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INTRODUCTION
Carbon Dioxide (CO2) once emitted to the
atmosphere, takes centuries for natural removal.
Every 4 giga tonnes of carbon (GtC) emitted to
the atmosphere results in a rise of one ppm of
CO2 in the atmosphere1. Although most of the
carbon dioxide is absorbed by the oceans, some
20–40% will remain in the atmosphere for even
longer periods2. Researchers conclude that
climate effects of CO2 releases to the atmosphere
will persist for a long time into the future1.
Terrestrial ecosystems hold a lot of carbon,
approximately 500 Peta grams of carbon (Pg. C)
in plant biomass, and 2000 Pg. C in soil organic
matter. Oceans contain even more and the
atmosphere, now with about 785 Pg. C, connects
all of these pools3. Due to high primary productivity
rates, relatively high nutrient concentrations and
coverage of the earth surface, coastal margins
are an important component of the oceanic carbon
cycle4-6. It is critical to include the coastal system
along with the terrestrial, oceanic and atmospheric
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systems in models of the carbon cycle because
this sector of the biosphere particularly in the
tropics has a high rate of carbon sequestration
that has not been accounted for in terrestrial and
oceanic carbon models7.
The emergence of tradable emission permits and
now tradable carbon offsets provides a vehicle
for financially capturing the benefits of carbon
emission reductions and carbon off setting
activities. Carbon sequestration now has monetary
value.
Carbon sequestration
Carbon sequestration can be defined as the
capture and secure storage of carbon that would
otherwise be emitted to or remain in the
atmosphere or to prevent, carbon emissions
produced by human activities from reaching the
atmosphere by capturing and diverting them to
secure storage8. Carbon sequestration also
provides associated ecosystem co benefits such
as increased soil water holding capacity, better
soil structure, improved soil quality nutrient cycling
and reduced soil erosion9-11.*Author for correspondence
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Carbon sequestration in forests
Forests play an important role in the global carbon
cycle. Their temporal carbon dynamics are
characterized by long periods of gradual build-up
of biomass (a sink), alternated with short periods
of massive biomass loss (a source)12. CO2 is
absorbed from the atmosphere by growing trees
and other vegetation through process of
photosynthesis. CO2 is emitted by forests through
plant respiration and through the processes of
death and decay. Thus,the balance between rate
of photosynthesis and respiration is the Net
Primary Productivity (NPP) of a vegetation unit13,
which will determine whether an ecosystem is
acting as a sink or source of carbon. Carbon
sequestration is highest in young forests and will
tend to reduce as forests reach maturity14.
Carbon sequestration in wetlands
The higher rates of carbon sequestration in salt
marshes, soils of tidal salt and lower methane
emissions makes coastal wetlands more valuable
Carbon sinks than other ecosystems in a warmer
world.Wetlands represent the largest component
of the terrestrial biological carbon pool and thus
play an important role in global carbon cycles.This
terrestrial wetland carbon pool, globally stores 44.6
TgC/yr with an average carbon sequestration of
210 g CO2 m-2 yr-1. Salt marshes globally absorb
about 0.1GtC per year14. With their wealth of
stored carbon, wetlands provide a potential sink
for atmospheric carbon, but if not managed properly
could become sources of Green House Gases
(GHGs) such as carbon dioxide and methane.
Carbon sequestration in mangroves
Mangrove plantation is expected to be one of the
options of afforestation as a Clean Development
Mechanism (CDM) project. Compared to other
land forest, mangrove ecosystem accumulates
sequestered carbon in the sediment15.The below
ground content of mangroves is 4 to 18 times
higher than the carbon content of tropical
rainforest. This indicates positive action in
mangrove conservation and rehabilitation would
contribute immensely to sequestration of CO2

16.
Mangroves
Mangroves are trees and shrubs of the genera
Rhizophora,  Brugiera, Sonneratia and
Avicennia or more generally, communities

dominated by these genera17. More than 50
species are present in Asia, thriving along intertidal
coastlines on soft saline sediments that are often
anaerobic and sometimes acidic. They are salt-
tolerant, mainly arboreal, flowering plants growing
in the intertidal zone of tropical and sub-tropical
shores. They are coastal forests found in sheltered
estuaries and along river bank sand lagoons in
the tropics and subtropics. The term mangrove
describes both the ecosystem and the plant
families that have developed specialized
adaptations to live in this tidal environment which
are inundated twice daily by the tides18.
Mangroves possess a range of features which
make them uniquely adaptable to their stressful
environment, they are halophytic or salt tolerant,
have aerial roots for gathering oxygen and seeds
that geminate on the tree. Irrespective of the
range of species and forest types, the manifold
ecological role of mangrove ecosystems is,
economically and socially, highly significant. The
global carbon burials of mangroves are
approximately 18.4 Terra grams of carbon per
year (Tg C yr-1) and therefore they have the
potential of providing an efficient sink of CO2

19.

 DISCUSSION
Pilot study

A pilot study of mangroves was carried out in the
city of Mumbai, for Sewri, Wadala and Mahul
region. The region has dense mangroves
presently; it has been observed that the density
of mangroves in this area has increased from what
it was in the year 2001; also increase in area of
mangrove cover in seaward direction is observed.
The reason for this increase seaward side may
be due to shutting down or transfer of various
industries from this area. This may have reduced
the pollution and anthropogenic pressure on the
mangroves, leading to increase in denseness and
area. This study area also lies in the stretch of
Thane creek which is also identified as an
Important Bird Area in India, IBA site code:  IN-
MH-19. The area of mangroves has increased
from 706 acres in 2001 to 929 acres in 2010. The
pilot study carried out was just a preliminary
analysis to find out the percentage carbon present
in the leaves of mangrove ecosystem. The
sampling was random, the analysis has been done
using a CHN analyser. Some of the sampling
locations are depicted in the Fig. 1.
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Table 1 : Area of mangroves in India in 1987 and 199722

State/Union territory
Government of India, Government of India, 1997

1987 (thousand ha) (thousand ha)
West Bengal (Sunderbans) 420 212.3
Andaman and Nicobar Islands 119 96.6
Maharashtra 33 12.4
Gujarat 26 99.1
Andhra Pradesh 20 38.3
Tamil Nadu 15 2.1
Orissa 15 21.1
Karnataka 6 0.3
Goa 20 0.5
Kerala Sparse Nil
Total 674 482.7

Status of mangroves

Global distribution area of mangroves consists of
157,000 km2 to 160,000 km2. The global carbon
burials of mangroves are approximately 18.4 Tg
C yr-1 and therefore they have the potential of
providing an efficient sink of CO2

20.
Mangroves in India account for about five per
cent of the world’s mangrove vegetation and are
spread over an area of about 4,500 km along the
coastal States/Union Territories of the country21.
West Bengal has the maximum mangrove cover

in the country, followed by Gujarat and Andaman
and Nicobar Islands.The current assessment from
Table 1 shows that the mangrove cover in the
country is 4,445 km2, which is 0.14 per cent of
the country’s total geographic area. The very
dense mangrove comprises 1,147 km (25.8 per
cent of mangrove cover), moderately dense
mangrove is 1,629 km (36.6 per cent) while open
mangrove covers an area of l, 669 km2 (37.6 per
cent). Gujarat has shown an increase in mangrove
cover mainly owing to plantations and adoption
of protection measures.

Fig. 1 :  Sampling Points for Sewri region in Wadala
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Carbon sequestration
Mangroves can trap not only fine sediment and
organic matter but also coarse sediment driven
by storm waves to form special mangrove
sediment. Thus, the sedimentation rate of
mangrove is high. Besides, the litter productivity
is high in Mangroves, which provides more carbon
sequestrated in sediments of mangrove, indicating
high below ground carbon sequestration. Various
components like area in km2, NPP, organic carbon
export etc. were estimated by many researchers
for Global Carbon Mangrove Budget and the
summary is presented in Table 2.
The global storage of carbon (C) in mangrove

biomass is estimated at 4.03 Pg C. The average
rate of wood production is 12.08 Mg ha–1yr–1,
which is equivalent to a global estimate of 0.16
Pg C/yr stored in mangrove biomass. The net
ecosystem production in mangroves is about 0.18
Pg C/yr23.  It is estimated that mangroves
sequester approximately 25.5 million tonnes of
carbon every year .  Mangroves take up
(sequester) approximately 1.5 metric tons/hectare/
yr of carbon or 3.7 lbs/acre/day of carbon (1336
lbs/acre/yr). Almost 225,000 metric tons of carbon
sequestrations potential are lost each year with
current rates of mangrove destruction. Disturbed
mangrove soils release greater than an additional
11 million metric tons of carbon annually24.

Table 2 : Summary of literature estimates of various components in the global mangrove
Carbon budget22

   Data sources Twilley Jennerjahn Duarte Dittmar Duarte
et al., and Ittekkot  et al.  et al.  and Cebrian

  Area (km2) 2,40,000 2,00,000 2,00,000 1,80,000 1,10,000

  NPP 280 (litter + wood) 92 (litter)      

  Herbivory        9.1 ± 2.4%

  Mineralization      40.1 ± 6.5%

  Burial 20 23 23.6   10.4 ± 3.6%

 Organic carbon   30–50 46 (POC     26.4(DOC) 29.5 ± 9.4%

 export (POC+DOC) + DOC)

Carbon sinks in mangroves and carbon
stocks in mangroves
A carbon sink is a natural or artificial reservoir
that accumulates and stores some carbon-
containing chemical compound for an indefinite
period. Whereas Carbon stock is the quantity of
carbon contained in a pool, meaning a reservoir
or system which has the capacity to accumulate
or release carbon. Table 3 thus summarizes the
sink data available for major coastal ecosystems
like Tidal Salt Marshes, Mangroves, Seagrass
meadows and Kelp forests.
With the increase of atmospheric CO2
concentration, there is a growing public and
scientific concern on the carbon sequestration
potential of various terrestrial ecosystems. Most
studies on carbon sequestration potential focused
on agriculture and forest ecosystems, however,

insufficient attention was paid to wetlands.
Mangroves are important carbon sinks and
sequester approximately 25.5 million tonnes of
carbon every year. They also provide more than
10% of essential dissolved organic carbon that is
supplied to the global ocean from land.25,26

Studies indicate that mangroves are able to
sequester some 1.5 tonnes of carbon per hectare
per year. This is approximately equivalent to the
amount of carbon a motor vehicle releases to the
atmosphere each year (assuming each car uses
approximately 2,500 liters of petrol per year)27.
In the context of CO2 sequestration, the relevant
carbon sinks to be considered are:
The burial of mangrove carbon in sediments –
locally or in adjacent systems.
Net growth of forest biomass during development,
e.g. after replantations.
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Table 3 : Sink data for major coastal ecosystems26

   Location Sample Nitrogen % Carbon % Hydrogen % Sulphur %
Colaba Leaf 2.858 41.289 6.136 0
Bandra Leaf 3.045 36.773 6.873 0
Sewri Leaf 3.572 34.925 6.646 0
Colgate Jetty Leaf 4.118 36.453 4.998 0
Wadala 1 Leaf 3.667 39.031 5.791 4.743
Wadala 2 Leaf 3.876 42.106 5.983 4.124
Wadala 3 Leaf 4.429 33.839 5.664 5.445
Nhava 1 Leaf 2.051 39.37 5.769 0
Nhava 2 Leaf 1.94 35.737 5.678 0

Ecosystem Type

Standing carbon Total global Global carbon Long-term rate of
stock area stocks carbon accumulation

in sediment
(g cm-2) (*1012 m-2) (PgC) (gcm-2 yr-1)

  Plants Soil   Plants Soil  
Tidal salt marshes     Unknown (0.22    210

 reported)
Mangroves 7990   0.157 1.2             139

Seagrass meadows 184 7000 0.3 0.06 2.1            83

Kelp forests
120- Na 0.02- 0.009- Na           Na

720 0.4 0.02

Table 4 : Analysis Report Leaf

The average soil carbon density of mangrove
swamps is  (0.055 ± 0.004 g cm-3)  that is
significantly higher than the salt marsh average
(0.039 ± 0.003 g cm-3)28. Soil carbon density in
mangrove swamps declines with increase in
average annual temperature, probably due to
increased decay rates at higher temperatures. The
amount of carbon stored within sediments of
individual mangrove ecosystems varies widely,
from less than 0.5% (on a dry weight basis) to less
than 40%, with a global median value of 2.2 %29.
Furthermore,  carbon accumulating is not
necessarily all derived from the local production
by mangroves, organic matter can be brought in
during high tide and can originate from rivers, or
from adjacent coastal environments. The quantity
and origin of carbon in mangrove sediments appear
to be determined to a large extent by the degree
of openness of mangroves in relation to adjacent

aquatic systems30. Mangroves with low tidal
amplitude or high on the shoreline have little
opportunity to export organic matter produced.
In contrast, in low intertidal sites or systems with
high tidal amplitude, a larger fraction of the organic
matter produced can be washed away and can
be imported during high tide from adjacent
systems31. Irrespective of the origin of carbon in
mangrove sediments, the presence of mangroves
clearly has an impact on sediment carbon storage,
by (i) direct inputs of mangrove production to the
sediment pool, and (ii) by increasing sedimentation
rates32. It was also explained that clearing of
mangroves can rapidly result in significantly
reduced carbon stores in sediments.
Globally Mangrove swamps and Salt Marshes
together store 44.6 Tg C yr-1. It is estimated that
only surface 0.5m of soil in Mangroves can store
5000 + 400 Tg C33. The higher rates of carbon
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sequestration in salt marshes, soils of tidal salt
and lower methane emissions makes coastal
wetlands more valuable carbon sinks than other
ecosystems in a warmer world.
Therefore the control sampling point has been
chosen as Wadala -2. This sampling point is
surrounded by salt pans on one side and mangrove
forests on the other.
During the course of formation of salt some
quantity of sodium sulphate present in the brine
also crystallizes and settles at the bottom in the
form of crust. The presence of salt pans could
hence be the reason for sulphur content in leaves
in the sampling points of Wadala. Sulphate
reduction may control methanogenesis and
therefore methane emission from these systems,
thus increasing the store of carbon in the
ecosystem.34,35

CONCLUSION
Mangroves play a significant role in sequestering
of carbon and reducing greenhouse gases. It can
be concluded from the review that mangroves are
an important sink for CO2. The options directly
related to CO2 emission reduction can be grouped
into three categories. Land conversion and
restoration, biofuels that reduce fossil fuel
combustion and intensification of prime agricultural
land.Wetlands are one of the most important
ecosystems for sequestering carbon and can be
improved by converting marginal agricultural land
to non-agricultural restorative uses such as
grassland, forest or wetland. Wetlands and organic
soils can be restored to their natural vegetation,
through natural regeneration. The Government of
India and the state governments have to strengthen
the legal framework to prevent mangroves and
wetlands being converted for commercial building
and other urban uses.Wherever local communities
are getting benefits from mangroves, participative
management of mangroves with their active
assistance can be carried out. In the state of
Gujrat, an increase in Mangrove cover has
happened due to plantation and adoption of
protection so similar protection measures can be
taken up in various states to ensure mangrove
protection.
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