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INTRODUCTION

Cyanobacteria occur in freshwater, marine, and terrestrial 
habitats. Some are capable of nitrogen fixation and are 
therefore of great importance for the balance in ecosystems. 
They are the major phytoplankton group in freshwater 
ecosystems capable of producing toxic blooms (Carmichael 
et al., 1990). Their communities are an essential component 
of all aquatic ecosystems because primary production 
by phytoplankton forms the base of the food chain in 
water. Despite these beneficial aspects, most water quality 
problems are the result of the unmanaged growth of 
phytoplankton communities (Smith, 1988). Conditions, 
such as sunlight, nutrients, pH, temperature, and dissolved 
oxygen (DO), are required for their optimum growth.

The abundance and composition of the cyanobacterial 
population in surface waters of ponds and lakes have 
been investigated by many workers (Philipose, 1960; 
Vijayakumar et al., 2005; Muthukumar et al., 2007). The 
relationships of cyanobacteria with physico-chemical 
parameters in freshwater bodies were revealed by many 
Indian limnologists (Munawar, 1970; Pingle, 2003; 

Hujare, 2008). Although considerable work has been 
done on the limnological studies on the tanks and ponds. 
The occurrence of cyanobacteria from the freshwaters of 
Uttara Kannada region has still unknown. Therefore, an 
attempt has been made to study the distribution pattern 
and diversity of cyanobacteria in different freshwater 
bodies of Kaiga region of Uttara Kannada district of 
Karnataka. A comparative study was made by assessing 
the physico-chemical characteristics of water with species 
richness.

MATERIALS AND METHODS

Physiography

The study area, Kaiga, situated on the Southern bank of 
the river Kali. It is located at the foothills of the Western 
Ghats, confined between 74° 25’ 30” and 74° 28’ 30” east 
longitude and 14° 50’ 00” and 14° 52’ 20” north longitude.

Sampling

Cyanobacterial samples were collected from different 
water bodies at Kaiga near Karwar in the Uttara Kannada 
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district of Karnataka. Cyanobacterial diversity was 
recorded in five sampling sites namely, Kadra reservoir, 
Hartuga, Virje, Thermal water discharge channel, and 
labor colony. The samples/collections were made once in 
every 4 months over a period of 2-year in three seasons 
(2009-2011). The water sample was observed for the 
presence/absence of cyanobacteria.

Identification of Cyanobacteria

Identification of organisms was made using morphological 
variation studies and taxonomical approaches (Anagnostidis 
and Komarek, 1998; Komárek and Anagnostidis, 2005; 
Desikachary, 1959).

Physico-chemical Characteristics of Waters

Water temperature of samples collected from each sampling 
point was determined by mercury thermometer; while the 
pH, salinity, conductivity, and total dissolved solids (TDS) 
were assessed using a water analysis kit (Water Analyzer 
371, Systronics, Gujarat, India). The DO concentration 
was determined by following Winkler’s titration method 
(APAPHA, 1995). The total alkalinity, total hardness, 
chloride, dissolved organic matter (DOM), and free carbon 
dioxide were determined by the titrimetric method. The 
inorganic phosphate by stannous chloride method; nitrate 
by the brucine method; silicate by molybdosilicate method, 
and sulfate content by turbidimetric method (Hariprasad 
and Ramakrishnan 2003). The biological oxygen demand 
(BOD) was determined by 5 days BOD test.

Species frequency, density, and abundance were calculated 
as follows:

Species frequency  F
Total number of samples in which

%( ) ( )=
  species occurred

Total number of samples studied
×100

Relative frequency  RF  
Frequency of a particular spe

%( ) ( ) =
ccies

Total frequency of all the species
×100

Statistical Analysis

The results of physico-chemical characteristics of water 
were expressed as the mean ± standard deviation of three 
experiments. The data on the physico-chemical factors 
and list of species recorded in the five sampling sites were 
statistically analyzed using PAST statistical package. The 
correlation coefficient was applied to test the relationship 

between the physico-chemical factors and cyanobacterial 
species richness. Shannon (H), Simpson (1-D) diversity, 
Margalef richness, and Pielou evenness indices were 
analyzed for cyanobacteria in different location and seasons 
using PAST statistical package.

RESULTS

The physico-chemical characteristics of water samples from 
various locations of Kaiga are shown in Table 1. The water 
temperature of 26-34.5°C was recorded in all the sampling 
sites throughout the study period. The maximum water 
temperature was noticed in discharge channel water during 
summer (34.5°C), which was minimum at Hartuga stream 
during monsoon season (26°C). Moderate alkaline pH of 
7.4-9.2 was noticed in all the five sites, in which maximum 
pH of 9.2 found in the Virje river water during summer 
and it was least in Hartuga stream (7.4) during monsoon. 
Conductivity was ranging between 44-130 µS/cm. TDS 
were found to be ranging between 20 and 95 ppm. It was 
high during summer followed by winter and low during 
monsoon. Sulfate content was found to be in the lower level 
except in Kadra reservoir during summer (10.5 mg/l). 
Total hardness of water was ranged between 8 and 32 mg/l; 
similarly, total alkalinity was noticed in 9-22 mg/l. The 
BOD was more in Kadra reservoir (20.0 mg/l) during 
summer and which was least in labor colony stream 
during monsoon (3.5 mg/l). Chloride content was varied 
between 10 and 32.5 mg/l; which was maximum in labor 
colony stream water (32.5 mg/l) and minimum at thermal 
discharge canal (10.2 mg/l). It was revealed that DO found 
to be 5.6-8.9 mg/l. It was recorded that maximum DO 
content during monsoon season in all the sampling sites 
throughout the study period, and it was minimum during 
pre-monsoon. The nutrient parameters, such as inorganic 
phosphate, sulfate, nitrates, and silicates, were estimated. 
Inorganic phosphate content was ranged between 8 and 
30.5 mg/l. Nitrate content was found to be ranging 
between 2.5 and 10.8 mg/l, it was high during summer, 
and low in monsoon among the sites studied. Similarly, 
silicates were recorded between 8.0 and 28.0 mg/l; DOM 
was noticed in between 2.8 and 8.7 mg/l range.

In the present study, 59 cyanobacterial species belonging to 17 
genera have been identified. The occurrence of these species in 
different five sampling sites is given in Table 2. Monsoon, post-
monsoon, and pre-monsoon sampling have been carried out 
for the duration of 2 years. The study indicates the maximum 
occurrence and abundance of Oscillatoriaceae and Chroococaceae 
members in all the sites, whereas Stigonemataceae shows 
very less occurrence. Among the Oscillatoriaceae members, 
Oscillatoria rubescens found only in labor colony stream during 
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monsoon and post-monsoon seasons; similarly, Planktothrix 
perornata was found only in discharge channel. Oscillatoria 
trichoides found only in Hartuga and Virje river during post-
monsoon; Geitlerinema calcuttense was present only at discharge 
channel waters, Phormidium baculum found only at labor colony 
and discharge channel water. Leptolyngbya polysiphoniae present 
only in Haruga stream. Among the Chroococaceae members, 
Chroococcus minor which was presents in all the sites in all 
the seasons throughout the study period. Chroococcus varius 
found only in labor colony, whereas Chroococcus tenax found 
in Kadra reservoir and Hartuga stream. Gleocapsa decorticans 
found in Kadra and labor colony waters. Microcystis bengalensis 

found only in Hartuga stream; Aulosira aenigmatica, and 
Microchaete elongate were found only at discharge channel; 
similarly, Scytonema coactile, Scytonema simplex, and Scytonema 
pseudopunctatum were observed only in discharge channel 
waters.

Species richness of cyanobacteria in various sampling 
sites of Kaiga in different seasons is shown in Figure 1. In 
this study, it was observed that Kaiga discharge channel 
showed maximum species richness (27) followed by Kadra 
reservoir (26) during monsoon season; whereas it was 
least in Virje river during the post-monsoon season (16). 

Table 1: Physico-chemical characteristics of water at different sampling sites of Kaiga, Uttara Kannada during different seasons
Season Water parameters Sampling stations

S1 S2 S3 S4 S5

Pre-monsoon Temperature (°C) 27.6±0.75 28.6±0.6 30±0.1 34.6±0.6 30.3±0.5
pH 8.8±0.4 8.65±0.4 9.2±0.22 8.65±0.2 8.45±0.3
Conductivity (µS/cm) 64.9±0.5 64.5±0.4 130±0.20 90±0.5 58±0.8
TDS (mg/l) 52.5±0.4 25±0.8 92±1.4 52±2.1 48±0.7
DO (mg/l) 7.1±0.28 6.2±0.85 6.2±0.8 5.6±0.02 6.2±0.35
CO2 (mg/l) 39.5±0.4 45±1.20 32.0±0.22 52.0±0.8 32.0±0.02
Phosphate (mg/l) 12.0±1.5 15.5±0.1 17.2±0.3 12.8±0.05 16.0±0.9
Sulfate (mg/l) 10.5±0.12 8.8±0.44 3.15±0.87 3.6±0.9 2.2±0.3
Total hardness (mg/l) 32±0.33 18±0.55 21.0±0.25 18.0±0.9 16.0±0.6
Total alkalinity (mg/l) 9.0±1.8 12.0±2.5 15.0±0.95 21.5±0.6 19.5±0.8
DOM (mg/l) 7.9±0.55 7.3±0.35 8.7±0.2 7.8±0.1 8.2±4.08
Nitrate (mg/l) 6.8±0.75 7.8±0.3 9.5±0.10 8.8±0.05 10.8±0.4
BOD (mg/l) 20.0±0.3 18.0±0.9 18.5±0.2 18.0±0.5 10.5±0.7
Silicate (mg/l) 15.6±0.9 16.2±0.84 14.±0.35 18.8±0.15 22.8±0.12
Chloride (mg/l) 20.0±0.3 32.0±0.1 24.0±0.5 22.0±0.7 32.5±0.4

Monsoon Temperature (°C) 27.6±0.6 26±0.57 30.6±0.5 30±1.0 28.3±0.6
pH 8.5±0.2 7.4±0.1 8.4±0.05 8.43±0.2 8.15±0.1
Conductivity (µS/cm) 72.8±0.5 55.5±0.2 74±0.1 70.6±0.4 60.5±0.1
TDS (mg/l) 32.5±3.5 23.2±0.2 30.9±0.2 31±1.4 26±1.4
DO (mg/l) 8.56±0.3 7.8±0.09 8.8±0.42 7.8±0.20 8.9±0.72
CO2 (mg/l) 14±0.14 20.8±1.0 18.0±0.30 20.8±0.5 10.0±0.10
Phosphate (mg/l) 24.5±0.4 20.4±0.8 30.5±0.2 18.0±0.9 20.0±0.30
Sulfate (mg/l) 1.6±0.2 0.24±0.5 1.25±0.1 1.2±0.3 0.55±0.5
Total hardness (mg/l) 16.0±0.1 15.0±2.5 21.0±3.0 14.0±0.4 12.0±0.6
Total alkalinity (mg/l) 16.5±3.0 14.0±3.6 22.0±0.88 17.0±0.2 13.5±0.8
DOM (mg/l) 6.1±0.07 2.8±0.4 4.8±0.5 5.4±0.4 5.1±0.01
Nitrate (mg/l) 2.6±0.45 4.1±0.41 5.2±0.30 2.5±0.4 4.8±0.5
BOD (mg/l) 8.0±0.5 14.0±0.5 7.0±0.22 15.0±0.01 3.5±0.1
Silicate (mg/l) 8.5±0.72 11.0±0.06 9.0±0.10 12.0±0.35 12.5±0.1
Chloride (mg/l) 12.8±0.14 18.0±0.10 16.8±0.42 12.8±0.3 20.5±0.5

Post-monsoon Temperature (°C) 27.8±0.7 27.3±1.2 32±1 32.6±0.6 29.6±0.6
pH 8.7±0.3 8.5±0.2 8.6±0.1 8.65±0.2 8.2±0.12
Conductivity (µS/cm) 79.3±0.6 71.3±0.25 44.7±0.35 82±0.2 44±0.4
TDS (mg/l) 32.7±0.2 32.3±1.2 66.6±1.5 46±0.7 28±0.35
DO (mg/l) 8.2±0.56 6.58±0.20 7.3±0.10 6.6±0.20 7.3±0.05
CO2 (mg/l) 26±0.70 36.5±1.1 24.8±0.1 44.0±0.15 18.5±0.05
Phosphate (mg/l) 8.0±1.50 8.5±0.06 10.0±0.6 10.5±0.12 12.2±0.4
Sulfate (mg/l) 0.85±0.4 1.5±0.2 2.52±0.8 2.2±0.35 2.0±0.3
Total hardness (mg/l) 18.5±0.4 8.0±0.5 23.0±1.5 16.5±1.0 14.0±0.4
Total alkalinity (mg/l) 17.0±0.3 14.0±0.55 17.0±0.88 21.0±0.2 16.5±0.6
DOM (mg/l) 6.8±0.11 5.8±0.2 6.3±0.20 6.6±0.25 6.7±0.30
Nitrate (mg/l) 5.2±0.35 6.2±0.25 7.5±0.9 5.5±0.22 8.4±0.06
BOD (mg/l) 13.4±0.2 15.0±0.25 13.0±0.4 14.0±0.12 18.5±0.1
Silicate (mg/l) 12.0±0.8 14.4±0.44 12.8±0.9 15.2±0.41 28.6±0.20
Chloride (mg/l) 11.9±0.6 10.8±0.32 12.6±0.73 10.2±0.10 12.0±0.4

S1: Kadra Reservoir, S2: Hartuga forest, S3: Virje River, S4: Kaiga discharge channel, S5: Labor colony stream, DOM: Dissolved organic matter, 
DO: Dissolved oxygen, BOD: Biological oxygen demand, TDS: Total dissolved solids
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Table 2: Distribution pattern of cyanobacteria during different seasons in the five sampling sites at Kaiga, Uttara Kannada
S. No. Seasons Pre-monsoon Monsoon Post-monsoon F % RF %

Sampling stations* S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5

1 Oscillatoria subbrevis Schmidle - - - - ++ ++ - + - - ++ + + ++ - 46.6 2.23
2 Oscillatoria princeps f. maxima 

Rabenhorst ex Frémy
+ + ++ - + ++ + + + - - + - ++ - + 40 1.92

3 Oscillatoria rubescens F. Forma - - - - - - - - - + - - - - + 46.6 2.23
4 Oscillatoria limosa C. Agardh ex 

Gomont
+ - - + ++ ++ + +++ ++ + - ++ + - - 66.6 3.188

5 Oscillatoria curviceps C. Agardh ex 
Gomont

+ ++ - - + + - ++ - - - - + - - 40 1.915

6 Oscillatoria trichoides Szafer - - - - - - - - - - - + + - - 13.3 0.636
7 Oscillatoria tenuis Agardh. - - - + - ++ + - + ++ - - - - + 40 1.915
8 Oscillatoria willie Gardner em.Drouet - - - - - - - + - + - - - + - 20 0.957
9 Oxynema acuminatum Chatchawan, 

Komárek, Strunecky, Smarda and 
Peerapornpisal

++ + +++ - + + - + + - - - ++ - + 60 2.872

10 Lyngbya spiralis Geitler ++ + + - + + - - ++ - - - + - + 53.3 2.55
11 Arthrospira platensis (Nordstedt) 

Gomont
- - - - - + - + - - - - - - - 13.3 0.636

12 Phormidium chalybeum Anagnostidis 
and Komárek

- +++ + - - - ++ + + - - - - + - 40 1.915

13 Phormidium ornatum (Kützing ex 
Gomont) Anagnostidis and Komárek

- + + + - - - - - - - - - ++ + 33.3 1.594

14 Phormidium boryanum (Bory ex 
Gomont) Anagnostidis and Komárek

- ++ + + - + ++ - - - + - - - - 40 1.915

15 Phormidium anomala Rao C.B. - - - - + + - - - ++ - + + + ++ 46.66 2.23
16 Phormidium tenue Gomont. + + ++ + - - ++ - - + + - - - - 46.66 2.23
17 Phormidium rubidum (Frémy) 

Anagnostidis and Komárek
- - - - - - - + - + - - - + + 26.6 1.273

18 Phormidium baculum (Gomont) 
Anagnostidis

- - - + - - - - - + - - - - - 13.3 0.636

19 Phormidium allorgei (Frémy) 
Anagnostidis and Komárek

+ - - - + - - - ++ - - - - - - 20 0.957

20 Porphyrosiphon kashyapii (Ghose) 
Anagnostidis and Komárek

- - - + - - + - - - + - - - - 20 0.957

21 Planktothrix perornata (Skuja) 
Anagnostidis and Komárek

- - - - - - - - + - - - - ++ - 13.3 0.636

22 Leptolyngbya fragilis (Gomont) 
Anagnostidis and Komárek

- - - + - - - - + - + 
+

- - +++ - 26.6 1.27

23 Planktolyngbya limnetica J. 
Komárková-Legnerová and 
G.Cronberg

- - - - - + + - - - + - + - - + 26.6 1.27

24 Planktolyngbya contorta 
(Lemmermann) Anagnostidis and 
Komárek

- + - - + - - + - - + + - - - 33.3 1.60

25 Leptolyngbya polysiphoniae (Frémy) 
Anagnostidis

- - - - - - - - - - - ++ - - - 13.3 0.636

26 Jaaginema quadripunctulatum 
Anagnostidis and Komárek

+ - ++ + - - - - + - + - + - - 40 1.92

27 Jaaginema homogeneum 
Anagnostidis and Komárek

- - ++ + + + - + - +++ + + + - - - 53.3 2.55

28 Geitlerinema calcuttense (Biswas) 
Anagnostidis

- - - - - - - - - + - - - - - 6.66 0.318

29 Geitlerinema amphibium (C.Agardh 
ex Gomont) Anagnostidis

++ - - - + - - +++ - - + - - - - 26.66 1.286

30 Geitlerinema bigranulatum 
Anagnostidis

++ + - - - + + - + - - + + + - 53.33 2.552

31 Chroococcus minor (Kützing) Nägeli + + + ++ + + + + + ++ + ++ + + +++ + 100 4.787
32 Chroococcus tenax (Kirchner) 

Hieronymus
- + - - - - - - - - + ++ - + - 26.5 1.268

33 Chroococcus giganteus West + - + ++ - + - + - - - - ++ - + 46.5 2.226
34 Chroococcus turgidus v. Solitarius 

Ghose
- - + - + + + + - - - + - - - 40 1.915

35 Chroococcus minutus Kutzing Nageli - - - - - + + + - + - - - ++ + 42 2.012
36 Chroococcus varius A. Braun - - + - - - - - - - - - - + - 13.5 0.646
37 Limnococcus limneticus Komárková - - - - - + + - - - - - - - - 13.3 0.636

(Cont...)
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Among the cyanobacteria identified non-heterocystous 
filamentous forms (50.85%) were dominant followed by 
unicellular forms (32.20%); where heterocystous forms 
(16.95%) were least in number. It was also observed that 
most of the heterocystous cyanobacterial species present 
in discharge channel waters. Among the sampling sites, 
selected maximum cyanobacterial species richness was 
recorded in discharge channel waters followed by Kadra 
reservoir; it was minimum in Hartuga stream.

Correlation matrix of physico-chemical parameters of 
water and species richness is given in Table 3. There is 

positive correlation exists between species richness and 
water temperature, TDS, chloride, and sulfate content 
(P < 0.05). Alkalinity, total hardness, and DOM were 
negatively correlated in most of the habitats. Inorganic 
phosphate, nitrate, and DOM were highly significant 
with species richness (P < 0.001). There is also significant 
correlation existed among the water parameters.

By this study, it was noticed that cyanobacterial diversity 
is maximum in monsoon season compared to post-
monsoon; it was least during pre-monsoon. Diversity 
indices such as Shannon (H), Simpson (1-D), Pielou 
evenness, and Margalef richness indices were calculated 
for cyanobacteria at Kaiga region in various seasons 
(Figure 2). The study showed maximum cyanobacterial 
diversity index in discharge channel waters, followed by 
Kadra reservoir; while it was least in Hartuga stream. 
Shannon’s diversity index was ranged from 1.010 to 
1.122 during monsoon, 0.89-1.06 in post-monsoon and 
it was low during pre-monsoon, where it was ranged 
from 0.84 to 0.96; similarly, Simpson diversity index 
was higher during monsoon (0.6566-0.6740) followed 
by post-monsoon (0.5543-0.6655) and lower in pre-
monsoon season (0.4992-0.6642). Margalef richness 
index was found to be more in monsoon (0.3734-0.4977), 
followed by post-monsoon (0.2963-0.3901) and which 

S. No. Seasons Pre-monsoon Monsoon Post-monsoon F % RF %

Sampling stations* S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
38 Chroococcus montanus nus C. B. Rao + + + + + +++ - + + - ++ + + + - 86.6 4.146
39 Gleocapsa levida Kutzing ++ + ++ - - + + - - + + - ++ - - 53.3 2.55
40 Gleocapsa decorticans Richter - ++ + + - ++ - + - - - +++ - - - 46.6 2.231
41 Gleocapsa fuscolutea Nageli - - - - - + - - - - - - - ++ - 13.5 0.646
42 Chloroglea fritschii Mitra - - + - + - +++ - + + - - - - + 42.5 2.034
43 Cyanosarcina spectabilis Kovácik - + - + - - + + + - - - + - - 40 1.915
44 Synechocystis aquatilis Sauv. + - - + - + + - + - + - - + - 46.5 2.226
45 Aphanocapsa littoralis Hansag. + - - + + + + + - + - - - - + 53.3 2.551
46 Aphanocapsa biformis A. Braun + - + - - - - - + - - - + - - 26.7 1.278
47 Merismopedia punctata Meyen - - - - + + - + + + - + - - + 46.7 2.235
48 Microcystis bengalensis Banerji - - + - - - - - - - - + - - - 13.75 0.658
49 Microcystis aeruginosa + + - - + - + + + - - - + - - 46.65 2.233
50 Nostoc piscinale Kützing ex Bornet 

and Flahault
- + - - + - ++ - + - - - - +++ - 46.6 2.231

51 Nostoc carneum C. Agardh ex Bornet - - - ++ - - - - ++ + + - - + - 33.3 1.594
52 Anabaena spiroides var. crassa 

Klebahn
- - - + - - + + + - - - - - - 25.5 1.220

53 Anabaenopsis arnoldii var. indica 
Ramanathan

- - - + - - - - ++ + - ++ - - +++ 33.4 1.600

54 Aulosira aenigmatica Fremy - - - - - - - - + - - - - ++ - 13 0.622
55 Microchaete elongata Comb. nov - - - +++ - - - - + - - - - + - 25 1.196
56 Scytonema coactile Mont. - - - + - - - - + - - - - + - 20 0.957
57 Scytonema simplex Bharadw - - - + - - - - ++ - - - - +++ - 22.5 1.08
58 Scytonema pseudopunctatum skuja - - - + - - - - + - - - - ++ - 25.5 1.220
59 Stigonema lavardei Fremy - + - - - ++ - - - + - - - ++ - 26.67 1.276

Total number of species 18 19 19 24 18 26 20 23 27 20 16 17 17 24 16

+++: Dominant, ++: Common; +: Rare; -: absent. F: Frequency, RF: Relative frequency, *S1: Kadra Reservoir, S2: Hartuga forest, S3: Virje River, 
S4: Kaiga discharge channel, S5: Labor colony stream

Table 2: (Continued...)

Figure 1: Number of species of cyanobacteria identified at different 
sites at Kaiga. S1: Kadra Reservoir, S2: Hartuga forest stream, S3: Virje 
River, S4: Kaiga discharge channel, S5: Labor colony stream
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was less during summer season (0.2007-0.3851). Pielou 
evenness values ranged between 0.8577 and 0.9995, 
where it was maximum in Hartuga stream water during 
monsoon season.

DISCUSSION

When the physico-chemical parameters of different 
habitats were compared, it was noticed that there was 
many variations in temperature during different seasons. 
It ranged from 26°C in the monsoon to 34°C in summer. 
In this study, more number of species was recorded in 
monsoon than other seasons which may be due to the 
moderate temperature required for growth of such 
species. This agrees with the findings of Hariprasad and 
Ramakrishnan (2003), Waleron et al. (2006) who are of the 
opinion that temperature being a major factor limits the 
geographic distribution of cyanobacteria into temperate 
and tropical species. The temperature was positively 

correlated to number of species. Most of the workers 
noted that optimum temperature and warm weather 
favors the growth of cyanobacteria (Waleron et al., 2006; 
Nasri et al., 2004). Higher temperature may favor the 
bloom formation dominated by one or two species, but 
the diversity of species decreases which agrees with our 
results (Hosmani and Mallesh, 1985).

The abundance of cyanobacteria is attributed to favorable 
contents of nutrients. pH is one of the important 
parameters as it plays an important role in the acid-base 
neutralization and water softening. Besides calcium, high 
amounts of oxidizable organic matter, traces of DO, 
considerable amounts of nitrate and were probably the 
factors favoring the growth of cyanobacteria as suggested 
by Rai and Kumar (1979), Boominathan et al. (2007), 
Murugasen and Sivasubramaniyan (2005), Vijayakumar 
et al. (2007), Gomathy et al. (2011). Singh et al. (1969) 
reported that high values of BOD, chemical oxygen 

Figure 2: Diversity indices of cyanobacteria found at different sampling sites of Kaiga region during different seasons. Seasons 1, 2, 3: 1 - 
Pre-monsoon; 2 - Monsoon; 3 - Post-monsoon. S1: Kadra Reservoir, S2: Hartuga forest stream, S3: Virje River. S4: Kaiga discharge channel, 
S5: Labor colony stream

Table 3: Correlation matrix of physic-chemical characteristics of water and species richness in different freshwater bodies of Kaiga
TCSP T pH DO TH TALK DOM TDS COND BOD InPO4 NO3 Sil SO4 Chl

TCSP 1
T 0.532* 1
pH −0.039 0.365 1
DO 0.128 −0.291 −0.244 1
TH −0.118 0.163 0.441* −0.288 1
TALK 0.418* 0.762** 0.0320 −0.309 −0.1979 1
DOM −0.209 0.317 0.0981 0.846** 0.2692 0.293 1
TDS −0.131 0.411 0.6817* 0.0247 −0.502* 0.070 −0.031 1
COND 0.260 0.225 0.6257* 0.0785 0.1210 0.158 −0.111 0.585* 1
BOD −0.167 0.0065 0.274 0.0354 0.371 −0.213 −0.075 0.1895 0.265 1
InPO4 −0.046 0.221 0.0812 −0.401 0.539* 0.0542 −0.759** 0.0945 −0.319 −0.492* 1
NO3 0.0210 0.219 0.1193 0.762** 0.379 0.092 −0.828** −0.109 −0.1158 0.092 0.735** 1
Sil 0.394* −0.261 −0.020 0.296 −0.123 0.016 −0.353 −0.1558 0.0044 −0.598* −0.131 −0.303 1
SO4 −0.187 −0.035 0.4456* −0.175 0.661* −0.533* 0.182 0.2081 0.0178 0.622* 0.096 0.660* −0.157 1
Chl 0.131 0.577* 0.575* −0.022 0.232 0.272 0.1190 0.6898* 0.632* 0.503* −0.149 0.200 −0.288 0.312 1

TCSP: Total number of cyanobacterial species, T: Temperature, DO: Dissolved oxygen, TH: Total hardness, TALK: Total alkalinity, DOM: Dissolved 
organic matter, TDS: Total dissolved solids, COND: Conductivity, BOD: Biological oxygen demand, In.PO4: Inorganic phosphate, NO3: Nitrate, 
Sil: Silicate, SO4: Sulfate, Chl: Chloride. *P<0.05; **P<0.001
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demand, phosphates and nitrates with very low DO favored 
the growth of cyanobacteria, which was in agreement with 
our results except high DO favored the abundant growth 
of cyanobacterial species during monsoon. In the present 
study also, all the water samples showed considerable 
amounts of nitrates and phosphates, with increased level 
of BOD along with high DO level. Here, it is the fact that 
Kaiga region it is a part of Western Ghat where is a very 
high rain fall during monsoon season when this rainwater 
containing high DO enters into the freshwater bodies it 
may be favors the cyanobacterial species richness.

The pH of water recorded in five different water bodies 
varied between 7.0 and 9.2. In general, cyanobacteria prefer 
neutral or slightly alkaline environments for their optimum 
growth (Whitton and Sinclair, 1975; Chikkaswamy, 2001). 
Prasad et al. (1978) reported that cyanobacteria grew well 
in the pH range of 7.5-8.5. In the present study, it was also 
observed that slight alkaline pH favored the species richness. 
However, Dwivedi and Pandey (2002) found a positive 
correlation of pH with cyanobacteria in a pond ecosystem. 
In the present study, it was also observed that slight alkaline 
pH favored the species richness. The reduction in the 
concentration of DO may be due to respiration process by 
other organisms, high organic matter, and sewage pollution, 
especially during the hot summer seasons (Rout and Das, 
2001). DOM seems to affect the occurrence of different 
species of cyanobacteria. In the present study also DOM is 
negatively correlated with species richness.

In the present study, the DO concentration of water had 
great influence on the occurrence of cyanobacteria. These 
results showed the positive correlation between the number 
of species and DO. This means that higher oxygen favors 
the species number and richness. Some earlier studies have 
also led to a similar conclusion (Hosmani, 1987; Bhave and 
Borse, 2001). When seasonal occurrence was studied, it 
was observed that DO concentration usually decreased 
from monsoon to summer in the majority of habitats. 
This may be due to the fresh water inflow bringing in a 
larger amount of waters in monsoon (Sasamal et al., 1986). 
However, the reduction in the oxygen level in summer 
may be due to the abundance of organic matter, decreased 
penetration of light, and reduced circulation of water. 
The increased temperature in summer may also reduce 
the dissolved oxygen levels (Gowda and Panigrahi, 1995).

When values of alkalinity and hardness were compared in 
all habitats, there was increase from monsoon to summer 
and species number was vice versa. This clearly suggested 
that alkalinity and hardness were not favorable for species 
occurrence and richness. Total alkalinity and hardness 

showed a negative correlation in all habitats studied. The 
number of species was observed in most of the habitats 
were higher in monsoon and lower in summer. DOM 
was negatively correlated in all habitats. This suggested 
that DOM was not affecting species distribution much, 
but moderate concentrations of DOM were necessary 
for species occurrence and richness. Alkalinity, total 
hardness, and DOM were negatively correlated in 
most of the habitats. These three factors were in direct 
relationship with temperature and pH and inverse with 
oxygen. Hosmani and Mallesh (1985); Hosmani (1987) 
noted that higher the DOM lesser the species diversity 
and vice versa. However, earlier studies (Fogg, 1969) cited 
DOM was an important factor for the rapid multiplication 
of cyanobacteria. The number of species was negatively 
correlated with silicate content in the majority of the 
habitats. Whitton et al. (1986) and Santra (1990) reported 
different species of cyanobacteria when the concentration 
of silicate was 12.2 mg/l and 10-35 mg/l, respectively.

However, physical factors are play an important role 
in determining which genera and species become 
established and dominant in specific ecosystems (Pacrl 
and Tucker, 1995). In any ecosystem, not a single species 
grows independently and indefinitely, because all the 
species are interlinked and has a cyclic transformation 
of nutrients. The physico-chemical changes in the water 
may affect particular species and induce the growth and 
abundance of other species, which leads to the succession 
of several species in a course of time. The specific ability 
of cyanobacteria to be very tolerant when subjected to 
various stress factors suggest that cyanobacteria are likely 
to benefit from environmental changes associated with 
global warming (Pearl, 2008; Paerl and Huisman, 2009).

The differences in cyanobacterial species composition could 
be related to differences in physico-chemical parameters 
between the sampling sites. Nutrient accumulation may 
have different forces on the ecosystem at different periods 
(Glibert et al., 2007). It is known that the eutrophication 
which results from environmental degradation favors the 
development of cyanobacteria (Scheffer et al., 1997). 
It has also been reported that environmental factors, 
nutrient, and hydrologic conditions may also influence 
the morphological and cyanobacterial bloom dynamics 
in aquatic ecosystems (Silva and Pienaar, 2000; Paerl and 
Huisman; 2009). In this study, the results of the physico-
chemical composition of sampling sites reveal that they 
were nutrient rich environments; in particular, total 
phosphorous, ammonia, and nitrate concentrations were 
higher and may have greatly supported the abundance 
of different cyanobacterial species. Among the different 
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cyanobacteria, the genus Oscillatoria was dominant; this 
may have been influenced by the higher availability of 
nutrient, particularly nitrate, and phosphate, due to the 
discharge of sewage.

In our study, the cyanobacterial abundance was high at sites 
S1 (Kadra reservoir) and S4 (Discharge channel). Total 
phosphorous, silicates, and nitrate concentrations of site 1 
and 4 were higher than the other sampling sites. It has been 
suggested that environmental nutrient positively influences 
the diversity of cyanobacterial species. High phosphate 
and nitrates have been widely reported as major factors 
affecting cyanobacteria abundance (Akn-Oriola, 2003) 
which was in agreement with our results. The study showed 
maximum cyanobacterial diversity index in discharge 
channel waters, followed by Kadra reservoir; while it was 
least in Hartuga stream. Shannon’s diversity index (H’) was 
ranged from 1.010 to 1.122 during monsoon, 0.89-1.06 in 
post-monsoon, and it was low during pre-monsoon, where 
it was ranged from 0.84 to 0.96. The lower the index value 
might be the lack of species richness and degraded state 
of the ecosystem. A high value of diversity index generally 
implies healthy ecosystem, while low value indicates 
degraded state (Manna et al., 2010).

Interestingly, the species namely, P. perornata, G. calcuttense, 
A. aenigmatica, M. elongate, S. coactile, S. simplex, and 
S. pseudopunctatum were observed exclusively in discharge 
channel waters, which could be the reason that those species 
may be thermo tolerant because the water temperature 
in their living environment is ranging between 32°C 
and 34°C. This was in agreement with results obtained 
by Rajeshwari and Rajashekhar (2012) where species 
namely, S. coactile and S. simplex were observed in sulfur 
spring water where the water temperature always remains 
constant at 38°C.

CONCLUSIONS

Hence, the present study concluded in spite of the 
fact that cyanobacterial population dynamics are often 
influenced by the available nutrients and the physico-
chemical conditions of the ecosystem. These particular 
environmental conditions may favor the dominance of 
cyanobacteria. Biotic and abiotic factors influence the 
distribution of cyanobacteria in a freshwater environment. 
Bearing this in mind, freshwater cyanobacteria were 
studied from different water bodies of Kaiga region. 
The present basic information of the cyanobacterial 
distribution and abundance would be a useful tool for 
further ecological assessment and monitoring of these 
freshwater bodies in the Kaiga region.
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