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A total of 149 phytoplankton species were identified during the study period wherein diatoms contributed 109, 
dinoflagellates 28, green algae 6, cyanobacteria 4 and cocolithophores 2. A striking feature of the study is the new 
record of 26 species from coastal waters vicinity off Rushikulya estuary (coastal and estuarine waters extending from 
Rushikulya to Bahuda) and 15 species from entire coastal waters of Odisha. A contrast in phytoplankton species 
composition was noticed in all seasons. Diatoms found as the dominant prevailing phytoplankton group in all seasons in 
terms of number of species and abundance. Diatom species viz. Thalassiothix longissima, Skeletonema costatum, 

Coscinodiscus eccentricus were ubiquitous off Rushikulya estuary throughout the year. River and monsoon influence 
coastal waters in supplying macronutrients for phytoplankton growth. Nitrogenous nutrients were found to be 
controlling factor for phytoplankton growth. A linear relationship between phytoplankton abundance and chlorophyll-a 
was observed during three seasons. Despite the highest species abundance during premonsoon, species diversity index 
showed maximum for postmonsoon and monsoon periods due to preponderance of few diatom species. Species were 
found to be more evenly distributed during monsoon as indicated from the Pielou’s evenness (J’) index. Non-metric 
multidimensional scaling (MDS) ordinations based on Bray-Curtis similarities indicated that phytoplankton 
communities prevailed in March and April were the least similar to those on other sampling occasions. 

[Keywords: Phytoplankton, Taxonomic composition, Diversity index, Correlation, Chlorophyll-a, Monsoon] 
 

Introduction 

Diversity of phytoplankton, outburst and removal 
of some species, can be regarded as indication of 
change of water quality1,2. The distribution of 
phytoplankton is associated with nutrient 
variability, bio-physical processes viz. light 
environment, water column stratification / 
turbulence, temperature, removal by zooplankton 
and river discharge3,4,5,6. Species succession of 
phytoplankton is also associated with these 
environmental variables7. Composition and 
distribution of phytoplankton vary from coast to 
coast according to respective hydro-biological 
environments. 

Variations in phytoplankton biomass and 
productivity influenced significantly by change in 
surface salinity due to freshwater influx in coastal 
waters of western and northern Bay of Bengal8. 
Physical oceanographic processes, river discharge 
and cyclones also proved to be controlling factors in 
the distribution of phytoplankton biomass i.e. 
Chlorophyll-a (Chl-a) in Bay of Bengal9. In the 

backdrop of the foregoing discussions, the long 
term monitoring of phytoplankton species 
composition and their relationships with seasonal 
changes of environmental conditions is required. 
The change in phytoplankton assemblages during 
different seasons was observed to be regulated by 
the change in water characteristics associated with 
monsoon2. The parameters salinity and nitrate have 
shown that the phytoplankton community shift was 
directly related to the environmental factors10. 
Relatively higher nutrient concentrations along the 
western Bay of Bengal than the central Bay 
appeared to contribute to higher phytoplankton 
abundance. The predominance of diatoms in the 
Bay could be attributed to rapid utilization of 
available nutrients. Among diatoms, pennales were 
significantly regulated by nutrients. While, apart 
from nutrients, physical stratification, light and 
eddies also seem to influence the distribution and 
abundance of centrales11. Though diatoms are the 
dominants, bloom forming dinoflagellate species 
are also reported from Bay of Bengal12. 
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There are some sporadic reports limited to 
Rushikulya estuary on the distribution of 
phytoplankton, Chl-a and physico-chemical 
parameters 13-19. However, there has been much less 
information available on this aspect towards 
offshore region of the estuary20. The present study 
of one year (March 2010 - February 2011) focuses 
on qualitative and quantitative analysis of extensive 
data on phytoplankton and associated physico-
chemical parameters with an aim to (i) determine 
their distribution in seasonal scale, and (ii) identify 
the impact of physico-chemical parameters on 
distribution of phytoplankton. 
 

Materials and Methods 
 

Sampling site  

The current study was conducted along southern 
coast of Odisha off Rushikulya estuary at five 
selected time series stations (19˚10ˈ0" N to 19˚ 
30ˈ0" N & 85˚ 00ˈ 0" E to 85˚10ˈ0" E) as shown in 
Fig. 1. Study area experiences three different 
seasons, viz. [premonsoon: PRM (March-June), 
monsoon: MON (July-October) and postmonsoon: 
POM (November-February)]. Above seasons were 
classified according to the onset and termination of 
southwest monsoon which is the climatic factor of 
the study area21. Rainfall in this area mainly occurs 
during the MON seasons with peak in July; 
however, rain due to tropical cyclones, storm surges 
and deep depressions are common.  Annual average 
rainfall is 1,210 mm22. Tide is semi-diurnal ranged 
between 0.85 m (neap tide) and 2.39 m (spring 
tide)15,23. The circulation pattern of the study area is 
governed by seasonal East India Coastal Current 
(EICC)24, surface current driven by monsoon 
winds25, cyclonic circulation26and river discharge27. 

The study area signifies itself as a fragile 
environment due to variability in phytoplankton 
concentration because of unstable concentration of 
nutrients, especially silicate and nitrate13,14. 
Mohapatra and Padhy (2001)28

 reported that the 
study area receives high amount of dissolved 
chemical inputs from several sources as a result of 
river runoff and localized phenomena of sea. The 
study area is under threat due to overfishing, 
activities of Gopalpur Port, and effluent discharge 
by nearby industries29. The data presented in this 
paper obtained on regular monthly sampling for a 
period of one year (March, 2010 to February, 2011) 
from five fixed time series stations on the platform 

of a fishing trawler. 

 
Fig. 1—sampling locations in the study area (R1-R5) with 
depth contours in meters 

 
Field surveys were carried out on a monthly basis 

during the study period. During each survey, water 
samples were collected from different time series 
stations between 10.30 am to 3.30 pm. A 
mechanized fishing trawler was utilized as sampling 
platform. 

Several physico-chemical parameters viz. 

salinity, dissolved oxygen (DO), sea surface 
temperature (SST) and nutrients [(Nitrite (NO2), 
Nitrate (NO3), Phosphate (PO4), Silicate (SiO4), and 
Ammonia (NH4)] were measured from the surface 
water samples collected by means of a plastic 
bucket. Salinity was estimated following Knudsen’s 
argentometric method. Temperature and pH were 
recorded by portable mercury filled thermometer & 
pH meter (Make: EUTECH) respectively. 
Transparency was determined using a Secchi Disk. 
Total Suspended Matter (TSM) was measured by 
gravimetric techniques30. Nutrients were analyzed 
as per the methods of Grasshoff et al. (1999)31. 

For quantitative analysis, 1 L of water samples 
were immediately filtered with 47 mm glass fiber 
filters (Whatman GF/F) under mild vacuum for 
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measuring Chl-a concentration was taken as the 
measure of viable phytoplankton biomass. Filters 
were extracted into 90% acetone under cold and 
dark conditions. The extracts were analyzed using a 
UV-Visible Spectrophotometer (Make: JASCO 
Model: V-650) in order to determine Chl-a30. 

Phytoplankton samples (1 L) were collected from 
surface in clean plastic bottles. After collection, the 
samples were immediately preserved with Lugol’s 
iodine and 3% neutralized formaldehyde. 
Investigation on phytoplankton involved 
determining the species composition, contribution 
to biomass and numbers. The fixed water samples 
were finally concentrated to 80 ml by 
sedimentation. In the laboratory, phytoplankton 
identification was made with the aid of an inverted 
fluorescence microscope (Make: Cippon; Model 
No.21033) in different magnifications viz. 40X, 
100X, 400X from the plankton concentrate. A 
Sedgwick Rafter counting chamber was used as a 
platform for qualitative and quantitative estimation 
of phytoplankton. The phytoplankton abundance 
was represented as cell numbers per liter (Nos./l). 
Standard taxonomic identification keys were 
referred for the identification of species32-38. 

The data were classified into three seasons such 
as PRM, MON and POM. One-way analysis of 
variance (ANOVA) was applied to hydrographic 
and biological datasets to see if there is any 
significant variation among seasons as well as 
stations. Correlation and regression analyses were 
carried out using MS-Excel (2007). Univariate 
measures [Shannon-Wiener diversity index (H’), 
Margalef’s species richness (d) and Pielou’s 
evenness (J’), Simpson dominance (D)] were 
determined using PRIMER (Plymouth Routines in 
Multivariate Ecological Research) software Version 
5. Phytoplankton species composition and 
abundance at five sites over the period from March 
2010-February 2011 were clustered using 
nonparametric multidimensional methods in 
PRIMER v539,40. 
Species Richness [d] = (S - 1)/ln N41

 

S = number of taxa  

N = number of individuals. 
Species Diversity: Shannon Diversity Index [H']42 
         s 
 H' = ∑ - (Pi * ln Pi) 
       i=1 

H = the Shannon diversity index 

Pi = fraction of the entire population made 
up of species i 

S = numbers of species encountered 
∑ = sum from species 1 to species S 

Species Evenness [J']43
 

J' = H’ / In S  
 
H’ = Shannon diversity index  
S = total number of species in the sample 

 
Species Dominance: Simpson’s Dominance Index 
[D]44

 

 D =∑ (pi) 2 
D= Simpson's Dominance Index 
Pi = fraction of the entire population made 

up of species i 
 

Results 

 

Hydrographic parameters 

The results obtained for all the physicochemical 
parameters are presented in Fig. 2. Sea surface 
temperature (SST), salinity and pH showed 
temporal variations. SST ranged between 24.700C 
and 30.030C. Highest SST was recorded in PRM 
whereas lowest in POM. Salinity was found highest 
in PRM period (34.83 PSU) but lowest in MON 
(26.94 PSU). Highest (8.3, at station R5) and lowest 
values (7.51 at station R1) values of pH were 
associated with MON. Maximum (8.46 mg/l) and 
minimum (7.29 mg/l) values of DO were observed 
during POM. NO2 was found maximum in MON 
(0.49 µg/l) while minimum in PRM (0.27 µg/l). 
Highest and lowest values for NO3 were associated 
with PRM (2.06 µg/l) and MON (0.93 µg/l) 
respectively. Similarly, the NH4 content was 
maximum in POM (5.06 µg/l) and minimum in 
MON (1.35µg/l). The concentration of PO4 was 
found highest in POM (2.98 µg/l) and lowest in 
MON (0.77 µg/l). The highest value for SiO4 was 
recorded during POM (9.23 µg/l) and lowest during 
MON (3.11 µg/l). Chl-a showed its maximum in 
PRM (5.67 mg/m3) and minimum in MON (1.29 
mg/m3) (Fig. 2). 

 



BALIARSINGH et al.: SEASONAL VARIATION OF PHYTOPLANKTON COMMUNITY  
 

 

511 511 

 

 
Fig. 2—variability of water quality parameters at sampling 
stations during a) pre-monsoon, b) monsoon and c) post 
monsoon season 

 
Phytoplankton Community 

Taxonomic identification reveals that the 
community contained 149 species of phytoplankton 
in the shallow coastal water off Rushikulya estuary 
during the observation period. Of total, 109 species 
are of diatoms, 28 species of dinoflagellates, 6 
species of green algae, 4 species of cyanobacteria 
(blue green algae) and 2 species of cocolithophore 
(Table 1). According to the number of species under 
different groups a sequence diatom > dinoflagellate 
> green algae > cyanobacteria > cocolithophore was 
noticed during PRM and MON periods (Table 2). 
But during POM, number of species under different 
groups followed the sequence diatom > 
dinoflagellate > green algae > cocolithophore > 
cyanobacteria (Table 2). 

During the study period phytoplankton 
abundance varied between 1.5 x 104 cells L-1 (in 
POM month December) and 7.0 x 104 cells L-1 
(PRM month April). Averaged phytoplankton 
abundance observed a trend as PRM (4.2 x 104 cells 
L-1) > MON (3.6 x 104 cells L-1) > POM (2.4 x 104 
cells L-1) (Table 1). During PRM, the phytoplankton 
population varied from 1.8 x 104 to 7.0 x 104 cells L-

1 (avg 4.2 x 104 cells L-1) (Table 1, Fig.3). Of total 
83 phytoplankton species, 54 species of diatoms, 17 
species of dinoflagellates, 6 species of green algae, 
4 species of cyanobacteria (blue green algae) and 2 
species of cocolithophore were noticed during the 
study period (Table 2) Diatoms dominated the 
phytoplankton community followed by the 
dinoflagellates (Fig.3). The other groups found 
were green algae, cyanobacteria and 
cocolithophore. As compared to other seasons, 
PRM had shown high population density. 

 

 
Fig. 3—phytoplankton group density in different months during 
2010-11 

 
Station-wise diatom and dinoflagellate 

abundance were higher in R-1 in comparison to 
other stations (Fig. 4). This might be attributed to 
the river influence and terrestrial runoff as this 
station is close to both estuary and coast. Station-
wise population density of different groups under 
phytoplankton showed the sequence diatoms > 
dinoflagellates > green algae > others in four 
stations i.e R-1, R-2, R-4 and R-5 except in R-3 
where the pattern followed diatoms > green algae > 
dinoflagellates > others (Fig. 4). 

 

 
Fig. 4—station-wise phytoplankton density in different seasons 
during 2010-11 
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The appearance of Cyanobacteria and 
Cocolithophores at different stations were 
irregular (Fig.4). Station-wise total phytoplankton 
diversity in terms of number of species during 
PRM varied from 29 (at station R-4) to 37 (at 
station R-1) (Table 3). The species viz. 
Thalassiothrix longissima (12.8%), Coscinodiscus 

gigas (8.2%), Paralia sp. (7.4%), Rhizosolenia 

alata (6.7%), Noctiluca scintillans (5.7%), 
Skeletonema costatum (3.9%) were found 
abundant. During MON, the phytoplankton 
population ranged from 3.2 x 104 to 4.3 x 104 cells 
L-1 (avg 3.6 x 104  cells L-1) (Table 1, Fig. 3). Of 
total 95 species of phytoplankton, diatoms 71 
species, dinoflagellates 16 species , green algae 5 
species, cyanobacteria (blue green algae) 2 species 
and cocolithophore 1 species were encountered 
during the study period (Table 2). Diatoms 
dominated the community followed by 

dinoflagellate, green algae, cyanobacteria and 
cocolithophores (Fig. 3 & 4). Diatom, 
dinoflagellate population had shown clear 
variation among stations (Fig. 3). As compared to 
other seasons, the population was lower than PRM 
and higher than POM (Table 1). Similar to PRM, 
the density of diatoms were comparatively higher 
in R-1 than other stations (Fig. 4). Also in 
comparing different groups as well as among the 
stations in terms of population density, the 
diatoms, dinoflagellates and green algae took up 
the 1st, 2nd and 3rd order of dominancy in all the 
stations except at R-1 where in place of green 
algae the cyanobacteria was in 3rd position (Fig. 
4). Species number for total phytoplankton ranged 
from 28 (at station R-4) to 63 (at station R-1) 
(Table 3). 

 

 
Table 2—Phytoplankton number in different months during 2010-11 

Group Mar Apr May June PRM Jul Aug Sep Oct MON Nov Dec Jan Feb POM 
Diatom 25 27 32 27 54 29 30 36 38 71 30 50 27 26 79 
Dinoflagellates 10 9 8 4 17 7 8 9 6 16 3 14 7 6 18 
Green algae 6 6 5 4 6 5 4 4 4 5 5 3 4 4 5 
Cyanobacteria 2 2 2 2 4 1 1 2 2 2 1 1 1 0 1 
Cocolithophores 0 0 2 0 2 1 2 0 0 1 2 0 1 0 2 

Total 43 44 49 37 83 43 45 51 50 95 41 68 40 36 105 
 

Table 3—Station-wise phytoplankton number in different seasons during 2010-11 

Group R-1 R-2 R-3 R-4 R-5 

 PRM MON POM PRM MON POM PRM MON POM PRM MON POM PRM MON POM 

Diatom 27 52 28 19 41 34 23 29 33 17 19 34 20 25 31 

Dinoflagellates 5 7 7 7 8 7 5 5 10 6 5 7 5 7 6 

Green algae 3 2 3 4 3 4 2 3 3 5 3 4 3 3 3 

Cyanobacteria 2 2 1 0 0 0 2 1 0 0 0 1 3 1 0 

Cocolithophores 0 0 1 1 0 0 0 0 1 1 1 0 0 0 0 

Total 37 63 40 31 52 45 32 38 47 29 28 46 31 36 40 

 

The species viz. Thalassiothrix longissima 

(9.31 %), Skeletonema costatum (6.12%), 
Coscinodiscus eccentricus (5.11%) Thalassiosira 

subtilis (2.99%), Coscinodiscus gigas (2.8%) were 
the dominant species among the diatoms. 
Prorocentrum micans (2.06%), Chlorella salina 

(1.89%), Trichodesmium erythraeum (1.50%), 
Phaeocystis sp. (0.36%) were dominated the 
dinoflagellates, green algae, cyanobacteria and 
cocolithophore population. During POM, the 
phytoplankton population varied from 1.5 x 104 

cells L-1 to 3.3 x 104 cells L-1 (avg 2.4 x 104 cells 

L-1). Of total 105 species of phytoplankton, 79 
species of diatoms, 18 species of dinoflagellates, 5 
species of green algae, 1 species of cyanobacteria 
(blue green algae) and 2 species of cocolithophore 
were observed during this season (Table 2). Like 
PRM and MON diatoms dominated the 
phytoplankton community in POM (Fig. 3). 
Diatoms populations were higher in R-1 in 
comparison to other stations (Fig. 4). In POM 
diatoms dominated the phytoplankton community 
followed by dinoflagellate and green algae in all 
the stations (Fig. 4). As compared to other 
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seasons, this season had shown low population 
density (Table 1). Number of species of total 
phytoplankton ranged from 40 (at station R-1 & 
R-5) to 47 (at station R-3) (Table 3). The species 
viz. Thalassiothrix longissima (7.56%), 

Skeletonema costatum (5.62%), Coscinodiscus 

eccentricus (4.92%), Rhizosolenia setigera 

(4.59%), Cylindrotheca closterium (4.12%) were 
found abundant. 

 
Table 4—Pearson correlation coefficient matrix between different environmental variables 

 WT pH DO Salinity NO2 NO3 NH4 PO4 SiO4 Chl-a TSM TP Diatom 
SST 1.00             
pH 0.19 1.00          Premonsoon 
DO -0.18 -0.19 1.00           

Salinity .626** .490* -0.26 1.00          
NO2 -0.03 -0.34 0.06 0.12 1.00         
NO3 -.716** -0.18 0.21 -.570** 0.15 1.00        
NH4 -.570** -0.16 .474* -0.35 0.25 .639** 1.00       
PO4 -0.25 -0.36 0.33 -0.18 .503* 0.33 0.32 1.00      
SiO4 -0.05 0.16 0.05 -0.04 -.507* 0.30 0.22 -0.07 1.00     
Chl-a -.485* -0.43 0.24 -0.40 -.460* .535* .510* .563** -0.04 1.00    
TSM -.538* -0.11 -0.02 -0.17 0.18 .445* 0.29 0.17 0.10 .631** 1.00   
TP -.509* 0.01 -0.31 -0.29 -0.15 0.34 -0.01 -0.09 -0.14 0.35 .764** 1.00  

Diatom -.460* 0.11 -0.32 -0.26 -0.12 0.35 -0.02 -0.04 0.19 0.23 .699** .955** 1.00 
SST 1.00             
pH .766** 1.00          Monsoon 
DO -0.18 -0.05 1.00           

Salinity .644** .826** -0.33 1.00          
NO2 0.22 0.22 .472* -0.12 1.00         
NO3 0.25 0.15 .619** -0.21 .739** 1.00        
NH4 0.15 0.13 0.21 -0.12 0.39 .606** 1.00       
PO4 0.13 0.04 .682** -0.25 .731** .659** 0.21 1.00      
SiO4 -0.37 -.644** -0.02 -.673** -0.01 -0.08 -0.06 -0.07 1.00     
Chl-a .468* 0.44 .660** 0.07 .644** .740** 0.30 .695** -0.22 1.00    
TSM -.639** -.679** 0.40 -.680** -0.02 -0.05 -0.09 0.08 .547* 0.00 1.00   
TP -0.13 -0.09 .621** -0.34 .794** .670** 0.25 .650** 0.15 .499* 0.18 1.00  

Diatom -0.09 -0.14 .597** -0.43 .828** .743** 0.31 .718** 0.17 .558* 0.23 .966** 1.00 
SST 1.00             
pH -.571** 1.00          Postmonsoon 
DO 0.02 -0.34 1.00           

Salinity 0.25 0.20 -0.27 1.00          
NO2 .578** -.455* 0.20 -0.31 1.00         
NO3 0.13 -0.10 0.10 -0.01 0.03 1.00        
NH4 0.19 0.11 -0.17 -0.07 0.23 -0.10 1.00       
PO4 0.24 -.600** .473* -0.27 0.31 0.18 -0.03 1.00      
SiO4 -0.02 0.12 .517* 0.17 -0.24 0.23 -0.02 0.27 1.00     
Chl-a 0.42 -.528* -0.15 -0.03 .521* -0.10 0.06 0.43 -0.31 1.00    
TSM -0.42 0.11 0.09 -0.20 -0.19 0.24 0.11 0.05 -0.08 -0.37 1.00   
TP -0.41 -0.13 .517* -0.18 -0.32 0.25 -0.40 0.38 .450* -0.40 0.31 1.00  

Diatom -0.33 -0.13 .535* -0.08 -0.34 0.06 -0.36 0.40 .513* -0.38 0.15 .954** 1.00 
 

Relationship between phytoplankton biomass (Chl-

a), phytoplankton abundance and other physico-

chemical parameters 
Pearson correlation coefficient matrix was 

computed between different physico-chemical 
parameters, Chl-a, phytoplankton abundance and 
dominant phytoplankton groups (Table 4). This 
helped to understand the strength of relationships 
between the variables. In PRM Chl-a exhibited 
positive correlation with all the nutrients except 

NO2 (Table 4). TSM exhibited significant positive 
relation with Chl-a, total phytoplankton density and 
all phytoplankton groups. Diatom exhibited strong 
positive relationship with total phytoplankton 
abundance. In MON Chl-a was found to be 
positively correlated with SST, DO, NO2, NO3 and 
PO4. It was found negative with SiO4. Total 
phytoplankton density had positive relationship 
with DO, NO2, NO3, PO4 and Chl-a with diatom 
following same trend. Moreover it established a 
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high significant correlation with total phytoplankton 
density. During POM Chl-a was positively related 
with nitrogenous nutrient NO2. Total phytoplankton 
density was positively correlated with both DO and 
SiO4. Diatom followed same trend as of total 
phytoplankton density and found at high positive 
significant correlation with total phytoplankton 
abundance. 

Regression analysis between Chl-a and 
phytoplankton density showed a linear trend 
(R2=0.58) (Fig. 5). Station-wise temporal relation 
between these two parameters also resulted the 
same with a little deviation marked at station R-2 in 
MON (Fig. 6). A stable state of distribution of both 
Chl-a and phytoplankton was observed at almost all 
the station during POM. 
 

 
Fig. 5—regression between Chl-a and phytoplankton 
abundance 

 
Fig. 6—variation of Chl-a and Phytoplankton abundance during 
the study period 
 

Univariate biodiversity indices 

To understand any difference in the 
phytoplankton diversity and seasonal dominance, 
univariate diversity indices are employed (Table 5). 
The diversity indices have shown variation in 
different seasons. Marglef’s species richness (d) 
was found higher in MON (0.953-3.392) than other 
two seasons. It showed a significant variation 
(0.705-3.392) among all the seasons. Shannon 
Weiner Diversity index (H’) computed highest for 
MON and lowest for PRM but the degree of 
variation is quite low (1.70-3.23). Other 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. Different diversity indices 
showed high values in POM and MON compared to 
PRM (Table 5). 

Table 5—Univariate diversity indices during PRM, MON and POM 

Univariate Diversity indices PRM MON POM 

Marglef’s species richness (d) 0.787-1.446 
(1.178) 

0.953-3.392 
(1.404) 

0.705-2.914 
(1.294) 

Shannon Wiener Diversity index (H') 1.700-2.724 
(2.380) 

2.243-3.234 
(2.547) 

2.053-3.195 
(2.407) 

Pielou’s evenness (J') 0.774-0.985 
(0.921) 

0.883-0.987 
(0.945) 

0.861-0.987 
(0.939) 

Simpson’s dominance (D) 0.069-0.269 
(0.117) 

0.053-0.119 
(0.091) 

0.048-0.143 
(0.107) 

 

Temporal cluster analysis 

Non-metric multidimensional scaling (MDS) 
ordinations based on Bray-Curtis45 similarities of 
species abundance data were produced to provide a 
visual representation in a two-dimensional plot of 
the relative similarities in phytoplankton 
community composition and abundance at the 
different sampling sites and on the different 
sampling occasions. Hierarchical agglomerative 

cluster analysis (using group average linking) was 
also conducted on the Bray-Curtis similarity 
matrices to enable identification of phytoplankton 
communities based on percentage similarity. 
Cluster analysis reveals the degree to which 
samples resemble each other for certain species. 
The ordination clearly separated the phytoplankton 
assemblages of March and April (80% similarity), 
December and June (40% similarity) and, 
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November (Fig. 7). The phytoplankton composition 
of other months: January, February, May, July, 
August, September and October clustered together 
with 40% similarity. The cluster analysis of the 
phytoplankton community also expressed the same. 
It showed groupings of sites by sampling months at 
different similarity levels (Fig. 8). 

 
Fig. 7—Non-metric multi-dimensional scaling (MDS) 
ordination of the square-root transformed phytoplankton 
community of each month 

 

 
Fig. 8—hierarchical cluster analysis of percentage similarity 
among phytoplankton communities 
 

Discussion 
Hydrographic parameters such as SST, salinity 

and DO have shown significant seasonal variation 
during the study period. Lowest water temperature 
was recorded in POM season which might be due to 
influx of freshwater and cloudy condition and 
highest values in PRM was due to the extended 
sunny period. pH values were found to be more 
during POM as compared to other seasons which 
might be due to low freshwater influx and more 
availability of alkali metals in their ionic forms46. A 
seasonal salinity trend of PRM>POM >MON was 
noticed. Achary et al. (2010)47 reported similar type 

of seasonal variation at Kalpakkam coastal waters. 
In all the three seasons diatom was found to be in 

a significant positive relationship with total 
phytoplankton abundance and performed similar 
relationships with other environmental variables 
which justified it as the dominant phytoplankton 
group. Compared to other two seasons during POM 
total phytoplankton abundance found to be non-
significantly related with Chl-a. Different 
phytoplankton groups also followed the same trend 
during POM. This deviation might be due to the 
contribution of small sized phytoplankton (nano or 
pico) to total Chl-a which were not enumerated in 
the present study48. Nitrogenous nutrients found to 
have an influencing character for phytoplankton 
growth during different seasons. In agreement with 
the present study, linear regression between Chl-a 
and phytoplankton density was also reported by 
many investigators49,50(Fig. 5). Deviation in this 
trend observed during MON might be attributed to 
low contribution rate of quantified phytoplankton 
fraction to total Chl-a at particular station of 
particular season48 (Fig. 6). 

In PRM a significant variation in WT, pH and 
salinity was observed among stations (Table 6). 
Among nutrients only nitrate had shown significant 
variation as resulted from one way ANOVA test 
performed among the stations. During MON; pH, 
salinity and silicate exhibited wide variations. The 
significant variation of many hydrographic 
parameters in tropical countries like India is highly 
influenced by monsoonal rainfall, tidal 
characteristics, evaporation and water current51. 
TSM had also shown wide variation during MON 
period. Diatom too exhibited variation during this 
season. There is no such variation of any of the 
parameters resulted from ANOVA test performed 
for POM datasets. In case of ANOVA computed 
among three different seasons, seasonal variation 
was pronounced for WT, NO3 and SiO4. The 
significant variation among seasons was due to the 
prevalent hydrographic environments in different 
seasons52. There had been significant variation in 
total phytoplankton abundance and diatoms. 
Seasonality in phytoplankton is well pronounced 
from the ANOVA test. 

As far as species number is concerned, diatom 
dominance in Indian coastal water was previously 
reported46,53,54. These types of diatom dominance 
over dinoflagellates coincides a lot of reports on 
diatom dominance in world oceans55-57. This might 
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be due to the eurythermal and euryhaline nature of 
diatom which favours diatom dominance58. Diatoms 
can tolerate a wide range of fluctuation in salinity 
and temperature18. During PRM and MON periods 
phytoplankton groups observed a sequence of 
diatom > dinoflagellate > green algae > 
cyanobacteria > cocolithophore. This sequence in 
PRM and MON is different from the sequence 
(diatoms >dinoflagellates > cyanobacteria > green 
algae) reported by others in Indian coast47,59. During 
the POM, abundance values were decreased in the 
ecosystem as compared to the PRM and MON. In 
POM, diatom dominated the phytoplankton 

community followed by dinoflagellates, Green 
algae, Coccolithophores and Cyanobacteria. 
Though diatom group was represented by highest 
number of species (79), population density 
accounted for 2.4 x 10-4 cells L-1which was lower as 
compared to PRM and MON (Table 2 &Table 1). 
Though nutrients registered in higher concentrations 
during this season, still phytoplankton abundance 
found the lowest. So in this case it is worth to 
mention here that the instantaneous concentration of 
nutrients as inorganic salts does not seem to provide 
a significant source for more production of 
phytoplankton60. 

 
Table 6—One way ANOVA results of hydrographic and biological parameters 2010-11 

 ANOVA among 
Stations- PRM 

ANOVA among 
Stations- MON 

ANOVA among 
Stations -POM 

ANOVA among 
Seasons 

 F Sig. Sig. Sig. F Sig. F Sig. 
SST 4.022 .021 .244 .244 .585 .679 21.495 .000 
pH 3.267 .041 .026 .026 .110 .977 1.330 .273 
DO .748 .575 .136 .136 2.747 .068 .783 .462 
Salinity 20.839 .000 .000 .000 3.032 .051 1.217 .304 
NO2 .504 .733 .428 .428 .443 .776 .727 .488 
NO3 6.444 .003 .403 .403 1.285 .320 6.683 .002 
NH4 2.805 .064 .274 .274 .655 .632 1.693 .193 
PO4 .854 .513 .187 .187 .804 .541 .025 .975 
SiO4 .469 .758 .044 .044 .308 .868 4.105 .022 
Chl-a 2.386 .097 .908 .908 .018 .999 2.615 .082 
TSM 2.074 .135 .011 .011 1.470 .260 1.864 .164 
Tot. Phyto .652 .634 .125 .125 .523 .720 5.660 .006 
Diatom .465 .760 .042 .042 .396 .809 4.787 .012 
Dinoflagellate .947 .464 .678 .678 1.521 .246 2.880 .064 

 
Higher phytoplankton density was observed 

during PRM i.e. 4.2 x 10-4 cells L-1 than other two 
seasons which might be attributed to increased SST, 
DO and more intensity of light prevailed during this 
season59. During MON the phytoplankton 
population density and species number were 3.6 x 
10-4 cells L-1and 95 nos. respectively (Table 1 & 2). 
The population density was higher as compared to 
POM. But several workers reported lower 
phytoplankton population density in MON 
attributed to high turbidity, reduced salinity, 
decreased temperature and pH47. In this season 
phytoplankton density showed complete dominance 
of diatom. Similar observation was also reported by 
Paul et al. (2007)61. So in this case it can be said 
that higher abundance in MON compared to POM 
might be due to the ecological adaptation by 

phytoplankton community to utilize the available 
nutrients62,63. Phytoplankton population density as 
well as Chl-a (proxy for phytoplankton biomass) 
exhibited positive correlation with all the measured 
nutrients specifically with NO2, NO3 and PO4. 
Phytoplankton requires a wide array of nutrients for 
its growth among which nitrogen and phosphorous 
are proved to be important64. Strong positive 
correlation between these parameters justifies 
higher phytoplankton abundance in MON compared 
to POM. 

From the different diversified distribution and 
composition of phytoplankton obtained from 
present study it can be assumed that phytoplankton 
population and their growth depend on several 
environmental factors which are variable in spatio-
temporal scale52. Among the diatoms, the species 
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like Thalassiothix longissima, Skeletonema 

costatum, Coscinodiscus eccentricus were 

predominated in terms of their abundance during 
MON and POM while in PRM, Thalassiothix 

longissima, Coscinodiscus gigas and Odontella 

sinensis were the dominants. 
Dinnoflagellates which constituted the second 

largest group in terms of population density and 
species diversity after diatoms were represented by 
Dinophysis caudata, Gonyaulax minima, Noctiluca 

miliaris, Noctiluca scintillans, Prorocentrum 

maximum, Protoperidinium sp., Pyrocystis sp., 
Pyrophacus horologicum. These species were 
encountered in all the seasons. Among the green 
algae, the species like Chlamydomonas marina, 
Chlorella marina, Chlorella salina, Oocyctis sp, 
Pediastrum duplex were seen in all the three 
seasons. Oscillatoria is the only sp. among the 
cyanobacteria group and Phaeocystis sp. among 
coccolithophores that were recorded in all the 
season. Other species of both the groups were 
sporadic in their appearance. The genus like 
Asterionella, Biddulphia, Coscinodiscus, Nitzschia, 

Rhizosolenia, Ceratium, Prorocentrum, Surirella, 

Thalassiothrix, Thalassionema, Noctiluca, 

Bacillaria, Cyclotella, Gyrosigma, Chlorella etc 
were common in all seasons but with different 
compositions. These results conceded with the 
observations of Naik et al. (2009)58 and Madhav et 
al. (2004)65. 

A striking feature of our study is the first report 
of 26 species of phytoplankton (14 diatom, 9 
dinoflafellate, 1 green Algae,1 cyanobacteria and 
1cocolithophore) from vicinity off Rushikulya 
estuary (coastal and estuarine waters extending 
from Rushikulya to Bahuda) and 15 species (5 
diatom, 8 dinoflafellate,1 cyanobacteria and 
1cocolithophore) from the entire coastal waters of 
Odisha. The first report was confirmed through 
detailed survey of previous literatures pertaining to 
the vicinity off Rushikulya estuary13,16,18,19,66-71 and 
coastal waters of Odisha coast including Chilika 
Lagoon58,72-85. Detail information regarding newly 
reported species are given in Table 1. The 
occurrence of new species and non occurrence of 
previously reported species might be due to the 
change in ambient environment and marine 
invasion. Moreover the surveys carried out by 
previous workers were mostly limited to nearshore 
and estuarine zone. Hence our continuous monthly 
study on selected time series locations extending 

from coastal to offshore region helped to bring out a 
clear picture of floristic composition of 
phytoplankton. 

Diversity index analyses determined the 
variations in community structure in the study area 
in order to find out degree of variation in population 
structure. Water quality of an area can be reflected 
by means of alterations in phytoplankton 
community structure, its type of distribution and the 
percentage of eco-sensitive species in plankton 
spectrum86. Marglef’s species richness (d) showed a 
significant variation among all the seasons 
compared to other diversity indices. But this result 
depicts the stabilized species richness in the study 
area in comparison to the results reported by 
Achary et al. (2010)47. A low value of species 
richness in PRM was also previously reported by 
Choudhury and Pal (2010)46 at coastal waters of 
West Bengal. 

Though total phytoplankton abundance found 
highest in PRM, different diversity indices resulted 
with high values in other two seasons compared to 
PRM and this observation is in agree with Margalef 
(1978)87 (Table 7). The low diversity indices in 
PRM might be due to the dominance of some 
species viz. Thalassiothrix longissima (12.8%), 
Coscinodiscus gigas (8.2%), Paralia sp. (7.4%), 
Rhizosolenia alata (6.7%), Noctiluca scintillans 
(5.7%), Skeletonema costatum (3.9%) over the 
phytoplankton community during this season. High 
diversity indices in POM and MON is attributed to 
the occurrence of more number of diatomic species 
in POM [79 no. (80.84%)] and MON [71 no. 
(79.71%)]. The species diversity index values 
recorded for all seasons were comparatively higher 
than that of the observations of Gharib et al. 
(2011)86 & Choudhury & Pal (2010)46 at coastal 
stations of southeastern Mediterranean Sea. So it 
can be assumed a healthier less polluted ecosystem 
due to high H′ values86,88. 

The nm-MDS plot (Fig. 7) and cluster analysis 
(Fig. 8) based on Bray-Curtis similarity matrices 
confirmed that the phytoplankton communities 
sampled in March and April 2010 were the least 
similar to those on other sampling occasions. As 
discussed earlier and resulted from univariate 
diversity indices, the high similarity between March 
and April 2010 (months under PRM) was due to 
high contribution rate of few species to total 
abundance with lower species richness. From the 
cluster and MDS plot a lower similarity level (20%) 
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for the entire study period was obtained which is 
lower than the observations of Gomi et al.(2010)89 
(27.6%) and Jalal et al. (2011)90 (59.43%). Thus the 
resultant cluster and nm-MDS plot clearly depict a 
significant temporal variation in phytoplankton 
composition and distribution. 
 

Conclusions 

The present effort was made to explore the 
phytoplankton diversity considering its uniqueness 
in multiple fronts of oceanographic research and 
also to determine a picture of current state of 
pelagic autotrophic life in coastal waters off 
Rushikulya Estuary. This study discovered that the 
floral spectrum of phytoplankton off Rushikulya 
Estuary is significantly diverse except primary 
PRM months (March & April). Effect of monsoon 
which is the major climatic factor and riverine 
influence on the distribution of plankton community 
were observed from the study. Diatom is again 
proven to be the dominant phytoplankton group 
prevailing in the coastal waters of Odisha. Further it 
also revealed that phytoplankton flora of the 
research site is susceptible to salinity and different 
nutrient concentrations of the ambient medium. 
Seasonality in phytoplankton diversity of the study 
area is well established. 
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