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SUMMARY 

 
Physicochemical parameters, phytoplankton communities, microcystin (MC) concentrations and potential MC-producing 

cyanobacteria were investigated in Lakes Natron and Momela, Tanzania. In Lake Big Momela, concentrations of soluble 

reactive phosphorus, nitrate and ammonia were 7.1, 2.6 and 0.9 µg/L, respectively, while dissolved oxygen, salinity, 

conductivity and pH were 9.4 mg/L, 19‰, 30 mS/cm and 9.7, respectively. The concentrations of soluble reactive 

phosphorus, nitrate and ammonia in Lake Natron were 129.4, 8.1 and 58 µg/L, respectively, while dissolved oxygen, 

conductivity and pH were 8 mg/L, 52 mS/cm and 9.5 respectively. The phytoplankton communities in both lakes were 

dominated by cyanobacteria, particularly Arthrospira fusiformis. Navicula and Nitzschia diatoms, and Chlorella, 

Chlorococcum and Scenedesmus green algae were common in Lakes Momela and Natron. Liquid chromatography–mass 

spectrometry (LC-MS) analysis phytoplankton detected four microcystin variants namely MC-RR, -YR, -LR and -RY. 

The total MC concentrations in Lake Natron were 0.1–4.5 µg/mL of phytoplankton scum and in Lake Momela were 

below quantifiable levels. Polymerase chain reaction analysis of phytoplankton revealed presence of Microcystis and the 

Microcystis mcyB gene in some samples. Finding of potential MC-producing cyanobacteria and MCs in study lakes 

poses a health risk to Lesser Flamingo which feed on cyanobacteria. 
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INTRODUCTION 

 

The Rift Valley Lakes of East Africa are situated 

within the eastern arm of the Gregory Rift Valley 

System which is associated with widespread of 

volcanic activity thought to be responsible for the 

alkaline-saline characteristics of the lakes (Baker et 

al., 1972; Hecky and Kilham, 1973). The lakes have 

low phytoplankton species diversity, and they 

support growth of specific saline tolerant 

phytoplankton, in particular cyanobacteria like 

Arthrospira fusiformis (Melack, 1988). The A. 

fusiformis constitutes the main feed for the Lesser 

Flamingos (Phoeniconaias minor Geoffroy) which 

are the common waterbirds in the lakes (Melack, 

1988). Several studies in alkaline-saline lakes have 

indicated the presence of potentially toxic 

cyanobacteria, which occasionally assume 

dominance, displacing the A. fusiformis populations 

(Ballot et al., 2009; Krienitz et al., 2005; Krienitz 

and Kotut, 2010). For example, high concentrations 

of MCs (4593 µg/g dry weight) and anatoxin-a (223 

µg/g dry weight) have been reported in 

phytoplankton samples from Kenyan alkaline-saline 

lakes dominated by A. fusiformis, Anabaenopsis 

spp., Chrooccocus spp. and Anabaena spp. (Ballot 

et al., 2004). In addition, MCs and anatoxins have 

also been detected in A. fusiformis culture from 

Kenyan alkaline-saline lakes (Ballot et al., 2004). 

Anthropological factors due to human activity in the 

lake ecosystems are thought to account for the 

changes in phytoplankton composition (Ndetei and 

Muhandiki, 2005).  

 

The presence of cyanotoxins in saline lakes has been 

associated with the recent frequent mortality of 

Lesser Flamingos in most of the East Africa 

alkaline-saline lakes (Krienitz et al., 2003; 

Lugomela et al., 2006; Nonga et al., 2011). 

However, in Lake Natron which is the only breeding 

site for the East African Lesser Flamingos 

population (Childress et al., 2008), the 

phytoplankton community and MCs status has not 

been studied. The purpose of this cross-sectional 

study was to establish the baseline information on: 

(i) physicochemical parameters and phytoplankton 

communities in Lake Natron and Lakes Momela; 

(ii) MC concentrations in phytoplanktons and; (iii) 

the potential MC-producing cyanobacteria in the 

phytoplankton of Lake Natron and Lakes Momela, 

Tanzania. 
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MATERIALS AND METHODS 

 

Study areas, physicochemical parameter 

assessment and identification of phytoplankton 

 

This study was conducted during November and 

December 2010 in alkaline-saline Lake Natron and 

Lakes Momela. The Momela lakes constitute a 

series of several lakes namely Lake Big Momela, 

Lake Small Momela, Lake Tulusia and Lake 

Lekandiro, which are all located in Arusha Region, 

Tanzania (Figure 1). Seven sampling sites were 

established at Lake Big Momela, two at Lake Small 

Momela, one site each at Lake Tulusia and Lake 

Lekandiro (Figure 1). Samples were collected at 

around 5–10 m from the shoreline at a depth of 

around 1–2 m. In Lake Natron, six sampling sites 

were established at 10–20 m distance from the 

shoreline with a depth of around 0.5 m (Table 1). 

 
 

 

 

 

 
 

Figure 1. Maps showing the location of Lakes Momela and Lake Natron in Tanzania. The sampling 

sites at Lake Natron numbered 1, 2, 3, 4, 5 and 6 are Maasai Manyata, Gadaffi camp, Ngelai falls, 

Moinik, Namarkaun and Peninj area respectively. 

 
Water temperature, pH, conductivity and dissolved 

oxygen were measured in situ using a portable water 

quality checker (Horiba U-10, Japan). Salinity was 

measured using a hand refractometer while water 

transparency was measured using a white Secchi 

disc with 20 cm diameter. Water samples for 

inorganic nutrient (nitrate, ammonia, and soluble 

reactive phosphorus) analysis were filtered using 

GF/C filters and the nutrients analysis was done 

according to APHA (2005).  

 

For qualitative phytoplankton analysis, 5 L of water 

was concentrated through a plankton net (20 μm 

mesh size), to a final volume of 50 mL and fixed 

with formalin to a final concentration of 3%. 

Phytoplankton identification was done on a light 

microscope following morphological descriptions 

given by Compère, (1976), Komárek and  

 

 

 

Anagnostidis (1986; 1999; 2005), Talling (1987), 

Anagnostidis and Komárek (1988), and Komárek 

and Kling, (1991). Proportional estimation of the 

phytoplankton distribution on the slide was done 

during the identification so as to establish the  

predominant genera. Phytoplankton samples for MC 

and molecular analysis were collected by 

concentrating 20 L of water through a plankton net 

(20 μm mesh size) to about 500 mL and stored at -

20 °C until analysis. 

 

Microcystins analysis in phytoplankton scum 
 

MCs extraction was done as described by Fastner et 

al. (1998) and the analysis was done using liquid 

chromatography–mass spectrometry (LC–MS/MS). 

Seven MC standards (MC-LR, -RR, -YR, -LA, -LF, 

-LY and –LW; Alexis Corporation Biochemicals 

Grünberg, Germany) were used. For the MC 

variants detected which had no standards; their 

identification was tentatively done based on their 

reaction with 2-mercaptoethanol, molecular ions and 

MS/MS fragmentation patterns.  
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Phytoplankton genetic analysis 
 

Presence of the possible MC-producing genotypes, a 

quantitative real-time PCR method was applied as 

described by Kurmayer and Kutzenberger (2003). 

Each sample was analysed for the presence of the 

Microcystis genotype containing mcyB gene 

(Kurmayer and Kutzenberger, 2003) as well as for 

the presence of the Anabaena genotype containing 

mcyE gene (Vaitomaa et al., 2003). Phytoplankton 

net sample material (100 μL) was frozen and thawed 

twice and then boiled for 5 min before genomic 

DNA was extracted using the MoleStrips DNA 

blood kit and the DNA-Cyano protocol on 

GeneMole (Mole Genetics, Lysaker, Norway) 

according to the manufacturer’s instructions. The 

primers 30F and 108R were used for Microcystis 

(Kurmayer and Kutzenberger, 2003) and the primers 

McyE-F2 and AnamcyE-12R were used for 

Anabaena (Vaitomaa et al., 2003). The qPCR was 

performed with 5 µL of DNA, 1 µL of each primer 

(Eurofins MWG Operon, Ebersberg, Germany), 

12.5 µL of master mix (MESA blue qPCR Master 

mix for SYBR green assay with low rox; 

Eurogentec, Seraing, Belgium) in a total volume of 

25 µL. Amplifications were performed as follows: 

an initial preheating for 2 min at 50 ºC and 10 min 

at 95 ºC, followed by 40 cycles with one cycle 

consisting of 15 sec at 95 ºC and 1 min at 60 ºC. In 

order to determine the melting temperatures for the 

amplification products, a melt curve stage was 

started after qPCR and the temperature was changed 

from 95 to 60 ºC and fluorescence was detected 

continuously. All the analyses were done in 

triplicate using an ABI 7500 mastercycler (ABI, 

Carlsbad, CA). To quantify the total population of 

Microcystis cells containing the mcyB gene, the 

linear regression curve was y = -4.965 + 50.218 

(n=5, R
2 

= 0.994), where y was the cycle of 

threshold (Ct value) at the set fluorescence threshold 

level obtained for the mcyB gene and x was the 

amount of starting DNA (given as log10 cell number 

equivalents of Microcystis strain NIVA-CYA 

228/1). To quantify the total population of 

Anabaena cells containing the mcyE gene the linear 

regression curve was y = -2,677 + 32,961 (n=5, 

R
2
=0.951), where y was the cycle of threshold (Ct 

value) at the set fluorescence threshold level 

obtained for the mcyB gene and x was the amount of 

starting DNA (given as log10 cell number 

equivalents of Anabaena strain NIVA-CYA 83/1). 

 

RESULTS 

 

Physicochemical parameters and phytoplankton 

community  
 

Results for physicochemical parameters are 

presented in Table 1. Water temperature was high 

especially in Lake Natron (33 ± 4
o
C) while for 

Lakes Momela, the temperature was relatively low 

(24 ± 0.5
o
C). High pH (Lakes Momela 9.4–9.9, 

Lake Natron 8.7–10.1), salinity (Lake Momela 12–

38‰) and conductivity (Lakes Momela 18–98, Lake 

Natron 11–77) were also recorded. The water 

transparency of Lakes Momela was low (23–35 cm) 

while the mean concentration of dissolved oxygen 

in both study lakes (Lake Momela 9.3 mg/L, Natron 

7.8 mg/L) was relatively high. The nitrate levels in 

the study lakes were relatively low (Lakes Momela 

1.8 - 80 µg/L, Natron 5.6–11.7 µg/L). Higher levels 

of soluble reactive phosphorus (53–196 µg/L) were 

recorded in Lake Natron compared to Lakes 

Momela (5.2–25.8 µg/L). High levels of ammonium 

were also recorded in Lake Natron (43–67 µg/L) 

compared to Lakes Momela (0.6–3.6 µg/L).
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Table 1. Physicochemical characteristics of Lakes Momela and Lake Natron in November and December 2009 
Lakes Sampling sites Date Coordinates 

Latitudes              

Longitudes 

Temp 

(ºC) 

Secchi 

(cm) 

Dissolved  

Oxygen 

(mg/L) 

pH Salinity 

(‰) 

Conductivity 

 (mS/cm) 

PO4 

(µg/L) 

NO3 

(µg/L) 

NH4 

(µg/L) 

Big Momela 1 November  3º 13.486' 36º 54.250' 24.0 23 10.3 9.7 22 26 8.4 0.9 2.1 

 2 November  3º 13.315' 36º 54.114' 24.3 23 9.3 9.7 20 31 7.6 0.8 2.5 

 3 November  3º 13.650' 36º 54.532
'
 24.8 24 9.3 9.7 12 24 7.5 0.8 3.0 

 4 November  3º 13.411' 36º 54.418' 23.8 23 8.9 9.7 22 40 6.3 1.1 1.8 

 5 November  3º 13.320' 36º 54.668' 23.5 23 9.5 9.7 18 28 5.9 0.6 3.2 

 6 November  3º 13.042' 36º 54.065' 23.4 23 8.7 9.6 20 32 6.8 1.2 2.8 

 7 November  3º 13.348' 36º 54.416
'
 23.4 23 9.2 9.6 20 30 7.2 0.8 2.3 

Small 

Momela  

1 

November  3º 13.458' 36º 53.118' 25.2 51 14.3 9.7 

10 

18 5.6 1.8 4.2 

 2 November  3º 13.684' 36º 53.671' 25.2 37 15.2 9.4 10 21 5.2 1.4 4.8 

Lekandiro 1 November  3º 12.358' 36º 53.950' 24.5 54 5.1 9.5 30 85 25.8 2.2 12.5 

Tulusia 1 November  3º 12.406' 36º 54.885' 25.0 35 3.6 9.9 38 98 20.2 3.6 80 

Natron Maasai 

Manyata December  2º 34.584' 35º 54.759' 37.6 nd 14.9 10.1 nd 62 53 62 5.6 

 Moinik December  2º 30.728' 35º 52.899' 28.5 nd 8.5 8.7 nd 11 70 43 7.2 

 Namarkaun December  2º 29.130' 35º 53.261' 35.0 nd 5.2 8. 8 nd 37 161 56 8.4 

 Gadaffi camp December  2º 34.943' 35º 55.050' 31.1 nd 3.4 9.9 nd 58 113 61 11.7 

 Ngelai falls December  2º 35.331' 36º 00.382' 35.1 nd 10.6 10.1 nd 67 183 58 6.9 

 Peninj area December 2º 26.145' 35º 53.799' 29.7 nd 4.4 9.1 nd 77 196 67 8.8 

Temp, temperature; SRP, soluble reactive phosphorus; NH4+, ammonia; NO3-, nitrate; nd, not determined 
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Phytoplankton analysis revealed that total of 18 

genera belonging to 3 taxa, were identified. These 

included cyanobacteria (A. fusiformis, 

Anabaenopsis, Anabaena, Microcystis, 

Chroocococus, Nostoc, Aphanothece, Oscillatoria, 

Spirulina, Phormidium and Aphanocapsa), 

Bacillariophyta (Navicula, Nitzschia, Anomoeoneis, 

Anomoeoneis and Cyclotella), and Chlorophyta 

(Chlorella, Scenedesmus and Chlorococcum). The 

phytoplankton communities in Lakes Momela and 

Lake Natron were dominated by cyanobacteria, in 

particular A. fusiformis.  Polymerase chain reaction 

analysis of phytoplankton samples observed the 

presence of Microcystis and the Microcystis mcyB 

genes in some samples. 

 

 

 

 

 

 

Microcystin analysis results  
 

LC-MS analysis of samples established a total MC 

concentration in Lake Natron to be 0.1–4.5 µg/mL 

of phytoplankton scum and in Lake Momela were 

below quantifiable levels (Table 2). MC-RR was the 

only variant detected in Lake Momela and three MC 

variants (MC-LR, -YR and -RY) were detected in 

Lake Natron (Figure 2). MC-RY detected in 

phytoplankton samples from Lake Natron accounted 

for more than half of the total MC concentrations 

recorded. Polymerase chain reaction analysis 

indicated presence of Microcystis with the mcyB 

gene indicative of MC production (Table 2). In 3/11 

of the phytoplankton samples from Lake Momela 

and 4/6 samples from Lake Natron Microcystis and 

the Microcystis genotype containing the mcyB gene 

encoding for MC synthesis were detected. None of 

the samples had PCR products indicating the 

presence of the Anabaena or the Anabaena mcyE 

gene. 

 

 
Figure 2. LC-MS

2
 Chromatograms. (a) MC-LR (m/z 995.5) standard, (b) MC-YR (m/z 1045.5) standard, (c) 

MC-LR (m/z 995.5) in phytoplankton sample, (d) MC-YR (m/z 1045.5) in phytoplankton sample, (e) MC-RY 

(m/z 1045.5) in phytoplankton sample from L. Natron 
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Table 2. Microcystins and Microcystis mcyB and Anabaena mcyE genes analysis in phytoplankton samples 

from Lakes Momela and Lake Natron 

Study 

lakes Sample ID 

Microcystin concentrations 

(µg/g wet weight) mcy genes  

 MC-YR MC-LR 

 

MC-RR MC-RY 

Microcystis  

mcyB  

Anabaena 

mcyE 

Big 

Momela BMA1-1 nd nd nd nd - - 

 BMA1-3 nd nd bql nd - - 

 BMA2-1 nd nd bql nd - - 

 BMA2-5 nd nd bql nd + - 

 BMA3-1 nd nd bql nd - - 

 BMA3-4 nd nd nd nd - - 

 BMA5-1 nd nd bql nd + - 

 BMA6-1 nd nd bql nd - - 

 BMA7-1 nd nd bql nd - - 

Small 

Momela SMA1-1 nd nd nd nd - - 

 SMA1-2 nd nd nd nd + - 

Tulusia TMA2-1 nd nd nd nd - - 

Lekandiro LMA4-1 nd nd nd nd - - 

Natron NA1 0.1 0.2 nd 0.4 + - 

 NA2 0.2 0.2 nd 0.3 + - 

 Ma A1 1.2 1.1 nd 2.2 + - 

 Ma A2 1.2 0.8 nd 2.1 + - 

 Mo A2 nd nd nd nd - - 

 Mo A1 0.1 nd nd nd - - 

 

bql, below quantifiable level; nd, not detected 

 

 

DISCUSSION 
 

This study observed high water temperature 

especially in Lake Natron (33 ± 4
o
C) suggestive of 

the drought condition that was prevailing in the area 

during the study period.  However, for Lakes 

Momela, the temperature was relatively low (24 ± 

0.5
o
C) probably because the lakes are relatively 

deep (up to 31 m) and are surrounded by thick 

forests. The recorded water temperature levels in 

both lakes were favourable for cyanobacterial bloom 

formation (Paerl, 1996). The high pH, salinity and 

conductivity recorded were thought to be influenced 

by the factors of internal drainage, chemical 

weathering of the surrounding volcanic rocks and a 

semi-arid climatic regime (Baker et al., 1972; 

Hecky and Kilham, 1973). In addition, the observed 

drought conditions, in particular at Lakes Natron, 

may cause evaporative concentration and reduction 

of the lake surface areas which could account for the 

high values of pH, conductivity and salinity.  

 

The water transparency of Lakes Momela was low 

resulting in a narrow euphotic zone as previously 

reported by Kaaya (2007). The low water 

transparency was thought to be influenced by high 

solute concentrations and phytoplankton blooms. 

Our study further found a relatively high mean 

concentration of dissolved oxygen in both study 

lakes which was comparable to values reported by 

Kaaya (2007) in Lake Momela. The levels of 

dissolved oxygen in water bodies may be influenced 

by the rate of photosynthetic activity, wind action, 

depth, dissolved solute and decomposition of 

organic matter (Boyd, 2000). 

 

The nitrate levels recorded in the study lakes were 

relatively low, which were comparable to the values 

recorded in alkaline-saline Lakes Manyara 

(Lugomela et al., 2006) and Momela (Kaaya, 2007). 

Large cyanobacterial blooms and other 

phytoplankton, which were commonly observed in 

the lakes, may have caused high biological uptake 

of nutrients (Dokulil and Teubner, 2000). 

Furthermore, higher levels of soluble reactive 

phosphorus were recorded in Lake Natron compared 

to Lakes Momela. This may be accounted by the 

amount of phosphate that enters the lake from 

anthropogenic and natural sources. Absence of an 

outflow in the studied lakes may be another cause of 

elevating phosphorus concentrations in the lakes. 

Similarly, the high levels of ammonium recorded in 

Lake Natron (43–67 µg/L) may be caused by 

regeneration of nutrients from the sediments under 
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reduced environment, decomposition of organic 

matter under anaerobic conditions and, runoff 

containing agrochemicals, livestock manure and 

organic matter. In addition, the high population of 

Lesser Flamingo and other aquatic birds may add 

ammonium in water through their faecal droppings 

(Ganning and Wulff, 1969).  

 

A total of 18 phytoplankton genera belonging to 3 

taxa, were identified being dominated by 

cyanobacteria, in particular A. fusiformis. Studies in 

other East African alkaline-saline lakes show that A. 

fusiformis predominates due to its ability to tolerate 

a wide range of salinities via osmotic adjustments 

and mechanisms of internal pH regulation 

(Vareschi, 1982; Vonshak and Tomaselli, 2000). In 

addition, the higher diversity and dominance of 

cyanobacterial species in alkaline-saline lakes 

compared to other phytoplankton may be caused by 

the extreme high salinity and pH which possibly 

limit the growth of other aquatic species (Melack, 

1988; Vareschi, 1982). Other probable causes for 

cyanobacterial dominance in alkaline-saline lakes 

include the high availability of dissolved inorganic 

carbon, elevated temperatures, and low water 

transparency (Scheffer et al., 1997; Oduor and 

Schagerl, 2007). 

 

The current study identified Microcystis in Lake 

Small Momela and Lake Natron, which concurs 

with other studies reporting occurrence of 

Microcystis in alkaline-saline lakes of East Africa 

(Ndetei and Muhandiki, 2005; Kaaya, 2007; Stewart 

et al., 2008). Polymerase chain reaction analysis of 

phytoplankton samples from Lakes Momela and 

Lake Natron in the present study also revealed the 

presence of Microcystis and the Microcystis mcyB 

genes in some samples. This further confirms the 

microscopical observation of Microcystis in 

alkaline-saline lakes. Furthermore, a study by 

Dadheech et al. (2009) and Mwirichia et al. (2011) 

detected DNA and 16S rRNA gene for Microcystis 

in alkaline-saline Lake Elmenteita and Bogoria. 

However, Krienitz and Kotut (2010) and Kotut and 

Krienitz (2011) suggested that the reported 

Microcystis could be due to errors during 

microscopic identification, since the Microcystis 

morphology can easily be confused with 

Anabaenopsis abijatae (Ballot et al., 2008). During 

the current study, the presence of Microcystis in 

Lake Small Momela may be due to low levels of 

salinity (10 ‰) and pH (9.4) because of several 

freshwater streams feeding into the lake. Similarly, 

in Lake Natron, Microcystis was observed in 

samples from sampling sites located near to entry 

points of some rivers like at Moinik (with 

conductivity 11 mS/cm, pH 8.7) and Namarkaun 

(with conductivity 37 mS/cm, pH 8.8). A study by 

Hammer et al. (1983) reported that Microcystis can 

grow under hyposaline (salt conc. 3–20 ‰) to 

mesosaline (salt conc. 20–50 ‰) conditions 

provided that the alkalinity is low. 

 

The current study further revealed that the 

cyanobacterial communities in Lakes Momela and 

Natron produce MCs since a concentration of up to 

4.5 µg/mL of phytoplankton scum was recorded in 

Lake Natron. MC-RR was the only variant detected 

in Lake Momela while MC-LR, -YR and -RY) were 

detected in Lake Natron. MC-RY detected in 

phytoplankton samples from Lake Natron accounted 

for more than half of the total MC concentrations 

recorded. This is the first report on occurrence of 

MC-RY in alkaline-saline lakes of East Africa.  The 

possible sources for the production of MCs detected 

may be Microcystis spp. The real-time PCR results 

further confirms presence of Microcystis with the 

mcyB gene indicative of MC production. This 

suggests that Microcystis may be among the MC-

producing genus in Lakes Momela and Lake 

Natron. Other microcystin producing cyanobacteria 

detected microscopically during this study 

Anabaena, Aphanocapsa, Oscillatoria, Nostoc, 

Anabaenopsis and Phormidium spp. These 

cyanobacterial genera are known to be the potential 

MC-producers (Codd et al., 1999, Chorus, 2001; 

van Apeldoorn et al., 2007). However, Arthrospira, 

which was the most dominant cyanobacterial genus 

in all the alkaline-saline lakes, was also recently 

been reported to produce MCs (Ballot et al., 2004). 

 

The MC levels recorded during the present study are 

low (0.1–4.5 µg/mL) compared to levels previously 

published for Kenyan alkaline-saline lakes. A study 

by Ballot et al. (2004) in Lake Bogoria and Lake 

Nakuru reported MC concentrations of 155 and 

4,593 µg/g dry weight respectively. In addition, 

Ballot et al. (2005) reported MC concentrations of 

12 and 39 µg/g dry weight in Lake Sonachi and 

Lake Simbi, respectively. Although high numbers of 

potential MC-producing species were identified 

during the current study, the low concentration of 

MCs recorded in phytoplankton may be caused by 

several factors. MC production in cyanobacterial 

strains depends on whether or not it contains the 

gene for toxin production and on environmental 

factors promoting the gene’s expression (Dittman et 

al., 1996; Chorus, 2001). Potential MC-producing 

species like M. aeruginosa can co-exist with both 

MC-producing and non-producing strains 

(Kurmayer et al., 2003). Studies have shown that 

MC concentration and composition, and 

physiological status of cyanobacterial cells are 

affected by factors like light energy, temperature, 
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pH, primary production, oxygen saturation and 

nutrient status (Watanabe et al., 1989; Wicks and 

Thiel, 1990; Oberholster et al., 2004). However, 

differences in toxin production may also occur in 

different growth phases and with seasonal changes 

in the predominant toxic or non-toxic species of 

cyanobacteria (Park et al., 1998).  

 

It is concluded that presence of hepatotoxic MCs in 

the alkaline-saline lakes have ecological impacts on 

aquatic food webs of lakes and cause serious health 

problems to aquatic life. Microcystins may be the 

contributory factors for the mass mortality of Lesser 

Flamingos which frequently occurs in the lakes.  
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