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Present study consists of phytoplankton community of Gopalpur creek in pre-monsoon, monsoon and post-monsoon
season There was a significant seasonal variation in water temperature (p < 0.01). Salinity and pH varied significantly
(p < 0.05) among the stations. Chlorophyll a and phytoplankton density found to vary significantly (p < 0.01) among
seasons rather than the stations. A total of 99 phytoplankton species were identified. Diatoms formed 77, dinoflagellates 14,
green algae five, blue green algae two and cocolithophore one species. Phytoplankton species composition was found
dissimilar in the three seasons. In pre-monsoon Noctiluca scintillans, Thalassiothrix longissima, Odontella sinensis,
Thalassionema nitzschioides, Coscinodiscus gigas, Rhizosolenia alata formed the dominant species. In monsoon,
Rhizosolenia alata, Pleurosigma elongatum, Melosira sulcata, Amphora coastatum, Rhizosolenia setigera dominated the
phytoplankton population. In post-monsoon Odontella sinensis, Rhizosolenia setigera, Coscinodiscus gigas, Thalassiothrix
longissima, Noctiluca scintillans, Oscillatoria spp. dominated. Univariate diversity indices showed maximum diversity
during post-monsoon. Pielou’s evenness (J') and Simpson’s dominance have shown little variation among the seasons.
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Introduction

Phytoplankton at the base of the marine food chains
has evolved into a diverse group of photosynthetic
organisms. These are the skeleton of food web
dynamics, which control many ecological processes
such as, carbon budget', modulation of sea surface
temperature (SST) through absorption of solar
radiation affecting global climate” etc. They are very
efficient and easily detectable indicators of ecological
alteration. Food chain trophic conditions can be
estimated by assessing the phytoplankton abundance
and chlorophyll concentrations®™. Presence of certain
species of phytoplankton can trigger the fishery or
deplete aso resulting toxicity. Patterns of phytoplankton
and water quality are interdependent in nature’.
Phytoplankton analyses can be utilized as indicators
of water quality change in the system®. For the last
few decades, there has been much interest to study
different factors influencing the development of
phytoplankton communities, primarily in relation to
physico-chemical factors™. Phytoplankton composition
is affected by different environmental factors such
as pH, light and temperature™.

Review of literature shows that some work on
floristic composition of phytoplankton of south coast
of Odisha with occurrence of blooms has been
reported by several workers™"". Thorough perusal of
literature revealed a few published study, fully or
partialy related to the water quaity of the study
area™ ™, Present study primarily focuses on the
determination of the seasona variation in phytoplankton
community with its associated physicochemical
parameters which was previoudy attempted by
Choudhury and Panigrahy in January 1987 to
December 1988 with the report of Asterionella
glacialis bloom™. After along interval of 21 years our
study is directed to bridge the gap. As the study area
is under the influence of anthropogenic pressure by
means of receiving pollutants from Gopalpur
Township and nearby hatcheries.

Materialsand Methods

Gopapur creek is a backwater biotope situated
in the north-eastern side of Gopalpur NAC aong
southern Odisha (latitude 19°16'22"N - 19°15'39"N
and longitude 84°54' 0.6"E - 84°55' 15" E)and connected
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to Bay of Bengal by means of asmall channel (Fig. 1).
The locations of five study sites (S-1 to S-5) are also
shown in Fig .1. Average annual rainfall of the region
is 1,210 mm® and has semidiurnal tidal pattern®.
Regular influx and outflux of seawater makes this
ecosystem fragile. In summer, due to formation of
sand bar, the inlet is normally closed. Seawater enters
to the creek by means of seepage through porous
sandbar’® and flushing during regular high tide. In
monsoon, the creek receives freshwater from adjacent
agriculture fields as runoff whereas in post-monsoon,
by means of a small stream “Nandia Nala”. This
area is having immense importance due to its
capture (marine fishes) and culture (shrimp)
fishing activities'®. Nearby presence of Gopalpur Port,
introduction of pollutants by means of sewage
discharge from Gopalpur Township, agricultural
runoff, oil spills due to regular mechanized fishing boat
movements and anthropogenic influence due to
tourism activities of Gopalpur beach, one of the
famous beaches of Odisha receive attention for the
scientific study of this area.

Sampling description

Water samples were collected from five selected
stations (Fig. 1) within Gopalpur creek. Three field
surveys were made during pre-monsoon (PRM),
monsoon (MON) and post-monsoon (POM) of year
2010. Above seasons [PRM (Mar-Jun), MON (July-
Oct), POM (Nov-Feb)] were classified according to
the onset and termination of south west monsoon
which is the climatic factor of the study area'®. At
each station, surface water samples were collected
using a plastic bucket. Air and water temperature
were measured using a mercury filled centigrade
thermometer of t 0.1°C accuracy. The pH of the water

sample was recorded by a digital field pH meter
(Model Eutech pH scan 2) with an accuracy of
0.1 unit. Water samples for estimation of sainity were
collected in separate containers and taken to the
laboratory for analysis. Samples for the analysis of
dissolved oxygen (DO) were fixed with Winkler's A
and B solution. Phytoplankton samples were collected
by surface hauling and preserved with acid Lugol’s
iodine solution. All the sample collections were made
during high tide.

Laboratory analysis

Salinity was estimated following the Knudsen's
titrimetric method® and expressed in PSU. DO was
analyzed by Winkler's titration method®. Phytoplankton
samples, preserved with Lugol’s iodine solution,
were analyzed for phytoplankton cell density and
taxonomic identification. 1 mL of the concentrated
sample was placed in a Sedgwick Rafter cell and
observed for identification and counting under a
compound microscope. Standard literature such as
Easter E. Cupp®, Newell & Newell”® and Verlencar
and Somshekar”® were referred.

Data Analysis

The data was classified into three seasons. Pre-
Monsoon (PRM), Monsoon (MON) and Post
monsoon (POM). Anaysis of variance (ANOVA) was
applied to hydrographic and biologica datasets
obtained to see any significant variation among
seasons as well as stations. Correlation analysis
among all the parameters was performed to find
out any possible redationship between them.
Univariate measures [ Shannon-Wiener diversity index
(H), Margalef’s species richness (R) and Pielou's
evenness (J), Simpson dominance (D)] were
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Fig. 1—Showing sampling locations (Numerical figures 1-5) in the study area map
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determined using PRIMER (Plymouth Routines in
Multivariate Ecological Research, Version 5).

Species Richness” [R] = (S- 1)/In N

S = number of taxa
N = number of individuals.

Species Diversity: Shannon Diversity Index® [H1]
H=Y-(P*InP)

=1

H = the Shannon diversity index

P, = fraction of the entire population made up of

speciesi
S = numbers of species encountered
> = sum from species 1 to species S

Species Evenness® [J]

J=H/InS
H = Shannon — Wiener diversity index
S = total number of speciesin the sample

Species Dominance: Simpson’s Dominance Index®
(D]

D =Y (pi)*
D= Simpson's Dominance Index
P, = fraction of the entire population made up of
Speciesi
Results

Hydrographic parameters

Hydrographica parameters such as air temperature
(AT) (Fig 2d), water temperature (WT) (Fig 2b),
salinity (Fig. 2f) and pH (Fig. 2e) showed tempora
variation during the present study. Mean values of
the hydrographical parameters are given in Table 1.
AT and WT were found lower in monsoon season
due to south-west monsoon and followed the
trend PRM>POM>MON. This type of trend was also
observed at Mandarmani creek, West Bengal®.
Spatial variation in water temperature at the stations
might be influenced by viable intensity of prevailing
streams and the resulting mixing of sea water®.
Transparency of the creek ranged from 0.52 to 2.5 m
(avg 1.1 m) with higher transparency in post monsoon
(Fig. 2c). Average sdinity was found higher in
pre-monsoon period (32.19 PSU) but minimum in
monsoon season (28.48 PSU) (Table 1). This type
of seasonal variation was aso observed by many
authors™***, Recorded sdinity values were in close
approximation with the observations of Choudhury

and Panigrahy®®. Station wise salinity values were
found to be lower towards inner creek and were
gradually increasing towards the outer creek in all
the three seasons (Fig. 2f). pH was aso found
lower in monsoon season due to freshwater influx asa
result of south-west monsoon rain and was lower
towards inner creek which first receives the land
runoff water (Fig 2€). DO values ranged from 5.10 to
8.10 mg/L (Avg 6.65 mg/L) with higher values in
MON (Fig. 2d).

Present study recorded higher chlorophyll a
concentration both in PRM and POM than MON.
Similar trend was also reported by several authors®™?'.
It ranged between 1.63 and 593 mg/m’® (avg
427 mgm®), 054 and 111 mgm® (avg
0.83 mg/m®), 1.56 and 6.32 (avg 3.85 mg/m’) in
PRM, MON and POM respectively (Table 1). Station
wise chlorophyll a concentration increased from outer
creek to inner creek. Higher chlorophyll a values in
inner area suggests there is good availability of
nutrients for growth and proliferation of phytoplankton.
Phytoplankton population also followed the same
seasonal trend as chlorophyll a. Similar trend in
phytoplankton abundance was also reported in at
Brahmani estuary by Palleyi et al.®,

Phytoplankton Community

Taxonomic identification revealed a total of 99
species of phytoplankton, of which 77 species are of
diatoms, 14 species are of dinoflagellates, 5 species
are of green agae, 2 species are of cyanobacteria
(blue green algae) and 1 species of cocolithophore in
the creek during the observation period (Table 2).
According to the number of species under different
groups a pattern of Diatom > Dinoflagellate > Green
algae > Cyanobacteria > Cocolithophore was noticed.
This type of trend in species number was also in
conformity with several workers®®3, Further the
seasonal variability of phytoplankton community is
described as below.

During premonsoon, the phytoplankton population
varied from 23232 to 82956 Nos/L (avg 56918
Nos./L). Dinoflagellates dominated the phytoplankton
community followed by the diatoms (Table 3). The
other groups found were green algae, cyanobacteria
and cocolithophore. Stationwise dinoflagellate,
diatom and phytoplankton population gradually
increased towards the inner creek (Fig. 2h, 2i, 2j). The
species viz. Noctiluca scintillans (5.7%), Thalassiothrix
longissma (4.9%), Odontdla sinensis (4.7%),
Thalassi onema nitzschioides (4.7%), Coscinodiscus gigas
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Fig. 2—Graphs of different hydrographic and biological parameters [ato j] (PRM: Pre-monsoon,MON: Monsoon, POM: Post-monsoon)
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Table 1—Range and average (avg) of hydrographic and biological parameters

PRM MON POM
Parameters Min Max Avg Min Max Avg Min Max Avg
Air Temp(°C) 29.8 312 30.5 249 26.3 252 28.6 294 29.0
Water Temp (°C) 294 29.7 29.6 22.2 25.6 238 254 27.6 26.6
Transparency(m) 0.5 14 0.9 0.65 141 0.9 0.7 25 1.7
Salinity(PSU) 29.95 3341 32.19 21.33 331 28.48 26.61 33.67 29.63
pH 7.55 8.15 7.93 6.81 8.05 7.46 6.93 8.11 7.68
DO (mg/L) 6.10 6.52 6.24 7.22 8.10 7.69 5.10 7.10 6.02
Chlorophyll-a (mg/m*/Nos./L) 163 593 427 054 111 083 15 632 385
Phytoplankton (Nos./L) 23232 82956 56918 11230 22568 16410 23940 88290 57623

(4.2%), Rhizosolenia alata (4.0%), Triceratium favus
(3.8%), Coscinodiscus eccentricus (3.7%) were found
abundant (Table. 2). Similar type of phytoplankton
species with the dominance of Noctiluca scintillans
(Dinoflagellate) aong south Odisha coast was
reported by Mohanty et al.*".

During monsoon, phytoplankton population ranged
from 11230 to 22568 Nos./L (avg 16410 Nos/L).
Diatoms dominated the community followed by
cyanobacteria. (Table 3) Diatom, dinoflagellate and
phytoplankton population had not shown any
conspicuous variation among stations (Fig. 2). As
compared to other seasons the population was low
which can be probably attributed to the change in
hydrographic parameters. Species viz. Rhizosolenia
alata (5.0%), Pleurosigma elongatum (4.3%),
Melosira sulcata (4.1%), Amphora coastatum (4.0%),
Rhizosolenia setigera (3.6%), Ditylum sol (3.4%),
Surirela fluminenss (3.3%) dominated the popul ation.

During post monsoon, the phytoplankton population
varied from 23940 to 88290 Nos/L (avg 57623
Nos./L). In this season increased abundance values in
the creek might be due to the fact of improvement in
salinity and nutrient structure®. In  postmonsoon
cyanobacteria dominated the phytoplankton community
followed by diatoms (Table 3). As compared to other
seasons, this season had shown high population
density. This might be due to increased nutrient influx
from rainwater and land runoff’>* Station wise
diatom, dinoflagellate and phytoplankton population
gradually increased towards the inner creek exhibited
the similar trend of premonsoon. Species like
Odontella sinensis (5.3%), Rhizosolenia setigera
(5.1%), Coscinodiscus gigas (4.7%), Thalassiothrix
longissma (4.5%), Noctiluca <cintillans (4.2%),
Ogcillatoria sp. (3.8%), Coscinodiscus eccentricus
(3.6%) were found abundant (Table 2).

To know about any difference in the phytoplankton
diversity and dominance in different seasons,
univariate diversity indices are applied (Table 4).
Diversity indices have shown the variation in different
seasons. Marglef’s species richness (R) was found
higher in monsoon (4.630) than other two seasons
with low population density. This result is in
accordance with Madhav and Kondalarao®. Pidou's
evenness (J) and Simpson’s dominance (D) have
shown little variation among the seasons. It indicates
sharing of al the species in the ecosystem almost
equal in the three seasons. Shannon Weiner Diversity
index (H') was found higher in post monsoon (3.792).
This result is supported by the observations of Bosak
etal. *. at Lim Bay.

Discussion

Hydrographical parameters like water temperature,
sadinity and DO have shown significant seasonal
variation in Gopapur creek. Lowest water
temperature was recorded in monsoon season which
might be due to influx of freshwater and cloudy
condition. Transparency of the water decreased much
in monsoon season due to inflow of turbid rain water.
But the variation in transparency among seasons and
stations were found not to be significant. pH did not
show any significant variation among season than
among stations. Smaller seasonal variation shown by
pH in coastal ecosystem was due to precipitation,
reduction in salinity and temperature, decomposition
of organic matter.

We evauated Pearson correlation coefficient
matrix of water quality variables like different
hydrographica parameters, chlorophyll-phytoplankton
abundance and abundant phytoplankton groups
(Table 5). This helped to understand the strength
of relationships between the variables and which
variables covary with other variables®™.
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Species
Diatom
Actinotychus undulatus (J.W. Bailey) Ralfs,1861
Actinotychus sp. Ehrenberg, 1843
Amphisolenia bidentata Schroder,1900
Amphora coastatum
Amphora lineolata Ehrenberg, 1838
Asterionellopsis glacialis (Castracane) Round, 1990
Bacillaria paradoxa J.F.Gmelin in Linnaeus, 1791
Bacteriastrum delicatulum Cleve, 1897
Bacteriastrum varians Lauder, 1864
Biddulphia mobiliensis(J.W.Bailey) Grunow, 1882
Caloneis elongata (Grunow) Boyer
Caloneis madraspatensis
Campylodiscus sp. .Ehrenberg ex Kutzing, 1844
Chaetoceros constrictus Gran ,1897
Chaetoceros lorenzianus Grunow, 1863
Chaetoceros peruvianus Brightwell, 1856
Chaetoceros sp. Ehrenberg, 1844
Coscinodiscus centralis Ehrenberg, 1844
Coscinodiscus eccentricus Ehrenberg, 1841
Coscinodiscus gigas Ehrenberg, 1841
Coscinodiscus sp. Ehrenberg, 1839
Cyclotella meneghiniana F.T. Kutzing, 1844
Cyclotella sp. (Kutzing) Brebisson, 1838
Cyclotella striata (Kutzing) Grunow in Cleve & Grunow, 1880
Diploneis smithii (Brebisson in W. Smith) P.T. Cleve, 1894
Diploneis weissflogii (A. Schmidt) Cleve, 1894
Ditylum brightwelli (T.West) Grunow, 1885
Ditylumsol (A.Schmidt) Cleve, 1900
Eucampia sp. Ehrenberg, 1839
Fragilaria oceanica Cleve, 1873
Grammatophora marina (Lyngbye) Kutzing, 1844
Guinardia striata (Stolterfoth) Hasle, 1997
Gyrosigma balticum (Ehrenberg) Rabenhorst, 1853
Gyrosigma sp. Hassall, 1845
Hemidiscus hardmanianus Greville, 1865
Lauderia annulata Cleve, 1873
Leptocylindrus danicus Cleve, 1889
Leptocylindrus minimus Gran, 1915
Licmophora abbreviata C.A. Agardh, 1831
Mediopyxis helysia Medlin & Kihn, 2006
Mediopyxis sp. L. Medlin & Kuhn, 2006
Melosira sulcata (Ehrenberg) Kutzing, 1844
Navicula longa Greg.,1857
Nitzschia closterium (Ehrenberg) W. Smith, 1853
Nitzschia longissima (Brebisson in Kutzing) Ralfsin Pritchard, 1861

PRM

1440 (0.8)
722(0.4)
2565 (1.4)
1924 (1.0)
2880 (1.5)

3690 (1.9)
5670 (3.0)
3960 (2.1)
6990 (3.7)
7920 (4.2)

1280 (0.7)

2610 (1.4)
1280 (0.7)
1122 (0.6)
2610 (1.4)
1012 (0.5)
3420 (1.8)
1776 (0.9)
1980 (1.0)
2610 (1.4)

4950 (2.6)

1890 (1.0)

Table 2—Phytoplankton species composition (Nos./L) and their percentage (in bracket) during PRM, MON and POM (Contd.)

MON POM
480 (0.8) -

- 1890 (1.1)

- 1440 (0.9)
2470 (4.0) -

- 2205 (1.3)
1946 (3.1) 3690 (2.2)

- 2880 (1.7)

- 1441 (0.9)
572 (0.9) 1892 (1.1)
464 (0.8) -

340 (0.6) -
910 (15) -

- 1080 (0.6)
1298 (2.1) -
1393 (2.3) 4590 (2.7)

- 1980 (1.2)
467 (0.8) -
1272 (2.1) 5990 (3.6)
1611 (2.6) 7920 (4.7)

- 3420 (2.0)

- 900 (0.5)
1092 (1.8) -

419 (0.7) -

- 810 (0.5)
2080 (3.4) -

- 2610 (1.6)
910 (15) -

- 2160 (1.3)
1048 (1.7) 3330 (2.0)

- 330 (0.2)

- 2250 (1.3)

- 330 (0.2)
650 (1.1) 3060 (1.8)

- 1530 (0.9)
550 (0.9) -

- 900 (0.5)
267 (0.4) -
2553 (4.1) 1800 (1.1)

- 3356 (2.0)
1816 (2.9) -

- 2170 (1.3)

(Contd.)
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No.

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7

78
79
80
81
82
83
84
85
86
87
88
89
90
91

Table 2—Phytoplankton species composition (Nos./L) and their percentage (in bracket) during PRM, MON and POM (Contd.)

Species
Nitzschia penduriformis W. Gregory, 1857
Nitzschia seriata P.T. Cleve, 1883
Nitzschia sigma (K tzing) W. Smith, 1853
Nitzschia striata P.T. Cleve, 1883
Odontella sinensis (Greville) Grunow, 1884
Odontella sp. C. Agardh, 1832
Paralia sulcata (Ehrenberg) Cleve, 1873
Pinnularia alpina W. Smith, 1853
Planktoniella sol (C.G.Wallich) Schiitt 1892
Pleurosigma directum Grunow & Cleve, 1880
Pleurosigma elongatum W. Smith, 1852
Pleurosigma sp. W.Smith, 1852
Pseudonitzschia pungens (Grunow ex Cleve) G.R.Hasle, 1993
Rhabdonema mirficum W. Smith 1856
Rhaphoneis amphiceros Ehrenberg, 1844
Rhizosolenia alata Brightwell, 1858
Rhizosolenia castracanel H.Peragallo 1888
Rhizosolenia crassipina
Rhizosolenia robusta G.Norman ex Ralfs, 1861
Rhizosolenia setigera Brightwell, 1858
Rhizosolenia stylifromis Brightwell
Skeletonema costatum (Greville) Cleve ,1873
Sephanopyxisturris (Arnott in Greville) Ralfsin Pritchard, 1861
Surirella eximia Greville,
Surirella fluminensis Grunow, 1862
Synedra formosa Hantzsch, 1863
Thalassionema nitzschioides Grunow ex Mereschkowsky, 1902
Thalassiosira subtilis (Ostenfeld) Gran ,1900
Thalassiothrix longissima Cleve & Grunow, 1880
Trachyneis aspera (Ehrenberg) Cleve, 1894
Triceratium favus Ehrenberg,1839
Tropidoneis antarctica (Grunow) Cleve, 1894
Dinoflagellate
Ceratium densus
Ceratium extensum (Gourret) Cleve, 1900
Ceratium furca (Ehrenberg) Claparéde & Lachmann, 1859
Ceratium sp. Schrank,1793
Dinophysis caudata Saville-Kent, 1881
Noctiluca miliaris Suriray ex Lamarck, 1816
Noctiluca scintillans (Macartney) Kofoid & Swezy, 1921
Prorocentrum gracile Schutt, 1895
Prorocentrum maximum (Gourret) Schiller 1937
Prorocentrum micans Ehrenberg, 1834
Prorocentrum rostratum Stein, 1883
Protoperidinium sp. Bergh, 1882
Pyrocydtis fusiformis (Wyville-Thomson ex Haeckel) Blackman 1902
Pyrophacus steinii (Schiller) Wall & Dale, 1971

PRM

842 (0.4)
2430 (1.3)
5490 (2.9)
8820 (4.7)
3240 (1.7)

1901 (1.0)
1530 (0.8)

2430 (1.3)
7650 (4.0)
3614 (1.9)
4324 (2.3)

5791 (3.1)
3420 (1.8)
3892 (2.1)
3240 (1.7)
1890 (1.0)
8930 (4.7)
3960 (2.1)
9225 (4.9)

7245 (3.8)

2790 (1.5)

1814 (1.0)
10866 (5.7)
1890 (1.0)

3970 (2.1)

5670 (3.0)

MON

1592 (2.6)
456 (0.7)

2680 (4.3)
3113 (5.0)

1393 (2.3)
2234 (3.6)

862 (1.4)
929 (1.5)
2046 (3.3)
964 (1.6)
720 (1.2)
2822 (4.6)
900 (1.5)

1120 (1.8)

680 (1.1)
228 (0.4)

1120 (1.8)
780 (1.3)
1857 (3.0)
960 (1.6)
464 (0.8)
290 (0.5)
568 (0.9)
900 (1.5)
1008 (1.6)

POM
3690 (2.2)

720 (0.4)
5490 (3.3)
8820 (5.3)
2250 (1.3)

3960 (2.4)
1151 (0.7)
1530 (0.9)
1080 (0.6)
2430 (1.4)
4905 (2.9)
3540 (2.1)

8550 (5.1)

4417 (2.6)

3240 (1.9)

3645 (2.2)
4257 (2.5)
7504 (4.5)

1710 (1.0)
1665 (1.0)

7020 (4.2)
1710 (1.0)
1890 (1.1)
3240 (1.9)

(Contd.)
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Table 2—Phytoplankton species composition (Nos./L) and their percentage (in bracket) during PRM, MON and POM (Contd.)

No. Species
Green algae

92  Chlamydomonas marina Cohn

93 Chlorella marina Butcher, 1952

94  Chlorella salina Kufferath, 1919

95  Oocystis sp Nageli ex A.Braun, 1855

96 Pediastrumsp. Meyen, 1829
Cyanobacteria

97  Oscillatoria sp. Vaucher ex Gomont, 1892

98  Trichodesmium erythraeum Ehrenberg, 1830
Cocalithophore

99  Phaeocystis sp. . Lagerheim, 1893

PRM MON POM

- - 1710 (1.0)
1530 (0.8) 926 (1.5) -
2222 (1.2) 900 (1.5) 2220 (1.3)
1924 (1.0) 432 (0.7) 990 (0.6)

- 1254 (2.0) -

- 520 (0.8) 6390 (3.8)
1032 (0.5) 1404 (2.3) -
1710 (0.9) 1050 (1.7) 2070 (1.2)

Table 3—Season wise and station wise variation of phytoplankton groups

Season Station Diatom Dinoflagellate
PRM 1 3519 1890
2 1650 1018
3 4914 4140
4 4344 3380
5 4964 10866
Average 3671 4500
MON 1 1648 1393
2 1437 872
3 1271 493
4 1495 1050
5 1262 730
Average 1290 864
POM 1 1771 1620
2 2419 1800
3 4394 4140
4 5179 -
5 4783 16200
Average 3047 2873

Green algae Cyanobacteria Cocolithophore

1530 - -
1384 1032 -
0 -
1778 - -
2565 - -
1892 1032 342
1254 520 -
432 - -
1050 -
652 1404 -
878 962 210
720 - -
990 - -
1710 - -
2880 6390 -
3060 - 2070
1640 6390 2070

Results indicate a strong significant positive
correlation between salinity and pH. Coastal water
pH found to vary with salinity®. It can also be noted
that the backwater pH is subjective to tidal sainity.
Dissolved oxygen showed a significant negative
correlation with air temperature as well as with water
temperature. This result validates the fact that as
the water temperature goes up, the concentration of
dissolved oxygen goes down®. Dissolved oxygen
aso was found performing negatively with pH.
Thisis being in accordance with the finding of Ingole
and Parulekar®. Chlorophyll a exhibited a negative
correlation with DO. Similar type of observation
had been reported by Pip*’. Chlorophyll aaong with

different dominant groups of phytoplankton exhibited
positive relationship with air and water temperature.
So it can be safely concluded that increase in
solar irradiance triggers the primary production®. A
very strong and positive significance (r=0.972)
was exhibited of the relationship by phytoplankton
abundance and chlorophyll a i.e edimate of
phytoplankton biomass®. Diatoms, dinoflagellates
and green algae performed a significant positive
correlation with chlorophyll a as well as with tota
phytoplankton abundance. From strong significant
positive values obtained from correlation matrix
the well pronounced dominant species were diatom
followed by dinoflagellates. Similar type of results
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were aso reported by Naik et al.* a Mahanadi
estuary and Turkoglu et al.* at Dardanelles (Turkish
Strait System) advocating the importance of positive
correlation of Chlorophyll a with phytoplankton
abundance than with different groups. Dinoflagellates
performed negative correlation with DO, pH and
salinity. Diatom performed positive correlation with
salinity and negative correlation with DO and pH. The
positive correlation of diatom with salinity signifies
salinity as a mgjor controlling factor of this group in
brackish and marine waters™.

Water temperature, salinity and DO have shown
significant variation (p < 0.01) among seasons
while pH has shown significant variation (p < 0.01)
among stations (Table 6). Significant variation of
many hydrographic parameters in tropical countries
like India is highly influenced by monsoonal rainfall,
tidal characteristics, evaporation and water current™.
Variation of pH is attributed to distance of stations
from the inlet and dilution of saline water by
freshwater influx*. Chlorophyll a and phytoplankton
density have shown significant variation (p < 0.01)
among seasons while the variation among stations
was not significant during the study period. Significant

Table 4—Univariate diversity indices during Pre-monsoon
(PRM), Monsoon (MON) and Post-monsoon (POM).

Univariate Diversity indices PRM MON POM
Total species (S) 53 52 55

Marglef’s species richness (R) 4279 4.630 4.492
Shannon Wiener Diversity index (H') 3.760 3.781 3.792
Pielou’s evenness (J) 0.946 0956 0.946
Simpson’ s dominance (D) 0.972 0973 0.973
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variation among seasonsis due to prevaence of different
hydrographic environment in different seasons™.

Regression anaysis between chlorophyll a and
phytoplankton density has shown a very good
linear trend (R?*=0.95) in the creek (Fig. 3).
Similar linear relationship was also documented by
many researchers™¥,

As far as species number is concerned, dinoflagellate
dominance in Indian coastal water was previousy
reported by Madhav and Kondalarao® during their
extensive field survey along the east coast. This
type of dominance of dinoflagellates (in premonsoon)
over diatoms is a little deviation against a lot of
reports on diatom dominance in world oceans**®*.
This deviation in community structure in premonsoon
compared to other two seasons might be due to low
turbulence and high nutrient environments which
favor dinoflagellate dominance™ .

Diatoms can tolerate a wide range of fluctuation in
salinity and temperature®. So in the present study
within the unstable physicochemical and nutrient
environment during south west monsoon again this
fact is proved with lower values of other groups®.
As compared to other seasons the population was low
in southwest monsoon which is probably due to
the change in hydrographic parameters due to influx
of freshwater through precipitation and wide
stratification as result of rainfall, increased turbidity,
decrease in pH and temperature®™*. During post
monsoon, the increased abundance values in the
ecosystem might be due to the fact of improvement
in salinity and nutrient structure®. In postmonsson
cyanobacteria dominated the phytoplankton community

Table 5—Pearson correlation coefficient matrix of hydrological and biological parameters

Transparency AT WT Sdinity pH
Transparency 1
AT 113 1
WT .376 8657 1
Sdlinity 641" 686" 9327 1
pH 572 343 693" 808" 1
DO -.219 -7727 -7537 -6107 -.339
Chl-a -152 7457 5000 317 -.018-.
Diatom -.143 70687 473 279 -.016
Dinoflagellate -.339 395 .180 -.018 -.304-.
Green algae -144 473 225 012 -.303
Phyto abundance -.084 7207 459" 291 -.030 -.

** Correlation is significant at the 0.01 level.
*. Correlation is significant at the 0.05 level.

DO

Chl-a Diatom Dinoflagellate Green algae Phyto abundance

1

628" 1

-567 9427 1

615" 721" 582" 1

-446" 608" 636" 582" 1

622" 972" 902" 723" 682" 1
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Table 6—One way ANOV A results of hydrographic and
biological parameters

Among seasons Among Stations

Parameters F Sig. F Sig.
WT 31171 .000 400 .805
Transparency 4.399 .037 2.098 .156
Salinity 9.190 .004 1.461 .285
pH 1.441 275 6.364 .008
DO 12.993 .001 .348 .840
Chlorophyll a 8.106 .006 .842 .529

Phytoplankton density 7.080 .009 .885 .507
Significant values (p < 0.01) are given in bold.
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Fig. 3—Regression line between chlorophyll a and phytoplankton
density

followed by diatoms (Table 3). Decline in diatom
population in post monsoon might be due to nutrient
limitation®. Cyanobacterial group was represented
by Oscillatoria spp. only (6390 Nos./L). Presence
or evolution of cyanobacterial members might be due
to low N:P in ambient water™®. High concentration
of P and a low N:P supply ratio is favorable for the
proliferation of cyanobacteria™. So, there may be any
external source of nutrients from the surrounding area
due to anthropogenic influence by nearby hatcheries
and Gopalpur town. This type of high cyanobacteria
number was also observed in Mahanadi estuary
during post monsoon and summer (2004-05) where
there were higher PO, concentration compared to
other seasons™.

Species composition in three seasons showed
the dominancy of different species groups in
different seasons. This might be attributed to change
in environmental variables specially nutrients and
temperature in different seasons®®. Genus like
Chaetoceros, Coscinodiscus, Nitzschia, Rhizosolenia,
Ceratium, Prorocentrum, Surirella, Thalassiothrix,

Thalassonema, Noctiluca, Bacillaria, Cyclotella,
Gyrosigma, Chlorella etc were common in all seasons
but with different composition®**“. Species Amphora
leneolata, Diploneis weissiflogii, Fragilaria oceanica,
Sephanopyxis turis, Triceratium favus etc were found
only in premonsoon period.

Perusal of literature regarding earlier studies on
phytoplankton spectrum of the study area revealed
one published manuscript in 1992 in which authors
Choudhury and Panigrahy had reported of 63 diatoms,
10 dinoflagellates, 7 green algae and 4 cyanobacteria.
Present study recorded 77 diatoms, 14 dinoflagel lates,
5 green algae and 2 cyanobacteria throughout
different seasons. An increase in species diversity of
diatoms and dinoflagellates can be noticed in the
present study compared to the earlier. Increment in
diatom species diversity indicates a good ecological
sign®. Decrease in cyanobacterial members justifies
the above though one species of this group i.e
Oscillatoria spp. outbursted in more number during
postmonsoon sampling which might be due to some
anthropogenic influence®. Present observation did
not come across any type of phytoplankton bloom
during the study period though diatom blooms**®,

Diversity index analyses were performed to
determine the variations in community structure of the
study area in order to find out a relation between
degree of pollution and variation in population
structure in case of pollution. Water quality can be
reflected by means of alterations in phytoplankton
community structure, its type of distribution and the
percentage of ecosensitive species in plankton
spectrum®. In our study most of the univariate
diversity indices viz. Pielou's evenness (J) and
Simpson’s dominance (D) have shown little variation
among seasons indicating homogenous distribution of
species in the ecosystem. Though the Shannon
Weiner Diversity index (H’) was found highest in
post-monsoon season but degree of variation of this
index throughout the study period was quite low
(3.76-3.79) with a gradual increasing trend from
premonsoon to postmonsoon. Species diversity index
values recorded for all seasons were comparatively
higher than that of the observations of Gharib et al.”’
at coastal stations of southeastern Mediterranean
Sea. S0 it can be assumed a hedthier less polluted
ecosystem due to, high H' values"®. However
Shannon Weiner Diversity index (H’') was highest in
post-monsoon season with cyanobacterial dominance.
Though cyanobacteria group dominated the plankton
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profile, different diversity indices were not varied so
much as compared to other seasons due to the fact
of maintenance of continuous diversity by other
phytoplankton groups with respect to other seasons.

Conclusion

Phytoplankton species composition and their
relative abundance were studied in Gopalpur creek
during pre-monsoon, monsoon and post-monsoon
seasons with different hydrographic parameters.
Water temperature has shown significant variation
(p < 0.01) among seasons while salinity and pH have
shown significant variation (p < 0.05) among stations.
Change in pH of the creek water is to be further
studied to understand whether it is being attributed
due to the natural or anthropogenic influence.
Chlorophyll a and phytoplankton density have shown
significant variation (p < 0.01) among seasons while
the variation among stations was hot significant.
Phytoplankton species composition was found
dissmilar in the three seasons. Maximum diversity
was found in post monsoon (Shannon-Wiener
diversity index). Pielou’s evenness (J) and Simpson’s
dominance have shown little variation among seasons.
This study was particularly aimed at the status of
phytoplankton community structure during different
seasons. But the controlling factors of season-wise
and dation-wise fluctuation in phytoplankton
population as well as species composition shall be
further studied with relation to nutrients especialy the
Redfield ratio and anthropogenic generated factors.
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