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ABSTRACT

Krishna River is one of the 14 major rivers of India, which originates from Mahabaleshwar and flows
all across southwestern Maharashtra covering several important towns like Wai, Satara, Karad and
Sangli. The present study was made in the Krishna River at two sites, mainly Eksar and Wai. The Eksar
site is before entering of the river at Wai. The Wai is holy city and comparatively a polluted city due to
religious and cultural activities. The purpose of taking Eksar site was mainly for comparison purpose.
A total number of 42 species was recorded in the Krishna River belonging to four major classes,
Chlorophyceae, Cyanophyceae, Bacillariophyceae and Euglenophyceae. Algal species recorded at
Wai are highly tolerant to organic pollution, while the species obtained in the untainted section before
water enters in Wai have comparatively several sensitive species. This indicates that the water is
non-polluted or relatively less polluted at Eksar. The Palmer’s algal index shows very low organic
pollutants at Eksar and probable organic pollution at Wai. Shannon’s diversity index reveals that the
human activity at Wai has made the river highly polluted, which at a glance looks like of no direct use.
Simpson’s index is used to assess the dominance of algal species. According to the Simpson’s index,
species are not evenly distributed in both the sites. Environmental Gini index also shows the Wai as

comparatively a polluted site.

INTRODUCTION

The rivers are long ecosystems which are known to have
diverse stretches due to changing boundary conditions and
catchment area. The water characteristics and the associ-
ated flora and fauna change from one section to other. In-
dustrial wastes, agricultural runoff and sewage are the main
cause of the river pollution (Chetna et al. 1997, Singh & Rai
1999, Ganguly et al. 1999, Goel & Bhosale 2001). Due to
the flowing nature of rivers, they usually have higher self
purification capacity than other aquatic ecosystems. The
organic matter tends to degrade faster owing to higher
reaeration of water due to flowing nature and high turbu-
lence.

Asrivers are often important source of community water
supply and irrigation, their water quality has to be moni-
tored regularly. The quality of water can also be monitored
by the types of organisms present in water (Javaid & Pandit
2013). Numbers of algal species are sensitive as well as tol-
erant to organic pollution. Several workers have used algae
as indicators of water quality (Sudhakar et al. 1994, Trivedy
1986, LiLi 2010). Algae are used to assess the water quality
because they have very sensitive and have short life cycle.
Algae are easily cultured in the laboratory and samplings
are easy, inexpensive and create minimal impact on resi-

dent biota. Relatively standard methods exist for the evalu-
ation of functional and non-taxonomic structural character-
istics of algal communities (Round 1991, Van Dam et al.
1994, McCormick & Cairns 1994, Stevenson & Pan 1999).
Alterations and shifts in the species composition and pro-
ductivity of algal assemblages in response to anthropogenic
stresses should be considered in order to predict the effects
on food web interactions and other ecosystem components
(McCormick & Cairns 1994). Algae affect the taste and smell
of water, and forecasting the movement and growth of algae
in river systems is important for operational managers re-
sponsible for the distribution and supply of potable water
(Whitehead & Hornberger 1984).

Krishna River is the major river in Satara district of
Maharashtra and has a number of tributaries. It originates
from Mahabaleshwer in Western Ghats of Maharashtra and
flows towards southern Maharashtra covering several im-
portant towns like Wai, Satara, Karad and Sangli. Wai is an
ancient and religious city having large number of small and
large temples at the bank of the Krishna River.

The present study deals with the changes in the algal
population in Krishna river at Wai where it is highly pol-
luted due to cultural and religious activity (Pawar & Vaidya
2012). For this purpose the various algal based biotic and
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diversity indices have been used. During months of summer
the quality of river water is usually at the lowest due to less
flow and high evaporation rate. A number of indices includ-
ing Shannon & Weaver (1949) species diversity index have
been used to assess the pollution status of aquatic bodies
(Islam 2008). Palmer’s algal biotic index, Simpson’s index,
Shannon diversity index, Margalef index and Environmen-
tal Gini index have been calculated and they have been
compared with the non-polluted stretch of the river (Eksar)
before it enters the Wai town. The present survey was under-
taken during the period of September 2014 to August 2015.

MATERIALS AND METHODS

Study area and sampling sites: Satara district lies in south-
western Maharashtra, between 17°7° to 18°11° North lati-
tude and 73°33’ to 74°54’ East longitude. The annual aver-
age temperature varies from minimum of 11.6°C to maxi-
mum of 37.5°C. Two sampling sites of Krishna River were
selected for algal study.

Site 1-Wai: This is first major town where river enters in
non-polluted form. Many famous temples are situated at the
bank of the river. Due to high religious and cultural activi-
ties and visits of devotees the river suffers with high pollu-
tion. The washing of cloths and vehicles are common prac-
tices at the ghats of river at Wai.

Site 2-Eksar: This village is situated at the bank of Krishna
River before Wai. Washing of cloths, cattle, and bathing are
the common practices at this site.

Collection of samples for chemical and algal studies The
water samples were collected in 2-litre polyethylene con-
tainers during the noon time. These containers were brought
to the laboratory and kept in a refrigerator for further analy-
sis.

Analysis of water quality: Water temperature was recorded
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at the time of sample collection by using a mercury ther-
mometer. While other parameters like pH, alkalinity, dis-
solved oxygen, TDS, chlorides, phosphate, nitrate and elec-
trical conductivity were estimated in the laboratory by us-
ing standard methods of APHA (1996) and Trivedy & Goel
(1986).

Algal analysis: For the study of algae, the samples were
concentrated 10 times by centrifugation and preserved with
4% formalin for further analysis. The qualitative study for
algal identification was made under a high resolution
trinocular microscope (Olymps, Model- CH20iBIMF) at-
tached with an electronic eyepiece directly connected to
computer for the study of finer details and capturing photo-
graphs. The identification of algae was made with the help
of standard floras and monographs (Desikachary 1959,
Prescott 1951, Sarode & Kamat 1984, Randhava 1959).
The density of algae was calculated by using a haemocy-
tometer. The calculation of the Palmer’s genus index was
made according to the Palmer (1969). The diversity indices
were calculated by using PAST software and Biodiversity
calculator.

RESULTS AND DISCUSSION

Chemical quality of water: Physicochemical parameters
of water in the selected sites are given in Table 1. The range
of temperature varied from 21°C to 30°C at Eksar and 20°C
to 31°C at Wai. The minimum value is recorded in the win-
ter season and maximum in summer season. The pH of wa-
ter in Wai ranges from 6.5 to 7.7 and in Eksar from 6.5 to
8.5. The range of electrical conductivity at Eksar was 85.2uS/
cmto 312uS/cm and at Wai it was 98.4 uS/cm to 561uS/cm.
Correspondingly, the range of TDS was 65mg/L to 165mg/
L at Eksar and 63.96mg/L to 262mg/L at Wai. Dissolved
oxygen, while it ranges from 4.4mg/L to 8.2mg/L at Eksar,
it got reduced to 0.8mg/L to 5.22mg/L. at Wai, indicating

Table 1: Range of physicochemical characteristics of River Krishna (2014 to 2015).

Sr. No. Parameters Site 1 Site 2

1 Temperature (°C) 21-30 20-31

2 pH 6.5-7.7 6.5-8.5

3 Electrical conductivity (umho/cm) 85.2-312 98.4-561
4 TDS (mg/L) 65-165.1 63.9-262
5 Alkalinity (mg/L) 60-270 105-335

6 Hardness (mg/L) 28-166 82-226

7 Chlorides (mg/L) 4.26-19.88 14.2-39.8
8 Calcium (mg/L) 7.21-44.08 20.04-52.9
9 Magnesium (mg/L) 2.43-13.14 7.79-32.14
10 Dissolved oxygen (mg/L) 4.4-8.2 0.8-5.22
11 Phosphate-P (mg/L) 0.08-0.79 0.083-1.25
12 Nitrate-N (mg/L) 0.055-2.42 0.098-2.838

Note: Site 1-Eksar, Site 2-Wai
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Table 3: Density ( x 10° units/mL) of algal species in Krishna River (2014-2015).
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Sr.No. Name of Algae Site 1 Site 2
CHLOROPHYCEAE

1 Cosmarium quadratum Nil 95.541-127.388
2 Cosmarium venustum Nil 95.541-127.388
3 Cosmarium tumidum Nil 0-159.236

4 Closterium pritchardianum 0-95.541 0-127.388

5 Pediastrum tetras Nil 0-127.388

6 Pediastrum integrum Nil 0-95.541

7 Pediastrum boryanum Nil 95.541-127.388
8 Scenedesmus arvernensis Nil 127.388-254.777
9 Scenedesmus armatus 159.236-254.777 95.541-254.777
10 Scenedesmus acuminatus Nil 159.236-382.166
11 Scenedesmus incrassatulus Nil 95.541-127.388
12 Scenedesmus quadricauda Nil 127.388-350.319
13 Spirogyra hyaline Nil 127.388-191.083
14 Spirogyra occidentalis 0-254.777 95.541-286.624
CYANOPHYCEAE

1 Arthrospira khannae 0-95.541 Nil

2 Chroococcus caudatus Nil 0-95.541

3 Chroococcus turgidus 63.694-95.541 95.541-318.472
4 Merismopedia tenuissima Nil 191.083-318.472
5 Oscillatoria nigra 191.083-318.472 127.388-382.166
6 Oscillatoria curviceps 222.930-382.166 318.472-382.166
7 Oscillatoria limosa 0-318.472 Nil

8 Spirulina gigantea Nil 95.541-191.083
9 Spirulina major 95.541-127.388 63.694-254.777
BACILARIOPHYCEAE

1 Cymbella affinis 95.541-445.852 95.541-382.166
2 Cymbella gracilis Nil 0-382.166

3 Cymbella tumidula 0-254.777 Nil

4 Eudorina elegans Nil 0-63.694

5 Fragilaria construens 0-254.777 Nil

6 Fragilaria capucina 159.236-509.555 69.694-254.777
7 Fragilaria pinnata 222.930-382.166 127.388-350.319
8 Gomphonema gracile 63.694-318.472 95.541-254.777
9 Gyrosigma attenuatum 95.541-318.472 0-222.930

10 Gonium pectorale Nil 0-191.083

11 Navicula minuta 286.624-573.249 191.083-796.180
12 Navicula disjuncta 159.236-573.249 382.166-605.096
13 Navicula pupula 222.930-445.852 Nil

14 Surirella robusta Nil 127.388-286.624
15 Surirella tenera 63.694 - 95.541 Nil

16 Staurastrum triangularis Nil 0-95.694

17 Synedra ulna 63.694 -286.624 95.541-254.777
EUGLENOPHYCEAE

1 Phacus caudatus Nil 63.694-254.777
2 Euglena acus Nil 0-63.694

Total number of genera 21 36

Note: Site 1-Eksar, Site 2-Wai

presence of higher quantities of organic matter and reduc-
tion by microbes. Hardness, calcium and magnesium were
higher in Wai as compared to Eksar. Phosphorus was low in
the study sites, ranging from 0.08mg/L to 0.79mg/L at Eksar
and 0.083mg/L to 1.25mg/L. at Wai. The range of nitrate
was recorded from 0.055mg/L to 2.42mg/L at Eksar and
0.098 mg/L to 2.838 mg/L at Wai.

Algal Study: Twenty one species of algae were reported
from the river water at Eksar while at Wai the number of
species increased to 36. Higher number of species and den-
sity of algae indicate the pollution of Krishna river water as
it enters into the City Wai. The stream algae usually show a
great range of variety. Streams also do not show usually any
precise assemblage of algae, which are usually found in
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Table 3: Different biotic and diversity indices in Krishna River (2014 to 2015).

Sr. No. Biotic and Site 1 Status of Site 1 Site 2 Status of Site 2
Diversity indices
1 Palmer index 3-12 Very low organic pollution 11-19 Probable evidence of high
organic pollution

2 Simpson index 0.79-0.88 Stable community 0.88-0.89 Stable community

3 Shannon index 1.65-2.49 Moderate pollution 1.648-2.489 Moderate pollution

4 Margalef index 0.6993-1.161 Less polluted 0.9245-1.717 More polluted than Site 1
5 Gini index 0.125-0.2917 Less polluted 0.1324-0.4065 More polluted than Site 1

Note - Site 1-Eksar, Site 2-Wai

lentic waters. The algae in streams are subjected to extreme
fluctuation in quantity and constitution due to fast chang-
ing of current and other characteristics of water (Palmer
1980). In the current study, the algae Oscillatoria curviceps,
Navicula minuta, Scenesdesmus armatus and Navicula
anidium were quite dominant at Eksar. In Wai also the domi-
nance of algae was made by Navicula minuta, Navicula
disjuncta and the species of Oscillotoria. However, a few
tolerant species like Euglena, Pediastrum sp., Phacus and
Scenedesmus also appeared at Wai.

The Palmer’s algal biotic index indicates the quality of
water at Eksar with low organic pollution and at Wai with
high organic pollution. It ranged from 3-12 at Eksar and 11-
19 at Wai. Higher values of Palmer index indicate organic
pollution. A value above 20 is polluted water, and 15-19 as
moderate pollution.

The diversity indices indicate the quality of water in
stressed aquatic ecosystems. They are dependent upon
number of species, number of individuals from all species,
biological interactions between species, competition, mu-
tualism, symbiosis, availability of food supply/amount of
energy reaching the ground, human impact and climate/
temperature sensitivity. The diversity usually decreases in
stressed conditions and increases in non polluted condi-
tions. In moderate eutrophic systems, as the waters are quite
rich in algal diversity, the diversity indices sometimes fail
to indicate the quality of water. In such conditions, both
sensitive and tolerant species may be present in different
numbers according to the level of eutrophication (Goel et
al. 1988). Sometimes, the chemical indices also do not cor-
relate with the diversity indices as the chemical changes are
much faster than the biological changes.

In the present study Shannon’s diversity index ranged
from 1.65 to 2.45 at Eksar and 1.64 to 2.49 at Wai indicat-
ing that there are not much differences in the level of algal
diversity. According to Goel et al. (1988), relatively better
conclusions can be made if lowest value of the annual ranges
is taken into consideration, which can predict the pollution

level better in a water body. On the basis of this study it is
evident that both the sites are moderately polluted. Usually
a value of Shannon index more than 3 indicates non-pol-
luted water. If the values are in the range of 1 to 3, the water
can be moderately polluted and if values are less than 1, the
water is considered to be heavily polluted. At the time of
blooms, the algal diversity suddenly falls, while after that it
increases sharply. For comparison of pollution level of dif-
ferent sites, the difference between maximum and minimum
values can also work as a good indicator (Goel et al. 1988).

Simpson’s index uses to quantify biodiversity of a habi-
tat and takes into account the number of species present and
the relative abundance of each species. It represents the prob-
ability that two randomly selected individuals from the habi-
tat will not be from the same species. Simpson’s index ranges
from O to 1. The lower value of Simpson’s index indicates
high diversity, and more values a lower diversity. Accord-
ing to Simpson indices the diversity of algae is slightly
higher at Wai and lower at Eksar. The range at Eksar was
from 0.79 to 0.88 and at Wai it was 0.88 to 0.89. In both the
sites Simpson index increases towards the higher value, it
means that these two sites have mature and stable commu-
nity.

Margalef diversity index is used for small community
(Margalef 1956), it has no limit value and show a variation
depending upon the number of species. The range of
Margalef index was from 0.6993-1.161 at Eksar and 0.9245-
1.171 at Wai. The Margalef index can be used for compari-
son of pollution levels.

Gini Coefficient index was originally used to measure
income inequality, but can be used to measure any form of
uneven distribution. It has number between 0 and 1, where
0 corresponds with perfect inequality and 1 corresponds
with perfect equality (Bosi & Seegmuller 2006). Moreover,
Gini coefficient has also been used to study environmental
inequality. For instance, Saboohi (2001) used Gini coeffi-
cient to analyse the distribution of energy consumption and
also used it to study the inequality between urban and rural
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neighborhoods in Iran. Here, we have used the Gini coeffi-
cient for observing the diversity of algae. A value near to 0
will indicate more diversity, while near to 1 will be less
diversity. In this study we observed the range from 0.125 -
0.2917 at Eksar and 0.1324-0.4065 at Wai. It indicates that
the water at Wai is slightly more polluted than Eksar.

CONCLUSION

Industrial waste, agricultural runoff and sewage are the main
sources of river pollution. The study indicated that the cul-
tural activities have their significant role in changing the
quality of water in rivers adversely. This is amply indicated
by quantitative and qualitative presence of algae as well as
some indices developed based on them. The Wai site with
high cultural and religious activity is more polluted than
the Eksar site before entry of river in Wai. Here, we suggest
avoiding throwing garbage in the river, washing of vehicles
and cloths and discharging drainage in the river directly.
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