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Preface

Studying the litterfall, decomposition and organic carbon in the mangroves of Divar
Island, will help to understand health of the ecosystem, identifying the key species
and also identifying human influence on the ecosystem. High litter fall, efficient
decomposition and organic carbon storage all indicate a well-functioning mangrove
ecosystem. However, variations in decomposition rates due to anthropogenic
activities raise concerns about efficient C-cycling in these habitats. This study will
provide a valuable baseline data for future monitoring and conservation of the pristine

mangroves at Divar Island, Goa.
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Abstract

This study investigated the distribution and ecological roles of various mangrove
species on Divar Island, India. Acanthus ilicifolius was abundant at D1 (78.2 %), while
Rhizophora spp. was dominant at all the studied sites. Litterfall data revealed that the
highest leaf litter at the high tide zones of studied sites. Decomposition rates varied
across zones, likely due to a combination of factors including leaf traits, temperature
and microbial activity. Analysis of total organic carbon (TOC) content in the sediment
cores indicated spatial variability. These findings provide valuable insights into the
zonation patterns, ecological functions, and biogeochemical processes of the
mangrove ecosystem on Divar Island. However, the study acknowledges limitations
in data collection and suggests the need for longer-term monitoring to gain a more

comprehensive understanding of the mangrove dynamics.

Keywords: Divar, Mangroves, High tide, Mid tide, Low tide Relative abundance,

Litter fall, Litter decomposition, TOC.



CHAPTER 1
INTRODUCTION




Background

Mangroves are a taxonomically diverse group of salt-tolerant, mainly arboreal,
flowering plants that grow primarily in tropical and subtropical regions (Ellison and
Stoddart, 1991). Dominant within tropical and subtropical intertidal zones, mangrove
ecosystems thrive along coastlines, fulfilling a multitude of ecological and
socioeconomic roles. These roles include nutrient filtration at the land-sea interface
(Robertson and Phillips, 1995), coastline stabilization (Vermatt and Thampany,
2006), provision of commercially valuable fisheries resources (Constanza et al.,
1997), and the function of nursery grounds for coastal fish and crustacean populations.
Mangrove distribution is primarily determined by a suite of abiotic factors, including
topography, tidal inundation, substrate characteristics, and salinity. Salinity exerts a
strong influence on zonation patterns within mangrove forests, with the highest
species diversity typically observed in the mesohaline and polyhaline zones having
salinity 30—60. These zones represent a balance between freshwater and saltwater
influence, providing suitable conditions for a wider range of mangrove plant tolerance.
In contrast, upstream areas with lower salinity (0.05—5) support a more limited flora,
with species such as Kandelia candel, Sonneratia caseolaris, and Heretiera spp.
exhibiting adaptations for survival in these less saline environments (Jagtap et al.,

1993).

Mangrove ecosystems sustain adjacent aquatic and intertidal mudflat food
webs through the process of litterfall (Mitra and Mitra, 2017). Litterfall refers to the
shedding of plant materials, including leaves, reproductive structures, and branches.
Senescence, withering, and death, along with environmental stressors such as wind
and precipitation, are key drivers of litterfall production in mangrove ecosystems

(Mitra and Mitra, 2017). In mangrove ecosystems, litterfall stands as a fundamental




ecological process, driving numerous ecosystem services. These critical services
include nutrient cycling and carbon storage (Da Silva et al., 2022). As the foundation
of detritus food webs, litterfall provides a vital source of organic matter for
decomposition and sustains diverse detritivore communities across mangrove forests,
intertidal mudflats, and adjacent coastal waters (Hemati et al., 2017; Monitoring and
Sampling Manual, 2018; Dewiyanti et al., 2019). Furthermore, it serves as the primary
source of organic carbon for various marine invertebrates and detritivores, facilitating

energy transfer within the ecosystem (Bouillon et al., 2008; Mulya and Arlen, 2018).

Mangrove litter also plays a crucial role in both carbon storage and exchange
with other connected coastal ecosystems (Rani et al., 2016; Dewiyanti et al., 2019;
Azad et al., 2021). Studies have shown the substantial contribution of mangrove litter,
including fallen reproductive structures and leaves, to organic carbon fluxes in
estuaries, highlighting their importance as carbon sources (Mohit and Appadoo,
2009). Therefore, litterfall emerges as the primary driver influencing mangrove
ecosystems' ability to store and cycle carbon and nutrients within the coastal zone
(Kamruzzaman et al., 2019; Da Silva et al., 2022). Multiple factors govern mangrove
litter production, encompassing natural processes, environmental conditions, and
biological characteristics. Natural factors include senescence, growth cycles, and
mortality driven by age. Environmental factors such as rainfall, wind, and temperature
also play a role (Monitoring and Sampling Manual 2018; An et al., 2020; Cejudo et
al., 2022). Studies have shown a correlation between mangrove density and litter
production (Ntyam et al., 2014; Mulya and Arlen, 2018; Da Silva et al., 2022).
Mangrove litter production exhibits significant spatial and seasonal variations
globally. Typically, peak litterfall occurs in the summer months, with the lowest

production observed in winter (Cunha et al., 2006; Sharma et al., 2010; Rani et al.,




2016). Estimates of litter production vary considerably across the globe, ranging from
a minimum of 0.8 t ha ! yr'to a maximum of 28.1 t ha 'yr~!. Species composition,
tree height, and anthropogenic activities are key factors contributing to this variation
(Shunula and Whittick, 1999; Rafael and Calumpong, 2018). Geographical location,
forest type, nutrient availability, and freshwater drainage patterns further influence
litter production (Liu et al., 2014; Zhang et al., 2014). Seasonal litterfall patterns
exhibit variations within different mangrove forest types (Zhang et al., 2014; An et
al., 2020). Subtropical mangrove forests experience peak litterfall during autumn, with
the minimum occurring in winter (Mfilinge et al., 2005). In contrast, tropical
mangrove forests may exhibit continuous litterfall throughout the year with two peak
periods (bimodal) (Wang'ondu et al., 2014). In mangrove areas of Cameroon and
Ghana it has been reported that litterfall was maximum during the dry season and a
minimum during the wet season (Ntyam et al., 2014). Similar results were observed
in India Wafar et al. (1997) in Goa. Thus, it is evident that environmental factors like
seasonal changes in precipitation affects litter production patterns in mangroves. Leaf
breakdown is defined as weight loss due to physical fragmentation (caused by abiotic

factors), animal feeding, microbial activity and leaching (Stewart and Davies, 1989).

Litter decomposition is a process in which organic matter produced by
mangrove forests is transferred to the sediment (Polidoro et al., 2010). Generally, four
basic steps occurs during decomposition of litter when transferred to their habitat: (1)
removal of leaves material compound by water, (2) microorganisms colonization, (3)
consumption by herbivores, and (4) action of physical environmental factors
(Kathiresan and Bingham, 2001; Dewiyanti, 2010). Leaf litter decomposition serves
as a key source of organic matter and nutrients for both the mangrove sediments and

surrounding coastal environments (Mamidala et al., 2022). The decomposition




process releases essential nutrients back into the sediments and water column, fuelling
further ecosystem functions (Manzoni et al., 2008). Microorganisms play a key role
in this process by producing extracellular enzymes that break down complex organic
matter into simpler, readily usable forms like glucose, amino acids, and phosphate

(Keuskamp et al., 2015).

Additionally, non-biotic forces such as fragmentation can also significantly
contribute to leaf litter breakdown (Ashton et al., 1999). Leaf litter entering streams
undergoes a rapid initial leaching phase upon immersion (Fell et al., 1975; Robertson,
1988). This leaching process results in a variable percentage loss of leaf mass,
depending on the specific leaf species and its location within the environment
(Robertson et al., 1992). After the initial leaching phase, the remaining organic
material, known as particulate organic matter (POM), decomposes at a slower rate.
This slower decomposition relies heavily on the activity of bacterial and fungal
communities that quickly establish themselves on leaf surfaces (Schleyer, 1986;
Steinke et al., 1990; Robertson et al., 1992). Tidal range also plays a significant role
in litter fate. In areas with a large tidal range, a substantial portion of the litter may be
exported from the mangrove system by tidal flushing. Conversely, in areas with a
smaller tidal range, a greater proportion of the litter remains on the substrate (in situ)
where it decomposes. However, tidal flushing may not completely remove all
deposited litter (Boto and Bunt, 1981). Decomposition of mangrove litter exhibits a
pivotal role in nutrient cycling within the ecosystem, supplying essential organic
matter that fuels estuarine food webs. These also function as significant exporters of
organic matter, fuelling detrital-based food webs in coastal environments. This export
of organic material has long been recognized as crucial for sustaining diverse coastal

fisheries. Several factors influence the rate of decomposition, including oxygen




availability, the properties of the underlying substrate, and the activity of decomposing
animals and microorganisms (Lugo and Snedaker, 1974; Odum and Heald, 1975).
Measuring primary productivity in mangrove ecosystems are intricate but litter
production and litter decomposition has been widely used as a measure of productivity

to predict contribution of nutrients to the estuarine ecosystem (Morrisey et al., 2007).

Scope of study

The interplay between litterfall, its decomposition, and biodiversity within mangrove
ecosystems is crucial for maintaining the overall function of the ecosystem. It is also
used for determining the productivity of the habitat. The species richness of the leaf
litter itself may significantly influence the complex relationships between biodiversity
and ecosystem properties. Consequently, a comprehensive understanding of how
biodiversity within mangrove ecosystems shapes their functioning and stability is
essential (Wardle et al., 1997; Ashton et al., 1999). The rate of decomposition will
also give insights on the nutrient dynamics and remineralization of the region. Thus,
study will also provide a literature base for future studies as currently there is a lack
of information on the contribution of mangrove litter to organic carbon pool in the
mangroves of Goa. It will also help in strategic management and effective

conservation of these habitats.




Aim of the study

This study evaluates the mangrove litter production and litter decomposition rate
which results in the formation of organic matter in the mangrove ecosystem of Divar

Island, Goa.
Objectives of the study

e To determine the abundance of mangroves and litterfall in the fringing
mangroves of Divar Island, Goa.

e To determine the rate of decomposition of mangrove litter within a 30 day
period.

e To determine the down core variation of total organic carbon and it’s link to

litter fall and its decomposition.




CHAPTER 2
LITERATURE REVIEW




2. LITERATURE REVIEW

Importance of mangrove ecosystem

Kathiresan (2021) suggests that mangroves are ecologically significant in protecting
the coast from solar UV—B radiation, ‘greenhouse’ gases, cyclones, floods, sea level
rise, wave action, coastal soil erosion, provide feeding, breeding, and nursery grounds
for many food fishes and wildlife animals. They act as nutrient sinks, sediment traps,
and nutrient source to support the food web in other coastal ecosystems. They protect
other marine systems such as islands, coral reefs, seaweeds, and seagrass meadows.
The mangroves are the most efficient in carbon sequestration and climate change
mitigation. Mangroves are economically valuable in supplying the forestry and fishery
products and also in serving as sites for developing a burgeoning eco-tourism. In a
review by Wang and Gu (2021) suggest that global climate change on mangroves in
terms of global warming, sea-level rising, atmospheric CO. concentration increasing
and extreme weather will have an impact on them. It also touches onto the importance
of microbial geochemical processes that are linked to climate change. They say that
Archaea are given attention due to the recent findings on their ubiquity in mangrove
and their potential ecological function. The global climate change will bring great
number of challenges and opportunities to research, maintain and development of

mangroves in the future.

Litterfall

Assessment of litterfall production is essential to find out the status of nutrient cycling,
forest health, potential carbon export to coastal marine ecosystems, and a valuable
indicator of mangrove productivity (Clough, 1992; Twilley et al., 1997; Mohammed

et al., 2015). Despite covering only <0.1% of the continent, it has been suggested that
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mangroves provide about 10% of the DOC (Dissolved Organic Carbon) that is
transferred to the ocean from terrestrial sources (Dittmar et al., 2006). Global
estimates indicate that a significant fraction of net primary productivity is exported to
coastal waters in the form of dissolved organic matter (DOM; Dittmar et al., 2006).
Saenger and Snedaker (1993) stated that litter fall recorded from several mangroves
varies widely but, as a general rule, appears to be related to tree height and latitude.
According to the study by Woodroffe (1985), large mangrove trees (> 10 m) have
more litter falling beneath them than short mangrove trees (< 4 m). Studies by
(Mackey and Smail, 1996; Wafar et al., 1997; Ochieng and Erftemeijer, 2002; Castillo
et al., 2006; Dewiyanti et al., 2019) suggest that mangrove leaf litter is the most
important component of the total litter material. It accounts for the greatest percentage
of total annual litter production (70%), followed by flower litter (15%), twigs (10%)
and propagules (5%). Twilley et al. (1997) estimated that newly fallen leaves lose
20—40% of organic carbon within 10-14 days due to leaching when submerged in
seawater. Study by Wafar et al. (1997), in the mangrove system along the Mandovi-
Zuari estuarine complex, revealed a seasonal pattern of leaf litterfall in the mangroves.
Results showed that litter yield for four mangrove species viz., Rhizophora apiculata,
R. mucronata, Sonneratia alba and Avicennia officinalis varied from 2.79-4.65 g m2

d.
Decomposition of mangrove leaves

Mamidala et al. (2022) stated that decomposition of leaf litter particularly is a key
ecological process in tidally-influenced forest ecosystems, where the breakdown
products act as an important input of organic matter and nutrients to mangrove
sediments and adjacent coastal ecosystems. Stewart and Davies (1989) defined leaf

breakdown as weight loss due to physical fragmentation (caused by abiotic factors),
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animal feeding, microbial activity and leaching. Manzoni et al. (2008) stated that leaf
litter decomposition releases nutrients in sediments and water columns also playing a
key role in nutrient cycling and global carbon. Several studies have identified that
decomposition rates are highest in subtidal zones where there is more frequent
flooding (Twilley et al., 1986). However, Feller et al. (2002) discovered that
decomposition rates varied across the different zones in the mangrove ecosystem.
They found that decomposition rates were lower in the permanently flooded subtidal
zone but the decomposition rate was higher in the upper intertidal zone. Middleton &
McKee (2001) theorized that tidal flushing creates optimal physico—chemical
conditions for decomposition. Wardle et al. (1997), found that mixing the different
types of litter can significantly impact decomposition rates and the quantity of
nitrogen it loses. Thus, results from the study suggest that the composition of litterfall

can play a key role in the functioning of the mangrove ecosystem.

2.3  Factors affecting the decomposition of organic matter

Mfilinge and Tsuchiya (2008) stated that climate plays an important role in the
decomposition rate of organic matter hence an increase in the temperature and
humidity causes the decomposition process quickly, on the other side low
temperatures may impair the decomposer communities. A study by Arnaud et al.
(2020) suggests that climate warming is likely to increase sediment organic matter
decay rates, but the impact of the rising temperatures may be lower than previously
suspected, especially in mangrove sediments that become inundated by rising relative
sea levels. Drought conditions are likely to increase sediment organic matter
mineralization of mangroves and global warming might exaggerate this effect. Also,
wind speed enhances the percentage fraction of the twigs, buds and fruits in total litter

production. There is a significant positive correlation between litter production and
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wind speed (Mflinge et al., 2005; Mchenga and Ali, 2017). Kida and Fujitake (2020)
stated that the low decomposition rate in mangrove sediments is due to suboxic
conditions. Studies by Middleton and McKee (2001) found that the mass loss of leaves
essentially came to a standstill after an initial phase. However, Twilley et al. (1986)
found higher decomposition rates after 117 days. Suriani et al. (2013) stated that the
abundance of microorganisms, bacteria and invertebrates enormously accelerates the
decomposition process of the organic matter produced by the mangrove forest.
Microorganisms play an important role in the degradation of leaf litter through the
production of extracellular enzymes that break down complex organic matter into
simple compounds such as glucose, amino acids and phosphate (Keuskamp et al.,
2015). Degradation of litter occurs as soon as fungi and bacteria that reside in the
sediment/water have colonized (Holguin et al., 2001). However, (Cundell et al., 1979)
suggest that tannin content in mangrove leaves can delay microbial colonization and

may contribute to differences in leaf decomposition rates.

Middleton and McKee (2001) suggest that the presence of detritivores such
as crabs and amphipods can accelerate the decay rate. In some tropical Australian
mangroves, it has been shown that a large proportion of the leaf litter is not exported
but recycled by resident crabs (Robertson and Daniel, 1989; Robertson et al., 1992)
with little chance of this organic matter being transported towards adjacent habitats
by these organisms. Ravichandran et al. (2006) have shown that the leaf-eating
mangrove crab Neosarmartum smithi stores leaves in their burrows. Using a stable
(813C) isotope, Guest et al. (2004), showed the signature of crabs as an indicator of
carbon source. Carbon movement between 2 adjacent habitats (mangroves and salt
marshes) in a subtropical estuary has been reported to be spatially restricted to a scale

of several metres (30 m).




CHAPTER 3
METHODOLGY
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Study area

Divar Island (15°31'31.6"N 73°53'59.9"E) is a remarkable estuarine island in the
Mandovi Estuary in Goa, India. With an area of 0.57 hectares, it is the second—largest
island among the other seven islands in the river. The island is bordered by mangroves
throughout its length, with the dominant species being Avicennia marina and
Sonneratia alba. Besides this, Avecennia officinalis, Acanthus illicifolius, Sonneratia
caseolaris, Rhizophora mucronata, Rhizophora apiculate, Kandelia candel, and
Exocoecaria agallocha have also been observed. Beds of Crassotrea edulis and
Meretrix casta have been recorded. The island is a favoured spot among local as well

as migratory birds and is known for its ecological significance (Kumar, 2000).

Sampling

Sampling was conducted during January-February 2024, at the inter-tidal zones of the
mangrove ecosystem located at Divar Island, Goa. The inter-tidal zones included high
tide, mid tide, and low tide. Four stations were selected: D1 (15°3018"N 73°53'22"
E), D2 (15°30'18"N 73°52'48"E), D3 (15°30'20"N 73°52'33"E), D4 (15°31'16"N
73°5321" E)., Sediment core samples were obtained in duplicates during low tide
using a PVC corer with a diameter of 7.5 cm. The core was then capped at both ends
and labelled. The core samples were placed in an icebox and transported to the
laboratory. The core was sectioned at 2 cm intervals using a knife. The sectioned sub-
samples were labelled, transferred to petri plates, and kept in a hot air oven at 60 °C
for 48 hours. The oven-dried samples were then homogenized into a fine powder using

an agate mortar and pestle and transferred to zip-lock bags.
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Fig. 1. Study area located at The Divar Island, Mandovi Estuary, Goa

Measurement of physical parameters

Representative cores from each site were sectioned at 0—2, 2—4, 4—6, 6—8, and 8—10
cmupon arrival at the laboratory. The hydrogen ion (pH) concentration of each section
was measured using a pH meter (EUTECH pH 700) after calibration with standard
buffers (pH 4, 7, and 10). The temperature of each section of the core was noted using

a mercury thermometer during the sampling process.

Mangrove community composition
Studies on the distribution and composition of the mangroves were carried out
according to Jagtap (1985). Four study locations were demarcated which extended
perpendicularly from the landward to the estuarine side. Quadrat (50 m x 16.75 m)

was laid out at D1. However, the number of quadrats at each location varied depending
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on the extent of the intertidal expanse (~16.75—27.8 m). Based on the width of each
location (land to estuary), they were further sub-divided as mid tide and high tide
zones to enable grouping of each mangrove species as per their zonation pattern.
Saplings smaller than 30 cm in height were not recorded as they were difficult to
identify. The relative abundance of mangrove trees was calculated as:

Relative abundance = (No. of individual specie / Total individuals of all species) x100

Litterfall production and quantification

The litter production was quantified using litter trap. A square frame measuring 1m x
Imwas used. The trap was made into a conical shape towards the center to accumulate
litter at the center. Seven traps were hung at high tide and mid tide at all study sites
under the canopy of the mangrove trees. The traps were placed at a height of
approximately 1.8 m to avoid tidal inundation and washing away of litter material.
The litter trap was not hung at mid tide of station D3, as the mangrove plant height
was not sufficient enough to record to the litterfall data. Litter samples were collected
in two sets at 15—day intervals. The litter materials were dried in a hot air oven at 60
°C for 24 hours and then litter material is sorted into leaves, twigs, flowers, and fruit.
The weight of each litter component was recorded in dry wt. m™2 mo™! after being

weighed individually on an analytical balance.

Decomposition studies

The litter bag method (Tam et al. 1990) was used to evaluate the rate of in—situ
decomposition of leaf litter for 30 days. The litter bags were made of synthetic shade
net with pore size 2 mm and dimensions 20 cm x 30 cm. The green and yellow leaves
that had fallen in the mangrove forest were collected. After weighing and filling the

litter bags with 7g of mixed leaf litter, each station’s litter was buried. After a 30-day
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incubation period i.e. from 17 March 2024 to 16 April 2024, the litter bags were

retrieved and then the decomposed leaves were washed thoroughly to remove any

sediments. Next, the decomposed leaves were transferred onto petri plates and allowed

to dry for 24 hours. Finally, the dried decomposed leaves, were weighed on an

analytical balance (Scale -Tec) in g (dry wt.).

Total organic carbon (TOC) of sediments.

A modified Walkley-Black method (Gaudette et al. 1974) was followed to
estimate the percentage of TOC in sediments. It involves exothermic heating
and oxidation of organic carbon in the sediment with K>Cr,O; and
concentrated H>SOs respectively. The excess of K.Cr,O7 which does not
participate in the reaction is titrated against 0.5 N solution to a sharp one-drop

brilliant green endpoint.

A 0.5 g powdered sediment sample was transferred to the conical flask. 20
mL of H.SO4and Ag.SO4 mixture was added to the conical flask. Ten mL of
AN K2Cr,07 was transferred slowly through the burette and the conical flask
was kept in an ice bath. The conical flask was kept aside for 30 minutes. After
30 minutes 200 mL of distilled water, 10mL of 85% H3PO4 and 0.2g NaF were
added. A few drops of indicator were added to the conical flask. The contents
in the conical flask were titrated against the 0.5 N Ferrous ammonium sulphate
solution till brilliant green was observed. For blank, the same steps were
followed excluding sediment samples.

Calculations:

TOC (%) =10 (1 - 1) xF

where,
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S = Standardisation blank titration

T = Sample reading

F = Normality of K>Cr.O7 x milliequivalent weight of carbon x 109

sample weight

Statistics

Graphs for data were generated using Microsoft Excel 2021.




CHAPTER 4
ANALYSIS AND
CONCLUSIONS




4. Results

Variation in physical parameters at Divar.

20

The mangrove sediments at Divar Island had acidic to neutral to slightly alkaline pH

varying from 5.87 to 7.54 (Table 1). There was not much variation in the pH and

temperature values in the downcore from station D1 — D4 in the downcore. These

slight variations observed in physical parameters is due to the differences in canopy

cover, water levels etc.

Table 1. Variation in physical parameters at the study sites.

T Stations D1 D2 D3 D4

g Depth (cm) 2 |46 |8|10|2 |4 |68 102 |4|6|8|102]|4]|6]|8]10
2 pH 6.2 |6.46|6.72|6.86(6.53|6.94 (6.71| 7 |6.96|7.02|6.39|6.47|6.73|6.77|6.66(6.87 | 6.6 [6.73| 6.7 |6.66
® | Temperature (° C) [28.9|128.9/28.6| 28 | 28 {29.9(29.5|29.5/29.5(29.5|26.1(26.1|26.1{26.1|26.1| 32 |30.1| 30 | 30 |29.5
§ Depth (cm) 2 |4)|6|8|20|2 |4 |68 102 |4|6|8|202]|4]|6]|8]10
Z pH 6.42|6.61|6.89|6.75/6.53|6.63|5.87| 6.3 [5.92| 6.1 [6.86(6.76|6.71(6.65|6.59|6.77 |6.45|6.39|6.52| 6.4
® Temperature (° C) |29.9/29.5|29.5(29.5/29.5| 26 | 26 [25.9| 26 | 26 | 30 | 30 |29.6| 29 | 28 | 30 |29.5({29.5(29.3(29.2
-

2 Depth (cm) 2| 4|6 |8 |10|2|4|6|8]10]2]4]6|8]20|2]|4]|6]8]10
g_’- pH 6.4 |6.88|6.97|6.86/6.74| 6.4 |6.88|6.97|6.86 |6.74|6.82|6.56 | 6.33| 6.4 [6.58| 7.5 |7.54| 7 [7.23|7.12
® Temperature (° C) |30.1|30.1| 30 | 30 | 30 {29.8| 29 | 29 | 29 | 29 | 32 | 32 | 33 | 31 | 31 {29.9|29.5(295 (295 (295

Relative abundance (%) of mangroves

Acanthus ilicifolius was found to be growing abundantly only in HT zone of D1 (78.2
%) and MT (57.6 %) respectively. Acanthus ilicifolius is a shrub and it may grow up
2.5 m tall. Positive selection of genes promotes Acanthus ilicifolius growth in the
intertidal zones of the mangrove ecosystem (Ma et al. 2022). Rhizophora apiculata
was found to be growing at all the studied sites. While Avicennia marina and

Avicennia officinalis are also overall found growing at all the studied sites except in

MT zone of station D4. At D2-MT this site was dominated by older trees of

Rhizophora mucronata and Rhizophora apiculata. Most of the trees had height of >10

m.
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Fig. 4.1. Relative abundance (%) of mangrove species at studied sites

They have stilt root that anchors the tree into the sediments. They primarily
function to stabilize the trees in the soft, unstable substrate of the mangrove swamp,
water conduction, nutrient uptake, storage and gas exchange vis lenticels (Tomlinson,
1986). It was observed during survey that, numerous stilt roots of the older trees take
up lot of area around them as result it makes harder for other mangroves to grow
through the stilt roots. Basyuni et al., (2018) confirmed that Rhizophora mucronata
is an inland plant with a growth rate of 96 %. Kandelia candel species are observed
growing at HT zone as well as MT zones of the study area except at station D1-MT.
This could be because it is one of the few salt excluders of the mangrove community
with an excluding capacity of 90% in the estuarine system. Kadelia candel leaves have

specialized salt excreting glands helps in the maintenance of a NaCl level (Popp et al.,
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1993). Station D4 was dominated by Rhizophora mangle (18.4 %) followed by
Avicennia officinalis (16.9 %) at the HT zone. Sonneratia alba was also observed at
D4. Sonneratia alba do well in the low intertidal zones of estuaries, making it a
widespread and highly salt-tolerant mangrove species. It can thrive in environments
with 5 to 50% seawater, showcasing its exceptional tolerance for high salinity and low
oxygen (hypoxia) conditions (Ball and Pidsley, 1995). The tree employs two key
strategies to survive in these challenging conditions. Firstly, it adjusting the osmotic
potential to synthesize organic solutes it can regulate its internal pressure thus
balancing the high salt concentration outside the cells and by combating oxidative
stress. Secondly, it can produce an antioxidant enzyme to neutralize harmful reactive

oxygen species (ROS) generated by high salinity (Yang et al. 2015).

Litterfall assessment

The results shows that mangrove leaf litter contributed the largest, compared to other
litter components such as twigs, flowers, propagules, and fruits (Mackey and Smail,
1996; Wafar et al., 1997; Ochieng and Erftemeijer, 2002; Castillo et al., 2006;
Dewiyanti et al., 2019). Highest litterfall was observed at D4-HT (149.5 g dry wt.)
and D4-MT (133.5 g dry wt.) followed by flower litter at D4-HT (1.94 g dry wt.) and
D4-LT (0.82 g dry wt.). This leaves and flower litter was generated by Sonneratia
alba (Fig 4.1.). The flower litter consisted of stamens that had fallen off, as flower
started to mature into a fruit. Overall, Twigs, propagules and fruits contributed very

less to litter component.

The average litter fall per day at all stations was found to be 2.6 g m? d.
Wafar et al. (1997) reported 4.66 g m™ d*! litter fall in Mandovi and Zuari estuaries.
Wind speed, climatic conditions, seasonal variations, tree height, and nutrient

availability are other factors known to influence litter fall rates (Wafar et al., 1997;
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Mfilinge et al., 2005; Ntyam et al., 2014; Mchenga and Ali, 2017; Mitra and Mitra,
2017). It may be noted that these observations in this study were recorded for a
period of 30 days. Therefore, there is a need of data covering for 12 to 24 months to
gain clear understanding about the litter in the mangrove ecosystem of Divar Island
on a seasonal scale. Also, other parameters needs to be accounted such as redox

potential, wind speed data, pollution from metals, hydrocarbons etc.
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Fig. 4.2. Litter fall at the study sites.
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Decomposition of mangrove leaves

The HT, MT, LT zones at all the stations of the study areas shows different values of
percentage decomposition rate of mangrove leaves over 30 days. The HT zones of
stations D1 and D2 shows a slow rate of decomposition while D2 and D3 shows a
faster rate of decomposition. Also, the MT zones of D2 and D3 shows a slower rate
of decomposition compared to D1 and D2. The litter bags at station D1-HT and D3-
HT contained leaves of Rhizophora apiculata in mixed leaf litter along with leaves of
Avicennia marina and Avicennia officinalis. Because Rhizophora apiculata leaves
have a larger surface area, it makes them more difficult for microorganisms to
decompose whole leaves. Nutritional quality in decomposing leaves is often assessed
by the C:N ratio. A lower ratio indicates higher nitrogen concentration and faster
decomposition rates (Wieder & Lang, 1982). Avicennia marina exhibits a
significantly lower initial C:N ratio compared to Rhizophora mucronata (Rao et al.,
1994; Wafer et al., 1997), suggesting higher nutritional quality and potentially faster

decomposition.

Litter bag experiment excludes the fragmentation of the leaves by crabs and
amphipod which help to accelerate the decomposition process (Bokhorst and Wardle,
2013). Also, D1-HT zone is dominated by A. ilicifolius (Fig 4.1.). According to the
studies by Mohamad et al., (2019) suggest that A. ilicifolius leaves biosynthesizes
Silver nanoparticles (AgNP) which have antimicrobial properties. This could be one
of the reasons why decomposition rate is slow (proper studies needs to be conducted

for better understanding on this topic). However, Osono, and Takeda, (2006) states
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that compounds contained in the leaf litter also affects the ability of a microbe to
decompose complex compounds contained in the litter. Higher decomposition rates
of leaf litter were observed at D1-MT and D4-MT, potentially driven by elevated
temperatures (Table 1). Higher temperatures are known to accelerate decomposition
processes and may also enhance the rate of chemical weathering of leaf litter
components. Climate could be one of the key factors in enhancing decomposition in
mangrove ecosystem (Dewiyanti et al. 2019). The decomposition bags only had leaves

of Sonneratia alba at D1-MT and D4-MT.
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Fig. 4.3. Leaves decomposed within 30 days.




4.5.1 Downcore variation in TOC in the sediments of Divar.
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Fig. 4.4. Downcore variation of TOC at HT zones of Divar
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At D1 and D4, no significant change in the down core TOC content was observed (Fig

4.4). In contrast, at D2 and D3, a slight decrease in TOC content was observed at 2

cm. At D3 a minimum in the TOC content was observed at 8 cm. At D4, no significant

changes was observed in TOC content within the core.
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TOC content exhibited varied patterns across different depths. At D1, a significant
downcore variation in TOC content was observed (Fig. 4.5). At D2, TOC content
increased with depth, although a minimum was observed at 8 cm. D3 exhibited
minimal variation in TOC content. Finally, at D4 no significant change in TOC

content was observed, implying a relatively uniform distribution.
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Fig. 4.6. Downcore variation of TOC at LT zones.

At D1, a sudden increase in TOC content was observed at 8 cm (Fig. 4.6). At D2,
gradual increase in TOC content was observed as the depth increased. At D3, decrease
in TOC content was observed till 6 cm, followed by an increase in TOC content from
8 cm. At D4, a minimum was observed in TOC content at 6 cm, suggesting potential

decomposition or transport of organic matter.

The subsequent variation in TOC content at deeper layers suggests, a
combination of certain factors such organic matter composition, parameters such as

salinity and dissolved oxygen at that depths and sediment characteristics.
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4.2 Conclusions

This study revealed variations in plant zonation, litterfall, and decomposition rates
across different intertidal zones (HT, MT, LT) and stations (D1, D2, D3, D4) within
the Divar Island mangrove ecosystem. Acanthus ilicifolius was abundant at station D1
(HT-78.2 % and MT-57.6 % resp.), while Rhizophora spp. was dominant and found
growing at all studied stations. Sonneratia alba was primarily observed in the at MT
zone at station D4. The highest litterfall was recorded at D4-HT, consisting mainly of
Sonneratia alba leaves (149.5 g dry wt.) and flowers (1.9 g dry wt.). Decomposition
rates varied between zones and stations, likely influenced by factors like leaf surface
area, C:N ratio and temperature. These factors might play a role in decomposition
dynamics. TOC content also displayed diverse patterns across depths, suggesting
complex interactions between organic matter deposition, decomposition and transport

processes.

These findings suggests that litter fall and subsequent decomposition play a
crucial role in supplying organic matter to Divar mangrove ecosystem. Future studies
will include additional parameters such microbial abundance, sediment grain size,
nutrient availability, redox potential, wind speed data of the study area, monitoring
litter fall over a longer period (example over the course of 12 to 24 months) in order

to observe seasonal variations etc.
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