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Abstract

The present study at Rewalsar Lake demonstrates trophic status and its regulating factor based on the selected physi-
ochemical parameters and multivariate statistical analysis. The chlorophyll-a in the lake was found to be 15.85+4.16 mg
L~!, whereas total phosphorus as 0.21+0.11 mg L~". Secchi disk indicated low visibility (0.57£0.01 m) in the lake that may
be due to increased turbidity, phytoplankton, organic color and other suspended particles. The value of trophic state
index (TSI) determined in the range of 78.76-87.89 (avg. 83.62 + 3.09) specified that the Rewalsar Lake is hyper-eutrophic
in status. The scatter plot of TSI(Chl-a)-TSI(SD) and TSI(Chl-a)-TSI(TP) revealed the increased nutrient (TP) as a main regu-
lating factor for the higher value of TSI in the lake. The presence of NO;™ (6.97+1.56 mg L™') and NH,* (18.93 +5.02 mg
L") in the lake may be owing to the use of nitrogenous fertilizers in the surrounding region and entry of other organic
substances. Instead, these compounds may also be associated with the natural processes, like as the nitrification and
ammonification. The principal component analysis from the data set of 12 variables indicated a total of 59.69% variance,
i.e., PC1-27.35,PC2-17.48 and PC3-14.67%. The study further confirmed that the Rewalsar Lake is mainly influenced by the
natural sources, whereas the regulating factor for the trophic status via anthropogenic activities. The water sampling sites
in the lake are found to be grouped among various clusters and showed the spatial variability of different parameters.

Keywords Chlorophyll-a - Hyper-eutrophic - Nutrient enrichment - Principal component analysis - Regulating factors -
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1 Introduction

The lakes are a major source of freshwater all over the
world, but the nutrient enrichment and bacterial contami-
nation have deteriorated their water quality at a large scale
[1, 2]. Changing quality has created the water scarcity and
a huge mass of population thus been deprived from using
the freshwater for various purposes [3, 4]. However, the
obnoxious materials that stay in water bodies for a long-
time period bring changes in the physiochemical char-
acteristics as well as the natural scenario of the lakes [5].
The Himalayan lakes are under stress due to mismanaged

human activities, which increase nutrients and pollution in
terms of heavy metals toxicity and bacterial contamination
[6-8]. The management and preservation of the lakes at
present have become a great challenge for environmental-
ists and managers [5, 9].

The eutrophication is also a main problem of the
freshwater lakes, and it is specified for the lakes having
nutrient enrichment. It causes excessive growth of algae
and is considered to be responsible for degrading the
qualitative nature of the lakes [5, 10]. The eutrophication
is followed by the algal bloom, which generates toxin,
worsens water quality, depletes dissolved oxygen (DO)
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and decreases stability as well as diversity of the aquatic
species [11]. The algae in water uses chlorophyll-a (Chl-
a) for photosynthesis and is used to monitor nutrient
status of the lakes. The phosphorus in lakes is proved
as a primary factor for increasing productivity [12], and
the main source of phosphorus is the use of chemical
fertilizers.

The concentration of phosphorus in the lake depends
on strength and duration of phosphorus release from
the lake sediments. Hence, to decline eutrophication,
it is essential to inactivate phosphorus release from the
bottom sediments [13]. Algae and other phytoplankton
are known to decrease visibility in the lakes; moreover,
the transparency can also be influenced by organic color
produced from the degradation of organic materials [14].
The trophic state index (TSI) is used to understand the
eutrophic status of the lakes and can be observed with
several methods including the Carlson’s index [10, 15]. The
total phosphorus (TP), chlorophyll-a (Chl-a) and Secchi disk
(SD) transparency are required for the Carlson’s index and
to understand nutrient status of water bodies [5]. Further,
the satellite imageries are also being used these days to
estimate the trophic state index as well as eutrophic status
of the lakes [16, 17].

The total phosphorus determines the nutrient availa-
bility and chlorophyll-a represents the biomass, whereas
the Secchi disk transparency measures the visibility in the
lake, which is generally affected by the algae, macrophytes
and organic color. It has been inferred by Carlson [18] as
if TSI(SD) and TSI(Chl-a) are equal, then the light penetra-
tion is decreased due to the presence of algae, whereas if
TSI(Chl-a) < TSI(SD), then the transparency is affected by
the non-algal particles [19]. Apart from this, the TSI(Chl-
a) =TSI(TP) marks that the nutrient enrichment (TP) plays
an important role behind growth of algae in the lakes.
However, the TSI(Chl-a) < TSI(TP) infers lesser growth of
algae as compared to the TP availability, thereby suggest-
ing the influence of other sources [5, 19, 201.

Although, Edmondson [21] and Carlson [18] had further
inferred that the TSI(Chl-a) <TSI(SD) in the highly nutritious
lakes may be due to the presence of pico-plankton hav-
ing more surface area per unit biomass of small cells as
compared to micro-plankton and reduce more light [19].
The lakes from different parts of the world have been
monitored for trophic status by several researchers in past
and found to be eutrophic and hyper-eutrophic [22-27].
Indiscriminate constructions and tourists’actions for enter-
tainment and religiousness at the Rewalsar Lake have
deteriorated its water quality and increased the sedimen-
tation rate [2, 28]. An earlier study at this lake has shown
the diurnal variations of phytoplankton (Euglenophy-
ceae, Chlorophyceae, Cryptophyceae, Bacillariophyceae
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and Cyanophyceae) and zooplankton species (Cladocera,
Copepoda and Rotifera) [29].

The Rewalsar Lake from a long time has been huge
source of freshwater for drinking and agricultural pur-
poses, but the drastic changes in the water quality have
compelled local people to look for the alternate options,
mainly the groundwater. However, installing pumps to uti-
lize groundwater is very expensive owing to hard regional
lithology and far from the reach of common man. A prob-
lem of fish kills repeatedly during summer season is also
prevalent at this lake; instead, the polluted nature of lake
also despairs the tourists visiting for entertainment and
religious purposes. Thus, the Rewalsar Lake requires a
detailed study for protection and improvement; therefore,
the main objective of present study is to determine the
trophic status and its regulating factors based on some
physiochemical parameters and multivariate statistical
analysis.

2 Materials and methods
2.1 Study site

The Rewalsar Lake is situated in the Mandi District of
Himachal Pradesh, India (i.e., at northwest Himalaya), at
31° 38’ N latitude, 76° 50’ E longitude and an elevation
of 1360 m above mean sea level (Fig. 1). It is 225 m long,
160 m wide, 6 m deep and having a catchment area of
1.17 km?Z. It is to the south of Main Boundary Thrust (MBT),
and its geology comprises shale, calcareous segregation
and quartzitic sandstone intercalated with siltstone [28].
Annual rainfall in the region is around 113.6 cm, which is
a main source of water for the lake, and instead the water
may seepage from underground and surrounding rocks.
The water inlets are situated toward the northern and
western sides of the lake, whereas the water outlet is situ-
ated toward the eastern side. Besides, the Monastery (Tso
Pema), Temple (Nyigma), Gurudwara (Rewalsar Sahib) and
Rewalsar town also surround the lake. Owing to religious
importance, the lake is considered as a main pilgrimage
site for Buddhists, Sikhs and Hindus [28, 29].

2.2 Methodology
2.2.1 Sampling procedure and analytical technique

The trophic status of the Rewalsar Lake has been deter-
mined with the help of Carlson’s index [15] and water
samples collected at a time from different parts of the
lake during summer season (Fig. 1). The samples were
collected in sterilized polyethylene bottles of one liter
size. The parameters like EC, pH, TDS, DO and salinity
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Fig. 1 Locations of water
sampling sites in the Rewalsar
Lake of northwest Himalaya
(HP), India
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were determined in situ with a portable kit. The turbid-
ity from the unfiltered water samples was observed with
the help of turbidity meter. Instead, the NH,*, NO;™ and
S0,%" were determined using ion chromatography instru-
ment (Metrohm, 883 Basic IC Plus; Switzerland), according
to the methodology as inferred by Kumar et al. [4]. The
statistical software was used for the principal component
and hierarchical cluster analysis.

2.2.2 Secchi disk (SD) transparency

The Secchi disk was 20 cm in diameter and lowered to the
lake water at each water sampling site (Fig. 1). The exact
depth of its visibility and invisibility was considered as SD
transparency [5].

2.2.3 Chlorophyll-a (Chl-a)

The chlorophyll-a (Chl-a) was extracted by the acetone
(HPLC grade) solution (90%) prepared using Milli Q water.
To determine it, 750 ml lake water sample was filtered
through Whatman glass fiber filter paper (GF/C; 47 mm)
and few seconds before the completion of filtration, 2-3
ml MgCO; solution (1.0 g MgCO; and 100 ml Milli Q water)
was added. Filtrate along with filter paper was torn in a tis-
sue grinder, and 3 ml acetone solution was added [30]. The
tissue grinder was run for 3 min at 500 rpm, and content
was inverted in a centrifuge tube. Then, the total volume in
centrifuge tube was fixed at 10 ml by adding acetone solu-
tion. The tube was then centrifuged for 20 m at 3000 rpm
and thereafter the content was used for chlorophyll-a anal-
ysis with the instrument UV/Vis Spectrophotometer, which
was calibrated using C5753-Spinach chlorophyll-a stand-
ard [5]. A reference sample of double distilled water was
also prepared along with the lake samples. Concentration

of chlorophyll-a (ug L") was calculated according to the
formula: Chl-a=[26.7(664b-665a) xV,]/V, x L [30].

2.2.4 Total phosphorus (TP)

The lake samples for the determination of the total phos-
phorus were digested according to the persulfate diges-
tion and ascorbic acid method [5, 30].

2.2.4.1 Persulfate digestion method A 50 ml lake sample
was taken, and a drop of phenolphthalein indicator was
added to test the acidic or basic nature of the sample solu-
tion. Thereafter, 0.4 g ammonium persulfate [(NH,),S,04]
and 1 ml of H,SO, solution were added to the sample
and kept for half an hour on a hot plate. The volume of
sample was reduced to 10 ml, which was cooled and fur-
ther increased to 30 ml by double distilled water. Then,
the sample solution was autoclaved for half an hour and
thereafter again cooled at room temperature. Finally,
a 0.05 ml phenolphthalein indicator and a few drops of
sodium hydroxide (NaOH) were added in the solution and
further diluted to 100 ml with double distilled water [30].

2.2.4.2 Ascorbicacid method This method comprises four
solutions prepared with the chemicals of analytical rea-
gent (AR) grade and double distilled water as: (1) a 500
ml solution of 5 N H,SO,; (2) a 1.37 g antimony potas-
sium tartrate [K(SbO)C,H,04.'/,H,0] solution having a
final volume of 500 ml; (3) a 20 g ammonium molybdate
[(NH,)sM0,0,,.4H,0] solution (500 ml); and (4) a 1.76 g
ascorbic acid (C4HgOg) solution (100 ml). Thereafter from
the above four chemical solutions, 50, 5, 15 and 30 ml,
respectively, were taken and mixed in a volumetric flask to
make a combined chemical solution. Then, the lake sam-
ples prepared by the persulfate digestion method were
mixed with the combined chemical solution in the ratio
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of 50:8 ml. Thereafter, the samples were analyzed with the
UV-Vis spectrophotometer at 880 nm absorbance and the
total phosphorus concentrations thus determined [5, 30].

2.2.5 Trophic state index (TSI)

The TSI of the Rewalsar Lake was observed with Carlson’s
index that requires concentration of chlorophyll-a (Chl-a)
and total phosphorus (TP) in ug L™' and the Secchi disk
(SD) transparency in meter (m). The following formulae
were utilized to determine TSI as [5, 15]:

TSI(Chl-a) = 10[6-(2.04-0.68InChl-a)/In2];

TSI(TP) = 10[6-In(48/TP)/In2]; TSI(SD) = 10[6-In(SD)/In2];
and TSl(avg.) = TSI(Chl=a)+TSITP)+TSI(SD)
3
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3 Results and discussion

The results of physiochemical parameters of the Rewalsar
Lake are shown in Fig. 2. The pH of the lake was found
to be in a range of 7.25-7.46 (avg. 7.38 £ 0.06) and within
the permissible limit of the Bureau of Indian Standards
(BIS) [31]. The pH indicates hydrogen ion concentration
in water and a greater sum of such ions marks the water
acidic, while the higher contribution of hydroxyl ions turns
the water alkaline [32]. It is primarily a subsequent creation
of carbonic acid (H,CO;) and bicarbonate (HCO; ™). Most of
the Himalayan lakes have been noticed alkaline in nature
by several researchers in past decades [33]. The clarity
of the Rewalsar Lake was known by quantifying turbid-
ity, and its higher values in the range of 10.25-11.35 NTU
(avg.10.84+0.45 NTU) indicated the occurrence of algae,
phytoplankton and organic color in water.

The electrical conductivity (EC) is a parameter to access
ionic composition in the lake and was found to be 213-230
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pS/cm (avg. 222.7 £ 5.34 puS/cm), but within the permis-
sible limit [31]. The nitrate (NO;7) content in a range of
5.23-11.52 mg L' (avg. 6.97 +1.56 mg L™') and ammo-
nium (NH,*) as 12.80-28.60 mg L (avg. 18.93+5.02 mg
L™") inferred the nutrient enrichment in the lake. Anthro-
pogenic activities including use of nitrogenous fertiliz-
ers in the surrounding region may be the main source of
NO;~ and NH,* in the lake, apart from the natural process
of nitrification and ammonification [2]. The concentration
of NO;~ more than permissible limit (45 mg L' BIS [31])
may cause health-related problems.

However, the Bhimtal, Sattal, Naukuchiatal and Nainital
Lake are observed to have a higher concentration of NO;™,
whereas the Renuka Lake is having less concentration as
compared to the Rewalsar Lake [33]. The NH; in the lake
is harmful, whereas the NH,* is required for growth of the
phytoplankton. The TDS in the Rewalsar Lake was noticed
as 138-151 mg L™" (avg. 144.7 £3.99 mg L"), whereas the
salinity was found to be 107-126 mg L™" (avg. 116.8 +5.91
mg L™"). These were also within the permissible limit and
infer the presence of organic and inorganic dissolved
materials as well as salts content in the lake [34].

The chlorophyll-a can generally be available in all of the
green plants and algae, which carry out photosynthesis.
The Rewalsar Lake indicated its concentration in the range
0f 9.26-21.72 mg L™" (avg. 15.85+4.16 mg L"), whereas
the total phosphorus was found to be 0.06-0.38 mg L™’
(avg. 0.21+£0.11 mg L™"). The concentration of chloro-
phyll-a in the Rewalsar Lake was less than observed by
Kumar et al. [5] from the Renuka Lake (39.11 mg L™"). The
dissolved oxygen (DO) concentration less than 5 mg L™
may create stress for aquatic lives and the present study
indicated its average content 4.61+0.39 mg L™', which is
harmful for the survival of aquatic species as it may impact
their certain metabolic activities [35, 36]. The 5042‘ in the
lake was found to be in the range of 1.15-5.24 mg L™ (avg.
2.74+1.29 mg L"), but within the permissible limit, i.e.,
200 mg L' [31].

Table 1 Criteria of classifying trophic state index (TSI) for the lakes [15]

The SO,> may be produced from dissolution of carbon-
ate minerals like gypsum, dolomite and calcite [37], and in
addition, the uses of chemical fertilizers in the region also
increase the SO,2~ content in the lake [2]. The SO, in the
Rewalsar Lake was observed much less than the Surinsar
(11 mg L™") and Tsomoriri Lake (88 mg L™"), but more than
the Sella (0.11 mg L™') and Tso Kyo Lake (0.14 mg L™") [33,
38]. The Secchi disk (SD) transparency indicated that the
light penetration in the Rewalsar Lake is only 0.54-0.59
m (avg. 0.57£0.01 m). The low SD transparency observed
in the Rewalsar Lake may be due to abundance of algae,
phytoplankton, macrophytes, suspended particles and
color produced by the degradation of organic materials
in the lake.

3.1 Multivariate statistical analysis
3.1.1 Trophic classification

Based on Carlson’s index [15], the value of TSI(Chl-a) was
found to be between 101.70 to 107.50 (avg. 105.12+ 1.97)
and TSI(SD) from 67.62 to 68.93 (avg. 68.22 £0.30). On
the other hand, the value of TSI(TP) was calculated
63.22-89.85 (avg. 77.53£9.22). The average value of TSI
for the Rewalsar Lake was thus observed in the range of
78.76-87.89 (avg. 83.62 £ 3.09), which indicated that status
of the Rewalsar Lake is hyper-eutrophic, according to the
criteria as given in Table 1. However, the value of TSI for
the Rewalsar Lake is more than other Himalayan lakes, viz.
Renuka [5] and Mansar [22], which may be due to increas-
ing anthropogenic activities causing more nutrient supply
in this lake.

The factors governing productivity in the Rewalsar Lake
were understood using a scatter plot defining comparison
of TSI(Chl-a)-TSI(SD) toward x-axis and TSI(Chl-a)-TSI(TP)
toward y-axis (Fig. 3) [5, 15]. The locations of sampling
points in the scatter plot are indicating that the “nutrients
(TP) limiting large sized algae” is the regulating factor

Sr.no. TSI Status of the lake Detail description

1 <30 Oligotrophic The clear water and dissolved oxygen (DO) are present in the deepest layer “hypolimnion” throughout the
year

2 30-40 Oligotrophic The hypoliminion layer of the shallow lakes turned anoxic during summer; the deep lakes exhibit classical
oligotrophy

3 40-50 Mesotrophic The water has moderate clarity, and there is a probability for the hypoliminion layer to be turned anoxic
during summer

4 50-60 Eutrophic The transparency decreased, lower stage of eutrophy, hypolimnion turns anoxic during summer, pres-

ence of macrophytes and warm water fishes

60-70 Eutrophic
70-80 Hyper-eutrophic

7 >80  Hyper-eutrophic

Dominance of blue green algae and excessive macrophytes
Dense macrophytes and heavy algal bloom
Fishes die off during summer, algal scum, few macrophytes and fishes dominance
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Fig. 3 Main regulating factor for the algal growth in the Rewalsar
Lake [5, 18]

for the higher value of trophic state index at the Rewal-
sar Lake, which is therefore declared as hyper-eutrophic
in status. If the total phosphorus concentration from the
Rewalsar Lake is reduced, then the chlorophyll-a con-
centration will also be decreased and the visibility thus
increased. The total phosphorus (TP) was also observed
as a main regulating factor for the nutrient enrichment
and growth of algae at the Whatcom (USA), Uluabat (Tur-
key), Poyang (China) and Renuka Lake (India) by Matthews
etal. [39], ElImacy et al. [40], Liao et al.[41] and Kumar et al.
[5], respectively. However, the increasing concentration of
nitrogenous compounds should not be ignored as these
may also impact algal growth in the Rewalsar Lake.

3.1.2 Correlation coefficient

The correlation coefficient (r) has been considered to
understand the relationships and sources of different
parameters in the lake. The value of r>0.5-0.79 is consid-
ered as positive correlation and r> 0.8 as strong positive
correlation, and similarly r>—-0.5 to —0.79 as negative
correlation and r>—0.8 as strong negative correlation [2].
Table 2 indicates that the EC and NH,* are having positive
correlation that suggests the direct impact of each other
on their values, whereas other parameters like salinity—pH,
S0,* and DO- NH," and TP are having negative correla-
tions indicating their different sources. The significant level
of correlation coefficient was known using p-value, which
indicated the parameters shown in bold are statistically
significant at p > 0.05 (see Table 2).

3.1.3 Principal component analysis (PCA)

The principal component analysis elucidates the strength
of correlations and variance in the data set of 12 different
parameters of the Rewalsar Lake [42]. The bi-plots (Fig. 4a
and b) were derived to understand distribution patterns
and variance percent of different parameters, while the
factor loading to evaluate dominant parameters in the
three principal components (Table 3). The principal com-
ponent 1 (PC1) marked 27.53% variance in the data set,
while principal component 2 (PC2) as 17.48% (Fig. 4a).
However, principal component 3 (PC3) indicated a 14.67%
variance (Fig. 4b); thus, a total of 59.69% variance was
observed through three principal components. An earlier
study by Liu et al. [43] had inferred the value of factor load-
ing in the range of 0.30-0.50 as weak, 0.50-0.75 moderate
and >0.75 strong. The PC1 in the present study indicated
moderate positive loadings for salinity (0.74) and DO (0.69)

Table 2 Correlation coefficient between different parameters of the Rewalsar Lake

PH DS EC Salinity DO NH,* NO;~ 50,2 Turbidity ~ SD TP Chl-a
pH 1
TDS 0.099 1
EC -0451 0374 1
Salinity -.586" -0385 -0.140 1
DO -0291 -0382 -0.004 0307 1
NH,* 0.050 0.460 0.533° -0294 -.507 1
NO,™ -0069 -0292 -0304 0.263 -0.034 -0358 1
50,2~ 0.435 0.491 -0.103 -.544" -0252 0.201 -0.233 1
Turbidity ~ 0.039 0.397 0.262 -0295 -0395 0.355 0.035 0.041 1
SD -0.124  0.091 0.066 0.322 0.197 -0.125  0.454 -0.157  -0.107 1
TP 0.176 0.177 0.008 -0.194 -.571" -0.001 0.392 0.086 -0.075 0157 1
Chl-a -0.026 -0.077 0364 -0312 0431 -0.282 -0053 -0290 0.114 0.140  0.030 1

*Correlation is significant at p>0.05 (two-tailed test)
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Fig.4 Bi-plots indicating principal component analysis (PCA): a
component 1 versus 2; b component 2 versus 3

and low in case of NO;™ (0.40) and SD (0.33) (Table 3). It
suggests the higher impact of catchment geology and
lower of the anthropogenic activities that may be the use
of nitrogenous fertilizers in the catchment and addition of
other organic materials in the lake.

The PC2 inferred the strong positive loading in case of
EC (0.83) and low by the DO (0.33), NH,* (0.35) and Chl-a
(0.41).The EC represents the ionic species movement con-
tributed by the major ions generated from the surround-
ing rocks weathering as inferred in an earlier study at Rew-
alsar Lake by Gaury et al. [2]. Thereafter, the DO, NH,* and
Chl-a are linked with the influence of anthropogenic activi-
ties. Similarly, PC3 showed moderate positive loadings for
NO;™ (0.62), TP (0.62) and SD (0.58), thereby indicating
the higher impact of agricultural runoff and other organic

Table 3 Factor loading for different parameters at the Rewalsar
Lake

Sr. no. Parameter PC1 PC2 PC3

1 pH -0.44 —-0.61 -0.31
2 TDS -0.72 0.21 0.22
3 EC -0.28 0.83 0.28
4 Salinity 0.74 0.09 0.26
5 DO 0.69 0.33 -0.43
6 NH,* -0.70 0.35 0.18
7 NO;~ 0.40 -0.45 0.62
8 S0,* -0.64 -0.32 -0.28
9 Turbidity -0.49 0.27 0.26
10 SD 0.33 0.01 0.58
11 TP -0.24 -0.44 0.62
12 Chl-a 0.16 0.41 —-0.06
Eigenvalue 3.30 2.10 1.76
Variance % 27.53 17.48 14.67
Variance sum % 27.53 45.01 59.69

inputs in the lake (Table 3). The PC1 and PC2 have indi-
cated a higher influence of natural factors followed by the
anthropogenic activities and PC3 as the human activities.
However, the main regulating factor for the higher trophic
status of the Rewalsar Lake is the TP and instead may be
the nitrogenous compounds to some extent, which all
are the resultant products of anthropogenic activities to a
greater extent rather than the natural sources.

3.1.4 Hierarchical cluster analysis (HCA)

The hierarchical cluster analysis is generally considered
to know similarities among the samples groups. For the
Rewalsar Lake, it was observed that the sampling sites are
grouped under several clusters due to variations in the
concentration of different parameters from one location to
the other.The clusters 1, 3, 4, 6, 7, 8 and 9 classified as one
sampling site each, i.e., 4,15, 9,7, 6, 1 and 8, respectively,
whereas cluster 2 comprised 5 and 3, cluster 5 covered 13
and 10, cluster 10 indicated 11 and 2, and similarly, clus-
ter 11 marked as 14 and 12 sampling sites. However, the
whole groups can further be divided into three main clus-
ters, which indicated coverage of 3, 4 and 5 under cluster
1,and 10, 13, 9 and 15 in cluster 2, whereas 12, 4, 2, 11, 8,
1, 6 and 7 under cluster 3 (Fig. 5).

4 Comparison with other lakes

The present study is compared with other lakes of
Indian Himalaya (Mansar, Surinsar, Tsomoriri, Tso Kar and
Renuka) [5, 22, 33], lower Indian regions (Mullankere,
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Fig.5 Hierarchical cluster Dendrogram using Ward Linkage

a.nalysis for different sampling Rescaled distance cluster combine
sites at the Rewalsar Lake 0 5 10 15 20 25
1 1

15 12

14 14—

11 8

10 1

7 10

6 13

4 15

Table 4 Trophic state index

ek ; Sr.no. Nameofthelake Country TSI Trophic status Reference

(TSI) indicating trophic status

of different lakes in India and 1 Trichonis Greece 364  Oligotrophic Kehayias and Doulka [24]

abroad 2 Naroch Belarus 389 Oligotrophic Adamovich et al. [47]
3 Myastro Belarus 49 Mesotrophic
4 Mansar India 67 Eutrophic Rai et al. [22]
5 Surinsar India 61 Eutrophic Singh et al. [33]
6 Tsomoriri India 53 Eutrophic
7 Mullankere India 66.9 Eutrophic Barki and Singha [44]
8 Akkamahadevi India 54.75  Eutrophic
9 Krajwelek Poland 60.5 Eutrophic Jekatierynczuk-Rudczyk et al. [48]
10 Kamendul Poland 56 Eutrophic
11 Udziejek Poland 62 Eutrophic
12 Dr. Joao Penido Brazil 535 Eutrophic Bucci et al. [25]
13 Batorino Belarus  58.8 Eutrophic Adamovich et al. [47]
14 Timsah Egypt 60 Eutrophic El-Serehy et al. [26]
15 Tso Kar India 86 Hyper-eutrophic  Singh et al. [33]
16 Veli India 76 Hyper-eutrophic ~ Sheela et al. [45]
17 Akkulam India 80 Hyper-eutrophic
18 Upper Lake India 71.6 Hyper-eutrophic  Upadhyay et al. [46]
19 Renuka India 79.16  Hyper-eutrophic ~ Kumar et al. [5]
20 Rewalsar India 83.62 Hyper-eutrophic  Present study
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Akkamahadevi, Veli, Akkulam and Upper Lake) [44-46]
and abroad (Trichonis, Naroch, Myastro, Dr. Joao Penido,
Krajwelek, Kamendul, Udziejek, Batorino and Timsah)
[24, 25, 47, 48]. It is inferred that most of the lakes are
turned eutrophic and hyper-eutrophic in status (Table 4),
which may be due to the increasing impact of anthropo-
genic activities [49]. The Trichonis and Naroch Lake (TSI
36.4-38.9) may have fewer nutrients and face dissolved
oxygen deficit during summer season [24, 47]. The Myastro
Lake of Greece is mesotrophic in status (TSI: 49), which is
probably having moderate clarity and turns anoxic during
summer [47].

Certain lakes situated in India and abroad are eutrophic
due to nutrient enhancement, which results in dominance
of algae and macrophytes. Such types of lakes generally
have low transparency, and their deepest layers generally
face a shortage of dissolved oxygen during summer. The
Tso Kar, Veli, Akkulam, Renuka and Upper Lake are hyper-
eutrophic in status (TSI: 71.6-86) [5, 33, 45, 46]. However,
the present study has also indicated that the Rewalsar Lake
is hyper-eutrophic (TSI: 83.62) due to nutrient enrichment.
The lakes with TSI>70-80 (Table 4) are labeled as highly
nutritious and comprise higher algal bloom and dense
macrophytes, whereas the lakes with TSI >80 generally
develop algal scum and dominance of fishes, which get
perished during summer as a result of higher temperature
that fastens various lake processes [35, 36].

5 Conclusion

The present study has indicated contribution of chloro-
phyll-a (Chl-a), total phosphorus (TP) and Secchi disk (SD)
transparency for defining trophic status of the Rewalsar
Lake. The lake has been found to be hyper-eutrophic due
to nutrient enrichment as a result of increasing anthropo-
genic activities like use of chemical fertilizers, instead of
the natural factors like rocks weathering, ammonification
and nitrification. The turbidity in the lake was found to be
increased due to the occurrence of the phytoplankton
and other suspended particles. The Secchi disk indicated
low visibility in the lake that may be due to presence of
organic color, algal particles and phytoplankton. The total
phosphorus is observed as a main regulating factor for
the higher trophic state index (TSI-83.62). However, the
principal component analysis (PCA) has revealed a major
contribution of natural sources on certain physiochemi-
cal parameters, but the regulating factors of the higher
trophic status are found to be mainly linked with the
anthropogenic activities. The hierarchical cluster (HCA)
analysis has specified that the sampling sites of the lake
are placed among various groups and showing spatial

variability of different parameters. The Rewalsar Lake has
lots of ecological and societal significances and therefore
requires mitigation measures to control anthropogenic
activities causing nutrients enrichment and maintain its
natural scenario.
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