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Abstract 

Blue green algae are known to form algal blooms in many parts of the world. Microcystis sp is colony forming bloom seen in hypersaline 

lake Tsokar in Ladakh. The lake was studied for three years from 2011-2013 and sampling of phytoplankton and water sample for 

various parameters was carried out in early summer and late summer season. Nutrient enrichment with high phosphate content with 

presence of Microcystis aeruginosa bloom was seen in late summer in the lake. The formation of algal bloom in late summer each year 

dominated phytoplankton with decreased diatom density in the lake. The high salinity, nutrient enrichment in the lake and presence of 

Microcystis bloom may affect ecology of the lake in the future. The nutrient enrichment needs to be reduced for reducing algal blooms 
and keeping the lake healthy. 
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Introduction 

Microcystis spp. species have been reported as one of the bloom 

formers in freshwater and saltwater lakes leading to toxic effects. 

Various factors like nutrient enrichment, stagnant water, rising 

temperature, etc. are attributed to the bloom formation of 

Microcystis spp. (Otten et al. 2012) [14]. Primarily, the 

anthropogenic activities, which trigger the nutrient repletion in 

water bodies are foreseen to facilitate the conducive environment 
for algal blooms (Schindler et al. 2008) [21]. In present scenario 

where climate change and nutrient loading has been reported 

from high altitude lakes across the world, the study of these high-

altitude lakes becomes more important where these lakes are 

known to be pristine, healthy and a huge support to healthy 

ecosystem. Notably, high elevation areas of Himalaya are highly 

vulnerable to the climate change (Pandit 2017) [3]; it has also been 

established that occurrence of harmful algal bloom will increase 

with climate change and in more warmer areas (Peperzak 2003) 

[19]. Major socio-economic and environmental consequences led 

by the blooms of M. aeruginosa include the depletion of 
dissolved oxygen contents, bad odour and taste, human health 

problems due to high concentration of hepatotoxic microcystins 

and harmful impacts on aquatic life (Lehman et al. 2005; Tonk 

2007) [10, 24]. 

The lakes in the Himalayan region are lifeline to existing fauna 

and flora that survives in harsh environmental conditions. The 

lakes in the Ladakh region provides sojourn to livestock and 

feeding grounds of wildlife with existing pastures in the vicinity. 

The present study area namely Tsokar lake is located in Ladakh 

region of India at 4500 m asl. This study is aimed to provide the 

first information on the spatial distribution, characterization of 
algal bloom, habitat characteristics and its impacts on the other 

aquatic life. Such information would be useful in providing the 

baseline data that can used in the monitoring programs and future 

impacts of blooms in the surrounding areas.  

Materials and Methods  

Study Area 

Tsokar Lake lies in the Trans Himalayan region of Ladakh, 

located at an elevation of ~4550msl, approximately 160 km south 

of Leh town in Changthang region of Tibetan Plateau. 

Geographically, the lake is located between 33o 18” N latitude 

and 78o 02” E longitude The Changthang region is a semi-arid dry 
desert with annual rainfall precipitation <95 mm. The Tsokar lake 

is an endorheic lake with area of 18 km2. The northwestern part 

of the Tsokar lake has large borax deposits which has rendered 

the lake more saline.  

 

Water Sampling and Analyses 

In order to assess the impact of water quality on algal bloom, 

detailed characterization of physical and chemical parameters of 

Tsokar lake was carried out. A total of 5 sites were selected in the 

lake. For each parameter, three replicates were taken. The 

parameters like water temperature, pH, electrical conductivity, 
total dissolved solids (TDS), salinity, turbidity and dissolved 

oxygen were measured at the sampling sites. Water temperature 

was measured with the help of graduated thermometer (in °C). 

We used pHTestr 3 for pH, TDScan3 for electrical conductivity, 

TDScan1 for TDS and SalTestr for salinity measurement (Eutech 

Instruments, Singapore). Turbidity was measured by using 

portable nephelometer-TN-100 (Eutech Instruments, Singapore). 

Dissolved oxygen (DO) was measured with the help of dissolved 

oxygen test kit (Aquamerck, Germany), which is based on 

Winkler’s iodometric method. Rest of the parameters, such as 

alkalinity, chloride, total hardness, calcium hardness, magnesium 
hardness, sodium, potassium, iron, silicate, sulphate, nitrate (N-

NO3) and phosphate (P-PO4) were determined in the laboratory. 

For this reason, samples were collected in a sampling bottle and  
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Brought to the laboratory for further analyses. However, prior to 

sample collection bottles were rinsed with the water from 
lake/stream. The samples were stored in dark and cool place at 

4ºC till further analysis. Standard methods of analysis given in 

APHA (2005) and other published sources were followed to 

assess the various physico-chemical parameters. 

 

Ecological Data 

The Tsokar lake was sampled for three consecutive years for 

phytoplankton during two seasons-early summer (April-May) 

and late summer (August-September). Five sites in each season 

were sampled, each with three replicates. The center of the lake 

could not be sampled because of lack of accessibility due to 
logistics constraint. Plankton samples were retrieved by filtering 

50 litres of water through plankton net of 25 u mesh size. The 

residue left, was transferred with a fine brush to a 50 ml sampling 

vial and preserved in Lugol’s solution and brought to the 

laboratory for further analysis. (see Bhatt et al. 2008, 2012) [3]. 

Diatom density in the benthic as well as planktonic forms was 

calculated with the help of drop count method. We followed drop 

count method to determine the density of phytoplankton (see 

Adoni, 1985) [1]. Blue green algae were identified with the help 

of phase contrast microscope at 40x. 

 

Results 

The physico-chemical parameters with two different seasons are 

given in Table 1. In the physical and chemical characteristics of 

Tsokar lake, significant variation was calculated for water 

temperature (p<0.001), turbidity (p<0.01), total dissolved solids 

(p<0.05), salinity (p<0.05); electrical conductivity (p<0.05), 

sodium contents (p<0.01), potassium (p<0.05) and sulfur 

contents (p<0.05). The values of all characteristics except sulfur 

contents increased significantly from early summer to late 

summer. The nitrate content in the lake remained constant but 

other important nutrient phosphate increased significantly 

(p<0.01) from early summer to late summer from 1.27+0.51 mg/l 
to 7.53+1.06 mg/l. The silicate required for growth of diatoms 

was found to slightly decrease from 7.6+1.67 mg/l in early 

summer to 6.11+0.94 mg/l to late summer.  
In the planktonic sample the density of the diatoms was found to 

be 4618+2614 in early summer and 1072+574 cells/l in late 

summer (Figure 1.1). The blue green algae consisted of 

Microcystis aeruginosa and density was found to be 1063+382 

cells/l in early summer and sharply increased to 14,554+3073 

cells/l in late summer. The algal bloom can be easily observed 

during late summer (See figure 1.2). The diatom community was 

dominated by Nitzschia and Stauroneis sp, and Microcystis sp 

dominated the BGA community.  

 

 
 

Fig 1: The boxplot shows the variation between density of BGA and 
diatoms in early summer and late summer. 

 

 
 

Fig 2: Tsokar lake in a) early summer and b) late summer with algal bloom. 

 
Table 1: Physico chemical variables in two sampling seasons in Tsokar Lake 

 

Lakes 
Tsokar 

Early Summer Late Summer 

Water Temp (ºC) 10+0.5 14+0.2 

TDS (mg/l) 4254+624 104985+11023 

Turbidity (NTU) 2.19+1.1 5.03+2.3 

Electrical Conductivity (µS) 74460+10650 178346+17936 

pH 8.78+0.23 8.64+0.15 

Salinity (ppt) 38+14 69+10 

DO (mg/l) 1.57+0.38 1.56+0.59 
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Alkalinity(mg/l) 854+172 1684+203 

Total hardness (mg/l) 22850+15880 27829+4894 

Ca hardness as CaCO3 mg/l 2682+1425 5949+2300 

Mg as mg/l 3538+1896 4914+485 

Sodium(mg/l) 72+1.1 6710+121 

Potassium(mg/l) 112+16 3393+511 

Chloride(ppm) 14373+5460 12431+1413 

SO4 mg/l 3.29+2.82 1.60+0.96 

Silicate mg/l 7.67+1.67 6.11+0.94 

Nitrate(mg/l) 2.5+0.3 2.59+1.25 

PO4-(mg/l) 1.27+0.51 7.53+1.06 

Total iron (mg/l) 0.08+0.03 0.14+0.13 

 

Discussion 

The hydro-chemical characters of the Tsokar lake are attributed 

to geomorphology, regional climate and human settlements. With 

minimal precipitation the main source of discharge is from the 

overflow of nearby springs. This surface runoff carries salts and 

sediments to the lake. The diatoms dominated in early summer 

when there was fresh feed of water from springs and ice water 
was melting but as the summer progresses the average 

temperature increases and density of BGA’s also increased. Two 

most important reasons are, firstly, the increase in temperature 

increases the nutrient availability to the cells, and secondly the 

presence of gas vacuoles in BGA helps it to remain afloat to 

favorable light and temperature (Michalak et al. 2013) [12] 

whereas, diatoms sink with weak buoyancy mechanism (Wagner 

and Adrian, 2009; O’Neil et al. 2012) [26, 13]. In the present study 

Microcystis flourished in high salinity (>55ppt) environment, 

whereas in early studies it has been observed from salinity up to 

20 ppt (Tonk 2007; Preece et al. 2017) [24]. Phytoplankton 
community in the lake comprised of diatoms and BGA dominated 

by diatoms genera like Navicula, Nitzschia and Surirella, which 

are known to be tolerant to high salinity and eutrophic conditions 

and BGA consisting of Microcystis and Planktothrix sp.  

The environmental variables, which have been reported to 

determine the dominance of M. aeruginosa, are nutrient, mainly 

phosphate that is mostly available from the sediments (Trimbee 

& Harrris 1984). The phosphate concentration was found to 

increase in late summer as release of phosphate from sediments 

takes place under the conditions of depleted oxygen in water 

column in bloom environments (Dokulil & Teubner 2000) [5]. The 

Microcystis sp is a non-nitrogen fixing cyanobacteria thus not 
only phosphate but also availability of nitrate is a major nutrient 

concern for these algae. They are known to dominate planktonic 

assemblages during warmest period of the year (Paerl and 

Huisman 2008; Liu et al 2016) [17, 11]. The low density of diatoms 

in late summer could be attributed to dominance of Microcystis 

as HAB’s like Microcystis are known to secrete Microcystin, 

which are harmful to plants and other planktons.  

Previous studies have also shown Microcystis to affect the 

population of diatoms (Paerl et al. 2016). The studies have 

suggested that M. aeruginosa can affect phytoplankton 

composition through allelopathy i.e inhibition on the growth of 
other plants with the release of chemical compounds (see Sukenik 

et al. 2002; Legrand et al. 2003). Microcystis is known to produce 

an array of metabolites including microcystin, organic and amino 

acids, peptides, alkaloids, carbohydrates, and 

lipopolysaccharides (Lehman et al. 2010) [10], that promote its 

invasibility in aquatic systems and affect higher trophic levels 

(Paerl et al. 2001; Smith et al. 2008) [22]. M. aeruginosa species 

is one of the few freshwater blue green algae which have become 

a global concern because of their increasing distribution and 

abundance in water bodies the world over except Antarctica 

(Fristachi and Sinclair 2008) [6]. Though effect of Microcystis is 

being studied extensively, its potential impact on the structure 

and function of aquatic biota is not fully understood (Ibelings & 

Havens 2008). Thus, the Microcystis blooms probably depend 
upon more than one environmental factor and their response to 

plankton community is variable as has been established in earlier 

studies (Graneli et al. 2008) [7]. 

The presence of Microcystis blooms has the potential to harm the 

aquatic biota in the Tsokar lake. The health of the ecosystem is 

threatened as it could be dispersed with water birds or the 

livestock in the vicinity of the lake that accompanies the nomads. 

The nutrient discharge in the lake needs to be controlled for 

protection from blooms. The watershed managers should look for 

all non-point sources and save the lake from eutrophication. 

 

Acknowledgement 

We would like to thank anonymous reviewers for their comments 

in early draft of the manuscript. Funding for this study was 

provided by University Grants Commission (UGC) in form of 

award of Junior Research Fellowship (JRF) and Senior Research 

Fellowship (SRF). 

 

References 

1. Adoni AD, Joshi G, Ghosh K, Chourasia SK, Vaishya AK, 

Yadav M, et al. Work on Limnology. Pratibha Publishers, 

Sagar, 1985, 1-216.  

2. APHA. Standard Methods for the Examination of Water and 
Wastewater. American Public Health Association, American 

Water Work Association, Water Environmental Federation. 

In: A. E. Greenberg, L. S. Clesceri and A. S. E. Eaton (eds). 

New York, 2005. 

3. Bhatt JP, Bhaskar A, Pandit MK. Biology, distribution and 

ecology of Didymosphenia geminata (Lyngbye) Schmidt an 

abundant diatom from the Indian Himalayan rivers. Aquatic 

Ecology. 2008; 42(3):347-353.  

4. Bhatt JP, Manish K, Pandit MK. Elevational Gradients in 

Fish Diversity in the Himalaya: Water Discharge is the Key 

Driver of Distribution Patterns. PloS One, 2012, 7:e46237. 
10.1371/journal.pone.0046237. 

5. Dokulil MT, Teubner K. Cyanobacterial dominance in 

lakes. Hydrobiologia. 2000; 438:1-12. 

6. Fristachi A, Sinclair JL, Hambrook JA, Boye G, Burkholder 

JA, Burns J, et al. Occurrence of cyanobacterial harmful 

algal blooms workgroup report. In: Hudnell, H.K. (ed.) 

Cyanobacterial Harmful Algal Blooms: State of the Science 



International Journal of Ecology and Environmental Sciences   www.ecologyjournal.in 

420 

and Research Needs. Advances in Experimental Medicine & 

Biology. 619. Springer, 2008, 500 pp. 
7. Graneli E, Weberg M, Saoloman PS. Harmful algal blooms 

of allelopathic microalgal species: The role of 

eutrophication. Harmful Algae. 2008; 8:94-102. 

8. Ibelings BW, Havens KE. Cyanobacterial toxins: a 

qualitative meta-analysis of concentrations, dosage and 

effects in freshwater estuarine and marine biota. In H. K. 

Hudnell (ed.), Cyanobacterial Harmful Algal Blooms: State 

of the Science and Research Needs, Advances in 

Experimental Medicine and Biology. Springer, New York. 

2008; 619:675-732. 

9. Legrand C, Rengefors K, Fistarol GO, Granéli E. 
Allelopathy in phytoplankton - biochemical, ecological and 

evolutionary aspects. Phycologia. 2003; 42:406-419. 

10. Lehman PW, Teh SJ, Boyer GL, Nobriga M, Bass E, Hogle 

C, et al. Initial impacts of Microcystis on the aquatic food 

web in the San Francisco Estuary. Hydrobiologia. 2010; 

637:229-248. 

11. Liu L, Huang Q, Qin B, Zhu G, Wu P, Wu Y, et al. 

Characterizing cell surface of blooming Microcystis in Lake 

Taihu, China. Water Sci Technol. 2016; 73:2731-2738. 

12. Michalak AM, Anderson EJ, Beletsky D, Boland S, Bosch 

NS, Bridgeman TB, et al. Record-setting algal bloom in Lake 

Erie caused by agricultural and meteorological trends 
consistent with expected future conditions. Proceedings of 

the National Academy of Sciences. 2013; 110(16):6448-

6452. 

13. O’Neil JM, Davis TW, Burford MA, Gobler CJ. The rise of 

harmful cyanobacteria blooms: potential role of 

eutrophication and climate change. Harmful Algae. 2012, 

14:313–334. 

14. Otten TG, Xu H, Qin B, Zhu G, Paerl HW. Spatiotemporal 

Patterns and Ecophysiology of Toxigenic Microcystis 

Blooms in Lake Taihu, China: Implications for Water 

Quality Management. Environ Sci Technol. 2012; 
46(6):3480-3488. 

15. Paerl HW, Fulton RS, Moisander PH, et al. Harmful 

freshwater algal blooms, with an emphasis on cyanobacteria. 

Scientific World Journal. 2001; 1:76-113. 

16. Paerl HW, Gardner WS, Havens KE, Joyner AR, McCarthy 

MJ, Newell SE, et al. Mitigating cyanobacterial harmful 

algal blooms in aquatic ecosystems impacted by climate 

change and anthropogenic nutrients. Harmful Algae. 2016; 

54:213-222. 

17. Paerl HW, Huisman J. Blooms like it hot. Science. 2008; 

320:57-58. 

18. Pandit MK. Life in the Himalaya: An Ecosystem at Risk, 
Harvard University Press, 2017. 

19. Peperzak L. Climate change and harmful algal blooms in the 

North Sea. Acta Oecol. 2003; 24:139-144. 

20. Preece EP, Hardy FJ, Moore BC, Bryan M. A review of 

microcystin detections in Estuarine and Marine waters: 

Environmental implications and human health risk. Harmful 

Algae. 2017; 61:31-45. 

21. Schindler DW, Hecky RE, Findlay DL, Stainton MP, Parker 

BR, Paterson MJ, et al. Eutrophication of lakes cannot be 

controlled by reducing nitrogen input: results of a 37-year 

whole-ecosystem experiment. Proc Natl Acad Sci. 2008; 
105:11254-11258. doi:10.1073/pnas.0805108105 

22. Smith JL, Boyer GL, Zimba PV. A review of cyanobacterial 

odorous and bioactive metabolites: impacts and management 
alternatives in aquaculture. Aquaculture. 2008; 280:5-20.  

23. Sukenik A, Eshkol R, Livne A, Hadas O, Rom M, Tchernov 

D, et al. Inhibition of growth and photosynthesis of the 

dinoflagellate Peridinium gatunense by Microcystis sp. 

(cyanobacteria): a novel allelopathic mechanism. Limnology 

and Oceanography. 2002; 47:1656-1663. 

24. Tonk L, Bosch K, Visser PM, Huisman J. Salt tolerance of 

harmful cyanobacterium Microcystis aeruginosa. Aquatic 

microbial ecology. 2007; 46:117-123. 

25. Trimbee AM, Harris GP. Phytoplankton population 

dynamics of a small reservoir: use of sedimentation traps to 
quantify the loss of diatoms and recruitment of summer 

bloom-forming blue-green algae. Journal of Plankton 

Research. 1984; 6:897-918. 

26. Wagner C, Adrian R. Cyanobacteria dominance: 

Quantifying the effects of climate change. Limno Oceanogr. 

2009; 54:2460-2468. 


