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Abstract:

1. The intertidal zone is the amphibious niche between the high and low tides. The
invertebrate taxa present here lay bare to several influencing factors and facilitate
the flow of energy by participating at each trophic level in the marine ecosystem.

2. This study was carried out in order to assess the community structure of intertidal
benthic macroinvertebrates. Their associations with various factors known to
affect intertidal zones were looked into, in the remote islands of Kamorta and
Nancowry in Central Nicobar, Andaman and Nicobar archipelago.

3. Three study sites of varying beach profiles (reflective, intermediate and
dissipative) were studied across spatio-temporal scales. Spatial replicates were
sampled at the three study sites across tidal zones of High Tide (HT), Mid Tide
(MT), and Low Tide (LT) for granulometry (dry sieve method following
Wentworth scale), nutrient levels in water (spectrophotometry following
Strickland and Parsons protocol) and the macrofauna (light microscopy following
the basic taxonomic guides). Temporal replicates were sampled at the dissipative
beach over a period of one lunar cycle for nutrient levels in the water
(spectrophotometry).

4. In three sites, the major taxon was foraminifera by being the highest in abundance
in two sites (reflective and intermediate slopes). At the third site (dissipative
slope), gastropods dominated the community. Granulometric analysis showed
links with beach profile and taxa encountered. Nutrient profiling showed Nitrate
being higher in concentration in the dissipative beach, and Silicate and o-
Phosphate showing higher concentrations in the reflective beach. Temporal
sampling done for the nutrients (Nitrate, Silicate and o-Phosphate) showed
patterns that can be related to the spring tide and neap tide. Soft coral sclerites
showed up, at one site in unexpectedly large numbers, at all the sites.

5. Based on the trends seen and the factors measured, the beach slope and the
packing of the sediment are key factors in shaping the community. Spatial
sampling showed that the reflective and intermediate beach profiles have
foraminiferans as their dominant taxa and gastropods dominated the dissipative

beach community. This might be due to differential availability of organic matter
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and retention of it in the sediment layers for the benthic fauna. This is also seen in
the nutrient profiling across the temporal scale where the flushing out the
nutrients reduces the concentrations based on the spring tide and neap tide cycle.
Soft coral erosion is suspected to be due to the degree of exposure of the beach to
harsh wave conditions, among other factors.

Baseline information was drawn on the key players of the macrofaunal
community signals. Replicates need to be studied to confirm the patterns -
observed. Comprehensive community level analyses (at species) need to be done
along with supplementary data through Total Organic Carbon (TOC) analysis and
heavy metal analysis (ICP-MS analysis) needs to be done to ascertain the sources

and magnitudes of the signals of influencing factors.



1.0. Introduction:

Oceans are all-encompassing ecosystems that perform many functions that include
influencing global climate and supporting diverse life forms. With these life form-

influencing factors varying between extremes, life within this spectrum of conditions has

managed not just merely to adapt or survive, but to thrive.

The marine benthic zone is the ecological region at the lowest level of a marine
ecosystem that includes the sediment surface and the sub-surface layers. The organisms
living in this zone and dependent on the sediment are called benthos. These organisms

are mostly primary consumers, detritivores or scavengers.

Sediments, be it intertidal or deep sea, make the two most essential resources available
for dependent fauna, i.e. space and nutrition. The space that is occupied by the benthic
organisms divides benthic organisms into two distinct classes based on where they are

mostly found:

a. The group that lives on, in or near the surface of sediments is called epifauna.
b. The group that burrows into the sediment and lives aided by the interstitial space

between sediment grain particles is often called as infauna.

Benthic organisms can also be categorized under Macrobenthos, Meiobenthos and
Microbenthos classes, based on the size range (Mare 1942). Macrobenthic organisms are
retained on 500p mesh size sieves, meiobenthos on 63p mesh size sieves. The intertidal
region is an amphibious ecosystem that is submerged and exposed in alternation. The
fauna and flora that inhabit this distinctive ecosystem are both microscopic and
macroscopic and live in synchrony with one of the strongest driving forces operating in

this area, the tides.

Intertidal areas are exposed to a wide range of physical and biological parameters of

varying intensities and frequencies. Intertidal regions are characterized by the substrate,
the nature of which is varied across habitats. Hard-substrate intertidal studies have been
focused mostly on rocky shore habitats. Soft-substrate studies span from sandy beaches

to mudflats, estuaries to salt marshes.
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In the intertidal ecosystem, the most important factors are all of them. This fragile
ecosystem has many facets and each of them behaves as its most influential factor. The
particle size, the wave actio‘, slope of the beach, the salinity, and much more govern the
invertebrate faunal community which is altered by and alters these factors. These factors
work in synchrony with the numbers and the kinds (abundances and diversity

respectively) and together form the intertidal benthic ecosystem.

Changes that happen on various scales of time, space and ecological parameters are
important to understand the working of the ecosystem. Also, the spatio-temporal and
ecological changes in an organism are closely related to environmental changes.

Benthic fauna, being key players in biogeochemical cycling, nutrient fluxes and energy
flow, would hold a pivotal position in monitoring changes in the environment. Identifying
limiting or determining factors will help in understanding organisms, which might be
hidden keystone species. They can be our look-out for different categories of climatic and

environmental change.
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1.1 Review of literature:

Interactions between benthic organisms and abiotic variables:

There are scores of abiotic factors that influence and are influenced by creatures of the
sea. Temperature exerts an imposing bearing on all metabolic processes. Warmer
temperatures accelerate development. In a similar way, each of the factors exercises some
control over the other factors in a way that in combination, they either maximize the

overall effect or weaken the buildup of the variable (Amend 1997).

The primary physical property of sediment is the grain size and it determines the packing
of sediment particles. The packing determines the distribution of the benthic organisms
and the categorization of epibenthic organisms and interstitial benthic organisms. In
coarse-grained sandy beaches, the large interstitial spaces support many flora and fauna.
The sediment layers in coarse sandy beaches are highly oxygenated as every wave drains
rapidly back into the sea, causing air to replace the water through the permeable sand
layers. In an ecological opposite, fine sand beaches have sediment grain packing in such a
way that there is a steep vertical gradient of oxic conditions. This is a multi-stressor
environment for benthic organisms, as one of the main physical variable overlays is the
morphodynamics of beaches, with physical and chemical conditions working in tandem
to make the community what it is (McLachlan and Brown 2006). Altogether, these
stressors expose the biotic community to environments that is highly dynamic and harsh

(Menn 2002).

Some benthic organisms are subjected to stressful conditions like upper-limit extremes of
temperature, wave action, or light intensity (Anandavelu et al. 2013). In particular, the
fauna is exposed to adverse conditions if they are the pioneers that eventually act as
facilitators and make certain habitat parameters hospitable for colonizing by other
species. These facilitators increase the habitat heterogeneity and provide refuge to prey,
thereby regulating the occurrence of both the prey and the predator species (Monteiro et
al. 2002). Introduced species act as facilitators are assisted by several abiotic factors like
the velocity of the currents and water depth. Abundances of these introduced and the
linked organisms are extremely high when ideal conditions for their settling and

colonizing coincide (Bially and Maclsaac 2000). There can be stark differences in
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community structures of sediment-associated fauna as a result of powerful winds causing
sediment erosion. Winds are one of the driving forces behind the strength and direction of

rip currents and shape the faunal assemblages indirectly or sometimes directly (Armonies
1990).

Seasonality, salinity and nutrient:

Seasons play a major role in the abundances of the benthic fauna, as each season is
characterized by a certain range of temperature, humidity, salinity level and other abiotic
parameters. Even in fauna, that reproduce several times a year, like the mole crab
Emerita talpoida (Helland et al. 2003, Diaz 1980; Peterson et al. 2006), the overall size
of the egg-bearing female and the number of fertile eggs (which is a proxy for energy
reserves and fecundity) are richer and better in spring. An example would be salinity
which is a seasonally changing abiotic factor. Freshwater inputs to the sea through creeks
or ephemeral rivers, hot summers result in stark differences in the salinity levels. These
fluctuations in salinity values alter the abundances and the diversity of organisms through
an annual cycle of changing seasons and linked environmental parameters (Al-Raei et al.
2009).

The northeastern Australian monsoons are not as powerful, or as prolonged, the densities
of meiofauna are highest during the summer wet season. The distance from the equator
and the differential timing and features of the seasons influence the benthic infaunal
community densities (Alongi 1989). In contrast, Indian monsoons are characterized by
intense and drawn out cyclonic weather, and this negatively impacts the meiofaunal

numbers which decrease.

The addition of freshwater during the monsoon negatively impacts the infauna in the
tropical scenario, but the populations bounce back soon after (Moore et al. 1968, Holm
1978). These studies indicate that intensity of waves and salinity are important factors

that govern benthic infaunal communities.

Page | 4



Plankton dispersal:

Certain benthic fauna (for instance, gastropods) in the intertidal region have planktonic
larval stages that are highly mobile and undergo two vital processes- Larval dispersal and
recruitment. Upon hatching from eggs, the larvae are transported away from their
hatching grounds by offshore transport mechanisms, the direction of the currents, tide or
the winds that govern it (Shanks 1983), Armonies 1990). Recruitment occurs when the
advanced stages of the planktonic form (through some factors that push them shoreward)
return to their natal ground to settle and contribute to the population as sexually mature
adults. The larvae (also called zoea in some taxa) are laid bare to the elements and factors
(biotic, like predators, or abiotic extremes) that maybe harsh during both the onshore and
offshore journeys (Morgan and Christy 2011). The factors governing community
dynamics themselves fluctuate a lot. This results in an adult population that is a
minuscule fraction of the hatched larvae numbers (Amend 1997, Morgan and Christy
2011). Juveniles of certain benthic macrofauna, like crustaceans or gastropod larvae,
sometimes hatch in designated nurseries. An example for a nursery would be seagrass
beds (Whanpetch et al. 2010a). Seagrass beds serve another purpose for juveniles of
several small fish that feed or take refuge from predators (Barnes 2013).

The relationship between currents and the dependent organisms has been studied
(Armonies 1990), but the temporal aspect of the study is crucial information as certain
meiofauna only emerges at night (Armonies 1989). The influence of water currents and
tides on faunal communities is because of a differential percolation rate of particulate
organic matter and nutrient ions like those of sulfur and nitrogen through sediment layers
(Piniak and Lipschultz 2004). The plankton productivity paradox, upwelling of tides and
thermal stratification of the water column are patterns that are linked to carbon fixation.
Particulate organic matter, which includes macroalgae and other metabolizable organic
matter, contributes significantly to the biogeochemical cycles in the microenvironment of

intertidal zones (Bode et al. 1997, Al-Raei et al. 2009).

The outcomes of nutrient enrichment experiments on Tridacna clams showed that though
the responses were quantitatively small, minute changes in the levels of inorganic

nutrients alter the clam-zooxanthellae symbioses (Taylor et al. 2010). Growth and
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calcification rates are influenced by light intensity, water temperature, seasons and
differential levels of inorganic nutrient levels (Thomas Jensen 1992, Ambariyanto and
Hoegh-Guldberg 1997). The nutrients work in synchrony with other parameters like
temperature and current direction and maximize output through the growth or recruitment

of organisms (Fitt and Cook 2001, Harrison and Ward 2001, Nordemar et al. 2003).

Interactions amongst benthos:

The two size-classes of benthic organisms, macrofauna and meiofauna, interact both
directly and indirectly with each other. Direct influence of macrofauna on meiofauna
mostly includes predation. Indirect influences can be seen through alterations in sediment
and related characteristics. Meiofaunal groups respond by changing their distribution,

community structure, diversity, and density (Urban-Malinga et al. 2014).

Most benthic fauna reflect the environment around them. Be it in numbers, kinds, or even
certain aspects of variability or behaviour. Sometimes an off-season weather
phenomenon may result in high mortality or a decline in population. A reduction in the
population and also delay in the recovery of the population to bounce back was observed
during periods of strange weather (Armonies et al. 2001). Certain weather extremes can
result in the hatching and recruitment of larvae. Hatching in Emerita talpoida, a decapod,
has been interpreted to occurring during inner-shelf storm events that are characterized by
large waves, warm temperatures and northeasters (Amend 1997). Barnacle recruitment,
near California, has been shown (Broitman et al. 2005) to have a positive relationship

with abnormal temperature events, but not mussel recruitment.

Closer home, studies have compared benthic faunal communities before and after the
tsunami along the Tamil Nadu coast. The assessment of macrofaunal and megafaunal
communities was aimed at identifying the major threats to the coastal intertidal
ecosystems. Also, than an indicator species approach (Teixeira 2010), a community-
based approach is recommended keeping in mind the oligochaete and polychaete
diversity (Hutchings 1998) and their tolerance to organic pollution and toxic elements in

the water (Sarkar et al. 2005, Berlie et al. 2008D).

Page | 6



Disturbances:

Change is inevitable as time is circumlinear, and everything changes with time as it
moves forward. Changes, similarly, can also be viewed as disturbances and are mostly of
two kinds- natural and humanmade. Certain humanmade disturbances can lead to
physical disturbances. At this point in time, we face the impending threat and harsh
reality of global change, be it in land use patterns, or even environmental change. Adding
to this mixture are extinctions and invasions of entire species (Vitousek et al. 2013).

Natural changes:
After the apocalyptic earthquake and subsequent tsunami of 2004, the low-lying regions
of the Nicobar islands were submerged, whereas the low-lying regions of the Andaman
were uplifted. This has resulted in a change in intertidal and sub-tidal bathymetry, as the
exposure of land to waves and tides was altered (Nehru and Balasubramanian 2012).
Littoral drift and the constant cycle of beach erosion and accretion add to the natural
changes to the ecosystem and modifies the beach profile by altering granulometric
composition.

Anthropogenic changes:
Humans create some of the adverse conditions for benthic invertebrate fauna to exist
(Jayaraju et al. 2011) by altering of habitats or by pollution or disturbance/activity.
Anthropogenic altering of natural habitats occurs mostly when construction projects
(buildings or resorts) come up or beach protection structures like sea-walls, tetrapods,
cement blocks or dikes are used (Berlie et al. 20084). Human trampling experiments were
conducted to assess the acute impact of human activity (disturbance or tourism). The
results showed that all kinds of fauna, irrespective of how they utilized the habitat and the
resources, were significantly found in lower abundances as compared to the controls with

no trampling (Casu et al. 2006).

Many of the practices are anthropocentric and interrupt natural processes of littoral drift
and suspension of sediments (McLachlan and Brown 2006), and the consequences are the
conversion of a healthy beach ecosystem into an ecologically dead area. Suspended
sediments and how they are transported (Austen et al. 1999) contribute significantly to

two processes that are vital to the well-oiled running of the intertidal ecosystem, viz.

beach erosion and organic matter.
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Primary productivity in the intertidal area is high because many abiotic and biotic factors
in optimum levels function in synchrony and maximize output. The secondary
productivity is characterized by benthic macrofauna, again in elevated levels of biomass.
The perfect combination of abundant nutrients, high light intensity, shallow waters and
distinctive nature of sediment are some key players in this ecosystem (Kneib 1984,
Warner et al. 2002). Benthic macrofauna forms a crucial link in the food webs of the
marine ecosystem (Lubchenco et al. 1984) as they derive nutrition from the
phytoplankton and organic matter from the detritus and freshwater inputs into the seas,
and form the prey base for many shorebirds, fishes, and other invertebrates. Secondary
productivity needs to be measured through respiration and production, which are used as
representative values for energy flow to understand self-sustenance of the food web
(Asmus and Asmus 1985). Knowledge of all these together constitute the community and
its functioning.

The changes in community assemblage due to other fgctors like human activity, marine
debris, toxins in the surroundings and the impacts of these different factors on physiology
and energy reserves of marine organisms would not only be interesting knowledge, but
also serve as sentinels of climate change, natural disasters, anthropogenic factors, among
other phenomena.

Teasing apart the combined effects of temperature and food availability (through
phytoplankton) on the meiobenthic community is difficult without controlled and
manipulative experimental setups (Olafsson and Elmgren 1997). Keeping all these points
in mind, the study has been designed to keep in mind the limitations while addressing the

objectives:
1.2 Objectives of Study:
% To understand the qualitative and quantitative relationship amongst macrofauna in
intertidal regions of Central Nicobar islands, Andaman and Nicobar Archipelago

% To understand the responses of the macrofaunal groups, with a focus on

foraminifera, to an array of environmental and physical variables
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> To draw baseline information on relationships between the community
and the changes they experience
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2. Study Area:

The study was carried out in Nicobar group of Islands, which are part of the Indian Union
Territory of Andaman and Nicobar archipelago. The archipelago is part of the
saddlebacks of the underwater mountain range that runs between the countries of
Myanmar (formerly Burma) and Indonesia. There are several theories of the origin of this
mountain range. The mountain range is a manifestation of the fault line that was formed
when the Indian tectonic plate collided with the Burmese plate. This also explains the

volcanic activity in the area.

Over the last hundred years, human developmental activities have enhanced the effects of
natural disturbance regimes in the region. Timber extraction activities, encroachments,
and increasing population are the main reasons for radically affecting habitats of various
species, and subsequently leading to loss of biodiversity. The increasingly unchecked
rates of deforestation in the islands have resulted in silting of coastal waters, posing

_ serious threat to the survival of corals’ zone and the mangrove forests.

The two islands, Nancowry and Kamorta, were chosen primarily because of the ease of
access. An intriguing future prospect is to study influence of proximity of the two islands

which is assumed to push communities towards homogeneity (Rao 1980).

Also, one of the major questions driving the choice of study area was because of the
fabled pristine properties. This study was undertaken to look at the biotic community
signal and understand if the area would actually be called pristine and untouched.
Looking at the Hawaiian islands and how the remotest island had the highest density of
garbage ever (Lavers and Bond 2017), there were many doubts about what the outcomes

of this study would be. Would this region also be subjected to non-point source of

pollution?

Page | 10



(\} A“-w-'y';
by {,}\
4 L) VY
v N o
CAR NICOBAR < .
AN )
e < _ INDIA @
i\ 1 N t‘
\
\ »
N / f
) \_ANICOBAR [
ISLANDS
-3
o
TILLANCHONG g
.': -]
CHOWRA b
3 i
’/z BOMBUKA
TERESA\-0 KAMORTA
ITRINKET -
s
e -3
(=]
« D NANCOWRY %
KATCHALL'
T . LITTLE
_-*.NICOBAR i
7 @
/ _/' (-3
) O ~N
LV " ~
N 5 %,/‘"‘r"\i
| GREAT
W E NICOBAR
™N
d .
S ~$‘ \;)
{ Y
\.i rvl
0 40 80 & z
[ oeem s [
Kilometers Map modified from Nehn§
92°40'0"E 93°20'0"E and B3tQ0rFnanian 201%

Figure 1: Map showing study area
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Nancowry Island group
Sampled Islands: Kamorta & Nancowry
Sampling Point #1. Pilpilow, Kamorta Island © Pilpilo sampling point

Sampling Point #2° Champin, Nancawry Island
Sampling Point #3. PWD Dam, Kamonta Island

© PWD,Dam sampling point

€ Champin sampling point

ratchall Islang

Figure 2: Map showing sampling stations

Site #1: Pilpilo-

Location: 08.18336 N
93.47476 E

Habitat: It is an exposed beach with several creeks. There are large boulder reefs
offshore. There are several gastropod shells, crabs and bivalve shells that are washed
ashore. Many water birds are seen around the area, such as Indian Pond Herons, Pacific
Reef Egrets, Sand Plovers, Sandpipers, and Terns. Seawater inundated several kilometers

inland because of the tsunami and nearly all the vegetation was destroyed.

Human Activities: Occasional small vessel movement goes on, mostly leaving to

deeper waters to harvest large and more fish. Small scale spear fishing occurs in shallow

waters offshore.

Sampling: The site has semi-diurnal tides. Samples were collected around the

Low Tide (0.45m, around 1500 hours) on 27" February 2017.
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Impact of tsunami: The beach is relatively unsheltered and unprotected and
waters are deep. The beach faces Teressa and Bompoka Islands, which are about 15
nautical miles away from the site. The site was severely affected as there were long
stretches of low-lying areas and no shielding structures. Tsunami run-up and inundated
several kilometers inland. Severe beach erosion occurred when the entire coastal region

was submerged and new creeks have formed after the tsunami.

Morphodynamic nature of beach: Intermediate

Site #2: Champin-

Location: 08.02666 N
93.54509 E

Habitat: Some houses of locals are present close to the beach. The boats are
beached a few meters from the high tide line. There are few old seagrass beds at sea and
small boulder corals about ten meters offshore. The beach is less sheltered compared to

Site #3. There was a loss of coastal vegetation due to the tsunami.

Human activities: Small-scale fishing is carried out here along with moderate
levels human activity around sunset like children playing. This site is the best natural
harbor in these islands; large ships and small- and medium-sized boats operate frequently

from here.

Sampling: The tides at this site are semi-diurnal in nature. Samples were

collected around the Low Tide (0.44m, around 1610 hours) on 15 March 2017.

Impact of tsunami: This site experienced a submergence of about 1.5-1.75 m and
was among the most affected sites due to the subsidence phenomenon and the tsunami
run-up. This is in spite of the fact that it is shielded in different directions by Kamorta
Island, Trinket Island and Katchall Island in increasing order of distance. Mangroves and

associated coastal vegetation was completely wiped out.

Morphodynamic nature of beach: Reflective type
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Site#3: PWD Dam-

Location: 08.04703 N
93.54206 E

Habitat: It is a sheltered dissipative beach with one freshwater creek supplied
from the rainwater harvesting reservoir for drinking water. The site was submerged after
the tsunami of 2004, due to subduction and seawater inundation. There was a forested
patch near the study site called Lanthakadi and a settlement called Denghibasti, both of
which are now under water. The dominant vegetation on land is the planted Casuarina
equisetifolia, which shows allelopathy and degrades slowly. Thereby beach has a very
forest-floor visual characteristic to it. Small patches of Nypa fructicans and tall
Rhizophora mangrove trees (planted by the forest department) are seen very close to the
freshwater reservoir. Towards the low tide zone soil texture is muddy and clayey. Coarse
grained sand is present in the high tide zone. The eastern side of the island, of which this
beach is a part of, was safeguarded by Trinket Island which bore the brunt of the waves.
Despite this, the devastation left behind by the tsunami is evident even after more than a
decade. Coral rubble and wooden logs (mostly mangroves) found upto several inches
below the surface of soil, indicative of the level and impact of the submergence. Stumps
and snags of dead mangroves were present in the entire intertidal region. Young seagrass
beds are exposed only during the LTs of spring tides. Seawrack is washed ashore, and the
high tide line is usually marked with gastropod shells occupied by hermit crabs, bivalve
shells and occasional cuttlefish bone. Several water birds frequent the area, some of
which include Whimbrel, Spotted Redshanks, Pacific Reef Egrets, Sandpipers, Sand

Plovers and Terns.

Human activities: Fishing activities are carried out using gill nets on traditional
canoes in shallow waters and line fishing and finer mesh size nets (usually mosquito nets)
from the shore to catch sardines and prawns. Tree lopping and felling happens regularly

for firewood. Minor sand mining happens from high tide zone.

Sampling: The tides at this site are mesotidal and semi-diurnal in nature. Samples

were collected around the Low Tide (0.49m, around 1650 hours) on 2™ March 2017 for
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spatial sampling. For temporal scale sampling, samples were collected for one month
starting from 11" January 2017 to 11th February 2017.

Morphodynamic nature of beach: Dissipative beach
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3. Methods

To understand changes in the community assemblage, sampling was done across spatio-
temporal scales. Spatial replicates were taken from three sites: Pilpilo, Champin and
PWD Dam. The sampling was done on days with similar tidal inundation levels. The
choice was due to the fact that these three sites had distinct human signs as well as beach
profiles. This gives a good distinctive demarcation between sites to look at signals of

natural changes as well as human pressures.

Temporal replication was carried out at one site and this was repeated over a period of
one lunar cycle, i.e. one month. This site was chosen because of the severe impact of the

tsunami on the site.

3.1. Field

Land

High Tide (HT) zone

Mid Tide (MT) zone

Low Tide (LT) zone

. ==Core for Macrofauna

B .Drysedimentfor
granulometry

Figure 3: Sampling collection strategy for macrofaunal and sediment analysis
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3.1.1. Biotic parameters:

a) Sampling of macrobenthos: A metal hand-held corer was used of dimensions of

15 cm diameter and 20 cm depth (Berlie et al. 2008a).
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Plte 1: Core collection being done for macrofaunal sampling in Site #3: PWD Dam

b) Collection of dry sediment for granulometry: The sediment was collected from
the base of the cavity (formed after extracting core of macrobenthos).
c¢) Collection of water for Nutrient: 50 mL Falcon tubes were used to collect about

40 mL of surface water from beyond the Low Tide zone. Samples were fixed

using 4% Formaldehyde.

Sample processing:

Sieving: Macrobenthos samples were sieved on 500p and the retained portions

were transferred into plastic containers and 4% Formaldehyde was added as a fixative.
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macrofaunal sediment on 500u sieve and stored in plastic containers

Plate 2: Sieving of

Meiobenthos samples were sieved on 63 and the retained portions were transferred into

plastic containers and 4% Formaldehyde was added as a fixative.

Storing and Transport: Samples were labeled and stored in polystyrene boxes.

They were sealed and transported to lab.
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3.1.2. Abiotic parameters:
3.1.2.1. Environmental factors:

In situ environmental parameters were measured using a hand-held digital

instrument, PCSTestr 35 (Eutech) for used for measurement for pH, temperature
and salinity.

3.1.2.2. Nutrient complexes:

Nitrate, o-Phosphate and Silicate concentrations were measured

spectrophotometrically in the fixed samples following the standard protocols (Strickland
and Parsons 1972) after returning to the lab.

3.1.3. Physical parameters:
About 50g sediment was collected on field after the coring for biotic samples was

done. This sediment samples were not sieved, not fixed and sundried on field and

dried again the hot air oven overnight.
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4. Results:

Taxa commonly encountered:

Plate 4: Soft coral sclerites separated out from sediment at 20X zoom
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Plate 5: High abunance of Soft coral sclerites separated out from 10g of sieved
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Plate 7: High abundance of Foraminifera separated from sediment at 10X zoom

Plate: in{éct Gastropods separated out at 32X zoom
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Plate 9: Broken G'aﬁétropods separéted at 20X zoom
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4.1. Macrofauna:

Number/10g of sieved sediment from all

Comparison of overall abundances:
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Figure 4: Overall abundances of taxa across zones
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Figure 5: Overall abundances of taxa across sites
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Site#1: Pilpilo:
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Figure 6: Abundances of taxa at Site #1: Pilpilow
High Tide (HT) Zone:

This zone showed dominance by foraminifera groups (487 foraminifera were counted),
and this was closely followed by soft coral sclerites (329 sclerites were counted). Though
there were other groups present (like gastropods, corals and bivalves), they were

comparatively fewer.

Mid Tide (MT) Zone:

This zone of Site #1 was dominated by foraminifera and the number broken was several
times lower than the number intact (455 were intact and 54 were broken). Soft coral
sclerites were again found in plenty (207). An interesting observation would be the

number of broken gastropods is higher than that of intact gastropods.
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Figure 7: Abundances of Foraminifera taxa at MT Zone of Site #1- Pilpilow

When the foraminifera groups were looked into, Ammonia spp. numbers were very high(
445 intact tests and 52 broken tests) in comparison to others. No live foraminifera were

present. Only benthic, calcareous tests were encountered.
Low Tide (LT) Zone:

In the low tide zone, the foraminifera group was dominant over other groups. An
interesting observation is the number of broken foraminifera is more than four times the
number of intact foraminifera. Even the intact gastropod numbers are several times lesser
compared to broken gastropod numbers. The other taxa encountered were corals and soft
coral sclerites.
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Figure 8: Abundances of Foraminifera taxa at LT Zone of Site #1- Pilpilow
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Upon dividing the foraminifera group, the Ammonia spp. was dominant, with the broken

tests outnumbering the intact tests,
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Site#2: Champin:
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Figure 9: Abundances of taxa at Site #2: Champin
High Tide Zone:

Dominant group in the high tide zone is foraminifera, with the intact tests (259) more
than three times the number of broken tests found (82). The gastropod group shows a
reverse trend where the number of broken gastropods (65) is almost four times the
number of intact gastropod shells (17). Other taxa encountered were corals, bivalves and

soft coral sclerites. Sclerites were 46 in number.
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Figure 10: Abundances of Foraminifera taxa at HT Zone of Site #2- Champin

The number of intact Ammoniq Spp. tests (248) of was more than the number of broken

tests (77). The number of intact tests of Elphidium spp.(9) also outnumber the broken
Elphidium spp. tests (5).

Mid Tide Zone:

Dominating group of the Mid Tide zone is foraminifera (235) and followed by corals

(32). Other taxa encountered are gastropods and soft coral sclerites.

Low Tide Zone:

Dominant group of the Low Tide zone is foraminifera. Other groups encountered include

gastropods, corals and bivalves.
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Site#3: PWD Dam:
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Figure 11: Abundances of taxa at Site #3: PWD Dam
High Tide Zone:

Dominant group is foraminifera, followed by gastropods. Broken (28) and intact tests
(27) were almost equal, whereas the number of broken gastropod shells (44) was more
than ten times that of intact shells (4). Corals and Soft Coral Sclerites were encountered

as well.

N
(3]
J

B Intact

= Broken

- - N
o [4,] o
1 1 .

(4,
1

Number/ 10g sieved sediment

Elphidium spp. Ammonia spp.

Figure 12: Abundances of Foraminifera taxa at HT Zone of Site #3- PWD Dam
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There were two genera that were éncountered, Elphidium spp. and Ammonia spp., and
Ammonia spp. was dominant. Intact Elphidium spp. tests (4) were fewer than broken

Elphidium spp. tests (7). Intact Ammoniq Spp. tests (24) were more than broken Ammonia
spp. tests (20).

Mid Tide Zone:

There were three groups that were encountered in the Mid Tide Zone. Of them,
Gastropods were dominant with broken shells (15) outnumbering the intact shells (6).
Gastropods are followed by foraminifera, in which intact tests (8) are more than broken

tests (3). Corals (3) were also present in this zone.
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Figure 13: Abundances of Foraminifera taxa at MT Zone of Site #3- PWD Dam

The two foraminifera genera encountered are Elphidium spp. and Ammonia spp., and
Ammonia spp. was dominant. Intact Elphidium spp. tests (1) were fewer than broken

Elphidium spp. tests (2). Intact Ammonia spp. tests (7) were more than broken Ammonia

spp. tests (1).

Low Tide Zone:

Gastropods were the dominant group at the Low Tide region of the PWD Dam, followed
by bivalves and then by foraminiferans. Soft coral sclerites were found too, but they were

not found in as high numbers as in the other sites.
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4.2. Abiotic parameters:

Table 1: Abiotic factors across the three sites

Site#1 | Site#2 [ Site#3

Salinity 3033 | 28.00 | 29.67
Temperature (°C) | 26.77 2727 | 29.07
pH 1777 | 153 7.98

Nutrient:
a. Nitrate:

Spatial replicates:

25.00 -

20.00 -

15.00 -

10.00 -

Concentration of Nitrate (uM)

5.00 -

0.00 -
o ; Champin_Site2 PWD
Pilpilow_Site1 P Dam_Site3

Figure 14: Nitrate concentrations (M) across three sites

Nitrate concentrations between Site#1 (14.95) and Site #2 (14.71) are not very different,

but Site #3 (21.67) has a higher value in comparison.

Temporal replicates:

Page | 32



35.0
W

30.0 -

25.0
20.0
15.0
10.0 -
5.0
0.0 A

Concentration of Nitrate (uM)

g 2 *5 o 5 w0
: € . ] = 0 Q
[v] © o« am mu‘
(@] (a] (a]

Figure 15: Nitrate concentrations (LM) across the lunar cycle

Silicate:
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Figure 16: Silicate concentrations (M) across three sites
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Temporal replicates:
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Figure 17: Silicate concentrations (uM) across the lunar cycle

Phosphate:
Spatial replicate:
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Figure 18: o-Phosphate concentrations (uM) across three sites

Temporal replicate:
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Figure 19: o-Phosphate concentrations (LM) across the lunar cycle

4.3. Physical parameters:

Site#1: Pilpilow

Morphodynamic nature of beach: Intermediate type
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Figure 20: Beach Profile of Site #1- Pilpilow

Site#2: Champin
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Morphodynamic nature of beach: Reflective type
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Figure 21: Beach Profile of Site #2- Champin

Site#3: PWD Dam

Morphodynamic nature of beach: Dissipative type
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Figure 22: Beach Profile of Site #3- PWD Dam

A dissipative beach is wide and flat in profile, and dissipates the force of the waves far

from the intertidal region.
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Sediment Granulometric analysis:

Granulometric analysis was done following a dry sieve-shaker method and modified
Wentworth 1922, Berlie et al. 2008 classification of grain size categories.

This series of pie

different:-

-charts shows how the weight retained on different category of sieves is
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Figure 24: Sand-Silt/Clay Composition at Site #2: Champin
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Figure 25: Sand-Silt/Clay Composition at Site #3: PWD Dam
Particle sizes of sands range from coarse sands (0.5-1mm), medium (0.25-0.5mm) and
fine sands (0.063-0.25mm), with the substratum structure being rarely homogenous and
having a low sorting coefficient, i.e., it is often well sorted. The sorting will be the result
of the prevailing hydrodynamic regime including long-shore drift and coastal gyres, in
the case of intertidal sediments, and headland gyres in the case of subtidal sandbanks.
The sand grains of beaches and subtidal sandbanks are usually quartz (silica) particles
derived from erosion (McLachlan and Brown 2006). The ratios of different grain sizes

are supposed to vary in the long run, and this is what will be a vital aspect in the beach

erodibility, facilitation and colonizing by other intertidal fauna (Armonies and Reise

1999).

Page | 40



Discussion:

Beach profiles noted at same place, but over different time points will give completely

different profile slopes. This is due to storms, seasonal surges, anthropogenic activities

etc. This can help making the right prospective management practices or the
conservation course of action (Berlie et al, 2008a).

nearby,

All the foraminiferans encountered were modern, benthic, and calcareous forms. No live
foraminifera were encountered, all were dead tests. This remains the same for all three
sites. There were also a noteworthy number of gastropod shells. This is mostly because of
the severe physical factors influencing the sediments and subsequently the benthic
communities. Beach erosion and harsh wave action and tidal surges are some examples.
Beach erosion is interrupted and slowed down by biofilms and algal mats (Connell 1961,
Reise et al. 1989, Gorgula and Connell 2004) which hold the sediments together, more so
near the shores. It has also been studied in a mudflat in the Danish Wadden Sea that the
tidal surges and ebbing is a weaker eroding factor as compared to the constant wave
action (Austen et al. 1999). However, overall, sediments and nutrition act in sync to
determine the community structure and distribution based on energy reserves (Dittmann

2002).
Site #1: Pilpilow:

Benthic fauna:

The proportion of broken Gastropod shells or broken tests of foraminiferans is lesser

compared to Site #2, as the beach profile is less steep. The number of broken shells and
tests could also be a result of harsh wave

thixotropy and dilatancy properties of the s

action and intense physical forces like

diments.

Nevertheless, you have a significant qumber of soft coral sclerites to show how harsh

. . .
wave action is and how erosion is causing damag
soft coral sclerites found in all of

coral have been found in all th

to these sensitive species. It is the

the samples, and the sclerites which

Highast mumbet ab e zones. This could also mean that

represent damage to the al reef offshore (where the soft

i the cor
there is a constant physical damage happening at
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corals would mostly be attached). Since it is exposed to the open sea, the eroded sclerites
land up on the shore.

Granulometric analysis:

Interstitial space inside the sediment layers provides nutrition and space to infauna. If
there is a higher proportion of silt/clay content, the sediment layers will be densely

packed, reducing the interstitial space. This causes the groups of macrofauna to compete

for the limited resource: nutrition.

Since Site #1 beach is an Intermediate beach, there is a small amount of silt/clay
composition in the overall sediment. This means that there is some amount of
microhabitats and niches available for benthos of various sizes. Also, keeping in mind the
exposure to open sea and the harsh, unchecked waves, the grain size and the beach profile

indicate the dynamic nature of erosion here (McLachlan and Brown 2006).
Site #2: Champin:
Benthic fauna:

Site #2 is sheltered by islands on three sides. Despite this, the beach profile is the steepest
and forms a reflective beach. The biotic community is mostly dominated by
foraminiferans, in all the zones. Despite the sheltered nature of the beach, there is a
noteworthy number of soft coral sclerites that have been found here. Contrary to Site #1,
this might not entirely be due to natural causes. There is frequent vessel movement, the
erosion of the soft corals might have happened due to that. The slowly recovering

offshore seagrass habitat might be exerting some change on the community (Leduc and

Probert 2011).

Granulometric analysis:

Having a largely sand-dominated granulometric data would mean that it is a coarse-

" grained beach and that the interstitial spaces are large. This means itisa well—oxygena.ted
e-grained sediments and the beach profile allow the complete flushing

system as the coars . .
y would have provided a perfect habitat for infauna,

of the water and organic matter. This
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except that the beach profile (reflective morphodynamic type) makes the wave action and

tidal impact rough and subsequently fauna actively burrow deeper into the sediment.

Site #3: PWD Dam:

Benthic fauna:

Gastropoda dominate the taxa of Site#3 as they can rasp on the plant matter using their
radula and there is a heavy organic matter load at this site. Also, since there are not really
harsh physical conditions that would play an influential role in shaping the community,
gastropods are unaffected. They are mostly epifauna, and being a dissipative beach, they
are not adversely affected by the higher silt/clay content. There have also been a lot of
papers (Whanpetch et al. 20105, Leduc and Probert 2011, Barnes 2013) that talk about
" the impact of seagrass beds and other biotic communities have on the meiofaunal

diversity and abundance. Since this site has young seagrass beds, the community is of

particular interest to us.

Granulometric analysis:

Due to the submergence after the tsunami, the beach retained a lot of properties of the
forest floor it once was. Also, there is a source of freshwater, sediment and organic matter
from the creek. These could potentially be reasons as to why the site shows higher levels
of silt/clay composition in comparison to the two other sites. Typically, sediment where

the packing is dense with silt/clay playing an important role, the fauna found are mostly

epifauna.

Temporal sampling:

This site is a dissipative beach, where the substrate does not get completely devoid of

water due to the slope. This results in nutrient complexes forming trends over the period

of temporal sampling. This stagnancy of nutrients at neap tides is overcome when

dilution and ultimately flushing out during the spring tides takes place. With a

u 1
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shift i isisani
over the moon period. This is an Important aspect of the study because the cyclic

fluctuations in the nutrient concentrations would be important in driving the benthic

communities which form a crucial role in the nutrient cycling as well as the energy flow
through trophic levels.

According to these aspects, if we had to classify the three sites based on disturbances, we

can draw the following conclusions:

Site#1 Pilpilow has physical forces as a major influencing, which might also be
the reason for erosion of soft corals and also the broken tests and mollusc shells.
Since this is an intermediate type of beach and also an open exposed beach, the
combined effect might be too harsh for certain fauna. Also the impact of the
tsunami and the constant dynamism due to storms is a major driving force at this
site.

Site#2 Champin is sheltered from harsh natural forces by several islands on all the
sides. Despite this, there are certain forces driving the community here. These
include the harsh beach profile and the vessel movement around the region. The
reflective beach profile has a steep beach face. The biodiversity here is trying to
bounce back, be it through boulder corals or seagrass beds. These seagrass beds
provide a microniche for a lot of benthic fauna by slightly altering the sediment
characteristics. Such microniches are high priority conservation areas as they
promote specialized biotic communities to thrive there. Also a lot of trophic levels
are dependent on them directly or indirectly.

Site #3 PWD Dam was severely affected by the tsunami so much so that the
terrestrial ecosystem was turned into an aquatic ecosystem. This has severely
altered soil chemistry (as is observed in the peaks and dips in the concentrations
of nutrients). The beach is a dissipative beach going on for almost 200m at neap
tide. The lunar cycle clearly affects the sites by altering the submerged and
exposed area. This would directly reflect on the benthic com

on the nutrient and the interstitial space (which is affecte

munities which have

to depend d by water

content).
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APPENDICES

Annexure 1A: Beach Profiling

Point on Pole A that
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I’?mncm structure

Line of sight should be in alignment with points A and B
on both poles and should also coincide with the horizon

Permanent

idendficaton mark Measure the distance
between the poles and
note it down

{Modified from (Andrade and Ferreira 2006, Berlie et al. 2008)}
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Annexure 1B: Beach Profile Datasheet

point | Distance between |Readings on current | Elevation (cm) | Elevation (m) | Cumulative | Cumulative | Notes
pole Aand B and successive pole =B-A =(cm) X 0.01 distance elevation
(cm)
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.|” A
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