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Total numbers of species are abundant in the deeper depths (5.0 mts to 8.0 mts). The total foraminiferal specimens
(living+ dead) were encountered in all the samples collected from offshore region Core, River, Beach. Total number of
foraminifer’s species shows that the lowest species diversity is noticed in River sample and the highest species diversity in
offshore sample. Living dead ratio ranges from 0.7 to 4.39 %. It indicates a lower rate of sedimentation in this region.
Organic matter values are ranging from 0.9% to 2.4% in the offshore samples. The higher organic matter values are
observed particularly in the river mouth region. In both the core samples, the top of the core received more number of
organic matter 4.83% for core- I and 7.74% for core –II. Middle and bottom of the core received lesser organic matter. In
beach samples the CaCO3 values ranges from 9.8 and 10.2%. The CaCO3 observed in the river mouth region ranges from 3
to 6.5%..
[Keywords: Benthic foraminifera, distribution, sediment characteristics, Living –dead ratio, Manalmelkudi, Palk Strait,
Tamil Nadu]

Introduction
Microfossils are fossils generally not larger than
four millimeters, and commonly smaller than one
millimeter, the study of which requires the use of light
or electron microscopy. Foraminifera—a protozoan
group—presently inhabit the ocean from 5 m to over
5,000 m depth. Foraminifera belong to the phylum
Protozoa. Benthic foraminifera are useful in
environmental studies because they are easily
acquired, live primarily in the uppermost centimeters
of sediments1&2 and are very abundant in marine and
estuarine habitats. Foraminifera respond to inorganic
as well as organic effluents. The relationship between
the frontline of pollution and the density and diversity
of the community of benthic foraminifera has been
widely
demonstrated3.
Benthic
foraminiferal
distributions in polluted marine environments have
been investigated for decades and are considered to be
one of the most sensitive and inexpensive biomarkers
available for indicating the determination of marine
environments4. Along the east coast, especially in
Tamil Nadu, only a few works have been done along
the coast of Palk Strait5-11. The shallow nature of the

bay is understandable from the fact that it never
exceeds a depth of 7-8 fathoms (10.98-12.81 m) even
for a long period. This study region witnesses a
―blooming revolution‖ in aquaculture field due to the
presence of sheltered natural beaches and backwaters.
These present and future development activities need
to have pollution controlling measures in order to
protect the nature’s priceless gift. The Palk Strait
ecosystem is endangered due to the shallowing of the
bay resulted due to continuous siltation. Extensive
mining of beach placers in the eastern coast of India
and large number of illicit mining of coral banks
along the Tuticorin coast are pointed out as the causes
for the large amount of siltation in the Palk Strait and
gradual vanishing of pearl culture. Agrawal12 noticed
significant changes within the last thirty years in the
bathymetry of Palk Strait. Loveson, et al.,13 have
predicted that the Palk Strait will become a lagoon
with 3-4 m depth due to continuous accumulation of
sediments. No systemic study has made in this region
expect by workers11,14.
A spit is a deposition landform found off coasts. At
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one end, spits connect to a head, and extend into the
nose. A spit is a type of bar or beach that develops
where a re-entrant occurs, such as at cove's headlands,
by the process of longshore drift. Longshore drift
(also called littoral drift) occurs due to waves meeting
the beach at an oblique angle, and backwashing
perpendicular to the shore, moving sediment down the
beach in a zigzag pattern. Based on the above
information, an attempt has been made in this region
using benthic foraminifera to know more information
about Manalmelkudi spit growth and siltation studies
using recent benthic foraminifera.
Materials and Methods
The study area Manalmelkudi, Palk Strait is a small
coastal village in Aranthangi Taluk of Pudukkotai
district (Fig.1). There are three principal entrance
channels viz, the south, the middle and the north
channels. Southern limit of the Palk Strait is formed
by the northern coast of Jaffna peninsula which
extends 34 km WSW from point Pedro. Northern
limit of the Palk Strait is formed by the low lying
coast between Vedaranniyam and a low point
projecting east near Manalmelkudi. Palk Strait is
bounded by Sri Lanka on the east, by Mannar Island
and Pamban Island on the south and by coastal district
of Tamil Nadu state on the west. The Palk Strait
covers the four coastal districts of Tamil Nadu namely
Ramanathapuram, Pudukottai, Thanjavur and
Nagapattinam. Palk Strait is a relatively shallow strait
between the Tamil Nadu state of India and the
Mannar district of the island nation of Sri Lanka. The
Palk Strait connects the Bay of Bengal in the
northeast with the Palk Bay. At its southern end, there
is a chain of low-lying islands and reef shoals that are
called Adam's Bridge where the water can be a little
more than 1 meter in depth at high tide..
The coastline in the study area is trending
south with an eastward trend near Manalmelkudi in a
form of the curve enslaving Palk Strait. It is
undulating, sloping towards the sea, since the currents
in the Palk Strait traverse the area with high velocity
of 0.5 knots. Sediments on the coastline are more
often silty in nature. Coastal plain contains various
coastal morpho-units like sand complexes, mud flats
and back waters.
The northern part of the Palk Strait is shallow. It is
characterized by the flow of both flood currents and
ebb currents acting in the opposite direction. Typical
example for this is seen in Sambaipattinam, near
Manalmelkudi. Here, spit is developed due to

anticlockwise moving current pattern on the northern
side and clockwise current pattern on the southern
side.

Figure.1. Location map

The coastal region of Manalmelkudi is protected
from monsoon wave due to the proximity of Srilanka
Island. The oceanography of the Indian continental
region is dominated by three season viz., Southwest
monsoon (June to September), northeast monsoon
(October to January) and fair weather period
(February to May). Southwest and Northeast monsoon
have equal impact along the southern part of the east
coast. Wave height persists between 0.5 – 1 m during
March to October, and 1-1.5 m from November to
February. Manalmelkudi experiences low waves of
0.4 m during the southwest monsoon period.The
southern and northern sides of Manalmelkudi areas
are always found to be calm with wave height less
than 0-0.3 m through the year. Ponnagaram near
Manalmelkudi the wave periods are always less than
6 s. During northeast monsoon the width of breaking
zone has increased up to 20 m at Phudhuvalasai,
Attangarai. Breaking wave angles vary from 10 to 40
between Periyakalapet to Vedaranniyam. Spring tidal
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range in this region is about 0.6 m and the neap tide
range is about 0.2 m.
Drainage system consists of river Vellar, and
their tributaries. The trend of the rivers is from NW to
SE. Vellar is a river which originates in the Shevaroy
Hills and
runs
through
the
districts
of Salem, Perambalur and Cuddalore in the northern
part of the Indian state of Tamil Nadu before draining
into the Bay of Bengal near Parangipettai. Total
length of the Vellar river is about 150km. The total
area of the basin is 7520.87Sq.Km. Vellar river basin
is located in the Northern part of Tamil Nadu State in
South India, between the latitudes 11° 13'N - 12 00' N
and longitude 78° 13'E - 79° 47 E. This basin is in
between the Ponnaiar, Paravanar and Cauvery river
basins.
The river Vellar is having 6 tributaries. viz.
Anaimaduvu, Swethanadhi, Kallar,
Chinnar,
Manimukthanadhi, Gomukhi.
Tropical climate is characteristic of the
Manalmelkudi region. April to June is the hottest
month with temperature shooting up to 410C.
Humidity is also very high. The monthly average
temperature is generally, low at the beginning of the
year. In Manalmelkudi area the temperature reaches
rarely over 410C and the minimum touches even
150C. The highest temperature is recorded in April
and the lowest in October- November.
Wind
direction is highest in the southwest monsoon seasons
with speed ranging from 10 to 18 knots and lowest in
the northeast monsoon season with speed is less than
4 knots.
Palk Bay is a shallow and flat basin, nowhere
exceeding 15 meters depth. On an average the depth
hardly exceeds 9 meters. The whole Palk Bay area is
under the spell of both southwest and northeast
monsoons. However, the southwest monsoon
contributes only very little towards the annual rainfall
of this area. Rainfall is moderate to heavy during
October to mid-December with occasional gales.
Mean annual rainfall varies from 762 mm to 1,270
mm.
Monthly average atmospheric temperature
varies from 25°C to 31°C with the maximum and
minimum occurring in May and January respectively.
varies from 25°C to 31°C with the maximum and
minimum occurring in May and January
respectively.October
to
mid-December
with
occasional gales. Mean annual rainfall varies from
762 mm to 1,270 mm. Monthly average atmospheric
temperature varies from 25°C to 31°C with the
maximum and minimum occurring in May and
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January respectively. varies from 25°C to 31°C with
the maximum and minimum occurring in May and
January respectively.
Foote15 from the Geological Survey of India traversed
through this area and has carried out extensive
mapping of geological formations and structures. But
however, with the proper approach, mapping of
geological formations has been started only in 1940.
Only a few exposures of Archean rocks report from
Ramanathapuram district. Most of the areas are
covered by alluvial sands and beach sands.
Geologically no significant features or outcrops are
reported from this study area.
Totally 44 samples, (7 nos of Off offshore; 3 nos. of
Beach; 5 nos. of River sample , 2 core samples (core
I am sub sampled in to 10 nos and core II is sub
sampled into 19 nos), and simultaneously water
samples were also collected off Manalmelkudi region.
The offshore samples were collected at water depths
ranging from 1.0 – 1.5 m to nearly 15 m. All the
samples were collected manually using mechanized
and country boat during December 2012. Sediment
samples were collected from the sediment-water
interface in clean, polythene bags were preserved
immediately in a 10% neutralized formaldehyde
solutions which were neatly labeled for further sample
processing, analysis and foraminiferal separation. The
sampling locations were fixed using a handheld global
positioning system (GPS).
The sand-silt-clay ratio in the sediment samples were
estimated using standard sieving procedures16.
Calcium carbonate in the sediment samples was
determined spectrophotometrically after Loring and
Rantala17, while organic matter was determined using
the standard procedure after Gaudette et al.18.
Walton19 method was followed for foraminifera
staining techniques. Foraminiferal tests float in the
CCl4 solution and were separated by filtering the
solution. The widely utilized classification proposed
by Loeblich and Tappan20 has been followed in the
present study. Foraminiferal tests separated by handpicking and floatation were mounted over a thin layer
of tragacanth gum on 24- or 48-chambered
micropaleontological slides, according to their family,
genus and species, wherever possible. The hypotypes
were studied in detail for their test morphological
features and distinctive characters under a stereo
zoom binocular microscope (Radical; Model– wf
10X/20). The tests exhibiting all the characters of a
typical adult specimen of a species were mounted on
brass stubs (1 cm in diameter) using a double-sided
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adhesive carbon tape, and utilized for scanning
electron microscope (SEM) photography (JEOL6360; JFC-1100- Department of Geology, University
of Madras); this table top model uses a sputtering
device which coats a ultra-thin film of platinum on the
specimens to make them conductive to electron
scanning as, otherwise, they are poor conductors. All
the hypotypes were duly indexed with numbers,
labeled, and placed in the repository of the
Department of Geology, University of Madras,
Chennai 600 025.
Results and Discussion
A total number of 25 genera, 17 families, 18 super
families, and 5 suborders belonging to 55 benthic
foraminiferal species are identified (Table.1). Of
which, 36 imperforate porcelaneous forms (suborder
MILIOLINA), 2 are calcareous hyaline forms
(suborder LAGENINA), and 32 are calcareous,
perforate taxa (suborder ROTALIINA), 2 are
planktonic species.
Arenaceous–Agglutinated Species: Ammobaculites
exiguous, Textularia aggiuinans, T .aura, T.conica
Calcareous Porcelaneous Species: S,communis,
S,nobilus, S , depressa, S.orbis, Quinqueloculina
cultrate,Q.costata,Q.lamarckina,Q.seminulum,Q.tropi
calis and Miliolinella circularis
Calcareous Perforate Species: Ammonia beccarii;
A.dentata;
A.tepida;
Asterorotalia
radiate:
Pararotalia nipponica, Pararotalia calcar, Elphidium
crispum, E,discoidale, E.delicatulum, E,norvangi ;
Assilina
ammonoides,
Cibicides
lobatulus,
Loxostomina limbata; Reusella simplex (plate-1).
Foraminiferal Distribution
Living Population
Out of the 44 sediment samples were collected
from River mouth, Offshore, Beach and Core
samples, living foraminifera have been observed in
selecting samples but very rare in occurrence in few
stations . The largest population was found to occur in
offshore samples. The variation noted in the standing
crop of all the samples the study areas are presented
in (Table.1). The significant variation in the
distribution of total and living species assemblages
may be due to sedimentation as well as due to the
wave action and tidal current21. The general trend in

modern shallow water foraminiferal assemblages in
the increasing species diversity in line with increasing
salinity gradients and environmental stability. The
genus
Ammonia,
Asterorotalia,
Elphidium,
Pararotalia, is dominating the total assemblages
followed by Quinqueloculina, Triloculina and
Spiroloculina in the study region.
The following species are widely distributed in the
offshore samples, namely A.beccarii, A.dentata,
A.tepida, A.trispinosa, S.communis, Q.elongatum,
Q.lamarckiana, Q. seminulum, T. trigonula,
E.crispum, P. hispidula,
and A.ammonoides
(Table.1).
Sand is deposited all along the coast. Black sand is
covered in this region. A total of 12 species belonging
to 7 genera are identified in the beach samples.
Among them A.beccarri shows a higher abundance in
the beach stations barring one or two, followed by
A.dentata and A.tepida. In beach areas the sediment is
fine grained nature. The foraminiferal distribution is
lesser in amount. The dead species found in this
region may be due to sediment transport along the
beach side from offshore region.
Totally 5 samples were collected at the river and river
mouth of Sambaipattinam near Manalmelkudi spit
region. The only foraminiferal species A.beccarri is
dominant in all the river sampling station followed,
A.tepida and A.dendata etc. Near the mouth of the
river the distribution is slightly higher in number. For
the convenience of the discussion, the core sample is
classified into top core, middle core and bottom core
respectively. The Top core (0cm – 15cm):
Foraminiferal fauna at this depth is very poor
compared to other depths of the present study. Some
families of this group reported from this depth are
Rotaliidae, Elphididae, Hauerinidae, Rosalinidae,
Fichrinidae. The respective species belongs to these
families are A.beccarii, A. tepida, E.crispum,
E.discoidale, E. norwangii, P.hispidula, Q.elongate,
Q. lamarckiana, Q. seminulam has been observed.
The coarse to medium sand is observed in the top of
the core sample may favor for distribution of
foraminifera. Middle Core (15cm-30cm depth):
Foraminiferal fauna at this depth belonging to the
families reported are Rotaliidae, Elphididae, and
Hauerinidae. Species are very rare in the middle core.
Only a few specimens of Vertebralina striata and Q.
elongata have been observed. A.tepida, E. crispum,
E.discoidale, are the other rare species observed in the
middle of the core. Bottom Core (30cm-50cm
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depth): The great abundance of specimens of
foraminifera is found in this area of depth are
S/No
Species
Depth

Table.1. Distribution of foraminifera off Manalmelkudi ( in numbers)
mmk1
mmk2
mmk3
mmk4
mmk5
1.5 m
3.0 m
5.5m
6.7m
7.5m
L

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Elphididae, Rotaliidae, Nonionidae, Bolivinitidae,
Rosalinidae, Fischrinidae, Hauerinidae,

Ammobaculites exiguus
Textularia agglutinans
Textularia bocki
T porrecta
Spiroloculina communis
S. nobilus
S. depressa
S.indica
Spiroloculina orbis
Quinqueloculina cultrata
Q.costata
Q. lamarckiana
Q.seminulum
Q.strigillata
Q.tropicalis
Miliolinella circularis
M.pyrgoformis
Legina perlucida
Bolivina durandi
B. lobata
B.spathulata
B.ordinaria
Loxostomina limbata
Reusella simplex
Shiphouvigerina virgula
Triloculina tricarinata
T. trigonula
Globigerina bulloides
Eponides repandus
Cibicides lobatulus
Amphistegina radiata
Nonion elangatum
N.scaphum
Nonionellina labradorica
Nonionoides boueanum
Pararotalia calcar
P. nipponica
Ammonia beccarii
A. dentata
A. tepida
Asterorotalia trispinosa
Elphidium macellum
E. crispum
E. discoidale
E. delicatulum
E. norvangi
Assilina ammonoides
Parallilna hispudila
TOTAL
Totat Number of
Individuals
Living/ Dead Ratio

T

L

3

T

L

2
2
1
3

2
4
1
6
2

4
1
2

L

T
2

L

T
2

L

T

1
1
2

0

4

0

4

0

2

7

6

4

3

4

6

2

3
2

5
3

1
4

1

4

2

6
4
4
2
3

4
2

3

2
1

1

1

1
2

2
2

4

2

2
2

2
6

3
1

1

1
1

13
28
18
4
156
6
21

2

1

1
1
3
2
2

282
22
0.7

1
16
32
6
3
202
8
18

3

2

6
12
32
12
6
224
10
17
4
3

2
2
5
1
1
3
1

3
12
14
30
14
6
258
12
14

1
3
4
2
1
6
1
2

2

4
3

4
317
21
1.26

8
5

4
2
358
25
2.23

15
7

2
404
24
3.71

22
10

7

1

2
3

2

3
1

3
1

6
2

6
2

2
2

8
13
12
46
3
9
324
14
26
6
2
6
1
1
521
29
4.22

2

2
2

1
2

1
1

T

2
2

4
4
8
4

4
2

L

1

1
2

3

mmk7
8.5 m

T

3

2

mmk6
8.0 m

2
2
5
2
2
4
1
2

26
12

3
6
4
2
7
22
22
57
22
14
387
16
22
2
1
1
2
637
31
4.39

2

2
2
2
4

6
4
2
8
12
18
43
34
14
298

2

22

2
2

2
21
10

497
23
4.22
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Spiroloculinidae. Some of the dominant families at
this depth are Rotaliidae, Elphididae and Hauerinidae.
A.beccarii is the most abundant species.
Top core (0cm-30cm depth): Foraminiferal fauna at
this depth is very poor compared to other depths of
the present study. Some families of this group
reported from this depth are Rotaliidae, Elphididae,
Hauerinidae, Rosalinidae , Fichrinidae. The respective
species belongs to these families are A. beccarii,
A.tepida, E. crispum, E.discoidale, E.norwangii,
P.hispidula,
Q.
elongata,
Q.lamarckiana,
Q.semilunum, Rosalina globularis, V.striata. Only a
few specimens of V. striata and Q.elongate have been
observed. A.beccarii is very dominant in that coastal
sampling period. Middle Core (30cm-60cm depth):
Foraminiferal fauna at this depth belonging to the
families reported are Rotaliidae, Elphididae,
Hauerinidae. Species are very rare in the middle core.
A.beccarii, A.tepida, E. crispum, E. discoidale,
Q.elongate is the species observed. Bottom Core
(60cm-95cm depth): The great abundance of
specimens of foraminifera are found in this area
namely,
Elphididae
Rotaliidae,
Nonionidae,
Bolivinitidae, Rosalinidae, Fischrinidae, Hauerinidae,
Spiroloculinidae. Some of the dominant families at
this depth are Rotaliidae, Elphididae and Hauerinidae.
A. beccarii is the most abundant species. The species
like A.inflata , E.repandus and T.rotunda are very
rare.
In both the core samples, A.beccarii is the only
dominant and abundance species. Due to the tidal
fluctuation, the distribution of foraminifera is varied
with respect to depth. The deeper depths receive more
number of species. Due to the sediment deposition,
the top of the core receives lesser number of species
distributions.
Distribution of foraminiferal species- OFFSHORE
The figure shows the station –wise distribution of
total foraminiferal species in the offshore region
(Fig.2 ). At shallow depth (5 mts) 317 species are
noticed. Whereas at the depth of 8 mts it is slightly
decreased and in deeper depths < 8 mts it is increased.
The environmental parameters like organic matter
carbonate and salinity may favor the abundance
distribution of foraminifera in this region.
The following 6 benthic foraminiferal species have
been
observed
to
be
widespread
and
abundant/persistent during the collection; A.beccarii,
A.dentata, A.tepita, E.crispum, T.agglutinans, P.
calcar.

The following species are commonly distributed in
this region namely T.agglutinans. S.cammunis,
S.oribs, Q. seminulum .Q,lamarckiana, T.trigonula,
N.boueanum , P.nipponica , A.beccarii , A.dentata ,
A.tepita, E. crispum, , A. ammonoides .
Sediment samples from the near shore region and
inner shelf (maximum depth of ~15 m) yielded the
high species diversity. The near shore region was
typified by such species as Q. lamarckiana, A.
beccarii, P. nipponica and E.crispum, all of which
have been recorded in shallow waters worldwide22.
Few tests of A. dentata with long, slender spines were
observed, but only in the relatively deeper water
sediment samples, an observation also made by earlier
workers23,24. A. dentata with short, blunt spines is
more common in the near shore waters. Taxa such as
Lagena striata and Fissurina cucullata were also
observed in comparatively deeper waters, in
accordance with their reported ecology. Although
actual counts were not made for the total
foraminiferal population due to time constraint, it
could be clearly seen from the slides that there were at
least two distinct foraminiferal assemblages; one
typical of the near shore region, and the other
characteristic of deeper waters
In the study area off Manalmelkudi , out of the 7
samples 48 species identified Q. agglutinans ,
T.trigoniula , A.radiate , P.nipponica , A.beccarii ,
A.dentata , A.tepida species are recorded to be in
abundance .however , T.bocki . S.depressa, S. nobilus,
Q.costata , C.lobatulus , N.labradorica, N. boueanum,
A.trispinosa are recorded to be a rare species.
In the river mouth region at Manalmelkudi the
foraminiferal content was characterized by the
presence and dominance of arenaceous , agglutinated
species such as T.agglutinans and A. Exiguous; both
these have been widely reported from salt marshes as
well as man grow sediments worldwide.
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Living dead ratio ranges from 0.7 to 4.39 %. It
indicates a lower rate of sedimentation in this region.
It is also supported by Suresh Gandhi11. Based on the
living/ dead ratio and organic matter distribution, the
Manalmelkudi sediments show a low rate of
sedimentation (Table.1). The low rate of
sedimentation prevailing in this part is in agreement
with the findings of Paropkari25, Setty and Nigam26
and Paropkari et al.27who reported low organic matter
in the places of low sedimentation rate. The organic
matter is also low in this area. According to Demaison
and Moore28, a relatively higher value of organic
matter in the vicinity of the coast implies higher
sedimentation of terrigenous matter resulting in
higher presentation of organic contents. The lower
rate is also reflected in the slower rate of
sedimentation or coastal progradation. When one
takes up the southern extreme of the Strait, the ratios
have clearly brought out the relative sedimentation
level in the strait from the distribution of benthic
foraminifera.
The various textural parameters obtained through
graphic and moment methods are shown in the
Table.2. The study region shows polymodel in nature
(Fig3). The anthropogenic activities along the coast
have established the intactness and compactness of
beach sediments, resulting in the onshore and offshore
drifting of sediments. The littoral currents also play a
significant role in the redistribution of sediments
along the beaches. Mean values shows for
Manalmelkudi; 3.671 φ to 4.011 φ. The Standard
Deviation for Manalmelkudi is ranging from 3.671 φ
to 4.011 φ. The sorting value indicates well sorted to
poorly sort in nature. Similar observations are found
in the East Coast of India29. Skewness for
Manalmelkudi is 3.671 φ to 4.011 φ. In general,
based on the classification of Folk and Ward30 the
skewness values for Manalmelkudi, region shows
negatively skewed in nature. On the basis of Folk's
classification, the study area is leptokurtic to
platykurtic in nature. The leptokurtic to platykurtic
nature indicates multiple environment i.e. one derived
from riverine/aeolian environment and the other
primarily derived from the marine environment.
Kurtosis values in the study region for Manalmelkudi;
0.832 φ to 1.534 φ.
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Ecology of the Foraminifera
Ecology is the study of the reciprocal between
organisms and their surroundings; the influences of
the environment on the physiological activity of the
organisms and vice versa. It thus embraces the study
of the environmental limits in which a species exist 31.
The distribution and abundance of living foraminifera
are controlled by a number of natural factors which
include temperature, salinity, water depth, nutrients,
sediment substrate, dissolved oxygen content, calcium
carbonate, organic matter etc..
Salinity
In all the sampling stations, the salinity shows not
much variation due to mixing of water due to bay
nature of the coast. For survival, growth and
reproduction, each benthic foraminiferal species has
specific limits of tolerance to salinity (as well as other
factors).
But up to 1.5 mts depth is slightly decreased. Further
an increase and decrease of salinity values is noticed.
Salinity increased at the depth of 5.5 to 8.5mts. the
species diversity is also increased in this depths.
Sand-Silt-Clay Ratio
Silty and muddy substrates are often rich in organic
debris and the small pore spaces contain bacterial
blooms. Such substrates are, therefore, attractive to
the foraminiferal species and support large
populations. The larger pore spaces of sands and
gravel contain fewer nutrients and, therefore, support
less diverse populations. A number of studies have
revealed a close correlation between the nature of the
sediments especially the texture (sand-silt-clay-ratio)
and the foraminiferal population. The trilinear
diagram of sand-silt clay ratio is shown in Figure. 4.
Offshore: In the study region, the sand is dominant in
maximum sampling stations. Living foraminiferal
populations are more abundant in the silty sands
region in the study area.
Beach: In the beach samples, mostly sand is
predominant. The only species A.beccarrii is
observed in the beach sample
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Table.2 Results of Granulometric studies

Fig.3. Frequency curve distribution off Manalmelkudi
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Core-I&II: In the core sample silty sand is
predominant in the depths. The core –I clayey sand is
present at the top of the core samples.
Organic matter
The organic matter values are ranging from 0.9%
to 2.4% (fig. 5). The higher amount of organic matter
is observed in the offshore samples. The
concentration of organic matter and the same may be
ascribed to the prevailing high order of turbidity due
to fast moving currents. The findings also supported
by Suresh Gandhi and Rajamanickam14.
The organic matter ranging from 0.23 to 0.42% in the
beach sample. Compare to the offshore it is lower in
amount.

Fig.4. Trilinear diagram for sand –silt-clay ratio
(after Trefethen, 1950)32

River: The river samples, sand is predominant in all
the sampling locations.

River
The organic matter values are higher in the river
mouth region and its ranging between 17.3 to 18.4%.
The higher organic matter values are observed
particularly in the river mouth region.
In both the core samples, the top of the core received
more number of organic matter 4.83% for core- I and
7.74% for core –II. The middle and bottom of the core
received lesser organic matter (Fig.6). The count
percentage of living species indicate a rise in the total
amount of living species in the deeper portion at
Manalmelkudi may be due to oxygenated conditions
prevailed in that region.
In the study area lower amount of carbonate
content in shallower depths in all the stations is
noticed (Fig.7).
In beach samples the CaCO3 values ranges from 9.8
and 10.2%. The broken shell debris along the beaches
may favour for the distribution of CaCO3 in this
region. The CaCO3 observed in the river mouth region
ranges from 3 to 6.5%. The CaCO3 are lower in
amount in the river samples. Due to the movement of
freshwater the shell fragments are shifted to the
offshore region.
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Fig.6. Distribution of organic matter in the core I
and Core II

The lower CaCO3 values are observed in both the
cores, 3 to 9.5% , 1 to 6.5 respectively (Fig.8). There
is an alternate rise and fall is observed in the core
samples. Due to the tidal fluctuation, the higher and
lower values of CaCO3 values are found in the core
samples.
Discussion
Distribution of foraminifera
Based on the distribution of foraminifera for the
different coastal environments like offshore, beach,
river and core samples it is observed that in all the
locations, A.becarri is wide spread. The presence of
A.becarri indicates the shallow subtidal and intertidal
lower estuarine environment. E. excavatum usually
occurs at mid-low tide levels.

Fig.8. Distribution of CaCo3 in the core I and Core II

Elphidium are characteristics of mid-low tidal,
moderately sheltered environment. E. advenum is
common under sheltered situations, often in low
salinity zones in the inner shelf. Nonioinella are found
in moderately quiet, fine sediment environment at the
deep inner shelf, sheltered from ocean water
circulation. The species found in the Manalmelkudi
region also indicate the shallow marine environment.
Our findings also supported by Kathal and Singh33
who have identified twelve Recent benthic
foraminiferal species hitherto not reported from the
east and west coasts of India and indicates the
shallow marine environments.
The species A.tepida, Cribrononion simplex and
Nonionoides elongatum, with textulariids assemblage
is characteristic of modern-day inter-tidal and
estuarine environments34&35.The species observed in
this region also support these findings.
The Manalmelkudi spit is thin all along its lower
part and its width increases towards the distal end. As
there are no refractive waves along its westerly and
southerly parts in view of deeper regions there, the
sediment accumulate at the distal bay side. At the bay
side of mangroves developed. The mangrove clay is
over lined by marine sand as a result of ongoing
erosion and redeposition. From the core sample
studies it is clearly noticed wherever the foraminiferal
distribution is more, the sediment deposition is also
more and that time the spit will be growth. There are
many controlling factors on foraminiferal abundance
and type, including nutrition, dissolved oxygen
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conditions, pH, salinity, substrate and temperature36-41
From this core sample it is concluded that, within
the two time of spit growth may be occurred in
Manalmelkudi region. The spit is growing towards
north and
destructed towards south. Sediment
contribution to spit is largely from channel where as
the shape of spit and depositional sites are being
controlled essentially by waves and current. Growth
of spit happen in such a way that sediments brought
to depositional sites are heaped as crescentic bars
curved parallel to stabilized nose part of spit where in
initially coarse sand gets deposited. It is followed by
progressively finer sediment in fill.
The lower to higher organic matter in the
Manalmelkudi offshore shallow depth region was
reflecting a large change in the coastal environments.
The concentration of organic matter and the same
may be ascribed to the prevailing high order of
turbidity due to fast moving currents. The findings
also
supported
by
Suresh
Gandhi
and
14
Rajamanickam . The presence of sandy beds both in
the south and north of Manalmelkudi clearly
establishes the active current movements around the
spit The Ammonia beccarii is considered to be highly
tolerant to different ecosystems. So the present study
supports the survival species having high order of
tolerance in turbulent conditions. The high values of
organic carbon are found in fine-grained areas along
with considerable numbers of foraminiferal tests,
which raise calcium carbonate contents in the greater
depths (above 5 mts). Coarse sediments of channels
are composed of large amounts of shell debris swept
in by tidal currents. The high calcium carbonate
content and are composed of finely broken shell
material are observe in the offshore samples.
Secondary to the breaking of shells, the
accumulations are attributed to the tidal system which
possesses enough energy to sweep the debris the
length of the bay. However, due to constrictions from
shoals extending through- out the bay, tidal energy is
diminished at the extreme ends, and sufficient energy
is not available to return the debris to the other end of
the bay; thus, shell material is deposited in relatively
fine sand. Here in Manalmelkudi the anticlock wise
current movement is observed (fig.9). The spit is
developed due to anticlockwise moving current
pattern on the northern side and clockwise current
pattern on the southern side.
Foraminiferal numbers are highest in the finegrained sediments.
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Figure.9. Anticlockwise current movements in Palk bay

Organic content is also greatest in these zones, and
possibly cause such sites to be reducing
environments, creating high foraminifer’s mortality.
Such concentrations may also reflect the hydraulic
behavior of tests in transport. Throughout the spit,
live foraminifera are less common in deeper, fine
sediments. As the productivity of foraminifera and
the sedimentation rate are both greater in fine
sediments throughout the spit region, the low live
count suggests that a greater number of specimens are
being more rapidly buried, and that therefore, dead
specimens are more common
The significance of the variation in the
foraminiferal morphogroups has been identified by
various workers42,43 The sediment turbulence caused
by factors like currents, depths, morphology of shores
and monsoon controls the distribution of
morphogroups of foraminifera44,45. The angular
asymmetrical forms indicate less energy whereas,
rounded symmetrical forms indicate turbulent
environment. Rounded symmetrical forms are most
abundant at all the station which is right on the mouth
of the river, indicating higher energy conditions and
influence of the sea waves (Table.3). The station lies
on the lagoon spit where breaking of waves might be
leading to an increase in turbulence. These facts
further substantiate the relationship between rounded
symmetrical forms and the higher energy conditions.
This findings also supported by Jayendra
Lakhmapurkar and Nilesh Bhatt46.
Species diversity indicates overall impact of the
spit environment on the foraminifera. Species
diversity is lowest at river and core samples and the
shallow depth (2.5 mts) in the offshore region. There
could be several reasons for this but; the most
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prominent are lower salinity due to fresh water
discharge indicating turbid water. A.beccarii is
dominant and contributing 60% of the total
population.
Conclusion
In the study region, the Silty sand is dominant in
maximum sampling stations. The sand–silt-clay,
organic matter and carbonate content studies clearly
indicate the nature of deposition environments. From
the overall distribution of the fauna in the present
area, it may be observed that the calcium carbonate is
the major controlling factors for the thriving of
foraminifer’s fauna in this region. From the total
number of species, Ammonia beccarri, Q.elongatum,
E.discoidale shows a higher abundance in this region.
The size of the foraminifera in this region is very
small. It may due to the finer nature of sediments and
high rate of sedimentation in this region observed by
earlier workers.
Table.3. Morphological
environments

deformity

species

in

different

sample

Broken
Species
(number)

Deformities
in number

Name of the
species

Morphogroup
Dominant
species

Beach
1 to 3
River
1 to 5

36

2

P. nipponica

20

1

A.beccarii

Offshore
1 to 7

28

12

A.beccarii
E.crispum
P.nipponica
A.trispinosa

Rounded
symmetrical
Rounded and
Angular
Asymmetrical
Rounded
Symmetrical

Core-I
(10)

12

1

P. nipponica

Core-II
(19)

15

1

A.beccarii

Rounded
Symmetrical
&
Angular
Asymmetrical
Rounded
Symmetrical
&
Angular
Asymmetrical

The vertical distribution of foraminifera is higher at
35-40 cm and 70-95 cm respectively. It is clearly
noticed that, within the core sample two times of
appreciable raise in foraminiferal distribution is
observed in the core samples.

Further due to the higher rate of sedimentation at the
particular depths may lead the favor for higher
number of dead species distribution is observed where
as in the remaining depths a lesser number of dead
foraminifeal species are present, indicates the lower
rate of depositions during that time. Further, the
occurrence of species in the core samples is mainly
due to transport by tidal currents.
From the core sample studies it is clearly noticed
wherever the foraminfieral distribution is more, that
time the spit growth also be more. From this core
sample, it is concluded that, within the 95 cm two
time of higher rate of spit growth may be occurred in
Sambaipattinam region. The spit is growing towards
north and destructed towards south. Sediment
contribution to spit is largely from channel where as
the shape of spit and depositional sites are being
controlled essentially by waves and current
From the above studies it is concluded that
the Manalmelkudi spit is influenced by upstream
barrage lesser reducing fresh water income that has
resulted in to an increased influence of the sea water
quality, and presence of foraminifera and mouth bar
which absorbs all the wave energy, making it as
sheltered lagoon. As far as foraminiferal diversity and
morph groups are concerned, none of the parameters
singularly control the distribution of foraminifers, and
so the foraminifera as a proxy of environment point
towards more than one geo-ecological variable.
PLATE-I

Textularia agglutinans

S. communis

Textularia bocki

S.communis AV.

S. communis sv

S.depressa - SV

S.orbis – AV

Spiroloculina communis

T.porrecta

S. nitida SV

S.orbis – SV

Q.costata SV
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to publish this paper. The first author thankful to
UGC, New Delhi for providing funds to carryout field
work.
PLATE- IV

Q.seminulum

T. tricarinata – SV

Quinqueloculina agglutinans

T. tricarinata – SV

Q. lamarckiana – SV

Rupertianella rupertiana

T.tricarinata – AV

A. dentata
T. trigonula SV

T .trigonula AV

E. norvangi

A. tepida

Ammonia beccarii

Parrellina hispidula

Triloculina rotunda SV

Assilina ammonoides
E. crispum

Cibicides lobatulus

Vertebralina striata

E. discoidale
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Eponides cribrorepandus

Amphistegina radiata

Asterorotalia inflata

Asterorotalia trispinosa

Nonionella labradica

Nonionoides boueanum

N. elongatum

S.virgula AV

Loxostomina limbata

Edentostomina cultrata

Siphogenerina virgula

S.virgula AV
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