


Diversity of Freshwater Rotifers (Class: Monogononta) from Nashik region

			
					Abstract 
Freshwater rotifers belonging to the class Monogononta are important components of zooplankton communities and contribute to aquatic food-web functioning. The present study documents the occurrence of monogonont rotifers from different freshwater habitats of the Nashik region, Maharashtra, India. Samples were collected from July 2021 to March 2022 from 20 locations, including seasonal ponds, seasonal streams, riversides, dam backwaters, roadside ponds, Ramkund, the Botanical Garden and Boat Club of K.T.H.M. College, and nearby villages. Sampling methods were selected according to habitat type, and specimens were examined in live condition under a compound microscope. Identification was carried out using standard taxonomic keys and reference books. A total of 23 taxa belonging to 14 genera of class Monogononta were recorded. The observed genera included Brachionus, Trichocerca, Dicranophorus, Lepadella, Notommata, Cephalodella, Scaridium, Euchlanis, Pompholyx, Lecane, Keratella, Notholca, Esophora and Monostyla. The occurrence of planktonic, littoral, periphytic and predatory taxa indicates habitat heterogeneity across the sampled freshwater systems. Genera such as Brachionus, Lecane, Lepadella and Keratella were important components of the assemblage. The study provides baseline information on freshwater rotifer diversity in the Nashik region. Further investigations incorporating quantitative abundance, seasonal variation and physicochemical parameters are required for stronger ecological interpretation.
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Introduction
Rotifers are microscopic, free-living aquatic invertebrates characterized by the presence of a ciliated anterior structure known as the corona, a muscular pharynx equipped with internal jaws (mastax), and a pair of flame-bulb protonephridia for excretion. They inhabit a wide range of freshwater and semi-aquatic ecosystems and play an important role in aquatic food webs as primary consumers and indicators of water quality. Rotifers, commonly known as wheel animalcules, are minute aquatic animals ranging from 0.04 to 2.0 mm in length, with most species measuring approximately 0.5 mm.  Despite their small size, they exhibit remarkable diversity in morphology, ecology, and habitat preference (Battish, 1992), Edmondson, 1959).
Rotifera are primarily freshwater invertebrates comprising two major groups, Monogononta and Bdelloidea, and include approximately 2,150 recognized species (Segers, 2007). Monogononts are generally small rotifers, typically measuring 200–500 μm, with only a few species exceeding 1 mm. They are widely distributed in freshwater habitats, including lakes, sediments and other aquatic microhabitats. While most species occur in freshwater, a small number inhabit brackish or marine environments. Monogononts may be free-living, sessile, solitary, colonial, epizoic, or parasitic (Segers, 2003). The present study was undertaken to investigate the diversity of freshwater rotifers class: Monogononta occurring in different freshwater habitats of the Nashik region, Maharashtra. 
Rotifer assemblages are widely used in freshwater biomonitoring because their short generation time, small body size and trophic diversity allow rapid responses to changes in nutrient status, habitat structure and water quality (Oh et al., 2017; Liang et al., 2020; Saksena, 1987).
Recent regional and global assessments show that freshwater rotifer richness is shaped by microhabitat heterogeneity, macrophyte cover and anthropogenic disturbance, supporting the inclusion of multiple habitat types in biodiversity surveys (Denys & De Smet, 2023; Halabowski et al., 2022; Sharma & Sharma, 2015).
The Indian rotifer fauna is highly diverse, and local inventories remain useful for documenting distributional records and establishing baseline information for ecological monitoring (Segers, 2007; Sharma & Sharma, 2014; Sharma & Sharma, 2021).
Study Area: The study was conducted in various freshwater habitats of the Nashik region, including seasonal ponds, seasonal streams, riversides, dam backwaters, roadside ponds, Ramkund, the Botanical Garden and Boat Club of KTHM College, and nearby villages.
Materials and Methods
Freshwater samples were collected from July 2021 to March 2022 at regular intervals (every alternate day) from different water bodies across the Nashik region. Sampling was generally carried out during the morning hours. Different sampling techniques were adopted depending on the habitat: At the Botanical Garden of KTHM College, submerged roots of Eichhornia were carefully cut using scissors and transferred into a beaker containing water to collect benthic and periphytic rotifers. Water samples from roadside ponds and other small water bodies were collected directly in clean sampling bottles. At Ramkund (Panchavati), approximately 100 litres of water were filtered through a plankton sieve and concentrated to about 10 mL to obtain zooplankton, including rotifers. Sampling was carried out at 20 different locations in Nashik District, covering a wide range of freshwater habitats such as seasonal ponds, seasonal streams, riversides, dam backwaters, roadside ponds, Ramkund, the Botanical Garden and Boat Club of KTHM College, and nearby villages. This diverse sampling strategy enabled a comprehensive assessment of freshwater rotifer diversity in the region. The collected samples were transported immediately to the laboratory and examined under a microscope in live condition.  Rotifers were observed under a compound microscope and identified using standard taxonomic keys and reference books (Edmondson (1959), Tonapi (1986), Battish (1992), and Ward and Whipple (1959). 


Result and Discussion: 
The present study recorded 23 taxa belonging to 14 genera of Class Monogononta, indicating a moderately rich rotifer assemblage (Table 1). Monogononts constitute the dominant group of freshwater rotifers worldwide and are recognized as important components of aquatic food webs because they facilitate nutrient recycling and transfer energy to higher trophic levels (Wallace et al., 2006; Segers, 2007). 
The record of 23 taxa from 20 sampling locations provides a useful preliminary inventory of monogonont rotifers in the Nashik region; however, the absence of quantitative abundance data and physicochemical measurements restricts stronger inference on water quality gradients (Oh et al., 2017; Liang et al., 2020; Halabowski et al., 2022).
Because rotifer composition can differ substantially among planktonic, littoral and periphytic microhabitats, the occurrence of vegetation-associated and detritus-associated taxa should be interpreted primarily as evidence of habitat heterogeneity rather than as direct proof of a particular trophic condition (Denys & De Smet, 2023; Sharma & Sharma, 2015; Segers, 1995).
The dominance of the genus Brachionus agrees with several investigations from Indian inland waters as well as studies from tropical freshwater ecosystems worldwide. Species of Brachionus are known for their rapid reproductive potential, wide ecological tolerance, and ability to thrive under nutrient-rich conditions, making them useful indicators of eutrophication (Sharma & Sharma, 2014; Sharma & Sharma, 2021; Segers, 2007). The perennial occurrence of B. plicatilis, B. rubens, B. dimidiatus, and B. murrayii in the present study therefore suggests productive environmental conditions. Tidame & Shinde (2012) Studied Rotifer diversity from Nashik region and reported 17 species of rotifers with the dominance of Brachionus sps. Brachionus was also reported to be dominant form in and around Bikner by Bahura (1997). 
The ecological interpretation of Brachionus dominance should remain cautious because this genus is often associated with nutrient-rich or mesotrophic waters, but its indicator value becomes more reliable when supported by relative abundance, seasonal records and physicochemical parameters (Liang et al., 2020; Oh et al., 2017; Saksena, 1987).
Species of the genus Lecane are predominantly benthic and periphytic rotifers, commonly inhabiting aquatic vegetation, leaf litter, organic detritus, and fine sediments (Segers, 1995). They feed primarily on bacteria, diatoms, algae, and decomposing organic matter, thereby playing an important role in nutrient recycling and microbial grazing within freshwater ecosystems (Wallace et al., 2006). Presence of Lecane niwati and Lecane undulata indicates the productive waterbodies. 
The genus Lepadella is also closely associated with vegetated freshwater habitats and periphytic communities. Members of this genus colonize the surfaces of submerged macrophytes, filamentous algae, mosses, and biofilms, where they utilize attached microorganisms and organic particles as food (Wallace et al., 2006). The presence of Lepadella bicornis, Lepadella oblonga and Lepadella biloba indicates a high degree of habitat heterogeneity because aquatic vegetation creates numerous ecological niches that reduce interspecific competition and provide shelter from predators. 
Species of Cephalodella are primarily associated with benthic sediments, periphyton, mosses, and organic debris, although several species may occur in the plankton. Unlike many suspension-feeding rotifers, Cephalodella species possess specialized trophi adapted for predatory or omnivorous feeding, allowing them to consume protozoans, small rotifers, algae, and other microorganisms (Wallace et al., 2006). The occurrence of Cephalodella gracilis, Cephalodella catellina and Cephalodella forficate indicates the presence of a diverse microbial community and a relatively complex trophic structure within the freshwater ecosystem. Dicranophorus species occupy higher trophic positions within the meiofaunal community. Their occurrence generally depends on the availability of abundant prey populations and structurally complex habitats such as aquatic vegetation, sediments, and detritus that support diverse microbial assemblages. Consequently, their presence is often considered indicative of ecological maturity, habitat heterogeneity, and a stable trophic structure (Wallace et al., 2006; Segers, 2007).  The occurrence of Notommata reflects the existence of a diverse microbial community capable of supporting secondary consumers. Since predatory rotifers require a continuous supply of suitable prey, their presence is generally associated with productive freshwater habitats exhibiting high microbial diversity and relatively stable environmental conditions. In addition, Notommata contributes to regulating populations of protozoans and smaller rotifers, thereby maintaining ecological balance within the microbial food web (Wetzel, 2001; Wallace et al., 2006). Among these taxa, Keratella tropica was one of the characteristic planktonic rotifers encountered in the present study area. The species is widely distributed in tropical freshwater ecosystems and has been reported throughout India (Sharma & Sharma, 2005; Sharma & Sharma, 2021). 
Whereas, Notholca longispina was also observed in the sampled habitat, indicating the occurrence of diverse planktonic rotifers. Their presence reflects favorable limnological conditions and a stable planktonic community. The presence of Scaridium longicaudum and Euchlanis alata further increased the taxonomic diversity of the rotifer assemblage, whereas Pompholyx spp. formed an important component of the planktonic community. The occurrence of Pompholyx in the present investigation is consistent with earlier reports from the Nashik region by Tidame and Shinde (2012). Scaridium longicaudum is primarily associated with littoral habitats containing submerged vegetation, organic detritus, and periphyton. The species is generally considered indicative of structurally complex freshwater environments where macrophytes provide shelter, feeding substrates, and breeding sites for rotifers (Nogrady et al., 1995). Its occurrence therefore suggests the existence of well-developed littoral microhabitats that enhance overall biodiversity.
The presence of Euchlanis alata further supports the availability of extensive macrophyte beds and periphytic substrates. Members of the genus Euchlanis are typically epiphytic and benthic rotifers inhabiting aquatic vegetation, submerged leaves, and biofilms. These rotifers graze on algae, bacteria, and organic detritus and contribute to nutrient recycling and microbial energy transfer within freshwater ecosystems (Segers, 1995; Wallace et al., 2006). Their occurrence indicates favorable habitat heterogeneity and good ecological quality.
Recent assessments indicate that India supports one of the richest rotifer faunas in the Oriental region, with more than 430 valid species reported from diverse freshwater ecosystems. North-eastern India, Maharashtra, Tamil Nadu, West Bengal, and Kashmir are recognized as important hotspots of rotifer diversity (Sharma & Sharma, 2021). The rotifer assemblage recorded in the present study conforms to this pattern and provides additional information on the distribution of freshwater rotifers in India.  
The dominance of cosmopolitan genera together with littoral, planktonic, and predatory taxa indicates a diverse and ecologically balanced rotifer community. The assemblage can serve as a useful baseline for biodiversity assessment, biomonitoring, and evaluation of freshwater ecosystem health.
Representative images of selected taxa are provided in Figure 1, and these micrographs support the taxonomic checklist; nevertheless, future surveys should include quantitative counts, replicate sampling and concurrent physicochemical data to strengthen biomonitoring interpretation (Oh et al., 2017; Liang et al., 2020; Halabowski et al., 2022).

Conclusion
The present study recorded 23 taxa belonging to 14 genera of class Monogononta from freshwater habitats of the Nashik region. The assemblage included planktonic, littoral, periphytic and predatory rotifers, indicating the presence of varied freshwater microhabitats in the study area. The occurrence of genera such as Brachionus, Lecane, Lepadella, Keratella, Cephalodella and Dicranophorus adds useful information to regional zooplankton documentation. The findings should be treated as a preliminary checklist and baseline record rather than a complete ecological assessment. Future studies with site-wise abundance data, seasonal analysis and physicochemical measurements are needed to evaluate rotifer diversity and habitat relationships more precisely.



Table 1. Checklist of Class: Monogononta Rotifers observed during the present study.
	Phylum Rotifera
	Class: Monogononta
	1.Brachionus
	Brachionus plicatilis
Brachionus paranguensis
Brachionus dimidiatus
Brachionus rubens
Brachionus murrayii

	
	
	2.Trichocerca
	Trichocerca sps

	
	
	3.Dicranophorus
	Dicranophorus sigmoides

	
	
	4.Lepadella
	Lepadella bicornis
Lepadella oblonga
Lepadella biloba

	
	
	5.Notommata
	Notommata pseudocerberus 

	
	
	6.Cephadella
	Cephalodella gracilis
Cephalodella catellina
Cephalodella forficate 

	
	
	7.Scaridium
	Scaridium longicaudum 

	
	
	8.Euchlanis
	Euchlanis alata

	
	
	9.Pompholyx
	Pompholyx

	
	
	10.Lecane
	Lecane niwati
Lecane undulata

	
	
	11.Keratella
	Keratella tropica 

	
	
	12.Notholca
	Notholca longispina 

	
	
	13.Esophora
	Esophora anthadis 

	
	
	14.Monostyla
	Monostyla bulla 





Figure 1. Representative images of selected rotifers observed during the study period
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