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ABSTRACT:
The ecological aspects of five Blue-green algal blooms, viz. Merismopedia tenuissima
(Lemmermann), Chroococcus dispersus (Keissel) Lemmermann, Arthrospira glenkinii
(Kuffareth), Anabaenopsis massartii (Miller) and Coelosphaerium pallidum (Lemmermann), were
studied in relation to certain physico-chemical factors. All the species were found in the form of
uni-algal blooms in five different ponds. All the habitats harbouring these algae were rich in HCO 3C1-, Ca2+ and dissolved organic matter (DOM). The PO 43- concentrations were high in the case of
Arthrospira and Anabaenopsis and low in Merismopedia, Chroococcus and Coelosphaerium
habitats.
To evaluate the relative importance of various physico-chemical factors on the growth and
development of these algal blooms, multiple regression analysis was employed. The high content
of DOM stimulated the growth of these blooms significantly. High chloride content was found to
be toxic to the algal growth. Both nitrates and phosphates together contributed significantly to the
proliferation of Arthrospira, whereas it was nitrates in case of Merismopedia and Anabaenopsis
and phosphates in case of Chroococcus and Coelosphaerium that influenced the growth.
Keywords: Ecology, Phytoplankton, Cyanophyceae and Physico-chemical factors.
INTRODUCTION
The formation of water blooms results from the redistribution and often rapid accumulation
of buoyant planktonic populations. Of the major freshwater phytoplankton groups, blue-green
algae are highly individualistic from physiological, taxonomic, and ecological perspectives. from
an ecological perspective, their tendency is to periodically accumulate as high-density bloom
populations in surface and near-surface mesotrophic and eutrophic waters (Carr and Uhitton,
1982). It is believed that cyanobacterial phytoplankton is well adapted to nutrient poor oligotrophic
waters, but these algae also thrive in nutrient enriched meso and eutrophic waters (Ganai et al.,
2014 and Veerandra et al., 2006).
Cyanophyceae is a very important group of phytoplankton, which plays a significant role
in water quality (Manikya Reddy and Venkateswarlu1992). Zafar (1967) have pointed out that
Cyanophyceae occur abundantly in highly polluted habitats. Generally Blue greens are most
abundant in habitats, which are rich in organic matter having lower oxygen concentration.
According to Gupta (2005) Cyanophyceae are most abundant in habitat's rich in organic matter
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such as polluted lakes, rivers, and shallow bodies of water. Benton (1965) suggested that the bluegreen algae are the general indicators of eutrophy of water.
MATERIAL AND METHODS
Water samples from the surface were collected at all the 5 sampling stations (Dept. of
Botany Pond, Osmania University, Public Garden, Hyderabad, Indira Park Pond, Hyderabad,
Zoopark, Hyderabad, Dept. of Biochemistry Pond, Osmania University) in 2L polythene
containers at monthly intervals for a period of 1 year from December 2020 to November
2021.Water samples were collected in separate standard glass bottles (BOD bottles) for the
estimation of dissolved oxygen with necessary precautions. All the samples were carried to the
laboratory in an icebox. The samples were analysed on the same day in the laboratory for different
physico-chemical parameters following the standard methods (APHA, 2005).
One litre of surface water samples was kept in the sedimentation column after adding 2-3
ml of 4% formaldehyde solution. The samples were kept undisturbed for about one month for
complete settling of the organisms. The samples were concentrated to 100 mL. Finally, the
concentrated material was used for frequency measurements and identification of species.
Multiple regression analysis (MRA) was used to evaluate the collective and individual
effects of the selected physico-chemical variables on the growth of these algae, Rao, (1983)
RESULTS AND DISCUSSION:
Average values of various physico-chemical factors are given in table: 2
Table :1 represented the name of the algal bloom, duration of its occurrence and nature of the
habitats are incorporated in the following table.
Algae
Duration
Habitat
Merismopedia tenuissima 1-5-2021 to 1-6-2021
Dept. of Botany Pond,
Osmania University
Chroococcus dispersus
1-12-2020 to 1-5-2021
Public
Garden,
Hyderabad
Anabaenopsis massartii
1-7-2021 to 1-9-2021
Indira Park Pond,
Hyderabad
Arthrospira glenkinii
1-10-2021 to 1-11-2021
Zoopark, Hyderabad
Coelosphaerium pallidum

1-6-2021 to 1-9-2021

Dept. of Biochemistry
Pond,
Osmania
University

Merismopedia tenuissima (Lemmermann)
The habitat which favoured Merismopedia growth (Table.1) shows the following
characteristics, Water temperature fluctuated between 29 and 36°C. The pH varied in the range of
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8.2 to 10.0, High quantities of CO3- 2 and HCO3- were recorded in the range of 16.2 to 108.0 mg/L
and 153.7 to 274.5 mg/ respectively. DO content was high with an average value of 7.4 mg/L and
organic matter varied widely between 4.88 and 13.1 mg/L. Phosphates fluctuated between 0.1 and
1.2 mg/L. NO3- ranged from 0.13 to 0.64 mg/L (Table.2).
The relationship between algal growth and physico-chemical is significant at 1% level of
the probability and the factors analysed together account for 99% of variation in algal number.
Among them the contribution of PO43-, Mg2+ and pH is not significant. Temperature, CO3, HCO3, Cl-, Ca+2, hardness, DO, DOM and NO3- are essential requirements to explain the variation in
algal number to the maximum extent. Of these, NO3-, temperature, DO and 0M are found to be
relatively more important in influencing the algal growth. (Table.3).
Chroococcus disperses (Keissel) Lemmermann
In case of Chroococcus bloom, the water temperature fluctuated between 240 and 33°C. pH
was recorded in the range of 9.7-10.2. HCO3- were recorded with an average value of 143.9 mg/L.
DO content was in the range of 5.4 - 7.7 mg/L. PO43- and NO3- varied from 0.0 to 0.7 mg/1 and
0,1 to 0,45 mg/L respectively (Table. 2).
The relationship between the algal growth and the physico-chemical factor analysed is
significant at 1% level. However, the contribution of NO3-, Cl-, DO and temperature for the algal
growth is very less and that of CO32- is 1%. Thus pH, HCO3-, Ca+2, Mg+2, TH, OM and PO43- are
found to be the essential variables required to explain the algal variation up to 94% (Table. 3).
Anabaenopsis massartii (Miller)
Anabaenopsis was found to favour the following characteristics. Water temperature
fluctuated between 26° and 29°C. pH varied within a narrow range (8.4 to 8.7). HCO 3- and Clwere recorded in the range of 414.9 - 451.5 mg/1 and 343.0 - 368.6 m/1 respectively. Phosphates
were present in the range of 1.2 - 2.1 mg/1 and nitrates were in moderate concentrations (0.53 0.7 mg/1) (Table.2)
The influence of 12 variables on algae is significant at 1% level of Mg +2, Cl-, PO43-, and DO on
the algal growth is negligible. Thus, the rest of the variables are essential since they together
explain the algal variance up to 99% (Table.3).
Arthrospira glenkinii (Kuffareth)
The water temperature fluctuated between 22.5° and 28°C and pH varied from 8.4 to 9.0.
HCO3 , T.H. and Cl- were found in moderate quantities, ranging from 159.3 to 203.2 mg/1, 118.8
to 162.0 mg/L and 79.8 to 122.8 mg/L respectively. NO 3- never exceeded 0.94 mg/L, 0,0.
fluctuated in a wide range (1.98 to 8.58 mg/L) (Table.2).
The regression of pH, NO3, PO43-, D.0. and 0.M. on algae is significant at 1% level. The
contribution of 0M is not significant and pH accounts for only 1% of algal variance. Thus NO 3,
PO43-, and D.0, are essential to explain the variation in algal number to the extent of 89%. (Table.
3).
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Coelosphaerium pallidum (Lemmermann)
In case of Coelosphaerium, the water Temperature varied between 260 and 30°C. pH
oscillated in a narrow range (8.3 - 8.8). HCO3- and Cl- were in high quantities (186.7-280.0 mg/L
and 269.6-315.9 mg/L respectively). PO43-, and NO3- fluctuated in the ranges of 0.15-0.3 and 0.350.44 mg/L (Table.2).
DO content varied from 7.9 to 11.4 mg/L and 0M exhibited a wide range (3.94 -13.0 mg/L).
The relationship between temperature, DO, OM, PO43- and NO3- and algal growth is significant at
1% level of the probability. Temperature, DO and OM are the essential variables to explain algal
variation to maximum extent i.e., 84% (Table.3).
DISCUSSION:
Shifts in phytoplankton dominance in response to the periodicity and magnitude of vertical
mixing are often most profound in eutrophic impoundments that can exhibit massive
cyanobacterial blooms when stagnant (Gupta, 2005). Summer periods of (days to weeks)
stratification often usher in such blooms in these systems, whereas persistent periodic short-term
(hourly to daily) destratification can lead to periods of non-cyanobacterial dominance.
Cyanobacteria form blooms near the bottom where nutrient content is higher and then rise to the
photic zone with the aid of their gas vacuoles (Gayathri et al., 2013).
Usually, Cyanobacteria become abundant in summer or autumn in moderately enriched
lakes (Welch, 1980). Amongst the blooms studied Merismopedia and Chroococcus developed
during summer periods (i.e., May-June and Feb.-April) when the mean temperature was 32.7°C
and 27°C respectively. This is in conformity with the fact that high temperatures and sunshine
favour the cyanobacteria (Ghosh et al, 2012). Coelosphaerium and Arthrospira exhibited their
luxuriant growths in September and October when temperature rose near to that of summer.
Anabaenopsis existed in the form of bloom during July month. Moderate temperatures with the
average values of 27°C and 25°C had a negative influence on the growth of Anabaenopsis and
Coelospherium and one unit change in temperature could bring about 399.5 units and 933.3 units
variation in algal number respectively.
It has been well documented that as a group Cyanobacteria have a distinct preference for
neutral to alkaline waters (Gupta et al., 2005). High pH value appears to be one of the essential
variables for the abundant growth of Chroococcus and Anabaenopsis and one unit increase in pH
resulted in an increase of 9426.7 units and 3863.4 units in algal number respectively. In case of
Merismopedia, pH had only its individual effect whereas it showed no influence on Arthrospira
and Coelosphaerium.
This observation is further supported by the fact that the ability of Blue-green algae to grow
at high pH appears to be correlated with their efficiency to produce late summer blooms in
eutrophic waters (Talling, 2002).
HCOз- were another important variable that influenced the growth of Chroococcus and
Merismopedia significantly. This is indicated by the fact that an increase in HCO 3- was always
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preceded by an increase in the cyanobacterial population and one unit increase in HCO 3- was
accompanied by the increase of 185.9 units and 136.0 units in Chroococcus and Merismopedia
number.
Though positive relation between HCO3- and Anabaenopsis is significant, it shows a
negative impact in the presence of other factors. HCO 3- were always recorded in quite high
quantities than those of CO32- and thus the algae might have utilised HCO3- as Carbon source. So,
the negative relation between algal number and HCO 3- could be justified. Solanki and Pandit
(2006) and Prescott (1960) have correlated the higher quantities of bicarbonates of lake waters
with the formation of cyanophycean blooms and Ravish Verma et al., (2012) has shown that the
members of Cyanophyceae are physiologically capable of utilising CO 2, from HCO3-.
Ca+2 ions are often the most abundant cations in fresh waters. It occupies a central role in
pH - CO2 - HCO3- system in fresh waters, hence influence the supply of photosynthetically
available carbon and the capacity of the water to buffer fluctuations in pH (Shivappa and Kiran,
2007). Ca+2 appears to be an essential factor for these blooms except for Coelospherium. It
exhibited positive relationship with Anabaenopsis and Arthrospira and an inverse relationship
with Chroococcus and Merismopedia, this negative relationship could be justified by the fact that
Ca+2 might have been precipitated into CaCO3, when the pH is sufficiently high in a uniformly
buffered system which results in the decreases of Ca+2 content in the medium (Wetzel, 1975).
The data also suggests that the growth of these blooms was also influenced by OM, DO,
PO4 , and NO3-.
Cyanobacterial population is the significant fraction of phytoplankton productivity and
biomass in oligotrophic lakes and seas having an extensive euphotic zone (Mahananda et al.,
2005). However, the organic matter enriched waters are particularly favourable for Cyanobacterial
growth and their proliferation (Misra et al., 2001). In the present study, all the 5 habitats were rich
in OM content which influenced their growth considerably. The contribution of OM was quite
high for the growth and proliferation of Merisomopedia, where one unit increase in OM content
was accompanied by an increase of 1447.6 units in algal number, OM showed a positive effect on
the growth of Arthrospira which is significant at 1% level of the probability.
3-

Habitats exhibit all the characteristics of eutrophic nature with high DO content. Similar
observation was also made by Seenayya (1971). But DO have its collective and individual effect
on the growth of Arthrospira and one unit increase in DO content resulted in an increase of 64.5
units in algal number. In contrast, high DO content had a negative influence on the growth of
Merismopedia. This is in accordance with the views of Prasad and Saxena, (1980). who pointed
out that inhibition of photosynthesis occurs under some circumstances when water becomes
supersaturated with oxygen especially at low carbon levels.
The habitats in which Merismopedia, Chroococcus and Coelospherium occurred, exhibited
lower quantities of PO43- and NO3-. Murugesan and Sivasubramanian, (2008) hypothesized that
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Blue-green algae occur in eutrophic waters in summer when soluble nutrient levels are low because
these algae can compete with other species for the low nutrient levels at higher and more
favourable temperatures. NO3- have contributed significantly for the growth of Merismopedia,
Anabaenopsis and Arthrospira.
However, its influence was not significant for the proliferation of Coelospherium and
Chroococcus though they were observed in moderate concentrations. In fact, the increase of algal
number was closely associated with a decrease in NO3- concentrations indicating that they were
consumed by the algae thereby the utilisation is not in equilibrium with the release.
The high concentrations of PO43- showed a significant influence on the growth of
Chroococcus both individually and along with other factors, whereas it had only an individual
effect on the growth of Coelosphaerium. This in conformity with earlier views of Benton (1965)
and Palmer, (1980) who stated that relatively high phosphorus inputs tend to favour cyanobacterial
dominance and bloom formation. This inference was further strengthened by the fact that such a
dominance can even be ensured under conditions of relatively low N 2 availability (Peter et al.,
2008). It is Interesting to note that only in the case of Arthrospira both NO3- and PO43- together
affected the growth. In case of Chroococcus, the effect of PO43-, was negative on the algal number
and this might be due to imbalance between uptake and regeneration of PO 43- by the algae.
CONCLUSIONS
An evaluation of ecological criteria underlying the cyanobacterial blooms suggest that high
pH and HCO3- stimulate the growth of Chroococcus, Merismopedia and Anabaenopsis. Ca+2 is
an essential element for the growth of all the species except for Coelosphaerium, NO3- appear to
be a limiting factor for Merismopedia and Anabaenopsis, while it is PO43- for Arthrospira and
organic enrichment of the habitat is more amenable to the Blue-green algal blooms (except for
Arthrospira).
Table: 2 Average values of physico-chemical parameters
(All parameters are expressed in mg/L except pH and Temperature)

S.
No

Physico Parameters

1.
2

Temp
pH

250C
8.43

3

CO32-

51.38
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4

HCO3-

155.80

5

Cl-

235.57

6

DO

7.28

7

BOD

24.90

8
9
10

OM
TH
Ca2+

21
258
55

11

Mg2+

25.72

12

SO42-

18.42

13
14

PO43NO3-

2.50
2.30

185.8
0
255.2
4
7.72

55.8
0
335.
57
2.26
44.9
34.88
0
24
44
278
292
61.4 54
28.2
35.32
2
26.3
16.22
2
3.30 4.2
1.8
2.30

455.80

359.72

280.57

333.70

1.82

1.42

34.90

35.70

48
288
66

58
278
44.48

24.32

39.86

36.44

34.69

4.8
2.8

3.6
0.78

Table:3 Multiple Regression Analysis of Physico chemical factors on Cyanophyceae
Model Summary
Model
1

R

R Square

.991b

.982

Adjusted R
Square
.860

Std. Error of
the Estimate
7.09

Predictors: (Constant), DO, PO43-, OM, Cl-, TH, CO32-, Ca2+, COD, HCO3-, SO42, Temp, NO3-, pH, BOD, Mg2+
ANOVA
Model
1

Regression
Residual
Total

Sum of
Squares
8114.616
150.718
8265.333

df
20
3
23

Mean
Square
405.73
50.24

F

Sig.

8.08

.055c

Dependent Variable: Cyanophyceae
Predictors: (Constant), DO, PO43-, TSS, OM, Cl-, TH, CO32-, Ca2+,
COD, HCO3-, SO42- , Temp, NO3-, pH, BOD, Mg2+
Coefficientsa,b
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Unstandardized
Coefficients

Standardized Coefficients
t

Sig.

-5.7

0.01

B

Std. Error

Beta

(Constant)

-1767.79

310.143

Temp

9.43

5.164

0.46

1.83

0.17

pH

178.243

42.743

2.05

4.17

0.03

CO32-

-2.227

0.617

-1.59

-3.61

0.04

HCO3-

-0.162

0.358

-0.09

-0.45

0.68

Cl-

0.31

0.129

0.29

2.41

0.1

DO

-3.724

6.244

-0.26

-0.6

0.59

BOD

-0.656

0.581

-0.57

-1.13

0.34

OM

-0.843

8.492

-0.01

-0.1

0.93

COD

1.492

0.531

0.62

2.81

0.07

TH

-2.02

0.768

-2.01

-2.63

0.08

Ca2+

3.942

1.302

1.02

3.03

0.06

Mg2+

8.759

3.251

2.19

2.69

0.07

SO42-

2.405

0.6

0.84

4.01

0.03

PO43-

-39.292

17.546

-0.37

-2.24

0.11

NO3-

39.773

41.107

0.22

0.97

0.4
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