed 
and transferred to ceramic cups, then removed all visible root debris, shells, organic litter 
with a stainless steel clamp. Then 10% H2O2 solution was added to remove organic matter in 
sediment, and H2O2 solution was added to samples until no air bubbles existed. The 
remaining sample was put in the electric oven to remove the residual H2O2 and distilled water 
was added during the H2O2 removal process to ensure the sample was not dried. The laser 
particle analysis Horiba LA950 was used to determine sediment grain size, ranging from 0.01 
to 3000 ɛm. Each sediment sample was analyzed repeatedly three times with a relative error 
<10%.  

The organic matter (OM) content in sediment was measured by loss on ignition methods. 
Approximately ten cubic centimeters of fresh sediment samples were also collected to 
determine bulk sediment density. Fresh sediment samples were dried at 60°C in an electric 
oven until constant weight for bulk density measurement. Then, the dried samples were 


