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review paper
CARBON RICH MANGROVE FORESTS: AN OVERVIEW
FOR STRATEGIC MANAGEMENT AND CLIMATE CHANGE

MITIGATION

ABSTRACT

Carbon dioxide (CO,) once emitted to the atmosphere, takes centuries for natural removal.
Every 4 giga tones of carbon (GtC) emitted to the atmosphere results in a rise of one ppm of
CO; in the atmosphere. Mangroves growing near the coast play an important role in carbon
sequestration by acting as sink for carbon, thereby receiving considerable international
attention. In India Mangroves occupy 4740 sqgkm, about 3 % of the world’s mangrove cover.
Sundarbans in India is the largest mangrove site in the world, colonized with many threatened
animal species. About 58 % of the mangroves occur on the east coast along the Bay of
Bengal, 29 % on the west coast bordering the Arabian Sea, and 13 % on Andaman and
Nicobar Islands (Dasgupta and Shaw 2013). The State forest report of 2015, states that out of
total cover of mangrove, Sundarbans contributes about 44 %, followed by Gujarat 23 % and
Andaman and Nicobar Islands 13%. On the basis of density of mangrove cover about 40 %
area covered by the open mangrove, 29% by the moderately dense mangrove and 31% by the
very dense mangrove. The paper attempts to highlight the Carbon storage in Mangrove living
biomass and sediments and their help in climate sustainability. Reviews suggest that C
storage in mangroves at different climatic regions, sites, stands and different depths of soils
store more carbon per unit area. All the reviews suggest that mangroves are a globally

significant contributor to the carbon cycle.
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INTRODUCTION

Mangroves are taxonomically diverse assemblages of wood plant communities
belonging to several unrelated angiosperm families with special adaptations to saline
conditions (Tomlinson, 1986). Mangrove ecosystems occur in tropical as well as subtropical
regions and the floristically richest mangroves are occurring in the tropical Southeast Asia.

Mangrove forests are considered to be a unique and complex major component of coastal
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zones in the tropical and sub-tropical regions. They represent transitional ecosystems where
the sea, land and freshwater meet. The main vegetation consists of generally evergreen trees
or shrubs that grow along coastlines, brackish estuaries or delta habitats. Mangrove habitats
are easily recognized as they are located at tideland mud or sand flats inundated daily with
sea water. They not only play critical roles in ensuring sustainability of coastal ecosystems,
but also in fulfilling important socio-economic benefits to coastal communities.

Recently, the role of mangrove forest as an important atmospheric CO; sink has been
highlighted. CO; is a major contributor to global warming. Thus increasing CO, emission is
one of the major environmental concerns and it has been well addressed in ‘Kyoto protocol’.

The living vegetation, sea water and soils play a key role in absorbing atmospheric CO, (-

_ontext, the trees act as a major sink of CO, as they have high potential of
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tapping atmospheric carbon through photosynthesis. The sequestrated carbon is stored in the
plant tissues which results in the growth _

Mangroves have long been known as extremely productive ecosystems that cycle
carbon quickly, but until now there had been no estimation of how much carbon resides in
these systems _ This essential information should be generated
because when land-use change occurs, much of that standing carbon stock can be released to
the atmosphere. The mangrove forest's ability to store such large amounts of carbon can be

attributed to the deep organic rich soils in which it thrives _ Mangrove

sediment carbon stores were on average five times larger than those typically observed in
temperate, boreal and tropical terrestrial forests, on a per unit area basis _
The mangrove forest's complex root systems, which anchor the plants into underwater
sediment, slow down incoming tidal waters, allowing organic and inorganic material to settle
into the sediment surface. Low available oxygen conditions with slow decay rates, resulting
in much of the carbon accumulating in the soil. In fact, mangroves have more carbon in their

soil alone than most tropical forests have in all their biomass and soil combined -
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This high carbon storage suggests mangroves may play an important role in climate
change management. Loss of mangrove through human interventions has been documented
from many parts of the world as a result of land reclamation, grazing of live stock, cutting of
timber (Walsh, 1974; Hussein, 1995; Semesi, 1998) salt pond construction (Terchunian et al.,
1986), oil spills (Ellison and Farnsworth, 1992) mining (Lewis, 1990; Wolanski, 1992) and
dumping of rubbish (Saenger et al., 1983). Reduction in the abundance of mangroves has

usually been interpreted in terms of loss of biodiversity or fisheries resources. Since
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mangroves become increasingly threatened by various human impacts (ITTO, 1993, Pernetta,
1993; Farnsworth and Jackes, 1987), there is a need to investigate the mangrove vegetation
with the purpose of predicting changes in the future. The present paper summarizes and
discusses about the role of mangroves in the context of carbon sequestration as well as
climate change mitigation, published over the years.
Extent of Mangroves

Giri et al. (2011) estimated that largest extent of mangroves found in Asia (42%)
followed by Africa (20%), North and Central America (15%), Oceania (12%) and South
America (11%). Approximately 75% of mangroves are concentrated in just 15 countries. The
mangroves grow in river deltas, lagoons and estuarine complexes; also occur on colonized

shorelines and islands in sheltered coastal areas with locally variable topography and

hydrology.
Table 1. Previous estimates of global extent of mangroves.
Reference Reference No. of countries | Estimated total area (ha)
year included
FAO, UNEP, 1981 1980 51 15 642 673
FAO, 1994 1980-1985 56 16 500 000
Spalding et al., 1997 1997 112 18 100 077
Aizpuru et al., 2000 2000 112 17 075 600

Table 2: Current and Past Mangrove Extent by Region (1980-2005)

Region Most recent 1980 1990 2000 2005
reliable estimates

X 1000 ha | Ref year | 1000 ha | 1000 ha 1000 ha 1000 ha
Africa 3.243 1997 3,670 3.428 3,218 3,160
Asia 6,048 2002 7,769 6,741 6,163 5,858
North and 2,358 2000 2,951 2,592 2,352 2,263
Central America
Oceania 2,019 2003 3,181 2,090 2,012 1,972
South America 2,038 1992 2,222 2,073 1,996 1,978
World 15,705 2000 19,794 | 16,925 15,740 15,231

Source: (Lang'at, 2013).

As can be seen from Table 2, the most extensive area of mangroves is found in Asia,
followed by Africa and South America. Four countries (Indonesia, Brazil, Nigeria and
Australia) account for about 41 percent of all mangroves and 60 percent of the total
mangrove area is found in just ten countries.

These forests provide important ecosystem goods and services to the region's dense

coastal population and support important functions of the biosphere. Mangroves are under
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threat from both natural and anthropogenic stressors. They mapped the current extent of
mangrove forests in South Asia and identified mangrove forest cover change (gain and loss)
from 2000 to 2012 using Landsat satellite data. |Giri ef al (2015) stated that mangrove forests
in South Asia occur along the tidal sea edge of Bangladesh, India, Pakistan and Sri Lanka.

They also conducted three case studies in Indus Delta (Pakistan), Goa (India) and

Sundarbans (Bangladesh and India) to identify rates, patterns, and causes of change in greater

spatial and thematic details compared to regional assessment of mangrove forests.

Table 3. Areal extent of mangrove forests and forest gain and loss in each country

Country Mangrove area in ha Loss Gain
Bangladesh 411,487.0 16179.4 6575.4
India 3,065.2 8020.7 29654.7
Pakistan 411,487.0 7691.6 44230.7
Sri Lanka 21,437.1 243.5 0.0

Table 4. Mangrove rich countries and their percentage (Giri et al 2011).

Country Area Percentage of global | Cumulative
total percentage
Indonesia 3,112,989 22.6 22.6
Australia 977,975 7.1 29.7
Brazil 962,683 7.0 36.7
Mexico 741,917 5.4 42.1
Nigeria 653,669 4.7 46.8
Malaysia 505,386 3.7 50.5
Burma (Myanmar) 494,584 3.6 54.1
Papua new Guinea 48,121 3.5 57.6
Bangladesh 436,570 3.2 60.8
Cuba 421,538 3.1 63.9
India 368,276 2.7 66.6
Guinea Bissau 338,652 2.5 69.1
Mozambique 318,652 2.3 71.4
Madagascar 278,078 2.0 73.4
Philippines 263,137 1.9 75.3

Status of Above Ground Carbon Stock by Mangroves

Mangroves function like other forests in exchanging gases with the atmosphere and like other
tidal ecosystems, exchange gases, solutes and particles with the coastal ocean and or sea as
they inhabit the margin between land and sea (Alongi, 2009). Mangroves are tightly linked to
land, ocean and atmosphere, yet still manage to store carbon and other elements in their
biomass and soils (Feller ef al., 2010). Mangroves are, on average, highly productive tidal
forests utilizing an advantageous strategy of maximizing carbon gain and minimizing water

loss with high water use and nutrient use efficiencies and low transpiration rates. These
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physiological mechanisms result in rapid rates of CO, uptake and respiratory release despite
living in waterlogged saline soils (Ball, 1988). Despite mangrove accounting for only 0.7% of
tropical forest, it generates emissions up to 10% from total global deforestation (Pan et al.,
2011). Hence, mangroves are considered as an important component in climate change
mitigation and reducing emissions from deforestation and degradation. Mangroves have
experienced rapid deforestation worldwide with 30-50 per cent decline in the past 50 years.
Mangrove deforestation generates green house gas emissions of 0.02-0.12 pentagrams of
carbon per year, which is equivalent up to 10 per cent of carbon emissions from global
deforestation, according to the report of Daniel (2011). The global storage of carbon in
mangrove biomass is estimated to be 4.03 pg (petagram) C, 70% of which occurs in coastal
margins from 0° to 10° latitude (Twilley ez al., 1992).

Alongi and Mukhopadhyay (2015) studied the characteristics of mangrove carbon
cycling, such as the allocation of fixed carbon into biomass and patterns of respiratory CO;
release, are strikingly similar to tropical humid forests. They store more about 6 times more
carbon (26 Tg C yrfl) than is buried in sediments (*4Tg C yr ') of subtropical and tropical
coastal margins. The export of mangrove derived Particulate organic carbon, dissolved
organic carbon and dissolved inorganic carbon (POC, DOC and DIC) accounts for 18%, 10%
and nearly one-third (29%) of tropical river discharge of these compounds globally. The
mangrove contribution to the tropical coastal carbon cycle is modest due to their small global
area. However, their contribution to coastal sequestration is much larger (30% of total C
burial). Kauffman ef al. (2011) quantified ecosystem C storage at the Palau site ranged from
479 Mg/ha in the seaward zone to 1,068 Mg/ha in the landward zone; in the Yap site C
storage ranged from 853 to 1,385 Mg/ha along this gradient. The living biomass of estuarine

mangroves sequester 237 -563 tonnes CO, ha™ compared to only 12- 60 tonnes CO, ha™for

marshes (Murray et al. 2011, SHSISOCONSISEH GO O DA A UINO8)
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In the paper of Lee (2016) data from the regional sources of South China Sea (SCS) countries
suggests average C contents of mangrove litter at 41%. Total estimated influxes of C from
mangrove litter production from the SCS countries in 2010 are 2.04 x 10° tC y . The value
was 2.86 x 10°tC y~' in 1997. The influx from mangroves therefore has decreased by 28.6%
between 1997 and 2010. Sitoe et al. (2014) found that C more concentrated in live trees, with
28.0 Mg ha™' (47.8% of plant carbon). The average carbon stock in the mangrove forest was

218.5 Mg ha™', around 73% of which was stored in the soil, supporting the findings of other
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studies that the soil of mangrove forests contains about 72—99% of the total carbon of these
types of forests. Similar result was found by Fatoyinbo ef al. (2008). Stringer et al. (2015)
quantified the ecosystem C stock of the Zambezi River Delta mangroves utilizing a rigorous,
yet operationally feasible approach. The average biomass C density for the height classes
ranged from 99.2 Mg C ha™ to 341.3 Mg C ha'. Ecosystem C stocks of sampled mangrove
forests ranged from 437 Mg C ha™' to 2186 Mg C ha™' (Murdiyarso et al., 2009). This C
storage is exceptionally high compared with upland tropical forests, which typically store
between 150 and 500 Mg C ha™' (Murdiyarso et al., 2002) and is perhaps second only to the
renowned C stocks of peat swamp forests (Page et al., 2002).

Table-5 Biomass and carbon stock of plantation and natural stands in Mahanadi Mangrove

Wetland MMW (Sahu et al. 2016).

Above ground Below ground
Stand Biomass Carbon Biomass Carbon
(tonne ha™) (tonne ha™) (tonne ha ™) (tonne ha™)
Plantation 125.55 62.77 55.72 27.86
Natural Forest 124.91 62.45 53.3 26.69

The study reveals that MMW stores substantial amount of atmospheric carbon and
therefore needs to be conserved and sustainably managed to maintain as well as increase
carbon storage. Kishwan (2009) has estimated carbon sequestration per unit area by littoral
and swam forests of India as 106.9 t ha™. Mitra ez al. (2011) evaluated carbon stocks in the
above ground biomass (AGB) of three dominant mangrove species (Sonneratia apetala,
Avicennia alba and Excoecaria agallocha) in the Indian Sundarbans. Examined whether
these carbon stocks vary with spatial locations (western region vs. central region) and with
seasons (pre-monsoon, monsoon and post-monsoon). Among the three studied species, S.
apetala showed the maximum above ground carbon storage (t ha™') followed by A. alba (t
ha™') and E. agallocha (t ha™'). The AGB varied significantly with spatial locations but not
with seasons

Gujarat has the second largest mangrove cover (1058 sq km) of India. Mangrove
being the major woody habitats forms the important carbon sinks in the coastal regions.
Pandey and Pandey (2013) have examined the carbon sequestration by mangroves of Gujarat.

A total of 8.116 million ton carbon has been sequestered by mangroves of Gujarat.
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Soil Carbon Stock

Mangrove forests play an important role in the terrestrial and oceanic carbon cycling (Liu et
al., 2014), where they contribute to 10% of the total net primary production and 25% of the
carbon burial in the global coastal zone although they colonize only 0.7% of the global
coastal zone (Alongi, 2007).

In 1998, German Advisory Council on Global Change (WBGU), estimated areas and carbon
storage (Gt) for various biomes. Deserts/semi deserts are biomes with the largest area
(45.5x10° km®), but store only a relatively small amount of organic carbon. Boreal forests
store the highest total amount of carbon (559 Gt), which is mainly attributed to the carbon
pool in the soil (471 Gt). Tropical forests have the largest vegetation carbon pool (212 Gt),
which makes this biome the second largest carbon pool in total. In comparison to other
biomes, wetlands cover a smaller area but with relatively high carbon storage in it.

Table 6- soil carbon stock (for top 1-100 cm soil) of estimated areas of mangrove sites

Reference Global carbon (Gt C)
Sjors et al.(1980) 300

Adams et al.(1990) 202-377

Eswaran et al.(1993) 357

Batjes, (1996) 330

WBGU (1998) 225

According to (Chmura et al. 2003 carbon sequestration rates by ecosystem type (mangrove
swamp or salt marsh) overall average rate of carbon sequestration per unit area is about 210 g
CO, m* yr1

Plants remove CO; from the atmosphere to prepare carbohydrates, some of which are

incorporated into plant tissues. As plants and plant parts die, some of these tissues are added

to the soil as soil organic matter (Lal, 1998). Given the proper conditions, some soils can

Mangrove sediments are characterized by intense carbon processes with a potentially high

impact on the global carbon budget (Alongi, 2007). |(Ceron-Breton et al (2011) determined
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carbon sequestration rate in mangrove forest soil located within the natural protected area.
The organic matter content and organic carbon decreased at greater depths of soil. The
sampling areas with sandy soils where the buttonwood mangrove is the dominant species
showed a reduced ability to capture carbon (1.2 kg C m?) and black mangrove-red
mangrove-white mangrove, showed the highest rates of carbon sequestration (22.2 kg C m™).
The accumulation of organic matter and organic carbon content were higher during the dry

season. It was expected, since in this climatic period the evapotranspiration process increases,

which concentrates salts and dissolve organic carbon.
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Bianchi ef al. (2013) conducted a study and determined

Carbon sequestration rates were in the Mud Island Mangrove and the Marsh sites ranged

from 253 to 270 and 101-125 g C m™ yr”', respectively in wetland soils of the north western
Gulf of Mexico.

Yang et al. (2014) stated that mangroves are an important affecter of atmospheric CO, level
via sequestrating carbon and trapping sediments. In order to detect the determinants of
organic carbon sequestration, study investigated four mangrove fringing locations along the
Surface and core sediment samples were collected from these sites and analyzed sedimentary
organic carbon content (SOCC). It was found that a significantly higher concentration and
density of organic carbon were preserved in the interior surface sediments regardless of
location or surface grain size distribution of coast of the Leizhou Peninsula. The belowground

C pools of the mangrove forest transects were greater at 315, 428, and 818 Mg/ha for the

seaward, interior, and landward zones, respectively_

Similar results were reported by Eid and
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Shaltout (2013) in Lake Burullus (a Mediterranecan wetland in north Egypt) who indicated
that 40.7% of the SOC content was located in the top 10 cm of the soil profile.

Sahu et al. (2016) revealed that the soil carbon stock in natural stands was 54.3 + 3.0
Mg C ha™' and in plantation it was 60.9 + 5.6 Mg C ha'. The mean overall C-stock of natural
stands and plantations was 57.6 = 3.2 Mg C ha—1. A positive correlation was found between
vegetation biomass and soil organic carbon in the surface soil (0—30 cm), indicating the role
of vegetation in building surface soil organic carbon.

The carbon content in the soil of mangroves generally changes much more slowly
with depth than in the upland forest Sitoe et al. (2014). In the miombo woodlands of Malawi
for instance, Walker and Desanker (2004) found an exponential decrease of carbon
concentration up to a depth of 150 cm, indicating a sharp decrease in carbon concentration
with the increase of soil. According to Wendling (2005), the reduction of carbon
concentration with depth is more common in terrestrial forests due to high concentrations of
biological activity, particularly litter deposition and decomposition near the soil surface,
while deposition of sediments from the river stream constitute an important source of organic
matter in mangrove soils depth. Panday and Panday (2013) was also examined carbon
sequestered in the soil (up to 30 cm depth) by mangroves of Gujarat and revealed that
mangrove soils contribute more than mangrove plants in the overall carbon sequestration.

The amount and dynamics of SOC in soil differ greatly in different mangroves, which
are mainly influenced by the tidal gradient, mangrove forest age, biomass and productivity, as
well as species composition and sedimentation of suspended matter. Proportions of soil
carbon to the total ecosystem carbon suggest that mangrove soils are the most carbon rich
when compared to upland ecosystem in the same region.

Conclusion

Recent studies have shown that coastal wetlands such as mangroves, salt marshes and
sea grass beds are among the most efficient carbon (C) sinks on the planet. The data
presented show that mangroves hold C-pools that are among the largest in the tropics.
Plantation can store as much carbon as natural mangrove forests. This highlights the need for
expanding mangrove plantations. Some study demonstrates that the biomass and carbon
storage capacity of mangrove species vary with spatial locations due to varying salinity,
perhaps moderated by soil and water management. Mangroves store more carbon than
marshes on a global scale. As mangroves become recognized as important carbon storages,
the need for quantifying and reducing the uncertainty of carbon inventories, such as those

arising from specific carbon contents, becomes increasingly emphasized. Many aspects of
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mangroves make them unique ecosystems. Improving their management, including wise use

of resources, would enhance collateral benefits for both global and local communities.
References

Adams, J. M., Faure, H., Faure-Denard, L., MeGlade, M. and Woodward F. 1. 1990. Increase
in terrestrial carbon storage from the last glacial maximum to the present. Nature,
348:711-714.

Alongi, D.M., 2007. The contribution of mangrove ecosystems to global carbon cycling and
greenhouse gas emissions. In: Tateda, Y., Upstill-Goddard, R., Goreau, T., Alongi,
D., Nose, A., Kristensen, E., Wattayakorn, G. (Eds.), GreenhouseGas and Carbon
Balances in Mangrove Coastal Ecosystems. Maruzen, Tokyo, pp. 1-10.

Alongi, D.M., 2009. The Energetic of Mangrove Forests, Springer Science, Dordrecht, pp.
216.

Alongi, Daniel M. and Mukhopadhyay, Sandip K. 2015. Contribution of mangroves to
coastal carbon cycling in low latitude seas, Agricultural and Forest Meteorology 213 :
266-272

Aizpuru, M., Achard, F., and Blasco, F. 2000. Global assessment of cover change of the
mangrove forests using satellite imagery at medium to high resolution. In: EEC
Research project n 15017-1999-05 FIED ISP FR — Joint Research Centre, Ispra.

Ball, M.C., 1988. Ecophysiology of mangroves. Trees 2:129-142.

Batjes, N. H. 1996. Total Carbon and Nitrogen in the soils of the world. Eu. J. Soil Sci.
47:151-163.

Bianchi, Thomas S. *, Mead A. Allison , Jun Zhao, Xinxin Li , Rebecca S. Comeaux, Rusty
A. Feagin, R. Wasantha Kulawardhana (2013) Historical reconstruction of mangrove
expansion in the Gulf of Mexico: Linking climate change with carbon sequestration in
coastal wetlands. Estuarine, Coastal and Shelf Science 119: 7-16

Cai, W.J., 2011. Estuarine and coastal ocean carbon paradox: CO; sinks or sites of terrestrial
carbon incineration? Annual Reviews of Marine Science 3, 123-145.

Centre for International Earth Science Information Network, 2010,. Global Indicator Profiles.
Columbia University, New York.

Ceron-Breton, J.G. Cern-Breton, R.M., Rangel-Marron, M., Murielgarcia, M., Cordova-
Quiroz, A.V., And Estrella-Cahuich, A. (2011). Determination of carbon
sequestration rate in soil of a mangrove forest in Campeche, Mexico. Wseas

Transactions on Environment And Development. 7 (2):55-64.



301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334

Chumra, G. L., Anisfeld, S. C., Cahoon D. R. and Lynch, J. C. (2003). Global carbon
sequestration in tidal, saline wetland soils. Global Biogeochemical Cycles. 17(4):1-12.

Day, J., Hall, C.S., Kemp, W.M., Yanez-Arancibia, A., 1989. Estuarine Ecology. John-

Wiley, New York.

Donato, D.C., Kauffman, J.B., Murdiyarso, D., Kurnianto, K., Stidham, M., Kanninen, M.,
2011. Mangroves among the most carbon-rich forests in the tropics. Nature
Geoscience 4: 293-297.

Eid, E.M., Shaltout, K.H., 2013. Evaluation of carbon sequestration potentiality of Lake
Burullus, Egypt to mitigate climate change. Egypt. J. Aquat. Res. 39, 31-38.

Eid, E.M., Shaltout, K.H., 2016. Distribution of soil organic carbon in the mangrove
Avicennia marina

Ellison, A.M. and E.J. Farnsworth. 1992. The ecology of Belizean mangrove root fouling
communities: patterns of epibiont distribution and abundance and effects on growth.
Hydrobiologia., 247: 87-98.

Eswaran, H. Wann-Den Berg, E. and Reich, P. 1993. Organic carbon in the soils of the world.
J. Soil Sci. Soc. Am. 57:192-194.

FAO. 1994. Mangrove forest management guidelines. FAO Forestry Paper 117. Rome, 319

pp.

FAO, UNEP. 1981. Los Recursos Forestales de la America Tropical Proyecto de Evaluacion
de los Recursos Forestales Tropicales (en el marco de SINUVIMA) FAO, UNEP,
Rome. 349 pp.

Farnsworth, E.J and B.R. Jackes. 1987. A systematic revision of the mangrove genus
Sonneratia (Sonneratiaceae) in Australasia, Blumea., 32: 277-302.

Feller, 1.C., Lovelock, C.E., Berger, U., McKee, K.L., Joye, S.B., Ball, M.C., 2010.

Biocomplexity in mangrove ecosystems. Annu. Rev. Mar. Sci. 2, 395-417.

Fatoyinbo, T.S.M.; Washington-Allen, R.A.; Shugart, H.H. Landscape-scale extent, height,

biomass, and carbon estimation of Mozambique’s mangrove forests with Landsat
ETM+ and Shuttle Radar Topography Mission elevation data. J. Geophys. Res. 2008,
113, G02S06.


MacBook Pro


MacBook Pro



335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368

Gavali, R. S.; Shaikh, H. M. Y 2016. Estimation of Carbon Storage in the Tree Growth of

Solapur University Campus, Maharashtra, India. International Journal of Science and
Research, 5(4):2364-2367.

Giri, C. , Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A., Loveland, T. Masek, J. and Duke,
N. (2011). Status and distribution of mangrove forests of the world using earth
observation satellite data, Global Ecology and Biogeography, 20, 154-159.

Giri, C., Long Jordan, Abbas Sawaid, Murali R.Mani, Qamer Faisal M., Pengra Bruce and
Thau David (2015). Distribution and dynamics of mangrove forests of South Asia,
Journal of Environmental Management, 148: 101-111.

Girmay, G., Singh, B.R., 2012. Changes in soil organic carbon stocks and soil quality: land-
use system effects in northern Ethiopia. Acta Agr. Scand., Soil Plant Sci. 62, 519-530

Grossman, R.B., Harms, D.S., Kuzila, M.S., Glaum, S.A., Hartung, S.L., Fortner, J.R., 1998.
Organic carbon indeep alluvium in southeast Nebraska and northeast Kansas. In: Lal,
R., Kimble, J.M., Follett, R.F., Stewart,B.A. (Eds.), Soil Processes and the Carbon
Cycle. CRC Press, Boca Raton, pp. 45— 55.

Hussein, M.Z. 1995. Silviculture of mangroves. Unasylva., 46: 36-42.

ITTO, 1993. The economic and environmental value of mangrove forests and their present
state of conservation. Prepared for the International Tropical Timber Organization.
Japan International Association for Mangroves and International Society for
Mangrove Ecosystems, Okinowa, Japan.

Kauffman, J. Boone, Chris Heider, Thomas G. Cole, Kathleen A. Dwire and Danial C.
Donato (2011).Ecosysyem Carbon Stock of Micronesian Mangrove Forest. Wetland
31: 343-352.

Kibria, G. 2013. Mangrove Forests- Its Role in Livelihoods, Carbon Sinks and Disaster
Mitigation, Technical Report, RMIT University.1-17.

Kishwan, J. (2009). Estimation of Forest Carbon Stocks in India: A Methodology based on
National Forest Inventory. CFRN-ICFRE International Workshop (April 27th).
Dehradun,, India.

Khan, Md.N.I., Suwa, R., Hagihara, A., 2007. Carbon and nitrogen pools in a mangrove stand
of Kandelia obovata (S.,L.) Yong: vertical distribution in the soil-vegetation system.

Wetlands Ecol. Manage. 15, 141-153.


MacBook Pro



369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
3901
392
393
394
395
396
397
398
399
400

Lal, R., 1998. Land use and soil management effects on soil organic matter dynamics on
Alfisols in western Nigeria. In: Lal, R., Kimble, J.M., Follett, R.F., Stewart, B.A.
(Eds.), Soil Processes and the Carbon Cycle. CRC Press, Boca Raton, pp. 109—-126.

Lang'at, J. K. S. 2013. Impacts of tree harvesting on the carbon balance and functioning in
mangrove forests. Edinburgh Napier University.

Lee, S. Y. (2016). From blue to black: Anthropogenic forcing of carbon and nitrogen influx
to mangrove-lined estuaries in the South China Sea, Marine Pollution Bulletin 109 :
682-690.

Lewis, R.R, (1990) Creation and restoration of coastal wetlands in Puerto Rico and the US
Virgin Islands. In : J.A. Kusler, M.E. Kentula (Eds.), In: Wetland creation and
restoration : The status of science, Vol. I, Regional reviews, Island Press, Washington
DC, p. 103-123.

Liu, H., Ren, H., Hui, D., Wang, W., Liao, B., Cao, Q. (2014) Carbon stocks and potential
carbon storage in the mangrove forests of China. J. Environ. Manag. 133, 86-93.

Lunstrum, A., Chen, L., 2014. Soil carbon stocks and accumulation in young mangrove
forests. Soil Biol. Biochem. 75, 223-232.

Mitra, A., Sengupta, A. and Banerjee, K. (2011). Standing biomass and carbon storage of
above-ground structures in dominant mangrove trees in the Sundarbans, Forest
Ecology and Management 261 :1325-1335

Mitra, A and Zaman S. 2014. Blue carbon reservoir on blue planet.

Mosier, A.R., 1998. Soil processes and global change. Biology and Fertility of Soils 27, 221—
229.

Murdiyarso, D., van Noordwijk, M., Wasrin, U.R., Tomich, T.P. and Gillison, A. 2002
Environmental benefits and sustainable land-use in Jambi transect, Sumatra,
Indonesia. Journal of Vegetation Science 13: 429-438.

Murdiyarso, D., Donato, D., Kauffman, J. B., Kurnianto, S., Stidham, M. and Kanninen, M.
(2009). Carbon storage in mangrove and peatland ecosystems :A preliminary account
from plots in Indonesia. Working Paper 48, Center for International Forestry Research

Murray, B.C., Pendleton, L., Jenkins, W.A., Sifleet, S., 2011. Green Payments for Blue
Carbon: Economic Incentives for Protecting Threatened Coastal Habitats. Report NI
R 11e04. Nicholas Institute for Environmental Policy Solutions, Duke University,

North Carolina, USA.



401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

Page, S.E., Siegert, F., Ricley, J.O., Boehm, H.-D.V., Jaya, A. and Limin, S. 2002 The
amount of carbon released from peat and forest fires in Indonesia during 1997. Nature
420: 61-65.

Pan, Y., Birdsey, R.A., Fang, J., Houg 461 hton, R., Kauppi, P.E., Kurz, W.A., 2011. A large
and persistent carbon sink in the world™s forests. Science 333: 988-993.

Pandey, C. N. and Pandey, R. (2013). Carbon Sequestration by Mangroves of Gujarat, India,
International Journal of Botany and Research (IJBR), 3 (2): 57-70.

Pernetta, J.C. 1993. Marine protected areas in the South Asian Seas region — Srilanka. A
marine conservation report. [UCN, Gland, Switzerland, 67 pp.

Rao, G. R., Raju, B. M. K., Reddy, P. S. and Kumar, P. S. 2017. Developing Allometric
Equations for Prediction of Total Standing Biomass of Pongamia pinnata L.: an
important Biodiesel Plant, Journal of Scientific & Industrial Research, 76:320-324.

Saenger, P., E.J. Hegerl and J.D.S. Davie. 1983. Global Status of Mangrove Ecosystems. The
Environmentalist., 3: 1-88.

Sahu, S. C. , Manish Kumar and N. H. Ravindranath (2016). Carbon stocks in natural and
planted mangrove forests of Mahanadi Mangrove Wetland, East Coast of India,
Current Science, 110 (12):2253-2260.

Semesi, A.K. 1998. Mangrove management and utilization in eastern Africa, Ambio., 27:
620-626.

Sitoe, A. A., Mandlate , L J C and Guedes, B. S. (2014). Biomass and Carbon Stocks of
Sofala Bay Mangrove Forests, Forests 5: 1967-1981.

Sjors,H 1980. Peat on earth: multiple use or conservation? Ambia 9:303-308.

Spalding, M.D., Blasco, F. and Field, C.D., eds. 1997. World Mangrove Atlas. The
International Society for Mangrove Ecosystems, Okinawa, Japan. 178 pp.

Stringer, Christina E.,  Trettin, Carl C., Zarnoch, Stanley J. and Tang Wenwu . 2015.
Carbon stocks of mangroves within the Zambezi River Delta, Mozambique, Forest
Ecology and Management 354 : 139-148

Terchunian, A., V. Klemas, A. Alvarez, B. Vasconez and L. Guerrero. 1986. Mangrove
mapping in Eucador: The impact of shrimp pond construction. Environmental
management., 10: 345-350.

Tomlinson, P.B. 1986. The Botany of mangroves. Cambridge University press, Cambridge,
195 pp.



433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

Twilley, R.R., Chen, R.H., Hargis, T., 1992. Carbon sinks in mangroves and their
implications to carbon budget of tropical coastal ecosystems. Warer, Air and Soil
Pollution 64: 265-288.

Walker, S.M.; Desanker, P.V. 2004. The impact of land use on soil carbon in Miombo
Woodlands of Malawi. For. Ecol. Manag. 203:345-360.

Walsh, G.E. 1974. Mangroves: a review. In: R.J. Reimold, W.H. Queen (Eds.), Ecology of
Halophytes, Academic press, New York, 174 pp.

WBGU, 1998 Wissenschftlicher Beirat der bundesregierung globale umweltverungen: die
anrechnung biologischer quellen und senken im Kyoto-Protokoll: Fortschritt oder
Riickschlag fiir den globalen Umweltschutz, Sondergutachten, Bremerhaven, pg. 76.

Wendling, B.J.I.; Mendonga, E.S.; Neves, J.C.L. Carbono organico ¢ estabilidade de
agregados de um Latossolo Vermelho Sob diferentes Manejos. Pesquisa
Agropecuaria 2005, 40, 487-494.

Wolanski, E. 1992. Hydrodynamics of tropical coastal marine systems. CRC Press, Boca
Ratton, Florida, USA., 2-27 pp.

Yang Juan , Gao Jay, Liu Baolin, Zhang Wei, 2014. Sediment deposits and organic carbon
sequestration along mangrove coasts of the Leizhou Peninsula, southern China.

Estuarine, Coastal and Shelf Science 136: 3-10.



