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Diversity and Distribution of Phytoplankton and Zooplankton in Selected Stretches of Lower Reaches of the Krishna River

Abstract:

The study has been carried out on diversity and distribution of phytoplankton and zooplankton groups for a period of 12 months (February 2023 to January 2024) along the lower reaches of the Krishna River. Three sampling stations, namely Satrashala (L1), Wadapally (L2) and Ibrahimpatnam (L3) have been selected. Accordingly, a total of 25 phytoplankton species identified. Out of which there are 12 species of Chlorophyceae in 5 families, 9 species of Bacillariophyceae in 4 families, 3 species of Cyanophyceae in 2 families and one species of Euglenophyceae in one family. Chlorophyceae was dominant with 11 genera and Bacillariophyceae was the second most common dominant group with 9 genera. At the same time, 26 zooplankton species belonging to 6 groups, 12 families and 21 genera were recorded. The zooplankton include 8 species of rotifer, 6 species of cladocera, 5 species of crustacean, 4 species of copepod and 1 species of ostracoda. 
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 Introduction

Plankton plays a critical role in sustaining ecosystems and maintaining the planet’s health. They serve as the foundation of aquatic food webs, contribute significantly to global biogeochemical cycles, and support biodiversity.
Phytoplankton form the base of the marine and freshwater food chains. They are primary producers, converting sunlight into energy through photosynthesis and providing essential nutrients for various marine and freshwater species. Zooplankton consume phytoplankton and serve as a food source for larger organisms, such as fish, birds, and marine mammals. The abundance and distribution of plankton have a direct impact on the health and productivity of entire ecosystems. Phytoplankton plays a vibrant role in the global carbon cycle by sequestering carbon dioxide (CO₂) from the atmosphere during photosynthesis. When plankton die, they sink to the ocean floor, where a portion of the carbon they contain becomes trapped in sediments, effectively removing it from the atmosphere. This process, called the biological pump, helps regulate atmospheric carbon dioxide levels and mitigate climate change.

As photosynthetic organisms, phytoplankton produce oxygen (O₂) as a by-product of photosynthesis. This process maintains oxygen levels in both aquatic environments and the atmosphere. Phytoplankton produce approximately 50% of the Earth’s oxygen, making them essential contributors to the oxygen cycle and the planet’s overall atmospheric composition. Plankton contribute significantly to nutrient cycling in aquatic ecosystems. As they die and decompose, plankton release essential nutrients, such as nitrogen, phosphorus, and iron, back into the water. This recycling process maintains the availability of these nutrients for other organisms and supports the overall productivity of the ecosystem. Some species of plankton, particularly cyanobacteria, fix atmospheric nitrogen, converting it into a form that can be used by other living organisms.
Material and Methods:

Collection of Phytoplankton
Collection of phytoplankton was carried out by using a plankton net. Sampling was done between 8.00 am and 9.00 am. Algal samples were collected using a plankton net made of fine mesh and were preserved in a solution of 4% formaldehyde and Lugol's solution. Qualitative analysis of phytoplankton was carried out by using the relevant literature (Prescott, 1962; Kamat, 1963a & b; Philipose, 1967; Desikachary, 1969; and Sarode and Kamat, 1984). The frequency of occurrence of phytoplankton species was grouped as R = rare, S = sporadic, C = common, A = abundant, and VA = very abundant (Tikue and Workagegn, 2022).

Collection of Zooplankton
Zooplankton collection was carried out by using a plankton net. Sampling was done between 8.00 am and 9.00 am. 100 litres of surface water was sieved through the plankton net (mesh size 50 µm), and the filtered sample was transferred to 100 ml plastic containers and preserved in 5% formalin containing 2 to 3 ml of glycerol and Lugol's solution (Dussart, B.H. and C.H. Fernando, 1990). Replicate plankton samples were collected in a bucket (50 litres), and these samples were subsequently put through a 50 µm bolting silk plankton net. The filtrate has been stored in Lugol's solution at a 1:100 ratio after being promptly transferred to a 100 ml plastic bottle. These samples were then brought to the laboratory, and the systematic identification of plankton was done by using standard keys (Edmondson, 1959; Kasturirangan, 1963; Pennak, 1968; Patil, IAAB., 1998; 2000; Altaff, 2004; Witty, 2004).

Identification of Plankton
The composition of phytoplankton and zooplankton was investigated using a microscope (Binocular Biological Microscope). An S-R (Sedgwick-Rafter) counting cell was used to place 1 ml of the concentrated zooplankton sample for the zooplankton study, both qualitative and quantitative. An S-R cell is a special kind of slide with dimensions of 55 mm long, 20 mm wide, and 1 mm deep. The chamber has a 1 ml capacity. Each of the 1000 fields in the counting chamber has a capacity of 0.001 millilitres. Identification of plankton was done using the standard literature (Ward and Whipple, 1959; Prescott, 1962).

Statistical calculation of plankton

The total number of zooplankton present in a litre of water sample was calculated by using following formula:
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Where,

N = Total no. of zooplankton/ lit of water filtered, 


n = Number of zooplankton counted in 1 ml plankton of sample,

v = Volume of concentrate plankton sample (1 ml),

V= Volume of total water filtered through (L).

Then the same was converted to numbers / litre.

Results
 
The collection of phytoplankton has been done on a monthly basis for a period of 12 months (February 2023 to January, 2024) from three selected landing stations in lower reaches of Krishna River. During the study period a total of 25 phytoplankton species have been observed from all the sampling stations, including 12 species of Chlorophyceae in 5 families, 9 species of Bacillariophyceae in 4 families, 3 species of Cyanophyceae in 2 families, and one species of Euglenophyceae in one family. Chlorophyceae is considered to be the leading category of algae observed (Table 1).

The occurrence of phytoplankton groups in lower reaches of the Krishna River was studied at three landing stations. The abundance of species was recorded higher at Ibrahimpatnam (L3) followed by Wadapally(L2) and Satrashala(L1). The most predominant population status was common, followed by sporadic, abundant, very abundant, and rare (Table 2). Chlorophyceae taxa was found to be dominating with 11 genera in comparison to other plankton throughout the research period at all landing stations. With 9 genera, the Bacillariophyceae was the second most common dominating group observed (Table 3 & 4).

 Zooplankton species noted in the current study from lower reaches of the Krishna River 
In the current study, a total of 26 zooplankton species belonging to 6 groups, 12 families, and 21 genera have been documented at three sampling stations in lower reaches of the Krishna River. The zooplankton include 8 species of rotifer, 6 species of cladocera, 5 species of crustacean, 4 species of copepod, and 1 species of ostracoda. As well as embryonated eggs and fish larvae were also recorded (Table 5).
The most dominant group of species (30.76%) recorded was under Rotifera. Monthly and seasonal fluctuations in zooplankton populations have been studied, and the data are shown as average values in different locations (Table 6 & 7). The seasonal variation in zooplankton population density (no./l.) at three selected sampling stations of lower reaches of Krishna River were recorded for a period of twelve months i.e., February, 2023 to January, 2024. The highest zooplankton recorded during the Pre-Monsoon followed by Post-monsoon, Monsoon and Winter. 

Discussion
Phytoplankton Identified in the Krishna River

The current investigation documented a comprehensive assemblage of 25 phytoplankton species, which were classified into 12 families and 21 genera across four distinct classes: Chlorophyceae, Cyanophyceae, Bacillariophyceae, and Euglenophyceae. The dominance of Chlorophyceae was observed throughout the study period at all the three selected locations. Out of the 25 species identified, 12 species belong to the Chlorophyceae class, 9 species are classified under Bacillariophyceae, 3 species fall inside Cyanophyceae, and a single species as Euglenophyceae. 

In a previous study conducted by Nalawade and Bagul (2020), a total of 35 phytoplankton taxa were observed in the Godavari River near Nashik City. In contrast, Suresh (2015) documented the presence of 43 species in the Tungabhadra River, Harihar, Karnataka. In a study conducted by Sharma et al. (2015), a total of 27 phytoplankton taxa were documented from the Dogarwadaghat of river Narmada.

Chlorophyceae

In the current investigation, it was observed that Chlorophyceae emerged as the predominant group, consisting a total of 13 genera and 12 species. The genera that are frequently observed include Scenedesmus, Chlorella, Selanastrum, and Spirogyra. Similar Chlorophyceae dominance was reported in Tungabhadra River (Suresh, 2015) in Narmada River (Sharma et. al., 2015) and in Cauvery River (Uthirasamy et al, 2021) and upper areas of Godavari River (Ghorade et al., 2014; Nalawade and Bagul, 2020; Barwant and Sanap, 2020). Throughout the designated study period, a notable prevalence of Scenedesmus bijugatus was identified across the majority of the sample stations. Additionally, the abundance of Chlorella vulgaris, Oocystis irregularis, and Spirogyra crassa was documented in a significant number of the sampling locations.
Bacillariophyceae

During the study period, the class under consideration emerged as the second greatest dominant group. The assemblage consisted of a total of nine distinct species, which were classified under six different genera. The genera frequently documented within this class include Navicula, Nitzschia, Fragilara, Gyrosigma, Synedra, and Rhopalodia. It is noteworthy to mention that Navicula abundance was observed at all of the sampling points. Ghorade et al. (2014) in theGodavari River, Barwant and Sanap (2020) in the Godavari River, and Uthirasamy et al. (2021) in the Cauvery River have also documented Bacillariophyceae as the second most prevalent category.

 Cyanophyceae
The Cyanophyceae class, sometimes known as Myxophyceae, is comprised of three genera and three species. The Krishna River exhibited a prevalence of Oscillatoria and Microcystis as the dominant species.  The level of blue-green algal diversity seen in the Krishna River was found to be lower in comparison to the Narmada River (Sharma et al., 2015), the Cauvery River (Uthirasamy et al., 2021), and the Godavari River (Nalawade and Bagul, 2020).

 Euglenophyceae 

The class was exclusively comprised of a single species, Euglena gracilis.  Euglenoids were observed with regularity at all sampling points. A study conducted by Sharma et al. (2015) documented the presence of a similar species near the Narmada River. Multiple euglenoids were documented in the Tungabhadra River (Suresh, 2015), Godavari River (Barwant and Sanap, 2020), and Cauvery River (Uthirasamy et al., 2021). 

During the study period, the presence of the class Dinophyceae was not documented. However, Dixit and Sharma (2019) provided evidence of the existence of dinoflagellates in the Gomti River. The population state of phytoplankton exhibits variability across all three sampling points.  The fluctuations in population size might be ascribed to factors such as nutrient availability (Borse et al., 2000), temperature (Philipose, 1960; Kumar and Dutta, 1991), and environmental variability (Hynes, 1970).

 Zooplankton identified in the Krishna River

The present investigation documented a total of 26 zooplankton species, which are classified into 12 families and 21 genera, from selected stations in lower reaches of the Krishna River. The findings revealed that Rotifer species accounted for 30.76% of the total population in the Krishna River. Previous studies have also documented the prevalence of rotifer dominance, as indicated by multiple authors (Ankathi and Piska, 2009; Negi and Negi, 2010; Negi and Mamgain, 2013; Patil and Ghorade, 2013). In contrast, Saini and Dube (2015) documented the prevalence of copepoda in River Narmada, Jabalpur Region.

The study conducted by Maria-Heleni et al. (2000) examined the variety of zooplankton in the Aliakmon River in Greece. The researchers found that the river exhibited a greater number of species, with a total of 79 species identified.  

Dutta et al. (2004) conducted a comprehensive survey of freshwater zooplankton diversity in the Jammu region, documenting a total of 51 species.  Mohan and Priyadarshinee (2022) documented the presence of 31 distinct species of zooplankton in Kumaraswamy Lake, located in the state of Tamil Nadu. In comparison to the findings of Negi and Mamgain (2013) and Patil and Ghorade (2013), which examined zooplankton populations in the Tons River in Dehradun and the Godavari River, Maharashtra respectively, it was observed that there were lower levels of zooplankton. Similarly, Saini and Dube (2015) reported a reduced species diversity, specifically identifying 13 species in the Narmada River, Jabalpur Region. 

Negi and Mamgain (2013) documented the presence of Ciliophore and Porifera, which were not observed in the present investigation. The highest reported density of zooplankton during the summer followed by Post – Monsoon, Monsoon and lowest density have been observed during the Pre-Monsoon. Jaybhay and Madlapure (2006) observed a range of 23 to 43 zooplankton per liter at various stations within Parola dam in Hingoli. Ningule and Gaike (2014) recorded that the total number of zooplanktons varied from 28 to 47 no/l at Arni-Sangvi reservoir.  But Ningule and Ustad (2015) reported a higher total number of zooplankton that varied from 71 to 190 no./ l in the Godavari River. Similar higher zooplankton density from Godavari River Water (Maharashtra) was earlier reported as 102 to 103 no./ l (Negi and Mamgain, (2013)) and 103 no./ l (Patil and Ghorade, 2013). In the current study, the seasonal zooplankton dominance in the Krishna River is as follows:

             Pre-Monsoon > post-Monsoon > South West-Monsoon > Winter
According to Saini and Dube (2015), there was a notable increase in zooplankton abundance during the summer season, followed by a reduction during the monsoon season, and an intermediate level during the winter season in the River Narmada, Jabalpur Region. Higher growth of Zooplankton during summer was attributed to high temperature, nutrient availability and longer photo-period (Taylor and Deepti, 2012). In contrast to the aforementioned findings, Singh (2013) observed the largest zooplankton abundance (168-220 no./l) during the winter season, while the lowest abundance (114-155 no./l) was recorded during the summer season in the Gomati River of Lucknow.  

According to Negi and Mamgain (2013) the highest density occurred during the northeast monsoon season in October, while the lowest density was recorded during the southwest monsoon season in July in the Tons River of Utarakhand. This finding differs significantly from the results obtained in the present study. A decrease in the abundance of zooplankton during the monsoon season was found, which could be attributed to higher levels of turbidity and increased water current velocity (Kobayashi et al., 1998).

  The current analysis suggests that the differences in zooplankton density among sample stations and seasons may be influenced by abiotic factors (Maria–Heleni et al., 2000), as well as nutrient availability (Negi and Mamgain, 2013; Khanna and Ishaq, 2013).
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Table 1:  List of Phytoplankton species and their Class, family and genus
	Sl. No.
	Class
	Family
	Name of Algae

	1
	Chlorophyceae
	Scenedesmaceae
	Scenedesmus arcuatus (Lemmerman)

	2
	
	.
	Scenedesmus bijugatus (Turp.) Kuetzing var.gravenitzii (C.Bernard)

	3
	
	
	Crucigenia quadrata (Morren)

	4
	
	Chlorellaceae
	Chlorella vulgaris (Beyerinck)

	5
	
	Oocystaceae
	Oocystis irregularis (Petkof) Printz

	6
	
	
	Selenastrum minutum (Naegeli) Collins

	7
	
	
	Kirchneriella lunaris (Kirch.) Moebius

	8
	
	
	Tetraedron pusillum ( Wallich) W.et. G.S. west

	9
	
	
	Tetrastrum heteracanthum (Nordst.) Chod

	10
	
	Zygnemataceae
	Spirogyra crassa Kutetzing

	11
	
	Desmidaceae
	Cosmarium pseudobroomei Wolle.

	12
	
	
	Closterium diana var. arcunatum. Ehr

	13
	Cyanophyceae
	Chroococaceae
	Chroococus limneticus Lemm.

	14
	
	
	Microcystis aeruginosa Kuetz.

	15
	
	Oscillatoriaceae
	Oscillatoria chalybea (Martens.) Gom

	16
	Bacillariophyceae
	Naviculaceae
	Navicula pygmaea Kuetz

	17
	
	
	Navicula rhynchocephala Kuetz. var. Elongata Mayer

	18
	
	Nitzschiaceae
	Nitzschia tryblionella Hantzsch v. levidensis( W. Smith ) Grun.

	19
	
	
	Nitzschia filliformis (W.Smith )

	20
	
	Surirellaceae
	Gyrosigma kuetzingii (Grun.) Cleve

	21
	
	Fragilariaceae
	Fragilaria pinnata Her.fsurotunda Mayer

	22
	
	
	Fragilaria intermedia Grun.

	23
	
	
	Rhopalodia gibberula (Ehr) OMuell

	24
	
	
	Synedra ulna (Nitz.)Ehr.

	25
	Euglenophyceae
	Euglenaceae
	Euglena gracilis Klebs


Table 2: Phytoplankton species known in the present study from three sampling stations

	Name of Algae
	L1

Satrashala
	L2

Wadapally
	L3

Ibrahimpatnam

	Scenedesmus arcuatus 
	S
	C
	C

	Scenedesmus bijugatus
	S
	VA
	VA

	Crucigenia quadrata 
	R
	C
	C

	Chlorella vulgaris 
	A
	A
	A

	Oocystis irregularis 
	C
	A
	A

	Selenastrum minutum 
	R
	R
	C

	Kirchneriella lunaris 
	C
	C
	S

	Tetraedron pusillum
	S
	S
	C

	Tetrastrum heteracanthum 
	S
	R
	S

	Spirogyra crassa 
	A
	A
	A

	Cosmarium pseudobroomei 
	S
	C
	C

	Closterium diana var. arcunatum. 
	C
	S
	C

	Chroococus limneticus 
	S
	C
	S

	Microcystis aeruginosa 
	C
	A
	A

	Oscillatoria chalybea 
	C
	C
	C

	Navicula pygmaea Kuetz
	A
	A
	A

	Navicula rhynchocephala 
	S
	VA
	VA

	Nitzschia tryblionella 
	R
	A
	A

	Nitzschia filliformis 
	S
	C
	C

	Gyrosigma kuetzingii 
	R
	S
	S

	Fragilaria pinnata Her.fsurotunda 
	C
	A
	A

	Fragilaria intermedia 
	C
	A
	C

	Rhopalodia gibberula
	S
	C
	S

	Synedra ulna 
	S
	C
	C

	Euglena gracilis 
	C
	VA
	A


VA = Very Abundant, A = Abundant, C = Common, S = Sporadic, R = Rare

 Table 3: The number and percentage composition of families, genera and species under various classes

	S. No.
	Classes
	Families
	Genera
	Species

	1
	Chlorophyceae
	5
	41.66
	11
	52.38
	12
	48.00

	2
	Cyanophyceae
	2
	16.66
	3
	14..28
	3
	12.00

	3
	Bacillariophyceae
	4
	33.33
	6
	28.57
	9
	36.00

	4
	Euglenophyceae
	1
	8.33
	1
	4.76
	1
	4.00

	
	
	12
	100.00
	21
	100.00
	25
	100.00


Table 4: Phytoplankton population status at various stations


	Sampling stations
	Very Abundant (%)
	Abundant (%)
	Common (%)
	Sporadic (%)
	Rare (%)

	Satrashala (L1)
	0 (0%)
	3 (12%)
	8 (32%)
	10 (40%)
	4 (16%)

	Wadapally (L2)
	3 (12%)
	8 (32%)
	9 (36%)
	3 (12%)
	2 (8%)

	Ibrahimpatnam (L3)
	2 (8%)
	8 (32%)
	10 (40%)
	5 (20%)
	0 (0%)


Table 5: Zooplankton species identified in the current study

	S. No.
	Groups
	Family
	Species

	1
	Copepoda
	Diaptomidae
	Cyclopoid copepods (Burmeister, 1834)

	2
	
	
	Diaptomus pallidus (Herrick, 1879)

	3
	
	Cyclopidae
	Mesocyclops edax (G. O. Sars, 1914)

	4
	
	
	Nauplius larva 

	5
	Cladocera
	Daphnidae
	Daphnia pulex (Leydig, 1860)

	6
	
	
	Cerodaphnia quadrangular

	7
	
	
	Ceriodaphnia reticulata

	8
	
	
	Moina micrura (Kurz, 1874)

	9
	
	
	Moina brachiata (Jurine, 1820)

	10
	
	Chydoridae
	Alona affinis

	11
	Ostracoda
	Cyprididae
	Cypris larvae

	12
	Rotifera
	Brachionidae
	Brachionus calyciflorus (Pallas, 1766)

	13
	
	
	Brachionus diersicornis (Daday, 1883)

	14
	
	
	Brachionus quadridentata (Hermann, 1783)

	15
	
	
	Keratella cochlearis (Gosse,1851)


	16
	
	
	Keratella tropica (Apstein, 1907)

	17
	
	Lecanidae
	Lecane lunaris (Ehrenberg,1982)

	18
	
	Synchaetidae
	Synchaeta sp (Ehrenberg, 1832)

	19
	
	Testudinellidae
	Filinia terminalis

	20
	Crustaceans
	Decapoda
	Zoea larvae

	21
	
	Insecta
	Nymphs

	22
	
	
	Damselfly Nymph

	23
	
	
	Dragonfly Nymph

	24
	
	
	Mosqito larvae

	25
	Fish larvae 
	Pisces 
	Embryonated eggs

	26
	
	
	Fish larvae


Table 6: Percentage composition of various zooplankton taxa in Lower reaches of Krishna River
	Group
	Family (%)
	Genus (%)
	Species (%)

	Copepoda
	2
	16.66
	4
	19.04
	4
	15.38

	Cladocera
	2
	16.66
	3
	14.28
	6
	23.07

	Ostracoda
	1
	8.33
	1
	4.76
	1
	3.84

	Rotifera
	4
	33.33
	6
	28.57
	8
	30.76

	Crustaceans
	2
	16.66
	5
	23.80
	5
	19.23

	Fish larvae
	1
	8.33
	2
	9.52
	2
	7.69

	Total
	12
	100.00
	21
	100.00
	26
	100.00


Table 7: Average seasonal variation in zooplankton density (nos./ lit.) at three sampling stations of Lower reaches of Krishna River
	Sampling Stations
	Winter

	Pre-monsoon
	South west - Monsoon
	Post-Monsoon

	Satrashala
	62.25±5.82
	67.66±5.29
	52.35±4.83
	55.00±4.75

	Wadapally
	71.5±6.54
	79.00±6.55
	56.25±5.25
	62.55±6.25

	Ibrahimpatnam
	67.00±6.45
	75.33±7.02
	55.00±5.64
	60.84±6.75
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