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Abstract 

Carbon stock estimation in tidal flats of Eastern Niger Delta, Nigeria was carried out. The study 

aimed at determining the sediment bulk density (SBD), organic carbon concentration (%C) and 

the organic carbon stock of sediments. A total of 312 sediment samples were collected from 24 

equally spaced sampling points at seven locations using a locally fabricated 1-m, open-

cylindrical gouge auger. The field measurement, laboratory tests, data analysis, presentation 

and interpretation followed the procedures outlined for the National Forest Carbon 

Measurement, Monitoring and Reporting. The lithologies are typical of mangroves which 

included peats and clays with pockets of sands. All the parameters significantly varied with 

depth and lithology. The values of SBD and %C varied between 0.95 and 1.97 g/cm3 (mean 

value of 1.30 g/cm3) and between 0.9 and 33.6 % (mean value of 12.50 %) respectively. Organic 

carbon stocks per hectare varied between 38.85 ± 15.18 and 3,245.76 ± 15.18 Mg C ha-1 (with 

mean value of 622.12 Mg C ha-1). The total carbon stock was summed up to 194,102.24 Mg C 

ha-1 (equivalent to 712,355.22 ± 53.57 Mg CO2 ha-1) and scaled to the entire study area to obtain 

at 921.50 ± 53.57 Gg C, equivalent to 3,096.57 ± 53.57 Gg CO2. This value is about 0.048 % 

of the total global mangrove carbon storage in sediments 
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1. Introduction 

Mangroves are defined as large and extensive tree types which grow in coastal sediments with 

ability to tolerate saline water and are usually found within the tropical and subtropical intertidal 

areas such as lagoons, creeks, bays and estuaries (Mitsch and Gosselink, 2007). This vegetation 

type which occurs at the land-sea transition zone occupies about half of the global coastal area 

but has a high production rate of organic carbon ranging from 92 Tg C y-1 to 280 Tg C y-1 and 

contributing about 15 % of the total carbon accumulation within marine sediments 

(Kusumaningtyas et al., 2019; Alongi, 2014; Bouillon et al., 2008; Jennerjahn and Ittekkot, 

2002; Twilley et al., 1992).  

The amount of carbon of carbon stored in any carbon pool say sediment is referred to as carbon 

stock. It is an estimate which tracks the changes in the amount of carbon resulting from land 

use and/or land cover change, and measured in mass per unit area (t ha-1 and Mg C ha-1, 

Kauffman and Donato, 2012). Carbon management strategy such as Reducing Emissions from 

Deforestation and Forest Degradation and Enhancing Forest Carbon Stocks in Developing 

Countries (REDD+) has made carbon stock estimation of mangroves of great interest especially 

due to mangroves’ potential for carbon sequestration (Sanderman et al., 2018; Alongi, 2012; 

Kauffman and Donato, 2012). Estimation of carbon stock is needed to determine the amount of 

carbon that are emitted and/or sequestered over time. 

Following a change in land use and/or land cover such as deforestation, conversion, 

degradation, afforestation, the entire belowground carbon pool of tidal wetland sediments may 

become susceptible to loss (Kauffman and Donato, 2012). The mangrove forests of Niger Delta 

are under threats and therefore require restoration, protection and conservation. Agreeably, 

Numbere (2018) and Nwobi et al., (2020) concurred that deforestation and degradation caused 

by oil and gas exploration/exploitation, developmental projects in coastal communities, 
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unregulated lumbering for construction and wood carving are some of the major threats to the 

mangrove forests in Niger Delta of Nigeria.  Consequently, water and soil are polluted, 

vegetation is altered while the amount of carbon stored in the tidal flats of the mangroves is 

released back to the atmosphere (Nwobi et al., 2020; Numbere, 2018). Consequent to the 

enormous values provided by mangrove forest especially carbon sequestration and storage, and 

the alarming threat to mangrove forest existence and survival, research to describe and quantify 

their carbon stock is necessary. In Niger Delta Nigeria, researches on carbon stock estimation 

have focussed on aboveground carbon pool. This study therefore assessed the carbon stock in 

belowground carbon pool (sediments collected from tidal flats). The objectives were to 

determine sediment bulk density, analyse spatial variation of organic carbon concentration and 

estimate the carbo stock of mangrove sediments. The finding would facilitate the effort of 

Nigeria’s government in prioritizing the mangrove forest of Niger Delta for management, 

expansion, restoration, protection and conservation. 

2. Study Area 

The study was carried in the tidal flat terrain of Kibani, Eastern Niger Delta in Nigeria, West 

Africa (Figure 1). The area which lies between Latitude 40 33’ to 40 35’N and Longitude 70 

16’ to 7017’E is located within the Mangrove Swamp Forest and bounded with the Atlantic 

Ocean in the south. It is characterized by a humid tropical climate of annual mean rainfall 

which peaked at 4000 mm during the rainy season of July to September. A break in rainfall 

amount commonly referred to as ‘August break’’ occurs around August. The monthly 

temperature varies from 260 C to 300 C (Asuk et al., 2018). The soils are commonly referred 

to as ‘Chikoko mud’ and contain dark grey sandy, clayey and muddy. The mangroves are 

the dominant vegetation types with the Rhizophora genus is very common (Asuk et al., 

2018). Exotic and invasive plant species (Nypa fruticans) are colonizing areas where 

deforestation and other forms of forest degradation are well-pronounced (Numbere, 2020; 
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Nwobi et al., 2020).  The Niger Delta region of Nigeria has an estimated surface area of 

112,110 km2 and has the largest mangrove cover in Africa and fourth largest in the world 

(Essen, 2020; Nwobi et al., 2020; Asuk et al., 2018; Taillardat et al., 2018; Numbere, 2018). 

In terms of geology, there are five major depositional belts within the Niger Delta basin 

namely Northern Delta, Greater Ughelli, Central Swamp, Coastal Swamp and Offshore 

(Obaje, 2009). They represent a successive phase of delta growth with bands of thick 

sediments bounded by faults. The thickness of the sediments in the Niger Delta basin has 

been estimated to be about 12,000 m (Evamy et al., 1978). These units of deposition are 

grouped into Benin Formation, Agbada Formation and Akata Formation (Short and Stauble, 

1967). They are now overlain by recent coastal sands and clays. There are three most striking 

structural features that have been identified in the basin. These structures include growth 

faults, rollover anticlines and shale diapirs (Obaje, 2009). Akata Formation as a basal marine 

shale unit deposited in prodelta environments. The formation consists of clays and shales 

with minor intercalation of sands which is usually less than 30 % in composition. Agbada 

Formation is a coastal marine sediment consisting of alternating sands and shales while the 

percentage of sand ranges from 30 % to 70 %. Benin Formation is the top layer of the 

depositional sequence with a very high percentage of sand which ranges from 70 % to 100 

% (Obaje, 2009). 
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Figure 1: The Map of the Study Area 

3. Materials and Methods 

A total of 312 samples of sediment was obtained from 24 sampling points at seven locations 

of the tidal flats labelled L1, L2, L3, L4, L5, L6 and L7 respectively. A 1-m open-cylindrical 

sediment sampler (gouge auger) specially designed for environmental research purposes, 

was locally fabricated and used in sample collection (Plate 1). Also used were three wooden 

core-boxes with six compartments, aluminium foils, nylon, measuring tape, spatula knife, a 

Global Positioning System (GPS), a digital camera, field notebook, datasheet, pen and pencil 

(Table 1). The field work lasted for three weeks. 

In the field, a rectangular plot of dimension 10 m by 5 m was mapped out at each location 

along the creek. Sampling points were established at the centre of the rectangular plot. The 

number of sampling points and the size of plot depended on the size of the tidal flat. At each 
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sampling point, an open-cylindrical gouge auger assembled together, litters removed from 

the ground surface while the auger was gently pushed into the ground until the top of the 

auger got to the level of the ground surface. The auger was pulled out and samples retrieved 

were measured with tape and split into 13 subsamples with varying depth intervals of 0-5 

cm, 5-10 cm, 10-15 cm, 15-20 cm, 20-25 cm, 25-30 cm, 30-40 cm, 40-50 cm, 50-60 cm, 60-

70 cm, 70-80 cm, 80-90 cm and 90-100 cm and sealed in aluminium foils and kept in core 

boxes. The samples were transported to the Engineering Geology Laboratory of the 

Department of Geology at University of Port Harcourt for analysis. The sampling date, 

coordinates, depth intervals, plot number and sample number/foil identification number were 

all recorded in the field notebook and later transferred to the field datasheet.  
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Plate 1: Sediment Sampling in the Field using Gouge Auger 

 

 

A gouge  
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Table 1: The Materials and Tools used in the Study 

Item Materials/Methods Equipment 

Sediment sampling Gouge auger, core 

boxes, 

  

Bulk density  BS 1377; Part 1: 

1990 

Cutter, spatula, 

weighing balance 

Organic carbon 

content 

Loss-On-Ignition 

(ASTM D 2974; 

2000) 

Lenton Furnace 

Modelling Software SPSS 

BS = British Standard, ASTM = American Standard for Testing Materials, SPSS = 

Statistical Package for the Social Sciences 

4. Data Analysis 

The three parameters required to estimate organic carbon stock are sediment depth interval, 

bulk density and organic carbon concentration (Winrock, 2016; USAID 2015; Kauffman and 

Donato, 2012; Pearson et al., 2007). The bulk density was determined using a standard 

density formula of mass by density. The dimensions of the mould (height, diameter and 

radius) were first determined and the volume of the mould calculated. Sediment bulk density 

was determined using equation 1. 

 

 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 13, Issue 12, December-2022                                                    420 
ISSN 2229-5518  
 

IJSER © 2022 

http://www.ijser.org 

𝑆𝐵𝐷 =
[mass of sample]

𝑣𝑜𝑙𝑢𝑚𝑒
                                                1  

(where SBD is Sediment bulk density) 

The organic matter content was determined using the loss-on-ignition (LOI), a semi-

quantitative method as described by Schumacher, 2002; ASTM, 2000; Nelson and Sommers, 

1996 in equation 2.  

[
𝐷s − 𝑀𝑖𝑔𝑛

𝐷𝑠
] ∗ 100%                                                2 

Where Ds is mass of dry sample, Mign is mass of ignition 

A conventional conversion factor of 0.58 was used to convert organic matter content to total 

organic carbon content as described by Paulsen, 2020; Kauffman and Donato, 2012; 

Schumacher, 2002; Nelson and Sommers, 1996 in equation 3 on the bases that organic matter 

contains 58% of organic carbon. 

%𝐶 = 𝐿𝑂𝐼 ∗ 0.58                                           3 

The organic carbon stocks of sediments were estimated for each depth interval per sampling 

point. This was done using equation 4vmodified after Diesing et al., (2020), Malunguja et 

al., (2020), Scheffold & Hense (2020), Shaltout et al., (2020), Eid et al., (2019), 

Kusumaningtyas et al., (2019), Almahasheer et al., (2017), Avelar et al., (2017), Diesing et 

al., (2017), Eid and Shaltout (2016), Kauffman and Donato (2012), Han et al., (2016), 

Meersmans et al., (2008) and Pearson et al., (2007). 

𝐶𝑎𝑟𝑏𝑜𝑛 𝑆𝑡𝑜𝑐𝑘 (𝑀𝑔 𝐶 ℎ𝑎−1) = 𝑆𝐵𝐷 ∗ %𝐶 ∗ 𝐷    4 

where Corg Stock = organic carbon stock in Mg ha-1, SBD = sediment bulk density in g cm-

3, %C = organic carbon concentration in % and D= sediment depth interval in cm 
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The total carbon stock of the study area was obtained from equation 5 modified from 

Scheffold and Hense (2020), Siraj (2019), Rumengan et al., (2018), Shunyang et al., (2018), 

Iticha, (2017), Kauffman and Donato (2012).  

Total Carbon Stock(Mg C) = Carbon Stock ∗ Project Area                                              5 

Statistical analysis: One-way analysis of variance (ANOVA) was used to determine the 

statistically significant variation between the dependent variables (bulk density, organic 

carbon concentration and carbon stock) and independent variable (sediment depth). The 

95-% confidence interval was determined from equation 6. 

95% 𝐶𝐼 = 1.96 ∗  
𝑆𝐷

√𝑛
                                                                                         6 

5. Result and Discussion 

Soil Description: The lithologies identified in the study area are typical of mangrove sediments 

and included peat, clay, peaty clay, clayey peat, sandy clay, clayey sand, peaty clayey sand, 

sandy peat and peaty sand. The sediment type played a significant role in the spatial distribution 

of organic carbon and together with bulk density, controlled the organic carbon stock in the 

study area. About 90.7 % of the lithologies are peaty layers whereas about 9.3 % are clayey 

layers. The peaty and clayey layers decrease with depth whereas sandy layer increase with 

increasing depth (Figure 2). 
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Figure 2: Identified Soils in the Study Area 

  Sediment Bulk Density (SBD): SBD values were highly affected by soil type. Sandy clay 

recorded the highest SBD value of 1.97 g cm-3 while peat recorded the lowest SBD value of 

0.95 g cm-3. Although the values of SBD seemed to increase with depth, lithology is the main 

control. This variation was reported by Donato et al., (2011).  

Generally, the SBD values increased significantly with depth except in some areas where 

lithological control is well-pronounced (p=0.00). The values were found to increase from 1.26 

g cm-3, 1.25 g cm-3 and 1.05 g cm-3 at 0-10 cm depth interval to 1.48 g cm-3, 1.65 g cm-3 and 

1.36 g cm-3 at 90-100 cm depth interval in L3, L4 and L5 respectively. The increase of SBD 

values with increasing depth is consistent with the findings of Trettin et al., (2021), Arshad et 

al., (2018) and Eid et al., (2016) whose works demonstrated that the values of SBD increased 

with increasing depth. Arshad et al., (2018) in a comparative analysis, found that the SBD 

values increased from 1.27 g cm-3 at a depth interval of 0-5 cm to 1.94 g cm-3 at a depth interval 

of 45-50 cm for a polluted mangrove site along the southern Red Sea coast of Saudi Arabia 

while the values increased from 1.19 g cm-3 at a depth of 0-5 cm to 1.83 g cm-3 at a depth of 
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45-50 cm for a non-polluted mangrove site. Eid et al., (2016) determined the SBD values at 

the Avicennia marina locations within the mangrove forest of Farasan Islands, Saudi Arabia 

and found that SBD values increased from 1.10 g cm−3 at the depth interval of 0-5 cm to 1.99 

g cm−3 at the depth interval of 45-50 cm.  In addition to the observed variation, Trettin et al., 

(2021) carried a research in the mangroves within the Pongara National Park, Gabon and found 

that SBD values increased with an increase in soil depth from 0.24 g cm-3 at 0-15 cm depth 

interval to 0.40 g cm-3 at 180-200 cm depth interval.  

Ansa & Francis (2007) showed that some variables including SBD are dependent on the sandy 

and muddy nature of sediments. The result of the research showed that SBD value in muddy 

sediment was 0.46 g cm-3 while the value varied between 1.36 g cm-3 and 1.41 g cm-3 in sandy 

sediment. The mean SBD value obtained in this study was 1.30 g cm-3. This is similar to SBD 

value of 1.36 g cm-3 reported in similar samples obtained at Andoni flats, a mangrove location 

about 20 km away from the present location by Ansa and Francis (2007) and shows no wide 

variations from SBD value of 1.4 g cm-3 reported by Eid and Shaltout (2016). 

Organic Carbon Concentration (%C): %C varied significantly with lithology and depth 

(p=0.030) (Figures 3 and 4). The values %C were low in soil layers with sandy fractions but 

high in soil layers with peaty and clayey fractions. About 80 % of %C of the study area occurred 

in sediment layers with clay fraction. This agrees with Diesing et al., (2017) whose research 

reported mud content as a strong factor that controls %C distribution in mangrove sediments. 

Ansa and Francis (2007) in a research carried out within a location in eastern Niger Delta of 

Nigeria revealed that the values of %C ranged from 0.17 % to 0.35 % in the sandy soil and from 

2.76 % to 3.26 % in the muddy soil. 

The decrease of %C values with depth observed in this study is in agreement with the findings 

of many researchers (Trettin et al., 2021; Malunguja et al., 2020; Gao et al., 2019; Arshad et 

al., 2018; Stringer et al., 2015;). Trettin et al., (2021) observed that the mean %C within the 
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mangroves of the Pongara National Park, Gabon decreased from 17.04 % at 0-15 cm depth 

interval to 7.05 % at 180-200 cm depth interval. Malunguja et al., (2020) investigated the 

climate change mitigation potential in north-western Tanzania through carbon dioxide 

sequestration and confirmed the variation of soil organic carbon across the sampled depth 

intervals as the value decreased with depth. In support of the observed variation of %C with 

depth, Arshad et al., (2018) reported that the values %C dropped from 20.8 g C kg-1 at a depth 

interval of 0-5 cm to 8.1 g C kg-1 at a depth interval of 45-50 cm. Additionally, Gao et al., 

(2019) showed significant variation of %C contents across the sampling sites of different 

mangrove forests which decreased with increasing depth. The study showed that the organic 

carbon in the soil pool contributed most significantly to the total carbon stock, with the top 30 

cm containing the largest carbon concentration in all soil profiles. In a separate research 

conducted within the mangroves of Zambezi River Delta in Mozambique, Stringer et al., (2015) 

showed that the soil carbon concentration was highest in the top layer of 0-15 cm but decreased 

with increasing depth.  

In the study area, the significant variation of %C with depth can be attributed to pollution 

(resulting from artisanal refining of crude oil), deforestation and other forms of mangrove forest 

degradation whose effects are affecting the organic carbon accumulation within the top soil. 

Arshad et al., (2018) demonstrated that pollution of mangrove forest strongly affects %C. The 

research obtained %C value of 20.8 g C kg-1 at a depth of 0-5 cm in a polluted site and %C 

value of 22.4 g C kg-1 in a non-polluted site at the same depth interval along the southern Red 

Sea coast of Saudi Arabia. This shows that pollution reduces the %C value of mangrove forests. 
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Figure 2: Variation of Total Average Organic Carbon Concentration (%C) with 

Lithology (C=clay, P=peat, SC=sandy clay, CS=clayey sand, PCS=peaty clayey sand, 

PS=peaty sand, SP=sandy peat, CP=clayey peat, PC=peaty clay). 

 

 

 

 

Figure 3: Variation of Total Average Organic Carbon Concentration (%C) with Depth 
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Carbon Stock: In this study, there is significant variation between carbon stock and depth 

(p=0.007) (Figures 4 and 5). Variation of organic carbon stock with depth is in line with other 

researches and can be attributed to the both increasing bulk density and depth. Perera and 

Amarasinghe (2019), Komolafe et al., (2020), Suhaili et al., (2020) and Arshad et al., (2018) 

agreeably posited that carbon stock increases with depth. Perera & Amarasinghe (2019) 

demonstrated that organic carbon stocks increased with depth with values ranging from 316.29 

Mg C ha⁻¹ at the surface (0-15 cm) to 580.84 Mg C ha⁻¹ at the depth interval of 31-45 cm. In 

another research carried out within the Sulaman Lake Forest Reserve, Sabah in Malaysia, 

Suhaili et al., (2020), the highest organic carbon stock (178.37 ± 28.56 Mg C ha-1) was obtained 

at the depth interval of 50-100 cm while the lowest organic carbon stock (52.12 ± 8.90 Mg C 

ha-1) was obtained at the depth interval of 0-15 cm. Komolafe et al., (2020) reported that the 

values of carbon stock in Ibodi Monkey Forest in Atakumosa, Osun state, Nigeria ranged from 

21.7 t C ha-1 at the depth interval of 0-15 cm to 40.0 t C ha-1 at the depth interval of 45-60 cm. 

Arshad et al., (2018) revealed that the value of carbon stock increased from 26.6 kg C m-3 at a 

depth of 5-10 cm to 17.5 kg C m-3 at a depth of 45-50 cm in non-polluted sediments while in 

polluted sediments, it ranged from 15.4 kg C m-3 at depth of 45-50cm to 26.7 kg C m m-3 at a 

depth of 5-10cm. 
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Figure 4: Variation of Total Average Carbon Stock with Lithology (C=clay, P=peat, 

SC=sandy clay, CS=clayey sand, PCS=peaty clayey sand, PS=peaty sand, SP=sandy peat, 

CP=clayey peat, PC=peaty clay). 

 

 

 

 

Figure 5: Variation of Total Average Carbon Stock with Depth 
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According to Kauffman and Donato (2012), carbon stock increases with increasing depth to a 

depth of 2-3 m where organic carbon begins to decrease. At this depth, %C starts to diminish 

and tend toward zero. The slight decrease in the value of carbon stock from 640.60 (70-80 cm) 

to 575.90 (80-90 cm) and to 503.75 (90-100 cm) in L4, and from 1215.00 (80-90 cm) to 1244.10 

(90-100 cm) in L7 is a pointer that at this depth (100 cm) in the study area, organic carbon may 

begin to drop drastically. 

The mean value of carbon stock (622.12 Mg C ha-1) was about 1.54 times less than the global 

mean mangrove carbon stock of 956 Mg C ha-1 reported by Alongi (2014). This might have 

resulted from the degradation of the mangroves through deforestation and the destruction of 

vegetation from fires caused by illegal artisanal refining of crude oil within the study area.  

Apart from SBD and %C which are determinant variables, the values of carbon stock were 

influenced slightly by sediment type. This result is consistent with the findings of Shaltout et 

al., (2020) and Sanderman et al., (2018). Highest value was obtained in peaty clay while the 

lowest value was obtained in sandy peat. Widespread occurrence of a particular sediment type 

plays a key role. Peaty clay has the highest mean value of carbon stock (948.95 Mg C ha-1) 

while peaty sand has the lowest value (164.85 Mg C ha-1).  

6. Conclusions  

All the variables including bulk density, organic matter content, organic carbon 

concentration and carbon stock vary significantly with sediment type and depth. The values 

of sediment bulk density vary significantly with depth and sediment type. The values were 

low and influenced by peaty fractions. Organic carbon concentration was found to decrease 

with depth. The values were high. The values of organic carbon stock were high. The mass 

of organic carbon in the top 100-cm of mangrove sediments in the study area was summed 

up to obtain the value of 194,102.24 ± 53.57 Mg C. This value was scaled up to cover the 

entire study area from which the total carbon storage was estimated at 921 ± 53.57 Gg C 
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(about 0.048 % of the total global mangrove carbon storage in sediments). Therefore, 

mangrove forest restoration, protection and conservation should be pursued to reduce the 

rate of deforestation and other forms of forest degradation in the study area in order to 

enhance its carbon storage. 
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