

2

Qualitative assessment of phytoplankton diversity from Lonar Crater Lake, Buldhana (M.S.) India


ABSTRACT  
Aim: Phytoplankton diversity is a crucial bioindicator of aquatic health. Hence, the present study was carried out to assess the phytoplankton diversity in Lonar Carter Lake, which helps to indicate the overall health of the corresponding aquatic ecosystem.  
Study design: Lonar Crater Lake, Buldhana, M.S. India.
Place and Duration of Study: The present study assessed phytoplankton diversity in Lonar Lake during the pre-monsoon and post-monsoon seasons, i.e., June 2024 and December 2024 respectively. The samples were collected from four different designated sampling stations in the periphery of the Lonar Crater Lake.
Methodology: The standard methods APHA (2017); Kodarkar (2006) were used for the analysis of phytoplankton study. A V-shaped plankton net, attached to a sampling bottle at the end was used to collect phytoplankton samples, and the bucket-rope too mechanism was used at certain sampling stations. The samples were stored in plastic bottles containing 4% formalin solution, kept in a cool, dark place. The phytoplankton samples were photographed under the microscope and were identified using standard taxonomic keys. 
Results: The phytoplankton species were assessed, belonging to three major classes, Bacillariophyceae, Cyanophyceae, and Chlorophyceae, across four sampling stations (S1, S2, S3, and S4) during June 2024 and December 2024. A total of 36 species were recorded, of which Cyanophyceae contributed the highest number (21 species), followed by 8 species of Bacillariophyceae and 7 species of Chlorophyceae. Among the recorded groups, Cyanophyceae was found to be the dominant class, represented by genera such as Spirulina, Arthrospira, Anabaena, Anabaenopsis, Microcystis, Oscillatoria, Raphidiopsis, and Pseudoanabaena. Bacillariophyceae (diatoms) formed the second major group, represented by species such as Navicula amphirhynchus, Navicula cryptocephalas, Navicula radiosa, Navicula sphaerophora, Pinnularia divergens and Pleurosigma sp. Similarly, Chlorophyceae (green algae) was represented by species such as Chlorella vulgaris, Oocystis sp., Pediastrum integrum, Tetraedron duospinum, Palmella mucosa, Kirchneriella obesa, and Quadrigula lacustris.
Conclusion: With an increasing number of phytoplankton species and a corresponding decrease in zooplankton species, this imbalance in the prey-predator relationship showed abnormal shifts. Hence, regulating nutrient inputs, frequent monitoring of the primary producer; and thorough, regular scientific studies are essential steps towards restoring the sustainability of this unique ecological marvel.
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INTRODUCTION: 
Lonar Lake is located in the Buldhana district of Maharashtra State in India. It was discovered in 1823 by a British officer named Cornet J.E. Alexander. This Lake is third largest natural saltwater body in the world, with the diameter of 1.8 kilometres and 150 meters depth (Taiwade,1994). As it is one of the known meteoritic saltwater crater lakes in the world, Lonar Lake supports and harbours specialized single-celled microorganisms, including bacteria, fungi, protozoa, viruses, and algae. They are key to understanding the potential life in extreme environments. Phytoplankton respond quickly to environmental changes, making them better indicators of rapid change in the aquatic environment (Sahoo, 2024). Hence, the study of phytoplankton diversity in Lonar Lake became essential as it supports a unique, saline and alkaline ecosystem that serves as a natural laboratory for Researchers.
Phytoplankton are crucial food source for aquatic animals, from tiny fish to whales, supporting the entire aquatic food chain. Some common groups of phytoplankton, such as Cyanophyceae (Blue-green algae), Bacillariophyceae (diatoms) and Chlorophyceae (green algae) are found in nutrient-rich water. Cyanobacteria form thick colonies or filaments that have been known to grow well at high biomass density. The green algae (Chlorophyta) are growing in heavily polluted lakes, wastewater lagoons and nutrient-rich ponds, resulting in high biomass density. Diatoms (Bacillariophyta) are the dominant plankton in turbid lakes, providing a significant portion of the biomass because they rely on the supply of most of the silica (Kalff, 2002). 
Their community structure, diversity and species composition directly reflect nutrient levels, toxic contaminants and environmental factors like temperature and pH (Ragi et al., 2017). They have short life cycles and reproduce rapidly, they respond quickly to environmental changes, making them better indicators of rapid change. High phytoplankton diversity generally indicates good ecological status, while low diversity and high dominance of a few tolerant species indicate environmental stress (Ma et al., 2024). Biomonitoring of phytoplankton is essential to assess the health of aquatic ecosystems which involves tracking changes in species composition with sensitive species declining and tolerant species thriving in polluted environments, where over 1,000 types of algae survive (Palmer, 1969). The presence of phytoplankton can indicate nutrient richness, eutrophication or pollution (Ragi et al., 2017). 
Lonar Lake's unique biota is under threat as its high salinity and alkalinity levels decrease, due continuous inflow of freshwater stream, thereby impacting the diversity of species adapted to this extreme environment (Khobragade et al., 2016). Therefore, identifying the diversity of primary producers, i.e., phytoplankton, which can serve as a bioindicator of the healthy state of any water body can provide relevant details on the degree of eutrophication and pollution of the aquatic ecosystem. Their presence and absence informed the prey–predator relationship and the overall diversity of aquatic microorganisms (Dembowska et al., 2018). Thus, in the current study, a qualitative assessment of the phytoplankton population in the lake was conducted in 2024 across four selected sites to derive viable data on how water quality affects the biodiversity of this special crater lake. Continuous monitoring of phytoplankton diversity provides valuable insights into the health of Lonar lake's ecosystem, informing management and conservation efforts. Investigating the lake's unique microbial flora and fauna could highlight its wetland value, supporting its recognition as a Ramsar site in India. 
MATERIAL AND METHODS: 
STUDY AREA: Blue signs mark the sampling stations on the study map: S1, S2, S3, and S4. The phytoplankton were sampled at the sampling stations that were mentioned above, viz.; 
S1 = Kamalajadevi temple,
S2 = Mor Mahadev temple,
S3 = Wagh Mahadev temple,
S4 = Vishnu temple, 
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Fig. 1. Image created in Google Earth of sampling stations at Lonar Lake 

Water samples were collected twice in the year 2024 from four selected sampling sites during the pre-monsoon (June) and post-monsoon (December) periods. They were collected at times prescribed under the standard methodology; A, V-shaped plankton net, attached with a sampling bottle at the end, was used to collect the phytoplankton samples, and bucket-rope too mechanism was used at certain sampling stations. The samples were stored in plastic bottles containing 4% formalin solution, kept in a cool, dark place. The phytoplankton samples were photographed under the microscope and were identified using standard taxonomic keys given by Prescott (1951), Karacaoglu et al. (2004), Roy et al. (2015), Seu-Anoi et al. (2017), Werner (2009), Suthers (2009), Shivakumara (2015), Kumari et al. (2018), Rafiullah (2018).
RESULTS & DISCUSSION: 
In the present study, a total of 36 phytoplankton species were reported from the four selected sites in the periphery of Lonar crater lake, representing 3 families: Cyanophyceae, Bacillariophyceae and Chlorophyceae as summarized in Table 1.
Table. 1. Family and Class-wise Distribution of Phytoplankton Species at the Lonar Lake
	Sr. No
	Family
	Class
	Species

	1. 
	Naviculaceae
	Bacillariophyceae
	Navicula amphirhynchus           

	2. 
	Pinnulariaceae
	Bacillariophyceae
	Pinnularia divergens     

	3. 
	Naviculaceae
	Bacillariophyceae
	Navicula cryptocephalas     

	4. 
	Pleurosigmataceae
	Bacillariophyceae
	Pleurosigma normanii 

	5. 
	Naviculaceae
	Bacillariophyceae
	Navicula cuspidata

	6. 
	Naviculaceae
	Bacillariophyceae
	Navicula radiosa    

	7. 
	Naviculaceae
	Bacillariophyceae
	Navicula sphaerophora     

	8. 
	Pleurosigmataceae
	Bacillariophyceae
	Pleurosigma angulatum             

	9. 
	Nostocaceae
	Cyanophyceae
	Raphidiopsis mediterranea  

	10. 
	Pseudanabaenaceae
	Cyanophyceae
	Pseudoanabaena catenata

	11. 
	Oscillatoriaceae
	Cyanophyceae
	Spirulina labyrinthiformis 

	12. 
	Chroococcaceae
	Cyanophyceae
	Rhabdogloea rhaphidioides, 

	13. 
	Nostocaceae
	Cyanophyceae
	Anabaena circinalis              

	14. 
	Nostocaceae
	Cyanophyceae
	Anabaenopsis circularis 

	15. 
	Nostocaceae
	Cyanophyceae
	Anabaenopsis arnoldii          

	16. 
	Nostocaceae
	Cyanophyceae
	Anabaenopsis tanganyikae  

	17. 
	Oscillatoriaceae
	Cyanophyceae
	Athrospira platensis                                     

	18. 
	Oscillatoriaceae
	Cyanophyceae
	Spirulina gigantea   

	19. 
	Chroococcaceae
	Cyanophyceae
	Rhabdoderma lineare    

	20. 
	Microcystaceae
	Cyanophyceae
	Microcystis aeruginosa          

	21. 
	Microcystaceae
	Cyanophyceae
	Microcystis ichtyoblabe  

	22. 
	Chroococcaceae
	Cyanophyceae
	Chroococcus minutus                          

	23. 
	Oscillatoriaceae
	Cyanophyceae
	Arthrospira gomontiana 

	24. 
	Oscillatoriaceae
	Cyanophyceae
	Spirulina Nordstedtii     

	25. 
	Oscillatoriaceae
	Cyanophyceae
	Arthrospira spirulina      

	26. 
	Oscillatoriaceae
	Cyanophyceae
	Oscillaoria brevis        

	27. 
	Nostocaceae
	Cyanophyceae
	Anabaenopsis raciborskii

	28. 
	Oscillatoriaceae
	Cyanophyceae
	Spirulina subtilissima.          

	29. 
	Pseudanabaenaceae
	Cyanophyceae
	Pseudoanabaena galeata                   

	30. 
	Hydrodictyaceae
	Chlorophyceae
	Quadrigula lacustris

	31. 
	Hydrodictyaceae
	Chlorophyceae
	Tetraedron duospinum                                          

	32. 
	Palmellaceae
	Chlorophyceae
	Palmella mucosa

	33. 
	Chlorellaceae
	Chlorophyceae
	Chlorella vulgaris         

	34. 
	Oocystaceae
	Chlorophyceae
	Oocystis sp.        

	35. 
	Hydrodictyaceae
	Chlorophyceae
	Pediastrum integrum

	36. 
	Selenastraceae
	Chlorophyceae
	Kirchneriella obesa                             



Table 2. Spatial and Temporal Diversity of Phytoplankton at the Lonar Lake
	Class
	Species
	Pre-monsoon
	Post-monsoon

	
	
	S1
	S2   
	S3
	S4
	S1
	S2
	S3
	S4

	Bacillariophyceae

	Navicula amphirhynchus
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Pinnularia divergens
	✓
	✓
	X
	✓
	✓
	✓
	✓
	✓

	
	Navicula cryptocephalas
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Pleurosigma normanii
	✓
	✓
	✓
	X
	✓
	✓
	✓
	✓

	
	Navicula cuspidata
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Navicula radiosa
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Navicula sphaerophora
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Pleurosigma angulatum
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	




















Cyanophyceae
	Spirulina labyrinthiformis
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Raphidiopsis mediterranea
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Pseudoanabaena catenata
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Rhabdogloea rhaphidioides
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Anabaena circinalis
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Anabaenopsis circularis
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Anabaenopsis arnoldii
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Anabaenopsis tanganyikae
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Arthrospira platensis
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Spirulina gigantea
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Rhabdoderma lineare
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Microcystis aeruginosa
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Microcystis ichtyoblabe
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Chroococcus minutus
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Arthrospira gomontiana
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Spirulina Nordstedtii
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Arthrospira spirulina
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Oscillatoria brevis
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Anabaenopsis raciborskii
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Spirulina subtilissima
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Pseudoanabaena galeata
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	Chlorophyceae
	Chlorella vulgaris
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Oocystis sp.
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Kirchneriella obesa
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Quadrigula Lacustris
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Tetraedron duospinum
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Palmella mucosa
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓

	
	Pediastrum integrum
	✓
	✓
	✓
	✓
	✓
	✓
	✓
	✓


	
The present table shows the distribution of phytoplankton species belonging to three major classes, Bacillariophyceae, Cyanophyceae and Chlorophyceae across four sampling stations (S1, S2, S3, and S4) during June 2024 and December 2024. A total of 36 species were recorded, of which Cyanophyceae contributed the highest number (21 species), followed by 8 species of Bacillariophyceae and 7 species of Chlorophyceae. The data revealed that most species were consistently present across all stations in both seasons, indicating a relatively stable and homogeneous aquatic environment. Bacillariophyceae (diatoms) formed the second major group, represented by species such as Navicula amphirhynchus, Navicula cryptocephalas, Navicula radiosa, Navicula sphaerophora, Pinnularia divergens and Pleurosigma sp. Among the recorded groups, Cyanophyceae was found to be the dominant class, represented by genera such as Spirulina, Arthrospira, Anabaena, Anabaenopsis, Microcystis, Oscillatoria, Raphidiopsis, and Pseudoanabaena. 
Similarly, Chlorophyceae (green algae) were represented by species such as Chlorella vulgaris, Oocystis sp., Pediastrum integrum, Tetraedron duospinum, Palmella mucosa, Kirchneriella obesa, and Quadrigula Lacustris. Chlorophyceae species like Chlorella vulgaris, Pediastrum and Oocystis also showed continuous occurrence, supporting the presence of favourable growth conditions. Slight spatial variation was observed among Bacillariophyceae, where a species such as Navicula sp. were absent at certain stations in June, possibly due to minor environmental fluctuations. Overall, the negligible seasonal variation and widespread distribution of most species indicate ecological stability, while the dominance of Cyanophyceae points toward a high nutrient status and potential eutrophication of the study area.
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Fig. 2. Photo Plate of Identified Phytoplankton at Lonar Lake





The study indicated that the aquatic ecosystem was under environmental stress, as demonstrated by low species diversity and the dominance of a few phytoplankton species. This observation aligned with earlier findings by Tavares et al. (2010) reported that a high abundance of Cyanophyceae was characteristic of eutrophic conditions. Similarly, Reynolds (2006) and Smith & Schindler (2009) emphasized that cyanobacterial dominance was a key indicator of eutrophication, often associated with elevated nutrient levels. Furthermore, Whitton & Potts (2000) highlighted that Spirulina and Arthrospira could bloom under harsh environmental conditions like high temperature, low oxygen levels and high organic matter, reflecting their high adaptive capacity. In addition, Devi et al. (2007) noted that shifts in phytoplankton composition, particularly the increased dominance of Cyanophyceae, indicated declining water quality and rising pollution levels.
The phytoplankton community of Lonar Lake was predominantly composed of Cyanophyceae, reflecting its highly saline and alkaline environment. Tandale & Talwankar (2023) reported that Cyanophyceae (blue-green algae) dominated the phytoplankton of Lonar Lake. Bacillariophyceae (diatoms), such as Fragillaria, Navicula, and Cyclotella, were more tolerant of the lake’s saline-alkaline conditions than Chlorophyceae (green algae), which were the most vulnerable. The dominant species included Cyanophyceae (Spirulina, Anabaena, Arthrospira), Bacillariophyceae (Navicula, Fragillaria, Cyclotella), and Chlorophyceae (Chlamydomonas, Oedogonium), which were present in low abundance. In 2020, Tandale reported that Cyanophyceae dominated the phytoplankton community, with Spirulina being the most abundant species. Other recorded species included Chlorophyceae (Chlamydomonas, Oedogonium, Rhizoclonium), Cyanophyceae (Anabaena, Arthrospira, Nostoc), and Bacillariophyceae (Fragillaria, Navicula, Cyclotella). The study further indicated that algal growth varied with dilution at some sampling stations, supporting higher diversity, whereas high salinity restricted sensitive groups.
Similarly, Dabhade (2015) reported that Cyanophyceae, particularly Spirulina, dominated the phytoplankton community. The study found Chlorophyceae (Chlamydomonas, Dunaliella salina, Oedogonium) as the second most abundant group, along with Cyanophyceae (Anabaena, Oscillatoria) and Bacillariophyceae (Navicula, Nitzschia, Synedra). In summary, these findings confirmed that Cyanophyceae prevailed due to their high tolerance, followed by moderately tolerant Bacillariophyceae, whereas Chlorophyceae remained the most vulnerable and least dominant class. 
CONCLUSION: 
Lonar Lake's unique ecosystem requires careful management to maintain its ecological balance. The study emphasized the urgent need for integrated water management strategies to ensure the sustainability of this unique aquatic ecosystem. The present study showed the distribution of phytoplankton across the four sampling stations (S1, S2, S3, and S4). To ensure the lake's sustainability, it was crucial to implement regular monitoring of plankton populations and to engage local communities and tourists in conservation efforts. The study confirmed that the phytoplankton community of Lonar Lake was a sensitive and reliable indicator of its ecological status. The shifts in species composition observed during pre-monsoon and post monsoon periods also reflects the underlying changes in nutrient load. Therefore, regulation of nutrient inputs, frequent monitoring of the primary producer along with detailed and regular scientific studies are essential steps towards restoring the sustainability of this unique ecological marvel.
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