
© 2022 JETIR February 2022, Volume 9, Issue 2                                                        www.jetir.org (ISSN-2349-5162) 

JETIR2202385 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d654 
 

Phytoplankton Diversity of Some Lentic and Lotic 

Water Streams of Dehradun District 

 
Corresponding Author: Ritu Bisht 

Address: Department of Botany, Pt. Badridutt Pandey, Govt. P.G. College, Bageshwar-263642 

E-mail: ritubisht864@gmail.com 

Tel: +919149191603 

 

First Co-author: Ritu Bisht 

Address: Department of Botany, Pt. Badridutt Pandey, Govt. P.G. College, Bageshwar-263642 

E-mail: ritubisht864@gmail.com 

Tel: +919149191603 

 

Second Co-author: Saurabh Guleri 

Address: Shri Guru Ram Rai University, Dehradun, Uttarakhand-248001 (India). 

E-mail: gulerisaurabh26@gmail.com 

Tel: +917906377784 

 

                                                         Third Co-author : Dr. Sanjay Kumar 

Address: Department of Botany, Pt. Badridutt Pandey, Govt P. G. College, Bageshwar-263642. 

E-mail: sanjay14_kumar@aol.com 

Tel: +919456725259 

ORCID ID: 0000-0002-4898-3814 

 

Abstract: Plankton is part of aquatic life, which is composed of tiny organisms living and drifting in the 

direction of the water current. It acts as the main source of food for most fauna, both in lotic and lentic water 

ecosystems. Algae occur in waters of low salinity (as low as 10ppm) called freshwater. Fresh-water algae, also 

called phytoplankton, vary in shape and color, and are found in a large range of habitats. Scientific research 

indicates that in recent years, the frequency and geographic distribution of Harmful Algal Blooms (HABs) 

have been increasing nationally and globally and can be detrimental to human health, animals, aquatic 

ecosystems, and local economies. Therefore, the present study is carried out to investigate the composition 

and diversity of Phytoplankton to study the species richness, diversity indices, distribution, and diversity of 
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freshwater algae in some selected lentic and lotic water spots of the Dehradun district. Data were collected 

from selected streams viz. Shastradhara, Shikhar falls, Lachhiwala and Rober’s Cave, and a total of 29 genera 

belonging to different classes were investigated, out of which maximum diversity as recorded in the class 

Bacillariophyceae (13), followed by Chlorophyceae (8), Cyanophyceae (4), Euglenophyceae (1), 

Zygnematophyceae (1), Xathophyceae (1), Ulvophyceae (1). The results of the present study indicated that the 

water streams, waterfalls, and pools are threatened ecologically due to various anthropogenic activities. 

Increasing population, human disturbance during summer months leads to urbanization and anthropogenic 

inputs in the study sites twinning to eutrophication. 

Keywords: Phytoplankton Diversity, Eutrophication, Himalaya, Species richness. 

Introduction  

        Phytoplanktons are free-floating microscopic plants in water and they are the primary producers 

providing food to aquatic organisms. However, water quality affects the species production and assemblage in 

terms of diversity, composition, and abundance (Rayori et al., 2021). Phytoplanktonic eukaryotes are 

phylogenetically highly diverse, as they have many representatives in most super-groups of the eukaryotic tree 

of life (Not et al., 2012; Burki et al., 2020). 

         Biodiversity of phytoplankton is important for ecosystem stability and marine biogeochemistry. 

However, the large-scale patterns of diversity are not well understood and are often poorly characterized in 

terms of statistical relationships with factors such as latitude, temperature, and productivity (Dutkiewicz et al., 

2020). The phytoplankton community was characterized by high beta diversity values, which suggested that 

microalgae were able to disperse and select suitable environmental conditions. High beta diversity values were 

driven by species difference rather than species replacement due to the disappearance of the most sensitive 

taxa from highly polluted sites (Gomaa et al., 2021). 

The phytoplanktonic study is a very useful tool for the assessment of water quality and productivity of 

any type of water body and also contributes to an understanding of lentic water bodies (Pawar et al., 2006). 

Phytoplankton includes several thousands of microalgae belonging to Chlorophyta (green algae), Cyanophyta 

(blue-green algae), Bacillariophyta (diatoms), Euglenophyta (pigmented flagellate or phytoflagellated), etc. 

They respond quickly to environmental changes and are used to assess the ecological status of the water body. 

The dominance of green algae and diatoms presence in relatively clean and oligotrophic water bodies, 

whereas blue-green algae bloom formation indicates that the water body is polluted or eutrophic (Lettia et al., 

2008). As a result of ecological disturbances in the catchment area of the lotic and lentic environment of Doon 

Valley of Garhwal Himalaya, profound Physico-chemical and biological changes have occurred during the 

last two decades. The freshwater environments are particularly sensitive to anthropogenically induced loss of 

biodiversity, both because of high levels of endemism and because of the massive global demand for water 

and water services.  

The present study focused on the diversity of phytoplankton is the most sensitive floating community 

which is being the first target of water pollution as well as it produces certain harmful toxins and release in 
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water and affects human health. Several qualitative and quantitative observations and reports are available on 

both lotic and lentic aquatic ecosystems, especially in the Garhwal region of Himalaya. Therefore, the present 

study is carried out to investigate the composition and diversity of Phytoplankton to study the species 

richness, diversity indices, distribution, and diversity of freshwater algae in some selected lentic and lotic 

environments of the Dehradun district. 

Materials and methods 

a) Study area 

Located in the north of India in the Himalayan region, Uttarakhand state has a geographical area of 53, 

483km2 which lies between 77˚34΄ to 81˚2΄E longitude and 28˚53΄N to 31˚27΄N latitude. The state comprises 

the high Himalayan region (3000 to 8000m asl), Sub Himalayan region (1000m to 3000m), Shiwalik range, 

and Valley Region including Dehradun. The present study was carried out in some selected lentic and lotic 

water streams of Dehradun district (77˚45΄ to 78˚15΄E and 30˚00΄N to 30˚35΄N) of Uttarakhand which lies 

between the west Himalayan Mountain ranges in North and the Shiwalik range running parallel to it in the 

south at a mean altitude of 485m (Fig. 1). The study was carried out from January 2019 to April 2019. Data 

were collected from selected streams viz. Shastradhara, Shikhar falls, Lachhiwala, and Rober’s Cave. 

b) Collection of phytoplankton samples 

The samples for phytoplankton and water were collected in a sterile plastic container from water 

bodies by filtering the water through plankton net and preserved in the 5% formalin and the physicochemical 

parameter for water sample taken 1-liter sterile containers and brought to the laboratory and analyzed with 

standard books APHA (1998). 

c) Identification of phytoplankton diversity 

 The microscopic observations were carried out at 100x, 400x, and 1000x magnification using a 

compound light microscope. The colonies were carefully counted and individual colonies were identified. 

Identification was confirmed by consulting various monographs, books, and papers available on algal 

systematics viz., Bellinger and Sigee (2010), Huynh and Serediak (2006), Vuuren V.J et al. (2006), Malik and 

Bharti (2012), Negi et al. (2013), Ott and Oldham (2003) and Iyengar (1932). Voucher specimens were 

deposited in the herbarium of the Department of Botany, School of Basic and Applied Sciences, SGRR 

University, Dehradun. The microphotography of different genera identified during the investigation was 

carried out using Magnus MIPS-USB (Olympus), DSCW320 (Sony). 

d) Periodicity of Occurrence, Species richness, Similarity and Dissimilarity Index 

The periodicity of occurrence denotes the number of samplings in which algae is present against the 

total number of samplings. The periodicity of occurrence of algae was arbitrarily classified as: 

Common—recorded in 5-7 samplings 

Frequent—recorded in 4-5 samplings 

Moderate—recorded in 2-3 samplings 
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Rare—recorded in 1-2 samplings 

Species diversity is a statistical abstraction with two components viz., species richness and evenness. 

The total number of species on sites/locations was considered as species richness. A similarity index of 

populations/communities was used to compare the sites. In the present approach, the index (s) was calculated 

using species richness following Sorenson (1948). 

e) Diversity and other parameters 

Shannon-Wiener Index, Simpson Index, Total dominance, and Evenness were analyzed using a 

computer software program (Biotoolkit320). 

Results  

Phytoplankton Diversity 

 The main danger to our environment is the population which is increasing at a higher pace, and the 

harmful gases coming from the industries. Pollution of water bodies has become a universal concern. 

Physiochemical properties are governed by rain, evaporation, adjoining neurotic water, and intensities of 

pollution.  

 In the present investigation a total of 29 genera belonging to Cyanophyceae, Bacillariophyceae, 

Chlorophyceae, Xanthophyceae, Euglenophyceae, Zygnematophyceae, Ulvophyceae were represented in 

Table 1. Out of which maximum diversity as recorded in the class Bacillariophyceae (13), followed by 

Chlorophyceae (8), Cyanophyceae (4), Euglenophyceae (1), Zygnematophyceae (1), Xathophyceae (1), 

Ulvophyceae (1). At Shikhar Falls (site 1) a total of 15 genera of phytoplankton were encountered of which 6 

belong to class- Bacillariophyceae, 4 belong to class – Chlorophyceae, 2 belongs to class- Cyanophyceae, 3 

belongs to Zygnematophyceae, Ulvophyceae, Euglenophyceae respectively (Fig 2). Out of which 40% 

members of the class- Bacillariophyceae, 26.6% of the class- Chlorophyceae,  13.3% of the class- 

Cyanophyceae,  and 6.6% of the class – Zygnematophyceae, Ulvophyceae, Euglenophyceae, were 

encountered.  

 At Sahastradhara (site 2) a total of 15 genera of phytoplankton were encountered of which 7 belong to 

class- Bacillariophyceae, 3 belong to class-Chlorophyceae, 3 belongs to class- Cyanophyceae, 2 belongs to 

class- Zygnematophyceae and Ulvophyceae respectively. Out of which 46.6% members belong to class- 

Bacillariophyceae, 20% each of class- Chlorophyceae, Cyanophyceae, 13.3% each of class- 

Zygnematophyceae, Ulvophyceae, were encountered. 

 At Lacchhiwala (site3) a total of 14 genera of phytoplankton were encountered of which 7 belong to 

class-Bacillariophyceae, 3 each belong to class- Chlorophyceae and Cyanophyceae, 1 belong to class –

Xanthophyceae (Fig 2). Out of which 50% members belong to class- Bacillariophyceae, 21.4% each of class- 

Chlorophyceae and Cyanophyceae, 7.1% of the class- Xanthophyceae, were encountered.  

 At Rober’s cave (site4) a total of 16 genera of phytoplankton were encountered of which 7 belong to 

class –Bacillariophyceae, 6 belong to class – Chlorophyceae, 3 belongs to class- Cyanophyceae, 
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Xanthophyceae, Euglenophyceae (Fig 2). Out of which 43.7% members of the class- Bacillariophyceae, 

37.5% of the class- Chlorophyceae, 18.7% each of class- Cyanophyceae, Xanthophyceae, Euglenophyceae, 

were encountered. Cymbella, Navicula, Oedogonium, and Lyngbya showed maximum contribution (13.7%) 

followed by Chlorella and Hydrodictyon showed their presence by 10.34%. Achnantidium, Cocconeis, 

Calonies, Diatoma, Fragillaria, Melosira, Pinnularia, Synedra, Ulothrix, Aphanizomenon, Scytonema, 

Chlorothecium, Mougeotia, Caulerpa, Euglena each contributed (6.89%) equally. Amphora, Gomphonema, 

Nitzschia, Chlamydomonas, Actinastrum, Fritschiella, Pleurotaenium, Anabaena were the least (3.44%) 

important species (Table 1). 

Periodicity of occurrence 

Of a total of 29 genera, 4 genera viz., Cymbella, Navicula, Oedogonium, Lyngbya were common and 

occur in all the four sites.  2 genera viz., Chlorella, Hydrodictyon, was recorded to be frequent. 15 genera viz., 

Acnanthidium, Cocconies, Calonies, Diatoma, Fragillaria, Melosira, Pinnularia, Synedra, Ulothrix, 

Aphanizomenon, Scytonema, Chlorothecium, Mougeotia, Caulerpa, Euglena,  were found to be moderate and 

8 Genera viz., Amphora, Gomphonema,  Nitzschia, Actinastrum, Chlamydomonas, Fritschiella, 

Pleurotaenium, Anabaena, were recorded to be rare in occurrence.  

Similarity and Dissimilarity index 

The highest similarity index was found in between SF and SD (60%) whereas the lowest similarity 

was found in between LW and RC (46.6%). Similarly, the highest dissimilarity index was observed between 

LW and RC (54%) while the lowest dissimilarity index was observed between SD and SF (40%) respectively. 

Diversity and Other Parameters 

A remarkable difference in species richness was not observed during the study period on different lotic 

and lentic water streams of the Dehradun district, but the composition varied greatly from site to site. The 

highest species richness was found in RC (16) followed by SF and SD having the same composition (15) 

whereas the lowest species richness was found in LW (14) in comparison to other sites. The Shannon-Wiener 

diversity index was highest (2.525) in RC followed by LW (2.548), and SD (2.518) while, the lowest diversity 

index was found in SF (2.409) as the total abundance and richness was lowest in comparison to RC. The 

species evenness was highest in LW followed by SD. The value of the Simpson index is close to 1 which 

indicates the probability of different species is very low (Table 2). 

Conclusion 

In the present investigation, a total of 29 genera were reported from the different lotic and lentic water 

stream environments of Dehradun where Bacillariophyceae were dominant. The present investigation is in 

agreement with the previous findings of Negi et al. (2007) who reported a total of 38 genera of phytoplankton 

from three streams of Nainital where Bacillariophyceae was the dominant group. 

 The results of the present study indicated that the water streams, waterfalls, and pools are threatened 

ecologically due to various anthropogenic activities. Increasing population, human disturbance during summer 
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months leads to urbanization and anthropogenic inputs in the study sites twinning to eutrophication. The 

presence of the maximum number of Chlorophyceae taxa in the Rober’s Cave area is similar to the study 

made by Saify et al. (1986), who reported that eutrophication leads to an increased number of Chlorophyceae 

members. 

 The occurrence of Gomphonema, Navicula, Nitzschia, Synedra, and Fragilaria is an indicator of 

pollution in the river. Chlorophyceae is an important group of freshwater algae whose growth is controlled by 

parameters like transparency, water temperature, dissolved oxygen, pH, and nutrients (Verma et al., 2014). 

The dominance of Bacillariophyceae members in the summer season could be related to slightly acidic pH and 

high temperature which lead to an increase in the density of diatom. Patil et al. (2013) reported the maximum 

density of diatom in summer and the minimum in post-monsoon in Lotus Lake. 

 The occurrence of Cyanophyceae members and members of Euglenophyceae during summer might be 

due to an increase in nutrient content which in turn resulted from the influx of rainwater. In the present 

investigation, there were good supplies of nitrate from February to May and have higher growth of diatoms. 

According to Munawar (1970) regular supply of nitrate encouraged the growth of diatoms. 

  Human activities (e.g., agricultural run-off, inadequate sewage treatment) have led to the 

eutrophication of many water bodies. This has led to the excessive proliferation of algae and cyanobacteria or 

cyanophycean members in fresh water and thus had a considerable impact upon recreational water quality. 

Certain members of Cyanophyceae produce certain toxins which are not accumulated to concentrations likely 

to become hazardous to human health or livestock. Species of Anabaena, Lyngbya, Aphanizomenon, Nostoc, 

produce Microcystins, Anatoxin-a, Saxitoxins causes health impairments viz., skin disorders, allergic reactions 

and sometimes fatal. Many human deaths have been reported through exposure to the cyanophycean toxin 

through renal dialysis by drinking the contaminated water (Carmichael, 1996). 

 Shannon Wiener Diversity index of phytoplankton can be considered as an important index for 

assessing water quality. For Indian River streams the Shannon Wiener diversity index greater than (>4) is 

considered as clean water, ranging from 2-4 is mildly polluted water, and less than 2 (<2) is heavily polluted 

water (Wilham and Dorris, 1968; Shekhar et al., 2008). Since the Shannon Wiener diversity index in the 

present investigation ranged between 2.409 to 2.525 (Table 2). Therefore, all sites fall in the diversity index 

(>2), which means the mildly polluted water and needs to be properly managed. 

 The Simpson index is often used to quantify the biodiversity of the habitats. According to Simpson’s 

index species are not evenly distributed. The Pielou’s evenness index states that species evenness is diversity 

index, a measure of diversity that quantifies how equal the community is equally (Pielou, 1975). In the present 

investigation, the value of the Simpson index is close to 1 which indicates the probability of different species 

is very low. 

 From the present investigation, it is concluded that the study provides an insight into the distribution, 

dominance, diversity, and ecology of phytoplankton in a lentic and lotic water environment. From the results, 

it is evident that the ecological conditions of water streams support a rich diversity of algal flora. The role of 

http://www.jetir.org/


© 2022 JETIR February 2022, Volume 9, Issue 2                                                        www.jetir.org (ISSN-2349-5162) 

JETIR2202385 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org d660 
 

phytoplankton species and their assemblage as bio-indicators reflected the pollution status of the study area. 

Hence both the pollution indicator species and the beneficial species are present in the lentic and lotic 

environment of the study area. 

The study indicated the quite correlation-ship with overall species richness across the sites and may be 

required to best managed by the biodiversity conservation managers for conservation and habitat restoration. 
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Table 1. Phytoplankton diversity in different lentic and lotic environmental sites 

S. No Algal Classes/Genera Sites Percent contribution Periodicity of Occurrence 

1 2 3 4 

 Class - Bacillariophyceae (Fig. 4a and 4b) 

1 Achnantidium - - 2 1 6.89% M 

2 Cocconeis - 10 8 - 6.89% M 

3 Caloneis 8 4 - - 6.89% M 

4 Amphora - - 9 - 3.44% R 

5 Cymbella 26 11 9 4 13.7% C 

6 Diatom - 4 - 5 6.8% M 

7 Fragillaria 5 - - 8 6.8% M 

8 Gomphonema - - - 26 3.44% R 

9 Melosira - 2 - 7 6.89% M 

10 Navicula 5 6 9 8 13.7% C 

11 Nitzschia 9 - - - 3.44% R 

12 Pinnularia 12 - 8 - 6.89% M 

13 Synedra - 4 7 - 6.89% M 

Class- Chlorophyceaea (fig. 7a and 7b) 

14 Chlamydomonas - - 3  3.44% R 

15 Chlorella 5 - 7 3 10.34% F 

16 Actinastrum - - - 17 3.44% R 

17 Oedogonium 28 20 15 17 13.7% C 

18 Hydrodictyon 14 10 - 20 10.34% F 

19 Fritschiella 2 - - - 3.44% R 

20 Ulothrix - 13 - 18 6.89% M 

21 Pleurotaenium - - - 7 3.44% R 

Class-Cyanophyceae (Fig.3) 

22 Lyngbya 3 5 6 8 13.7% C 

23 Anabaena - - 5 - 3.44% R 

24 Aphanizomenon 4 5 - - 6.89% M 

25 Scytonema - 3 6 - 6.89% M 

Class-Xanthophyceae (Fig. 6) 

26 Chlorothecium - - 5 2 6.89% M 

Class- Zygnematophyceae (Fig.5) 
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27 Mougeotia 7 9 - - 6.89% M 

Class- Ulvophyceae 

28 Caulerpa 5 3 - - 6.89% M 

Class- Euglenophyceae 

29 Euglena 3 - - 9 6.89% M 

Site1: Shikhar Fall (SF); Site 2: Sahastradhara (SD); Site 3: Lachchiwala (LW); Site 4: Rober’s Cave (RC) 

 

 

 

 

 

 

 

 

 

 

Table 2. Shannon Weiner index, Species richness, dominance, and evenness 

Parameters SF SD LW RC 

Shannon-Wiener Diversity Index 2.409 2.518 2.548 2.525 

Species Richness (S) 15.0 15.0 14.0 16.0 

Total Abundance 136 109 99 160 

Simpson Diversity Index 

D (Diversity) 0.125 0.095 0.085 0.094 

1-D 0.885 0.906 0.916 0.907 

1/D 8.676 10.543 11.823 10.649 

Evenness 0.889 0.929 0.965 0.910 
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Fig 1. Location Map of the Study area 
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Fig 2. Number of genera representing different classes at different study sites 
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Fig. 3.  a- Anabaena (x100), b- Lynbya (x400), c- Aphanizomenon (x400), d- Scytonema (x100) 
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Fig 4a. a- Acnanthidium (x400), b- Cocconeis (x400), c- Cymbella (x100), d- Diatoma (x100), e- 

Fragillaria (x1000), f- Gomphonema (x400), g- Melosira (x100) 
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Fig 4b. a- Navicula (x400), b- Nitzschia (x400), c- Pinnularia (x1000), d- Synedra (x1000), e- 

Caloneis (x400), f- Amphora (x400) 
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Fig 5. Mougeotia (x400) 
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Fig 6. Chlorothecium (x1000) 
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Fig 7a. a- Chlamydomonas (x100), b- Oedogonium (x400), c- Actinastrum (x400), d-Chlorella (x100) 
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Fig 7b. a-Hydrodictyon (x400), b-Ulothrix (x100), c-Frtschiella (x100), Pleurotaenium (x1000) 
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