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Abstract 

 

Mangroves play an important role in sequestering organic carbon in 

tropical and subtropical coastal areas, accounting up to 15% of the 

total carbon deposited in coastal sediments. Sequestered organic 

carbon occurs both in standing plant biomass, as well as in the below 

ground root biomass and mangrove soils. Unavailability of 

quantitative data on carbon retention capacity of Sri Lankan 

mangrove ecosystems compelled the authors to carry out the present 

study with the objective of estimating the total ecosystem carbon 

content in mangrove eco systems in the Batticaloa lagoon, Sri Lanka. 

This is the largest lagoon situated on the east coast and the third 

largest brackish water system in the country. Data on vegetation 
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structure were gathered according to the standard procedures and 

biomass of mangrove trees was determined by the Allometric method.  

Total Organic Carbon (TOC) in three depths, (0-15 cm, 16-30 cm and 

31-45 cm) of mangrove soils was determined by dichromate-oxidation 

method followed by colorimetry. Total mangrove plant biomass was 

found to be 298 Mg ha-1, of which 246 Mg ha-1 was in the above 

ground components of the plants while 52 Mg ha-1 was in the below 

ground components. TOC embedded in biomass was calculated to be 

158 Mg C ha-1out of which 131 Mg C ha-1was found to occur in above 

ground and 27 Mg C ha-1in below ground components. TOC in 

mangrove soils (up to 45 cm depth) was revealed to be 348 Mg C ha-

1. The total TOC of mangrove ecosystems in the Batticaloa lagoon was 

calculated to be 506 Mg C ha-1. Mangrove soils that sequester 68% of 

the organic carbon forms the largest fraction of the mangrove carbon 

sink. Below ground components account for only 5% of the total pool 

while the above ground biomass retains five times more (26%) carbon 

than the root biomass. These results assist pragmatic evaluation of 

ecological value of mangroves and justify their conservation and 

management. 

 

Key words: Sri Lankan mangroves; carbon sequestration; soil 

carbon sinks 

 

Introduction 

 

Mangroves rank among the most carbon rich ecotone-ecosystems 

that occur along tropical and subtropical coastlines. Due to their 

relatively high primary productivity and anaerobic conditions in the 

inter-tidal soil/ sediment, they occupy an important role in carbon 

sequestration in intertidal environment (Komiyama et al., 2008; 

Donato et al., 2011; Hoque et al., 2011). While occupying only a small 

percentage (<0.1%) of earth’s surface, mangroves are responsible for 

10-11% of the total export of carbon to the ocean and for 8-15% of 

the carbon deposited in coastal sediment (Dittmar et al., 2006; 

Joshua et al., 2012; Jennerjahn & Ittekkot, 2002). Mangroves 

sequester organic carbon, in above ground plant biomass, below 

ground root biomass and also in soil (Alongi, 2011; Kauffman et al., 

2011; World Bank, 2011). As nearly as half the biomass in trees 

contains carbon and large amounts of carbon are potentially stored 

in mangrove forests and therefore, they may be the largest stores of 

carbon in coastal zones (Suratman, 2008; Perera & Amarasinghe, 
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2016). It is estimated that carbon sequestration capacity of global 

mangroves is approximately 25.5 million tons of carbon per year 

(Ong, 1993).   

 

The coastline of Sri Lanka is approximately 1600 km long and a 

narrow intertidal belt created by micro tidal conditions with tidal 

amplitude less than 1 m (Wijeratne, 2007). Total estimated brackish-

water area of Sri Lanka is about 15800 ha (Karunathilake, 2003) and 

it hosts several ecosystems including mangroves that extend over an 

area of 15670 ha, interspersed along the coastline (Edirisinghe et al., 

2012). Mangrove vegetation in Sri Lanka comprises twenty-three (23) 

true mangrove species and thirty-four mangrove associated plant 

species (Amarasinghe & Perera, 2017). 

 

Available knowledge on carbon sequestration capacity of tropical 

ecosystems in Sri Lanka is scanty. Limited records are available on 

the standing stock of carbon in a few man-made ecosystems in Sri 

Lanka, i.e 90 – 104 t ha-1 in home gardens (Dissanayake et al., 

2009),63 t ha-1, carbon in soils of coconut plantations in the wet 

climatic zone,54 t ha-1in the, intermediate zone and 37 t ha-1 in the 

dry zone (Chokkalingam & Vanniarachchy, 2011). A few records are 

available on above ground biomass of mangroves of Sri Lanka. 

Dayarathne & Kumara (2013) reported the above ground biomass 

(68.7-201.8 t ha-1) of Rekawa mangroves, and Gunawadena et al., 

(2016) reported the above ground biomass estimation (of mangroves 

located in Negombo - Muthurajawela wetland in Sri Lanka using 

ALOS PALSAR Images (33-155 t ha-1 with overestimation of 17%). The 

present study therefore was conducted with the objective of 

quantifying the total ecosystem carbon content, including above and 

below ground plant component and soils of mangrove ecosystem in 

the Batticaloa lagoon.   
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Materials and method 

Study area and sites 

Batticaloa lagoon lies 

between 70 24’- 70 46’ N 

and 810 35’- 810 49’ E, 

and is the largest lagoon 

in the east coast and the 

third largest brackish 

water system in Sri Lanka 

(JUGAS Ltd. (2010). This 

lagoon extends over 

11500 ha and connects 

with the Indian Ocean at 

two locations through 

narrow channels. Sand 

bars formed due to 

coastal sedimentation 

processes serves the 

lagoon-ocean connection 

causing changes of the 

water salinity from 0–30 

mgl-1 (Harris & Vinobaba, 

2013). The mean annual 

temperature is 300 C 

which varies from 180 C to 

380 C while the annual   rainfall varies within 864 - 3081mm with an 

average of 1500mm (Kotagama et al., 1989). The extent of mangrove 

vegetation reported from the area is approximately 1550 ha and they 

are restricted mostly to the northern end of the lagoon (Rajeeshan & 

Jayasingam, 2000). Therefore, three (3) study sites (Site 1, Site2 and 

Site 3) from northern part of the Batticaloa lagoon were selected for 

the study (Fig. 1). Minimum distance between two study sites was at 

least 2 km.   

 

Sampling Strategy 

In order to gather data on mangrove vegetation structure, including 

biomass and Total Organic Carbon (TOC) content in mangrove soil, 

10 m wide belt transects were laid perpendicular to the shoreline at 

randomly selected locations in the selected study sites. Length of a 

transect at each site was determined by the width of the mangrove 

Figure. 1. Locations of study sites at Batticaloa 
lagoon 
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area and visual heterogeneity of the mangrove vegetation. Total of five 

(5) transects, one at study Site 1 and two each at Sites 2 and 3 were 

laid. Maximum lengths of the transects were, 20m in Site 1, 30m in 

Site 2 and 30m in Site 3. Each transect was divided in to 10 m x 10 

m (100 m2) sub- plots and thus a total of twelve (12) sampling plots, 

within three (3) study sites were used for sampling. All mangrove 

trees in the plots were identified, numbered and mapped.  

 

Vegetation Structure   

Standard methods were adopted to quantify the major structural 

variables of the mangroves stands (Cintron & Novelli, 1984, 

Kathiresan & Khan, 2010), i.e. species richness, tree diameter at 

breast height (dbh) and tree height of the mangrove stands were 

gathered from each study plot (100 m2) in the belt transects. Plants 

with a stem girth, less than 2.5 cm were excluded. 

 

Complexity Index (CI), was calculated to determine the structural 

complexity of the vegetation (Holdridge et al., 1971; Kathiresan & 

Khan 2010; Perera et al., 2013; Perera & Amarasinghe 2016). CI was 

calculated using data on the number of species, stand density, basal 

area and height.   

CI = Number of species x stand density x stand basal area x stand 

height x 10-5  

 

Biomass and Total Organic Carbon (TOC) content in mangrove 

vegetation 

Allometric equations derived for individual species as well as common 

equations were used to determine the above ground biomass and 

below ground biomass of mangrove species encountered in the study 

plots.  

 

The allometric equations of AGB= 0.289 (dbh)2.327 and BGB= 0.100 

(dbh)2.364 were used to calculate the above ground biomass (AGB) and 

below ground biomass (BGB) of Bruguiera gymnorrhiza. The 

allometric equation, AGB= 0.114 (dbh)2.523, was used to calculate the 

above ground biomass (AGB) of Lumnitzera racemosa while below 

ground biomass (BGB) was computed with BGB= 0.118 (dbh)2.063 

(Perera et al., 2012). The above ground biomass of Rhizophora 

mucronata and Avicennia marina was calculated with loge(AGB)= 

6.247+2.64 loge(dbh) and loge(AGB)= 5.551+2.153loge(dbh) 

respectively (Amarasinghe & Balasubramaniam, 1992). The biomass 
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of other species in the sample plots were calculated using common 

equations, i.e. AGB= 0.251 ρ dbh2.46 and BGB= 0.199 ρ 0.899 dbh2.46 

(ρ – density of wood) (Komiyama et al., 2005). Standing stock of 

biomass values were then converted to the TOC values with the 

percentage TOC content in biomass of each plant component of 

mangrove species (Perera & Amarasinghe, 2016).   

 

Total Organic Carbon (TOC) content in mangrove soil 

 A split core sampler/auger 77801 (2” x12’) was used to collect soil 

samples. Soil samples were taken from a minimum of five randomly 

selected sites in each study plot (100 m2). Samples were collected 

from depths of 0 – 15cm, 16 – 30cm and 31 – 45cm. Composite soil 

samples were prepared for each depth. Soil samples were air-dried, 

and oven dried at 600C for constant weight.  

 

Chemical analysis 

Total Organic Carbon (TOC) content in composite soil samples was 

determined using the standard wet dichromate oxidation technique, 

without external procedure (Anderson and Ingram, 1998; 

Schumacher, 2002). K2Cr2O7 Solution was used to oxidize the TOC in 

acid medium. The amount of oxidized carbon in the sample was 

measured by determining the number of chromic ions produced 

during oxidation. Produced chromic ion concentration was 

determined using UV-visible spectrophotometer (Spectro UV-VIS 

Double Beam UVD-3000) at 600 nm absorbance. 

 

Because of the incomplete oxidation of organic carbon and partially 

digest organic carbon in to elemental carbon forms, a correction 

factor was applied to elevate the accuracy of the results through 

adjusting the organic carbon recovery. As mean oxidation factor, 0.74 

was used for the purpose.  

% organic carbon = (K x 0.1)/ (W x 0.74) 

K = corrected concentration; W = Weight of the sample 

A standard curve was plotted between absorbance and chromic ion 

concentration and it was used to obtain the carbon content in soil 

samples and in the blanks. The mean blank value was subtracted 

from the unknowns, which used as the value of corrected 

concentration, (K).    The bulk density of soils in three depths (0 – 

15cm, 16 – 30cm and 31 – 45cm) at the Batticaloa mangrove areas 

was determined with standard methods (Anderson & Ingram, 1998). 
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Results 

Mangrove vegetation structure 

A statistically significant difference was not observed between the 

basic vegetation structural data gathered from sub plots in the study 

sites and therefore, they were pooled to analyze the structure of 

mangrove vegetation in the Batticaloa lagoon.  

Relatively high stand density (4754 trees/ha) and low species 

composition were revealed in the mangrove ecosystems in the 

Batticaloa lagoon. Only three to four true mangrove species were 

encountered in the subplots (100 m2) were used for the study. 

Excoecaria agallocha (3470 trees/ha) and Rhizophora apiculata (1054 

trees/ha) were the most abundant mangrove species in the area 

(Table 1). E. agallocha recorded the highest basal area and the tree 

height among other species found in the area.  

Table 1. Vegetation structural variables recorded from the study sites 
at the Batticaloa lagoon 

 

 

AM- Avicennia marina, EA- Excoecaria agallocha, LR- Lumnitzera 
racemosa, RA- Rhizophora apiculata 
*The mean follows standard error (±); Range of the values are 

presented within parentheses 
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1
 Transect 1 EA(1%); 

RA(98%); 

Other(1%) 

9300 

±1150 

 

10.12 

(2.0-20.5) 

45.62 10.5 

(6.5-13.5) 

47.34 

S
it

e
 2

 

Transect 2 EA(99%); 

Other(1%) 

4350 

±510 

6.68 

(2.0-22.0) 

24.24 4.83 

(2.0-9.0) 

11.77 

Transect 3 EA(79%); 

RA(20%); 

Other(1%) 

2200 

±260 

8.00 

(1.6-35.0) 

22.30 7.89 

(2.0-11.0) 

14.76 

S
it

e
 3

 

Transect 4 AM(8%); 

EA(85%); 

RA(7%) 

5166 

±630 

 

7.95 

(1.8-32.0) 

34.35 6.36 

(2.5-11.0) 

41.82 

Transect 5 AM(5%); 

EA(92%); 

RA(3%) 

4800 

±545  

7.59 

(3.0-43.0) 

32.27 5.31 

(2.5- 9.5) 

19.01 

Mean for entire   study area 

 

EA(73%); 

RA(22%); 

AM(4%); 

Other(1%) 

4754 

±590 

 

8.14 

(1.8-43.0) 

30.01 6.6   

(2.0-13.5) 

27.52 
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Biomass and Total Organic Carbon (TOC) content  

A statistically significant difference was not observed (p>0.05) in the 

biomass and TOC values recorded from the study plots in the three 

study sites. Therefore, the data were pooled to calculate the mean 

values for biomass and TOC of the mangrove plants in the Batticaloa 

lagoon (Table 2). 

Table 2. Mangrove biomass and Total Organic Carbon (TOC) content 
(above and below ground) values recorded in the study sites at the 

Batticaloa lagoon 
 

Sampling area 

 

Biomass (Mg ha-1) 
Total organic carbon (TOC) 

content 

(Mg C ha-1) 

Above 

ground 

Below 

ground 
Total 

Above 

ground 

Below 

ground 
Total 

Study Site 1 
346.49 

±2.95  

73.86 

±0.55 

420.35 

±3.56 

193.93 

±2.33 

40.02 

±0.36 

233.95 

±2.68 

Study Site 2 
154.16  

±1.56 

33.08 

±0.26 

187.24 

±1.83 

78.10 

±0.51 

16.19 

±0.20 

94.29 

±0.81 

Study Site 3 
238.68 

±2.43 

49.87 

±0.34 

288.55

±2.76 

122.78 

±1.70 

24.69 

±0.23 

147.47 

±1.94 

Mean for entire   

study area 

246.44 

±2.03 

52.27 

±0.33 

298.71 

±2.37 

131.60 

±1.62 

26.96 

±0.26 

158.57 

±1.87 

*The mean follows standard error (±) 
 

Total Organic Carbon (TOC) content in mangrove soil 

The highest values for the percentage TOC content in mangrove soil 

(5.55-7.30; mean=6.10) was recorded at 16-30 cm depth layer and 

followed by 31-45 cm depth layer (5.91-5.88; mean=5.89). The lowest 

percentage values (4.86-5.80; mean=5.26) for TOC was in the top soil 

layer (0-15 cm depth). Summary of the TOC data of the mangrove 

soils in the Batticaloa lagoon is presented in Table 3. 
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Table 3. Summary of the Total Organic Carbon (TOC) distributed 
among the different depth of mangrove soils at the Batticaloa lagoon 
 
 Depth 1 (0-15 

cm) 

Depth 2 (16-30 

cm) 

Depth 3 (31-45 

cm) 

% TOC 5.26 ±0.50 6.10 ±0.52 5.89 ±0.43 

Bulk density 1.37 ±0.02 1.30 ±0.02 1.36 ±0.02 

TOC weight (Mg 

ha-1) 

108.06 ±10.07 119.35 ±10.46 120.42 ±8.56 

*The mean follows standard error (±) 

The lowest values of TOC contents (99.50 -123.33 Mg C ha-1) were 

recorded at first 10m zone from estuarine waterfront. Over-all TOC 

content revealed increased with estuarine shoreline to landwards 

(Fig. 2).   

 

 

 

 

 

 

 

 

 

Figure 2. TOC contents of mangrove soil along the water-land 

gradient. 

The TOC stock retained by the mangrove ecosystem was 506.40Mg C 

ha-1. Soil contained 70% of the TOC stock while 25% was in above 

ground and 5% in the below ground components of mangrove plants 

(Table 4).   
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Table 4. Calculated Total Organic Carbon (TOC) content in mangrove 
ecosystem at the Batticaloa lagoon 
 

TOC in Mangrove plants 

(Mg C ha-1) 

Above ground 

components 
131.60 ±1.62 (25.98%) 

Below ground 

components 

(roots) 

26.96 ±0.26 (5.31%) 

Total  158.57 ±1.87 (31.30%) 

TOC in Mangrove soil (Mg C ha-1) 347.83 ±33.80 (68.68%) 

Total (Mg C ha-1) 506.40 ±36.04 

*Standard error is in the parentheses 

 

Discussion 

 

Contrary to the common occurrence of Rhizophora mucronata and 

Avicennia marina in most Sri Lankan mangrove ecosystems in the dry 

zone coastal regions and mangroves of the Batticaloa lagoon are 

dominated by Rhizophora apiculata and Excoecaria agallocha which 

are often found inter-tidal areas of low salinity (Table 1). This may be 

due to the differences in micro climatic and environmental 

circumstances prevailing in the Batticaloa lagoon, especially with 

respect to soil salinity (Perera et al., 2013). Mangrove communities 

often exhibit distinct patterns of species distribution performance 

efficiencies depending on tolerance levels in each plant species to 

environmental conditions, especially soil salinity and anoxic 

conditions caused by inundation regimes (Joshi & Ghose 2003, 

Alongi, 2009). Some species such as A. marina do not grow in fresh 

water and may be considered as an obligate halophyte. High salinity 

tolerance of A. marina has been reported to possess successive of 

cambia that form internal phloem tissues which can store water and 

also repair embolism through formation of new vascular cells 

(Roberts et al, 2011) Others, such as E. agallocha, survive well in 

fresh water and may not have obligatory requirement for salt beyond 

trace amounts (Clough,1992). Under natural conditions, mangroves 

exhibit clear tolerance differences among species. Based on the 

reports of salinity tolerance levels of mangrove species (Clough,1992; 

Joshi & Ghose 2003; Perera et al., 2013), it was revealed that most of 
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the low salt tolerance species dominate the Batticaloa mangrove 

ecosystem.  

 

Estimates of standard biomass both in above and below ground 

components provide insights into carbon allocation in plants, which 

is a vital information regarding local as well as regional carbon 

accounting or sequestration (Kairo et al., 2008). Total biomass in 

plants of mangrove ecosystem in the Batticaloa lagoon was estimated 

as 298.71 Mg ha-1, out of which 246.44 Mg ha1 was in above ground 

and 52.27 Mg ha-1in below ground components. The amount of Total 

Organic Carbon (TOC) content embedded in plant biomass was 

calculated to be 158.57 Mg C ha1 out of which 131.60 Mg C ha-1was 

in the above ground and 26.96 Mg C ha-1in the  belowground parts of 

plants  (Table 2).The total standing biomass (298.71 Mg ha-1) of 

mangrove ecosystems in  the Batticaloa lagoon therefore is greater 

than that in the Negombo estuary (163.72 Mg ha-1) located in the wet 

zone (Perera & Amarasinghe, 2016) and that in the Rekawa lagoon 

(62.4 - 201.8 Mg ha-1) situated in the intermediate climatic zone 

(Dayarathne & Kumara, 2013). Although some mangroves around the 

Batticaloa lagoon are destroyed for anthropogenic reasons, the areas 

investigated in the present study were minimally disturbed 

(particularly the Sites 2 and 3) due to their remote location where the 

human population density is low. Remote location with poor 

accessibility and low human density may have saved these 

mangroves and their carbon sequestration capacity unlike those in 

the wet and intermediate zones that are located close to urbanized 

coastal centers.  

 

Although above ground mangrove biomass has been studied during 

the past few decades (Kusmana et al., 1992; Ross et al., 2001; 

Coronado-Molina et al., 2004; Amarasinghe & Balasubramaniam, 

1992), studies on mangrove biomass which is below ground are 

scanty (Komiyama et al., 2008; Poungparn, 2003; Comley & 

McGuinness, 2005). Considering the available records of mangrove 

above and below ground biomass in tropical and subtropical regions, 

the highest above ground biomass (460 t/ha) has been recorded for 

R. apiculata dominated mangrove forests (cultivated) in Matang, 

Malaysia (Putz & Chan, 1986), and the lowest (40.7 t/ha) for 

mangroves of East Sumatra, Indonesia which features similar species 

(Kusmana et al., 1992). On average, above ground biomass of 

mangrove values range between 280 t/ha (from Southern Ranong, 
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Thailand) (Tamai, et al., 1986) and 108 t/ha (from Okinawa, Japan) 

(Suzuki & Tagawa, 1983). The above ground biomass of mangroves 

in the Batticaloa lagoon (246.44 Mg ha-1), can therefore be ranked 

relatively high among other published reports on mangrove areas in 

the Asian region. 

 

Below ground biomass (BGB) calculated for mangrove ecosystems in 

the Batticaloa lagoon (52.27 Mg ha-1) falls in between the highest BGB 

estimated for mangroves in the Southern Ranong, Thailand (272.9 

Mg ha-1) and the lowest recorded from Southern Peng-nag (28.0 Mg 

ha-1) in the same country (Komiyama, et al., 2008; Poungparn, 2003).  

 

According to findings of the present study, total biomass (above and 

below-the-ground) in the Batticaloa mangroves range between 187 – 

420 Mg ha-1 with an average of 259 Mg ha-1 which can be considered 

relatively a high biomass value for a tropical ecosystem. Pattern of 

biomass distribution in mangroves throughout the tropics indicate 

that higher values occur at lower latitudes (Twilley et al, 1992). The 

maximum potential biomass is found in mangrove areas located 

between 100 and 350 north and south and it is about 100 and 400 t 

ha-1 and solar energy represents a major constraint on the 

distribution of mangrove biomass across the latitudes (Twilley et al, 

1992).   

 

The average content of Total Organic Carbon (TOC) in mangrove with 

soils up to a depth of 45 cm was estimated to be 348Mg C ha-1. The 

general pattern of distribution of TOC in tropical forests has been 

reported to be a decreasing trend with increasing depth (Grace et al, 

2006; Ceron-Breton et al., 2011; Banerjee, et al., 2013). A reverse 

trend was observed in mangroves in the Batticaloa lagoon where the 

%TOC increases with soil depth (Table 3). This may be due to the 

sandy sediments in the mangrove forest floor, which accounts for 

relatively a high bulk density values (1.3 g cm-3). Levels of TOC 

content in mangrove soils were recorded higher than that was 

recorded from the soils of inland forest systems (Donato et al., 2011). 

The Present study revealed that TOC values of the mangrove soils in 

the Batticaloa lagoon, 348 Mg C ha-1, which is twice higher than the 

TOC recorded for soils of tropical savanna forests, (146 – 198 Mg C 

ha-1) at Yap and Palau islands in Pacific Ocean (Donato et al., 2012) 

and Brazil, 90 – 160 Mg C ha-1(Moreno & Calderon, 2011).    
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Conclusion 

 

Mangrove ecosystems in the Batticaloa lagoon which have the 

capacity to sequester on average, 506 Mg C ha-1 of TOC therefore can 

be ranked superior among  the other mangrove ecosystems in the 

region such as those in Okinawa, Japan of which the carbon sink 

capacity ranges between 57 – 822 Mg C ha-1 (Khan et al., 2009), and  

Campeche, Mexico ranges 12 – 222 Mg C ha- (Cerno-Breton et al., 

2011). Findings of the present study therefore contribute to the 

current knowledge base on functional capacities of Sri Lankan 

mangroves, and therefore encourages rational decision making on 

conservation and management of mangrove areas for their ecological 

services including their carbon sequestration function and 

contribution to mitigate anticipated climatic changes. They also could 

contribute to make more accurate estimations on stocks of 

sequestered carbon required for carbon trading purposes such as 

those initiated by the United Nation’s REDD+ (Reducing Emissions 

from Deforestation and Forest Degradation, Conservation and 

Enhancement of Carbon stocks, and Sustainable Management of 

Forest) facilities. 
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