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3. Importance Value Index (IVI) that is the combination of relative density, relative
basal area and relative abundance, was highest for Excoecaria (115.560), and
followed by A. officinalis (77.384), A. marina (37.693) and Rhizophora apiculata
(14.920) respectively. Sonneratia apetala and Bruguiera had the same value of
9.753. Lumintzera and Xylocarpus have their index value of 3.574 and 3.304

respectively. Among all species, Ceriops decandra had the least index value.

4. Carbon sequestration potential of mangroves was varied between species. Highest
carbon sequestration potential was observed in Aegicerous corniculatum (45.467
%), followed by Avicennia officinalis (44.818 %), Bruguiera gymnorrhiza (44.37%),
Ceriops decandra (44.33%) and Sonneratia apetala (44.185%). Excoecaria and
Xylocarpus spp. had a potential of 44.018 and 44.058% respectively. Avicinnea
marina had a carbon sinking potential of 43.954% and R. apiculata of 43.971%.
Among all the mentioned mangrove species, Lumintzera spp. had the least potential
for carbon sinking (39.836%).

5. Abundances of mangroves in the Coringa Wildlife Sanctuary were varied between
species. Excoecaria had the largest density (37675 trees per hac.), followed by
Avicennia officinalis (7250 trees per hac.), Avicennia marina (7087 trees per hac.),
Bruguiera gymnorrhiza (4875 trees per hac.), Aegiceras corniculatum (2950 trees
per hac.), Sonneratia apetala (2225 trees per hac.) and Rhizophora apiculata ( 1962
trees per hac.) respectively. Xylocarpus granatum performed least and gained the

least density (200 trees per hac.) among all the related species.

6. A significant (R? = 0.674) negative trend was observed in the relationship between
carbon contents of the mangrove vegetation and salinity gradient. Mangroves
carbon content was decreased from 174.41 to 74.66 MT/ha with increased salinity
in the Coringa WLS. Similarly, the above ground biomass of the mangrove showed

significant (R? = 0.54) negative relationship with the increased salinity level.

7. Aegicerous corniculatum, Sonneratia apetala and Xylocarpus granatum were
present in the soil with a higher salinity range. Avicinnea marina preferred the

medium salinity range, whereas Excoecaria agallocha and Rhizophora apiculata
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and Lumintzera racemosa had K, Mg, P and Ca as a most governing factor for

density.

10. Generalized linear models of Individual mangrove species showed different soil

11.

12.

environmental variables controlling the density, basal area and carbon
sequestration potential of mangroves. Generalized linear modelling showed the
negative impact of salinity in most dominant species and positive impact of
Potassium, Calcium and Magnesium with respect to density of individual mangrove
species. Basal area of individual mangrove species revealed the influence of salinity

as a negative factor and Magnesium, Potassium, Calcium and pH as positive factors.

Generalized linear models of mangrove species at a community level showed
Salinity (-0.72773 + 0.10886) as the most dominating factor that influenced the
dénsity of mangroves negatively. Salinity was followed by Phosphorus (-0.17836 +
0.09594) as the negatively influenced factor and Ca (0.19476 + 0.10874) as the
positively influenced factor. Basal area of the mangrove community was also
influenced by salinity (-6106 + 1451) as the most important controlling factor and
had a negative relationship with basal area. Basal area had a positive impact of
nitrogen (2347 * 1451). Carbon sequestration potential of mangrove had a
negative impact of salinity (-0.2547 * 0.0157) as the most dominating factor.
Salinity was followed by N (-0.0843 + 0.0188) and Ca (-0.0820 + 0.0194) as the
factors that influenced the carbon sinking potential of mangrove community

negatively.

Moreover, India has a vast patch of mangrove areas and provides a big hope for
carbon storage. It is imperative to help stakeholders to increase the mangrove
cover in India by providing right species with high potential of carbon
sequestration without compromising overall environment settings of the
landscape/seascape. Therefore, this study in the Coringa WLS has become
important and provided more insights to the mangrove species and their carbon

sequestration potential.
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13. Further, this study indicates that the predicted increase in sea level rise due to
climate change would affect the overall salinity condition of coastal soil that would
in turn affect the carbon sequestration potential of certain mangrove species in
future. In this context, assuring the normal flow of freshwater from the landscape
to coastal areas is imperative as a climate change adaptation strategy. Therefore,
expected increase in coastal soil salinity due to predicted sea level increase would

be compensated with fresh water flow into the mangrove ecosystem in the future.

14.Coringa WLS have several degraded patches in and around the boundary.
Anthropogenic pressure is also high with respect to logging and aquaculture.
EGREE Foundation of the Andhra Pradesh Forest Department has already taken
some initiatives to restore some degraded mangroves around the Coringa WLS but
the Foundation required to be supported to acquire all degraded mangroves
around the WLS and restore it before the private parties convert these mangroves
areas into aquaculture ponds or other developmental areas. These degraded areas
can easily be restocked and more unused area can be converted in to mangrove
patches by adopting the true species with respect to their carbon sinking potential
so that they may absorb more and more carbon. This study provides a holistic
approach about the mangrove species; different governing factors, their carbon
sinking potential and preferred salinity range by which management can choose
the right species at right place and might be able to contribute in nation’s goal with

respect to carbon sink.
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While there is an ambiguity about the details of global warming due to incomplete
understanding of the complex process involved, there is a consensus that climate change is
happening, and humans are largely to blame for it. The amount of greenhouse gases that

the humans add to the ambient air is enormous amounting 26 billion ton/year for CO2

alone the total is about four metric tonnes per person per year (Henson 2006). Earth’s
atmosphere has gone through countless temperature swings in its 4.5 b years of existence;
the past raises the question: how can we be sure that global warming is not “natural”
(Henson 2006). These concerns were tackled by the Intergovernmental Panel on Climate
Change (IPCC) in its 2nd and 3d assessment reports (1995; 2001). Referring to the work of
the scientists across the globe these reports state that “ there is a new and stronger
evidence that most of the warming observed over the last 50 years is attributable to human

activities” (IPCC 2001).

In 1997, negotiations in Kyoto, led to the formation of the Kyoto Protocol. The Kyoto
Protocol to the United Nations Framework Convention on Climate Change aimed at
reducing global warming by achieving “stabilization of greenhouse gas concentration in the
atmosphere at a level that would prevent dangerous anthropogenic interference with the
climate system. The IPCC second assessment report of 1995 provided critical inputs to and
thereby paved the way for the adoption of the Kyoto Protocol in 1997. Currently, 192 states
(Fig. 2) have signed and ratified the Protocol.










deforestation is occurring at a rate of approximately 13 million ha/year. The
Intergovernmental Panel on Climate Change estimated emission from deforestation in the
1990s to be at 5.8 gigatons of COz per year of about 20% of annual global greenhouse gas
emissions (CBD, 2011). India has taken a firm stance in the favour of a comprehensive
REDD+ approach. Since reduction of deforestation, and conservation and improvement of
forests are two sides of the same coin, India believes both should be treated at par: that is,
fairness requires that a unit of carbon saved by checking deforestation should be treated
the same as a unit of carbon added due to conservation and afforestation measures. India’s
stand was finally accepted at the 13th meeting of the conference of the parties (COP 13) at
Bali when elements of conservation, sustainable management of forests and enhancement

of forest carbon stocks were incorporated in the Bali action plan.

Incorporation of “Blue carbon” concept into the REDD+ mechanism provides a real hope for
reducing the carbon content of the atmosphere as well as to gain some better incentives for
better management. Incorporation of blue carbon in the REDD+ readiness plans will make
more countries to enter the readiness process, the applicability of blue carbon to that
process can strongly define future funding for coastal habitat protection. REDD+ schemes,
particularly relevant for mangroves, provide a unique learning opportunity, given their
focus on harnessing forests to mitigate climate change. REDD+ is designed to reduce
greenhouse gas emissions by avoiding the release of carbon stored in trees when trees are
cut down; encouraging the storage of additional carbon by leaving trees standing; and
promoting reforestation (Jagger et al 2010). Blue carbon concept incorporation in the
REDD+ scheme is possible and India can easily make its stand in the other phase of REDD
directly but the main problem with the blue carbon is availability of carbon accounting and
proper methodologies related with carbon estimation. Blue carbon offsets will be required

to compete not only with other REDD+ projects, but also with other carbon mitigation

strategies as well (Gorden et al 2011).

This calculation assumes that the reduction in emissions is the only mechanism by which
we can reduce COz concentrations. Several mitigation measures have been considered to

deal with this increase of greenhouse gases. In recent years, researchers have focused their
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attention on the ability of wetlands to offset atmospheric CO2 by storing it as carbon in
plants and sediments (Zedler 2012). Wetlands are dynamic and highly productive
ecosystems characterized by aquatic and terrestrial components that provide a variety of
ecological functions and services. Ecological services provided by wetlands to humans
include carbon sequestration, soil and water quality filtration, flood prevention, climate
change mitigation, and many others (Chabreck 1988). Coastal wetlands include tidal salt
marshes in temperate climates, mangrove ecosystems in tropical climates, and tidal
brackish and freshwater marshes in both. Recently, restoration efforts have been
implemented to recover their ecological functions and services such as improvement of
water quality, reestablishment of vegetation, habitat, and carbon sequestration in wetlands
(Steere et al 2001; King et al 2009; Palaima 2012). The carbon sequestration function of
coastal wetlands offers a potential to mitigate the-increase of the atmospheric CO2, which is
associated with the rise of global warming. The exchange of carbon in coastal wetlands is a
complex process between wetland vegetation and soil. Vegetation assimilates atmospheric
CO2 by the photosynthesis process and stores it as organic carbon in plant tissues. Recent
research has highlighted the valuable role that coastal and marine ecosystems play in
sequestering carbon dioxide (COz). The carbon sequestered in vegetated coastal
ecosystems, specifically mangrove forests, seagrass beds, and salt marshes, has been
termed “blue carbon”. Although their global area is one to two orders of magnitude smaller
than that of terrestrial forests, the contribution of vegetated coastal habitats per unit area
to long-term Carbon sequestration is much greater. Ocean is considered to be the largest
carbon pool encompassing an estimated of 38000 gigatons of Carbon (Gt C). The geological
carbon pool, composed primarily of fossil fuels, is the next largest pool, estimated at nearly

4000 Gt C. Vegetation, soils, and detritus hold around 2000 Gt C, followed by the
atmosphere, which contains about 760 Gt C (IPCC 2007).

Ocean ecosystem itself consists of mangroves, sea grasses, salt marshes etc, but the
potential of mangrove ecosystem is considered to be the maximum among all (Fig. 4), even

higher than tropical dry forest and tropical rainforest (UNEP 2014). It may be because of







Mangrove systems also are a significant biomass carbon pool with estimates ranging from
1220 to 4980 TG C. These estimates are almost 90-fold higher than the estimates of carbon
biomass on tidal salt marshes, which range from 7 to 20 TG C (Table. 1). The results suggest
that mangrove forests are an important component in the global carbon cycle (Bouillon et
al 2008; UNEP 2014). An explanation for these findings is that mangrove vegetation
communities are favored by the tropical climate contributing to the high net primary
production on these ecosystems. Moreover, the lower carbon levels in tidal marshes are
related to the dominant herbaceous plants that do not accumulate carbon in wood as is the
case of mangrove trees (Bridgham et al 2006). Carbon sequestration function performed by
coastal wetlands can provide ecological opportunities in further wetland restoration efforts
because of the capacity to sequester and store carbon. Besides, the developing of protocols
for quantifying carbon sequestration in wetlands along with the feasibility of implementing
a market for trading credits of wetland carbon could guarantee financial aid. These incomes
can be used to protect, enhance and restore wetlands because of their importance as

carbon reservoirs (Adhikari et al 2009).
1.1.1 Distribution of the Mangrove

Globally mangroves cover an estimated area of 152,000 km?, less than one percent of all
tropical forests (Spalding 2010). They grow in the intertidal zone of sub-tropical and
tropical shores. Mangroves in India account for about five percent 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 country (Bouillon et al, 2008). The deltaic mangroves are found along the
east coast in the delta of Ganga, Brahmaputra, Mahanadi, Krishna, Godavari and Cauvery.
Estuarine mangroves are found within the east coast in the estuaries of Indus, Narmada
and Tapti. They are also seen in the backwaters, creeks and neritic islands. As compared to
mangrove, the distribution of sea grasses, as well as salt - marshes, is very less in India.

India has to reduce its carbon concentrations by significantly in the near future, and

mangrove ecosystems are an important means to achieve this.




The vast majority of the nutrient pool of mangrove forests is stored in the soil and not in
the trees (Alongi et al 2003). Similar to other plant communities, nutrient availability is one
of the major factors influencing the mangrove forest structure and productivity. Many
mangrove soils have extremely low nutrient availability, although nutrient availability can
vary considerably among and within mangrove forests. Nutrient-conserving processes in
mangroves are well developed and include evergreens resorption of nutrients prior to leaf
fall, the immobilization of nutrients in leaf litter during decomposition, high root/ shoot
ratios and the repeated use of old root channels. A complex range of interacting abiotic and
biotic factors controls the availability of nutrients to mangrove trees, and mangroves are
characteristically plastic in their ability to opportunistically utilize nutrients when these
become available. Nitrogen and phosphorus have been implicated as the nutrients most
likely to limit growth in mangroves. Ammonium is the primary form of nitrogen in
mangrove soils, in part as a result of anoxic soil conditions, and tree growth is supported
mainly by ammonium uptake. Mean estimates of net primary productivity (NPP) for
mangrove range from 2 to 50 Mg C ha-1 year-! (Alongi 2009). How mangroves can sustain
high levels of productivity in spite of nutrient limitation is the focus of many studies on
mangrove nutrition. The emerging explanation is that the high productivity of mangroves is
achieved where nutrients limit growth through efficient nutrient cycling and nutrient
conservation strategies. Many mangrove soils have extremely low nutrient availability (e.g.
Lovelock et al 2005), but nutrient availability varies considerably between mangroves and

also within a mangrove stand (Feller et al 2003).

Coastal wetland ecosystems host a valuable biome and provide ecosystem services to local,
regional and global communities. However, these ecosystems are threatened by human
activities such as agricultural practices, logging, deforestation, engineering and urban
development, and by the impact of climate change such as rise sea level (Duarte et al 2005;
Mcleod et al 2011; Mitsch et al 2012; Chmura 2013). Thus, the wetlands vulnerability
comes up when land-use change, habitat loss, and logging and fire interact with global and
regional climate change forcing. Estimates of global loss of carbon pools indicated that the

percentage of mangroves loss at the global level was between 30 to 50 % (since 1940s) and
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20 % (since 1980s). The annual rate of global loss was estimated around between 0.7 to 3
9. In the case of salt marshes, the percentage of global loss was estimated to be 25% (since
1800s), with an annual rate of global loss of between 1 to 2 % (Mcleod et al 2011).
Prolonged disturbance had changed wetland structure, nutrient dynamics, and biodiversity
composition. The disturbance has also affected essential ecosystem services associated
with global carbon cycles such as carbon sequestration, carbon density in soils, sediments
and biomass, and carbon fluxes into the atmosphere. For instance, land use changes affect
the carbon storage, climate regulation, hydrologic balance and biodiversity in the wetland
ecosystem. Furthermore, coastal wetlands could shift from a net carbon sink to a net
carbon source. Tidal salt marshes and mangroves store about 10.80 Pg C yr-1, mainly that
carbon is stored in soils. However, land conversion and deforestation of mangrove and tidal
marsh ecosystems by human and natural interventions cause carbon emissions from these
ecosystems. Current threats to mangrove ecosystems are attributed to human pressures
such as over-harvesting for timber and fuel wood production, reclamation for aquaculture
and salt ponds (Bouillon et al 2009). Estimates of global carbon emissions from mangroves
loss indicated that currently about 33.5 million tons of carbon are released annually; the
estimation of global carbon emission from tidal salt marshes are calculated to be around

10.5 million tons of carbon/year (Siikamaki et al 2012).
1.2 Literature review

One of the most significant stress factors in mangrove ecosystems is salinity. Several
studies have therefore attempted to correlate salinity to the standing crop of vegetation
and productivity (Adams 1963; Good 1972; Lugo 1980). Influence of salinity on mangroves
is proved to be the most influencing factor (Ukpong 1991; Chen & Twilley 1989). In
general, mangrove vegetation is more luxuriant in lower salinities (Kathiresan et al 1996)
and experimental evidence indicates that at high salinity, mangroves spend more energy to
maintain water balance and ion concentration rather than for primary production and
growth. It is also evident that under high salinity levels mangrove biomass production and
retention are adversely affected (Suwa et al 2009). Several research studies proposed that

mangrove doesn't prefer saline conditions because the saline environment provides a
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hindrance to their growth and survival (Kathiresan et al 2001). Still they are present in
such environment by adopting several survival strategies. The photosynthetic efficiency is
seemed to be closely related to the productivity of species, and photosynthetic potential of
species is closely correlated with the salinity of the environment. All these parameter are
dependent on each other. It is considered that at higher salinity assimilation of CO2 is
Jesser as compared to lower salinity (Lin G H & Sternberg LDSL 1992). Carbon assimilation
is strongly correlated with stomatal conductance that varies in accordance with the salinity
gradient. At higher salinity, osmotic potential of the soil is greater as compared with the
mangrove plant. Due to this water moves from lower potential to the higher potential. As a
result, a loss of water takes place from the plant. If such conditions persist longer then, it
might be dangerous for the plant. To check the water loss and also to maintain the osmotic
equilibrium plants absorb more salt from the soil in place of potassium. As more salt acts
like poison for the plant but at higher salinity it is necessary for their sustenance. There is a
high correlation between salinity and stomatal conductance, intercellular CO2
concentration and intrinsic water efficiency. The potential of mangrove as carbon sinks is
affected by several wetland characteristics such as the water level fluctuations, salinity,
primary production and decomposition of organic matters, climatic conditions, microbial

activities, and vegetation communities (Adhikari et al 2009).

Mangrove species have been found to be highly sensitive to variation in nutrient
availability both in the natural as well as in the controlled condition in several studies
conducted all over the world (e.g., Boto et al 1985; Naidoo 1987; McKee 1996; Yates et al
2002; Naidoo 2006; Onuf et al 1977, Boto & Wellington 1983; Feller 1995; Koch 1997
Feller et al 2003b; Lovelock et al 2005; Feller et al 2007; Lovelock et al 2007b; Naidoo
2009). In the Atlantic East Pacific biogeographic province, the response of the three
dominant species, Laguncularia racemosa, Rhizophora mangle and Avicennia germinans to
nutrient availability have been investigated in multiple studies, but in the Indo- West
Pacific region, few studies documenting the effects of nutrient availability on mangrove
species performances have been published. Most research on nutrient limitations of

mangroves have engrossed on the macronutrients P and N, which have both been involved
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as the nutrients most likely limiting primary productivity of mangrove ecosystems (Krauss
et al 2008). N was considered the primary nutrient that limits growth, although more
recent analysis reveals that N and P limit growth in approximately equal proportions (Elser
& Hamilton 2007). An early theoretical analysis recommends that P limitation should be
expected in areas with low exchange rates with the oceans and N limitation in more ‘open’
systems (Smith 1984). Additionally, variation in soil moisture may also affect the nutrient
demand imposed by tree growth and, thus, the extent to which growth is nutrient limited
(Krauss et al 2006), in addition to directly affecting nutrient availability. In the southern
USA, mangroves have been experimentally shown to be both P limited (Lin & Sternberg
1992, Koch 1997) and N limited (Feller et al 2003). In Belize, both P and N limitation were
observed, depending on location within the forest (Feller et al 2003). Nitrogen was seen to
limit the performance of the species in the fringe area whereas permanently flooded island
was controlled by the influence of phosphorus. In Bocas del Toro, Panama, growth of trees
was found to be both nitrogen and phosphorus limited (Lovelock et al 2004). N was found
to limit growth of Avicennia marina in South Africa (Naidoo 2009) and New Zealand
(Lovelock et al 2007b). In more tropical latitudes, P was found to control growth in high
intertidal scrub forests (Boto & Wellington 1983; Lovelock et al 2007a). The ratio Nitrogen:
phosphorus in plant tissue has also been used to infer N or P limitations to growth
(Gusewell 2004). Variation in leaf N: P, particularly where N: P is >32 (which is a global
average for mangroves; Lovelock et al 2007), indicates that P may limit growth in many
mangrove habitats (.8, Malaysia, Kenya, China, Puerto Rico, Venezuela, Victoria, Australia,
Florida and Honduras; reviewed in Lovelock et al 2007). All plants need potassium (K) for
maintaining osmotic regulation, enzyme activation, intracellular electric neutrality, protein
synthesis and photosynthetic metabolism (Leigh & Wyn Jones 1984). Potassium is one of
the most important factor influencing crop metabolism, growth, development and yield.
Potassium deficiency results in the decrease of photosynthetic rate (Peaslee & Moss, 1968).
Inefficient photosynthetic process leads to less carbon assimilation in the plant and thus
reduces the carbon sink potential. Decreased photosynthetic rate of K-deficient leaves has
been related to lowered stomata conductance (Raschke, 1975). Stomatal conductance is

directly linked to the carbon assimilation that shows their impact on carbon assimilation.
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Furthermore, due to the saline conditions, Na+ cations can interfere with K+ uptake (Maser
et al 2002), thereby reducing the efficiency of K+ uptake from the soil. In some Neotropical
mangrove forests, K concentrations in green leaves were inadequately but positively
correlated with growth rates (Feller et al 2009b). In a Belizean mangrove where P was a
controlling factor for growth, the addition of K did not result in greater growth rates even
when P limitation was lifted (Feller 1995), but K-use efficiency increased with growth
rates, indicating that, when N or P limitation is relieved, K limitation to growth may
develop. In other areas, such as Nigerian mangrove forests, percent cover was not strongly
correlated with K availability in the soil (Ukpong 2000), but rather with other
macronutrients and micronutrients such as calcium (Ca), P (phosphorus) and magnesium
(Mg). This was also suggested in a pot study where interacting effects between N, P and K

availability and mangrove seedling growth were detected (Yates et al 2002).

The pH of a solil significantly affects plant growth, primarily due to the change in
availability of both essential elements such as phosphorus (P), as well as non-essential
elements such as aluminium (Al) that can be toxic to plants at elevated concentrations

(Black 1993; Slattery et al 1999; Woodruff 1967).

Mangrove soil is frequently waterlogged, and the amount of oxygen in the pore is very low.
This leads to the condition of reducing oxygen in the soil moderately, as sharply reducing
oxygen is not suitable for the proper growth and development of the mangrove species.
The anoxic condition of the soil results into the high rate of denitrification and in t}}is case
ammonium is the primary source of nitrogen in the soil. This provides a detrimental effect
on the growth process and nitrogen metabolism of the plant. Phosphorus is released into
the soil water and it is also not available to the plant. The anoxic condition also enhances

the level of sulphide ion in the soil that creates a toxic environment for the plant (McKee et

al 1988).

1.3 Justification of the study

Climate change is one of the most debatable issues, for which every developed and

developing countries are making some strategy to tackle its effect in near future. The IPCC
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is determined to reduce the carbon level to sustain the life on this planet. India being
signatory is committed to implementing IPCC recommendations and initiated various
activities to minimize the carbon emission that include the increasing forest cover of the
country. Further, India has also taken a firm stance in favour of a comprehensive REDD+
approach. The introduction of Blue carbon concept as a part of REDD+ approach could be
considered to be a better option to tackle the carbon problem. India has a potential to
implement this option, but the only problem is quantification of carbon storage in blue
carbon source of the country. Ocean and coastal vegetation has more potential to sink
carbon as compared to terrestrial one (Alongi, 2014). Prior research studies show that
mangrove is one of the most efficient sources as carbon sink. But, there is no detailed
research in the India to understand the carbon storage potential of mangroves at the
species level, and the relationship between carbon storage and environmental factors.
Therefore, the present study attempts to quantify the carbon sinking potential of
mangroves, and correlate it with the salinity and other important controlling factors to
understand the influence of environment on carbon sequestration and structural dynamics.
The Coringa mangrove is second largest mangrove ecosystem of India, comprising of 15
species of true mangrove. The climatic condition of this area is very conducive to the
growth of the mangrove community. Water circulation in Coringa region is governed by
seasonal freshwater inflow from Gautami Godavari River. The hydrodynamics of Kakinada
Bay and Gautami estuary are regulated by tidal influence and play a significant role in the
health of mangrove vegetation. This study mainly concentrates on the structure and
distribution and carbon sinking potential of mangrove along the salinity gradient. As
mangrove is in continuity so the justification for the role of salinity and other related
confounding factors on mangrove growth, structure, distribution and their carbon sinking
potential can be explained properly. Since past several years, the anthropogenic pressure
in this area is on the soar. Agriculture and aquaculture are considered to be the most
significant threat to the vegetation. Such activities alter the physical and chemical
properties of the soil that seems to be detrimental to the vegetation. This study correlates
t community with salinity and other factors. This would be

the behavior of the fores

beneficial for the manager to manage this forest with respect to restocking, more efficiently
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different mangrove species with respect to their better performance in a particular salinity
range. This information will assist in restocking the mangrove at a preferred salinity level

so that the species will show their response very well and will be able to sink more and

more carbon.

1.4 Objectives of the Study

1.4.1 To investigate the pattern of vegetation structure, species distribution and

carbon sequestration potential of mangrove along the salinity gradient in the
Coringa WLS.

The research questions are:

= What is the effect of soil salinity on changing mangrove structure (Density, diversity,
IVI, basal area, Complexity index, richness, above ground biomass, total carbon
content?

= What is the preferential salinity range of different mangrove species?

=  What is the carbon sequestration potential of individual mangrove species?

= How do salinity gradient influences carbon sequestration potential of a mangrove

species?

1.4.2 To investigate soil environment factors controlling the mangrove structure and

their carbon sinking potential in the Coringa WLS.

The research questions are:

= What is the relationship between different exploratory soil environmental

variables?
»  What is the relationship among mangrove vegetation and soil environmental

variables?
«  Which soil environment variables influence the mangrove structure and carbon

sequestration potential best?
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CHAPTER 2: STUDY AREA

The study was conducted in the Coringa (WLS) mangrove forest, located on the East Coast
of India south of Kakinada Bay in the State of Andhra Pradesh. In order to rehabilitate the
saltwater crocodile which was on the verge of extinction and to protect the other
endangered species, such as Olive Ridley turtles and Indian Otter, the Government of
Andhra Pradesh declared a part of Godavari mangrove system as Coringa WLS in July,
1978. It is located between Lat. 16°30’ and 17° 00’ N and Long. 82° 14’ and 82° 23’ E in the
East Godavari District. Coringa WLS covers an area of 235.7 square km. The sanctuary is a
part of the Godavari estuary and has extensive Mangrove and Dry Deciduous Tropical
Forest. The rivers Coringa and Gaderu and their deltic branches intersect the region, along
with other water channels Flanked by the shallow bar-built Bay towards North and
extensive network of estuarine creeks and canals emanating from River Godavari in the
south. Coringa is the second largest mangrove formation in India, next to Sundarbans. The
area of Coringa Reserve forest is 3156 hectares and of Coringa Extension forest is 9442
hectares including waterways. In Coringa WLS, totally 12 species of mangroves were
recorded. The dominant genera are Avicennia, Excoecaria, Aegiceras, Rhizophora and

Sonneratia.

2.1 Climate and Rainfall

The distribution and health of mangrove plants are largely governed by climatic factors
such as solar radiation, temperature, rainfall, wind, etc. During 1995-97, atmospheric
temperature ranged from 24.8 to 32.6°C. The annual rainfall was 871, 1627 and 1156 mm
for the years 1995, 1996 and 1997, respectively. Annual mean wind speed ranged from 2.1

to 2.3m/sec. The observed high rainfall and temperature seem to be conducive for the

health of mangroves in the Coringa WLS.
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dominant clay mineral is smectite. These soils are low in organic carbon, which ranges
from 0.3-0.5% indicating rapid mineralisation.

2.2.3 Topography

The Coringa mangroves are bordered on the northern side by Kakinada Bay. On the
western side is the mainland, formed of deltaic and flood plains. The coastal strip north of
Kakinada consists of windblown sand and sand dunes that are succeeded landward by
laterites, sandstones and khondalites. The south-eastern part has marshy islands known as
Hope Island. In the present study, Matlapalem creek, Coringa River, Gaderu River and
Pillavarava Creek contributed significantly to the dynamic morphological changes. While

Matlapalem Creek and Coringa River have become passive, the Gaderu River and
Pillavarava Creek are active and provide a significant amount of freshwater and sediment

loads.
2.3 Mangrove vegetation growth structure

Sampling plots were laid along Gaderu and Coringa River in Coringa WLS. Mangrove
vegetation on both these river revealed that maximum trees fall under the circumference
range of 11 - 25 cm (Fig. 8 & 9). Such circumference range clearly showed that mangrove

forest of this sanctuary was not old. The new recruitment was more, and the forest was in

the phase of successive growth.
2.4 Socio economic condition

2.4.1 Anthropogenic pressure
Fishing was the major activity in this region followed by agriculture. The fishermen

population was the highest in this district as compared to other districts of Andhra

Pradesh. About 18 villages were located around Coringa region. Among all villages,

Tallarevu has the highest population. There is more awareness among the people about

education and the literacy level is about 47.2% in Tallarevu and Coringa. Besides, fishing

and agriculture, people also depend upon livestock and aquaculture activity for their
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CHAPTER 3: METHODOLOGY

3.1 Reconnaissance survey

A preliminary reconnaissance survey was conducted in the entire Coringa WLS to choose
the intensive study area for a week period. During the reconnaissance survey, dynamics of

the tidal flow, mangrove distribution patterns, mangrove species composition etc were
studied.

3.2 Geomatics
Remote Sensing and GIS
Global Positioning System

The location was taken in the Universal Mercator format. These points were recorded using

Garmin GPS 72 H and eTrex Vista.
Google Earth:

The software Google Earth was used to choose the boundaries of the present study area

and also to plot the sampling point within the sampled plot.

3.3 Field method for the first objective: Effect of soil salinity on mangrove structure,

distribution and carbon sequestration potential of mangroves

Two rivers (Coringa and Gaderu) that flow through the Coringa WLS had been selected for
the sampling of mangrove vegetation. The first as a primary and the later, as the replicate
River. Vegetation samplings were started from the mainland and moved towards end of the
bay on either sides of the river. There were 16 plots that have been laid on each river at an

interval of 400 meter. Each plot consists of 4 subs - plots, having a dimension of 10*10

meter. Quadrats were laid perpendicular to each of the river where as plots were laid

parallel to the stream (Perera et al 2013). In this study data collected from all the four

quadrats of a plot were averaged and the cumulative data were used for the analysis

purpose. Four quadrats Were laid in a single plot to obtain a true estimate of variables
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without any error. There was always a variation in the salinity of the soil in the river bank
due to tidal flow and it decreased towards inner parts of the mangrove forest. The salinity
variation in a plot was found to be constant beyond a perpendicular distance of 30 mt.
therefore, 4 quadrats were selected for obtaining the correct estimate of variables in a
respective plots. A total of 128 quadrats were laid and the samples collected from each and
every quadrat. At each quadrat, variables that would useful for estimation of density,
richness, growth pattern of mangroves were collected. Further, plants and soil samples for
estimation of carbon etc have also been collected from all quadrats. The location of soil
samples were at the centre of the quadrats. Soil sample were collected from each and every
quadrat except where quadrats occurred in areas which were obviously disturbed, such as
large gaps created by cyclone damage to an otherwise continuous forest canopy. Soil cores
were collected by driving a PVC pipe (8 cm diameter) into the ground to a depth of 30 cm.
The core was sealed on site in a polythene bag and transported to the laboratory for further
soil parameter analysis. The water content of the soil was calculated as a percentage of the
fresh weight. A quantify of 10 gm wet soil from each quadrat was taken and it was
considered as the wet weight of the soil. The collected soil sample was then sun dried and
weighed for its dry weight. Later, moisture contents of the soil were measured using a
prescribed formula. For measuring salinity of the soil EC1:s methods were used, in which 1
part of the dry soil sample was suspended in 5 parts of the distilled water, shaken well , and
allowed to stand for 24 hours at room temperature before measuring the salinity of the
soil. The collected soil samples were sun dried and the dried samples were used for
different soil parameters (Ca, Mg, P, Na, C, N etc) analysis in the laboratory. Precautions
were taken that soil samples used for laboratory analysis should not kept in an oven, as it

cause the loss of minerals of the soil, therefore it is recommended to dry the soil sample

only in open sun. Plant parts (leaves, stem wood and branch wood) were collected for

estimation of carbon in a mangrove species. Samples were collected from each and every

quadrat. For each species, three individual trees of the same species having different

diameter class were selected in each plot. Wood samples from the stem and branch were

collected with the help of bark gauge. All the collected samples were collected in a paper

bag so that there might be no any fungal infection in the collected sample. All the collected
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plant samples were then kept in hot air oven as well as in open sun for complete removal of

moisture. All the dried materials were further used for the laboratory purpose for
estimation of carbon from the sample.

3.4 Laboratory method for the second objective: Factor influencing mangrove
structure and their carbon sequestration potential

3.4.1 Estimation of nitrogen content of soil samples:

Nitrogen in soil is mostly present in the organic form with small quantities of ammonjum
and nitrate together. Kjeldahl methods (Subbiah & Asija 1956) were used for the
estimation of nitrogen in the soil samples with the help of Nitrogen distillation unit. This
method measures only organic and ammonical forms, therefore nitrate was excluded. The
sample was digested in a mixture of H2S04, K2504, selenium (Se) which converts all Nin to
ammonium sulphate. The distillation of ammonium sulphate, liberate ammonia, which was
collected in boric acid and titrated against standard acid. Concentrate H2S04, 40% Sodium
hydroxide, 2% Boric acid, 0.01N Sulphuric acid was used as a reagents. 1 gm of soil samples
were taken in 250 ml Kjeldah! tube. 5 ml of 0.32% KMnO4 and 5 ml of 2.5% NaOH solution
were mixed in the tube. The mixture was then kept for digestion in block digester for 1
hour at 400 degree Celsius. After digestion, tube was fixed in the distillation unit. In the

distillation unit samples were mixed with alkali and mixed indicator. Care was taken to run

a blank solution without soil for each set of sample.

3.4.2 Estimation of pH of soil samples

The pH of the soil was measured Potentio- metrically in a 1:3 soil - water suspensions with
the help of pH meter. First the apparatus is calibrated with the buffer pH in the range of 4, 7
and 9. Potassium chloride was used as a reagent. 10 gm of air dried, 2mm sieved soil
sample was taken in to 50 ml flask and 30 ml of distilled water was added in to the flask to

make the final volume 40 ml. The solution was properly mixed and left for 6 hours so that

all the contents might be available in the distilled water.
le was determined. The pH scale of

After the final calibration of the

instrument, the pH value of each and every soil samp
the device was calibrated by at Jeast two buffer solutions. Usually one of the buffers used
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for calibration had pH 7.00 and the second was selected depending on the range where the
measurements were to be taken. pH of 9.20 for basic solution and 4.01 for acidic solution

were generally taken in to consideration. This correlates the measured potential of the
indicator electrode with the pH scale (Singh et al 1999).

3.4.3 Estimation of Electrical Conductivity of Soil samples:

Conductivity meter measures the ionic conductivity of a liquid. The number it gives cannot
directly be related to hardness, but rather, the total ion content of the liquid. The
measurement of EC gives the concentration of the soluble salts in the soil at any particular
temperature. EC1:s Method is used for measuring the salinity of the soil. 10 gm air dried, 2
mm sieved sample is taken in in to 100 ml flask and 50 ml of distilled water is added in to
the flask to make the final volume 60 ml. The solution is properly mixed and left for 6 hours
so that all the salt contents might be available in the distilled water. After the final
calibration of the instrument, the salinity of each and every soil sample is determined.
Potassium chloride is used for the calibration of the Electro conductivity meter (Buurman

et al 1996)
3.4.4 Estimation of Na and K content of soil samples:

Sodium and Potassium concentration of the soil samples were measured with the help of
flame photometer. Flame photometer measures the spectral intensity of metals present in
the metallic salt. Heat of the flame vaporizes the sample constituents by which molecules
and ions of the sample species are decomposed and reduced to give atoms. Excited atoms
revert to ground state by emission of light energy of the characteristic wavelength which is

measured by the detector. 0.5 gm soil sample was taken in the cylindrical tube. Nitric acid

and per chloric acid was mixed in the sample in the ratio of 4:7 (4 ml: 7 ml). The mixture

was kept for 2 hours at the room temperature for proper reaction. After that the sample

was set for digestion in a block digester ata temperature of 400 degree Celsius for 2 hours.

The digested sample was kept first for some time at room temperature for cooling and after

that the digested sample was filtered by Whatman # 42 filter paper in a volumetric flask.

The final volume of the volumetric flask was made 50 ml by adding distilled water in to it.
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This solution was used for determining Na and K content of the sample with the help of
Spectro- photometer (Hanway & Heidq 1952).

3.4.5 Estimation of Calcium and Magnesium content of soil samples

Calcium and Magnesium cations of the soil sample were determined with the help of
Atomic absorption spectrophotometer. Spectro photometer is analytical equipment based
on atomic absorption Spectro-photometry. When a sample is aspirated in to the
instrument, it is subjected to a heavy thermal environment and as a result, “the ground
state” atom absorbs light energy of a specific wavelength and enters in to the excited state.
As the number of atoms in the light path increases, the amount of light absorbed increases
in a predictable way. By measuring the amount of light absorbed, a quantitative
determination of the amount of analytic element present can be made. Three standards are
formed before determining the cations present in the soil sample. The first is at the top of
linear range. The concentration of the second standard is approximately 3 times the
concentration of the first and the concentration of the third standard is approximately 6
times the concentration of the first standard. 0.5 gm soil sample was taken in the
cylindrical tube. Nitric acid and per chloric acid was mixed in the sample in the ratio of 4:7
(4 ml: 7 ml). The mixture was kept for 2 hours at the room temperature for proper
reaction. After that the sample was set for digestion in a block digester at a temperature of
400 degree Celsius for 2 hours. The digested sample was kept first for some time at room
temperature for cooling and after that the digested sample was filtered by Whatman # 42
filter paper in a volumetric flask The final volume of the volumetric flask was made 50 ml

by adding distilled water in to it. 1 ml of this solution was taken in a separate tube and 9 ml

of selenium suspension was added in to it to make the final volume 10 ml. This solution

was used for the determination of Ca and Mg in the soil sample with the help of AAS

(Buurman et al 1996).

3.4.6 Estimation of Phosphorus content of soil samples

Two methods “Bray I” for acidic soil and the “Olsen” for alkaline soil is generally used for

determination of available phosphorus in the sample (Bray & Kurtz 1945). Phosphate in
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4.1.1.5 Relationship between carbon content of the mangrove vegetation and salinity
gradient at community level

A significant (r? = 0.674) negative trend was observed in a relationship between carbon
content of the mangrove vegetation and salinity gradient (Fig. 20). Negative steep slope
clearly revealed that vegetation carbon content was decreasing with higher level of soil
salinity. The pattern was reversing in first 2 - 3 sampling plots but after wards the trend

had changed to a constant decreasing pattern. The pattern showed a range in between
174.41 to 74.66 metric ton/ha.

T el |

. M Linear
m2=0.674
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100
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0 275 35 425 50

Salinity (ppm)

Figure - 21. Diagram showing the negative trend of Carbon content of mangrove species

with increasing salinity at community level
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4.1.1.6 Relationship between above ground biomass (AGB) of the mangrove
vegetation and salinity gradient at community level

A significant (R? = 0.54) negative relationship was observed in between the above ground
biomass of the mangrove vegetation and salinity gradient (Fig.21). A negative slope

showing decreasing pattern clearly revealed that the above ground biomass of the

vegetation decreases with increase in soil salinity level.
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4.1.1.7 Relationship between mangrove density and soil salinity at community level
in Coringa Wildlife Sanctuary

A significant (0.78) negative relationship was revealed in between salinity and mangrove
density in the study area (Fig. 22). Descending slope showed the effect of salinity on

mangrove community. High saline condition resulted in to low density of mangrove.

At individual basis most of the mangrove species showed the negative relationship with the
salinity in Coringa WLS. The only exception was Avicinnea officinalis and Sonneratia apetala
that had positive relationship with the salinity. Density of both these species increased with

increase in soil salinity.
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Table-5. Quantification of preferenti ini
Tal p ial salinity range of mangrove species along Gaderu

Species >

P Q1 Median Q3 Min Max
A. Marina 36.35 42.40 45,40 32.2 )

A.officinalis 36.65 39.70 43,97 34.7 46.3
Aegicerous 36.65 40.9 45.92 35.6 58

corniculatum

Brugaeria gymnorrhiza 43.22 45 46.85 30.3 58

Ceriops decandra 41.2 41.2 412 41.2 41.2
Excoecaria agallocha 374 40.25 445 34.7 58

Lumintzera racemosa 35.9 37.50 42.25 32.2 58

R.apiculata 36.2 39.30 439 32.2 58

Sonneratia apetala 43.6 43.90 44.2 39.3 45.8
Xylocarpus granatum 418 43.75 44.12 38.2 463

Figure mentioned in (Table. 5) revealed that in Gaderu River Bruguiera gymnorrhiza,

Sonneratia apetala, Xylocarpus granatum and Avicinnea marina were presenta high salinity

1 i ! cha was present a
range. Aegiceros corniculatum, Certops decandra and Excaecoria agallo p

medium salinity range, whereas Lumintzera racemosa, Rhizophora apiculata and Avicinnea

ini icenni ] tata
officinalis was distributed at a low salinity range. Avicennia marina was presen

salinity range of 32.2 to 58 ppm. This specie

of 36.35 to 45.40 ppm and the best preferred salinity
a salinity range of 34.7 to 46.3 ppm, the better

s showed their presence better at salinity range

by Avicinnea marina was at 42.40

Ppm. Avicinnea officinalis was present at

growth was at a range of 36.65 t0 39.70 but the best performance was at 39.70 ppm.

i , better growth was
Aegiceros corniculatum was at a salinity range of 35.6 to 58 ppm, better gr
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obserV.Ed at arange o-f 36.65 to 45.92 ppm and the best preferred salinity was at 40.9 ppm.
i; :-i::: ::; r:\,:}(:::;z:al:::y ::nages::;‘;t};zrta:iz :Sf 39.3 to 58 ppm, species obtained

. .85 ppm and the best presence was at 45
ppm. Ceriops decandra was observed only at a salinity range of 41.2 ppm. Excoecaria
agallocha was present at a salinity range of 34.7 to 58 ppm, better performance was in the
salinity range of 37.4 to 44.5 ppm and the best selected point was at a salinity of 40.25
ppm. Lumintzera racemosa was seen at a salinity range of 42.25 to 58 ppm. The better
performance was at a range of 35.9 to 42.25 and the maximum distribution was at 37.5
ppm. Rhizophora apiculata showed their better distribution at a salinity level of 36.2 to
43.9 ppm and the best performance was at 39.30 ppm. Sonneratia apetala exhibited the
greater salinity range of 43.6 to 44.2 ppm for better growth and the best was at 43.90 ppm.
Xylocarpus granatum was also distributed at a higher salinity range of 41.8 to 44.12 ppm
and the best growth of this species was at salinity of 43.75 ppm.

Table-6. Quantification of preferential salinity range of mangrove species along Coringa
River

Species Q1 Median Q3 min max
A. officinalis 213 24 32.25 14 36.5
Amarina 2837 | 3175 32.5 19 34
Aegiceros corniculatum 36.5 "?é'é’— 36.5 36.5 36.5
Excoecaria agallocha 23.75 —’_2_175" 31.87 14 34
R.apiculata 55| 2025 | 3087 18 34
) | ]
Sonneratia apetala '—51_3'6'——__575—_— 34 32 36.5
A
Xylocarpus granatum 336 —336 | 336 33.6 33.6
L L
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Ef:::r ;Zn::z:;alnar(l'zal;ljl.oSir;z\;ea:::nz}:; inw::rinias eRitver, Aegl:cerous thrr'riculatum,
©vicinnea maring oreferred the medium e present at a hlgher. salinity range.

ge whereas Excoecaria agallocha and
Rhizophora apiculata was at a low salinity range. Avicinnea officinalis was distributed at a
salinity range of 14 to 36.5 ppm, the better distribution was at a range 0f 21.3 to 32.25 ppm
and the best was at 24 ppm. Avicinnea marina showed their distribution at a salinity range
of 19 to 34 ppm, better growth was at a range of 28.37 to 32.5 ppm and the best preferred
salinity was 31.75 ppm. Aegiceros corniculatum showed best distribution at a salinity of
36.5 ppm. Excoecaria agallocha showed better performance between 23.75 to 31.87 ppm
and the best was at 21.15 ppm. Rhizophora apiculata was present at a salinity range of 18
to 34 ppm, better distribution was between 25 to 30.87 ppm and best performance was at
20.25 ppm. Sonneratia apetala preferred higher salinity range of 33.6 to 34 ppm and the
best growth was at 32.5 ppm. Xylocarpus granatum showed better performance at a

salinity of 33.6 ppm.

4.1.3 Relationship between salinity and carbon sequestration potential of mangrove

species

4.1.3.1 Carbon sequestration potential of Individual mangrove species

Each individual mangrove species had a variation with respect to their carbon sinking

potential (Fig.25). Highest sink potential was observed for Aegiceros corniculatum (45.467
%), followed by Avicennia officinalis (44.818 %), Bruguiera gymnorrhiza (44.37%), Ceriops

decandra (44.33%) and Sonneratia apetala (44.185%)-
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414 Inter - relationship between soil environmental variables

All collected soil exploratory variables (eg. Na, K, Ca, Mg, N, P, pH, Salinity, Moisture) were
rreated with Principal Component Analysis to extract the factors of significant contribution

to variations, and PCA identified 3 factors. The Kaiser - Meyer - Olkin test of sampling

adequacy for factor analysis computed a value of 0.61 which is ranked as mediocre
(Norusis, 1990).
Correlation matrix showed the correlation within the independent variables (Fig. 37).

Salinity and moisture was revealed to be highly correlated. A relatively high correlation

was also observed in between salinity and potassium.
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Table 7 Results of Factor analysis by PCA after rotation of Factor matrj
Tix

FACTOR | EIGEN VALUE % OF VARIANCE VARIABLE
S
3.079
3 34.212 Salinity, Moisture, K, Ca, Na
; 1.982 22.020 PH, P
—3 1.676 18.626 N, Mg

After rotation of the factor matrix, it was found that factor 1, 2 and 3 consisted of all the soil
environmental variables that showed a higher amount of interrelationship. Significant

habitat component of factor 1 consists of Salinity, moisture, K, Ca and Na.

Factor 2 comprised of pH and phosphorus, whereas Nitrogen and Mg was the main

component of factor 3 (Table. 7)

4.1.5 Relationship between mangrove species density and soil environmental

variables

A canonical correspondence analysis was performed for selected tree species with 8

independent variables (Such as, Salinity, pH, Na, K, Ca, P, Mg & Nitrogen) and the ordination

diagram obtained was shown in Fig. 37. Permutation test revealed the significant (P=

0.004, Significance level alpha = 0.05) linear relationship between mangrove Species and

: ' first
different sampling plots with soil environmental variables. The Eigen values for the firs

i iability is

two CCA axes were 0.371 and 0.172 respectively. Cumulative 84.06 % of total varl:;bx ity
e between
explained by these two axes. In other words, the accuracy of correspond;nct o
the first two !
related pair of species and environment was found to be good only fo'r S

Phosphorus and Magnesium operating on the T

rise to species Avicinnea marina,

Xylocarpus granatui

PH, Nitrogen, Salinity, Potassium,

whi . . . _ iplot gave
hile the species co - ordination for t value biplot &2 Sonneratia

. . iculatum
R apiculata, Excaecoria agallocha, Aegiceros corniculatur

petalq ang Ceriops decandra.
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Sr. No. Model
1 BA~Ca+K+Mg+Na+N+P+ PH + Salinity Al:;;zl:e
2 B.A~Ca+K+Mg+Na+N+P+Salinity 255.5
3. BA~Ca+K+Mg+N+P+ Salinity 253:6
__i BA~Ca+K+Mg+P+ Salinity 251.64
5. B.A ~ K + Mg + P + Salinity 251.12
z BA~K+Mg+P 250.52

Table-34. Coefficient of the best generalized linear regression model for estimating basal

area of Avicinnea marina for Coringa Wildlife sanctuary

Estimate Standard Error t- Value Pr(>|t|)
(B- coefficient)
Intercept 22469 683.4 3.288 0.00648
K 1811.9 7345 2.467 0.02966
Mg 988.3 613 1612 0.13292
P 9747 604.3 1613 013276
Wdeviance: 108354903 on 15 degree of freedom
Residual deviance: 61215475 on 12 degree of freedom
AIC: 297.92
model with a reduced AIC

The removal of the variable was significant because it also gave a

value from 257.49 to 250.52 (Tabl

Weightage (1811.9 ) was a most significant factor for govern

o wi . Salinity was
; : ionship with the basal area
Specie .o the negative relations
s basal area and showing ine welghtage (7820 ¢ 4344) &

e. 33). Thus from reduced model potassium (K), having
| ing the Excoecaria agallocha

followeq by nitrogen and magnesium respectively.

Jv related with b where as magnesium was
gatively ré

asal area,

(6077 « :
* 4028). Nitrogen was ne le. 34).

i b
Positively correlated with basal are2 of the species (T2
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4.1.6.3- Results for the second objective: Factors controlling
mangrove species

density, Basal area and their Carbon sequestrati
On potential at communi
ity level

4.1.6.3.1. Factor influencing mangrove species density

pearson’s correlation test was first run to deduct highly correlated variables from th
. - S from e

model. A relationship was first seen between covariates and response variable using

scatter plot diagram. Since all the selected exploratory variables was showing a significant

L negative relationship with the response variable (density), hence all was taken

in to consideration for fitting the best model.

The GLMs were then built using uncorrelated points. The results from the generalized
linear model have been computed in three separated models viz. the intercept model, the

full model and the reduced model.
The reduced model (model chosen after comparing AIC values)

The models were computed using habitat covariates, which had been hypothesized to
explain some degree of influence on mangrove species density. This was done using three

models shown below. The intercept model depicted the mean probability of occurrence,

while the full model predicts influence of all the habitat covariates on the probability of

ovariates was reduced using

occurrence of the species in study area. The number of ¢
ed model with the best AIC

backward selection based on AIC value and thus the reduc

iable,
model (97.02) was selected. The reduced odel shows presence of explanatory Varia e

o with high signi ce while Ca
Salinity to be negatively correlated with density of species with high significan

s Wi iomificance level.
shows a negative relationship with density with less significa
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The removal of the variable was significant because it also gave 3 model with
el wit
value from 244.27 to 236.88 (Table. 40). Thus from reduced mod 11 areduced AIC
model, Salinity,

. - : . havi
weightage (-0.2547 + 0.0157) is a significant factor for governing th e
e mangrove

density and showing the negative relationship with the density Salinity was foll spedc lss
. | . as followed by
Nitrogen (- 0.0843 * 0.0188), Potassium (0.0820 + 0.0194) and Ca (0.0281 + 0.0043)

Nitrogen and Calcium had a negative and Mg had a positive relationship with the mangrove
density at community level (Table. 41).

5.1.6.3.2. Factors affecting Basal area of mangrove species

Pearson’s correlation test was first run to deduct highly correlated habitat variables from

the model. Correlated variables beyond a value of 0.5 were removed from the model.

The correlation matrix showed that Moisture had a very strong and high correlation with
the salinity. Since salinity would be a significant factor influencing basal area and was
ecologically more meaningful to do so and hence Salinity had been selected as more

significant variable in place of moisture.

Table-42. Model selection for generalized linear regression of Mangrove basal area against

covariates for Coringa Wildlife Sanctuary

Sr. No. Model AIC Value
—~ 284.99
1 Ca+K+Mg+Na+N+P+I’H+SF‘lllmty 282.99
2. H + Salinity N '
= Ca+Mg+Na+N+P+p b 281.05
3. Ca+Mg+N+p+pH+Sallmty /E'F)T-’_
4 Ca + N + P + pH + Salinity — 2775 |
. . /—
S N+P+pH+ 5_ 276.53
. L
6 N +pH + Salirﬁy////
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an immobile element and no !

yesicular arbuscular mycorrt}::;:l ll“‘lble to the mangrove species directly. Wi

sengupta & Chaudhary 2002). AI: ?t can absorb this nutrient (Smizg‘tzthlthe ot

petween the VAM and roots of the ma:,gher salinity there is no association c:)b::fvi; n‘d

adverse impact on the availability of gr ove species. Thus, indirectly higher salinity h in
of P in the mangrove species. There is also a rel::,io::hj:

observed in between th .
e PH and other micro and macro nutri
availability (Lovelock et al 2007). lents and between the N and P

4.2.3 RELATIONSHIP BETWEEN SOIL ENVIRONMENTAL VARIAB
 CTURE LES AND MANGROVE

Canoni i
onical Correspondence Analysis was carried out to understand
et on mangro | rstand the effect of soil
: grove structure in terms of their density. It is already seen in Section
.5 that Avici i ] i
cinnea marina, Rhizophora apiculata, Excoecaria agallocha Xylocarpus
ranat { 1 i '
g um, Aegiceros corniculatum, Ceriops decandra and Sonneratia apetala shows the
influen ini i
d ce of Salinity, pH, N, K, Mg and P on species density in terms of seedling growth and
eve [
lopment. In the study area Amaring, Xylocarpus, Bruguiera gymnorrhiza and
Son i istri i ini
neratia are distributed at a higher salinity level. All the above-mentioned species

di -
irectly or indirectly have an effect of salinity. Salinity is proved to be injurious to the

ov : . . -
erall performance of the species due to a difference of osmotic potential in between cell

sap of the plant and soil. At higher salinity,

sodi .
odium and potassium. Mangroves aré halophytes,
um ion.‘{‘\t higher salinity mangrove species

ntial. Potassium

always there is a need for balance in between

and they survive by maintaining

G :
quilibrium in between sodium and potass!

absorb more salinity in place of potassium t0 maintain the osmotic pote
e on the density of mangroves that are

c :
ontent of the soil also has positivé influenc
pecies at higher

d density of mangrove S

distri
istributed at higher salinity levels. Increasé
gules and seedling

salinity ) .
alinity is the result of an increase in concentration of potassium. Propa

ipit good adaptive
ption of large qua

behavior towards salinity Stress by

of t

| . e ™ . o0 in the leaves of

N ities of otassium ion in elea
easing succulence due to absor nt p | ‘

ratia apetala and R apiculata. The

f Amarind Sonné

nsidered t0 be

the
seedlings e jally in caseé 0 i
gs especially I an essential component for seedling

contrihn+
Ntribution of Phosphorus is als0 €
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synthesis process: Protein synthesis mechanjgp, consid
ere

. d to
process of the species. Alteration in protein synehegis 1o be the backbone of the e
e

chanism yltj
overall performance of the mangrove species, Itimately reduces the

4.2.5 RELATIONSHIP BETWEEN MANGROVE DENSITY, SALINITY AND OTHE
A R SOIL

salinity has long been recognized as a controlling factor hat determines the health and
distribution of mangrove forests. Spatial differences in soj] water salinity influence the
species distribution of the mangrove species (Verheyden et al 2005; Schmitz 2008; Robert
et al 2009). In Coringa WLS, the effect of salinity on the species density can be explained
with the help of establishment of propagules, species regeneration pattern, and seedling
dispersal. Generalized linear modeling done for finding the most important soil
environmental factors influencing mangrove density clearly revealed that at the
community level soil salinity is the most important factor that negatively affect the
mangrove density. At a species level, Sonneratia apetala, Lumintzera racemosa, A. officinalis,
and Excoecaria agallocha proved salinity to be the major controlling factor. Excoecaria
agallocha has the highest density among all the species and it is followed by Avicinnea
officinalis, Avicinnea marina, and Bruguiera gymnorrhiza respectively. Higher salinity

results in to disruption in maintaining the osmotic potential between seedlings and soil.
t to the pore water and this leads to

ispersal of the propagules is severely

This causes movement of water from the plan
desiccation and ultimately the plant dies. Also, the d

[ ecies in
influenced by the saline condition. Then the abundance of Excoecaria agallocha sp

has a maximum density of all the
r to higher salinity range andasa

stablishment from one region to

the study area raises a question that why this species
Mangrove Species‘./This species is distributed from a lowe
fesult it has better option for seedling dispersal and their e
Nother (Di Nitto et al 2008).‘/Excoecaria agallocha has ana

i db
Pattern Le, regeneration occurs both by the seedling an Y |
e and more individ

dvantage oVer the regeneration
the coppicing: Coppice process
uals, than other species that

Provides q better option to regenerate mor tablishment (Blasco 1977).

ough the seedling €S

. rribution in study
distribution In S
throughout
es not have

Ve only one option to regenerate only thr
Vigj _ .
‘cinneq officinalis and Sonneratia apeteld d
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