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Examination of phytoplankton (September 1987) at 100 stations in Chilka lagoon revealed characteristic

response gradients in species composition and abundance in relation to ambient water quality, particularly
salinity. Altogether, 5 ecological zones could be distinguished in the study area each of which supported
characteristic species of phytoplankton namely, PeridiniulIl hrcvipes in zone I with relatively high salinity (av.

13.27 x ]() - 3); Oscillatoria limncfica (zone 11,6.99 x 10 - 3); 0 .limnetica and Sfcphanodiscus sp. (zone III,

4.34 x 10- 3) and Stephanodiscus sp. and Navicula sp. (zone IV, 1.24 x 10- 3). In zone V, influenced by sea

(salinity 6.32 x 10- 3), in addition to several marine species, 5;tephanodiscus sp. occurred in large numbers.

/

Coastal lagoons, which occupy as much as 13% of the
coastlines are extensively used as harbours, recreat
ion areas and for their mineral resources. Each of

these human requirements presents additional stres
ses on the lagoon ecosystem affecting its water quality
and life. In recent years Chilka lake, situated on the
east coast of India, has undergone considerable chan
ges attributable to an upsurge of urban activity in that
area. Over the years, the lagoon has become shallow
due to heavy siltation caused by river inflows and land
drainage. There is extensive weed growth in this area
particularly at the penphery where much of the waters
are effectively stagnant. The primary objective of the
study has been to find out the effects of recent changes
on phytoplankton standing crop in the lagoon as det
ermined by diverse environmental factors in that ar
ea.

Materials and Methods
Chilka lake which is primarily brackish in nature is

roughly pear shaped and covers a total area of nearly
900-1100 km2 • Topographically, the lagoon can be
divided into 2 regions namely, the outer channel and
the main area. Appreciable quantities of freshwater
are discharged into the lagoon by a number of rivulets
and rivers namely, Daya, Bhargabi and Nuna which
open at the northeast side.

Physico-chemical and biological examination of
surface and bottom waters was carried out at 100sele

cted stations in the lagoon (Fig. I) from 4 to 26 Septe
mber 1987corresponding to the southwest monsoon
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period. The sampling stations were determined using
a field compass obtaining bearings from land mark
ings such as hills, islands, etc. Among the water qual
ity parameters temperature, secchidisc transparen
cy, turbidity, salinity,pH, disso]vedoxygen, inorga
nic nitrogen, phosphate, silicate and ch]orophyll (a, b
and c) were studied following standard methodsl.2.
Qualitative and quantitative enumeration ofphytop
lankton was carried out following Lugol's iodine tec
hnique3 based on unit samples (II) and net hauls. A
Sedgwick-Rafter counting chamber was used for
making cell counts. Phytoplankton diversity was cal
culated as suggested by,Margalef4.

Results and Discussion
During the study, marked variations in the water

quality particularly salinity were noticed between di
fferent regions in the lagoon (Table I). Based on this
and phytoplankton distribution, it was possible to
divide the lagoon into five ecological zones (Fig. I)
namely, zone I corresponding to Rambha Bay (salin
ity 10.76 -]5.83 x 10-3); zone II, central sector
(5.05-13.8 x 10-3); zone III, intermediate between
central and north sectors (2.85-9.66 x 10-3); zone
IV, nort.h sector with dilute water (0.55-4.75 x 10- 3);

and zone V representing the channel area (4.75-7.59
x 10 - 3). Table I presents data on the physico-chemi

cal and biological characteristics of waters in these
zones.

Appreciable differences existed in the environmen
tal conditions in the lagoon which showed characteri-
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Fig. I-Station locations and ecological zones in Chilka lake

stic response gradients. For instance, there was a ste
ady decrease in lagoon depth (av.) from 1.4m in zone I
in the south to 0.9 m in zone IV in the north which was
attributable to heavy siltation caused by the rivers
opening in the north sector. Similarly, water transpa
rency decreased from south (0.8 m) to north (0.2 m)
while turbidity increased (25.6 to 86.2 ppm). The inv
estigation also revealed a steady south-north gIadat
ion in salinity caused by dilution from rivers. It was
found that salinity was maximum (15.83 x 10-3) in
Rambha Bay (zone I) free from any freshwater disch
arge and minimum (0.55 x 10-3) in zoneIV, subjec
ted to maximum freshwater inflow. Variations in

both pH (7-10) and dissolved oxygen (2.7-16.9
mg.l- I) remained marked in zone I, where there was a
rich growth of rooted hy"drophytes. During the study,
the concentration of inorganic nitrogen, phosphorus
and silicon in general increased in the direction of

zone IV in the north. This was particularly evident in
the case of NOz-N (0.13-.0.81 Jlg-at.l-I) and Si04-Si
(48.5~83.4 Jlg-atr I), attributable to greater nu
trient inputs through river inflow. It was noted that
while there was no appreciable difference in chI a and
b, the concentration of chI c was relatively high (15.9
mg. m - 3) in zone IV (Table 1).

Altogether, 97 species of phytoplanktonic organ
isms were encountered during the study. The organ
isms consisted of chiefly members of the families Cya
nophyceae, Euglenophyceae, Dinophyceae, Bacilla
riophyceae and Chlorophyceae. Among cyanophyc
eans, there were 13species of which Oscil/atoria /imn
etica, Synechocystis aquati/is, Anabaena toru/osa and
Merismopedia tenuissima were important in the order
of their abundance. Of these, O./imnetica outnwnbe
red others contributing 72.98% of the overall phyto
plankton population. The euglenophyceans were re-
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Table I--Physico-chemical and phytoplankton parameters in Chilka lake

Parameters

Zones (no. of stations)

I (3i1)

II (20)III (17)IV (16)V (9)

Depth (m)

0.5-3.00.3-1.70.4-1.60.2-1.50.4-2.1

Temperature ('C)
(S)29.0-36.0 30.5-35.028.8-33.030.0-33.532.0-32.5

(B)

28.0-34.5 30.2-33.030.0-32.529.5-32.631.2-32.4

Transparency (m)

0.4-2.20.2-1.20.1-0.9Nil-0.70.3-0.6

Turbidity (ppm)
(S)6.0-74.0 13.0-15013.0-15013.0-15020.0-50.0

(B)

8.0-150 26.0-15043.0-15020.0-15028.0-126

Salinity (x 1(3)

(S)10.76-15.10 5.05-9.03.05-4.750.55-4.755.55-7.15

(B)

10.76-15.83 5.15-13.802.85-9.660.55-3.504.75-7.59

pH
(S)7.0-10.0 7.7-9.07.5-9.07.0-9.07.5-8.5

(B)

7.0-9.0 7.5-8.57.5-9.07.5-8.57.5-8.5
Dissolved

(S)5.3-16.9 2.0-8.36.0-8.26.2-12.65.2-7.0

oxygen (mg. 1- I)
(B)2.7-10.6 1.9-7.75.3-7.75.6-10.65.7-6.7

NHrN (l1g-at.l-')
(S)0.21-11.12 2.06-98.882.06-42.852.27-18.130.41-3.71

(B)

0.21-18.54 0.21-21.424.53-61.807.00-16.181.24-5.56

NOrN (l1g-at. I-I)
(S)N.D.-0.73 0.03-2.400.06-3.750.17-2.690.06-0.47

(B)

0.03-0.88 0.06-1.140.01-3.980.20-1. 930.15-0.29

NOrN (l1g-at.l- I)
(S)N.D.-1.654 N.D.-2.035N.D.-3.381N.D.-1.9730.098-0.923

(B)

N.D.-3.584 N.D.-2.001N.D.-3.146N.D.-l.8570.395-1.206

P04- P(l1g-atr I)

(S)0.07-1.01 N.D.-0.610.11-6.15N.D.-0.900.27-1.09

(B)

0.07-0.87 N.D.-0.360.14-0.940.14-1.190.22-0.94

Si04-Si (l1g-at. 1-·')
(S)11.0-68.0 14.0-85.031.0-100.023.0-150.060.0-70.0

(B)

14.0-68.0 19.0-85.025.0-100.024.0-130.035.0-70.0

Chlorophyll a(mg.m - 3)

(S)N.D.-5.58 N.D.-12.53N.D.-13.38N.D.-9.30N.D.-3.98

Chlorophyll b(mg.m - 3)

(S)N.D.-18.60 N.D.-14.50N.D.-16.32N.D.-9.781.44-4.13

Chlorophyll c (mg.m - 3)

(S)N.D.-17.93 N.D.-32.50N.D.-37.75N.D.-59.030.94-15.36

Total chlorophyll (mg.m - 3)

(S)N.D.-36.57 N.D.-59.53N.D.-67.054.18-60.165.86-17.89

Number of phytoplankton specIes

3930163043

Species abundance (no. mi·- ')

Nil-736010-600640Nil-38850Nil-904060-1830

Dominant species

PeridiniumOscillatoriaOscillatoriaStephanodiscus sp. Stephanodiscus sp.
hrevipes, 68.09%

limnetica, 93.97% limnetica, 65.28%77.19%91.32%

Synedra afjinis,
Stephanodiscus sp.Navicula sp. II

7.9% Mastoglhia

22.39%16.10%

exigua, 6.0% Salinity zone

cx-mesohaline~-mesohalinecx-oligohaline~-oligohaline~-mesohaline
Diversity-Margalef (d)

2.892.271.282.120.81

N.D. = Not detectable; S = Surface, B= Bottom

presented by 4 species of which Euglena sp. was relati·
vely more important. The dinophyceans consisted of
3 species among which Peridinium brevipes (3.19) was
numerically the most important. The Bacillariophyc
eae were the most conspicuous since they were repres
ented by as many as 60 specie!ithat occurred at a majo
rity (81) of stations studied. Among them, the predo
minant taxa were Biddulphia heteroceros, Chaetoce
ros sp., Rhizosolenia sp., Stephanodiscus sp., Tricerat
ium sp., Nitzschia closterium, Navicula sp., Pleurosi
gma affinis and Synedra affinis of which Stephanodis
cus sp. was the most important on account of its prev
alence and relative dominance (15.13 %). The chioro
phyceans were represented by 16 species notably, Spi
ro~yra sp., Monoraphidium sp., Cosmarium sp., and
C/osterium sp. in the order of their abundance.
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QuantitatIvely, phytoplankton abundance in the la
goon varied from nil at stations (PIS, Q13, R14,
S13-l6) located near river mouth (turbidity> 150
ppm) to a maximum of 60640 no. ml-t at st 114in zone
II.

Different :z;onesin the lagoon supported character
istic assemblages of phytoplankton dominated by
one or two species which were greatly affected by sali
nity in that area. For instance, in zone I where the
salinity was relatively high (av. 13.27 x 10- 3), the
phytoplankton was dominated by Peridinium brevi
pes (58%) followed by diatoms, SYfJedra affinis
(7.9%) and Mastogloia exigua (6%). In zone II (av
salinity 6.99 x 10-3), the population consisted of
overwhelming numbers oftheblue-greenalga, Oscil/
atoria limnetica (93.77%). Similarly, in the transitio-
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nal zone III (4.34 x 10-3), the phytoplankton was
dominated by O./imnetica (62.25%) and the diatom,
Stephanodiscus sp. (22.39%). In zone IV where salin
ity was lowest (1.24 x 10-3), the predominant species
were Stephanodiscus sp. (77.19%) and Navicula sp.
(6.1 %). Similarly, while the number ofphytoplank
ton species was maximum (39) in Rambha Bay
(zone I) characterised by relatively high salinity, in
zone IV, subjected to maximum dilution, there were
only 16 species. Margalef diversity indices (d) revea
led maximum values (2.89) in zone I and minimum
(1.28) in zone IV (Table 1).

In zone V corresponding to outer channel, the envi
ronmental conditions were largely determined by its
proximity to the sea. Here, both water transparency
(av. 0.5 m) and turbidity (30.9 ppm) improved margi
nally; salinity increased relatively (4.75-7.59 x
10-3); dissolved oxygen (5.2-7.6 mg. 1-1) and pH
(7.5-8:5) became more stable as also inorganic nutri
ents and phytoplankton pigments (Table 1). Biologi
cally zone V remained markedly different since it sup
ported as many as 43 species of phytoplankton of
which 32 species remained restricted to this area.

Phytoplankton species composition in the lagoons
depended to a great extent on the hydrological condi
tions5. Under brackish or hypersaline conditions of
Mukwe Lagoon, Ghana, fewer species were present
than in ,the adjacent estuarine Sakumo lagoon6• In
lake Edku, an Egyptian lagoon 7 which received cons
iderable freshwater runoff, most of the species were
either freshwater or brackish water forms. Lagoons
that receive rich dissolved organic matter, as lake Ma
riut, Egypt8, Venice lagoon9 and the lagoon of Alvar
do, Mexico10 had members of Eugleninae. Often a
single taxonomic group constituted the bulk of the
phytoplankton population. For example, in the ocea
nic lagoons of Faa 11,diatoms constituted nearly 50%
of the phytoplankton population, while in Puttalam
lagoon, Ceylon 12,70 out of75 taxa were diatoms. In
the case of Puerto Rico lagoons13 dinoflagellates do
minated the phytoplankton crop. Monospecific blo
oms of microplankton such as euglenoids and penn
ate diatoms were common in southern coastal islets o,f
Puerto Ricol4. In the Barrier Island lagoon of Gulf of
California 15,where microflagellates dominated nan
oplankton, while smaller pennate diatoms constitu
ted about 25% of the nanoplankton in the eutrophic
areas, in the oligotrophic regions they never exceeded
1% and myxophyoeans and a large number of dinofl-

agellates occurred as co-inhabitants there. In all
these cases, distribution of phytoplankton WflS grea
tly determined.by the salinity of the waters. Locally,
phytoplankton distribution patterns observed in
Chilka lagoon revealed characteristic response grad
ients as determined by salinity. For instance, in the
southern sector (zone I) where the salinity was high,
the principal dominants among the phytoplankton
were dinoflagellates. In the intermediate regions of
reduced salinity (zones II and III), the cyanophyce
ans were relatively more conspicuous. In the regions
of maximum dilution (zone IV), the phytoplankton
was dominated by diatoms and certain chlorophyce
ans of freshwate'r nature. In the outer channel (zone
V) near the proximity of the sea, the inhabitants were
mostly of marine origin.
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