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ALGAL DIVERSITY AS A BIOINDICATOR OF WATER QUALITY IN THE ADYAR RIVER ECOSYSTEM





ABSTRACT

	Microalgae serve as reliable bioindicators for assessing the ecological health of aquatic ecosystems. This study investigates the microalgal diversity of the Adyar River in Chennai, Tamil Nadu, during the spring season: a period conducive to algal proliferation. Samples were collected from five distinct sites along the river, yielding a total of 62 algal species spanning five phyla: Bacillariophyta (21 species), Charophyta (3 species), Chlorophyta (17 species), Cyanobacteria (15 species), and Euglenozoa (6 species). Bacillariophyta emerged as the most diverse group, indicating its ecological dominance in the sampled sites. Site-1 exhibited the highest species richness, while Site-5 recorded the lowest diversity. Notably, members of Euglenozoa and various pollution-tolerant microalgal taxa were consistently present across all sampling locations, suggesting anthropogenic influence and varying degrees of water quality degradation throughout the river system.
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1. INTRODUCTION 

Rivers have played a foundational role in the development of human civilisations, serving as lifelines for sustenance, agriculture, and settlement (Macklin & Lewin, 2015). Water is indispensable to life; without it, neither civilisation nor biodiversity could thrive (Adoloye, 2009). Despite this awareness, anthropogenic activities continue to degrade freshwater ecosystems. Globally, many major rivers have turned black due to relentless pollution from industrial effluents, domestic sewage, and other contaminants (Bashir et al., 2020; Inyinbor et al., 2018). India is no exception; despite restoration efforts, illegal discharge and untreated sewage remain persistent threats to riverine health (Vaithyanathan & Solomon, 2016).
The Adyar River is one of the two principal rivers flowing through Chennai city, covering an area of approximately 116.16 sq. km within the urban landscape (Saravanan et al., 2019). Its flow varies seasonally, with peak discharge during the Northeast Monsoon (September–December), moderate flow in the Post-Monsoon period (January–March), and reduced flow during the summer and Southwest Monsoon (May–August) (Gowri et al., 2008; Ramachandran et al., 2019; Willems & Lloyd-Hughes, 2016). Originating near Guduvanchery in Chengalpattu District, the river gains volume from Chembarampakkam Lake and drainage from southwestern Chennai (Ramachandran et al., 2019). However, its water heavily polluted due to domestic sewage and agricultural runoff (Karthik Kumar, 2015), often appearing black from accumulated pollutants (Brindha et al., 2014). Between Ekkattuthangal and Thiru Vivekananda Nagar alone, 58 sewage outlets discharge directly into the river (Shanmugam et al., 2007).
Phytoplankton communities are widely recognised as sensitive indicators of water quality changes (Shobha et al., 2007; Zhang et al., 2021). These microscopic, suspended organisms play a crucial role in maintaining ecological balance and rapidly respond to environmental fluctuations (Souza et al., 2022). Each aquatic system harbours a unique algal community shaped by its biotic and abiotic conditions (Palmer, 1980; Pandey et al., 1994; Prescott, 1939). Phytoplankton are typically classified into five major groups namely Bacillariophyceae, Chlorophyceae, Cyanophyceae, Euglenophyceae (Euglenozoa), and Dinophyceae, with their distribution governed by factors such as nutrient availability, light, temperature, and pollution levels (Merchant, 1995; Yasmin et al., 2005).
These primary producers are found across diverse habitats, from freshwater and marine systems to extreme environments like hot springs, deserts, and polar regions (Field et al., 1998). They exist in various forms includes free-living, epiphytic, endophytic, symbiotic, and endosymbiotic. Given their ecological significance and sensitivity to environmental changes, algal communities are widely used to assess water quality (Dwivedi & Pandey, 2002; Sudhaker et al., 1994; Trivedy, 1986). Therefore, the present study aims to investigate the algal diversity of the Adyar River as a means to evaluate its water quality and ecological status.

2. material and methods

This study was conducted to assess the algal flora of the Adyar River. Five major sampling locations were selected along the river, excluding the river basin and mouth, to focus on urban stretches within Chennai city (Fig. 1). Algal samples were collected between January and March 2021 using random sampling techniques and appropriate collection tools, following the methodology outlined by Umarani et al. 2017. At each site, more than five samples were obtained to maximise species representation.
Fig 1 Showing the River Adyar and the five Sampling sites
.
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Collected samples were preserved using a 4% formaldehyde solution and enriched with glycerol to prevent desiccation. For microscopic analysis, samples were mounted and examined under a HoverLabs Digital Research Microscope equipped with a 5MP digital camera. Microphotographs were captured and analysed using Amscope software (version 3.7.5849).
Species identification was carried out using standard taxonomic monographs and literature, including works by Anand (1998), Desikachary (1959), Philipose (1967), Prescott (1951).


3. results and discussion

The study of algal diversity in the Adyar River during the spring season revealed a total of 62 species across five algal phyla: Bacillariophyta (21 species), Charophyta (3 species), Chlorophyta (17 species), Cyanobacteria (15 species), and Euglenozoa (6 species) (Tables 3–7). Water samples collected from five urban sites showed an average pH of 7.5 (Table 1). All sites recorded more than 20 species, except Site 5, which had only 18. Bacillariophyta emerged as the most dominant group, while Charophyta was the least represented.
Species distribution varied across sites, with Cyclotella meneghiniana Kützing being the only Bacillariophyta species found at all five locations. This aligns with previous findings that Cyclotella is common in estuarine regions, while genera such as Navicula, Nitzschia, and Fragilaria are prevalent in freshwater habitats (Aasif et al., 2017). Charophyta species were absent in Site 5, likely due to eutrophication, as these taxa are sensitive to pollution (Kolada, 2021). The genera Cosmarium, Closterium, and Spirogyra reported here are consistent with earlier studies from both the Adyar estuary and international freshwater systems (Eswari & Ramani Bai, 2002; Anyinkeng et al., 2016).
Euglenozoa, typically associated with organic pollution and low oxygen levels, were present across multiple sites, indicating anthropogenic stress. Their reduced diversity may be attributed to seasonal factors, as Euglenoids tend to decline during the pre-summer period (Durairaju & Sivakami, 2021; Sharma & Mankodi, 2011). Chlorophyta was the second most dominant phylum, with Desmodesmus found at all sites. Site 1 showed the highest Chlorophyta diversity, possibly due to favourable temperature and light conditions (Jolly et al., 2015; Umar et al., 2021).
Cyanobacteria were evenly distributed across all five sites, with Oscillatoria being the most dominant genus. Although Cyanobacteria typically thrive at higher pH levels (Kasthuri et al., 2016), this study observed reduced species diversity in sites with elevated pH, suggesting that other factors such as turbidity or toxic pollutants may be influencing their growth. Domestic sewage contamination likely contributed to the richness of Cyanobacterial populations, consistent with findings from the Kham River in Aurangabad (Satish, 2021). Cyanobacteria & other Microalgae are capable of contributing to nutrient cycling and organic matter decomposition, particularly in eutrophic conditions. Their presence across multiple sites suggests active bioremediation processes within the river system (Suresh et al., 2024). Oscillatoria, Phormidium, and several other cyanobacterial taxa were frequently and abundantly observed across all collection sites, despite their relatively low species diversity. Their widespread occurrence may be attributed to their ecological role in degrading complex organic matter and promoting nutrient cycling in eutrophic conditions (Cui et al., 2025). During bloom and decay phases, cyanobacteria release dissolved organic compounds and mineralised nutrients such as ammonium and phosphate. These byproducts enhance nutrient availability, allowing other algal groups to efficiently absorb and utilise them, thereby boosting overall community productivity (Yin et al., 2025).
The ecological interpretation of these findings suggests a moderately to heavily impacted river system. The coexistence of pollution-tolerant taxa such as Euglena and Oscillatoria with sensitive groups like Charophyta indicates that while degradation is evident, the Adyar River retains ecological resilience. This is further supported by the presence of diverse microalgal communities across all sites, contradicting earlier assessments that described the river as nearly lifeless (Kumar et al., 2019; Mishra et al., 2015).
Beyond their ecological roles, the algal taxa identified in the Adyar River possess notable economic relevance. Diatoms such as Cyclotella and Navicula are increasingly utilised in nanotechnology and biosensing due to their silica-based frustules and high surface area (Yarnold et al., 2019). Cyanobacteria like Oscillatoria and Phormidium contribute to biofertilizer development, enhancing nutrient cycling and reducing chemical input in agriculture (Choudhary et al., 2024). Green algae such as Desmodesmus and Volvox are being explored for biofuel production, offering high lipid yields and efficient biomass conversion (Yarnold et al., 2019). Microalgae and cyanobacteria also play a vital role in sustainable agriculture as biofertilisers, biostimulants, and biopesticides, improving soil fertility, plant growth, and stress tolerance (Ferreira et al., 2023). Species like Anabaena, Nostoc, and Scenedesmus have been shown to fix atmospheric nitrogen, enhance root development, and reduce the need for synthetic fertilisers. These applications underscore the biotechnological promise of riverine algal communities, particularly in urban ecosystems.

Table 1: Temperature and pH of collection sites
	Location
	pH (mean)
	Atmospheric Temperature ℃ (mean)
	Water Temperature ℃ (mean)
	Geo- Coordinates

	Site 1
	7.2
	33.6
	32.3
	13°01'11.6"N 80°11'11.0"E

	Site 2
	7.5
	30
	28.5
	13°01'38.2"N 80°12'28.0"E

	Site 3
	7.5
	34.5
	32.3
	13°01'03.3"N 80°13'28.8"E

	Site 4
	7.7
	32.8
	31.1
	13°00'59.2"N 80°14'04.9"E

	Site 5
	8
	32
	30
	13°01'36.5"N 80°14'32.9"E



Table 2: Site wise distribution of Algal communities in the Adyar River
	
	Algal Species
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5

	1. 
	Nitzschia kurzeana Rabenhorst
	+
	-
	-
	-
	-

	2. 
	Nitzschia palea (Kützing) W.Smith
	-
	-
	+
	-
	-

	3. 
	Nitzschia reversa W.Smith
	-
	-
	-
	-
	+

	4. 
	Planothidium lanceolatum (Brébisson ex Kützing) Lange-Bertalot
	-
	+
	-
	-
	-

	5. 
	Gomphonella olivacea (Hornemann) Rabenhorst
	-
	-
	-
	+
	-

	6. 
	Gomphonema gracile Ehrenberg
	-
	+
	+
	-
	-

	7. 
	Gomphonema parvulum (Kützing) Kützing
	+
	-
	-
	-
	-

	8. 
	[bookmark: _Hlk149759994]Fragilaria capucina Desmazières
	+
	-
	+
	-
	+

	9. 
	Fragilaria rumpens (Kützing) G.W.F.Carlson
	+
	-
	-
	+
	-

	10. 
	Staurosirella pinnata (Ehrenberg) D.M.Williams & Round
	-
	+
	-
	-
	-

	11. 
	Ulnaria ulna (Nitzsch) Compère
	-
	-
	-
	+
	-

	12. 
	Navicula cryptocephala Kützing
	-
	+
	+
	+
	+

	13. 
	Navicula kotschyi Grunow
	-
	-
	+
	+
	-

	14. 
	Navicula radiosa Kützing
	-
	+
	-
	-
	+

	15. 
	Pinnularia grunowii Krammer
	-
	-
	-
	+
	-

	16. 
	Pleurosigma angulatum (J.T.Quekett) W.Smith
	+
	-
	+
	-
	-

	17. 
	Sellaphora seminulum (Grunow) D.G.Mann
	+
	-
	-
	-
	-

	18. 
	Iconella splendida (Ehrenberg) Ruck & Nakov
	-
	+
	-
	-
	+

	19. 
	Cyclotella meneghiniana Kützing
	+
	+
	+
	+
	+

	20. 
	Lindavia glomerata (H.Bachmann) Adesalu & Julius
	-
	-
	+
	+
	-

	21. 
	Lauderia annulata Cleve
	-
	+
	-
	-
	-

	22. 
	Closterium acerosum Ehrenberg ex Ralfs
	-
	-
	+
	-
	-

	23. 
	Cosmarium laeve Rabenhorst
	+
	-
	-
	-
	-

	24. 
	Spirogyra setiformis (Roth) Martens ex Meneghini
	+
	+
	-
	+
	-

	25. 
	Pandorina morum (O.F.Müller) Bory

	+
	-
	-
	+
	-

	26. 
	Volvox aureus Ehrenberg
	-
	-
	+
	-
	-

	27. 
	Oocystis borgei J.W.Snow 1903
	-
	-
	-
	-
	+

	28. 
	Oedogonium microgonium Prescott
	+
	+
	-
	-
	-

	29. 
	Pediastrum angulosum Ehrenberg ex Meneghini
	-
	-
	-
	+
	-

	30. 
	Pediastrum duplex Meyen
	-
	-
	-
	+
	-

	31. 
	Microspora pachyderma (Wille) Lagerheim
	-
	+
	-
	-
	-

	32. 
	Coelastrum microporum Nägeli

	+
	+
	-
	-
	-

	33. 
	Coelastrum sphaericum Nägeli
	-
	-
	-
	+
	-

	34. 
	Desmodesmus abundans (Kirchner) E.H.Hegewald
	+
	-
	+
	-
	-

	35. 
	Desmodesmus protuberans (F.E.Fritsch & M.F.Rich) E.Hegewald
	-
	-
	+
	-
	+

	36. 
	Desmodesmus serratus (Corda) S.S.An, Friedl & E.Hegewald
	-
	+
	-
	+
	+

	37. 
	Monoraphidium griffithii (Berkeley) Komárková-Legnerová
	+
	-
	+
	-
	-

	38. 
	Lacunastrum gracillimum (West & G.S.West) H.McManus
	+
	-
	-
	+
	-

	39. 
	Tetraëdron trigonum (Nägeli) Hansgirg
	-
	+
	-
	+
	+

	40. 
	Pithophora roettleri (Roth) Wittrock
	+
	-
	-
	-
	

	41. 
	Chroococcus tenax (Kirchner) Hieronymus
	+
	-
	-
	-
	+

	42. 
	Cyanobacterium cedrorum (Sauvageau) Komárek, J.Kopecký & Cepák
	-
	-
	+
	-
	-

	43. 
	Aulosira prolifica Bharadwaja
	+
	-
	-
	-
	-

	44. 
	Porphyrosiphon shackletonii (West & G.S.West) Anagnostidis & Komárek
	-
	+
	-
	-
	-

	45. 
	Lyngbya confervoides C.Agardh ex Gomont
	-
	+
	-
	+
	-

	46. 
	Lyngbya majuscula Harvey ex Gomont
	-
	-
	+
	-
	-

	47. 
	Oscillatoria annae Goor
	+
	+
	
	
	+

	48. 
	Oscillatoria curviceps C.Agardh ex Gomont
	-
	-
	+
	+
	+

	49. 
	Oscillatoria obscura Brühl & Biswas
	-
	-
	+
	-
	-

	50. 
	Oscillatoria proboscidea Gomont
	-
	+
	-
	-
	-

	51. 
	Oscillatoria sancta Kützing ex Gomont
	+
	-
	-
	+
	-

	52. 
	Phormidium foreaui (Frémy) Umezaki & Watanabe
	+
	+
	-
	-
	+

	53. 
	Phormidium jadinianum Gomont
	-
	+
	-
	+
	-

	54. 
	Spirulina major Kützing ex Gomont
	+
	+
	+
	+
	+

	55. 
	Merismopedia quadruplicata (Meneghini) Trevisan
	-
	-
	+
	-
	-

	56. 
	Euglena cyst
	+
	-
	-
	-
	-

	57. 
	Euglena deses Ehrenberg
	-
	-
	-
	+
	-

	58. 
	Euglena viridis (O.F.Müller) Ehrenberg
	
	+
	
	
	+

	59. 
	Monomorphina pyrum (Ehrenberg) Mereschkowsky
	-
	-
	+
	-
	-

	60. 
	Lepocinclis spirogyroides B.Marin & Melkonian
	-
	-
	-
	+
	+

	61. 
	Phacus curvicauda Svirenko
	+
	-
	+
	-
	+

	62. 
	Phacus nannos Pochmann
	-
	+
	+
	+
	-



Table 3: Taxonomic position of algal species observed in Adyar River under the Phylum Bacillariophyta
	Phylum
	Class
	Order
	Family
	Species

	Bacillariophyta
	Bacillariophyceae
	Bacillariales
	Bacillariaceae
	Nitzschia kurzeana Rabenhorst

	
	
	
	
	Nitzschia palea (Kützing) W.Smith

	
	
	
	
	Nitzschia reversa W.Smith

	
	
	Cocconeidales
	Achnanthidiaceae
	Planothidium lanceolatum (Brébisson ex Kützing) Lange-Bertalot

	
	
	Cymbellales
	Cymbellales incertae sedis
	Gomphonella olivacea (Hornemann) Rabenhorst

	
	
	
	Gomphonemataceae
	Gomphonema gracile Ehrenberg

	
	
	
	
	Gomphonema parvulum (Kützing) Kützing

	
	
	Fragilariales
	Fragilariaceae
	Fragilaria capucina Desmazières

	
	
	
	
	Fragilaria rumpens (Kützing) G.W.F.Carlson

	
	
	
	Staurosiraceae
	Staurosirella pinnata (Ehrenberg) D.M.Williams & Round

	
	
	Licmophorales
	Ulnariaceae
	Ulnaria ulna (Nitzsch) Compère

	
	
	Naviculales
	Naviculaceae
	Navicula cryptocephala Kützing

	
	
	
	
	Navicula kotschyi Grunow

	
	
	
	
	Navicula radiosa Kützing

	
	
	
	Pinnulariaceae
	Pinnularia grunowii Krammer

	
	
	
	Pleurosigmataceae
	Pleurosigma angulatum (J.T.Quekett) W.Smith

	
	
	
	Sellaphoraceae
	Sellaphora seminulum (Grunow) D.G.Mann

	
	
	Surirellales
	Surirellaceae
	Iconella splendida (Ehrenberg) Ruck & Nakov

	
	Mediophyceae
	Stephanodiscales
	Stephanodiscaceae
	Cyclotella meneghiniana Kützing

	
	
	
	
	Lindavia glomerata (H.Bachmann) Adesalu & Julius

	
	
	Thalassiosirales
	Lauderiaceae
	Lauderia annulata Cleve



Table 4: Taxonomic position of algal species observed in Adyar River under the Phylum Charophyta

	Phylum
	Class
	Order
	Family
	Species

	Charophyta

	Zygnematophyceae
	Desmidiales

	Closteriaceae
	Closterium acerosum Ehrenberg ex Ralfs

	
	
	
	Desmidiaceae
	Cosmarium laeve Rabenhorst

	
	
	Zygnematales
	Zygnemataceae
	Spirogyra setiformis (Roth) Martens ex Meneghini



Table 5: Taxonomic position of algal species observed in Adyar River under the Phylum Chlorophyta

	Phylum
	Class
	Order
	Family
	Species

	Chlorophyta
	Chlorophyceae
	Chlamydomonadales

	Volvocaceae

	Pandorina morum (O.F.Müller) Bory
Volvox aureus Ehrenberg

	
	
	Chlorellales
	Oocystaceae
	Oocystis borgei J.W.Snow 1903

	
	
	Oedogoniales
	Oedogoniaceae
	Oedogonium microgonium Prescott

	
	
	Sphaeropleales
	Hydrodictyaceae
	Pediastrum angulosum Ehrenberg ex Meneghini

	
	
	
	
	Pediastrum duplex Meyen

	
	
	
	Microsporaceae
	Microspora pachyderma (Wille) Lagerheim

	
	
	
	Scenedesmaceae
	Coelastrum microporum Nägeli


	
	
	
	
	Coelastrum sphaericum Nägeli

	
	
	
	
	Desmodesmus abundans (Kirchner) E.H.Hegewald

	
	
	
	
	Desmodesmus protuberans (F.E.Fritsch & M.F.Rich) E.Hegewald

	
	
	
	
	Desmodesmus serratus (Corda) S.S.An, Friedl & E.Hegewald

	
	
	
	Selenastraceae
	Monoraphidium griffithii (Berkeley) Komárková-Legnerová

	
	
	
	Hydrodictyaceae
	Lacunastrum gracillimum (West & G.S.West) H.McManus

	
	
	
	
	Tetraëdron trigonum (Nägeli) Hansgirg

	
	Ulvophyceae
	Cladophorales
	Pithophoraceae
	Pithophora roettleri (Roth) Wittrock



Table 6 Algal species observed in Adyar River under the Phylum Cyanobacteria
	Phylum
	Class
	Order
	Family
	Species

	Cyanobacteria
	Cyanophyceae

	Chroococcales

	Chroococcaceae
	Chroococcus tenax (Kirchner) Hieronymus

	
	
	
	Cyanobacteriaceae
	Cyanobacterium cedrorum (Sauvageau) Komárek, J.Kopecký & Cepák

	
	
	
	
	

	
	
	Nostocales

	Fortieaceae
	Aulosira prolifica Bharadwaja

	
	
	Oscillatoriales

	Microcoleaceae
	Porphyrosiphon shackletonii (West & G.S.West) Anagnostidis & Komárek

	
	
	
	Oscillatoriaceae
	Lyngbya confervoides C.Agardh ex Gomont

	
	
	
	
	Lyngbya majuscula Harvey ex Gomont

	
	
	
	
	Oscillatoria annae Goor

	
	
	
	
	Oscillatoria curviceps C.Agardh ex Gomont

	
	
	
	
	Oscillatoria obscura Brühl & Biswas

	
	
	
	
	Oscillatoria proboscidea Gomont

	
	
	
	
	Oscillatoria sancta Kützing ex Gomont

	
	
	
	
	Phormidium foreaui (Frémy) Umezaki & Watanabe

	
	
	
	
	Phormidium jadinianum Gomont

	
	
	Spirulinales
	Spirulinaceae
	Spirulina major Kützing ex Gomont

	
	
	Synechococcales
	Merismopediaceae
	Merismopedia quadruplicata (Meneghini) Trevisan



Table 7: Taxonomic position of algal species observed in Adyar River under the Phylum Euglenozoa
	Phylum
	Class
	Order
	Family
	Species

	Euglenozoa

	Euglenophyceae

	Euglenida
	Euglenidae
	cyst of Euglena 

	
	
	
	
	Euglena deses Ehrenberg

	
	
	
	
	Euglena viridis (O.F.Müller) Ehrenberg

	
	
	
	
	Monomorphina pyrum (Ehrenberg) Mereschkowsky

	
	
	
	Phacidaesss
	Lepocinclis spirogyroides B.Marin & Melkonian

	
	
	
	
	Phacus curvicauda Svirenko

	
	
	
	
	Phacus nannos Pochmann







Fig 2 Diversity of algal species among the five different sampling sites



Fig 3 Phylum-wise Algal Diversity in different sampling sites
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Plate 1: Selected microalgae images observed at Adyar River
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Cyclotella meneghiniana
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Pleurosigma angulatum
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Nitzschia reversa
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Spirulina major
	[image: E:\AARI RAM PC\2021\2021 ayyanar\BGA\AR 001 b-0082.tif]
Chroococcus tenax
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Merismopedia quadruplicate
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Closterium acerosum
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Cosmarium laeve
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Spirogyra setiformis
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Euglena viridis
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Phacus nannos
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Lepocinclis spirogyroides





4. Conclusion

This study underscores the ecological richness and resilience of the Adyar River, which harbours a diverse algal community comprising 62 species across five phyla. Bacillariophyta emerged as the most dominant group, while the presence of pollution-tolerant genera such as Oscillatoria and Euglena reflects varying degrees of anthropogenic stress across sampling sites. Despite these pressures, the river remains biologically active, challenging earlier assessments that described it as ecologically degraded. The findings highlight the need for sustained ecological monitoring and targeted conservation strategies to manage urban freshwater systems under increasing environmental strain. Future research should prioritise seasonal sampling, detailed physicochemical profiling, and culture development to enhance species resolution, support long-term community-level assessments and for targeted biotechnological utilisation. Beyond ecological insights, the study reveals the Adyar River’s untapped economic and agricultural potential. The presence of microalgal taxa with proven applications in bioenergy, aquaculture, and sustainable farming positions the river as a valuable resource for integrated restoration and circular bioeconomy initiatives. Recognising and harnessing these functional roles can inform more holistic approaches to urban river management.
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