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Cyanobacteria are photo-autotrophs, potential rich organisms 

gaining interest in all fields. They are almost cosmopolitan in moisture rich 

environment, holding different adaptations based on their locations and 

encompass wide potentials which are boon to that ecosystem. Marine 

cyanobacteria contribute its role in various ways such as energy fuel, food, 

medicine and also in bioremediation process. The study focused on seasonal 

distribution of cyanobacteria in Arumuganeri estuary region, Tuticorin 

district, Tamil Nadu, India. Phycoremediation studies were performed 

against distillery effluent using marine cyanobacterial isolates which are 

obtained from the enrichment. Morphological characterization was done. A 

total of 36 cyanobacterial species belongs to five families were observed in 

those sites. Among them, the cyanobacterial species such as Spirulina 

subsalsa, Oscillatoria willei and Lyngbya aestuarii were plays vital role in 

degradation.  
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INTRODUCTION 
 

About 70.68% our planet earth is occupied by oceans. India is one of the sub continent possess wide region 

of an exclusive economic zone (EEZ) extending to 2.02 million km
2
. Such marine environment exhibits various 

types of settings such as shallow sea, benthic regions, estuaries, lagoons and saltpan (Das and Desai 1988; 

Nedumaran, 2009).   

Estuaries are the regions were fresh water finally mixes with seas and oceans, exhibit shifting salinity from 

oligohaline to mesohaline (Schuchardt et al. 1999).  Thamiraparani is one of the perennial rivers in Tamilnadu come 

from Western Ghats and run towards southeastern coastal region of Tamilnadu, India. Tides in the estuary region are 

of semidiurnal type about -0.6m near the mouth region, showing substantial range and time.  

Cyanobacteria are Gram-negative prokaryotes but possess peptidoglycan bound cell wall like eubacteria. 

They exists in aggregated mat consists of different morphologies such as unicellular and filamentous forms 

(Castenholz, 2001). A numerous studies were gone through the distribution of cyanobacteria and potentials 

according to various environments (Bergman et al. 1997; Warwick 2000). Cyanobacterial species are capable of 

growing on both soil and water conditions and plays an imperative role in that ecosystem (Ray, 2006). So far many 

potential cyanobacterial species were identified from both freshwater and marine ecosystems (Muthukumar et al. 

2007).  

Marine cyanobacteria are ability to tolerate high salt concentrations. Inspite of its hypersaline growing 

nature, saltpans Marine cyanobacteria has biofertilizer ability and reclamation of saline or alkaline rich soil 

(Sugumar et al. 2011). Recent studies show that cyanobacteria in estuary region gained interest and being explored 

widely due its significant potential bio-active compounds (M. C. Murrell and E. M. Lores, 2004; Joseph, 2005).  
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Cyanobacterial species shows collective dominance even in in turbid water and low light intensity to 

maintain buoyancy and the capacity to grow exponentially in wet period in which nitrogenous nutrients were high 

(Chellappa and Costa 2003; Lacap et al. 2005; Nedumaran and Prabu 2009). Due to the high levels of combined 

nitrogen in the sea, the heterocystous forms were rarely seen in the east coast of India (Thajuddin and Subramanian, 

1990; Nagasathya and Thajuddin 2008). Selvakumar and Sundararaman (2007) observed major cyanobacterial 

species are belonging to either Chroococcaceae or Oscillatoriaceae families in estuarine water.  

The cyanobacteria possess remarkable adapting ability to salinity and other environmental factors 

(Desikachary, 1959; Carr and Whitton, 1982). Hypersaline environment namely salterns shows wide range of 

cyanobacterial species and the maximum diversity of the cyanobacterial flora in the Gulf of Mannar region 

correlated well with the higher salinity, pH and nutrient content of the water (Subramanian and Thajuddin, 1995; 

Thajuddin and Nagasathya, 2008; Su et al. 2014).  

Cyanobacteria can enhance soil fertility with aid of nitrogen fixation and phycoremediation (Karthikeyan et 

al. 2007; Vijayakumar et al. 2011). They also used in soil reclamation process by reducing the salinity stress induced 

in crops while treated with brackish water containing 20% (v/v) sea water (Cohen. 2002; Rodríguez et al. 2006; El-

Baky et al. 2008; Jing  et al. 2009). The cyanobacteria also having vital role in bioremediation roles such as CO2 

consumption and effluent treatment (Dubey et al. 2011; Hegazi et al. 2010). The present studies focused on the 

ecological distribution of marine cyanobacteria in one estuary sites and their effluent treatment studies.  

 

Materials and Methods 
Sampling sites 

 The visible cyanobacterial mat samples were collected at six different sites of estuary region near 

Arumuganeri (8
0
32’05.65” N, 78

0
06’36.60” E) arised by mixing of perennial river Thamiraparani comes under 

southeastern coastal region of Tamilnadu, India. From the six sites, samples were bi annually collected for three 

consecutive years since August 2011 to August 2014. Such samples were maintained and analysed its cyanobacterial 

distribution were previously mentioned in previous studies (Sugumar et al. 2011; Ramanathan et al. 2013).  

Cultivation and Purification: 

 Cyanobacterial mats were inoculated and maintained in ASN III, MN II and BG 11 marine broth (Rippka et 

al. 1979). They were incubated with an illumination of white fluorescent lamps of 2500 lux at 25
o
C for 20 days. The 

cultures were made pure by repeated and frequent subculturing in BG 11 medium, plated on solid cyanophycean 

agar medium with same illumination source and temperature for 18hrs a day (Vijayakumar et al. 2007). 

Distribution and identification: 

 Cyanobacterial specimens were observed by microscopic observations and identified by using the 

publications of Desikachary (Desikachary, 1959). Enumeration and seasonal distribution of marine cyanobacteria 

estuary site were observed. Various types of diversity indices like Simpson’s index, Margalef index, McIntosh 

index, Pielou evenness & McIntosh Evenness of six sites were calculated (Turkmen and Kazanci, 2010).  

Effluent treatment: 

The cynobacterial mat were placed in a tray containing industrial effluent and kept for incubation for one 

week. After one month enrichment, the cultures were plated on solid cyanophycean agar medium. Inoculated plates 

were incubated and then identified cyanobacterial species grown in it. The obtained species were inoculated 

individually into 100-ml culture medium containing 5% effluent kept for 1 week and observed its growth.  

Specific Growth rate based on Biomass: 

 The specific growth rate (µd
-1

) was calculated as follows:  

 

µ =
𝐼𝑛  

𝑊𝑓

𝑊𝑜
 

Δt
 

Where Wf and Wo were the final and initial biomass concentration respectively. ∆t was the cultivation time in day 

(Ono and Cuello 2007).   

Biomass productivity of marine cyanobacteria: 

 Biomass productivity was calculated by subtracting the initial dry weight from the final dry weight 

divided by the number of days the cultures were grown. 

 
Initialdryweight Finaldryweight

P
Incubation days



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Results and Discussion: 
 About 36 species of cyanobacteria from 14 genera belonging to 5 families were observed of which, 13 were 

unicellular colonial forms and 23 nonheterocystous filamentous forms. Interestingly, maximum number of species 

about 23 species of 12 genera was recorded from summer season (Table 1). 

 Major marine Cyanobacteria genera from Arumuganeri estuary are: Chroococcus, Microcystis, 

Synechococcus, Spirulina, Oscillatoria, Phormidium, Lyngbya, Microcoleus and Calothrix. Among the 

cyanobacterial species, Chroococcus minutes, Oscillatoria chlorina , Phormidium fragile and Lyngbya aestuarii 

were observed in all the period of collections which are considered as versatile species (Table 1). The various types 

of diversity indices were calculated and tabulated (Table 2). Interestingly, cyanobacterial species were evenly 

distributed in both estuaries site.  

After one week treatment, three cyanobacterial species were Spirulina subsalsa, Oscillatoria willei and 

Lyngbya aestuarii observed in the effluent samples. While treating the effluent with individual organisms, they all 

exhibited highly efficient degradation or removal of effluent concentrations. Biodegradation capabilities were 

observed as individual or mixed cultures.  

The growth of cyanobacteria was measured at equal time intervals using optical density. Spirulina 

subsalsa, Oscillatoria willei and Lyngbya aestuarii were tested under effluent. Spirulina subsalsa obtained faster 

growth rate than the Oscillatoria willei and Lyngbya aestuarii with the effluent. Oscillatoria willei and Lyngbya 

aestuarii growth rate was slower effluent treatment. 

The specific growth rate, µ, is a measure of how quickly a microbial population is growing. Table 4 shows 

that the specific growth rate based on biomass of marine cyanobacteria with effluent. The effluent treated Spirulina 

subsalsa, were reached the specific growth rate of about, 0.069 µ d
-1

 based on biomass. The specific growth rate of 

Oscillatoria willei and Lyngbya aestuarii indicates that their growth rate was slower with the effluent treatment.  

Biomass productivity rate by the three cyanobacterial species which cultivated effluent was calculated and 

shown in table 5. Among the 3 species, produced higher biomass Spirulina subsalsa (0.43 mg.m1
-1

. d
-1

) than 

Oscillatoria willei (0.4 mg.m1
-1

. d
-1

), Lyngbya aestuarii produced (0.35mg.d
-1

.m1
-1

) from the effluent treatment.  

Our previous study ensures that cyanobacteria species can enhance the plant growth by both directly and 

indirectly. Likewise it also made improvement of rice seedling of wheat crops while treated with brackish water 

containing 20% (v/v) sea water. 

The biomass growth confirms those Spirulina subsalsa which are pollution tolerances and also 

decolourization in medium validated that nutrients in the effluent are utilized by the mictobes which are said to be 

phycoremediation. Salinity and pH was found to be positively correlated with cyanobacterial numbers. Thus it 

makes marine cyanobacterial species are facultative halophiles. While the salinity increases it shows abundance 

growth than the monsoon seasons. In otherwords, estuary region performs a enrichment of salinity adaptation of 

marine cyanobacteria.  

The present studies showed that diversity of cyanobacterial species in a particular region and its all 

diversity indices were almost similar and highly resemble to marine cyanobacteria.  Apart from it biofertilzation 

ability its also acts as phycoremediation in various environment at very low cost. Further studies in these marine 

cyanobacteria obtained from undisturbed areas are needed to find out pollution degrading pattern, to increase its rate 

of degradation, its phylogenetic relationship with each other and explore its potential. 

 

Table1. Distribution of Cyanobacterial species in Arumuganeri estuary sites. 

 

Name of the organism 

Collection period 

2012 2013 2014 

SS RS SS RS SS RS 

Order: Chroococcales Wettstein 

Family: Chroococcaceae Nageli 

Aphanothece microscopica Nag + + + + + ++ 

Aphanocapsa littoralis Hansgirg + + + + + + 

Aphanocapsa marina - - - - - - 

Chroococcus minutus (Kutz.) Nag ++ ++ + ++ ++ ++ 

Chroococcus turgidus (Kutz.) Nag 
++ - + + ++ + 
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Microcystis litoralis (Hansg.) Forti - - - + - + 

Microcystis aeruginosus Kutz ++ - - - ++ - 

Synechocystis salina wislouch ++ + + - ++ + 

Synechocystis pevalekii Ercegovic. - - - - - - 

Synechococcus aeruginosus Nag - - + + - + 

Synechococcus elongatus Nag  + + + - + ++ 

Order: Pleurocapsales Geitler 

Family: Pleurocapsaceae Geitler 

Myxosarcina burmensis skuja - + ++ - - + 

Myxosarcina spectabilis Geitler - - - - - + 

Order: Nostocales Geitler 

 Family: Oscillatoriaceae Kirchner 

Lyngbya aestuarii Liebm. Ex Gomont  ++ + ++ ++ ++ ++ 

Lyngbya ceylanica v. constricta Fremy - - + - + - 

Lyngbya  sps - - - + - - 

Lyngbya lutea (Ag.) Gomont + + - - + - 

Lyngbya tayloriae Forti + + - - + - 

Oscillatoria brevis (Kutz.) Gomont - - - - - + 

Oscillatoria chlorina Kutz. ex Gomont ++ + ++ - ++ ++ 

Oscillatoria limosa Ag. Ex Gomont 

- - + + - - 

Oscillatoria lemmermannii Wolosz 

+ + - - + - 

Oscillatoria subbrevis Schmidle ++ + + + ++ ++ 

Oscillatoria salina Biswas ++ - + + ++ + 

Oscillatoria willei Gardner em. Drouet ++ - + - ++ - 

Oscillatoria tenuis Ag. ex Gomont   - - - - - + 

Microcoleus chthonoplastes Thuret ex Gomont ++ - - - ++ + 

Spirulina major Kutz. Ex Gomont ++ - ++ - ++ + 

Spirulina laxissima forma major + + + + + + 

Spirulina subsalsa Oerst. Ex Gomont 

++ - ++ + ++ ++ 

Spirulina labyrinthiformis (Menegh.) Gomont 

+ + + - + + 

Phormidium fragile (Meneghini) Gomont 

++ + ++ + ++ ++ 

Phormidium corium (Ag.) Gomont 

+ + + - + + 

Phormidium tenue (Menegh.) Gomont 

+ - + - + + 

Phormidium valderianum (Delp.) Gomont 

- - - + - - 

Family: Rivulariaceae Rabenhorst 

Calothrix geitonos Skuja - - - + - + 

SS-Summer season, RS-Rainy season 

 

Table 2. Diversity indices of cyanobacteria in Arumuganeri estuary site. 

Diversity Indices 

Saltpan Site 

2012 2013 2014 
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SS RS SS SS RS SS 

 

Richness 

Margalef index (d) 9.6 8.1 9.2 7.8 10.7 8.7 

McIntosh Index  (Mc) 0.89 0.84 0.94 0.83 0.98 0.79 

 

Evenness 

Pielou Evenness (J’) 0.93 0.9 0.99 0.96 0.93 0.99 

McIntosh Evenness (McE) 0.96 0.85 0.98 0.94 0.95 1.0 

 

Diversity 

Simpson’s Diversity 0.96 0.92 0.94 0.91 0.97 0.95 

Shannon‘s Diversity (H’) 3.4 2.8 2.9 2.6 3.5 2.6 

SS-Summer season, RS-Rainy season 

 

Table 3: Physio-chemical parameters of distillery spent wash effluent 

Parameters Distillery effluent 

Colour Dark brown – Brown 

Odour Unpleasent 

pH 4.6+ 0.2 

EC (µmho/cm) 16452.4 + 8.2 

Total Dissolved solids 38205.2+ 4.8 

Total suspended solids 42150.0 + 0.2 

Biological Oxygen Demand 32300.8 + 12.2 

Chemical oxygen Demand 57164.6 + 10 

 

Table 4: Specific growth rate (Based on biomass of marine cyanobacteria) in effluent treatment 

Results are means ± S.E. of 3 replicates 

 

 

Table 5: Biomass productivity of 5% effluent treated marine cyanobacteria 

 

 

 

 

 

 

 

 

Results are means ± 

S.E. of 3 replicates 

Name of the marine cyanobacteria 
Specific growth rate based on biomass 

 (µ biomass d
- 1

)  

Lyngbya aestuarii  0.057 ± 0.032 

Spirulina subsalsa 0.069 ± 0.052 

Oscillatoria willei 0.054 ± 0.012 

Name of the 

marine 

cyanobacteria 

Initial dry biomass 

(mg. ml
-1

) 

Final dry biomass 

(mg.ml
-1

) 

Biomass 

productivity 

(mg.ml
-1

 d
-1

) 

Lyngbya 

aestuarii 
09.92 ± 0.5 12.5 ± 0.94  0.35 ± 0.032 

Spirulina 

subsalsa 
7.16 ± 1.87 10.1 ± 2.04 0.43 ± 0.14 

Oscillatoria 

willei 
4.84 ± 0.82 7.7 ± 1.07 0.4 ± 0.17 
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Fig. 1 Species richness diversity index of Reservoir region 

 
Fig. 2 Species richness diversity index of condenser region 
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Fig. 3 Microscopic view of versatile cyanobacteria from Arumuganeri estuary site of southeast coast of 

Tamilnadu: 1.Lyngbya sps, 2. Lyngbya aestuarii Liebm ex Gomont, 3.Oscillatoria willei Gardner em. Drouet, and 

4. Spirulina subsalsa Oerst. ex Gomont. 

 

Conclusion: 

Extreme environment enriches adaptations and biopotentials in microbes for its survival in that 

environment. Marine cyanobacterial occurance and distribution is directly proportional to the salinity of the 

medium. During monsoon season, cyanobacterial diversity is high in estuary region of south eastern coast of 

Tamilnadu. Halophilic cyanobacteria plays vital role in bioremediation processes. Spirulina subsalsa,, Oscillatoria 

willei and Lyngbya sps which commonly seen in all seasons in the estuary region. Among the three versatile species, 

Spirulina subsalsa, showed high biomass growth in various effluent treatment such as distillery and refinery 

effluent. 



ISSN 2320-5407                           International Journal of Advanced Research (2015), Volume 3, Issue 4, 1085-1093 

1092 

 

References: 

Bergman, B., Gallon, J.R., Rai, A.N.  and Stal, L.J. (1997). N2 Fixation by non-heterocystous cyanobacteria. 

FEMS Microbiol Rev. 19 (3): 139-185. 

Carr, N.G. and Whitton, B.A., (1982). The Biology of Cyanobacteria. Blackwell Scientific Publications. Oxford. 

Castenholz, R.W. (2001). Phylum BX. Cyanobacteria. Oxygenic photosynthetic bacteria. In Bergey’s Manual of 

Systematic Bacteriology. Volume 1: The Archaea and the Deeply Branching and Phototropic Bacteria ed. 

Garrity, G., Boone, D.R. and Castenholz, R.W. pp. 474–487. New York: Springer-Verlag. 

Chellappa N.T. and Costa M.A.M. (2003). Dominant and co-existing species of Cyanobacteria from a 

Eutrophicated reservoir of Rio Grande do Norte State, Brazil. Acta Oecol. 24, S3-S10. 

Cohen, Y. (2002). Bioremediation of oil by marine microbial mats. Int Microbiol. 5:189–193. 

Das, K.V. and Desai, B.N. (1988). In search of ocean resources recent progress. In: The Service of the Nation 

CSIR's Contribution to National Development. Council of Scientific and Industrial Research, New Delhi. 

Desikachary, T.V. (1959). Cyanophyta. Indian Council of Agricultural Research, New Dehli, India, 1-686 p. 

Dubey, S.K., Dubey, J., Mehra, S., Tiwari, P., and Bishwas, A.J. (2011). Potential use of cyanobacterial species 

in bioremediation of industrial effluents.  African J Biotechnol. 10(7): 1125-1132. 

El-Baky, H.H.A., Hussein M. M. and El-Baroty, G.S. (2008). Algal extracts improve antioxidant defense abilities 

and salt tolerance of wheat plant irrigated with sea water. AJBR 2(7): 151-164. 

Hegazi, A.Z., Soha, S., Mostafa, M., and Ahmed, H.M.I. (2010). Influence of Different Cyanobacterial 

Application Methods on Growth and Seed Production of Common Bean Under Various Levels of Mineral 

Nitrogen Fertilization. Nat Sci. 8(11) 183-194. 

Jing, H., Zhang, R., Pointing, S.B., Liu, H., and Qian, P. (2009). Genetic diversity and temporal variation of the 

marine Synechococcus community in the subtropical coastal waters of Hong Kong. Can J Microbiol, 2009, 

55(3): 311-318. 

Joseph, S. (2005). Ecological and biochemical studies on Cyanobacteria of cochin estuary and their application as 

source of antioxidants. PhD. Thesis, Cochin University of Science and Technology, India. 

Karthikeyan, N., Prasanna, R., Nain, L., and Kaushik, B.D. (2007). Evaluating the potential of plant growth 

promoting cyanobacteria as inoculants for wheat. Eur J Soil Biol. 43(1): 23-30. 

Lacap, D.C, Smith, G.J, Warren-Rhodes, K., Pointing, S.B. (2005). Community structure of free-floating 

filamentous cyanobacterial mats from the Wonder Lake geothermal springs in the Philippines. Can J 

Microbiol, 51(7): 583-589. 

Muthukumar, C., Muralitharan, G., Vijayakumar, R., Panneerselvam, A., and Thajuddin, N. (2007). 

Cyanobacterial biodiversity from different Freshwater ponds of Thanjavur, Tamilnadu (India). Acta Bot 

Malacit. 32, 17-25. 

Nagasathya, A., and Thajuddin. N. (2008). Cyanobacterial diversity in the hypersaline environment of the saltpans 

of southeastern coast of India. Asian J. Plant Sci., 7(5): 473- 478. 

Nedumaran, T., and Prabu, A.V. (2009). Studies on ecology of phytoplankton from pichavaram mangroves, south 

east coast of India. J Phytol 1(3):158–163. 

Ono, E. and Cuello, J.L. (2007). Carbondioxide mitigation using thermophilic cyanobacteria. Biosyst. Eng. 96: 

129-134. 

Ramanathan G, Sugumar R, Jeevarathinam Aand Rajarathinam K (2013).  Studies of Cyanobacterial 

distribution in estuary region of southeastern coast of Tamilnadu, India.  J. Algal Biomass Utln. 4 (3): 26–

34. 

Ray, S. (2006). Cyanobacteria. New Age Academic Publishers, New Delhi, India. 

Rippka R, Deruelles J, Waterbury J.B, Herdman. M and Stainer R.Y. (1979). Generic assignments, strain 

histories and properties of pure cultures of Cyanobacteria. J. Gen. Microbiol., III: 1-61. 

Rodríguez, A.A., Stella, A.M., Storni, M.M., Zulpa, G., and Zaccaro, M.C. (2006). Effects of cyanobacterial 

extracellular products and gibberellic acid on salinity tolerance in Oryza sativa L. Saline Systems. 2:7-8. 

Schuchardt, B., Schirmer, M., Janssen, G., Nehring, S. and Leuchs, H. (1999). Estuaries and Brackish Waters. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Lacap%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=16175207


ISSN 2320-5407                           International Journal of Advanced Research (2015), Volume 3, Issue 4, 1085-1093 

1093 

 

Selvakumar G and Sundararaman M (2007). Seasonal variations of cyanobacterial flora in the back water. J. Sci. 

Trans. Environ. Technol. 69-73. 

Su, P., Wang, D.X., Ding, S.X., and Zhao, J. (2014). Isolation and diversity of natural product biosynthetic genes 

of cultivable bacteria associated with marine sponge Mycale sp. from the coast of Fujian, China. Can J 

Microbiol.  2014, 60(4): 217-225. 

Subramanian, G. and Thajuddin, N. (1995). Ecobiology of marine cyanobacteria, In: Mishra, P.C., Sehera, N., 

Senapati S.K., and Guru. B.C., (eds.), Advances in Ecology and Environmental Sciences, Vedams Books 

(P) Ltd., New Delhi, 189-212. 

Sugumar R, Ramanathan G, Rajarathinam K, Jeevarathinam A, Abirami D and Bhoothapandi M. (2011). 

Diversity of Saltpan Marine Cyanobacteria from Cape Comorin Coast of Tamilnadu. J Phytol. 3:01-04. 

Thajuddin, N. and Subramanian, G. (1990). Cyanobacterial phytoplanktons of the Gulf of Mannar. Proe. Natl. 

Symposium on Cyanobaeterial Nitrogen Fixation. NFBGA, IARI, New Delhi. 

Turkmen, G., and Kazanci. N. (2010). Applications of various biodiversity indices to benthic macroinvertebrate 

assemblages in streams of a national park in Turkey. Review of Hydrobiology 3, 2: 111-125. 

Vijayakumar, R., Arokiaraj, A., and Prasath, P.M.D. (2011). Nutrients strength and their relationship with soil 

properties of natural disaster proned coastal soils. J. Chem. Pharm. Res., 3(3):87-92 

Vijayakumar, S., Thajuddin, N., and Manoharan, C. (2007). Biodiversity of cyanobacteria in industrial effluents. 

Acta Bot Malacit. 32: 27-34.  

Warwick, V.F. (2000). Cyanobacterial Dominance in the Polar Regions. In: The Ecology of Cyanobacteria; Their 

Success in Time and Space. Whitton, B.A. and Potts, M. (eds). Kluwer Academic Publishers, Dordrecht, The 

Netherlands, pp. 321–340. 

 


