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ABSTRACT 
 

Diatoms occur in all natural conditions in lake and their distribution is mainly 
governed by the physicochemical composition of the water. Monitoring of water 
quality with physicochemical parameters is insufficient. Organic indicators of water 
quality monitoring used during the recent years have served as excellent tools in the 
areas of water pollution studies. Among all the fresh water organisms, diatoms are 
the most commonly used indicators of the water quality changes and 
paleoenvironments. In the present study, a total of 23 species distributed among 13 
genera were recorded from the surface (grab) sediments of the Ooty Lake. Among 
these, the most abundant are Ulneria ulna, Cyclotella meneghiniana, Hantzschia 
amphioxys, Gomphonema affine, Aulacoseira granulata, Tabularia tabulata and 
Gomphonema gracile. Sediment samples were analysed for the organic matter, 
CaCO3, sand, silt and clay content, while water samples for pH, temperature and 
dissolved oxygen. The present finding mainly deals with the comparative study of 
diatom assemblages in relation to spatial-temporal changes in the environmental 
conditions of the Ooty Lake.The utility of the Principal Component Analysis (PCA) 
relative to diatoms to study the water quality of the Ooty Lake have also 
beendiscussed in the present work.  
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INTRODUCTION 

 
During the early part of the nineteenth century, diatoms study in India was mainly 

focused on taxonomy (Ehrenberg, 1845; Detoni, 1891; Cleve, 1878; Leudger-Fortmorel, 
1893). During the later part, more attention was diverted towards the distribution and 
periodicity of diatoms in some of the classical works (Biswas, 1936; Venkataraman, 1939; 
Iyenger and Subramanyan, 1942; Gonzalves and Gandhi, 1953; Krishnamurthy, 1954; 
Desikachary, 1962; Gandhi, 1998; Karthicket al., 2009). Diatoms were also studied to assess 
the organic pollution (Hosmani and Bharathi, 1980).  
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The studies using diatom assemblages to predict environmental changes slowly 
progressed in India through different works (Juttner et al., 2003; Karthick et al., 2009; 
Longanathan et al., 2014; Humane et al., 2020). Diatoms are likely to occur in all natural 
conditions in lake and their distribution is mainly governed by the physicochemical composition 
of the water. Monitoring of water quality with regard to the physicochemical parameter is 
insufficient. Organic indicators of water quality monitoring used during the recent years have 
served as excellent tools in the areas of water pollution studies. Among all the fresh water 
organisms, diatoms are the most commonly used indicators of the conditions of water. The 
current knowledge of diatom ecology and their importance as bio-indicators in Indian lake 
ecosystems is meagre, although a few studies on river ecosystems have been done. Diatoms 
now constitute one of the most powerful indicators of water quality and the environmental 
effects of water chemistry parameters. Diatoms have been successfully used as water quality 
indicators of river water (Eloranta and Soinien, 2002; Kelly, 2006; Taylor et al., 2007). The 
selection of the diatom indices were based on their widespread use in different countries. The 
qualitative and quantitative studies on phytoplankton have been utilized to assess the quality 
of water (Shekhar et al., 2008; Bee et al., 2015). Phytoplankton especially diatoms respond 
rapidly to the changingphysicochemical conditions of the aquatic environment coupled with 
the varying nutrient content (Chellappa et al., 2008; Prakash. 2011). The algal diversity and 
occurrence of specific taxa in a water body is also dependent on the change in physico-
chemical parameters like pH, Conductivity, DO, Salinity, TP and Alkalinity (Hall and Smol, 
1992). Further, it is also observed that the algal flora of high altitude regions have not been 
studied thoroughly from Indian region, and hence the present research work has been taken 
up from the Ooty Lake.  

Study area: The Ooty Lake is located in the town of Ooty in the Nilgiris district, Tamil Nadu 
and situated at an altitude of 7280 feet above MSL. The Ooty Lake lies between 11o 24' 17" 
to 11o 24' 39" N and 76o 41' 02" to 76o 42' 32" E (Fig. 1). The lake has length of 2.5 km and 
140 m width with the surface area of 3.885 km2. 

MATERIAL AND METHODS 

The Ooty Lake is very famous tourist destination in Tamil Nadu, south India. The lake 
has been used to provide recreational activity to the tourist. So, it’s very important to study the 
impact of these anthropogenic activities on this lake. A fieldwork was carried out during pre 
and post-monsoon periods in the months of June 2011 and January, 2012, respectively and 
twenty surface (grab) sediment and water samples were collected from the Ooty Lake, Nilgiris 
district, Tamil Nadu. 20 surface sediment and water samples were collected from during the 
Pre monsoon and post monsoon seasons to study the physicochemical parameters and 
anthropogenic influences on the diatoms of the Ooty Lake, (Fig. 1). The locations of samples 
were recorded using Global Positioning System (GPS) (Magellan Explorist 500).        

Twenty water samples were collected from the Ooty Lake during the field work, ranging 
in water depth from 4 - 26 ft. At the time of collection, the temperature of the surface water 
was recorded from the built-in-thermometer. The Dissolved Oxygen (DO) and pH of the bottom 
water were measured by the standard methods. The measured depth of the Ooty Lake ranges 
from 7-25 ft with the lower depth of 7 ft at the station 7 and the higher of 25 ft at the station13 
at the central portion.  

The surface sediments were collected using the Van Veen Grab Sampler for diatoms 
and sedimentological study. All the sediment samples were analysed for the organic matter, 
CaCO3, sand, silt and clay content, while water samples for pH, temperature and dissolved 
oxygen. The first 10 sediment samples (marked in the study area map) were analyzed for the 
diatoms study. The diatom slides were prepared by adopting the standard procedure 
(Battarbee, 1986). For the diatom analysis, 2 gm sample from each sample were taken. These 
sediments were treated with 10% HCl to remove calcium carbonate and washed several times 
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with distilled water. Afterward, the sample was boiled in 30% (15 min) H2O2 in order to digest 
the organic matter, the samples were washed several times with distilled water. Finally, the 
samples were ready to make permanent microscope slide (Battarbee, 1986). The percentage 
of the diatom has been calculated by given formula. 

 

Fig. 1: Sampling Locations in the Ooty Lake. 

Daitom% = Diatom present in each sample/Total diatoms in all samples*100 

Various taxonomic guides were used for the identification of diatoms (Gandhi, 1998; 
Archibald, 1983; Gasse, 1986; Round et al., 1990; Priygiel and Coste, 2000; Taylor et al., 
2007; Karthick et al., 2009; 2013; John, 2012).  
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RESULTS 

The surface sediments in the Ooty Lake during pre-monsoon are sandysilt in nature.  
Sand varies from 16.22 to 17.81% whereas, silt and clay ranges from 54.23 to 67.3% and 
15.56 to 28.56%, respectively. The surface sediments of the lake are mostly dominated by 
sandy and clayey silt which is distinctly seen in the trilinear diagram (Fig. 2a, b). On an 
average, low clay content (15.56%), high silt (67.3%) and low sand (16.22%) was observed.  

 

 

 

 

 

 

 

 

 
Fig. 2a: Trilinear plot: Ooty lake sediment nomenclature for during pre-monsoon season 

(after Trefethen, 1950) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2b: Trilinear plot: Ooty lake sediment nomenclature for during post-monsoon season 
(after Trefethen, 1950). 
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Fig. 3: Spatial Distribution of Organic Matter (in %) in the Ooty Lake during pre-
monsoon/post-monsoon. 

 

 

 

 

 

 

Fig. 4: Spatial Distribution of CaCO3 (in %) in the Ooty Lake during pre- monsoon/post-

monsoon. 

 

 

 

 

 

Fig. 5: Spatial Distribution of pH in the Ooty Lake during pre- monsoon/post-monsoon. 

  

 

 

 

 

 

Fig.6: Spatial Distribution of DO (mg/l) in the Ooty Lake during pre- monsoon/post- 

monsoon. 
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Fig. 7: Spatial Distribution of EC (µS/cm) in the Ooty Lake during pre-monsoon. 
 
 
 

 

 

 

 

 

Fig.8:  Spatial Distribution of TDS (mg/l) in the Ooty Lake during pre- monsoon/post- 
monsoon. 

 

 

 

 

 

 

Fig. 9: Spatial Distribution of Temperature (oC) in the Ooty Lake during pre- monsoon/post-  

monsoon. 

The spatial distribution of the Organic Matter (OM) concentration of the lake varies 
from 4.23 to 4.94% (Fig. 3). The calcium carbonate (CaCO3) content in the surface sediments 
of the study area is generally low and ranges from 3.16 to 4.6%, with an average of 3.64% 
(Fig. 4).  

The spatial distribution of the pH values in the lake ranges between 7.7 and 8.3 (Fig. 
5). The spatial distribution of dissolved oxygen (DO) in the lake was generally low with a range 
of 4.01 mg/l to 5.68 mg/l (Fig. 6). The EC ranges from the lowest of 228.62 µS/cm to the 
highest value of 283.17 µS/cm (Fig.7). The spatial distribution of the TDS ranges from 168.37 
mg/l and 213 mg/l (Fig. 8). The temperature of the Ooty Lake water spatially varied from 17°C 
- 21°C (Fig. 9). 



Distribution of sedimentary diatoms of Ooty lake, Nilgiris District, Tamil Nadu, India: Implication on water quality 

assessment using the Principal Component Analysis (PCA): Hussain et al. 

 

113 
 

 

Plate-I:  a. Cyclotella meneghiniana; b. Cyclotella meneghiniana; c. Mastogloia braunii;  d. 

Achnanthidium sp.; e. Eunotia pectinalis (girdle view); f. Diploneis ovalis; g. 

Gomphonema  gracile;  h. Triblionella levidensis; i. Hantzschia amphioxys;  j.  

Aulacoseira granulata; k. Pinnularia borealis; l. Nitzschia sp.; m. Pinnularia 

subcapitata; n. Pinnularia gibba; o. Gyrosigma sp.; p. Ulneria ulna 
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Fig. 10: Percentage abundance of diatoms in grab samples of the Ooty Lake. 

In the present study, a total of 23 species distributed among 13 genera are recovered 
from the surface (grab) sediments of the Ooty Lake. Among these, the most abundant species 
(Plate-1, Fig. a-p) from the surface sediments of the Ooty Lake are Ulneria ulna, Cyclotella 
meneghiniana, Hantzschia amphioxys, Gomphonema affine, Aulacoseira granulata, Tabularia 
tabulata and Gomphonema gracile (Fig.10).   

DISCUSSION 

A PCA of the physicochemical parameters of water is used to identify their impact on 
the ecology of Ooty Lake. The PCA loadings discussed here are mainly consisting of 
coefficient of each variable for the first component versus the coefficients for the second 
component. The loadings of the PCA show variables such as DO, pH, EC and temperature 
have strongly influenced the water quality of the Ooty Lake during the Pre-monsoon season 
(Table-1a). Similarly, variables like EC, TDS and temperature have mainly affected the water 
quality of the Ooty Lake during the Post monsoon season (Table-1b). The PCA analysis has 
also revealed that Organic Matter (OM), Sand and Silt content have strong influence on the 
bottom water quality of the Ooty Lake during Pre monsoon season (Table-1c) and OM, Sand, 
Silt and Clay have major role in deciding the bottom water quality of the Ooty Lake during the 
Post monsoon season (Table-1d).  

 The loadings of the PCA of the Ooty Lake water during pre-monsoon season shows 
the moderate influence of pH, DO and EC on water quality while Temperature has strongly 
influenced the water quality (Table-1a). The loadings of the PCA of the Ooty Lake water during 
post-monsoon season points the moderate influence of EC and Temperature whereas TDS 
has strongly influenced the water quality (Table-1b).  

The loadings of the PCA for the particle size, carbonates and organic matter (OM) 
content of the Ooty Lake during pre-monsoon season shows the moderate influence of OM 
and Sand content on the lake water bottom while Silt concentrations has strongly influenced 
the quality of the lake water bottom (Table-1c). The loadings of the PCA for the particle size, 
carbonates and organic matter (OM) content of the Ooty Lake during pre-monsoon season 
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indicates the moderate influence of OM, Sand and Clay content on the quality of the lake water 
bottom while Silt has strongly influenced the quality of lake bottom (Table-1d). 

The largest Eigen Values of the physicochemical parameters, sediment content and 
sizes of the Ooty Lake are studied to understand the variances of the principal components.  
The hydrochemical analysis of the Ooty Lake water of the pre-monsoon season has the 
highest eigen values with the variance of 78% and 13%, respectively for the component 1 and 
2 (Table-2a). The hydrochemical analysis of the Ooty Lake water of the post-monsoon season 
has the highest eigen values with the variance of 43% and 30%, respectively for the 
component 1 and 2 (Table-2b). 

 

 
 

Fig. 11a: The Principal Component analysis of the hydrochemical parameter from the Ooty 
lake water sample collected during Pre-monsoon season. 

 

 
 

Fig. 11b: The Principal Component Analysis (PCA) of the hydrochemical parameters (Post-
monsoon season) of the Ooty Lake. 
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Fig. 12a: The Principal Component Analysis (PCA) of the particle sizes, carbonates and 

organic matter of the Ooty Lake sediment samples (Pre-monsoon season). 
 

 
Fig. 12b: The Principal Component Analysis (PCA) of the particle sizes, carbonates 

and organic matter of the Ooty Lake sediment samples (Post-monsoon season). 
 
 

 
Fig.13: The Principal Component Analysis (PCA) of the environmental variables, particle 

sizes, carbonates, organic matter and diatom types of the Ooty Lake. 
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The grain sizes, carbonate and organic matter content of the Ooty Lake of the pre-
monsoon season has the maximum eigen values with the variance of 72% and 19%, 
respectively for the component 1 and 2 (Table-2c). The grain sizes, carbonate and organic 
matter content of the Ooty Lake of the post-monsoon season has the maximum eigen values 
with the variance of 74% and 21%, respectively for the component 1 and 2 (Table-2d). 

The lake depth, water temperature, pH and DO have contributed equally to define the 
first and second axes during both the seasons (i.e. pre and post monsoon). EC and TDS in 
both the seasons are the two important parameters that have affected the water quality of the 
lake. During the pre-monsoon season the samples 4, 9, 11, 14, 18, 19 and 20 i.e. only seven 
samples exhibit high positive correlation with EC, TDS, Depth and DO, whereas all other 
samples shows high negative correlation with these parameters. Similarly, during the post 
monsoon season, the samples 5, 8, 9, 11, 13, 14, 16, 17, 18 and 19 exhibits positive 
correlation with EC, TDS, depth and pH. On the basis of the Principal component analysis 
(PCA) the entire sampling sites from the lake can be classified into two groups as highly 
polluted (to the right side; Fig. 11a-b) and least polluted (to the left side; Fig.11a-b). The 
sampling sites which were grouped to the right side along the component 1 are characterized 
by the higher concentrations of EC and TDS. While the parameters like Depth, DO, 
Temperature and pH of water have least effect on controlling the quality of lake water. Thus, 
EC and TDS indicate that on an average the lake water is polluted. 

During both the seasons, the variations in the variables are noted along the second 
axis and can be explained by sand concentration (Fig.12a-b). During the pre-monsoon season 
all the sample locations excluding 11, 12 and 13 were grouped to the left side along the 
component 1 and are characterized by the higher concentration of silt size particles with the 
higher values of CaCO3. Thus, there exist a strong positive correlation among clay and organic 
matter (Fig.12a). During the post monsoon season the samples 3, 4, 5, 6, 7, 8, 9, 10, 11, and 
12 were grouped to the right side along the component 1 and rest all other samples are 
grouped along left side of the component 1. The samples grouped to the right of the 
component 1 shows high positive correlation among Clays, organic matter and CaCO3, 
whereas, the samples grouped along left side of the component 1 shows negative correlation 
with Silt and high negative correlation with sand (Fig. 12b). Overall, it can be summarized that 
during the pre-monsoon season the lake sediments were dominated by sand and silt sized 
particle with high concentration of CaCO3, while during the post monsoon season the lake 
sediments become rich in clay with increased concentration of organic matter and CaCO3. 

 The important sedimentary diatoms species such as Ulneria ulna (23.4%), Cyclotella 
meneghiniana (18.7%), Hantzschia amphioxys (11.76%), Gomphonema affine (10.6%), 
Tabularia tabulate (9.8%), Aulacoseira granulata (8.3%) and Gomphonema gracile (7.9%) 
have mainly indicated the water quality conditions of the Ooty Lake.These species indicate 
eutrophication of lake (Hall and Smol, 1992). The most dominating form Ulneria ulna points 
existence of eutrophic waters.The ratio of centric to pennate diatoms with profuse dcentrics 
indicate eutrophic environment. The sedimentary diatoms of the Ooty Lake show prevalence 
of Centric diatom (Planktonic ~27%) species indicating eutrophication of the lake.Similarly, the 
abundance of Cyclotella meneghiniana points high conductivity of the lake water. The overall 
diversity of the lake diatoms corroborates eutrophic status of the Ooty Lake. 

A PCA analyses for the most significant variables from the studied parameters were 
drawn to explain the variance in diatoms distribution (Planktic vs benthic). The maximum 
variation in the data set was given on axis two, representing 98% of the explained variance, 
whereas axis one explained 1.6%. A PCA bi-plot of the most significant variables indicated a 
high level of correlation between benthic diatoms, Depth, Clay, Silt, CaCO3, DO, pH on axis 
2. The axis one was strongly correlated with Planktic diatom, Temperature, Sand, EC, TDS, 
Organic matter which can be linked closely with nutrient load and lake productivity (Fig. 13). 
The figure clearly explains that with increase in depth, there is increase in clay and silt 
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concentration with simultaneous increase in benthic forms. The increase in sand concentration 
corresponds to rise in EC and TDS with simultaneous increase in planktonic forms. Thus, the 
lake morphometry along with the particle size, EC and TDS has a key role in the growth of 
planktic and benthic diatoms.  

CONCLUSION 

The anthropogenic activity has drastically increased in and around the Ooty Lake and 
strongly influenced the water quality such as pH, colour, taste and odour. The pesticides and 
fertilizers used by agriculturists and domestic wastes in this area are polluting the lake. The 
present study shows that variation in the abundance of diatomsis influenced by the impact of 
environmental factors. Thus, the abundant diatom species recovered from surface sediments 
suggest eutrophication of the Ooty Lake. Presence of high concentrations of Cyclotella 
meneghianiana and Aulacoseira granulata is supported by the high conductivity of the lake 
water. The ratio between centric to pennate diatoms with abundant centrics also point 
eutrophic environment. The overall diversity of the lake diatoms also corroborates eutrophic 
status of the Ooty Lake. On the basis of the Principal Component Analysis (PCA), all the 
sampling sites from the lake can be classified into highly polluted and least polluted groups. 
The PCA analysis also suggests that on an average the lake water is polluted with the higher 
values of EC and TDS. 
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Table-1a: The loadings of the Principal Component analysis of the hydrochemical parameter 
from the ooty lake water sample collected during Pre-monsoon season 

 

Loadings PC 1 PC 2 

Depth -0.21845 0.35234 

pH 0.27013 0.50315 

DO 0.58413 -0.49939 

Temp 0.7251 0.39115 

EC -0.11008 0.44069 

TDS -0.01454 0.16155 

 
 
Table-1b: The loadings of the Principal Component analysis of the hydrochemical parameter 

from the ooty lake water sample collected during Post monsoon season 
 

Loadings PC 1 PC 2 

Depth -0.00825 0.34881 

pH 0.10376 -0.06787 

DO -0.28549 0.29976 

EC -0.28582 0.55187 

TDS 0.87079 0.44842 

Temp -0.26018 0.52748 

 
 

Table-1c: The loadings of the Principal Component Analysis (PCA) of the particle sizes, 
carbonates and organic matter of the Ooty Lake sediment samples  

(Pre-monsoon season) 
 

Loadings PC 1 PC 2 

CaCO3 -0.08902 0.2819 

OM 0.10676 0.51458 

SAND 0.38585 0.69618 

SILT 0.90753 -0.35073 

CLAY 0.09046 0.21924 

 
Table-1d: The loadings of the Principal Component Analysis (PCA) of the particle sizes, 

carbonates and organic matter of the Ooty Lake sediment samples  
(Post-monsoon season) 

 

Loadings PC 1 PC 2 

CaCO3 0.085628 0.00304 

OM -0.13824 0.52434 

SAND 0.51289 0.51582 

SILT 0.83574 -0.30927 

CLAY 0.10972 0.60278 
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Table-2a: The Eigen value and %variance of the Principal Component analysis of the 

hydrochemical parameter from the ooty lake water sample collected during  
Pre-monsoon season 

 

PC Eigenvalue % variance 

1 0.659238 78.254 

2 0.105465 12.519 

3 0.064425 7.6475 

4 0.012436 1.4762 

5 0.000867 0.10296 

 
Table-2b: The Eigen value and %variance of the Principal Component analysis of the 

hydrochemical parameter from the ooty lake water sample collected during  
Post-monsoon season 

 

PC Eigenvalue % variance 

1 0.171014 42.946 

2 0.118875 29.852 

3 0.065588 16.471 

4 0.038416 9.6471 

5 0.004319 1.0845 

 
Table-2c: The Eigen values and % variance of the Principal Component Analysis (PCA) of 

the particle sizes, carbonates and organic matter of the Ooty Lake sediment samples  
(Pre- monsoon season) 

 

PC Eigenvalue % variance 

1 0.607143 71.69 

2 0.164788 19.458 

3 0.070676 8.3452 

4 0.004298 0.50755 

 
Table-2d: The Eigen values and % variance of the Principal Component Analysis (PCA) of 

the particle sizes, carbonates and organic matter of the Ooty Lake sediment samples 
(Post-monsoon season) 

 

PC Eigenvalue % variance 

1 0.556523 74.364 

2 0.15446 20.639 

3 0.034333 4.5876 

4 0.00306 0.4089 
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