
Barisal University Journal Part 1, 4(2):271-290 (207) ISSN 2411-247X 

271 

IS MANGROVE FOREST AN ASSET OR A LIABILITY?:  

A REVIEW 

M Hasinur Rahman*  

Department of Soil and Environmental Sciences, The University of Barisal,  

Barisal 8200, Bangladesh 

Abstract 

Background: Mangroves are intertidal wetland forests which could be considered as an 

“eco-efficient agro-forest” since they grow in marginal soils (viz. acid sulfate soils, saline 

soils, sodic soils, contaminated soils, swamp and marsh soils, intermittent submerged 

soils etc.) without any agricultural inputs. Objectives: This review discloses current 

status of mangrove forests, elucidates the services and functions provided by mangrove 

forests to the human society, marine and coastal ecosystems and states the obligation of 

conservation of mangrove forests. Results: Despite the great impact on environment the 

mangrove forests in tropical and subtropical regions are declining sharply. The tidal 

mangrove forests inhabit the interface between land and sea, and reduce the risk of 

waves, tsunamis as well as storm surges. This biologically significant mangrove forests 

act as usual barriers, also provide nursery grounds and breeding sites for marine and 

pelagic species, supply woods and sustain accumulation of sediments, nutrients and 

contaminants. Biodiversity conservation and management as well as biotechnological 

potential of mangrove forests are well documented. Mangroves contribute to a significant 

degree of terrestrial and marine carbon sequestration and consider as a dynamic ecotone 

between terrestrial and marine habitats. In salt water marshes, epiphytic red algae and 

mangrove interaction have produced the mycosporine like amino acids, which are 

considered to be biochemical photoprotectants against exposure to UV radiation. 

Mangrove grows in salt water marshes are subjected to influx of ions except sodium and 

chloride. Alternatively, mangroves growing in brackish waters have special uptake 

mechanism for inorganic salts. While halophytic mangroves are under water stress, they 

inactivate uptake or storage of inorganic sulfate present in sea water, through conjugation 

with phenolic compounds, particularly with flavonoids in plants. Mangrove species can 

produce novel metabolites which help to regulate salts and accumulate or synthesize 

other solutes to maintain osmotic balance. Conclusions: The mangrove forests have 

positive impact on managing and/or reclamation of problematic soils like acid sulfate 
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soils, saline soils, sodic soils, contaminated soils in seashore and deterioration of these 

forest associations may negatively influence the terrestrial and marine ecosystems. 

However, a few environmental scientists still considered mangrove ecosystem as swamps 

which is very unhygienic, inhospitable and dangerous as many harmful animals lived into 

there. It is therefore very important to do 'pros and cons' analysis on mangrove forests 

and mangal associates which has not been conducted yet. 

Keywords: Agro-forest, Carbon sink, Eco-efficient, Ecological stability, Global 

estimator, Mangrove forest, Secondary metabolites. 

1. INTRODUCTION 

The mangrove forests are located in the intertidal region between the land and the sea. 

Macnae (1968) first introduced the provisos „mangrove‟ and „mangal‟ to quote „plants‟ 

and „mangrove plant communities‟, respectively. Mangroves are biologically diverse 

forests composed of 9 orders, 20 families, 27 genera and approximate with 70 species 

(Alongi, 2002). Mangrove forests can extend irrespective of agro-ecological zones. 

Nevertheless, tropical mangroves differ from temperate mangroves with their distinct 

ecology and physiology (Ellison, 2002). Mangrove forests are well established between 

30°N and 30°S with few exceptions in Bermuda (32°20′N), Japan (31°22′N), Australia 

(38°45′S), New Zealand (38°05′S) and South Africa (33°04′S). About one-fourth of 

mangrove forests located in North and Central America (15%) and South America (11%) 

(Giri et al., 2011). Mangrove forests grow on marginal soil without any agricultural 

inputs (viz. seeds, fertilizers, pesticides, insecticides, water management, agro-

implements, phytohormones etc.) Mangrove forests grown on the tidal flats of wide range 

of soils viz. mineral soils (sulfaquents, organic soils (sulfafemists), acid sulfate soils, and 

saline soils associated with bioclastic and coralline sands. Sediments along with 

mangrove forests are mostly saline with brown or reddish brown mottles when leached at 

the surface. Seaward mangrove forests are generally grown on acid sulfate soils which 

contain iron sulfides (Lacerda et al., 2002). The mangrove forests are important 

ecosystems as they (i) provide important and unique ecosystem goods and services to 

human society and coastal and marine systems (ii) protect shorelines (iii) reduce the 

devastating impact of natural disasters (iv) provide breeding and nursing sites for marine 

and pelagic species, (v) catch metals and nutrients, (vi) trap sediments (vii) supply food, 

medicine, fuel and building materials for local communities (Giri et al., 2011). Intense 

mangrove forests have significantly contributed to guard human habitation, lives, 
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properties and agricultural crops next to the coastline commencing extreme weather 

events resulting from climate change (Rahman et al., 2015).   

Mangroves forests play potential role in carbon cycle and recognised as carbon sink. 

Studies conducted by Dittmar et al. (2006) stated that mangrove forests could sequester 

approximately 22.8 million metric tons of carbon each year including associated soils. In 

contrast, mangrove areas have been declining sharply and their long-term survival is at 

great risk (Duke et al., 2007). Mangroves growing in or near the sea or in salt water 

marshes are subjected to influx of other ions besides sodium and chloride and it is 

conceivable that adaptation to other inorganic salts present in brackish waters may be 

necessary for survival of plants in such habitats. One such ion present in sea-water in 

some quantity is inorganic sulfate; one possible route for inactivation or storage is 

through conjugation with naturally occurring phenolic compounds, and particularly with 

flavonoids and remarkably enough, such compounds occur principally in plants which are 

subject to water stress, and especially in halophytic mangrove. Even some mangrove 

species synthesize few nitrogen compounds, the protein amino acid proline and the 

quaternary nitrogen compound glycine betaine which help to regulate salts and 

accumulate or synthesize other solutes to maintain osmotic balance (Bandaranayake, 

2002). 

Recently, scientists have examined the importance of mangrove forests on plant diversity 

for ecosystem stability in terrestrial ecosystems, especially grasslands where the 

dominant vegetation lies low to the ground and is easy to manipulate experimentally. 

Stability was conferred by species richness, both within and among functional groups 

(Wardle et al., 2000). Therefore, this review will give a brief momentous of mangrove 

forests on terrestrial and marine ecosystems with the special emphasis of its existence and 

protective capacity, biodiversity conservation and management, carbon sequestration in 

mangrove ecosystems, and their socio-economic values. 

2. PAST, PRESENT AND FUTURE STATE 

On the Global scale, mangrove forests have been declining very sharply. FAO estimated 

18.8 and 15.2 m ha of mangroves in 1980 and 2005, respectively (FAO, 2007a). 

According to the survey report of FAO, 3.6 m ha of mangrove has lost in worldwide 

which stand for around 20% loss of mangrove forests within 25 years. Defying the size, 

Bangladesh have the world‟s largest uninterrupted tidal halophytic mangrove forests 

named as Sundarbans is reduced to the area of about 6,000 sq km from 6500 sq km 

within the last two decades. The Chakaria Sundarbans in Bangladesh was established in 

1903 with a command area of 8510 ha which was considered as one of the oldest 

mangrove forests in the subcontinent has been cleared due to the heavy human 
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interference in 1996 (Hossain et al., 2008). If the present rate as well as trend of loss 

continues then the existing mangroves could be lost in next hundred years. Mangrove 

forests decrease is proportional to the increase in population as the subsequent demand of 

foods and shelter increases (Alongi, 2002). Apart from this, factors such as flooding, land 

reclamation, sedimentation, pollution, saline water intrusion due to sea water level rise, 

expansion of commercial navigation as well as commercial activities and lack of agitation 

are responsible for the disappearance of mangrove forests. The disappearance of 

mangroves definitely have pessimistic impact on the atmospheric composition and 

climate change and on transfer of materials into the marine (Giri et al., 2011) and 

terrestrial ecosystems. However, there is a quantitative research gap on how mangrove 

forests loss alters the ecosystem function in marine and terrestrial ecosystems as well as 

mangrove themselves.  

3. NATURAL BARRIER AND PROTECTIVE CAPACITY 

Due to abrupt climate change natural challenges are becoming more frequent and 

devastating worldwide and it is well known that mangrove forests protect those natural 

calamities by acting as a buffer zone. It is well documented that these natural disasters 

have already killed millions of people and still billions of people are currently living with 

a high risk. The Indian Ocean tsunami that took place on 26 December 2004 causing the 

loss of about 225,000 people and the destruction of property costing millions of US 

dollars was particularly one of the worst events in the account of natural calamities. 

Although the magnitude of the tsunami waves was high along the affected coasts, human 

losses and the amount of damage to inland property and infrastructure were less in 

healthy mangrove or coastal forests areas like in Nicobar and Andaman Islands and few 

places of Tamil Nadu, India (Osti et al., 2009). The protective power of mangrove forest 

has been well documented in the event of Indian Ocean tsunami in 26 December 2004. 

Effective mitigation of such disasters is possible via healthy coastal forests, which can 

reduce the energy of tsunamis. In recent years, mangrove forests which work as the 

natural barriers have declined due to adverse human and natural activities. It is essential 

to recover them to use as a natural barrier against a tsunami and, in addition, as a resource 

to obtain optimum ecological, socio-economic, and environmental profits (Osti et al., 

2009). The role of mangrove forest in mitigating the outcomes of a tsunami disaster, 

especially in 2004, is covered in the study by Selvam (2005). His laboratory experiments 

showed that 30 trees per 100 square metres might reduce the maximum flow of a tsunami 

by more than 90 per cent. A numerical simulation of Hiraishi (2005) as well showed that 

the reduction of tsunami flow pressure by increasing the density of the planted zone. 

Kathiresan and Rajendran (2005) used linear regressions to identify the value added by 

mangrove forests in reducing per capita mortality in India due to the 2004 tsunami. 
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Based on the 1998 tsunami that destroyed parts of the north coast of Papua New Guinea a 

model simulation was made to predict the attenuation of tsunami energy by mangroves 

(Hiraishi and Harada, 2003). The model output suggests a 90% reduction in maximum 

tsunami flow pressure for a 100-m wide forest belt at a density of 3000 trees ha
-1

. Model 

results obtained by Harada and Imamura (2005) for various types of coastal vegetation, 

including mangroves, were very similar. Tanaka et al. (2007) modelled the relationship of 

species specific differences in drag coefficient and in vegetation thickness with tsunami 

height, and found that species differed in their drag force in relation to tsunami height, 

with the palm, Pandanusodo ratissimus, and Rhizophora apiculata, being more effective 

than other common vegetation, including the mangrove Avicennia alba. These data point 

to the importance of preserving or selecting appropriate species to act as wave barriers to 

offer sufficient shoreline protection. 

Mangrove forests can attenuate wave energy, as shown by various modelling and 

mathematical studies (Quartel et al., 2007). They concluded that the magnitude of the 

energy absorbed strongly depends on forest density, diameter of stems and roots, forest 

floor slope, bathymetry, the spectral characteristics (height, period, etc.) of the incident 

waves, and the tidal stage at which the wave enters the forest. Mazda et al. (2006) found 

that waves were reduced in energy by 50% within 100 m into Sonneratia forests. They 

also showed that another important factor is vegetation type, for example, the percentage 

of forest floor area covered by either prop roots or pneumatophores, as the drag 

coefficient of these structures is related to the Reynolds number which differs for each 

species depending on diameter and aboveground root architecture. 

4. BIODIVERSITY AND BIOTIC-ABIOTIC PROCESSES 

Mangrove forests have direct as well as indirect impact on conservation and management 

of biodiversity and it is proved by the scientists that due to climate change there is a 

dreadful loss on biodiversity and extinction of species have already been occurred 

worldwide. Species diversity has very strong impact on ecosystem functioning through 

productivity and stability by sharing different resources. Stability of any ecosystem was 

conferred by the species richness between and among the functional groups (Wardle et 

al., 2000). Scientists have raised the necessity of plant diversity for ecosystem stability in 

terrestrial ecosystems. Mangroves provide protective habitat for spawning, nursery, and 

feeding ground for juvenile fish and crustacean species that spend part of their lives in 

these habitats. Mangroves contribute many different functional ways to fisheries. These 

include contributing nutrients to support an elaborate food web within the mangroves, 

exporting-derived nutrients offshore to enhance fisheries, or providing habitat to fauna 

for shelter and nursery grounds (Robertson et al., 1992). Mangroves also provide shelter 

to a wide variety of mammals, amphibians and reptiles. Many other animals such as 
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birds, marine and terrestrial mammals use or visit the mangroves for roosting, nesting, or 

feeding on a daily or seasonal basis. Wetlands biodiversity is influenced by factors 

ranging from the evolutionary history to the current environmental pollution and 

pollutants. Gopal (2006) predicted that various socio-cultural, economic and political 

factors may affect the biodiversity directly as well as indirectly. Mangrove forests may 

alter abiotic factors including sedimentation rate, organic matter content in sediments, 

temperature, light intensity and nutrient availability which may change in turn impact 

associated mangrove communities and adjacent habitats (biotic factors). Granek and 

Ruttenberg (2008) stated that even a small scale clearing of mangrove forests showed 

significant changes in the abiotic and biotic conditions of the local environment. Abiotic 

and biotic factors can alter mangrove forests through the changes of the microbial 

community structure and composition. Plant species diversity can lead to increase the 

number of microbial species richness and expand their composition. Species diversity and 

specific species traits control the decomposition rate and nutrient turnover as different 

species utilize their resources with different magnitudes and times. The factors involved 

are shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Factors affecting biodiversity in mangroves (modified from Gopal, 2006). 
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5. BIOMASS GENERATION  

Mangroves are rapid growing plants of marginal lands. Measurement of the biomass 

(both for above-ground and below-ground) of mangroves is quite difficult as they are not 

in homogeneous conditions. Biomass quantification is therefore based on indirect 

methods. Biomass production depends on factors including plant itself (plant species, 

ecotype etc.) and their growing media and macro- and micro-climates. Woodroffe (1985) 

estimated above ground biomass of Avicennia marino of Tuff Crater basin in New 

Zealand was 104.1 t ha
-1

 and 6.8 t ha
-1

 for more than 4 m and less than 1 m tall trees, 

respectively, with an average of 55.5 t ha
-1

. Study confirmed that the standing above 

ground biomass of Rhizophora apiculata was 159 t ha
-1

 in Thailand (Puket Island) 

mangrove forests (Christensen, 1978). In Malaysia, above ground biomass accumulation 

for R. Apiculata ranged from 270 to 460t ha
-1

 with a mean of 409 t ha
-1

 (Putz and Chan, 

1986). Studies in different mangrove forests of Malaysia indicated that standing above 

ground biomass in Matag mangrove (Rhizophora apiculata) was 185.3 t ha
-1

 (Gong and 

Ong, 1990), in Pulau Langkawi (Bruguiera parviflora, Rhizophora mucronata, Bruguiera 

gymnorrhiza, Ceriops tagal and Xylocarpus granatum) was 115.6 t ha
-1 

(Norhayati and 

Latiff, 2001), in Kuala Selangor (Bruguiera parviflora) was 144.5 t ha
-1

 (Hossain et al., 

2008). In contrast, Khan et al. (2009) estimated 80.5 t ha
-1

 of above ground biomass for 

mangrove forests (Kandelia obovata) in Okinawa, Japan. It is more difficult to measure 

below ground biomass compared to the above-ground biomass. Therefore, a few studies 

estimated both above- and below-ground biomass in mangrove forests. Komiyama et al. 

(2000) estimated the above- and below ground biomass of Ceriops tagal in southern 

(Satun) Thailand and found 92.3 and 87.5 t ha
-1

, respectively. For Avicennia germinans in 

south-western Florida, the above- and below-ground biomass was178.2 and 146.3 tha
-1

, 

respectively (Twilley, 1982). Limited data sets as discussed above concluded that the 

biomass production depends on mangrove species as well as ecological zones. 

Irrespective of ecological zones, the above ground biomass was in the order of 

Rhizophora apiculata>Avicennia germinans>Bruguiera parviflora>Ceriops 

tagal>Kandelia obovata>Avicennia marino. On the other hand, regardless of species 

mangrove forests in Malaysia stand the highest above ground biomass followed by USA 

south-western, Thailand and Japan, and lowest was in New Zealand. Research results as 

well indicated that irrespective of mangrove species and ecological zone the above 

ground biomass is more than below ground biomass. As stated by Twilley et al. (1992), 

the dispersal of biomass accumulation all over the tropical regions indicated that elevated 

values occur at lower latitudes. As biomass production inversely related to latitude a 

regression model was fitted as Y = -7.291X + 298.5 (R = 0.75), where X is latitude and Y 

is predicted biomass in Mg ha
-1

. Cintrón and Schaeffer-Novelli (1984) found a significant 

positive correlation between latitude and tree height they established a regression 
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equation as: Y = 45.8-1.28X (r
2
 = 0.75); where Y is the tree height in meter and X is 

latitude north or south. Cintrón et al. (1978) found that tree height of Puerto Rico 

mangroves is inversely related to soil salinity by the equation: Y = -0.20 + 16.58 (r
2
 = 

0.72); where X is soil salinity in ppt and Y is the tree height in meter. All these models 

are based on species-specific within definite ecological zones. It is therefore necessary to 

do validity test of those models before apply to any other mangrove forests. More 

precisely multiple regression model should be developed including as many as factors 

involved in mangrove forest ecosystems. 

6. BIOMASS CONTENT, LITTER SYSTEM AND CARBON SEQUESTRATION 

Seasonal changes have a significant influence on above-ground biomass deposition as 

well as their decomposition. Mangrove forests are widely recognized for litter 

production, carbon and nutrient cycling and contribution to the food chain through leaf 

detritus pathway in coastal and marine ecosystem. The rate and variability of litter export 

and detritus in mangrove zones can be affected by species, tidal height, rainfall, feeding 

activities of marine invertebrates, temperature (Woitchik et al., 1997). The carbon and 

nutrient cycle is depends on litter decomposition process. The potential carbon 

sequestration highly dependent on litter quality as well as microbial community structure 

and composition involved in litter system. Litter qualities vary with carbohydrate, lignin, 

acid detergent fibre, phenol-protein complexes, tannin, amino acids, fatty acids, 

triterpenoids etc. Additionally, during litter systems the specific microbial community 

have specific respiration pattern for producing specific organic and organo-mineral 

compounds which may enhance or reduce the litter decomposition rate.   

Marine ecosystems considered as a massive reservoir for carbon sink. The huge amount 

of blue carbon is captured by marine ecosystems which represent more than 55% of green 

carbon or biological carbon captured globally. The carbon captured by living organisms 

in marine ecosystems is stored in the form of biomass and sediments from mangrove 

forests, salt marshes and sea grasses. Some 93% of the earth‟s CO2 (40 Tt) is stored and 

cycled through the oceans. The ocean‟s vegetated habitats, in particular mangroves, salt 

marshes and sea grasses, cover <0.5% of the sea bed. These create earth‟s blue carbon 

sinks and makeup more than 50%, possibly a maximum of 71%, of all carbon storage in 

ocean sediments. Although they encompass only 0.05% of the plant biomass on land, 

they stock a comparable amount of carbon each year and therefore rank among the most 

strong carbon sinks on the planet (Nellemann et al., 2009). 

Mangrove forests play an important role for carbon assimilation and turn to sinks. The 

carbon assimilation depends on litter system (i.e. quality of litter inputs, accumulates and 
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decomposes). Wood or leaf based and grassy inputs differing with physic-chemical 

composition. Therefore, carbon cycle in mangrove forests is species specific. In AoSawi 

mangrove forests, Thailand, Alongi et al. (2001) found that carbon mineralization ranged 

from 7.0 to 16.4 mol C m
-2

 year
-1

. Above-ground biomass, surface litters, below-ground 

biomass and soil function as carbon store in mangrove ecosystems. Alongi (2012) stated 

higher below- and above-ground carbon mass ratios in mangroves compared to terrestrial 

trees. Mangroves are among the most carbon-rich biomes, containing an average of 937 t 

C ha
-1

, which facilitate fine particles and sediment accumulation (~5mm yr
-1

). Mangroves 

account for only approximately 1% (13.3 Gt C yr
-1

) of carbon sequestration by the 

world‟s forests but as coastal habitats they account for 14% of carbon sequestration. 

Green-house gas emission may acutely increase with mangrove carbon stocks 

disturbance. There is lack of research for inorganic carbon investigations in mangrove 

forests.  

Simple model for the carbon cycle is shown in Fig. 2 as from Smith and Smith (2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. A simple model for the carbon cycle in ocean, coastal and terrestrial ecosystems 

(D = diffusion, P = photosynthesis, R = respiration, E = exchange, B = burial). 
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The carbon stored depends on vegetation types and salinity zones. The Sundarban, a 

single uninterrupted largest mangrove forest in the world where the Sundri 

(Heritiera fomes) forest types stored 360.1 ± 22.71 Mg C ha-1, which is the highest 

among the other vegetation types (Rahman et al., 2015). Coastal waters constitute 

only 7% of the total area of the ocean. Nonetheless the productivity of ecosystems such 

as coral reefs, and these blue carbon sinks mean that this small area creates the centre of 

the world‟s primary fishing grounds, providing an assessed 50% fishery of the world. 

They provide vital nutrition for close to 3 billion people, as well as 50% of animal protein 

and minerals to 400 million people of the least developed countries in the world. Some 

93% of the earth‟s CO2 (40 Tt) is stored and cycled through the oceans. Maintaining or 

improving the ability of forests and oceans to absorb and bury CO2 is a crucial aspect of 

climate change mitigation. The contribution of forests in carbon sequestration is well 

recognized and is braced by relevant financial mechanisms as well as the land 

management system is the key factor for organic carbon stock (Rahman, 2017). However, 

the serious role of the coastal land management in carbon stock has been ignored all over 

the world.  

7. MANGROVE FORESTS AND ACID SULFATE SOILS MANAGEMENT  

Acid sulfate soils are of major concern throughout the world and particularly in 

Australian environment and economy. This problematic soil covered approximately 21.5 

million ha all over Australia, of which around 27% is coastal acid sulfate soils and 73% is 

inland acid sulfate soils (Alongi, 2002). Acid sulphate soils in Bangladesh covering an 

area of about 0.23 million ha (FAO, 1988). Acid sulfate soils produce sulfuric acid when 

exposed to air. Consequently, this acid causes dissolution of other minerals in soil, and 

releases iron, aluminium, manganese and zinc, which are detrimental to the environment, 

deteriorate water quality, and harmful for the ecology. These soils are generally 

unproductive as well due to soil acidity, salinity, aluminium, iron and hydrogen sulfide 

toxicity, low content of phosphorus, and other mineral nutrients. However, mangrove 

forests being eco-coefficient agro-forest grow naturally in acid sulfate soils (a marginal 

land) with zero inputs. Acid sulfate soils management under mangrove forests are 

different from those of other soils and crops, and will have an important impact to 

enhance and/or maintain soil carbon stocks in Mediterranean climate compared with 

other regions. There is research potential for evaluating carbon storage in acid sulfate 

soils under mangrove forests which might be needed to participate in carbon trading 

schemes. Therefore research should be focused on whether acid sulfate soils are carbon 

source or sink under mangrove ecosystems. Investigating acid sulfate soil carbon stock 
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requires (i) selection of proper sampling techniques (depth increment or genetic horizon) 

and strategies (maximum soil depth, position and spatial dimension of sampling) (ii) 

adopt the most appropriate method and what factors should be considered when selecting 

the method (iii) ability to understand the spatio-temporal distribution of soil organic 

carbon as well as inorganic carbon (iv) knowledge on microbial transformations of soil 

organic carbon and nitrogen (v) monitor vegetations and litter systems and analysis of 

their carbon content and (vi) establish surveillance site and baseline benchmarks. We 

have intention to test our thoughts and validate those recommendations on acid sulfate 

soils under mangrove ecosystems in the southern Australia and other regions in Australia. 

The work will also (i) demonstrate the impact of mangrove forests on the net carbon 

storage in acid sulfate soils (ii) managing acid sulfate soil and groundwater during 

development, and mitigating the impacts and (iii) disseminate the guidelines for 

economically and environmentally sustainable carbon storage in acid sulfate soils. 

Mangrove forests grown on the tidal flats of wide range of soils viz. mineral soils 

(sulfaquents), organic soils (sulfafemists), acid sulfate soils, and saline soils associated 

with bioclastic and coralline sands. Sediments along with mangrove forests are mostly 

saline with brown or reddish brown mottles when leached at the surface. Seaward 

mangrove forests are generally grown on acid sulfate soils which contain iron sulfides. 

Mangrove grown on soils under strong reducing conditions with redox potential 

indicating strong anaerobiosis due to oxygen depletion by bacterial oxidation of organic 

matter.  As soil metabolism is dominated by sulfate reduction under strong reducing 

condition resulting in sulfide formation. The sulfide will precipitates as framboidal pyrite 

in mangrove soils which may responsible for the accumulation of huge amount of sulfide 

forming metals in mangrove ecosystems in Australian (Lacerda, 1998; Lacerda et al., 

2002). 

8. GREENHOUSE GAS EMISSIONS 

Anthropogenic activities release significant amount of greenhouse gases viz. carbon 

dioxide, nitrous oxide and methane to the atmosphere. Methane (CH4) is one of the 

important greenhouse gases that contribute to a rise in global mean surface temperature. 

Methane is produced during the fermentative (oxygen-deprived condition) breakdown of 

organic materials. Wetland plant ecosystems (like mangrove forests) emit significant 

quantities of methane. Methane emissions in agricultural systems can be controlled by 

improved water management and keeping soil dry. However, all those practices are 

impossible to apply on mangrove forests. It is therefore, very important to quantify the 

methane emissions in mangrove forests and take necessary action to reduce methane 
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emission. Lindau et al. (1993) indicated that methane emissions from mangroves show 

large variability due to the complexity of environmental factors. Salinity and sulphate are 

the major inhibitors of methane production as they stimulate the activity of sulphate 

reducing bacteria (Bartlett et al., 1987). Soil texture is responsible for transferring and 

trapping methane and affects the net methane emission in reduced soil (Le Mer and 

Roger, 2001). Moreover, methane production and emission from the subsurface to the 

atmosphere is strongly influenced by soil temperature (Dunfield et al. (1993). Studies 

conducted in South India (Purvaja and Ramesh, 2001) and south-eastern coast of Puerto 

Rico (Sotomayor et al., 1994) mangrove forests indicated that methane emission rate 

ranged from 0.0473 to 0.3245 g m
-2

 day
-1

 and 0.0004-0.0082 g m
-2

 day
-1

, respectively. 

Lekphet et al. (2005) stated theseasonal variation of emission rate with the highest in the 

rainy season, followed by summer and cold seasons, and their estimated values were 

0.00052, 0.00027, and 0.00019 g m
-2

 day
-1

, respectively, in Ranong Province, Thailand. 

They reported that these seasonal variations were as a result from water conductivity, soil 

temperature, and water level etc. Lyimo et al. (2002) observed that the methane emission 

rate was 0.0-0.0192 g m
-2

 day
-1 

in Mtoni mangrove sediments in Tanzania. Some studies 

found that methane emissions from mangrove were considered to be negligible (Alongi et 

al., 2001). 

Above research data revealed that Indian (average of 0.1859 g m
-2

 day
-1

) mangrove 

forests emitted highest methane followed by Tanzania (average of 0.0096 g m
-2

 day
-1

) and 

Puerto Rico (average of 0.0043 g m
-2

 day
-1

), and the lowest was in Thailand (average of 

0.00033 g m
-2

 day
-1

). It is clear from the research that greenhouse gas emissions from 

mangroves showed large variability. Additionally the greenhouse gas emission from 

mangrove forests might depends on (a) season and water conductivity, (b) soil/sediment 

texture and density, temperature and nutrient contents (c) redox potential of sediment and 

water (d) DO, BOD and COD of sediment and water (e) vegetation types: species and 

ecotypes, (f) physical structure and chemical characteristics of litters (g) type of 

microbial communities active in litter systems, and (h) growing seasons and ecological 

zones. Introducing appropriate plant species and microbes interaction can mitigate 

methane emissions in mangrove forests. 

9. BIOCHEMICAL POTENTIALITY 

Large number of mangrove plants have been using as folklore medicine. Numerous 

secondary metabolites are synthesised in mangrove plants which have proven activity 

against human, animal and plant pathogens. Aliphatic alcohols, amino acids and 

alkaloids, carbohydrates, carotenoids, hydrocarbons, polyunsaturated fatty acids, lipids, 

pheromones, phorbol esters, phenolics, steroids, triterpenes and tanins have been 

characterised from mangrove plant or plant parts (e.g. bark, leave, stem, root, flower, 
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fruit, seed, and latex). All these secondary metabolites are commonly used by mangrove 

dwellers for medicines (Rollet, 1981). Numerous scientists disclosed the different 

medicinal properties of mangrove plants. Some of those that are important in this review 

include Aegiceras spp. which has traditionally been used for the treatments of asthma, 

diabetes, fish poisoning, haemataria, leprosy, heumatism and ulcers (Hsieh et al., 2000). 

Avicennia mangrove species are being used to treat different diseases viz. antifertility, 

skin disease, snake bite, blood purifier, small pox (Ito et al., 2000). Derris uliginosa has 

anti-haemorrages effects (Meow-Chang and Choo-Loh, 1987). The flowers and leaves of 

rhizophora lamarckii is used for the treatment of hepatitis (Rollet, 1981).  Rhizophora 

mangle is being used to treatment of boils fungal infection, diarrhoea, dysentery, 

elephantiasis malaria tuberculosis and antiseptic (Williams, 1999).  

10. NATURAL CAPITAL & SOCIO-ECONOMIC CONTRIBUTION 

The indigenous and local people have been traditionally utilized mangrove forests for a 

variety of purposes in all over the world (World Resources Institute, 2000). They have 

been dependent on mangrove forests for their timber for construction, firewood, shelters, 

charcoal, poles, fishing gear, honey, pulp and tannin, and traditional medicines from 

many parts of the plants (Bandaranayake, 1998). Yaǹez-Arancibia et al. (1985) have 

showed a clear positive correlation between commercial finfish catches and the total area 

of mangrove forests in the Gulf of Mexico. The world‟s mangrove forests are 

economically very valuable and Costanza et al. (1998) estimated the economic value 

worth as US$ 180 895 923 000. Janssen and Padilla (1999) compared the costs and 

benefits of mangrove conservation with those generated by various alternative plans of 

aquaculture and forestry. A comparison of net annual benefits of goods and services 

provided by mangroves indicates that aquaculture generates the greatest value at US$ 

6793 ha
-1

 yr
-1

, followed by forestry of US$ 150 ha
-1

 yr
-1

, and fisheries of US$ 60 ha
-1

 yr
-1

. 

11. REASON BEHIND DETORIATION OF MANGROVE FOREST 

Mangrove forests have been losing gradually are well acknowledged by numerous 

scientists (Erftemeijer et al., l989; Fernandez, 1978; Hussain and Acharya, 1994; 

Mastaller, 1989; Mastaller, 1996; Ross, 1974). The natural as well as man-made activities 

are the main reasons to reduce mangrove forest. The main causes of mangrove forest 

degradation are as follows: 

1. Natural-induced 

i. Natural disasters (storms, tsunami, cyclone, surges etc.) 

ii. Pests and diseases (Hetiteira fomes die-back, pathogenic gall cankers, 

caterpillars etc.) 
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iii. Climate change (increased soil salinity due to reduced water flow, rising 

temperature, reduction in periodic inundation, excessive flooding, 

sedimentation, nutrient imbalances etc.) 

iv. Invasion of exotic species (e.g. Nipa palm: Nypa fruticans) 

2. Man‐made activities 

i. Urbanization 

ii. Agriculture 

iii. Constructing embankments 

iv. Aquaculture practices 

v. Cutting for timber, fuel and charcoal 

vi. Prevention of freshwater flow and tidal flow 

vii. Over grazing of buffaloes, sheep, goats and camels 

viii. Pollution 

ix. Mining operations 

x. Social activities 

12. RESEARCH GAPS AND CONCLUSIONS 

The important tropical and subtropical natural capitals, mangrove forests are declining 

worldwide due to anthropogenic activities which can change terrestrial and marine 

ecosystems into undesirable direction by altering temperature, evapotranspiration, light 

penetration, nutrient and organic matter cycling, and macro-and micro-faunal community 

structure and composition. There are no species-specific studies on (i) protective capacity 

of natural calamities (ii) biodiversity conservation and management (iii) carbon stock and 

sequestration (iv) carbon footprint and life cycle analysis (v) and socio-economic values 

of mangrove forests with special reference to ecological zones. Mangrove forests are 

economically very viable and most of them are highly productive which can assimilate 

more carbon from the atmosphere. It is therefore an asset in stabilizing ecosytems. 

Mangroves are used for a wide variety of items, such as timber, poles, food, medicines 

etc. Shoreline ecology and commercially viable coastal food chain are supported by 

mangroves. Mangroves and adjacent environments have a strong ecological tie, hence, 

require a sustainable management. Therefore mangrove forests could be considered as a 

global estimator for ecological stability and carbon sink. Cost-benefit analysis of forest 
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management options (Ruitenbeek, 1994) indicated links among fishery production, 

mangrove use and clearance rates, erosion control and biodiversity, and mentioned that 

clear-felling of mangroves is a viable management option only when all the linkages are 

ignored, thus the mangrove forests is not a liability but an asset. 

Mangroves are under increasing stress from anthropogenic pollutants (Tam and Wong, 

1993). In-depth knowledge of nutrient cycling and factors influencing these pathways 

will help us to understand nutrients and heavy metals accumulation in coastal 

ecosystems. Future research needed to concentrate to leaf-scale processes and attributes, 

plant-scale processes and attributes, stand-scale processes and attributes, soil and 

environmental factors, plant-soil-microbial relations, species diversity, root production 

and respiration, and plant-soil carbon dynamics in mangrove ecosystems. 

A large number of studies and research significantly enriched our knowledge about 

mangrove systems and related biogeochemical processes. However, there is still lack of 

information based on practical research and shortage of long-term data to find human and 

environmental impacts on mangroves in relation to abrupt climate change. A sound 

knowledge of biogeochemical processes and the factors influencing mangrove systems is 

very important for proper restoration success. Extensive research is required to identify 

the site-specific as well as species-specific mangrove forests management and 

conservation for better management of natural disasters in marine and terrestrial 

ecosystem. Moreover, it is vital for the people and governments to develop widespread 

agitation for mangroves as an “eco-efficient agro-forest”. Conversely fallacious 

conservation and management programme of mangrove forests based on total negligence 

could cause severe socio-economic and ecological consequences for decades. 
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