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ABSTRACT
Seasonal variations in phytoplankton species and abundance along the coast of Maharashtra from two different locations 
(Mumbai and Ratnagiri) and depths were investigated during August 2014-May 2017. A total of 84 species of phytoplankton 
were recorded from the region out of which 67 were diatoms, 16 dinoflagellates and one blue green alga. Seventy-five and 
60 species of phytoplankton were recorded from Ratnagiri and Mumbai respectively. Diatoms dominated the phytoplankton 
community (81.7-93.3%) followed by dinoflagellates (4.7-7.2%) and blue green algae in both locations. Maximum 
phytoplankton density was recorded during post-monsoon season followed by pre-monsoon and monsoon seasons at 
Mumbai and Ratnagiri. Highest average phytoplankton cell density recorded was 9.09 x 104 cells l-1 and 4.06 x 104 cells l-1 
during post-monsoon season at Ratnagiri and Mumbai respectively. Maximum cell density was observed at 20 m depth 
from Mumbai and Ratnagiri. Thalassiosira subtilis, Trieres mobiliensis, Skeletonema costatum, Coscinodiscus centralis and 
Ditylum brightwelli were the most abundant phytoplankton species recorded at Mumbai, whereas Chaetoceros curvisetus, 
S. costatum, Trichodesmium erythraeum, Chaetoceros lorenzianus and Ditylum brightwelli were abundant in Ratnagiri 
waters. The blue green alga, T. erythraeum was abundantly recorded during pre-monsoon season. Species diversity index 
(H’) ranged from 4.72 to 5.52 and was higher during post-monsoon season compared to pre-monsoon and monsoon. Highest 
phytoplankton diversity was observed at 20 m depth compared to 40 m depth.  
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Introduction

Arabian Sea is one of the most sensitive ecosystems, 
playing a crucial role in regulation of earth’s climate and 
atmospheric chemical composition through biogeochemical 
ocean-atmosphere transfers (Naqvi and Jayakumar, 2000). 
The north-eastern coast of Arabian Sea is a complex, dynamic 
and biologically productive ocean system. Phytoplankton 
abundance and biomass fluctuations in north-eastern 
Arabian Sea are intensely linked to strong winds blowing 
during south-west and north-east monsoons. The south-west 
monsoon (summer monsoon, May to September) is the 
time of an equatoward current along the west coast of 
India resulting in upwelling phenomenon (Shetye et al., 
1990). This wind driven upwelling in northeastern Arabian 
Sea during summer monsoon results in rapid isotherm 
movements and cooling of surface waters (Banse and 
English, 1993, 2000; Madhupratap et al., 1996; Kumar  
et al., 2001a; Smitha et al., 2008) driving nutrient rich 
water into the euphotic zone (Banse, 1987). Due to the high 
degree of seasonality in the physico-chemical environment 
and abundance of phytoplankton, the primary producers 

of marine food chain in Arabian Sea, are subjected to 
the semi-annual reversal of monsoon winds and coastal 
currents (Dwivedi et al., 2006; Naqvi et al., 2006). 

Ocean margins including continental shelf and 
adjacent slope waters are highly productive, contributing 
25-50% of total oceanic primary production (Walsh, 
1988). Biological productivity of coastal waters marked 
by increased phytoplankton growth, chlorophyll-a and 
gross primary productivity, is greatly influenced by denser 
nutrient-rich water brought to the surface during upwelling 
(Kumar et al., 2001a; Habeebrehman et al., 2008). 
Aquatic organisms including zooplankters, fishes and 
heterotrophic aquatic organisms sustain on phytoplankton 
for their energy needs and thus phytoplankton becomes 
an important component of the food chain as primary 
producers (Price, 2001; Tas and Gonulol, 2007; Essien and 
Antai, 2008; Saravanakumar et al., 2008; Bharali et al., 
2010). These primary producers support marine fisheries 
and fishery potential predictions (Falkowski et al., 1998; 
Mathivanan et al., 2007). 
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Spatiotemporal variations in phytoplankton species 
distribution occurs due to hydrographical factors and 
indicates water quality of the environment (Liu et al., 
2004). Due to their sensitivity and rapid response to 
the changed environmental conditions, phytoplankton 
composition and abundance are considered as natural  
bio-indicators of water quality (Gharib et al., 2011). 
Considering frequent variations in environmental 
parameters, studies on phytoplankton community 
structure, changes in their spatio-temporal distribution, 
abundance and diversity are indicators of environmental 
health and biological integrity (Hardikar et al., 2017). 
Phytoplankton diversity represents health and productivity 
of an aquatic ecosystem and monsoon events occurring 
along Indian coast greatly influence phytoplankton 
diversity (D’Costa and Anil, 2010; Satpathy et al., 2010). 
Magurran (1988) stated that phytoplankton diversity 
studies are essential to understand community structure, 
stability and resilience of community against impairments. 
Additionally, biological productivity of nearshore waters 
is also influenced by freshwater influx from major riverine 
systems, dense urbanisation and agricultural and industrial 
runoffs transporting nutrient rich organic matter to the 
Arabian Sea.

Coastal areas along the 720 km Maharashtra coast 
are gaining importance due to rapid urbanisation, 
industrialisation and developmental activities, causing 
damage to the marine ecosystem and diversity. These 
activities decrease resilience of coastal ecosystems and 
their vulnerability to anthropogenic pressures and climate 
change effects increases (Bijlsma et al., 1995). Mumbai is 
a developing, densely populated and urbanised settlement 
on the northern part of Maharashtra coast, intensively 
exposed to sewage and anthropogenic effluents, whereas 

Ratnagiri is a developing city on the southern coast of 
Maharashtra. However, Ratnagiri is also developing as a 
hub for industrial activities. Both locations are of utmost 
importance due to major fishing activities concentrated 
along north-west coast of India. Though several researchers 
have studied phytoplankton diversity in nearshore waters 
along the coast of Maharashtra in earlier years (Nair et al., 
1980; Ramaiah and Ramaiah, 1998; Tiwari and Nair, 
1998; 2002; Kumar et al., 2015a; b; Shahi et al., 2015; 
Hardikar et al., 2017; Khot et al., 2018) the variability 
of phytoplankton in the coastal waters of Maharashtra is 
poorly recorded. Hence the aim of the study was to look 
into phytoplankton abundance, diversity and seasonal 
variation in phytoplankton community composition in 
coastal waters off Mumbai and Ratnagiri. 

Materials and methods 

Study area and sampling strategy

The present investigation was conducted at Mumbai 
and Ratnagiri along Maharashtra coast, north-eastern 
Arabian Sea. Fig. 1 depicts two depth contour stations, 
at each location selected for sampling, Mumbai 20 m 
(18°51’49.2”N 72°41’31.1”E), Mumbai 40 m (18°55’38.9”N 
72°32’36.9”E), Ratnagiri 20 m (17°03’26.3”N 73°12’43.3”E) 
and Ratnagiri 40 m (17°03’59.7”N 73°06’ 48.7”E).

Samples from Ratnagiri waters were collected during 
August 2014-May 2017 from onboard M. F. V. Narmada 
and from Mumbai waters during January 2015-May 2017 
from onboard M. F. V. Vaishnavi Mata. Sampling was not 
done during June and July due to rough sea conditions 
and seasonal fishing ban along the west coast. Data was  
compiled and analysed season-wise: post-monsoon 
(POM: October to January), monsoon (MON: August to 
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Fig. 1. Map showing sampling locations off Mumbai and Ratnagiri
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September) and pre-monsoon (PRM: February to May) 
(Srinath et al., 2003).

Phytoplankton sample collection and analysis
Phytoplankton samples at each location were collected 

from surface using phytoplankton net (mesh size 50 µ). 
The net was towed from the fishing vessel and filtered 
phytoplankton biomass was preserved onboard using 1% 
Lugol’s iodine solution and 4% formalin until analysis 
(Robin et al., 2010; Karthik et al., 2012). 

Phytoplankton samples collected were allowed to 
settle and 1 ml of concentrated sample was examined  
under inverted binocular microscope using Sedgewick 
rafter cell. Total phytoplankton cell density was expressed 
in cell numbers per liter (Latif et al., 2013; Minu et al., 
2014). Taxonomic identification to species level for  
phytoplankton recorded during the study was done  
following published literature (Venkataraman, 1939;  
Subrahmanyan, 1946; Desikachary, 1959; Gopinathan, 
1984; Desikachary and Sreelatha, 1989; Tomas et al., 
1997; Al-Kandari et al., 2009). Scientific nomenclature 
of phytoplankton species recorded was revised as per  
Algaebase (Guiry and Guiry, 2020).
Hydrobiological analysis

In situ water parameters viz, sea surface temperature, 
pH, salinity, turbidity and total dissolved solids were  
recorded onboard during phytoplankton sample collection. 
Multiparameter (WTW 320 i) and Eutech Cyberscan water 
testing meter were used for recording sea surface  
temperature, pH, salinity and total dissolved solids.  
Turbidity was recorded using Eutech (TN-100) turbidity 
meter. Dissolved oxygen was estimated following  
Winkler’s titration (APHA, 2005). Chlorophyll-a was  
estimated using acetone extraction method  (APHA, 2005).
Statistical analysis

Phytoplankton community structure and variations 
in season-wise and depth-wise phytoplankton cell density 
were analysed using MS-Excel. To evaluate difference 
in phytoplankton abundance among seasons and depths, 
one-way ANOVA was done using SPSS (version 25). 

Univariate diversity indices Shannon-Weiner Diversity 
Index (H’), Margalef’s species richness index (d), Pielou’s 
evenness (J’) and Simpson Dominance Index (1- λ’) with 
respect to phytoplankton abundance among depth and  
seasons at both locations were analysed using PRIMER v7 
(Clarke and Gorley, 2015). 

H’ = Σ[(pi) * log(pi)]
d = (S-1) / log N  
J' = H' / log2S

1 - λ' = 1-∑   ni (ni - 1) / N (N-1)

where, ‘S’ is the total number of species, ‘N’ is the total 
number of individuals of all species in the sample, ‘ni’ 
is the number of individuals of a species in the sample 
and Pi = ni/N proportion of the sample for the ith species. 
K-dominance plot, Bray-Curtis Similarity and SIMPER 
were figured based on square root transformed data  
using Primer v7. Cluster analysis using complete linkage 
method was performed based on Bray Curtis similarity 
to determine similarities in plankton occurrence among  
sampling stations and seasons. Similarity in species  
between Mumbai and Ratnagiri and identification of  
discriminating species were studied from similarity  
percentage (SIMPER) analysis. 

Results
Hydrobiological parameters

Seasonal variations in hydrobiological parameters 
of water samples collected during the present study are  
presented in Table 1. Average sea surface temperature 
ranged from 25.00 to 31.80ºC and 26.00 to 32.50ºC, at 
Mumbai and Ratnagiri respectively. Highest sea surface 
temperature was observed during PRM season compared 
to POM and MON seasons. pH values ranged between 7.34 
and 8.33 at Mumbai and between 7.42 and 8.45 at Ratnagiri. 
Highest pH was observed at Ratnagiri during PRM season. 
Seasonal variation in pH values was observed and lower 
pH was observed during MON. Salinity varied from 
29.20 to 36.80 ppt during the study. Comparatively higher  
salinity values were observed at Mumbai during PRM 
season. Lowest salinity values were observed during 
MON season at Mumbai and Ratnagiri. Dissolved oxygen 
content ranged between 3.95 and 6.10 mg l-1 at Mumbai 
whereas at Ratnagiri DO values varied between 3.88 
and 6.40 mg l-1. Highest dissolved oxygen values were  
recorded during PRM season compared to POM and MON 
seasons at Mumbai and Ratnagiri. Chlorophyll-a showed 
seasonal variation at Mumbai and Ratnagiri. Higher  
chlorophyll-a concentrations were observed during POM 
season. At Mumbai, chlorophyll-a ranged from 1.35 to 5.37 
mg C m-3 which were slightly lower than chlorophyll-a 
concentration observed at Ratnagiri (1.90 to 6.00 mg C m-3). 
Highest turbidity and total dissolved solids content were 
observed during MON followed by PRM and POM  
seasons at Mumbai and Ratnagiri. 

Phytoplankton species composition

 A total of 84 species of phytoplankton belonging 
to 32 orders, 41 families and 54 genera were identified  
(Table 2). Out of these, 67 species were diatoms 
(Classes Bacillariophyceae, Coscinodiscophyceae and  
Mediophyceae), 16 were dinoflagellates (Classes  
Dinophyceae and Noctilucoohyceae) and one species of 
blue green alga (Class Cyanophyceae). Diatom species  

Variations in phytoplankton assemblage along coastal waters of Maharashtra
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Table 1. Seasonal variations in the physico-chemical characteristics (Mean±SE) at Mumbai and Ratnagiri during the study period

Location Depth (m) Season SST pH SAL DO CHL TDS TBD
Mumbai 20 m MON 28.65±0.56 7.92±0.10 31.30±1.14 4.61±0.34 3.78±0.28 40.57±2.68 10.71±3.11

POM 28.01±0.63 8.01±0.08 33.92±0.30 4.84±0.16 4.16±0.29 33.09±3.53 6.72±0.96
PRM 28.67±0.58 8.09±0.07 35.18±0.23 5.12±0.12 3.82±0.31 31.08±3.78 7.95±0.93

40 m MON 29.00±0.52 7.96±0.15 32.58±0.65 4.86±0.33 3.15±0.12 42.75±3.16 8.55±3.02
POM 27.86±0.64 8.03±0.09 34.40±0.21 5.05±0.20 3.43±0.23 27.86±3.53 5.04±0.74
PRM 29.31±0.59 8.11±0.08 35.39±0.25 5.14±0.19 3.38±0.30 30.75±3.53 6.49±1.42

Ratnagiri 20 m MON 28.13±0.30 8.10±0.13 30.89±0.57 4.41±0.20 3.07±0.14 30.04±3.43 5.37±0.62
POM 28.51±0.37 8.11±0.04 33.59±0.21 5.32±0.09 4.30±0.27 25.16±2.55 2.45±0.27
PRM 30.24±0.46 8.13±0.06 34.79±0.19 5.78±0.09 3.76±0.20 27.37±3.21 3.58±0.58

40 m MON 27.58±0.31 8.07±0.14 31.53±0.50 4.67±0.22 2.29±0.13 29.14±2.99 4.14±0.86
POM 28.19±0.45 8.11±0.05 34.13±0.18 5.37±0.09 3.86±0.16 25.75±1.78 2.13±0.39
PRM 30.18±0.44 8.15±0.05 35.18±0.19 5.99±0.09 3.01±0.24 28.39±3.09 2.75±0.45

Table 2. Depth-wise  occurrence of phytoplankton species recorded off Mumbai and Ratnagiri

Species Mumbai 20 m Mumbai 40 m Ratnagiri 20 m Ratnagiri 40 m
Amphiprora alata + + + -
Amphora angusta + + - -
Ardissonea formosa + + - -
Asterionellopsis glacialis + + + +
Asteromphalus flabellatus - - + +
Bacteriastrum delicatulum + + + +
Bacteriastrum hyalinum + + + +
Bellerochea malleus + + + -
Biddulphia biddulphiana + - - -
Cerataulina bergonii + + - -
Chaetoceros affinis + + + +
Chaetoceros coarctatus + + + +
Chaetoceros curvisetus + + + +
Chaetoceros decipiens + + + +
Chaetoceros diversus - - + +
Chaetoceros lorenzianus + + + +
Corethron hystrix - - + -
Coscinodiscus centralis + + + +
Coscinodiscus marginatus + + + -
Coscinodiscus radiatus + + + +
Cyclotella striata + + + +
Cylindrotheca closterium + + - -
Ditylum brightwellii + + + +
Eucampia zodiacus + + + +
Fragilariopsis oceanica + + + +
Grammatophora oceanica - - + +
Guinardia flaccida + + + +
Guinardia striata - - + -
Gyrosigma balticum + + + +
Helicotheca tamesis - - + +
Hemiaulus hauckii - - + +
Hemiaulus membranaceus - - + +
Hemiaulus sinensis + + - -

Contd............

Vaibhav D. Mhatre et al.
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Lampriscus shadboltianum - - + +
Lauderia annulata - - + +
Leptocylindrus danicus + + + +
Licmophora abbreviata + + + +
Licmophora juergensii - - + +
Lyrella clavata - - + +
Melosira sulcata - - + +
Navicula directa + + + -
Navicula distans + + + +
Neocalyptrella robusta + + + +
Nitzschia longissima + + + +
Nitzschia sigma + + + +
Odontella aurita - - + +
Odontella sinensis + + + +
Planktoniella sol + + + +
Pleurosigma elongatum + + + +
Pleurosigma normanii + + + +
Proboscia alata + + + +
Pseudo-nitzschia seriata + + + +
Rhizosolenia imbricata - - + -
Rhizosolenia setigera + + + +
Rhizosolenia stolterfothii - - + +
Skeletonema costatum + + + +
Surirella fluminensis + - + -
Synedra ulna + + + -
Thalassionema frauenfeldii + + + +
Thalassionema nitzschioides + + + +
Thalassiosira decipiens - - + +
Thalassiosira eccentrica + + + +
Thalassiosira subtilis + + + +
Thalassiothrix longissima + + + +
Triceratium favus - - + -
Triceratium reticulatum + - - -
Trieres mobiliensis + + + +
Amphidinium carterae + + - -
Dinophysis caudata + + + +
Dinophysis miles + + + +
Noctiluca scintillans - - + +
Ornithocercus magnificus - - + -
Prorocentrum micans + + + +
Protoperidinium biconicum + + - -
Protoperidinium depressum + + + +
Protoperidinium oceanicum - - + +
Pyrophacus horologium + + + +
Pyrophacus steinii - - + -
Tripos brevis + + + +
Tripos furca + + + +
Tripos fusus + + + +
Tripos massiliensis - - + +
Tripos muelleri - - + +
Trichodesmium erythraeum + + + +

Species Mumbai 20 m Mumbai 40 m Ratnagiri 20 m Ratnagiri 40 m

Variations in phytoplankton assemblage along coastal waters of Maharashtra
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belonging to Class Mediophyceae (9 orders, 14 families, 19 
genera) were dominant at all stations followed by diatoms 
of Class Bacillariophyceae (10 orders, 12 families, 17 genera). 
Among dinoflagellates, majority of the species recorded 
were from Class Dinophyceae represented by 5 orders, 6 
families and 7 genera. Only one dinoflagellate, Noctiluca 
scintillans was recorded from Class Noctilucoohyceae. 
Depth-wise occurrence of phytoplankton species off 
Mumbai and Ratnagiri are given in Table 2.

At Mumbai, 60 phytoplankton species were recorded, out 
of which 49 were diatoms (19 orders, 26 families, 37 genera), 
10 were dinoflagellates (5 orders, 6 families, 6 genera) 
and one was a blue green alga. Phytoplankton cell 
density varied between 1.62 to 6.47 x 104 cells l-1  
recorded at 20 m depth and 0.58 to 3.84 x 104 cells l-1 
at 40 m depth. Seasonal variations were observed with  
respect to phytoplankton cell density. High species count 
with cell density was observed during POM season with 
56 species. Mean cell density of phytoplankton was high 
during POM season (4.06±0.50 x 104 cells l-1) followed by 
PRM season (3.07±0.22 x 104 cells l-1) and MON season 
(1.93±0.13 x 104 cells l-1) at 20 m depth. Mean cell density 
of phytoplankton during POM, PRM and MON seasons 
was 2.25±0.36 x 104 cells l-1; 1.59±0.15 x 104 cells l-1 and 
0.71±0.07 x 104 cells l-1 respectively at 40 m depth station 
of Mumbai (Fig. 2).

Group-wise percentage composition of phytoplankton 
species is presented in Table 3. Diatoms were abundant 
throughout the year and trend of diatom abundance at 20 m 
depth was PRM>MON>POM whereas at 40 m depth  
station, trend of diatoms abundance was POM>MON>PRM. 
Dinoflagellates were abundant during POM and MON 
season compared to PRM season. One-way ANOVA  
revealed significant difference (p<0.05) in total cell density, 
diatoms, dinoflagellate and blue green alga density between 
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Fig. 2. Season-wise and depth-wise average phytoplankton cell 
density recorded at Mumbai

20 and 40 m depth stations. Highest phytoplankton cell 
density was recorded during POM when compared to 
MON season (p<0.05). One-way ANOVA revealed  
significant difference (p<0.05) in diatom cell density 
(POM and MON), dinoflagellate cell density (PRM, POM 
and MON) and blue green algae cell density (PRM and 
POM) among seasons. 

Diatoms T. subtilis, T. mobiliensis, S. costatum,  
C. centralis, D. brightwellii, Pseudo-nitzschia seriata, 
Chaetoceros lorenzinus, C. curvisetus, Coscinodiscus 
radiatus and Fragilariopsis oceanica were abundant at 
Mumbai. T. subtilis, T. mobiliensis and C. centralis were 
abundant throughout all the seasons. Leptocylindrus  
danicus was prevalent during MON season and  
S. costatum was abundant during POM season and least  
observed during MON season. Tripos furca and Dinophysis 
miles were major dinoflagellate species contributing 
to the phytoplankton community structure at Mumbai.  
T. erythraeum was abundantly observed only during PRM 
season especially at 40 m depth stations during the present 
study.

Table 3. Season-wise abundance (%) of phytoplankton groups recorded at each station

Mumbai MON 20 m MON 40 m POM 20 m POM 40 m PRM 20 m PRM 40 m
Bacillariophyceae 25.9% 26.2% 24.1% 20.5% 20.7% 19.4%
Coscinodiscophyceae 7.9% 8.5% 15.7% 13.9% 11.9% 9.7%
Mediophyceae 59.5% 58.9% 53.3% 60.6% 63.6% 57.5%
Dinophyceae 6.6% 6.4% 6.9% 5.0% 3.3% 2.0%
Noctilucoohyceae 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Cyanophyceae 0.0% 0.0% 0.0% 0.0% 0.5% 11.4%
Ratnagiri
Bacillariophyceae 19.0% 23.7% 16.6% 20.2% 11.3% 17.0%
Coscinodiscophyceae 7.7% 6.8% 5.7% 7.8% 5.4% 7.2%
Mediophyceae 70.5% 65.9% 61.6% 57.7% 53.2% 54.7%
Dinophyceae 2.8% 3.6% 4.5% 6.8% 2.4% 4.6%
Noctilucoohyceae 0.0% 0.0% 2.7% 1.9% 6.2% 4.3.%
Cyanophyceae 0.0% 0.0% 8.8% 5.6% 21.4% 12.2%

Vaibhav D. Mhatre et al.
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Higher species richness was observed at Ratnagiri 
with 75 phytoplankton species recorded during the present 
study period. Among these, 60 were diatoms (29 orders, 
38 families, 48 genera), 14 were dinoflagellates (5 orders, 
6 families, 7 genera) and one, blue green alga. 

Maximum mean cell density of phytoplankton was 
7.79±0.60 x 104 cells l-1 recorded at 20 m depth station 
whereas mean cell density of phytoplankton was 1.84±0.18 
x 104 cells l-1 at 40 m depth. Phytoplankton abundance 
varied between 0.81 x 104 (PRM in May at 40 m) and 
17.57 x 104 cells l-1 (POM in November at 20 m). Average 
phytoplankton abundance at both depth stations depicted 
a trend as POM>PRM>MON (Fig. 3). Maximum mean 
cell density of phytoplankton was recorded at 20 m depth 
during POM season (9.09±1.32 x 104 cells l-1) followed by 
PRM season (7.10±0.57 x 104 cells l-1) and MON season 
(6.57±0.45 x 104 cells l-1). Similarly, at 40 m depth highest 
mean cell density was recorded during POM season 
(2.43±0.32 x 104 cells l-1) followed by PRM season 
(1.67±0.20 x 104 cells l-1) and MON season (0.98±0.05 x 
104 cells l-1).

Diatoms dominated in all the seasons, showing  
maximum abundance during MON season followed by 
POM and PRM seasons (Table 3). Dinoflagellate cell 
density showed a trend as PRM (8.7%) > POM (7.5%) > 
MON (2.9%) in total phytoplankton biomass. However, 
dinoflagellates belonging to Class Dinophyceae were 
abundantly observed during POM followed by PRM 
and MON season. N. scintillans was abundant during 
PRM season and absent during MON season. Blue green 
alga was abundant during PRM season at both stations  
compared to POM season. 

One-way ANOVA revealed significant difference 
(p<0.05) in total cell density, diatoms, dinoflagellate and 
blue green alga density among 20 and 40 m depth stations 
at Ratnagiri. No significant difference (p>0.05) was  
observed in total cell density and diatom cell density 

among seasons. However, one-way ANOVA revealed  
significant difference in dinoflagellate cell density (PRM 
and MON) and blue green algae cell density (PRM and 
MON) among seasons. 

C. curvisetus, S. costatum, T. erythraeum, C. lorenzianus, 
D. brightwellii, T. mobiliensis, P. seriata, F. oceanica, 
N. scintillans and C. affinis were the most abundant 
diatoms recorded at Ratnagiri during the present study. 
N. scintillans blooms were observed during PRM season 
off Ratnagiri. Dinoflagellates T. furca and D. miles were 
also abundant. 

Species diversity indices

Univariate biodiversity indices estimated to  
understand variation between phytoplankton diversity 
and seasonal changes (Fig. 4) indicated similar pattern in 
Mumbai and Ratnagiri. Highest Shannon-Weiner diversity 
(H´), Margalef’s species richness (d´) and Simpsons  
dominance (1-λ´) was observed during POM season followed 
by PRM and MON season. 

Variations (p<0.05) in diversity indices among 20 
and 40 m depth was observed at Mumbai and Ratnagiri. 
Highest diversity indices were recorded at 20 m depth 
stations at both places. Seasonal variation was recorded 
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(p<0.05) only for Pielou’s evenness at Mumbai between 
PRM and MON. One way ANOVA revealed highest diversity 
at Ratnagiri during POM season (p<0.05) for Margalef’s 
species richness, Shannon-Weiner diversity index and 
Simpson’s dominance. Seasonal variation was not observed 
(p>0.05) for Pielou’s eveness at Ratnagiri.

The cumulative dominance plots (Figs. 5 and 6) 
agree with the observations on species diversity indices. 
K-Dominance plot shows presence of maximum species 
diversity during POM season at 20 and 40 m depth stations 
at Mumbai and Ratnagiri. Cluster analysis reveals  
resemblance of samples among them for certain species. 
Ordination separated phytoplankton assemblage of 20 
and 40 m depth stations of Mumbai during MON season 
(73.15% similarity) and phytoplankton assemblage of 40 m 
depth station of Ratnagiri during MON season (58.42% 
similarity) from remaining stations at 45.05% similarity 
(Fig. 7). Highest similarity in phytoplankton assemblage 
was observed among 20  and 40 m depth stations during 
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Fig. 7. Dendrogram showing Bray-Curtis similarities of phytoplankton assemblage observed at different sampling stations in different 
seasons at Mumbai and Ratnagiri

POM season (80.34% similarity) at Mumbai followed by 
phytoplankton assemblage at 40 m depth station during 
POM and PRM season (77.14% similarity).  

SIMPER analysis

Results of SIMPER analysis and discrimination  
between groups is shown in Table 4. Analysis of similarity 
percentage showed 49.34% dissimilarity between  
phytoplankton abundance at Mumbai and Ratnagiri;  
T. subtilis, T. mobiliensis, C. centralis and L. danicus were 
characteristic of the coastal waters off Mumbai while  
C. curvisetus, C. lorenzianus, S. costatum, D. brightwelli, 
P. seriata and T. erythraeum were the species contributing 
to the dissimilarity from Ratnagiri waters.

Discussion
Phytoplankton density was higher during POM and 

PRM seasons compared to MON season. Similar observations 
revealing higher phytoplankton cell density during  
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Table 4. SIMPER analysis displaying the average abundance of the most abundant phytoplankton species (contributing at least 1% of 
the dissimilarity) between Mumbai and Ratnagiri

Species Mumbai Ratnagiri 
Av. Abund. Av. Abund. Av. Diss. Contrib% Cum%

Chaetoceros curvisetus 71.77 271.32 3.33 6.76 6.76
Trichodesmium erythraeum 31.93 170.16 2.52 5.11 11.87
Chaetoceros lorenzianus 77.01 204.97 2.28 4.63 16.50
Thalassiosira subtilis 186.38 64.51 2.26 4.59 21.09
Skeletonema costatum 109.82 213.51 2.02 4.10 25.19
Noctiluca scintillans 0.00 94.69 1.46 2.96 28.14
Chaetoceros affinis 19.10 93.10 1.23 2.50 30.64
Ditylum brightwellii 88.81 149.63 1.22 2.47 33.10
Rhizosolenia stolterfothii 0.00 67.91 1.18 2.38 35.49
Leptocylindrus danicus 71.73 18.00 1.16 2.36 37.84
Chaetoceros coarctatus 16.81 81.49 1.16 2.36 40.20
Trieres mobiliensis 140.10 130.60 1.14 2.31 42.51
Gyrosigma balticum 70.72 13.86 1.09 2.20 44.71
Coscinodiscus centralis 108.07 87.02 1.00 2.03 46.74
Pseudo-nitzschia seriata 86.98 129.31 1.00 2.03 48.77
Average dissimilarity = 49.34. Av.: Average; Abund.: Abundance; Diss.: Dissmilarity; Cum.: Cumulative

winter (POM) season compared to summer (PRM) and 
MON season have been described in previous studies 
from west coast of India (Rajasekar et al., 2010; Rai and 
Rajashekhar, 2014, 2015; Temkar et al., 2015). Rajesh  
et al. (2002) observed more phytoplankton production when 
salinity and other hydrological parameters were in stable 
condition. Higher phytoplankton cell density observed 
during non-monsoon seasons may be due to stability of 
water columns (Shruthi and Rajashekhar, 2013) and influx 
of nutrients from surface runoff to the coastal areas (Kumar 
et al., 2015a). In the present study, lower sea surface  
temperature and salinity was observed during MON season 
which can be attributed to rainfal and dilution of seawater. 
Perumal et al. (2009) recorded lowest phytoplankton 
abundance during MON season as consequence of abrupt 
changes in environmental conditions, lower salinity 
and temperature. Also cloudy weather and decreased  
transparency might be the reason behind declined  
phytoplankton abundance during the season. Low pH values 
observed during MON season in the present study may 
be due to seawater dilution, lower temperature, minimal 
salinity and lower primary production (Rajasekar et al., 
2010; Minu et al., 2014; Rai and Rajashekhar, 2014, 
2015). Chlorophyll-a biomass was in accordance with the 
phytoplankton abundance at Mumbai and Ratnagiri.

Higher turbidity and total dissolved solids recorded 
during MON season can be attributed to freshwater influx 
heavily laden with silt (Garg et al., 2006) and in PRM 
season as a result of increased wave action resulting in 
turbulence in coastal waters leading to stirring of bottom 
sediments (Nixon, 1988). 

During winter season, increased strength of winds in 
Arabian Sea drives enhanced evaporative cooling, leading 
to convective mixing. This convective mixing enahances 
nutrient supply to euphotic zone from subsurface and  
increased dust input during winter which boosts iron induced 
fertilisation supporting increased phytoplankton biomass 
(Banse, 1987; Madhupratap et al., 1996; Kumar and 
Prasad, 1996; Kumar et al., 2001b; Kumar et al., 2010). 
Parab et al. (2006) observed two peaks of phytoplankton 
productivity, one during November to February and other 
during June to September along west coast of India. In the 
present study, two peaks of phytoplankton were observed, 
one during November to December and second during 
February to April.

Diatoms were abundantly recorded from all the stations 
during the different seasons at Mumbai and Ratnagiri 
followed by dinoflagellates. Similar trend was observed 
along west coast of India in previous studies (Venkataraman, 
2005; Paniadima et al., 2006; Saravanakumar et al., 
2008; Raveesha et al., 2010; Kaladharan et al., 2011; 
Robin et al., 2013; Shruthi and Rajashekhar, 2013; Rai 
and Rajashekhar, 2015; Temkar et al., 2015, Hardikar  
et al., 2017; Khot et al., 2018; Krishnankutty et al., 2019). 
Latif et al. (2013) observed diatoms to be more diverse 
and abundant in lagoon and open sea compared to  
dinoflagellates along coast of Pakistan. Dominance of  
diatoms reflects ecologically rich and sound coastline 
able to support large ecosystem (Temkar et al., 2015).  
Abundance of diatoms throughout all seasons may be 
due to the capability of diatoms to thrive well in varying  
environmental conditions (Shruthi and Rajashekhar, 

Variations in phytoplankton assemblage along coastal waters of Maharashtra



70

2013). Ceratium and Dinophysis were commonly occuring 
dinoflgellates recorded in previous studies (Trigueros and 
Orive 2001; Selvaraj et al., 2003; Madhav and Kondalarao, 
2004; Rai and Rajashekhar, 2014; Krishnankutty et al., 2019). 

T. subtilis and T. mobiliensis were available 
throughtout all seasons. S. costatum was also available 
throughout all seasons however, maximum availabilty 
was observed during POM season. These observations 
agree with dominance of Thalassiosira sp., S. costatum,  
Pseudo-nitzschia sp., Biddulphia sp. and Coscinodiscus sp. 
along the coast of Mumbai documented in previous 
studies (Ramaiah et al., 1998; Tiwari and Nair, 1998, 
2002; Kumar et al., 2015a; b; Shahi et al., 2015). Being 
a euryhaline species S. costatum (Rijstenbil, 1988) was  
observed throughout all seasons with maxima during 
POM season (Gonzalves, 1947; Qasim, 1972; Tiwari and 
Nair, 2002; Khot et al., 2018). 

Among diatoms, C. curvisetus, C. lorenzianus and 
S. costatum were abundant at Ratnagiri. S. costatum  
prevailed during MON and POM seasons. Robin et al. 
(2010) reported C. lorenzianus as the abundant species 
recorded from all stations up to 40 m depth off Karnataka 
and Kerala during their observations. Nair et al. (1980) 
also reported Chaetoceros spp. as abundantly available 
along Ratnagiri coast. Rai and Rajashekhar (2014) report-
ed Biddulphia mobiliensis, C. curvisetus, S. costatum and 
Licmophora abbreviata as abundantly available diatoms 
off Kerala. Khot et al. (2018) also recorded the abundant 
availability of Chaetoceros spp. during PRM and POM 
sesasons and of S. costatum during POM season from  
Ratnagiri waters. Similar observations regarding  
abundance of Chaetoceros spp. and S. cotstaum from  
Malvan waters was also made by Hardikar et al. (2017).

The dinoflagellate, N. scintillans was abundantly 
recorded during PRM season at Ratnagiri during the 
present study. N. scintillans blooms in nearshore waters 
of Arabian Sea have earlier been reported during PRM 
season  (Devassy and Nair, 1987; Matondkar et al., 2004; 
Matondkar et al., 2007; Gomes et al., 2008; Sulochanan 
et al., 2014). However, Dwivedi et al. (2012) rejected  
adverse impacts of N. scintillans blooms on zooplankton 
and fish population in northern Arabian Sea. T. erythraeum 
was the only cyanobcteria recorded and was predominantly 
observed in PRM season during the present study. However, 
it was also recorded during POM season at Ratnagiri.  
Predominance of T. eruthraeum during PRM season and 
availabiltiy during POM season has been documented 
in previous studies also (Nair et al., 1980; Sawant and  
Madhupratap; 1996; Matondkar et al., 2007; Robin et al., 2010).
Dominance of filamentous algae like Trichodesmium sp. 
is usually seen in warm, nutrient-poor nearshore  
waters lacking circulation and oceanic gyres (Jeffrey, 1995).  

In the present study, higher diversity indices were 
observed during POM season and lowest during MON 
season. These findings are in accordance with the  
observations of Rai and Rajashekhar (2015); Shruthi and 
Rajashekhar (2013). Minu et al. (2014) reported higher 
diversity indices during POM season followed by PRM 
and MON at 10 and 20 m depth stations off Kochi.  
Krishnankutty et al. (2019) observed maximum species 
count/diversity during POM season. Shannon-Wiener 
diversity index is a suitable water quality indicator and 
diversity value for less polluted water will be higher  
(Balloch et al., 1976; Wu, 1984). High value of diversity 
indices represent a healthy ecosystem whereas low values 
indicate degraded state of ecosystem (Manna et al., 2010). 
However, dominanc of a few species in the area also  
reveals low species diversity index (Margalef, 1968). 
Lower diversity is observed when one of few species 
dominate in the community (Gao and Song, 2005). Higher 
Shannon-Weiner index represents equally abundant  
species and it decrease as relative abundance of species 
moves away from evenness due to environmental  
disturbances (Kumar et al., 2015a). Low value of  
Shannon-Weiner diversity indices during MON sesason 
is due to dilution of water (Rajagopal et al., 2010). Higher 
diversity indices are observed at offshore stations  
compared to nearshore stations (Hardikar et al., 2017; 
Khot et al., 2018). In the present study, lower diversity 
indices observed at 40 m depth stations could be atrributed 
to dominance of a few species compared to 20 m depth 
stations. Higher diversity during POM and PRM seasons 
compared to MON may be due to high phytoplankton  
species count and cell density which is equally distributed 
among all species.

Phytoplankton abundance is closely related to  
environmetal parameters and in the present study also 
the seasonal variations in abundance could be attributed 
to the changes in hydrographical parameters prevailing in 
the coastal waters. This study on the seasonal variation 
of phytoplankton abundance will be useful to predict  
future environmental changes in the waters as well as 
form a baseline for predictive modelling studies on  
fishery resources. Further studies in relation to environment 
would help in identifying the mechanisms that explain 
phytoplankton fluctuations  in the coastal waters. 
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