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Abstract

Mangroves occupy tropical and subtropical inter-tidal areas and
provide numerous ecological functions and services. One such
function is sequestration of atmospheric carbon, especially in their
anoxic soils. This study is an attempt to quantify the total blue carbon
stocks in vegetation and in soils of mangrove areas in Malwathu Oya
estuary located in the dry/arid climatic zone in Sri Lanka. Plant
biomass and the total organic carbon (TOC) content were estimated
using allometric relationships available between biomass/TOC and
stem diameter of constituent mangrove species. Published data on soil
TOC of the same locality was used to estimate the total blue carbon
stock associated with this mangrove area. Total biomass of the
mangrove plants in Malwathu Oya estuary was 377 Mg ha! which
contained 191 Mg C ha-! of organic carbon sequestered by the plants.
Above ground plant components contained 5 times more biomass and
5.5 times more carbon than those below ground. TOC in the mangrove
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soils was 346 Mg C ha! which was 1.8 times more than that in the
vegetation. Total blue carbon stock of the mangrove ecosystem in
Malwathu Oya estuary therefore was 537 Mg C ha-!, out of which 64%
was sequestered in soils. Despite being in low rainfall coast this
mangrove area retains more carbon than most other areas which may
be possibly due to its pristineness and vegetation structure
characterized by unique dominance of Sonneratia alba, which is
considered a rare species among Sri Lankan mangroves.

Keywords: carbon retention capacity; plant biomass; soil carbon; Sri
Lankan mangroves

Introduction

Mangrove forests are characterized as unique and complex coastal
ecosystems in the tropical and sub-tropical regions of Sri Lanka. They
line the coasts of the oceans between approximately 30° N and 30° S
latitude (Spalding et al., 2010; Giri et al., 2011) and are the source of
several ecosystem services. High primary productivity compared to
other terrestrial plant communities (Donato et al., 2011) renders
mangroves a great potential in contributing to carbon sequestration
function (Kathiresan, 2007; Suratman, 2008; Khan et al., 2009;
Alongi, 2011). It has been proven that mangroves represent a
potentially important repository of blue carbon, thus they have been
ranked among the most carbon-dense forests in the tropics, due to its
deep organic carbon-rich soils and dense vegetation (Donato et al.,
2011; Kauffman et al., 2011). Mangroves are not only a carbon-rich
ecosystem but also are proven to be of high potential in capturing and
sinking significant amounts of atmospheric carbon, thus
compensating for negative impacts of anthropogenic greenhouse gas
(GHG) emissions (McLeod et al., 2011; Siikamaki et al., 2012;
Murdiyarso et al. 2020, Howard et al., 2017; Perera & Amarasinghe,
2016). As such, mangroves and other coastal wetlands (with “blue
carbon” deposits) can potentially play a crucial role in climate change
mitigation (Price & Warren, 2016).

More recent estimates of global mangrove distribution range from 12

to 20 million ha with spreading over 113 countries (FAO, 2003) with
55 species of true mangrove plants (Tomlinson, 2016). The current
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extent of mangroves in Sri Lanka is 19,000 ha (unpublished records
of the Department of Forest Conservation) and these areas support 23
true mangrove species and 34 mangrove associated plant species
(Amarasinghe & Perera, 2017). Despite the relatively low extent,
distribution of species among mangrove ecosystems in Sri Lanka is
ecologically intrigued. Mangroves in Malwathu Oya estuary are
visually dominated by Sonneratia alba, a species considered to be rare
and endangered in Sri Lanka. This is the only locality where S. alba
occurs as a dominant species in the water-front zone of a mangrove
stand with individual plants reaching up to 75cm in diameter.
Besides, this estuarine mangrove area is in a very remote part of Sri
Lanka, where human interference is negligible, for which the size of
plants/trees provide testimony. Objective of the present study,
therefore, was to determine the blue carbon stocks of this relatively
pristine mangrove area dominated by a mangrove species that is
uncommon in other coastal areas of Sri Lanka.

Materials and Methodology

Study area

Malwathu Oya estuary is located between 80 47’ - 8949’ N and 79°55’
— 790 56’ E, on the north western coast of Sri Lanka and belongs to
the North-Western province and Mannar District. Malwathu Oya
estuary lies in the arid climatic zone of Sri Lanka (Fig. 1).

The estuary created the discharge of the Malwathu Oya, which has
the second largest catchment in Sri Lanka, i.e., approximately 3264
km?2 and discharges 196 million cubic meters of water to the sea
annually (Survey Department of Sri Lanka, 2007). The soils of the area
are alluvial (IUCN, 2011). An arid climate prevails in the area where
the annual rainfall is 700-1000 mm, of which 60 — 70% occurs during
the north east monsoon from October to April. The mean atmospheric
temperature ranges from 235°C -29°C with higher temperatures
normally recorded between May and August.
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Figurel: Location of the study area

Being a dry climatic area, the mangroves are associated with salt
marshes and species of other terrestrial vegetation such as woody
scrub jungles, sand dunes and strand vegetation are found as
associated species. Although, current extent of mangroves around
associated with Malwathu Oya estuary is unavailable, the total
mangrove extent of the Mannar District was reported to be 1351 ha
(Edirisinghe et al., 2012).

Field Sampling

Four (4) sampling sites were selected within the mangrove areas of the
Malwathu Oya estuary to collect data on vegetation structure and
total organic carbon (TOC) content in soil. In each sampling site,
10 m wide belt transects were laid perpendicular to the shoreline at
randomly selected locations. Length of the transect was determined
on the width of the mangrove vegetation. Each transect was divided
into 10m x 10m (100 m?2) sampling plots and a total of thirteen (13)
sampling plots were laid in all four sampling sites.
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Species composition and vegetation structure

Data on mangrove vegetation structure i.e., species diversity, plant
density, tree diameter at breast height (dbh) and tree height were
measured using standard methods (Cintron & Novelli, 1984;
Kathiresan & Khan, 2010) with plants in each sampling plot (100 m?).
Trees which are equal to or greater than 2.5 cm in dbh were measured
for the purpose.

Structural complexity (CI) of the vegetation (Kathiresan & Khan, 2010)
was calculated using data on the number of species, stand density,
basal area and height, to represent the overall vegetation structure.
Structural complexity (CI) = Number of species x stand density x stand
basal area x stand height x 10-5

Importance value index (IVI) was calculated for each constituent
species to represent the relative contribution of constituent species to
complexity of total vegetation structure using the following
relationship

IVI of a species = Relative density + Relative dominance (basal area) +
Relative frequency

Biomass and total organic carbon (TOC) content in above and
below ground components of mangrove vegetation

Above ground biomass (AGB) and below ground biomass (BGB) of
mangrove species present in sampling plots were estimated by using
the allometric relationships, log. (AGB)= 6.247+2.64 loge(dbh) and
loge (AGB)=5.551+2.153 loge(dbh) to determine above ground biomass
of Rhizophora mucronata and Avicennia marina respectively
(Amarasinghe & Balasubramaniam, 1992). Common equations, i.e.,
AGB =0.251 p dbh246 and BGB = 0.199 p 0.899 dbh246 (p — density of
wood) (Komiyama et al., 2005), were used to calculate the above and
below ground biomass of all the other species encountered in the
sample plots.

Biomass values (above and below ground biomass) mangrove species
were then converted to the total organic carbon (TOC) content with
the percentage TOC content in biomass of each mangrove plant
component (Perera & Amarasinghe, 2016).
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Total organic carbon (TOC) storage in mangrove soil

Published data on total organic carbon (TOC) content retained in each
depth, O — 15cm, 16 — 30cm and 31 — 45cm of its soils (Perera &
Amarasinghe, 2019) were used to calculate the magnitude of total
blue carbon stock of Malwathu Oya estuarine mangrove ecosystem.

Results

Structure of mangrove vegetation

Stand density values recorded in the study sites ranged between 2550
— 4833 trees/ha. Higher relative frequency values recorded for
Rhizophora mucronata, Avicenna marina, Sonneratia alba and
Excoecaria agallocha revealed those were the most abundant
mangrove species in the area (Table 1).

Table 1: Vegetation structural variables recorded at Malwathu Oya

estuary
> = &
=
G B ) >
3 : : 2 g
28 g s 3 5% - 8
§E 3 T < g g & g &
R 8o o H ] y g o
w & & n & = L mE = = o 8
AM(27.5%); 3808 9.25 32.22 4.86 23.94
EA(13.3%); +1766 (6.21- (18.13- (4.0- (5.42-
PA(2.5%); (2552- 14.51) 43.38) 6.02) 42.46)
RM(43.2%); 4833)

SA(14.4%)
(AM-Avicennia marina; EA-Excoecaria agallocha; RM-Rhizophora

mucronata; SA—-Sonneratia alba)

Sonneratia alba trees were larger in diameter and taller than other
species. The average size of Rhizophora mucronata plants was smaller
than S. alba, nevertheless, occurred in high density (1382 trees per
ha), making it the species that contributes most to the overall
structure of the vegetation (with an IVI of 82.25), even in the presence
of larger trees of S. alba in the vegetation (Table 2).
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Table 2: Structural data of constituent species of Malwathu Oya
estuarine mangroves

Mangrove Density Mean basal Mean  Total VI
species (No. area(m?/ha) height biomass

Trees (m) (Mg/ha)

per ha)
Avicennia 882 7.31 £0.05 4.51 79.59 93.95
marina +221 +0.04  £0.89
Excoecaria 427 1.67 £0.01  4.21 7.81 30.77
agallocha 102 +0.03  £0.82
Pemphis 82 +20 0.29+0.00 6.31 3.47 14.79
acidula +0.46  +0.04
Rhizophora 1382 4.47 £0.03 4.48 46.22 82.25
mucronata +340 +0.29 +0.52
Sonneratia 427 +98 12.81 £0.10 6.36 187.73 78.21
alba +0.05 +2.12

Structural variables of mangroves at Malwathu Oya estuary, were
analyzed across the gradient from estuarine shoreline towards the
land. The highest stand density and the relevant basal area were
observed as being near the water-front zone of this mangrove area
(Fig. 2). The highest relative contribution to the total organic carbon
pool in the vegetation is by S. alba (Fig. 3)
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Figure 2: Vegetation structural variables vary with the distance from
the estuarine shoreline
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Figure 3: Percentage contribution of mangrove species to the carbon
retention capacity of the mangrove areas at the Malwathu Oya estuary
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The amount of carbon retained (blue carbon content) in plant biomass
declines while that in the soil increases along the water-land gradient
in Malwathu Oya estuarine mangrove areas. The overall magnitude of
blue carbon stocks along the same gradient manifests an increasing
tendency (Fig. 4)
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Figure 4: Variation in blue carbon content along the water-land
gradient in Malwathu Oya estuary

The stock of blue carbon retained by the mangrove ecosystem was
536.95 Mg C ha'l. Mangrove soil contained 64% (345.54 Mg C ha-!) of
the TOC stock while 30% (162.17 Mg C ha!) was in above ground and
5% (29.97 Mg C ha-l) in the below ground components of mangrove
plants (Table 4).
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Table 4: Estimated total blue carbon content in the mangrove
ecosystem at Malwathu Oya estuary

Above ground

162.17 £9.20 (30.20%)
components

TOC in Mangrove

plants (Mg C ha-1) Below ground

29.27 +1.57 (5.45%)
components (roots)

Total 191.41 +10.77 (35.64%)

TOC in Mangrove soil (Mg C hal)

45.54 £18. 4.469
(Source: Perera and Amerasinghe, 2019) 345.5 8.06 (64.46%)

Total (Mg C ha-!) 536.95 29.02

Discussion

Mangrove species richness in the Malwathu Oya estuarine mangrove
ecosystem is relatively low compared to mangrove areas in the wet
zone of Sri Lanka (de Sliva & de Silva, 1989; Jayatissa et al., 2002;
Amarasinghe & Perera, 2017). High soil salinities characteristic to
arid coastal areas consequential of low rainfall and high
evapotranspiration rates restrict the presence of mangrove species
that are well adapted to hypersaline soils. Sonneratia alba is the most
dominant species, having the highest contribution to blue carbon
stock of Malwathu oya estuarine mangrove ecosystem. It generally
inhabits low intertidal zones of downstream estuarine systems and it
is one of the superior salt tolerant mangrove species. It reaches an
optimal growth in 5 to 50% seawater, indicating its capacity to tolerate
high salinity and hypoxia (Ball & Pidsley, 1995).

Heterogeneity in vegetation structure and distribution of biomass per
unit area, along the water-land gradient in Malwathu Oya mangroves
was observed to be a pattern, i.e., the highest structural diversity and
biomass at the water-front zone that gradually diminishes towards
land, similar to that exists in the mangrove areas of Negombo estuary
(Perera & Amarasinghe 2016), Uppar lagoon and the Batticaloa lagoon
(Perera & Amarasinghe 2014) in Sri Lanka. Availability of river-borne
nutrients, favorable salinity regimes and optimal seed rain in the
water-front zone may potentially contribute to this pattern. The micro-
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tidal conditions prevailing in coastal waters around Sri Lanka
(Pattiaratchi & Wijeratne, 2009) that is not conducive to have frequent
inundations of the landward zones of mangrove areas may contribute
to this situation.

The above ground biomass (317.43 Mg ha-!) and the TOC content
(162.17 Mg C ha-!) of mangrove plants estimated in the present study
were found to be higher than the average biomass values available for
South East Asia (Hutchison et al., 2014; IPCC, 2013). Plant biomass
represents the potential amount of total organic carbon (TOC) content
retained by them. Nearly 70% of the total mangrove biomass reported
to occur in mangrove vegetation are retained by those located within
00 to 10° (N/S) latitudes. The average above ground biomass of
mangroves ranges from 283.6 Mg ha-! near the equator (tropical), to
104.2 t ha'l, in areas within 300 to 400 (N/S) (sub- tropical) zones
(Twilley, 1992). Sri Lanka being located within the tropical belt which
receives the highest quantum of solar energy throughout the year and
rainfall provides conducive environment for primary production that
results in greater amounts of biomass where atmospheric carbon is
sequestered.

Mangrove soils of Malwathu Oya estuary retains nearly 64% of the
total blue carbon stock of 536 Mg C ha-1, highlighting the significance
of its contribution to total carbon sequestration capacity of this
mangrove ecosystem. This is a higher amount than that is reported
(511 Mg C ha'l) by the Intergovernmental Panel on Climate Change
(IPCC) for mangroves in 2013 and the average soil carbon pools of
upland forests that ranges from 83 Mg C ha-!in dry forests to 210 Mg
C ha-lin tropical rain forests (Kauffman et al., 2011). Our results also
revealed that the increasing magnitude of total blue carbon stocks
along the water-land gradient, is primarily contributed by the
increasing soil carbon content across the gradient, rather than the
organic carbon in biomass of the vegetation. Organic carbon in
mangrove soils may derive from both the primary production and
litterfall of mangroves (autochthonous) and the river-borne organic
matter produced by terrestrial ecosystems (allochthonous). Owing to
the high primary productivity characteristic to mangroves and the
relatively low rainfall of the Malwathu Oya catchment, coupled with
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micro-tidal coastal waters, the autochthonous fraction of the soil
carbon pool may dominate in this estuarine mangrove area.

The near-pristine mangrove areas in the Malwathu Oya estuary,
therefore, retain a significant stock of blue carbon, especially in the
soil. Remoteness of this locality and poor accessibility to this area
during the recent past due to civil unrest which prevailed in these
areas may have kept human interference at bay. Despite the low
extent, mangrove areas in the Malwathu Oya estuary deserve
conservation as a refugium for S. alba, which is reckoned as a rare
mangrove species in Sri Lanka, and their noteworthy capacity to
sequester atmospheric carbon as well as for the production
(particulate and dissolved organic matter) and nursery functions that
mangrove areas are proven to contribute (Lee et al, 2014).

Quantification of sequestered carbon stocks within ecosystems has
become a requirement under the current context where market-based
mechanisms to address climate change issues have gained popularity.
Carbon trading strategies initiated by the United Nation’s REDD+
(Reducing Carbon Emissions from Deforestation and Forest
Degradation) demands quantification of sequestered carbon stocks to
value them and other ecosystem services that these forests/
ecosystems generate, to provide financial incentives to reduce
deforestation (when forests are converted to other uses, such as
agriculture), reduce degradation (when forests lose their ability to
provide ecosystems services) and to promote their sustainable
management that ensures social, ecological and economic benefits for
future generations.
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