


“Seasonal Dynamics of Algal Communities in the Kopili River, Northeast India, under Environmental and Anthropogenic stressors”
                                                                  ABSTRACT

Aim: This study was aimed to document algal species diversity and evaluate the influence of environmental and anthropogenic factors on algal community structure in the Kopili River addressing the existing lack of baseline ecological and bioindicator data for this river system.Algal samples and water quality parameters were monitored monthly across three ecologically distinct study sites from June 2023 to May 2024.  Parameters such as pH, temperature, conductivity and water current were measured on-site while nutrients and oxygen related parameters were analysed in the laboratory using APHA (2012). Identification and diversity analyses were done following standard procedures.A total of 64 (Sixty four) algal species were recorded, with Bacillariophyceae to be the most prevalent group, followed by Chlorophyceae, Cyanophyceae and Zygnematophyceae.  Shannon diversity showed strong seasonal variation Seasonal variation with lowest values during monsoon due to high turbidity and highest during pre-monsoon and winter conditions. Seasonal hydrology combined with local anthropogenic stressors significantly shaped algal composition and abundance. The results confirm algae as effective bioindicators and provide essential baseline data for long term ecological monitoring and watershed management for preserving the river ecosystem health.
Keywords : Algal Diversity;Bioindicators; Kopili River; Seasonal Variation; Water Quality. 




INTRODUCTION

Freshwater algae are essential to aquatic ecosystems, serving as   primary producers at the base of the food web. Apart from sustaining the diverse food webs, they significantly contribute to primary productivity, oxygen production, and nutrient cycling through photosynthesis.(Koller et al., 2014.,Joshi et al., 2018; Krichen et al., 2019; Sharma et al., 2019). They are also a reliable indicator of ecological health and water quality due to their rapid response ability to environmental changes (Bellinger and Sigee, 2010;Gökçe, 2016; Khalil et al., 2021). Shifts in algal community structure often reflect delicate or cumulative changes in physico-chemical parameters, including temperature, light availability, flow regime, nutrient levels, light availability, flow regime, and human-caused pollution (Dokulil, 2003; Omar, 2010). In tropical monsoon climatic regions with pronounced seasonal variability, the structure, composition and abundance of algal communities differ significantly across the seasons in response to changing river flow, fluctuating concentrations level of pollutants and monsoonal inputs (Branco et al., 2008; França et al., 2011; John and Kumar, 2021; Mamun et al., 2021).
Rivers in North-East India, though teeming with life, are facing escalating threats from anthropogenic  activities. One such prime example is the Kopili River, tributary of the river Brahmaputra.It starts in the lush hills of Meghalaya and winds through diverse landscapes, from the rugged terrain of Dima Hasao to the fertile plains of Nagaon. This natural diversification makes it an ideal location for studying aquatic life. However, from the past two decades, the Kopili River has been under growing pressure from human activities, including activities like unregulated sand mining (Hackney et al., 2020; Koehnken et al., 2020; Rentier and Cammeraat, 2022), direct discharge of untreated domestic wastewater (Bhat and Qayoom, 2021; Xie et al., 2022; Samaraweera et al., 2024;), and the construction of hydropower infrastructure (Baumgartner et al., 2021; Liu et al., 2021). These factors have disrupted the river’s natural flow and chemical balance, posing significant risks to aquatic life and the overall health of the ecosystem (Lekomo et al., 2021; Lwanga et al., 2022; Park, 2024). River ecosystems are equally susceptible to these disturbances according to studies and they can result in reduction in ecosystem system and biodiversity (Alonso et al., 2021; Dudgeon, 2010; Overed-Sayer et al., 2025; Yang et al., 2020; Zúñiga-Sarango et al., 2020). Despite the socio-economic and ecological significance of the Kopili River, there's not much scientific study specifically focused on its biological communities, especially concerning the diversity of algae and the environmental factors influencing them. However due to the lack of baseline data, it is challenging to accurately evaluate the ecological health of the river and identify early indicators of environmental deterioration. Studies on other Indian rivers have shown that bioindicators such as Bacillariophyceae, Cholorophyceae, and Cyanophyceae can be used to accurately measure ecological status, changes in habitat, contamination level (Abdullahi and Inbrahim, 2018; Buragohain and Yasmin, 2018; Kadam et al, 2020; Khalil et al., 2021).Yet, the Kopili river remains largely unexamined in this regard.  To address this gap, the current study aims to represent the first thorough effort to document and analyze algal diversity in the Kopili river across both different locations and time periods. 
      
                                                         MATERIALS AND METHODS 
Study Area
The Kopili river has its source in the Meghalaya plateau and flows through the states of Assam and Meghalaya before merging with the Brahmaputra River. The Basin exhibits a varied topography, characterized by steep hills, dense forests, and fertile agricultural plains. The area is marked by a monsoonal climate, featuring clear wet and dry seasons that greatly affect the hydrological patterns of the river and its water quality. Water is a basic resource that is essential to both aquatic environment health and human population survival. Essential Geographical and environmental characteristics for each sampling site are highlighted to provide a thorough overview of the study area’s geography (Figure 1 and Table 1).
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                                 Figure 1: Map of Kopili River with Sampling Location.


                    

	Table 1:  Geographical and environmental characteristics of the selected three Study sites of River Kopili of Assam, India

	 Site
	Location
	Co-ordinates
	Description
	Anthropogenic influence

	1
	Panimur
	25.7148o N and 92.8234oE
	Hilly, scenic
	Picnic spot

	2
	Kheroni
	25. 8374o N and 92.8859o E
	Urban, Midstream
	Domestic discharge

	3
	Chaparmukh

	
26.2031o N and 92.5118o E

	
Floodplain
	              Sand mining  




 Sample Collection and Analysis :
To thoroughly study the algal communities, water and algal samples were collected each month from June 2023 to May 2024.  On site measurements were made of the water temperature, pH, water current and conductivity. Dissolved oxygen (DO), Biological Oxygen Demand (BOD), phosphate, nitrate, nitrite and magnesium were analysed following the standard protocols (APHA, 2012). Phytoplankton was collected from the water surface using a plankton net (45µm). Periphytic algae were carefully removed from various surfaces like rocks, stones, pebbles, decaying leaves, and sediments using a scalpel and toothbrush. The algal samples were preserved with 4% formaldehyde and transported to the USTM laboratory for further analysis. A trinocular microscope was used to observe and photograph the algal specimens. Identification of algal species was conducted using standard taxonomic guides and monographs (Prescott (1951), Tiffany and Britton (1952), Desikachary (1959), Randhawa (1959), Scott and Prescott (1961), Philipose (1967), Croasdale et al. (1994), Bey and Ector (2013), Karthick et al. (2013), etc and taxonomy was updated based on the Algae Base online database.
Data Analysis: 
Species diversity was calculated using the Shannon–Wiener index. Spearman correlation coefficient was also calculated to determine the relationship between different variables. All statistical analyses were performed using PAST software (Version 4.03).


                                                                         RESULT AND DISCUSSION 
Physico-chemical characteristics of Water: 
The Physico-chemical parameters of the Kopili river exhibited significant seasonal and spatial variation (Figure 2). Water temperature averages, ranging from 23°C to 25oC showed the characteristics of monsoonal river systems. The pH, varying between 5.46 and 7.91 showed moderate condition of mildly acidic to slightly alkaline. The highest pH was observed at Site 3 during the pre-monsoon, while the lowest was recorded at Site 1. Studies showed that spatial and temporal variations in physico-chemical parameters are typical in rivers and can be influenced by local geological, land uses and anthropogenic activities (Rodrigues et al.,2017; Rahman et al., 2021; Kirui et al., 2019; Mishra and Singh., 2020; Aweng et al., 2021). 
Electrical Conductivity peaked during the monsoon season at Site 3, with values ranging from 52. 46 µS/cm to 152µS/cm. This could be attributed to ionic concentrations from the surface run off that frequently happens during heavy monsoonal rainfall carrying dissolved solids into river systems (Ouyang et al., 2006). Meanwhile, Lower conductivity values observed during pre-monsoon at Site 1 and Site 2 indicate dilution effects from reduced run off. Parameters like chloride, nitrate and nitrite also differed significantly across seasons and sites influenced by agriculture run off and wastewater discharge (Liu et al., 2020). Nitrate levels, for instance peaked at Site 2 during the monsoon, likely due to these anthropogenic inputs. Total Hardness, Magnesium, Phosphate also showed temporal and spatial fluctuations, which may have been caused by human activity and by natural hydro-meteorological variables (P.U et al., 2017; Rostami et al., 2019).Dissolved Oxygen ranged from 4.6 mg/L to 8.2 mg/L, with the highest concentration observed at Site 1 during Pre- Monsoon, indicating favourable conditions for aquatic life. The lower Dissolved  Oxygen(DO) concentration recorded at Site 3 during the monsoon could be attributed to the increased decomposition of organic matter, a common phenomenon seen in tropical rivers during monsoon (Hamdhani et al., 2023). Meanwhile the Biological Oxygen demand (BOD) of the Kopili river ranged from 2.0 mg/L to 2.4 mg/L.Though these BOD values indicate some organic pollution, these values  also indicate the self purification capacity within the river. Monsoonal rainfall influences the water current speed seasonally, impacting DO level and consequently aquatic biota (Rostami et al., 2019)
The  inter-relationship between these water parameters are further elucidated by the Spearman correlation coefficients presented (Table 3).  A significant positive correlation was found between total hardness, temperature and magnesium. On the other hand, temperature showed a moderate negative correlation with DO and a weak negative correlation with pH, implying that higher temperature results in somewhat lower Ph and lower DO levels. This is a crucial finding, as reduced DO levels at higher temperature can significantly impact aquatic life (Pramanik et al., 2020). The strong negative correlation  between conductivity and both DO and pH imply that as conductivity increases, likely due to higher dissolved solids or salinity, both DO and pH tend to decrease. Studies by Ouyang et al.,(2006) showed that there is a direct connection between nutrient enrichment and organic pollution, often associated with agricultural run off and wastewater , as evidenced by the moderately positive association between nitrate levels and both BOD and other nutrients. Phosphate also showed a moderate positive correlation with Magnesium and a weaker positive correlation with nitrate, further demonstrating the interdependence of nutrient dynamics. Such correlations are essential for evaluating temporal variations of river pollution due to natural or anthropogenic inputs ( Ouyang et al., 2006). 





Figure 2 :    Seasonal Variation of Water Quality Parameters  of the Kopili River  along with standard error. 



     

                               
  

Figure 3 :    Seasonal Variation of Water Quality Parameters  of the Kopili River  along with standard error. 


  

     
                         
                              

Table 2 : Spearman’s rank correlation for different water quality parameters of the Kopili River. 
	Variables
	Temperature
	Conductivity
	pH
	DO
	BOD
	chloride
	total hardness
	Nitrate
	Nirite
	Magnesium
	Phosphate
	Water Current

	Temperature
	1
	
	
	
	
	
	
	
	
	
	
	

	Conductivity
	0.119176
	1
	
	
	
	
	
	
	
	
	
	

	pH
	0.0819
	0.860828
	1
	
	
	
	
	
	
	
	
	

	DO
	0.158811
	-0.78994
	-0.74043
	1
	
	
	
	
	
	
	
	

	BOD
	0.039829
	0.181956
	0.109687
	0.109221
	1
	
	
	
	
	
	
	

	chloride
	0.306452
	-0.83333
	-0.70892
	0.756329
	-0.20795
	1
	
	
	
	
	
	

	total hardness
	0.602626
	-0.53009
	-0.52385
	0.836331
	0.217797
	0.718185
	1
	
	
	
	
	

	Nitrate
	-0.06466
	0.295382
	0.307692
	0.042554
	0.500173
	-0.23631
	-0.11256
	1
	
	
	
	

	Nirite
	0.286957
	0.36604
	0.288804
	-0.14164
	0.716926
	-0.33199
	0.004367
	0.51295
	1
	
	
	

	Magnesium
	0.119176
	0.9
	0.886147
	-0.9244
	0.043323
	-0.73333
	-0.61559
	0.033758
	0.29794
	1
	
	

	Phosphate
	-0.06957
	0.859769
	0.698302
	-0.6052
	0.451398
	-0.68952
	-0.43669
	0.465535
	0.443478
	0.715055
	1
	-

	Water Current
	-0.17951
	-0.3431
	-0.1017
	0.430384
	0.4742
	0.200839
	0.145956
	0.686465
	0.440235
	-0.40168
	-0.11968
	1





 Algal Community Composition and Diversity:
During the study period from June 2023 to May 2024, a total of 64 (Sixty four) algal species were identified from eight major classes in the Kopili River, with Bacillaruiphyceae being the most dominant group. This highlights the significant aquatic biodiversity of this freshwater ecosystem.  Due to their high species richness and ability to thrive across a wide range of aquatic conditions, diatom dominance is aligned with the already established  ecological knowledge, reinforcing the understanding that diatoms play a central role in structuring freshwater communities  (Rondon and Aragon., 2018; Obiuto et al., 2022). Diatom role and adaptability as primary producers make them crucial components of freshwater ecosystems (Franca   et al., 2011).
Different seasonal patterns were observed within the algal communities during the study period. Studies show that many species displayed a specific seasonal occurrence rather than a year round presence. For instance, several Bacillariophceae species such as Fragillaria biceps, Meridion circulare, Cyclotella sp., and Achnanthidium exiguum were primarily recorded during the pre-monsoon period. This strong seasonal presence of some types of diatoms appearing more strongly in certain seasons could be attributed to favourable conditions  such as increased light penetration and specific algal nutrient availability as indicated by the study ‘s correlation  between algal distribution and environmental factors like phosphate, nitrate and temperature.  On the other hand, some species , such as Plerosigma sp. and Melosira varians ( both Bacillariophyceae) were not found in winter. Similarly, the green algae Desmidium coaractum (chlorophyceae) was missing in winter but occurred during other seasons.  Some species, such as Melosira varians and Pleurosigma sp. (both Bacillariophyceae), were not found in winter. Similarly, the green algae Desmidium coaractum (Chlorophyceae) was missing in winter but occurred during other seasons.Cyanophycea species such as Nostoc sp. and Anabaena constricta were present exclusively during the Monsoon period, indicating their presence for conditions prevalent in this season. These seasonal shifts observed are consistent with patterns reported in other tropical riverine systems, where monsoonal inputs and changing regimes of flow significantly influence algal abundance and composition ( Branco et al., 2008; Chong et al., 2020; Mamun et al.,2021). While some studies suggest periphytic algal diversity and richness can be independent of season, the distinct seasonal variations in the Kopili river emphasize the strong influence of local environmental drivers. 
                        Table 3 : Checklist of algal Species observed during the study period in the Kopili River , Assam, India. 
	SR.NO
	ALGAL SPECIES
	CLASS
	MONSOON
	AUTUMN
	WINTER
	PRE-MONSOON

	1
	Fragillaria biceps
	BACILLARIOPHYCEAE
	(+)
	–
	+
	+

	2
	Meridion circulare
	
	(+)
	–
	+
	+

	3
	Achnanthidium exiguum
	
	(+)
	+
	–
	+

	4
	Achnanthidium reimeri
	
	(+)
	–
	+
	+

	5
	Cymbella reinhardtii
	
	(+)
	+
	+
	+

	6
	Cyclotella sp.
	
	(+)
	+
	+
	+

	7
	Gomphonema lanceolatum
	
	(+)
	+
	+
	+

	8
	Gomphonema parvulum
	
	(+)
	–
	–
	+

	9
	Melosira granulate
	
	(+)
	–
	–
	-

	10
	Pinnularia scythica
	
	-
	+
	–
	+

	11
	Surirella brebissonii
	
	(+)
	–
	–
	+

	12
	Navicula var producta
	
	(+)
	–
	–
	+

	13
	Nitzchia obtuse
	
	-
	+
	+
	+

	14 
	Melosira juergensii
	
	-
	+
	+
	+

	15
	Eunotia flexuasa
	
	-
	+
	–
	+

	16
	Melosira granulate
	
	(+)
	–
	–
	+

	17
	Surirella splendid
	
	(+)
	–
	–
	+

	18
	Surirella elegans
	
	(+)
	–
	–
	+

	19
	Sellaphora bacillum
	
	(+)
	–
	–
	+

	20
	Gyrosigma scalproides
	
	(+)
	+
	+
	+

	21
	Fragillaria ulna
	
	-
	+
	+

	+

	22
	Melosira varians
	
	-
	+
	–
	+

	23
	Pleurosigma sp.
	
	(+)
	–
	–
	+

	24
	Gyrosigma sp.
	BACILLARIOPHYCEAE
	-
	–
	–
	+

	25
	Ulnaria sp.
	
	(+)
	+
	–
	+

	26
	Nitzchia sp.
	
	(+)
	–
	–
	+

	27
	Chlorococcum minutum
	CHOLOROPHYCEAE
	+
	+
	(±)
	+

	28
	Chlorococcus minutas
	
	+
	+
	–
	+

	29
	Golenkinia radiata
	
	+
	+
	–
	+

	30
	Desmidium coaractum
	
	+
	+
	(±)
	+

	31
	Monoraphidium sp.
	
	+
	+
	–
	+

	32
	Coelastrum cambricum
	
	+
	+
	(±)
	+

	33
	Oedogonium sp.
	
	-
	-
	+
	+

	34
	Pediastrum angulosum
	
	+
	+
	+
	+

	35
	Scenedesmus quadricauda
	
	-
	+
	+
	+

	36
	Scenedesmus armatus
	
	+
	+
	+
	+

	37
	Scenedesmus acuminatus
	
	+
	+
	+
	+

	38
	Scenedesmus abundans
	
	-
	+
	+
	+

	39
	Monoraphidium griffithii
	
	-
	-
	–
	+

	40
	Ulothrix tenuissima
	
	+
	-
	(±)
	+

	41
	Ulothrix sp.
	
	+
	+
	(±)
	+

	42
	Zygnema sp.
	ZYGENEMATOPHYCEAE
	+
	+
	+
	-

	43
	Closterium parvulum
	
	+
	-
	+
	+

	44
	Closterium calosporum
	
	+
	+
	+
	+

	45
	Closterium acutum
	
	+
	+
	+
	+

	46
	Cosmarium moniliformae
	
	-
	+
	-
	+

	47
	Cosmarium diplosporum
	
	-
	+
	+
	+

	48
	Euastrum denticulatum
	
	+
	+
	+
	+

	49
	Spirogyra subsala
	ZYGNEMATOPHYCEAE

	+
	+
	-
	+

	50
	Euastrum binale
	
	-
	+
	+
	+

	51
	Anabaena constricta
	CYANOPHYCEAE

	+
	(+)
	(+)
	+

	52
	Coelosphaerium dubium
	
	+
	(+)
	(+)
	+

	53
	Spirulina megeghiniana
	
	+
	(+)
	(+)
	+

	54
	Merismopedia glauca
	
	+
	(+)
	(+)
	–

	55
	Nostoc sp.
	
	-
	(+)
	(+)
	+

	56
	Gloeocapsa punctata
	
	+
	(+)
	(+)
	–

	57
	Phormidium favorum
	
	-
	(+)
	(+)
	–

	58
	Phormidium sp.
	
	-
	(+)
	(+)
	–

	59
	Oscillatoria sp.
	
	+
	(+)
	(+)
	–

	60
	Phacus pleuronectes
	EUGLENOPHYCEAE

	–
	+
	+
	+

	61
	Trachelomonas abrupta
	
	–
	+
	+
	+

	62
	Euglena pascheri
	
	–
	+
	+
	+

	63
	Chlorella vulgaris
	TREBOUXIOPHYCEAE
	+
	+
	+
	+

	64
	Ulothrix variabilis
	ULVOPHYCEAE
	+
	+
	+
	+



Note: The symbols used to indicate the seasonal occurrence of algal species represent their relative abundance and presence. A plus sign (+) denotes species that are abundant and frequently observed during the respective season. A plus sign in parentheses (+) indicates a moderate or occasional presence. The symbol (+) is used for species that are observed rarely or in low numbers, representing occasional or less abundant occurrence. A minus sign (-) signifies that the species is absent or extremely rare during that season.




 Beyond temporal variations, notable spatial differences were noted among the three sampling sites of the Kopili river reflecting a range of anthropogenic influences. Site 1- Panimur, representing the less disturbed upper reaches of the river, consistently exhibited greater algal diversity , particularly during the winter and pre-monsoon periods. This suggests that less impacted areas serve as important refugia for a greater variety of species (Khatri et al., 2021).  Meanwhile, Site 2 - Kheroni, largely affected by discharge of wastewater from homes, had a higher number of species that could withstand pollution and a lower level of algae. This observation underscore the utility of algal communities as sensitive bioindicators of water quality degradation (Omar 2010; Khalil et al., 2021; Das 2022). 
Untreated or Partially treated sewage introduces high level of nutrients like nitrogen and phosphorus leading to eutrophication and significant shifts in aquatic biodiversity (Rao et al., 2019; Bhat and Qayoom., 2021; Hsieh et al., 2021; Katam et al., 2022). Studies showed that periphytic algae that are exposed to sewage effluents have similarly shown changes in species composition with an increase in pollution tolerant species (Abe et al., 1996; Chamber and Prepas., 1994; Hidayah et al., 2022). Changes in Algal composition at Site 3- Chaparmukh  influenced by sand mining and household domestic wastes further highlight how direct human interventions can disrupt aquatic ecosystems. River sand mining is known to degrade the water quality by disrupting or altering the physico-chemical parameters through sediment accumulation, erosion, changes in river channel dynamics posing serious environmental problems (Lekomo et al., 2021; Alhafizoh et al., 2022; Damseth et al., 2024; Pant et al., 2025).  These findings align with the previous research demonstrating the vulnerability of riverine ecosystems to such disturbances, which can lead to significant declines in biodiversity and ecosystem function. 
Figure 4 :Shannon Diversity index across the three study sites of the Kopili River.

[bookmark: _GoBack]The Shannon diversity index of the algal community showed significant seasonal variation, reaching its minimum during the monsoon season and its maximum during winter (Figure 4). The monsoon’s increased water turbulence and sediment load likely contributed to lower diversity by rendering the environment less stable for various species (Rasal et al., 2019). This patterns indicate that colder less turbulent months support a more diverse algal community. Seasonal fluctuations in these parameters, driven by climatic cycles and human activities probably cause the noted changes in species dominance and composition. Algae are widely recognized as effective bioindicators due to their rapid response to pollutants and their role in indicating eutrophication (Bellinger and Sigee.,2010; Buragohain and Yasmin., 2014; Hariyati and Putro., 2019; Kadam et al., 2020; Khalil et al., 2012; Jodhani et al., 2025). 

CONCLUSION
This pilot study provides crucial baseline data on the algal diversity and spatio-seasonal dynamics of the Kopili River. The results show how anthropogenic activities directly affect water biodiversity in addition to establishing the distinctive algae assemblage of this little studied area. Knowing which species are sensitive and tolerant can help build tailored bioindicators for continuous water quality monitoring. This foundational knowledge is essential for informing effective watershed management strategies and supporting conservation efforts in ecologically vital, yet increasingly threatened, freshwater ecosystems in Northeast India.  
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