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Abstract 

Benthic foraminifera from both surface and core sediments collected along two transects in the offshore region of 

Cuddalore were studied in parallel to environmental variables and sediment characteristics. Altogether 95 species 

belonging to 47 genera and 6 orders were identified. Analysis revealed that species richness is high in the inner shelf while 

abundance increases seaward. Amphistegina, Quinqueloculina, Operculina and Elphidium are dominant in areas of 

coarser sediments and strong current activity. The outer shelf assemblage is characterised by muddy sediments rich in 

Uvigerina, Bulimina and Bolivina. Living specimens were rare though few numbers were found in the near shore region. 

The temperature, pH, dissolved oxygen and dissolved nitrogen content of the sample locations exhibited minimal changes 

except salinity. Strong currents, slight variations in the physicochemical parameters, mixing of cytoplasm during the 

development stages of tests would have resulted in test abnormalities. Four kinds of textures were identified: Sand, slightly 

sandy mud, slightly muddy sand, muddy sand. Statistical analysis showed that taxonomic richness never exceeded 13 per 

sample and they are more or less evenly distributed in all the stations. 

 

Keywords: Benthic foraminifera, diversity, sediments, physicochemical parameters, statistical analysis, Bay of Bengal, 
India. 
 

Introduction 

Benthic foraminifera are single- celled microorganisms found 
ubiquitously in all the marine habitats1. They are easy to collect 
and have good fossilization potential offering vast scope to 
study them in detail. They are sensitive to pollution, changes in 
the sea level, environment and also provide excellent dataset for 
statistical analysis2. In the recent years a world wide application 
of benthic foraminifera as a bio - monitoring tool to investigate 
the changes in environmental parameters due to natural 
calamities and anthropogenic effect has been witnessed. Test 
abnormalities are noticed in naturally stressed environments 
exhibiting variations in pH, salinity and other parameters3; 
pollution4 and also due to biological changes during the 
development stage5. The aim of this study is i. to examine the 
changes in the foraminiferal assemblages and know their 
distribution pattern both spatially and vertically using a 
multifaceted (micropaleontological, sedimentological and 
statistical) approach, ii. to deduce the response of foraminifera 
to environmental factors such as bathymetry, substrate, salinity, 
water currents etc. 
 
Study Area: The area under investigation spans the continental 
shelf and the upper slope off Cuddalore where Ponnaiyar and 
Gadilam Rivers drain in to the Bay of Bengal. The river 
Ponnaiyar, with an estimated length of 430 km, is one of the 
largest interstate flowing eastern rivers. It originates from the 
eastern slope of Nandidurg Hills of Karnataka and flows 
through Karnataka and Tamil Nadu prior to joining the Bay of 

Bengal 3 miles north of Cuddalore. It has a catchment area of 
16,019 km2. It divides further into Ponnaiyar and Gadilam rivers 
below the Thirukovilur anicut. The river sediments provide an 
important source of building material6. Known for its 
significance since historic times, this river continues to play an 
indispensable role even today. People in Karnataka and Tamil 
Nadu states rely upon this water resources for drinking water, 
industrial and agricultural purposes. The Gadilam River covers 
a distance of 112 km as it streams through Villupuram and 
Cuddalore districts of Tamil Nadu and eventually drains into the 
Bay near Cuddalore. It has a drainage area of 900 km2 and is 
bounded by Ponnaiyar and Vellar basins7. The climate in this 
region is subtropical with a maximum mean temperature of 26 
°C. The average annual rainfall received is around 1040 mm8. 
The Cuddalore shelf is narrow and has an average width of 79 
km. It is concave shaped with a gentle gradient up to 3000 m of 
water depth9. Two submarine canyons with steeply sloping, V- 
shaped walls are identified with their heads situated between 36 
and 54 m depth10. 
 

Material and Methods 

Sample collection: The collection of substrate sediment 
samples were carried out on a cruise in June 2012. Sediments 
were collected using van Veen grab sampler in two transects 
(figure 1) from different water depths ranging between ~ 10 and 
~ 450 m. However, the sediments from beyond 100 m of water 
depth (transect –I) could not be retrieved owing to strong 
currents during the onset of SW monsoon. 50 g of sediment was 
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scraped from the top surface of the sediment and preserved in 
already cleansed vials containing Rose – Bengal solution (> 
70% of ethanol and 2 g of stain /l)11 for a fortnight12. Rose – 
Bengal solution is used to stain the living specimens and only 
brightly coloured foraminifera are counted as alive13. 
Physicochemical parameters like depth, temperature, pH, 
salinity, dissolved oxygen and dissolved nitrogen content were 
measured on board ‘ROV - Sagar Paschimi’ using SCUBA 
Submersible Fluorometer (table 1). 

A short core was also collected using gravity corer from water 
depth of ~ 12.5 during a cruise on ‘ORV – Sagar Manjusha’ in 
February 2013. The top 5 cm of the core was sliced into 1-cm-
thick samples, and 2-cm-thick layers were obtained from the 
remaining portion. Subsamples from every 5 cm interval were 
used for granulometric analyses. 
 
 

 
Figure-1 

Study area showing sample locations 

 

Table-1 

Coordinates and physicochemical parameters of the study area 

Sample Id Latitude N Longitude E Depth (m) T (°C) pH Salinity (psu) DO (mg/l) DN (ml/l) 

SP-1 11.771452 79.826236 11 27.05 8.63 35.61 6.53 8.53 

SP-2 11.772075 79.939649 32 27.26 8.77 35.71 6.62 8.62 

SP-3 11.770849 79.951955 58 27.41 8.75 36.08 6.70 8.71 

SP-4 11.771093 79.958250 74 27.91 8.80 37.29 6.76 8.77 

SP-5 11.770603 79.969360 106 27.91 8.81 38.98 6.98 9.01 

SP-6 11.771099 79.977993 139 27.84 8.82 39.83 7.22 9.28 

SP-7 11.772358 79.999795 252 28.15 8.80 43.39 8.15 10.30 

SP-8 11.773137 80.035980 411 28.35 8.81 43.09 8.68 10.95 

SP-9 11.734540 79.817194 9 27.99 8.73 36.21 6.53 8.51 

SP-10 11.734767 79.833419 15 28.06 8.95 36.64 6.56 8.54 

SP-11 11.734709 79.884370 26 28.35 8.85 37.39 6.58 8.56 

SP-12 11.732830 79.975230 75 28.62 8.84 38.41 6.78 8.79 

SP-13 11.733510 79.984649 119 27.92 8.84 39.40 7.11 9.15 

SP-14 11.733705 79.992583 161 28.15 8.82 41.16 7.60 9.71 

SP-15 11.734279 80.024614 282 27.99 8.81 41.91 8.29 10.48 

SP-16 11.736374 80.039914 404 27.95 8.80 41.52 8.73 11.01 

SM-2 11.747205 79.832283 12.5 - - - - - 

Note: SP refers to surface samples and SM stands for core sample. 



International Research Journal of Environment Sciences______________________________________________ ISSN 2319–1414 
Vol. 3(9), 5-13, September (2014)      Int. Res. J. Environment Sci. 

 International Science Congress Association             7 

Sample processing: Sediments: The collected sediment 
samples were first air dried and then oven dried at 40°C 
overnight. 100 gm of weighed subsample is placed in a stack of 
ASTM sieves (2.0 mm = 1 Φ (phi), 1.0 mm = 0 Φ, 0.5 mm = 1 
Φ, 0.25 mm = 2 Φ, 0.125 mm = 3 Φ and 0.63 mm = 4 Φ) and 
shaken for ten minutes. The grain size fractions are weighed for 
grain size distribution. The raw weight of each fraction is 
expressed as its weight percentage. Udden – Wentworth scale 
for grain size analysis is used to know the gravel, sand and mud 
content for each sample 14. However, textural class is assigned 
based on the mud content after Reineck & Siefert 15, and 
Pejrup16, modified by Fleming17. 
 
Foraminiferal analysis: At the lab, samples were wet sieved 
through 63and 125 µm sieves. Around 300 individuals were 
picked from > 125 µm fraction, mounted and identified from 
each sample1. Altogether 8168 benthic foraminifera were 
recognised from the surface and core sediments.  
 
Diversity indices were calculated using the PAleontological 
STatistics (PAST) software, Version 2.1718: i. Taxonomic 
richness (S); S is the number of taxa per sample, ii. Dominance 
(D) is the percentage of the most common species and iii. 
Shannon Diversity Index (H) is determined from the total count 
of individuals (n) and the number of individuals (ni) present in 
each taxon i using the equation H(S) = Σ ((ni /n) In (ni/n) 1, 19. iv. 
Evenness [E] is quantified as the degree of evenness in 
distribution of species20. v. Margalef’s richness index [(S-1) / ln 
(n)], (f) Equitability [J] and (g) Fisher-α index [S = α*ln (1 + n/ 
α)] is the relationship between the species count and the sum of 
individuals in an assemblage 21, 22. 

Results and Discussion 

Grain size distribution: The surficial sediments in the 
Cuddalore shelf are predominantly characterised by sand. High 
amount of sand in this region is correlated with the occurrence 
of high wave energy conditions which caused the winnowing of 
fine sediments22, due to erosion23 and presence of submarine 
canyons10. The coarser sediments are composed of gravel, 
mollusc shells and fragments of bryozoan colonies while 
carapaces and valves of ostracoda are found in medium sized 
fraction. In Transect - I, samples from shallow depths (< 75m) 
exhibit more content of sand (> 92%). Mud percentage is below 
10 in all the sites.  In the second transect, amount of sand is 
found to decrease gradually with depth but with a sudden 
decline at 282 m (~ 9%). Less than 20% of mud is found in all 
the sites except slightly higher quantity at 15 m (~ 39%) and 
more of mud in 282 m (~92%). Core sediments, showed an 
overall sandy mud pattern. However, high mud content is 
witnessed between 20 -25 cm depth (table 2).  
 
Physicochemical parameters: In all the sampling stations, 
temperature varied between 27 – 29°C, dissolved oxygen and 
nitrogen content varied between 6.5 – 9 mg/l and 8.5 – 11 ml/l 
respectively. Salinity in northern part of the study area (35- 43 
psu) differed slightly compared to that of the southern side (36 -
41 psu). The above parameters are observed to steadily increase 
with increasing depth. pH values were well within the normal 
range of seawater (7.5 – 8.84) except in two sites, SP- 10 &11 
showing 8.95 and 8.85 (table 1). 
 

Table-2 

Textural class based on mud content after Reineck and Siefert (1980), and Pejrup (1988), modified (Fleming, 2000) 

 

Sample Id Sand % Mud % Textural Class 

SP-1 92.09 7.91 Slightly muddy sand 

SP-2 95.46 4.55 Sand 

SP-4 94.25 5.75 Slightly muddy sand 

SP-9 93.8 6.19 Slightly muddy sand 

SP-10 61.60 38.405 Muddy sand 

SP-11 85.94 14.06 Slightly muddy sand 

SP-13 85.55 14.45 Slightly muddy sand 

SP-14 80.14 19.84 Slightly muddy sand 

SP-15 8.31 91.69 Slightly sandy mud 

SM-2-1 83.02 25.27 Muddy sand 

SM-2-2 64.51 35.47 Muddy sand 

SM-2-3 57.37 42.59 Muddy sand 

SM-2-4 38.45 57.05 Sandy mud 

SM-2-5 32.57 67.42 Sandy mud 

SM-2-6 37.94 62.05 Sandy mud 

SM-2-7 39 61.48 Sandy mud 
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Foraminiferal analysis: 95 species have been identified out of 
which 59 were hyaline, perforate forms; 28 calcareous, 
imperforate forms, and 8 agglutinated forms. The recognised 
species are enlisted in table 3.  
 
Surface samples: The total (living + dead) assemblage in the 
Cuddalore shelf sediments were dominated by Amphistegina 
(30%). Miliolids comprised (25%) of the foraminiferal 
population in the first transect and (20%) in the second. Species 
diversity is higher in the near shore and inner shelf than in the 
deeper substrate sediments. Cibicides wuellerstorfi, Lobatula 
(22%) and Quinqueloculina spp. (21%) were found in sandy 
sediments and in areas of active currents.  Higher species 
dominance found beyond 100 m of water depths is attributed to 
the availability of more nutrients and organic content.  
Uvigerina spp., Bulimina marginata and Bolivina spathulata 
were found in > 250 m of water depth (SP -16) characterised by 
higher mud content and lower current velocity. This assemblage 
indicates the presence of hypoxic - anoxic microhabitat in the 
sediments contrary to the well oxygenated conditions of the 
overlying water column. Very few living species were 
encountered in the samples such as Amphistegina radiata, 
Ammonia papillosa and Elphidium spp. The lesser number is 
probably owing to the higher current velocity25.  Shannon Index 
(H) values are > 1.5 in sites with above 80 % of sand. In stations 
with slightly higher mud content, these values are less. Higher 
number of dominance in sample no. SP -16 shows low diversity 
values and represented by very few species. The Margalef’s 
Index shows > 2 values for three sites SP-1, 14 and 15 (figure 
2). More relict specimens stained with ferric ion and broken 
tests were observed in water depth < 50 m. The assemblage 
includes Triloculina trigonula, Triloculina insignis, Rotalia 

annectens and Quinqueloculina agglutinans etc. in the order of 
increasing abundance. Presence of relict forms denotes low rate 
of deposition in the area of interest. 
 
Core samples: Nonion, Ammonia, Elphidium, Cibicides and 
Triloculina are the dominant genera with more than 5% 

abundance in all the samples. Nonion elongatum, Nonion fabum, 
Nonion scaphum, Nonionella labradorica, Nonionella turgida, 
Nonionella grateloupi, Nonionella stella contributed to nearly 
half (45.3%) of the entire benthic population. Living 
foraminiferal assemblage are composed of Nonion, Elphidium 

and Spiroloculina. They are found in more numbers in the top 
three centimetres and decreased in the rest of the core. The 
down - core increase in mud content are correlated with the 
decrease in diversity and equitability values. Taxonomic 
Richness (S) ranges between 9 and 10 in the entire core. 
Shannon diversity values (H) are < 2 and equitability values (J) 
are < 0.82 (figure 2). Deformed tests constituted only 6.43% of 
the entire population picked from the samples. Nonion fabum 
and Nonion elongatum (~ 60%) are the major contributors while 
Elphidium advenum, Elphidium crispum, Elphidium discoidale 
made up nearly 20 % of the total deformed population. SEM 
images of few deformed species are shown in figure 1. The 
types of deformation observed include twisted or distorted 
shape, protuberances of the final chamber, overdeveloped 
chambers of the last whorl, reduction in size of the last chamber, 
twin and quadruplet forms. Developmental accidents26, sharing 
of the same reproduction cyst, current action5, change in pH, 
and salinity etc.3 could be few factors that are responsible for 
twin and quadruplet formation in benthic foraminifera. It is also 
noted that high numbers of deformed tests occur only under 
polluted conditions4. However, less percentage of deformed 
forms suggest that these test abnormalities may be due to 
environmental and biological changes. 
 
Overall, the distribution pattern in the study area reveals that the 
environment is more or less stable with only slight changes in 
the physicochemical parameters. Living foraminiferal 
assemblage majorly comprised of calcareous forms in the 
surface sediments and hyaline forms in the core. Core sediments 
witnessed higher numbers of deformed foraminifera than the 
surface sediments. 
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Figure-2 

Statistical parameters based on the relative abundances of benthic foraminifera 

 

Conclusion 

In the present study, 95 species of benthic foraminifera have 
been identified from 30 sediment samples. The foraminiferal 
assemblage show an increase in species diversity in the inner 
continental shelf. Amphistegina, Quinqueloculina, Cibicides and 

Triloculina are the dominant genera. Epifaunal forms are 
abundant in coarse grained, high energy environment. The outer 
shelf – upper slope assemblage exhibits low species diversity, 
higher abundance of Uvigerina peregrina, Bulimina marginata 
and Bolivina spathulata. Nonion is the most abundant genera in 
the core sediments. Relatively fewer tests showing 
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abnormalities suggest that they are deformed naturally. Majority 
of the surface sampling sites are sandy in nature. The grain size 
distribution of core sediments range from muddy sand to sandy 
mud.  Thus, grain size, depth, few oceanographic parameters 
like currents and salinity are the primary controlling factors of 
foraminiferal distribution in this region. Low sedimentation rate 
is inferred by the occurrence of relict foraminifera.

SEM photomicrographs of deformed individuals: (1) 

(Terquem, 1875) X270 (3) Nonion fabum

X130 (5) Elphidium discoidale (d'Orbigny, 1839) X270 (6) & (7) 

commune (d'Orbigny, 1846) X150 (9) & (10) 

& Moll, 1798) X230 (12)Twinned 
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abnormalities suggest that they are deformed naturally. Majority 
of the surface sampling sites are sandy in nature. The grain size 

sediments range from muddy sand to sandy 
mud.  Thus, grain size, depth, few oceanographic parameters 
like currents and salinity are the primary controlling factors of 
foraminiferal distribution in this region. Low sedimentation rate 

rrence of relict foraminifera. 
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Figure -3 

SEM photomicrographs of deformed individuals: (1) Ammonia beccarii (Linnaeus, 1758) X100 (2) 

Nonion fabum (Fichtel & Moll, 1798) X190 (4) Elphidium craticulatum

(d'Orbigny, 1839) X270 (6) & (7) Nonion fabum (Fichtel & Moll, 1798) X180, X200 (8) 

(d'Orbigny, 1846) X150 (9) & (10) Nonionella labradorica (Dawson, 1860) X250, X210 (11) 

& Moll, 1798) X230 (12)Twinned Nonion fabum (Fichtel & Moll, 1798) X210
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(Linnaeus, 1758) X100 (2) Elphidium excavatum 

Elphidium craticulatum (Fichtel & Moll, 1798) 

(Fichtel & Moll, 1798) X180, X200 (8) Nonion 

(Dawson, 1860) X250, X210 (11) Nonion fabum (Fichtel 

(Fichtel & Moll, 1798) X210 
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Table-3 

List of Species 

Nonion elongatum  Rotalinoides 

compressiusculus  

Nonion fabum  Rotalia annectens  

Nonion scapha  Amphistegina gibbosa  

Nonionellina labradorica  Amphistegina radiata  

Nonionoides turgida  Amphistegina lessonii  

Nonionella grateloupi  Amphistegina papillosa  

Nonionella stella  Amphistegina bicirculata  

Spiroloculina excavata  Pararotalia sp. 

Spiroloculina costifera  Pararotalia calcariformata  

Spiroloculina antillarum  Eponoides repandus  

Spiroloculina depressa  Ammobaculites exiguus  

Spiroloculina communis  Cancris auriculus  

Ammonia beccarii  Cancris oblongus  

Ammonia dentata  Rosalina globularis  

Ammonia tepida  Adelosina mediterranensis  

Ammonia parkinsoniana  Adelosina longirostra  

Ammonia papillosa  Bolivina striatula  

Triloculina tricarinata  Bolivina persiensis  

Triloculina trigonula  Bolivina spathulata  

Triloculina echinata  Bulimina marginata  

Triloculina insignis  Pseudobrizalina lobata  

Cycloforina sidebottomi  Textularia agglutinans  

Quinqueloculina variolata  Textularia pseudogramen  

Triloculina terquemiana  Textularia candeiana  

Elphidium crispum  Spiroplectammina sagittula  

Elphidium macellum  Lagenammina atlantica  

Elphidium complanatum  Peneroplis pertusus  

Elphidium somaense  Reophax scorpiurus  

Elphidium discoidale  Hansenisca soldanii  

Elphidium craticulatum  Clavulina angularis  

Elphidium advenum  Stainforthia fusiformis  

Lobatula lobatula Amphicoryna scalaris  

Cibicides wuellerstorfi  Lenticulina orbicularis  

Cibicides kullenbergi  Lenticulina gibba  

Cibicides refulgens  Lagena perlucida  

Cibicides praecinctus  Reussella spinulosa  

Cibicides pachyderma  Alveolinella quoii  

Quinqueloculina lamarckiana  Borelis melo  

Quinqueloculina lata  Operculina granulosa  

Quinqueloculina undulose 

costata  

Operculina ammonoides  

Quinqueloculina seminula  Uvigerina mediterranea  

Quinqueloculina parkeri  Uvigerina peregrina  

Quinqueloculina 

philippinensis  

Rectiuvigerina phlegri  

Siphonaperta agglutinans  Planorbulinella larvata  

Miliolinella circularis  Calcarina hispida  

Miliolid sp.A Neorotalia calcar  

Quinqueloculina sp. A Pyrgo denticulata  

 

References 

1. Murray J.W., Ecology and Applications of Benthic 
Foraminifera, Cambridge University Press, Cambridge 426 
(2006) 

2. Armynot du Châtelet E.A., Debenay J.P. and Soulard R., 
Foraminiferal proxies for pollution monitoring in 
moderately polluted harbors, Environ. Pollut., 127, 27–40 
(2004) 

3. Alve E., Benthic foraminiferal responses to estuarine 
pollution: A review, J. Foram. Res., 25(3), 190-203 (1995) 

4. Geslin E., Debenay J.P., Duleba W. and Bonetti C., 
Morphological abnormalities of foraminiferal tests in 
Brazilian environments: comparison between polluted and 
non-polluted areas, Mar. Micropaleontol., 45, 151–168 
(2002) 

5. Meriç E., Görmüş M., Avşar N., Yokeş B.M. and Dinçer F., 
Twin, triplet and quadruplet teratogens in benthic 
foraminifera from Antalya, Micropaleontology, 54(3- 4), 
293-306 (2008) 

6. Ramasamy V., Suresh G., Meenakshisundaram V. and 
Ponnusamy V., Horizontal and vertical characterization of 
radionuclides and minerals in river sediments, Appl. Radiat. 

Isotopes, 69, 184 – 195 (2011) 

7. Prasanna M.V., Chidambaram S., Shahul Hameed A. and 
Srinivasamoorthy K., Hydrogeochemical analysis and 
evaluation of groundwater quality in the Gadilam river 
basin, Tamil Nadu, India, J. Earth Syst. Sci., 120(1), 85–98 
(2011) 

8. Hemapriya R., Sankar K. and Imran A.D., Geologic and 
geomorphologic investigation of Gadilam River Basin 
(India). J. Environ. Res. Dev., 4(3), 750- 757 (2010) 

9. Murthy K.S.R.,  Subrahmanyam A.S., Murty G.P.S., Sarma 
K.V.L.N.S., Subrahmanyam V., Mohana Rao K.  Suneetha 
Rani P., Anuradha A., Adilakshmi B. and Sri Devi T., 
Factors guiding tsunami surge at the Nagapattinam–
Cuddalore shelf, Tamil Nadu, east coast of India, Curr. Sci. 

India., 90(11), 1535- 1538 (2006) 

10. Varadachari V.V.R., Nair R.R. and Murthy P.S.N., 
Submarine canyons off the Coromandel Coast, Bull. Natl. 

Inst. Sci. India., 38, 457–462 (1968) 

11. Lutze G.F., Altenbach A., Technik und Signifikanz der 
Lebendfarbung benthischer Foraminiferen mit Bengalrot, 
Geologisches Jahrbuch A, 128, 251–265 (1991) 

12. Schönfeld J., Alve E., Geslin E., Jorissen F., Korsun S., 
Spezzaferri S. and Members of the FOBIMO group, The 
FOBIMO (FOraminiferal BIo-MOnitoring) initiative -
Towards a standardised protocol for soft-bottom benthic 
foraminiferal monitoring studies, Mar. Micropaleontol., 94-

95, 1-13 (2012) 



International Research Journal of Environment Sciences______________________________________________ ISSN 2319–1414 
Vol. 3(9), 5-13, September (2014)      Int. Res. J. Environment Sci. 

 International Science Congress Association             13 

13. Walton W.R., Techniques for recognition of living 
foraminifera: Contrib. Cushman Found. Foramin. Res., 3, 
56-60 (1952) 

14. Folk R.L., The distinction between grain size and mineral 
composition in sedimentary-rock nomenclature, J. Geol., 
62, 344-359 (1954) 

15. Reineck H.E. and Siefert W., Faktoren der Schlickbildung 
im Sahlenburger Watt und Neuwerker Watt, Die KuK ste, 
35, 26-51 (1980) 

16. Pejrup M., The triangular diagram used for classification of 
estuarine sediments: a new approach. In: de Boer, P.L., van 
Gelder, A., Nio, S.D. (Eds.), Tide-Influenced Sedimentary 
Environments and Facies, Reidel, Dordrecht, 289-300 
(1988) 

17. Fleming B.W., A revised textural classification of gravel-
free muddy sediments on the basis of ternary diagrams, 
Cont. Shelf Res., 20, 1125-1137 (2000) 

18. Hammer Ø., Harper D.A.T., Ryan P.D. PAST: 
Paleontological Statistics Software Package for Education 
and Data Analysis. PE., 4 (1), 1-9 (2001) 

19. Shannon C.E., A mathematical theory of communication, 
Bell Syst. Tech. J., 27, 379–423 (1948) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20. Hayek L.C. and Buzas M.A., Surveying Natural 
Populations: Columbia University Press, New York, 563 
(1997) 

21. Fisher R.A., Corbet A.S. and Williams C.B., The 
relationship between the number of species and the number 
of individuals in a random sample of an animal population, 
J. Anim. Ecol., 12, 42–58 (1943) 

22. Murray J.W., Distribution and ecology of living benthic 
foraminiferids, Heinemann Educational Books, London 274 
(1973) 

23. Viveganandan S., Lakshumanan C., Sundararajan M., 
Eswaramoorthi S., Natesan U., Depositional environment 
of sediments along the Cuddalore coast of Tamilnadu, 
India, Indian J.Geomarine. Sci., 42(3), 375- 382 (2013) 

24. Chauhan O.S., Sedimentological parameters of beach 
sediments on the east coast of India, J. Coastal. Res., 6, 
573-585 (1990) 

25. Murray J.W., Ecology and applications of benthic 
foraminifera. Cambridge University Press, Cambridge, 319 
(1963) 

26. Le Calvez J., Ordre des Foraminiferes, In: Grasse, P.P., Ed., 
Traité de Zoologie, Anatomie, Systématique, Biologie, 
Paris: Masson, 1 (2), 149-265 (1953) 


