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Abstract t 

sixtynine .. - A total of 'era1 speci en ident 
collected from me c n w a  LaKe during Ivovernwr 1997 and Marcn, May ~wu. lnese spe 
have been quantitatively studied in regard to their relative abundance and distribution. 
Frequency distribution study of Foraminifera shows that Miliammina fusca, Ammobaculites 
exiguus, Trochammina hahi, Jadammina mamcens, Gaudyina exilis, Ammonia beccarii (Linne), 
A. tepida and Asterorotalia de the domit 
number of species (S), Shannc r index, H 
summer (May) for the outer cnannel suggesting very rugn speaes cuverslty or me area as 
compared with other parts of the lake due to strc 
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Application of two similarity indices - BrayCurtis 
the data shows very high faunal affinity existing -LW-LL JLIUVIIJ 111 UIC LIVILIICILI 3- 

Furthermore, the degree of faunal variation has been discussed with the data ii 
cent number of species occurring in all the samples of sites (Sc) and of per cei 
composed of suecies occurrinp: in all the samples of sites (PC) at each of the thret. areas UI ulr 
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Introduction 

The importance of recent Foraminifera 
in oceanic research is well known 
(Boltovskoy and Wright, 1976). Conse- 
quently, research publications on these 
marine organisms of the world oceans, 
are comucopian and exhaustive. A re- 
view of literature on Foraminifera of the 
Indian Ocean is given by Bandy et al., 
(1971) and those of the inshore waters 
and estuaries by Seibold and Seibold (1981) 
and Rao and Balasubramanian (1996) 

is ODV~OUS from tnese reports tnat no 
substantial work has been done on the 
quantitative distribution of foraminifera1 
species in different ecos: in India, 
though such data will be in deter- 
mining typical species of an ecosystem 
based on the most abundant species. 
Hence an attempt has been made in this 
paper to make a quantitative documenta- 
tion of the species and study their distri- 
bution for typifying the areas in Chilka 

~ k e  with distinct biofacies. 

ystems 
! useful 
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Study Area 

Chilka Lake with an area of 1165 km2 
is the largest brackish water lagoon in 
Orissa State on the east coast of India a1 
lies between 19" 25' and 19" 54'N and E 
6' and 85" 38'E. It is divided into 4 sectc 
(Jhingrs 
central 5 

channel, Dasea on tne nyarograpnic fen- 

tures of the lake. In this study, southe 
sector of lake has not been covered. The1 
fore, salient features of topography are 
given earlier (Rao et al., 2000) only for the 
other areas where samples have been 
collectec 

31, viz. 
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I sector 
I 1  

rn sectc 
and oui .. ,' 

Material anu lv lernoas  

ent Sam] 
cations i 

monsoc 
.ssed th 

L- 

In seasc 
.rough i 
-L2--  --- 

on). Eal 
a 105 P 
-3 t-- L, 

Diversity indices calculated for each of 
these samples in this study are : 

1. Pielou's (Pielou, 1971) index or spe- 
cies dominance is given by 

D = H(S)/H(S)* 

where D is dominance value, H(S) is 
Shannon-Wiener diversity index and H 
(S) . - e maxir lue of H(S) in a 
sal 
3 Shannon and 

on is given by 

,A" 

3r, 
ter 
-- 
8q-n inc 
re- nu - - 

Fifteen sedim ples were collected 
from different lo as shown previou- 
sly (Rao et al., 2000) in the Chilka Lake 
during each faunal survey in November 
1997 (postmonsoon season) and March, 
May 1998 (pre ch 
sample was pa m 
sieve and the coarse rracriun useu rur the 
study of Foraminifera. A total of 300 speci- 
mens were counted for calculation of per- 
centage occurrence of foraminifera1 speci- 
es in total population. Abundance was 
expressed as the total number of specime- 
ns (live + dead) per 30 cc of wet sediment. 
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'here ki  - ,bi the number of 
s of the ith specic the total 
: individuals of :ies and 

S is the total number of species observed. 

For equally distributed species- eHfs) = S 
bcause  maximum value of H(S) is ob- 

ned when all the species have equal 
quencies in which case H(S) = Ids) 

according to MacArthur (1965) 1 which 
in turn can be used as a measure of 
equitability. 

3. Evenness index has 
Heiprs(Heip,1974) for 

: elHfS) -ll/(S-1) 

been gj 
mula: 

iven by 

where e e equivalent number of 
equally disLlluuLrCi species. Equitability is 
defined as the ratio of the number of 
species observed to the number of species 
that are theoretically required by 
MacArthurls model to achieve the same 
diversity with equitable (or even) distribu- 
tion of individuals among the species in 
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a population (Lloyd and Ghelardi, 1964). t - - 

For determining faunal affinity between 
sites, a measure of dissimilarity used by 
Bray and Curtis (1957) was applied in 
this study and it is given by 

where Yq , Y jk are the scores of the ith 
species in the rh and kth samples respec- 
tively; dl, ranges between 0 (highly simi- 
lar) and 1 (highly dissimilar) and coeffi- 
cient of similarity is : 

S, < 1 i' 
~ l y  simi 

ted as a trelli! 
values. 

s for hi1 
lar case. 
5 diagra 

;hly dissimilar case 
, SIR data were plot- 
~m with percentage 

Where C, is number of species com- 
mon between f h  and kth samples, ai is 
number of species in the Th sample, b, is 
number of species in the kth sample. CCi, 
values were also plotted as a trellis dia- 
gram with percentage values to study the 
qualitative association between stations 
based on the common occurrence of fora- 
minife: he study area. 
Resuli ion 
Foraminifera1 abundance 

ral spec 
ts and 
.- - 

Sampling sires were also compared by 
calculating Community coefficient 
(Pearson and Rosenberg, 1978). It is given 
by the formul 

CC, = 

ies in tl 
discuss 
- 

In the outer channel, total concentra- 

ion of F 
:c of wc 

'orarninj 
zt sedin . .  . - 

ralues fa 
123 and 
v. . . 

lr the sal 
2547 : 

c nent is lowest Ci? = 303 
specimens] aunng November, while the 
\ me in March and May are 
8 ;pecimens respectively. 
hignest abunaance of Foramininfera (f = 
990 specimens) has been observed in 
March and lowest (X = 204 specimens) in 
May in the central sector of the lake. Simi- 
lar to the outer channel, in the northern 
sector too, lowest density of 79 specimens 
i: mber and highest of 272 speci- 
I: May have been observed. Abun- 
dance ranges of foraminifera1 density for 
the sites in different areas of the lake are 
given in Table 1. 

n Nove: 
nens in 
1 ~ -  

fera (live + dead) per 30 

The absolute variation shows a 
steady increase from November (306.75) 
to May (4611.14) in the outer channel and 
so also in the northern sector from No- 
vember (55.07) to May (91.16), but in the 
central sector, it is maximum in March 
(1215.52) and minimum in May (152.61). 
The coefficient of variation (cv%) increases 
from November (101.24) to May (181.08) 
in the outer channel. In the central sector, 
it is highest in March (122.78) and lowest 
in May (74.81). There is a decrease of cv% 
from November (69.42) to May (33.47) in 
the northern sector (Tablel). 

Foramin iferal species 

Foraminifera of the Chilka Lake have 
been studied in different months repre- 
senting postmonsoon and premonsoon 
seasons. The breakdown of the 15 stations 
surveyed for Foraminifera during these 
months is as follows : 
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T..LII 'I deaiation (0- .) and coqCficient of variation (m%) of total foraminifera1 abundance (no. 
e stations in each at different I - 
ance T =m1 

Mean R), 
rens per 31 

A 

, standard I 

0 cc of we 

rea 

!t sedimenr 

Month Abund 
rang 

March 

Legend : 0.C = Outer channel; C.S = Central nd N.S = Northern sector 

November 1997 : 
In all, 69 species have 

been identified, studied 
quantitatively with regard 
to their frequency distribu- 
tion (Tables 2-4) and of 
+hem, the following species 

ow dominance or abun- 
nce 2 25% at one or more 
es of the study area in 
.e season or the other, 
ey being M.fusca, A. 
~ ~ U U S ,  T.hadai, J. macre- 
Ins, G.exilis, A. beccarii, 

-.. tepida and A. dentata. 
stribution of these spe- 
's in the lake is depicted 
-. 

11 stations 
10 stations 
9 stations 

A. beccarii (Linn6 
A. tepida 
A. exiguus 
M.fusca, A. advenr 
A. parkinsoniana 
T.hadai and A. sobrina 
H. canariense, 1. macrescens 
and A. pauciloculata 

a and 

8 stations each 
6 stati~ ons each 

--- ---L 4 statio~~s t.ac11 

 tio on each 1 sta 10 speci 

March 1 

A. e x i p u s  and A 
A. beccarii (Linnt!) 
M.fusca and T.had 
A. parkinsoniana and A. sobrina 
1. macrescens, A. advena and A. denti 
G. exilis, T. earlandi, Q. seminula, 
A. paucii 
26 specis 

. tepida 

hi 

11 stations each 
10 stations 
9 stations each 
8 static 
5 static 

exi 
sce 
A 

zta : 

Dns each 
Dns each 

Di: 
cie 

3 stations each 
1 station each 

May 19! - . ,,antitative data or rora- 
13 stations each mi S niferal 

it the stt 
*. 

specie: 
~ d y  area .. . - 

s show 
1 consist 

P 

M.fusca and A. e . ~  
A. beccarii (Linnt!) 

T.hadai and A. tepida 
A. advena 

10 stations th; 
9 static of two distinct faunal fa- 
8 static s : facies 1 (inner lagoon 

Ins each 
Ins cie 
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scens and 
a 
... 1-  -- > 

A. parkinsoniana 7 stations each facies) is characterized 
T.adm 
Q.seminura ana A.dentata 
H. canariense, G. 
A. pauciloculata ; 
31 species 

6 stations by abundant occur- 
" -'-?ions each rences of M. fusca and 

4. exiguus, while facies 
.t VLa l  

3 stat ions each l (outer lagoon/channel 
l -+-Yon each 

tacies) ated by domini 

and coi -. forms in ... -7  

this area include l..NaaUt, ti.e. 
asi H. nitidula, A.tepida, t I .- 
E.crzspurn and E.ga2vestonense. 

-. Thus, the sites M.fusca 
and A.exiguus ar( the la- 
goon, while those domated  by T. hadai, 
G. exilis, A.beccarii, A. tepida and A. dentata 

.\---y-.c.-r 
are in the outer channel. Although A. 
beccarii and A.tepida are the nearshore 

? - foraminiferids, they show dominance in- 
side the lagoon, thereby suggesting that 

- they can tolerate brackish or lagoonal 
conditions in this area of the lake. Yet 

: another reason for their dominance is that 
food supply is more within the 1' 3 

in a nearshore area. 
- Diversity indices 
- 
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~1998. sity index, H(S) (Shannon and Weaver, 
1963) increases towards the sea in No- 

Legend : 

"L" 8 "8. 

--- March 19: 

*L. 

38; -.-.- Ma: 

Fig. 1. Distributionoj~cenrageoccuvencequmn- vember ~ ~ ~ ~ h .  ln M ~ ~ ,  minimum 
dant foraminferal species in total population from 
the sediments. species diversity has been observed in the 
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central sector with not much difference at 
the other two sectors. In general, 
equitability or evenness index (Heip, 1974) 
decreases from the outer channel to the 
northern sector irrespective of the sea- 
sons. Pielou's (Pielou, 1971) index of spe- 
cies dominance (D) increases from the 
outer channel to the northern sector in 
Noven ~d May, 
trend I ,slue in 
central secrul- ~ l t j . ~ , .  

~ber, wl 
is rever 

~i le  in h 
se with 
IC:, C)\ 

llarch a1 
least v 

Comparison of the fora 
ing different seasons 

Yer, ma 
found 

the 
the 

I fauna dur- 

numbe 
:; 11 spe 

In I ximum r of 
species at site 2 !ties 
occur at 3 sites; 10 species at site 6. The 
number of species > 5 but 10 is found 
at 6 sites. Species number < 5 is found at 
4 sites. No Foraminifera have been ob- 
served at site 4. Further, none of the spe- 

cies is found to occur at all the sites. Out 
of 28 species, 10 species are found at 1 site 
only, 5 species at 2 sites, 3 species at 4 sites 
and 2 species at 3 sites. Of the tc n- 
ber of species recorded, 6 specie at 
levels of 2 5 but < 10 sites. Also, 2 species 
occur at 2 10 sites. 

otal nun 
s occur - 

ilea!$" U, .--- 
--- '.. L - > = -  --===:- - 

I , ?  
1 . 2  3 4 5 6 7 8 8 I0 11 12 13 14 I S  

STATION NUMBERS 

OUTER CMNNI ' :ENTRAL SECTOI ' 

Fig. 2. Species diversity in forarniniferal popula- 
tions of the sediments. 

In March, station 1 has shown maxi- 
num number of species (34); 20 species 
ccur at site 4 only; 10 species at sites 9 

and 15. The number of species occurring 
at levels of 2 5 but 10 is found at 11 sites 
and at < 5 level at 2 sites. No species is 
found in all the samples. In the 50 
species, 26 of them are found ke 
only; 9 species at 2 sites, 5 specles at 3 
sites, 3 species at 5 sites. Also, 4 species 
occur at > 5 but < 10 sites and 3 species 
at 2 10 sites. 

In summer (May), highest number of 
-,pecies (42) is found at station 2 ; 20 spe- 
:ies are found at site 1, 17 species at site 
.3,11 species at sites 4 and 15,lO species 
~t sites 7 and 14. The number of species 
kt levels 2 5 but < 10 is found at 3 sites. 
species number < 5 is found at 4 sites. Of 
the 57 species recorded, 31 species are 
found at one site only; 9 species at 2 sites, 
5 species at 3 sites. 7 species occur at > 5 
~ u t  < 10 sites and 3 species at 2 10 sites. 

A variety of measures such as of dis- 
tance, information, similarity and dissimi- 
larity have been used to summarize the 
overall similarity/dissimilarity between 
two samples taking all species into con- 
sideration. Many of these have been sum- 
marized earlier (Clifford and Stephenson, 
1975). A frequent feature of faunal data 
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Table 2. Percentage occurrence of foraminifera1 species in total population during postmonsoon season (November) - Q 
Outer channel 

rz' 
Central sector Northern sector =! 

st 
p' 

nber 1 2 3 4 5 6  7 8 9 10 11 12 13 14 15 FL 
- 5- 
~orarniniG i 

Miliammina - - 4.0 26.3 40.0 8.7 13.3 14.7 66.7 1.0 - % 
Haplophragmozaes 3 
canariense - 0.3 0.7 - - 1 - 2.7 23 - 
Ammobaculites directus 9' - - 5.0 - 0.7 - - - 
A. exiguus - 1.3 - 33.3 8.0 15.7 45.0 3.7 0.7 2.0 - 1.0 - - ;f 

Ammotium fragile - 0.7 - - - 3' 
Trochammina advena - 2.7 - - 13.3 - - 1.0 - - - - z 
T. hadai - 2.7 - - 66.7 22.7 10.7 10.0 1.0 - - - 
Jadammina I - 1.3 - - 0.3 333 1.0 - 9 - 
Quinquelocu lula 10.0 - 1.0 - - - - iT 
Q. vul~aris 5.0 - K' - 8- 
TI lrevidentata - - - - - 3.0 - 
CI Culgens 5.0 - - 
Huy rrwiruc germanica - 2.7 - - - - 
Protelphidium tisbuyense - - - 1.3 - - 2.0 - 
Ammonia beccarii 10.0 5.0 32.0 - - 5.3 10.3 - 203 25.7 38.0 - 20.0 46.0 50.0 
A. advena - 2.7 - - 12.0 5.3 - 1.7 14.0 3.3 - 1.0 3.0 - 
A. parkinsoniana 5.0 13.7 5.3 - - - 2.3 1.0 0.3 - 3.0 5.0 - 
A. pauciloculata - - 2.7 - - - 2.7 1.0 - - 1.0 - 
A. sobrina - 8.0 - 5.3 - 2.7 0.7 0.3 - 2.0 - - 
A. tepida - 10.7 53.3 - - 29.3 26.3 - 55.0 36.7 40.0 - 71.0 42.0 50.0 
Asterorotalia dentata 35.0 24.0 - - - - 
A. trispinosa - 2.7 - - - - 
Elphidiurn advenum 5.0 - - - - - 
E. articulatum 5.0 2.7 - - 
E. excavatum 5.0 - - - 
E. galvestonense 10.0 21.7 
E. hispidulum - 3.0 - 
E. poqanum 5.0 - - - 2 



Table 3. Percentage occurrence o f  foraminiferal species in total population during early pmnonsoon season (March) 

Outer channel Central sector Northern sector 
staaon number 1 2 3 4 5 6  7 8 9 10 11 12 13 14 15 

iferal species 

ina fusca - - 16.7 23 33.3 - - 77.6 61.0 84.0 3.7 0.3 0.3 - 
Haplophragmoides 

canariense 1.7 - - - - - 1.0 - - - - - - - 

Ammotiu 

Trockamx 

Ammobaculites exiguus - - 132 23 22.3 50.0 41.0 8.3 19.3 11.3 - - 0.3 0.7 1.3 

m fragile - - - - - 1.0 - - - - - - 
nina advena 

T. hadni 

T. ockracea 

Jadnmmina macrescens 

Gaudryina exilis 

Textularia earlandi 

Quinqueloculina agglutinans 

Q. agglutinata 

Q. dimidiata 

Q. durandi 

Q. lamarckiana 

Q. lata - - - - - 12.7 - - - - - - 0.7 - 
Q. seminula - 3.3 - 0.3 - - - - - - - - - - 1.3 

Q. vulgaris 0.3 - - - - - - - - - - - - 
Triloculina breuidentata - - - - - - - - - - - 0.7 1.3 

T. subrotunda - - - - - L - - - - - - - 
Globigerinita glutinc 

Globigerinoides rub 

G. sacculifer 



Bolivina striatula 

Anrphistegina radiata 

Haynesina germmica 

Hanmaia  asterizans 

H. concentrica 

H. nitidula 

Ammonia baccarii 

A. advena 

A. parkinsoniana 

A. pauciloculata 

A. sobrina 

A. tepida 

Astmrotalia dentata 

10sa 

n advenum 

:ianum 

atum 

Elphidiun 

E. alvarei 
r --a:--.# 

im 

rlatum 

E. crispu 

E. discoid 
r 

m .  
kle 

tum 

tonense 

p i  

ulum 

r um 



Table 4. Percentage occurrence of foraminifera1 species in total population during late premonsoon season (May) 

Outer channel Central sector Northern sector 
Station number 1 2 3 4 5 6  7 8 9 10 11 12 13 14 15 

~iferal species Foramin 
Miliamm 

Havloahl 
rina fusca 

, , ragmoides canariense 
Ammobaculites directus 
A. exiguus 
Amrnotium fragile 
Trochammina advena 
T. hadai 
Tiphotrocha kellettae 
Jadammi :ens 
Gaudryi? 
Textularia earlandi 
Quinqueloculina dimidiata 
Q. lamigata 
Q. lamarckiana 
Q. seminula 
Q. tenagos 
Q. vulgaris 
Miliolinella subrotunda 
Triloculina brevidentata 
7'. trigonula 
Globigerinita glutinata 
Globigerinoides sacculifer 
Bolivina pseudoplicata 
B. striatula 
Hopkinsina pacifica 
Rosalina globularis 

na macresc 
za exilis 



R. leei 
Planulina b 
Ampkistegina rndiata 
Haynesina germanica 
Nonion depressulum 
Nonionellin, 
Protelpkidi~ 
P. tisburyei 
Hanzawaia 
H. concenti 
H. nitidula 
Ammonia b8 
A. advena 
A. parkinsonlana 
A. pauciloculata 
A. sobrina 
A. tepida 
Asterorotalia dentata 
A. inflata 
A. frispinosa 
Elpkidium advenum 
E. alvarenianum 
E. crispum 
E. discoidale 
E. excavatum 
E. galvestor 
E. hispidulr 
E. incertum 
E. mexicant 

a labradori 
rm sckmitt 
nse 

eccarii 
I . ,  U., 

7.0 15.6 
- 0.3 --  -- 

tense 
im 
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3, 11 a1 
lar and ! 

~d 12 a 
so also s 
. . 

I a tic 
zro ch 
+Y wi 

is that many of species are absent fron 
majority of samples, which leads to zc 
values in more than half of the data matr 
Transformation of data does not alter tE 
Thus, measures which take into accor 
of joint absences are not robust enough to 
be generally applicable (Field et al., 1982). 
Therefore, the measure used by Bray and 
Curtis (1957) has been applied here, since 
it is not affected by joint absences (Field 
and McFarlane, 1968) and hence suffi- 
ciently robust for faunal data. Yet it gives 
more weight to abundant species than to 
rare ones. 

In this study, in November, similar 
by this measure in the outer channel is 
< 40%. St 3 is observed to have > 70% 
similarity with stations of the northern 
sector. Similarity between the stations of 
central sector and northern sector is found 
to be better (60-90%) mostly. Within the 
northern sector, 60-90% similarity for the 
common species has been observed. 

In March, stn 8,9 and 10 are found to 
have 70-80% similarity, while stn 11-15 
have shown > 90% similarity in the occur- 
rence/ non-occurrence of common fora- 
miniferal species. The outer channel sta- 
tions have shown only < 40% similarity 
with stations of the central and northern 
sectors. Similarly stations of the central 
sector have shown only < 50% affinity 
with stations of the northern sector ex- 
cept sts 10-12. 

Duril ', stn 1( 
found tc 11y simil 
13-15 in tne northern sector with respect 
to abundance of common species. Sta- 

)ns which are highly dissimilar are the 
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