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Abstract 

 

This dissertation concerns with the study of Ammonia from Chilika Lake, Odisha. 

Morphologically, three species of Ammonia i.e. Ammonia beccarii, Ammonia tepida and 

Ammonia parkinsoniana were identified. The morphometric parameters were measured by 

Image Analysis System. Cluster analysis, performed on the morphological data set (e.g. 

greatest spiral diameter, umbilical diameter, proloculus diameter, radial sutural furrow length 

etc.). Based on those observations, three different species of Ammonia has been identified. 
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Chapter 1                   Introduction 

 

1.1 Introduction 

There are two most abundant foraminifera genus known worldwide are 

Ammonia and Elphidium. They can occur in slightly brackish water and their 

environments include shallow marine, intertidal area, deltaic and also lagoonal.  

The study focuses on the morphological methods in order to investigate 

taxonomic relationships within the genus Ammonia. 

 

 

1.2 Objectives 

➢ To identify the Ammonia genus from Chilika Lake, Odisha 

➢ Morphometric Analysis of Ammonia spp. found in the Chilika Lake 

 

 

 

1.3 Location and accessibility 

Chilika Lake (19°43’ N, 85° 19’ E) is situated on the east coast of Odisha, India 

(fig1.1). The samples were collected from Satapada area and from the Sea side of the 

lake. The area can be accessed by train journey to Puri followed by private car from 

Puri to Chilika. 

 

 

 

 

           1 



           N 

  

     INDIA 
    

         Odisha 

 

 

 

 

 

       

Chilika Lake 

 
    Satapada           Sipakuda 

Nuapada 

           Titipa 

 

 

   LEGEND 

• Sediment Sampling 
Locations 

 

 

 

 

Fig 1.1 Location of Sediment Sample Collection 

 

 

 

 



1.4 Previous Work 

Benthic foraminiferal assemblages are widely used as bioproxies for coastal 

environment monitoring (Areen Sen, Punyasloke Bhadury, 2016). The study 

investigated seasonal variations in live benthic foraminiferal assemblages from the 

largest coastal lagoon, Chilika in Asia, which is strongly influenced by tropical 

monsoons. The investigation revealed an extremely low diversity of benthic 

foraminiferal assemblages comprising of 12 species of which 8 were agglutinated. The 

most dominant taxa belong to the genus Ammonia. The living assemble was restricted 

to the topmost 4 cm of the sediment with the majority of assemblages occurring in the 

top 2 cm. Data analysis revealed the presence of a significant variation in the biotic 

assemblage, indicating a patchy distribution. As far as the morphometric analysis is 

concerned, there is no previous work available for Ammonia spp. or any other genus 

from Chilika Lagoon, Odisha.  

 

1.5 Sample Collection 

The sampling to collect live specimens of Ammonia was done from 13 locations 

(fig1.1), from which 8 location belongs to the sea side stretch of Chilika and 5 locations 

were from the interior side of the lagoon in the month of March 2018.  The top 10cm x 

10cm x 1cm sediments were taken from each location (fig 1.2) and was packed in 

polythene lock bags (fig 1.3). Each sealed packet was labelled and numbered 

corresponding to the place of collection. After the collection of sediment samples, they 

were carefully transferred to the laboratory for further processing and study.  

 

1.6 Methodologies 

Top 1cm sediment (10cm x 10cm x 1cm) was collected, washed using 63µm 

sieve and dried in oven. The dried sediments were splitted using microsplitter. Only the 

Ammonia genus were picked up from 1gm sediments from each location and studied 

under stereo zoom microscope. Best preserved foraminiferal specimens were chosen 

for the Scanning Electron Microscope (SEM Facility, Department of Geological 

Sciences, Jadavpur University) for illustration. Morphometric properties were 

measured using Image Analysis System. 
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Fig 1.2 Collecting Sample from the Sea side of Chilika 

 

 

 

 

 

 

 

 

 

 

 

 

   

         Fig 1.3 Transferring the sediment sample to polythene lock bag 

 

 

 

 

 

 



 

 

 

 

CHAPTER 2                Taxonomy and Morphology 

 

2.1 Introduction 

Ammonia is a genus of marine foraminifers. It is one of the most abundant foraminifera 

genera worldwide and occurs in sheltered and shallow marine intertidal environments, 

sometimes in brackish waters. Their occurrence is so varied that they can be found in salt 

marshes, in fine sediments, in coarse sediments, estuaries as well as in intertidal zones. This 

indicates their occurrences in variable conditions, i.e. from extremely low temperature (0-5°C) 

to high temperatures (35°C).   Also they have an extreme tolerance to salinity as they can thrive 

in low salinity (<1‰) to extremely high salinity (>90‰). Larger heavily ornamented 

specimens are characteristics of hypersaline conditions whereas  smaller and thin calcareous 

specimens are characteristics of normal salinity conditions. Hence salinity and temperature 

range is the controlling factors of their geographical distribution and morphology. Ammonia in 

present study is referred to three species. The systematic descriptions of these species are given 

below. The Scanning Election photomicrographs of these species are given in Plates I. 

 

2.2 Systematic 

 Phylum : Protista  (Haeckel, 1866) 

 Subphylum : Sarcodina  (Schmarda, 1871) 

 Class  : Rhizopodea   (Von Siebold, 1845) 

 Order  : Foraminiferida (Eichwald, 1830) 

 Suborder : Rotaliina   (Dellage & Hérouard, 1896) 

 Superfamily : Rotaliacea  (Ehrenberg, 1839) 

 Family  : Rotaliidae  (Ehrenberg, 1839) 

 Subfamily : Rotaliinae  (Ehrenberg, 1839) 

 Genus  : Ammonia  (Brünnich, 1972) 
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Ammonia tepida (Cushman) 

Pl. I, Fig 1 

 

Rotalia beccarii (Linne) var. tepida-Cushman, 1926, Carnegie Inst., publ. 344, p. 79, pl. 1, fig 

9 

 

 The test outline is smooth with no ornamentation and rounded periphery. The umbilical 

side is characterized by sharp, pointed folium as well as strong deeply notched protoforamen. 

The spiral side shows the development of raised thickened calcite along the radial sutures as 

well as over central spiral area. It is smaller (0.3-0.6mm), has 7 to 9 chambers in the final whorl, 

and has no plug or extraneous calcareous material in the umbilical area. Microstructurally, pore 

density is high and the pores are regular and are present all throughout the test except at the 

pointed ends of folia. 

 

 

Ammonia beccarii (Linne) 

Pl. I, Fig. 2 

 

Rotalia beccarii (Linne), Cushman, 1931, pl.8, p. 58, pl. 12, figs. 1-7; pl. 13, figs. 102; - 

Rasheed, 1969-70c, pp. 157-158, pl. 2, figs. 13-18. 

 

 It is recognized by the presence of a small cavity around the umbilical region and 

interlocular space. The surface is ornamented with granules and beaded sutures. The spiral side 

shows strong reticulate calcite riblets and raised thickened calcite over central spiral area. It is 

medium sized (0.5-0.8 mm) and has 8-10 chambers in the last whorls. 
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Ammonia parkinsoniana (d’Orbigny, 1893) 

Pl. I, Fig. 3 

 

Orbigny, A. D. d’. (1839). Foraminiferes, in de la Sagra T., Histoire physique, politique et 

naturelle de l’ile de Cuba. A. Bertrand. 1-244., page: p. 99 pl. 4, fig. 25-27 

 

 It is recognized by the presence of a small umbilicus with medium sized umbilical area. 

The test outline is relatively smooth with no ornamentation and rounded periphery. The 

umbilical side is characterized by the development of raised thickened calcite on folia. The 

spiral side shows the development of raised thickened calcite along the radial sutures and 

relatively flat proloculus. It has 7 to 8 chambers in the final whorl. Microstructurally, pore 

density is high and the pores are regular and are present all throughout the test except at the 

pointed ends of folia.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            5 

 



       Fig 2.1 Ammonia tepida 

 

 

 

 

 

 

    

 

     Fig 2.2 Ammonia beccarii 

 

 

 

Fig 2.3 Ammonia parkinsoniana 



 

 

CHAPTER 3            Morphometric Analysis 

 

3.1 Introduction 

Generally, the species in the genus Ammonia are quite closely related as far as 

morphology is concerned. Hence it is difficult to distinguish them with the help of stereo-zoom 

microscope with naked eyes. By morphometric analysis different physical parameters are 

compared and the subtle differences were recognized leading to the recognition of different 

species the genus with more precision.  

 

3.2 Morphometric Measurements 

 

Following parameters were taken into consideration in the morphometric measurements of 

Ammonia spp. (fig 3.1, fig 3.2): 

 

Profile, quantitative measurement: 

1. Gsd= greatest spiral diameter 

Profile, qualitative 5-point assessment: 

1. Umb= umbilical side (concave, flat, low convex, convex, high convex) 

2. Spi= Spiral side (concave, flat, low convex, convex, high convex) 

Umbilical side, quantitative measurement: 

1. Du/d= relative diameter of umbilicus = gsd/largest diameter of umbilicus between end 

of folia 

2. Rfl/w= relative lenth of radial sutural furrows = lenth of radial sutural furrows (n-1:n-

2)/ width (perpendicular to periphery) of chamber n-1 

3. Maxbos= diameter of largest umbonal boss (if present) 

4. Nobos= number of umbonal bosses (if present) 

5. Fol^= folium angle (in degrees) of chamber n-1 
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Umbilical side, qualitative 5 point assessment 

1. Thckfol= development of thickened calcite on folia 

2. Protof= deeply notched protoforamen on chambers n… n-3 

3. Ragfol= blunt, ragged folium on chambers n… n-3 

4. Pntfol= sharp pointed folium on chambers n… n-3 

 

Spiral Side, quatitative measurements: 

1. Prol= proloculus largest diameter 

2. Chwh1= number of chambers in first whorl 

3. Chwh2= number of chambers in second whorl 

4. d/wh= mean diameter of each whorl= gsd-prol/2 x no of whorls 

5. ch/wh= mean number of chambers per whorl= number of chambers /wh 

6. lc/wc= relative chamber (n-1) proportions= max length (parallel to periphery) of 

chamber/ max width (perpendicular to periphery) of chamber 

7. rad^= angle between radial (n-1:n-2) and spiral sutures 

 

Spiral side, qualitative 5 point assessment: 

1. radsutcv= radial sutural curvature (suture n-1: n-2) 

2. thckrad= development of raised thickened calcite along radial sutures of last whorl 

3. spicac= development of raised thickened calcite over central spiral area 

4. retcac= development of reticulate pattern of calcite riblets over central spiral area. 
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Fig 3.1 Ammonia sp. with various morphoparameters marked for the umbilical side
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Fig 3.2 Ammonia sp. with various morphoparameters marked for the spiral side



Sl
 N

o
. 

G
sd

 
P

ro
l 

C
h

w
h

1
 

C
h

w
h

2
 

lc
 

w
c 

ra
d

^
 

R
ad

su
tc

v 
Th

ck
ra

d
 

Sp
ic

ac
 

R
et

ca
c 

Sp
i 

B
o

s 
N

o
b

o
s 

1
 

2
3

6
.8

0
7

 
3

5
.9

8
3

 
6

 
4

 
8

2
.1

9
7

 
8

2
.4

5
5

 
7

1
.0

2
4

 
1

 
2

 
0

 
0

 
4

 
1

 
1

 

2
 

2
2

1
.6

2
2

 
6

5
.9

4
5

 
6

 
8

 
5

7
.7

3
3

 
4

5
.6

1
5

 
7

2
.9

6
7

 
1

 
3

 
0

 
1

 
2

 
0

 
0

 

3
 

1
8

9
.5

4
1

 
5

5
.3

1
6

 
6

 
5

 
6

3
.2

8
1

 
4

6
.9

5
1

 
7

5
.9

8
2

 
1

 
2

 
1

 
1

 
2

 
0

 
0

 

4
 

3
0

7
.4

4
5

 
5

0
.4

7
7

 
6

 
6

 
8

4
.6

8
5

 
8

7
.1

6
7

 
8

0
.2

7
5

 
2

 
2

 
1

 
0

 
2

 
1

 
1

 

5
 

1
7

3
.7

8
1

 
4

9
.3

8
9

 
8

 
1

0
 

5
1

.3
0

2
 

1
7

.0
3

8
 

7
1

.8
7

2
 

3
 

1
 

2
 

2
 

2
 

1
 

1
 

6
 

1
9

5
.2

8
4

 
4

4
.6

9
6

 
6

 
7

 
5

1
.7

6
0

 
5

3
.4

3
0

 
7

7
.8

7
2

 
3

 
1

 
2

 
2

 
2

 
1

 
1

 

7
 

1
9

9
.1

1
4

 
4

6
.9

8
4

 
7

 
4

 
6

2
.1

3
9

 
5

2
.2

8
9

 
7

2
.4

9
1

 
1

 
1

 
2

 
1

 
3

 
1

 
1

 

8
 

1
2

6
.4

 
3

4
.6

8
5

 
5

 
5

 
3

3
.3

0
8

 
2

9
.4

3
4

 
7

5
.1

1
9

 
1

 
1

 
3

 
0

 
2

 
1

 
1

 

9
 

1
3

3
.2

2
5

 
2

8
.2

0
5

 
6

 
9

 
3

8
.7

2
4

 
4

2
.4

3
5

 
7

8
.7

3
8

 
1

 
2

 
2

 
0

 
2

 
1

 
1

 

1
0

 
1

2
9

.9
3

4
 

2
9

.6
2

7
 

6
 

9
 

3
5

.7
5

6
 

3
0

.1
8

6
 

7
5

.9
7

7
 

1
 

1
 

1
 

1
 

2
 

1
 

1
 

1
1

 
1

2
8

.3
2

7
 

3
5

.4
6

 
6

 
9

 
2

8
.2

3
4

 
3

8
.1

9
6

 
7

2
.0

9
2

 
1

 
1

 
2

 
0

 
3

 
1

 
1

 

1
2

 
1

8
7

.9
7

1
 

5
7

.2
4

7
 

6
 

6
 

4
1

.9
1

4
 

4
7

.4
1

6
 

7
6

.4
3

5
 

1
 

2
 

1
 

3
 

4
 

1
 

1
 

1
3

 
1

0
9

.7
8

9
 

3
5

.0
8

3
 

5
 

5
 

2
8

.5
0

5
 

3
1

.7
4

0
 

7
9

.9
5

5
 

1
 

1
 

1
 

0
 

3
 

1
 

1
 

1
4

 
1

1
6

.8
4

7
 

2
7

.3
9

6
 

6
 

9
 

3
8

.2
0

4
 

2
3

.6
1

0
 

7
0

.2
4

7
 

1
 

1
 

2
 

0
 

3
 

1
 

1
 

1
5

 
1

2
2

.1
0

6
 

2
7

.6
4

3
 

6
 

5
 

2
9

.7
8

6
 

3
0

.8
7

5
 

7
1

.9
6

8
 

1
 

1
 

1
 

0
 

3
 

1
 

1
 

1
6

 
2

1
2

.2
6

7
 

8
0

.2
9

7
 

5
 

5
 

9
9

.4
2

0
 

4
7

.8
7

8
 

6
0

.2
5

8
 

3
 

0
 

3
 

0
 

3
 

0
 

0
 

1
7

 
1

7
7

.4
4

4
 

4
0

.8
0

4
 

8
 

6
 

8
6

.0
4

8
 

3
1

.3
1

9
 

5
0

.7
0

4
 

3
 

0
 

3
 

0
 

3
 

0
 

0
 

1
8

 
1

7
9

.7
3

8
 

4
3

.3
0

7
 

5
 

5
 

5
6

.2
0

1
 

4
6

.4
2

7
 

8
0

.4
9

4
 

1
 

1
 

3
 

0
 

4
 

0
 

0
 

1
9

 
1

7
5

.4
2

 
3

5
.1

6
7

 
8

 
6

 
8

3
.4

8
6

 
2

7
.6

5
2

 
5

1
.8

4
3

 
3

 
0

 
2

 
1

 
3

 
0

 
0

 

2
0

 
1

4
6

.5
0

7
 

2
7

.7
0

4
 

8
 

6
 

6
2

.7
6

4
 

3
2

.7
9

9
 

4
7

.6
6

6
 

3
 

0
 

2
 

0
 

4
 

0
 

0
 

2
1

 
1

4
3

.4
0

3
 

3
6

.3
8

4
 

8
 

6
 

5
3

.6
2

1
 

2
8

.8
2

3
 

6
2

.5
5

6
 

3
 

0
 

2
 

0
 

3
 

0
 

0
 

2
2

 
1

7
2

.6
6

1
 

4
2

.0
2

4
 

8
 

6
 

7
8

.4
4

2
 

4
1

.0
0

6
 

6
2

.5
5

6
 

3
 

0
 

2
 

0
 

3
 

0
 

0
 

2
3

 
1

7
7

.7
1

1
 

4
4

.5
6

6
 

7
 

6
 

7
7

.5
0

5
 

3
7

.5
7

6
 

6
0

.0
3

 
4

 
0

 
2

 
1

 
3

 
0

 
0

 

2
4

 
1

6
3

.8
9

3
 

4
1

.6
9

9
 

8
 

7
 

5
7

.0
0

7
 

3
9

.9
3

5
 

6
1

.2
2

5
 

3
 

0
 

3
 

0
 

3
 

1
 

1
 

2
5

 
1

7
8

.6
4

5
 

3
6

.0
4

2
 

7
 

7
 

6
4

.2
9

1
 

3
5

.2
7

2
 

6
2

.5
1

2
 

2
 

0
 

2
 

0
 

4
 

1
 

1
 

2
6

 
1

9
0

.7
5

3
 

3
2

.9
0

4
 

8
 

8
 

7
0

.8
7

9
 

2
7

.4
7

5
 

5
0

.3
0

1
 

3
 

0
 

2
 

0
 

3
 

0
 

0
 

2
7

 
1

5
5

.2
0

8
 

4
0

.1
4

3
 

9
 

5
 

5
6

.6
9

5
 

3
0

.5
7

1
 

5
8

.1
 

2
 

0
 

1
 

3
 

4
 

0
 

0
 

2
8

 
1

5
4

.2
0

9
 

3
2

.6
0

3
 

6
 

5
 

8
7

.6
6

6
 

2
2

.1
0

0
 

4
8

.2
3

7
 

4
 

1
 

2
 

1
 

4
 

1
 

1
 

2
9

 
1

6
3

.2
7

7
 

3
5

.0
6

3
 

7
 

6
 

8
6

.2
0

1
 

2
8

.6
1

9
 

6
4

.9
9

5
 

2
 

0
 

1
 

2
 

4
 

0
 

0
 

3
0

 
1

5
6

.4
3

9
 

3
2

.7
2

 
8

 
6

 
7

2
.3

2
2

 
2

7
.5

8
7

 
5

8
.5

8
8

 
2

 
1

 
1

 
1

 
3

 
1

 
1

 

3
1

 
2

3
3

.0
0

7
 

5
0

.7
5

4
 

9
 

5
 

5
9

.1
7

0
 

4
3

.9
4

3
 

6
5

.6
1

8
 

1
 

0
 

1
 

1
 

3
 

1
 

1
 

3
2

 
1

6
2

.6
1

1
 

3
5

.9
4

6
 

9
 

5
 

4
5

.7
0

1
 

3
5

.0
7

5
 

6
3

.1
9

4
 

1
 

1
 

1
 

0
 

3
 

1
 

1
 



3
3

 
1

4
7

.7
1

6
 

3
4

.2
0

5
 

8
 

3
 

4
2

.5
1

9
 

3
9

.6
1

6
 

6
7

.2
1

8
 

1
 

0
 

2
 

0
 

3
 

1
 

1
 

3
4

 
1

4
0

.9
5

7
 

3
8

.8
7

5
 

9
 

1
 

3
4

.7
8

5
 

3
0

.4
4

4
 

5
9

.6
2

1
 

1
 

1
 

4
 

0
 

3
 

1
 

1
 

3
5

 
1

3
6

.0
1

3
 

2
5

.1
6

7
 

8
 

5
 

3
7

.9
9

4
 

3
1

.9
6

1
 

6
3

.1
4

6
 

1
 

1
 

0
 

0
 

3
 

1
 

1
 

3
6

 
1

3
6

.3
7

4
 

3
6

.0
4

2
 

9
 

5
 

2
6

.1
3

8
 

2
6

.3
2

7
 

5
2

.2
1

9
 

1
 

0
 

1
 

1
 

3
 

1
 

1
 

3
7

 
1

3
5

.1
9

9
 

2
8

.0
2

4
 

9
 

7
 

2
6

.1
3

8
 

2
6

.3
2

7
 

5
2

.2
1

9
 

1
 

0
 

1
 

1
 

3
 

1
 

1
 

3
8

 
1

3
0

.3
6

5
 

3
2

.5
7

7
 

9
 

1
 

3
7

.4
5

4
 

3
0

.9
0

7
 

6
3

.5
0

1
 

1
 

1
 

2
 

0
 

2
 

1
 

1
 

3
9

 
1

1
5

.7
3

4
 

2
3

.5
4

6
 

8
 

3
 

3
9

.7
6

2
 

3
5

.7
9

2
 

6
6

.9
0

5
 

1
 

0
 

1
 

0
 

2
 

1
 

1
 

4
0

 
1

3
3

.4
6

7
 

2
3

.3
2

9
 

8
 

6
 

4
9

.0
5

6
 

3
0

.0
5

6
 

7
3

.5
9

5
 

1
 

1
 

0
 

0
 

3
 

0
 

0
 

4
1

 
1

3
6

.3
7

1
 

2
8

.5
4

6
 

8
 

0
 

4
0

.2
7

8
 

4
5

.2
0

6
 

7
1

.2
9

 
1

 
1

 
1

 
0

 
2

 
1

 
1

 

4
2

 
1

2
2

.8
9

6
 

2
5

.8
6

6
 

8
 

0
 

5
4

.1
6

5
 

3
3

.5
3

0
 

6
3

.9
5

8
 

1
 

0
 

2
 

0
 

3
 

0
 

0
 

4
3

 
1

2
6

.8
9

6
 

3
3

.2
8

6
 

7
 

6
 

4
5

.0
1

2
 

2
9

.0
6

6
 

7
0

.1
8

9
 

1
 

1
 

2
 

0
 

3
 

1
 

1
 

4
4

 
1

3
2

.7
3

7
 

3
6

.2
3

 
9

 
2

 
3

5
.1

9
5

 
3

4
.7

7
9

 
6

2
.5

4
1

 
1

 
1

 
1

 
0

 
2

 
1

 
1

 

4
5

 
1

2
5

.3
4

5
 

2
4

.3
9

6
 

8
 

4
 

3
5

.3
1

6
 

2
7

.7
2

0
 

7
0

.4
6

2
 

1
 

0
 

2
 

0
 

3
 

1
 

1
 

                



  

Sl
 

N
o

. 
M

ax
b

o
s 

d
u

 
rf

l 
w

 
fo

l^
 

u
m

b
 

th
ck

fo
l 

p
ro

to
f 

ra
gf

o
l 

p
n

tf
o

l 
d

u
/G

sd
 

rf
l/

w
 

m
ax

b
o

s/
gs

d
 

ch
/w

h
 

lc
/w

c 
 

1
 

4
2

.0
2

4
 

6
4

.2
7

2
 

5
8

.9
7

9
 

6
5

.4
8

 
4

8
.7

9
6

 
3

 
4

 
4

 
4

 
3

 
0

.2
7

1
4

1
1

 
0

.9
0

0
7

1
8

 
0

.1
7

7
4

6
0

9
7

 
5

.0
0

 
0

.9
9

6
8

7
1

 
1

0
0

.4
1

2
 

2
 

0
 

6
0

.6
1

8
 

4
6

.3
7

4
 

9
3

.5
3

7
 

3
6

.4
2

3
 

0
 

4
 

3
 

3
 

1
 

0
.2

7
3

5
2

 
0

.4
9

5
7

8
2

 
0

 
7

.0
0

 
1

.2
6

5
6

5
8

 
7

7
.8

3
8

5
 

3
 

0
 

3
9

.8
6

7
 

4
5

.5
2

5
 

7
1

.7
0

6
 

5
4

.7
5

4
 

0
 

3
 

3
 

3
 

1
 

0
.2

1
0

3
3

4
 

0
.6

3
4

8
8

4
 

0
 

5
.5

0
 

1
.3

4
7

8
0

9
 

6
7

.1
1

2
5

 

4
 

3
5

.2
0

8
 

5
2

.4
6

5
 

1
1

8
.5

2
4

 
1

2
7

.2
5

4
 

4
2

.5
8

1
 

2
 

4
 

4
 

4
 

3
 

0
.1

7
0

6
4

8
 

0
.9

3
1

3
9

7
 

0
.1

1
4

5
1

8
0

4
4

 
6

.0
0

 
0

.9
7

1
5

2
6

 
1

2
8

.4
8

4
 

5
 

1
9

.5
2

2
 

2
7

.3
7

5
 

6
6

.3
3

6
 

7
0

.7
 

3
2

.7
7

7
 

2
 

4
 

4
 

3
 

3
 

0
.1

5
7

5
2

6
 

0
.9

3
8

2
7

4
 

0
.1

1
2

3
3

6
7

9
2

 
9

.0
0

 
3

.0
1

1
0

3
4

 
6

2
.1

9
6

 

6
 

2
1

.2
1

3
 

4
7

.2
8

1
 

5
3

.2
9

3
 

7
5

.1
5

1
 

4
2

.6
8

 
1

 
1

 
2

 
2

 
2

 
0

.2
4

2
1

1
4

 
0

.7
0

9
1

4
6

 
0

.1
0

8
6

2
6

4
1

1
 

6
.5

0
 

0
.9

6
8

7
4

4
 

7
5

.2
9

4
 

7
 

1
9

.7
8

4
 

4
5

.9
0

5
 

5
2

.5
9

4
 

6
8

.8
6

1
 

4
8

.4
1

4
 

1
 

3
 

3
 

2
 

3
 

0
.2

3
0

5
4

6
 

0
.7

6
3

7
7

 
0

.0
9

9
3

6
0

1
6

6
 

5
.5

0
 

1
.1

8
8

3
7

6
 

7
6

.0
6

5
 

8
 

1
8

.4
0

9
 

2
2

.4
4

 
3

2
.3

3
5

 
4

3
.0

5
5

 
3

2
.8

9
 

2
 

3
 

2
 

2
 

3
 

0
.1

7
7

5
3

2
 

0
.7

5
1

0
1

6
 

0
.1

4
5

6
4

0
8

2
3

 
5

.0
0

 
1

.1
3

1
6

1
6

 
4

5
.8

5
7

5
 

9
 

2
5

.4
8

5
 

3
3

.5
4

 
3

9
.0

8
 

4
3

.3
7

8
 

3
5

.6
 

3
 

3
 

2
 

2
 

3
 

0
.2

5
1

7
5

5
 

0
.9

0
0

9
1

8
 

0
.1

9
1

2
9

2
9

2
6

 
7

.5
0

 
0

.9
1

2
5

4
9

 
5

2
.5

1
 

1
0

 
1

5
.8

5
3

 
3

3
.3

8
8

 
3

7
.1

4
4

 
4

7
.3

4
6

 
4

3
.8

9
2

 
1

 
2

 
2

 
1

 
2

 
0

.2
5

6
9

6
1

 
0

.7
8

4
5

2
2

 
0

.1
2

2
0

0
8

0
9

6
 

7
.5

0
 

1
.1

8
4

5
2

3
 

5
0

.1
5

3
5

 

1
1

 
1

7
.7

2
4

 
2

6
.7

8
5

 
3

9
.4

3
9

 
4

9
.9

4
4

 
4

2
.8

7
3

 
1

 
3

 
2

 
3

 
3

 
0

.2
0

8
7

2
5

 
0

.7
8

9
6

6
4

 
0

.1
3

8
1

1
5

9
0

7
 

7
.5

0
 

0
.7

3
9

1
8

7
 

4
6

.4
3

3
5

 

1
2

 
3

8
.5

7
9

 
5

8
.7

9
8

 
4

5
.6

2
7

 
5

7
.8

2
9

 
4

9
.1

7
2

 
3

 
4

 
2

 
2

 
3

 
0

.3
1

2
8

0
4

 
0

.7
8

8
9

9
9

 
0

.2
0

5
2

3
9

1
0

6
 

6
.0

0
 

0
.8

8
3

9
6

3
 

6
5

.3
6

2
 

1
3

 
2

5
.1

6
7

 
3

0
.1

8
3

 
3

2
.4

6
 

3
8

.7
9

9
 

3
8

.8
3

3
 

2
 

3
 

3
 

2
 

2
 

0
.2

7
4

9
1

8
 

0
.8

3
6

6
2

 
0

.2
2

9
2

3
0

6
1

5
 

5
.0

0
 

0
.8

9
8

0
7

8
 

3
7

.3
5

3
 

1
4

 
1

0
.4

2
5

 
1

7
.6

0
4

 
3

9
.3

4
6

 
4

6
.8

3
2

 
4

3
.2

3
3

 
1

 
2

 
2

 
3

 
3

 
0

.1
5

0
6

5
9

 
0

.8
4

0
1

5
2

 
0

.0
8

9
2

1
9

2
3

5
 

7
.5

0
 

1
.6

1
8

1
2

8
 

4
4

.7
2

5
5

 

1
5

 
1

1
.0

4
9

 
1

9
.5

9
 

3
6

.7
4

7
 

4
1

.4
0

3
 

4
9

.0
0

2
 

1
 

1
 

2
 

3
 

2
 

0
.1

6
0

4
3

4
 

0
.8

8
7

5
4

4
 

0
.0

9
0

4
8

6
9

5
4

 
5

.5
0

 
0

.9
6

4
7

2
9

 
4

7
.2

3
1

5
 

1
6

 
0

 
1

7
.5

0
7

 
6

9
.0

8
5

 
8

1
.2

6
1

 
4

2
.9

7
 

0
 

0
 

2
 

1
 

4
 

0
.0

8
2

4
7

6
 

0
.8

5
0

1
6

2
 

0
 

5
.0

0
 

2
.0

7
6

5
2

8
 

6
5

.9
8

5
 

1
7

 
0

 
1

5
.6

9
1

 
5

9
.8

9
3

 
7

0
.4

7
 

5
1

.7
1

2
 

0
 

1
 

3
 

1
 

4
 

0
.0

8
8

4
2

8
 

0
.8

4
9

9
0

8
 

0
 

7
.0

0
 

2
.7

4
7

4
7

 
6

8
.3

2
 

1
8

 
0

 
1

0
.7

4
6

 
7

6
.7

1
7

 
8

5
.6

1
4

 
6

3
.3

6
4

 
0

 
0

 
2

 
1

 
4

 
0

.0
5

9
7

8
7

 
0

.8
9

6
0

8
 

0
 

5
.0

0
 

1
.2

1
0

5
2

4
 

6
8

.2
1

5
5

 

1
9

 
0

 
1

4
.8

5
8

 
7

1
.0

7
6

 
7

5
.0

4
8

 
4

9
.2

4
7

 
0

 
0

 
2

 
1

 
4

 
0

.0
8

4
7

 
0

.9
4

7
0

7
4

 
0

 
7

.0
0

 
3

.0
1

9
1

6
7

 
7

0
.1

2
6

5
 

2
0

 
0

 
1

3
.2

8
9

 
6

0
.0

7
 

8
2

.1
9

3
 

5
5

.9
1

7
 

0
 

1
 

2
 

1
 

4
 

0
.0

9
0

7
0

6
 

0
.7

3
0

8
4

1
 

0
 

7
.0

0
 

1
.9

1
3

5
9

5
 

5
9

.4
0

1
5

 

2
1

 
0

 
1

3
.6

9
8

 
6

0
.9

4
2

 
6

2
.5

6
8

 
4

7
.7

4
1

 
0

 
0

 
3

 
1

 
3

 
0

.0
9

5
5

2
1

 
0

.9
7

4
0

1
2

 
0

 
7

.0
0

 
1

.8
6

0
3

5
5

 
5

3
.5

0
9

5
 

2
2

 
0

 
1

2
.1

1
9

 
7

3
.0

0
5

 
8

1
.8

6
 

6
2

.6
2

1
 

0
 

0
 

4
 

2
 

4
 

0
.0

7
0

1
9

 
0

.8
9

1
8

2
8

 
0

 
7

.0
0

 
1

.9
1

2
9

4
 

6
5

.3
1

8
5

 

2
3

 
0

 
1

3
.0

9
6

 
7

0
.1

4
1

 
8

1
.5

2
 

6
0

.7
2

9
 

0
 

0
 

3
 

1
 

4
 

0
.0

7
3

6
9

3
 

0
.8

6
0

4
1

5
 

0
 

6
.5

0
 

2
.0

6
2

6
2

 
6

6
.5

7
2

5
 

2
4

 
1

1
.1

1
9

 
1

5
.0

3
6

 
6

1
.4

9
6

 
6

9
.6

3
 

6
4

.1
4

2
 

1
 

1
 

3
 

1
 

3
 

0
.0

9
1

7
4

3
 

0
.8

8
3

1
8

3
 

0
.0

6
7

8
4

3
0

4
4

 
7

.5
0

 
1

.4
2

7
4

9
5

 
6

1
.0

9
7

 

2
5

 
1

1
.5

4
5

 
1

4
.0

7
9

 
9

0
.0

0
2

 
1

0
1

.0
3

8
 

4
8

.0
4

2
 

1
 

1
 

4
 

2
 

4
 

0
.0

7
8

8
1

 
0

.8
9

0
7

7
4

 
0

.0
6

4
6

2
5

3
7

4
 

7
.0

0
 

1
.8

2
2

7
2

1
 

7
1

.3
0

1
5

 

2
6

 
0

 
1

3
.5

4
4

 
6

9
.2

2
1

 
8

0
.8

9
3

 
6

1
.2

5
4

 
0

 
0

 
3

 
1

 
4

 
0

.0
7

1
0

0
3

 
0

.8
5

5
7

1
1

 
0

 
8

.0
0

 
2

.5
7

9
7

6
3

 
7

8
.9

2
4

5
 

2
7

 
0

 
1

0
.5

0
6

 
5

5
.8

7
4

 
5

9
.0

9
4

 
6

5
.4

5
9

 
0

 
1

 
4

 
1

 
3

 
0

.0
6

7
6

9
 

0
.9

4
5

5
1

1
 

0
 

7
.0

0
 

1
.8

5
4

5
3

5
 

5
7

.5
3

2
5

 

2
8

 
1

3
.8

2
1

 
1

5
.3

6
7

 
6

3
.7

9
2

 
7

5
.9

8
3

 
4

5
.6

3
5

 
1

 
0

 
3

 
1

 
3

 
0

.0
9

9
6

5
 

0
.8

3
9

5
5

6
 

0
.0

8
9

6
2

5
1

1
9

 
5

.5
0

 
3

.9
6

6
7

8
7

 
6

0
.8

0
3

 

2
9

 
0

 
1

0
.7

4
6

 
7

8
.5

8
7

 
8

2
.0

6
9

 
6

6
.6

1
7

 
0

 
2

 
4

 
2

 
4

 
0

.0
6

5
8

1
5

 
0

.9
5

7
5

7
2

 
0

 
6

.5
0

 
3

.0
1

2
0

2
 

6
4

.1
0

7
 



3
0

 
1

0
.3

0
2

 
1

3
.2

6
7

 
6

4
.7

6
9

 
6

6
.7

5
7

 
6

5
.6

1
3

 
1

 
1

 
2

 
1

 
3

 
0

.0
8

4
8

0
6

 
0

.9
7

0
2

2
 

0
.0

6
5

8
5

3
1

4
4

 
7

.0
0

 
2

.6
2

1
5

9
7

 
6

1
.8

5
9

5
 

3
1

 
3

4
.4

0
3

 
4

6
.0

7
1

 
5

8
.0

5
7

 
7

2
.5

8
3

 
4

0
.0

7
6

 
2

 
1

 
4

 
2

 
3

 
0

.1
9

7
7

2
4

 
0

.7
9

9
8

7
 

0
.1

4
7

6
4

7
9

2
5

 
7

.0
0

 
1

.3
4

6
5

1
7

 
9

1
.1

2
6

5
 

3
2

 
1

9
.3

5
 

3
3

.4
8

4
 

5
3

.4
5

1
 

6
7

.5
8

5
 

5
3

.6
8

5
 

2
 

3
 

3
 

1
 

3
 

0
.2

0
5

9
1

5
 

0
.7

9
0

8
7

1
 

0
.1

1
8

9
9

5
6

4
 

7
.0

0
 

1
.3

0
2

9
5

1
 

6
3

.3
3

2
5

 

3
3

 
2

1
.0

1
2

 
2

7
.4

8
9

 
5

9
.0

4
3

 
6

3
.6

3
9

 
3

8
.6

9
8

 
2

 
2

 
3

 
1

 
3

 
0

.1
8

6
0

9
4

 
0

.9
2

7
7

8
 

0
.1

4
2

2
4

5
9

3
1

 
5

.5
0

 
1

.0
7

3
2

7
8

 
5

6
.7

5
5

5
 

3
4

 
1

4
.3

5
4

 
1

6
.7

8
9

 
5

2
.8

2
5

 
5

4
.6

3
3

 
3

8
.9

3
8

 
2

 
3

 
3

 
1

 
3

 
0

.1
1

9
1

0
7

 
0

.9
6

6
9

0
6

 
0

.1
0

1
8

3
2

4
7

4
 

5
.0

0
 

1
.1

4
2

5
9

 
5

1
.0

4
1

 

3
5

 
1

3
.1

3
 

1
7

.5
2

 
5

3
.6

4
8

 
5

6
.3

9
 

4
9

.2
9

4
 

2
 

1
 

3
 

2
 

3
 

0
.1

2
8

8
1

1
 

0
.9

5
1

3
7

4
 

0
.0

9
6

5
3

4
8

9
 

6
.5

0
 

1
.1

8
8

7
6

1
 

5
5

.4
2

3
 

3
6

 
2

4
.1

8
6

 
3

1
.8

2
6

 
4

4
.6

8
4

 
4

9
.6

5
6

 
3

9
.3

2
9

 
2

 
2

 
2

 
0

 
3

 
0

.2
3

3
3

7
3

 
0

.8
9

9
8

7
1

 
0

.1
7

7
3

5
0

5
2

1
 

7
.0

0
 

0
.9

9
2

8
2

1
 

5
0

.1
6

6
 

3
7

 
1

4
.4

2
3

 
2

3
.9

5
7

 
6

0
.9

8
9

 
6

1
.8

4
6

 
4

2
.5

3
9

 
2

 
1

 
3

 
1

 
3

 
0

.1
7

7
1

9
8

 
0

.9
8

6
1

4
3

 
0

.1
0

6
6

7
9

7
8

3
 

8
.0

0
 

0
.9

9
2

8
2

1
 

5
3

.5
8

7
5

 

3
8

 
1

2
.3

9
7

 
1

4
.2

9
6

 
4

2
.6

8
5

 
4

6
.9

1
1

 
4

7
.0

2
3

 
1

 
1

 
0

 
2

 
3

 
0

.1
0

9
6

6
1

 
0

.9
0

9
9

1
5

 
0

.0
9

5
0

9
4

5
4

2
 

5
.0

0
 

1
.2

1
1

8
2

9
 

4
8

.8
9

4
 

3
9

 
1

4
.0

6
5

 
1

6
.3

2
9

 
4

9
.4

4
9

 
5

1
.2

3
7

 
3

3
.3

0
4

 
2

 
2

 
2

 
2

 
3

 
0

.1
4

1
0

9
1

 
0

.9
6

5
1

0
3

 
0

.1
2

1
5

2
8

6
7

8
 

5
.5

0
 

1
.1

1
0

9
1

9
 

4
6

.0
9

4
 

4
0

 
0

 
1

0
.7

4
6

 
5

5
.1

4
 

5
9

.8
9

3
 

4
8

.9
4

 
0

 
1

 
4

 
1

 
4

 
0

.0
8

0
5

1
4

 
0

.9
2

0
6

4
2

 
0

 
7

.0
0

 
1

.6
3

2
1

5
3

 
5

5
.0

6
9

 

4
1

 
1

1
.8

 
1

3
.7

9
6

 
3

3
.4

4
1

 
5

0
.5

8
 

5
1

.6
4

4
 

1
 

2
 

3
 

3
 

3
 

0
.1

0
1

1
6

5
 

0
.6

6
1

1
5

1
 

0
.0

8
6

5
2

8
6

6
1

 
8

.0
0

 
0

.8
9

0
9

8
8

 
5

3
.9

1
2

5
 

4
2

 
0

 
1

0
.4

2
5

 
5

3
.6

8
5

 
6

2
.2

0
8

 
4

3
.6

3
2

 
0

 
1

 
3

 
1

 
3

 
0

.0
8

4
8

2
8

 
0

.8
6

2
9

9
2

 
0

 
8

.0
0

 
1

.6
1

5
4

1
9

 
4

8
.5

1
5

 

4
3

 
2

0
.8

9
 

2
7

.3
9

6
 

3
9

.6
3

2
 

4
6

.1
5

4
 

5
3

.7
2

2
 

1
 

2
 

1
 

1
 

3
 

0
.2

1
5

8
9

3
 

0
.8

5
8

6
9

 
0

.1
6

4
6

2
2

9
9

8
 

6
.5

0
 

1
.5

4
8

6
1

4
 

4
6

.8
0

5
 

4
4

 
1

0
.7

4
6

 
1

4
.6

1
1

 
2

6
.1

5
3

 
4

3
.9

4
6

 
4

6
.5

4
7

 
1

 
1

 
1

 
2

 
3

 
0

.1
1

0
0

7
5

 
0

.5
9

5
1

1
7

 
0

.0
8

0
9

5
7

0
8

1
 

5
.5

0
 

1
.0

1
1

9
6

1
 

4
8

.2
5

3
5

 

4
5

 
1

7
.4

8
3

 
1

9
.7

1
9

 
3

5
.8

8
8

 
4

4
.4

7
7

 
5

5
.1

4
1

 
2

 
2

 
1

 
2

 
3

 
0

.1
5

7
3

1
8

 
0

.8
0

6
8

8
9

 
0

.1
3

9
4

7
9

0
3

8
 

6
.0

0
 

1
.2

7
4

0
2

6
 

5
0

.4
7

4
5

 
 



3.4 Results and Discussions 

 The spiral side character has been plotted in fig 3.3 i.e., Prol (diameter of proloculus) 

versus Gsd (greatest spiral diameter). After plotting the data for all the specimens, three clusters 

were found (indicated by different colours). Here the three clusters represent three different 

species. 

 

 The umbilical side characters has been plotted in fig 3.4 i.e. du/gsd (diameter of 

umbilicus/ greatest spiral diameter) versus rfl/w (length of radial sutural furrow/width). After 

plotting the data for all the specimens, three clusters were found (indicated three different 

colours). Here the three clusters represent three different species. 
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Cluster analysis was carried out with the help of Past 3.14 software using all the 

morphometric parameters and plotted in figure 3.5. Here also three clusters were found 

indicated by three ellipses (each in different colour) and named as Cluster A, Cluster B and 

Cluster C. 

After correlating with morphometric data, Cluster A was recognized as Ammonia tepida 

as they had smooth rounded periphery, pointed folium in the umbilical side, thickened calcite 

along the radial sutures as well as over central spiral area, 7 to 9 chambers in the final whorl. 

Cluster B was recognized as Ammonia parkinsoniana as they had small umbilicus, relatively 

flat proloculus, 7 to 8 chambers in the final whorl, test outline is relatively smooth. Cluster C 

was recognized as Ammonia beccarii as they had 8 to 10 chambers in the final whorl, presence 

of small cavity around the umbilical region, large boss etc.  
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CHAPTER 4                    Conclusion  

 

So far three different species of Ammonia have been identified from Chilika Lake, Odisha from 

morphometric analysis: 

1. Ammonia tepida 

2. Ammonia parkinsoniana 

3. Ammonia beccarii 
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