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Abstract 

A study was carried out in the Purnagad estuary, southwest coast of India, to 

find out the distribution of dinoflagellates. Samples were collected for one year 

period during 2022–2023. During the study 22 species of dinoflagellates were 

encountered among which Ceratium fusus was dominant. Relatively high density 

and diversity of dinoflagellates were encountered in the month of May as compared 

to the other months. Temperature showed a positive correlation with dinoflagellate 

community showing its importance in dinoflagellate growth. 
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1.0 Introduction 

In the near-shore and continental shelf areas of the marine environment, 
dinoflagellates are an important group of protists that are found in various kinds of 
aquatic habitats, next to diatoms(Sahu et al., 2014). Dinoflagellates are a type of 
primarily unicellular creatures that belong to the division or Phylum Pyrrhophyta. 
They are distinguishable from other groups by a number of unique qualities, 
including organelles, colouring, flagellar insertion, and features of the nucleus.  
Dinoflagellates and ciliates are the two most diverse groups of algae. There are 
currently about 2400 identified species of dinoflagellates (Gomez, 2012b). 
Environmental molecular surveys uncover more groups of primitive dinoflagellates 
that are not as well-documented, and tens of thousands of new species are 
published each year (Guillou et al., 2008). Dinoflagellates are neither plants nor 
animals, many of them exhibit characteristics associated with plants, including the 
ability to photosynthesise, have walls made of cellulose, and produce starch, which 
is used as an energy storage material (Carty et al., 2015). 

Estuaries are highly productive, dynamic, semi-enclosed waterbodies that are 

intermittently or permanently connected to the sea. They are nourished by 

freshwater from river inflows, which produces a unique salinity gradient and unique 

biota characteristics(Elliott and Mclusky, 2002; Mclusky and Elliott, 2007; Whitfield et 

al., 2002; Chicharo et al., 2006; Tweedley et al., 2019). The fluctuations in river 

water mixing with sea water, which produce turbidity, nutrient gradients, and salinity 

(Svetlichny, 2019), indicate the complexity of a river estuary. Estuaries are dynamic 

environments that change constantly. They have been recognised as dynamic 

ecosystems due to their physical characteristics. They get an influx of freshwater 

during the monsoon, which results in periodic variations in the concentration of 

nutrients and salinity. A salinity gradient consequently develops along the 

estuary.Very poor paper has been published on the physico-chemical characteristics 

in relation to the dinoflagellates in Purnagad estuary (Map. 1) Ratnagiri. Hence the 

present study was conducted to study the monthly distribution of dinoflagellates and 

physico-chemcial parameters of water in the Purnagad estuary, southwest coast of 

India. 
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2.0 Material and methods  

2.1. Study area and sampling  

 
Map.1Sampling locations at Purnagad estuary, Ratnagiri 

The west coast of India experiences intense rain falls during the monsoon 

months of June–September, the summer season (February–May) and winter season 

(October-January). The study was carried out in the estuarine and coastal locations 

of Purnagad. Based on salinity gradient, sampling was conducted at five sampling 

stations (Map. 1) in Purnagad estuary. The tidal amplitude Surface samples were 

collected every monthly from these locations during the high tide-times from 

February2022 to January 2023.  

2.2. Environmental parameters-Field data like atmospheric and surface water 

temperatures, salinity, dissolved oxygen and pH were measured during the 

sampling. Nutrients like inorganic phosphate, nitrate, nitrite, silicate, were analyzed 

by adopting the standard methods (Strickland and Parsons, 1972; AOAC, 2006; 

APHA, 2005; Andrew et al., 2005 and Rice et al.,2012). 

2.3. Dinoflagellate assemblage - Monthly samplings for quantitative and qualitative 

analyses of dinoflagellates were collected from the estuarine water surface and 

filtered by using the 60μ plankton net. The collected dinoflagellates samples were 

preserved in Lugols iodine and 5% neutralized formalin solution for counting 

dinoflagellate cells and identification of genera and species with Sedgwick-Rafter 

plankton counting chamber and examined microscopically.Cells were enumerated 

and expressed as no.l-1. (Santhanam et al., 1987, Newell and Newell, 1963, Yamaji, 

1979, Wood, 1968 and Claudia et al., 2017). Biodiversity indices such as Shannon 

index, species richness, evenness and dominance were calculated (Bakus, 2007) 



 

 

3.0 Results abnd Discussion 

3.1. Physico-chemical parameters 

Atmospheric temperature was maximum in the month of May (37.2 0C) and 

minimum in the month of January (21.9 0C). Water temperatures with the minimum 

during the winter in the month ofDecember (25.40C) and the maximum of 370C was 

recorded during the summer month of April. The maximum salinity of 37.6 psu was 

found in May and zero salinity were recorded during monsoon season in the months 

of July and August.The pH was recorded maximum (8.8) in the month of April while 

minimum in the month of August. Highest dissolved oxygen was observed in the 

month of February and lowest in the months of April and May respectively (Graph 1). 

Nutrients like, maximum nitrate concentration (0.1796 mgl-1) was found in the 

month of Januarywhile minimum (0.1747 mgl-1) in in the month of October. The 

Lowest nitrite concentration (0.0076 mgl-1) was recorded in the month of June while 

highest (0.0228 mgl-1) in the month of January.Phosphate values was varied from 

0.1038 mgl-1 to 0.3899 mgl-1 in the month of February to January respectively.Silicate 

was maximum (0.6031 mgl-1) in the month of February and minimum (0.0050 mgl-1) 

in the month of October (Graph 1). 

3.2 Qualitative and quantitative distribution of dinoflagellates along Purnagad 

estuary 

Ceratium breve was uncommonly found in the month of May and June, 
similarly in Cochin backwater (Gopinathan, 1972), Ceratium furca was infrequently 
found in the month of May,similar result found in Cochin estuary (Dayala et 
al.,2014).Ceratium fusus(14%)was recorded maximum in numbers in the months of 
Feb, May, June, July and November,similar result observed in along Tuticorin (Asha 
et al 2018). Ceratium fusus (203 no. l−1) was found to be the most abundant 
speciesat Purnagad estuary, due to wide ranges of water temperatures, salinities 
along Kerala coast (Rajashekhar and Rai, 2014). Ceratium gibberum was 
occasionally found in the month of May, similarly in the Cochin water (Sanilkumar, 
2009).Ceratium tripos was infrequently observed in the months of May and July 
similar result found along Mahanandi estuary (Naik et al.,2009).Dinophysis caudata 
(9%) was rarely found in the months of Feb, May and January, similar result was 
found along Nethravati – Gurupura estuary (Shruthi and Rajashekhar, 
2013).Dinophysis tripos(8%) was observed in the months of Feb and November, 
similarly along Cochin water (Sanilkumar, 2009).Gymnodinium catenatum (9%) was 
dominated in the month of May, similarly along southern Brazil (Tavares et 
al.,2009).Ornithocercus magnificus was found maximum in number in the month of 
June,similar result reported by (Lavanya Ratheesh et al. 2020) along Kochi waters. 
Peridinium sp.was found in the month of January.Peridinium oceanicum was 
recorded in the month of July and November, similar result found along Bay of 
Bengal (Mishra et al., 2005). Peridinium ovatum(11%) was second abundant species 
(166 no. l−1) in the months of May and November along Purnagad estuary (Yamaji, 
1979).Peridinium rectumwas observed only in the month of November, similarly 
along Veraval coast, Gujarat(Temkar et al.,2015). Prorocentrum compressumwas 
observed in the months of May, July and November, similarly in Cochin water 
(Sanilkumar, 2009). Prorocentrum micanswas reported in the months of February 
and May corresponding result found in Nethravati – Gurupura estuary(Shruthi and 

Formatted: Highlight

Comment [w85]: Do this in whole text. 

Formatted: Highlight

Formatted: Highlight



 

 

Rajashekhar, 2013). Protoperidinium crassipes was found in the months of May and 
November, similarly in Georgia, Russian Federation and Ukraine, (Slobodnik et al, 
2018).Protoperidinium latissimum(7%)was found in the months of July, October and 
November, similarly along the southwestern Gulf of Mexico (Okolodkov et al., 
2008).Protoperidinium quinquecorne was recorded in the month of November, 
similarly along Cochin estuary (Dayala et al.,2014). Protoperidinium venustumin the 
month of June, similar result found along Vietnamese coastal waters (Luom et al., 
2017).Pyrocystis lunulawas observed in the month of July, similar result along East 
Coast of India (Sahu et al., 2013).Pyrocystis noctilucawas reported in the month of 
May, similar result found along Mandovi estuary, Goa (Pednekar et al., 2014). 
Pyrophacus horologium was observed in the months of May, June and July, similar 
result recorded along Cochin water (Sanilkumar, 2009), (Table no.1), (Fig.1). 

Dinoflagellates were dominant in the month of May (509 no.l-1) both 
quantitatively and qualitatively (Sahu et al., 2014).It was found that high temperature 
and salinity are favorable to the growth of dinoflagellates (Taylor, 1973), (Graph 2), 
(Graph 3), (Fig. 1). 

 
Table no.1- Monthly plankton abundance along Purnagad estuary during February 
2022-January 2023 

                     Months 
Species 

F- 
22 

M- 
22 

A- 
22 

M- 
22 

J- 
22 

Jl- 
22 

A- 
22 

S- 
22 

O- 
22 

N- 
22 

D- 
22 

J- 
23 

Ceratium breve - - - + + - - - - - - - 

Ceratium furca - - - + - - - - - - - - 

Ceratium fusus + - - + + + - - - + - - 

Ceratium gibberum - - - + - - - - - - - - 

Ceratium tripos - - - + - + - - - - - - 

Dinophysis caudata + - - + - - - - - - - + 

Dinophysis tripos + + - - - - - - - - - - 

Gymnodinium catenatum - - - + - - - - - - - - 

Ornithocercus serratus - - - - + - - - - - - - 

Peridinium sp. - - - - - - - - - - - + 

Peridinium oceanicum - - - - - + - - - + + - 

Peridinium ovatum - - - + - - - - - + - - 

Peridinium rectum - - - - - - - - - + - - 

Prorocentrum compressum - - - + - + - - - + - - 

Prorocentrum micans + - - + - - - - - - - - 

Protoperidinium crassipes - - - - - - - - - + - - 

Protoperidinium latissimum - - - - - + - - - + - - 

Protoperidinium quinquecorne - - - - - - - - - + - - 

Protoperidinium venustum - - - - - + - - + + - - 

Pyrocystis lunula - - - - - + - - - - - - 

Pyrocystis noctiluca - - - + - - - - - - - - 

Pyrophacus horologium - - - + + + - - - - - - 

 
+(Present), -(Absent)  
 
3.3 Correlation with environmental parameter 
 



 

 

Table no. 2- Correlation between physico-chemical parameters and dinoflagellates 
along Purnagad estuary during February 2022-January 23 
A.T- Atmospheric temperature, W.T- water temperature, S- salinity, DO-dissolved 
oxygen, NO3-nitrate, NO2-nitrite, PO4- phosphate, Si- silicate, D-Dinoflagellates 

 
Correlations 

 
A.T W.T S pH DO NO3 NO2 PO4 Si D 

A.T 1 
         

W.T .782** 1 
        

S -0.1 0.045 1 
       

pH .604* .650* 0.402 1 
      

DO -0.063 -0.218 -.639* -0.38 1 
     

NO3 -0.354 -0.343 0.365 -0.067 0.232 1 
    

NO2 -.576* -0.407 0.461 -0.158 0.001 0.548 1 
   

PO4 -.648* -0.522 0.422 -0.331 0.091 0.486 .813** 1 
  

Si 0.26 -0.122 0.104 0.306 0.067 0.412 -0.28 -0.396 1 
 

D .625* .640* 0.364 .672* -0.1 0.023 -0.215 -0.272 0.314 1 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 

Environmental factors such as atmospheric temperature showed correlation 

with dinoflagellates(r = 0.625) (Sahu et al., 2014). pHwas correlated with 

dinoflagellate (r = 0.672) (Yoo, 1991). Salinity was negatively correlate with dissolved 

oxygen (r = -0.639) (Supriatna and Mahmudi, 2021 andRajashekhar and Rai, 

2014).The phosphate was positively correlate with nitrate (r = 0.813), relationship of 

nitrate and phosphate was favourable for phytoplankton abundance (Marsela et al., 

2021), (Table no.2).  

 

 
 

Graph 1- Monthly water parameters recorded along Purnagad estuary, during 2022-
23 
A.T- Atmospheric temperature, W.T- water temperature, S- salinity, DO-dissolved 
oxygen 
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Graph 2- Monthly quantitative variations of dinoflagellates recorded during 2022-23 

 

 
Graph 3- Monthly quantitative variations of dinoflagellates recorded during 2022-23 

 

 
 

Fig.1- Percentage distribution of different phytoplankton divisions in the Purnagad 
estuary during 2022-23. 
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3.4 Species richness and diversity indices 

The range of species diversity, dominance, evenness and richness were 0 - 

3.4096, 0.0644-1, 0-0.9356, 0 – 18 respectively. The least lowestvalues of diversity 

indices were recorded during March, April, August and September but were higher 

during other periods. Higher values of dominance were reported in the months of 

March, April, August and September while minimum in the months of February, July 

and October. The maximum richness values were recorded in the months of May, 

July and November. The low richness was recorded April, August and September. 

Graph 2 (Graph 4). 

  

  

Graph 4 – Monthly variations of dinoflagellates species diversity, dominance, 

evenness and richness recorded during2022-23. 

4.0 Conclusion 

The dinoflagellate community structure at Purnagad estuary was found to 

constitute 22 species during theone year of study. The species that was found to be 

most prevalent was Ceratium fusus. Prorocentrum (six species) was the most 

diversified genus among all the species, followed by Ceratium (five 

species).Temperaturewas one of the important parameters that positivelyinfluenced 

the dinoflagellate community.  

 

7.0 Reference 

0

1

2

3

4

Fe
b

M
ar

A
p

r

M
ay Ju
n

Ju
l

A
u

g

Se
p

O
ct

N
o

v

D
ec Ja
nD

iv
er

si
ty

  i
n

d
ex

 n
o

.l
-1

2022-23

0

0.2

0.4

0.6

0.8

1

1.2

Fe
b

M
ar

A
p

r

M
ay Ju
n

Ju
l

A
u

g

Se
p

O
ct

N
o

v

D
ec Ja
n

D
o

m
in

an
ce

 n
o

.l-1

2022-23

0

0.2

0.4

0.6

0.8

1

Fe
b

M
ar

A
p

r

M
ay Ju
n

Ju
l

A
u

g

Se
p

O
ct

N
o

v

D
ec Ja
n

Ev
e

n
n

es
s 

n
o

.l-1

2022-23

0

5

10

15

20

Fe
b

M
ar

A
p

r

M
ay Ju
n

Ju
l

A
u

g

Se
p

O
ct

N
o

v

D
ec Ja
n

R
ic

h
n

es
s 

n
o

.l-1

2022-23

Formatted: Highlight

Comment [w86]: Conclusion must be 
included the idea that you have gained 
After this study, not just results. 

Comment [w87]: References should be 
corrected according to the journal format. 



 

 

Andrew D. E., Lenore. S. C., Eugene W. R. and Arnold E. G. Standard method  for 

 the examination of water and wastewater. Centennial edition, 2005;1-1: (In

 press). 

AOAC. Official Methods of Analysis, 18th ed. Association of Official Analytical 

 Chemist, Washington, D. C. 1094, 2006.  

APHA. Standard Methods for the Examination of Water and Waste Water 21st ed.  

 American Public Health of Association, American Water WorksAssociation 

 Environmental Federation, Washington DC, USA. 2605, 2005. 

Asha PS, Ranjith L, Diwakar K, Prema D and Krishnakumar PK. Distribution and

 species diversity of phytoplankton in the inshore waters of Tuticorin in relation

  to the  physicochemical variables. J. Mar. Biol. Ass. India, 2018; 60:1. 

Bakus G J. Quantitative analysis of marine biological communities, ISBN-13; 

 978-0- 470-04440-7. ISSN-10; 0-470-04440-3.143-148, 2007. 

Carty S and Parrow MW. Dinoflagellates. Freshwater Algae of North America. 2015:

 (In press). 

Chicharo L, Chícharo MA, Ben-Hamadou R. Use of a hydrotechnical infrastructure

  (Alqueva Dam) to regulate planktonic assemblages in the Guadiana estuary:

  Basis for sustainable water and ecosystem services management. Estuar. 

  Coast. Shelf Sci., 2006;70: (In press). 

Claudia C, Neelke F, Stijn V, Dries V and Jessica DM.Intellectual and 

 developmental disabilities, 2017; 55(4): (In press). 

Dayala VT, Salas PM and Sujatha CH.Spatial and seasonal variations of 

 phytoplankton species and their relationship to physicochemical variables in 

 the Cochin estuarine waters, Southwest coast of India. Indian Journal of Geo-

 Marine Sciences. 2014;43(6): (In press). 

Elliott M, McLusky DS. The need for definitions in understanding estuaries. Estuar.

  Coast. Shelf Sci., 2002; 55: (In press). 

Gopinathan CP. Seasonal abundance of phytoplankton in the Cochin backwater. J 

 mar.  biol. Ass. India. 1972;14 (2): (In press). 

Gomez, FA. checklist and classification of living dinoflagellates(Dinoflagellata, 

 Alveolata). CICIMAR Océanides.2012b; 27: (In press). 

Guillou L, Viprey M, Chambouvet A, Welsh RM, Kirkham AR, Massana R,  Scanlan 

 DJ. and Worden AZ. Widespread occurrence and genetic diversityof marine 

 parasitoids belonging to Syndiniales (Alveolata). Environmental Microbiology, 

 2008;10: (In press). 

Lavanya R, Joseph RV, Parvathy R, Shelton P, Prema D, Kripa V and Kaladharan P.

  First report of a rare bloom of Ornithocercus magnificus, Stein 1883 along the

  coastal waters of Kochi; A possible indicator of increasing sea surface 

 temperature. J. Mar. Biol. Ass. India, 2020;62 (2): (In press). 



 

 

Marsela K, Hamdani H, Anna Z and Herawati H. The Relation of Nitrate and 

 Phosphate to Phytoplankton Abundance in the Upstream Citarum River, West 

 Java, Indonesia. Asian Journal of Fisheries and Aquatic Research, 202111(5): 

 (In press). 

Mclusky DS, Elliott M. Transitional waters: A new approach, semantics or just 

 muddying the waters? Estuar. Coast. Shelf Sci., 2007, 71, 359–363 (In 

 press). 

Mishra S, Sahu G, Mohanty AK, Singh SK and Panigrahy RC.. Impact of the Diatom 

 Asterionella glacialis (Castracane) Bloom on the Water Quality and 

 Phytoplankton Community Structure in Coastal Waters of Gopalpur Sea, Bay 

 of Bengal. Asian Journal of Water, Environment and Pollution, 2005; 3(2): (In 

 press). 

Naik S, Acharya BC and Mohapatra A.Seasonal variations of phytoplankton in 

 Mahanadi estuary, east coast of India. Indian Journal of Marine Sciences. 

 2009; 38:2: (In press). 

Newell GEand Newell RC.Marine Plankton, A practical guide. London,1963: (In 

 press). 

Pednekar SM, Kerkar V, Matondkar SGP. Spatiotemporal distribution in  

 phytoplankton community with distinct salinity regimes along the Mondovi

 estuary, Goa, India. Turkish Journal of Botany, 2014; 38: (In  press). 

Rajashekhar M and Rai SV. Seasonal assessment of hydrographic variables and 

 phytoplankton community in the Arabian sea waters of Kerala, southwest 

 coast of india. Brazilian journal of oceanography, 2014; 62(4): (In press). 

Rice EW, Baird RD, Eaton AD and Clesceri LS. Standard methods for the 

 examination of water and wastewater. American Public Health Association, 

 NW, Washington. 2012: (In press). 

Sahu G, Mohanty AK, Samantara MK, Satpathy KK. Seasonality in the distribution of 

 dinoflagellates with specialreference to harmful algal species in tropical 

 coastalenvironment, Bay of Bengal. Environmental Monitoring and

 Assessment 2014; 186(8). 

Santhanam R, Ramanathan N, Venkatramanujam K and Jagatheesan G.  

 Phytoplankton of the Indian seas. Daya Publishing house, Delhi, India,1987: 

 (In press). 

Sanilkumar MG. Microalgae in the southwest coast of India. Cochin University of 

 Science and Technology. 2009;1-285: (In press). 

Shruthi MS and Rajashekhar M.Ecological observations on thephytoplankton of 

 Nethravati – Gurupuraestuary, south west coast of India. J. Mar. Biol. Ass. 

 India, 2014; 55 (2): (In press). 

Slobodnik J, Alexandrov B, Komorin V, Mikaelyan A, Guchmanidze A, Arabidze M, 

 Korshenko A.National Pilot Monitoring Studies and Joint Open Sea Surveys 



 

 

 in Georgia, Russian Federation and Ukraine, 2017. Scientific Report – Joint 

 Black Sea Surveys, 2018. 

StricklandJDH., and Parsons TR. A Practical Handbook of Seawater Analysis. Bull. 

 Fish. Res. Bd. Can,1972; 167-310. 

Supriatna and Mahmudi M.Dynamic model of dissolved oxygen in intensive 

 concrete pond of white leg shrimp (Litopenaeus vannamei) in Bomo Village,

 East Java. Earth and Environmental Science. 2021:919, (In press). 

Svetlichny L, Hubareva E, Khanaychenko A, Uttieri M. Response to salinity and 

 temperature changes in the alien Asiancopepod Pseudodiaptomus marinus

 introduced in the Black Sea. J. Exp. Zool., 2019; 331:(In press). 

Temkar GS, Gangan SS, Azeez PA, Sikotaria KM, Brahmane VT, Metar SY, Mathew

  KL and Desai AY.Correlation of phytoplankton density with certain

 hydrological parameters along the coastal waters of Veraval, Gujarat. Journal 

 of the Marine Biological Association of India, 2015; 57:2. 

Tweedley JR, Dittmann SR, Whitfield AK, Withers K, Hoeksema SD, Potter IC.

 Hypersalinity: Global distribution, causes,and present and future effects on 

 the biota of estuaries and lagoons. In Coasts Estuaries; Elsevier: Amsterdam,

 The Netherlands,2019; 30: (In press). 

Taylor FJR. General features of dinoflagellate material collected by the Anton Bruun

  during IIOE. In: Zeitzschel, B. (Ed.). The Biology of the Indian Ocean: 

 Biological Studies, Springer Verlag, Berlin, 1973:(In press). 

Whitfield AK, Elliott M. Fishes as indicators of environmental and ecological changes 

 within estuaries: A review of progress and some suggestions for the future. J. 

 Fish Biol., 2002; 61:(In press). 

Wood EJF. Dinoflagellates of the Caribbean Sea and Adjacent Areas. University of 

 Miami Press. United States of America,1968: (In press). 

Yamaji I. Illustration of the marine plankton of Japan. Hoikusha Publishing Co. Ltd,

 1979: (In press). 

Yoo KI. Population dynamics of dinoflagellate community in Masan Bay with a note 

 on the impact of environmental parameters. Mar. Pollut. Bull, 1991; 23: (In 

 press). 

Zar JH. Biostatical analysis. Fourth ed. Ten prints (I) Pvt. Ltd. Delhi, India,2004: (In

  press). 

 


