


Diversity and Seasonal Variation of Zooplankton in Avudaiyar Pond, Tiruchendur,    Tamil Nadu, India

ABSTRACT
Background: Zooplankton constitute an essential component of freshwater ecosystems, functioning as key intermediaries in aquatic food webs and serving as sensitive indicators of environmental change. Aims: The present study investigates the diversity, composition, and seasonal variation of zooplankton communities in Avudaiyar Pond, located in Tiruchendur, Thoothukudi District, Tamil Nadu, South India, over one year from January 2024 to December 2024. Method: Zooplankton samples were collected monthly from selected sites using a standard plankton net with a mesh size of 60 μm, and organisms were identified to the species level using standard taxonomic keys. A total of 55 zooplankton species belonging to four major taxonomic groups—Rotifera, Cladocera, Copepoda, and Ostracoda—were recorded during the study period. Among these groups, Rotifera emerged as the dominant group, contributing the highest species richness, followed by Cladocera and Copepoda, while Ostracoda showed comparatively lower diversity. Results: Distinct seasonal variations were observed in zooplankton abundance and species richness, with higher diversity during the summer and post-monsoon seasons and a marked decline during the monsoon period. The reduced diversity during the monsoon season is attributed to increased water inflow, turbidity, and hydrological disturbance. Diversity index analysis revealed moderately high Shannon diversity and evenness values, indicating a stable and well-balanced zooplankton community and suggesting favourable ecological conditions in Avudaiyar Pond. Conclusion:  The findings highlight the effectiveness of zooplankton as bioindicators of freshwater ecosystem health and provide valuable baseline ecological data for long-term monitoring, conservation planning, and sustainable management of freshwater resources in the Tiruchendur region.
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INTRODUCTION
[bookmark: _GoBack]Freshwater ecosystems represent one of the most valuable natural resources on the planet, supporting high levels of biological diversity while delivering critical ecosystem services to human populations. Lakes, ponds, rivers, and wetlands contribute to nutrient cycling, climate regulation, groundwater recharge, and food security. However, these ecosystems are increasingly threatened by anthropogenic activities such as agricultural runoff, urbanisation, wastewater discharge, and climate-driven hydrological alterations. As a result, understanding biological responses within freshwater systems has become a priority in ecological research and environmental management [21].
Within freshwater ecosystems, planktonic organisms form the foundation of aquatic food webs, with phytoplankton acting as primary producers and zooplankton serving as key primary consumers. As primary consumers, zooplankton regulate the populations of phytoplankton by grazing, thereby preventing algal blooms and maintaining ecological balance [22]. Zooplankton play a crucial role in transferring energy from photosynthetic organisms to higher trophic levels, including fish and other aquatic fauna. Their feeding activities influence phytoplankton biomass, water clarity, and nutrient regeneration, thereby shaping ecosystem productivity and stability in lentic environments [6]. Generally, zooplankton occupy a central position in the trophic link between primary producers and higher trophic levels. Zooplankton help to improve water quality by grazing on phytoplankton and bacteria. They are good bio-indicators of physical and chemical conditions of water and hence play a key role in the assessment of the trophic state of water [23,24]. 
Zooplankton communities are characterised by rapid population turnover, high reproductive potential, and strong sensitivity to environmental variability. These attributes make them particularly responsive to changes in water quality, nutrient enrichment, and habitat disturbance. Shifts in zooplankton species composition, dominance patterns, and diversity indices are often early indicators of ecological stress, eutrophication, or pollution. Consequently, zooplankton-based analyses are widely applied in freshwater biomonitoring and ecological assessment frameworks [2].
The structure and seasonal dynamics of zooplankton assemblages are strongly influenced by physico-chemical factors such as water temperature, dissolved oxygen, pH, conductivity, transparency, and nutrient concentrations. In tropical freshwater ponds, seasonal rainfall patterns and evaporation rates further regulate water volume, residence time, and nutrient availability, leading to marked temporal fluctuations in zooplankton abundance and diversity. These seasonal processes play a key role in determining community succession and trophic interactions [11].
In tropical and subtropical regions, small freshwater ponds function as biodiversity hotspots and provide essential ecosystem services to rural and semi-urban communities. These water bodies support fish culture, livestock watering, domestic usage, and groundwater recharge. Despite their importance, such ponds are often subjected to unregulated human activities, resulting in habitat degradation and biodiversity loss. Scientific documentation of planktonic communities in these systems remains limited, particularly in southern India [1].
South India hosts a large number of seasonal and perennial freshwater ponds that exhibit distinct ecological characteristics influenced by monsoonal rainfall and land-use patterns. Many of these ponds lack systematic ecological monitoring, especially concerning zooplankton diversity and seasonal variation. The absence of baseline biological data restricts the ability to detect long-term ecological changes and implement sustainable conservation strategies for these fragile ecosystems [21].
Avudaiyar Pond, located near Tiruchendur in Thoothukudi District, Tamil Nadu, is an important freshwater resource that supports local biodiversity and fulfills domestic water requirements of nearby communities. The pond experiences seasonal hydrological fluctuations and varying degrees of anthropogenic pressure, which are likely to influence its planktonic communities. However, comprehensive scientific information on the zooplankton diversity and seasonal dynamics of this pond is currently unavailable  [6].
Given the ecological importance of zooplankton and the lack of detailed studies on Avudaiyar Pond, the present investigation was undertaken to analyse the diversity, composition, and seasonal variation of zooplankton communities. The study aims to generate baseline ecological data, identify dominant taxonomic groups, and evaluate seasonal trends in relation to environmental conditions. The findings are expected to contribute to regional freshwater biodiversity documentation and support future conservation and management initiatives [2].

MATERIALS AND METHODS
Study Area
Avudaiyar Pond is a freshwater lentic water body located in Tiruchendur, Thoothukudi District, Tamil Nadu, South India. The pond is primarily rain-fed and receives additional input through surface runoff from surrounding areas. It exhibits typical tropical freshwater characteristics and plays an important role in supporting local biodiversity and domestic water requirements. The region experiences a tropical climate with three distinct seasons, namely summer (March–June), monsoon (July–September), and post-monsoon (October–February). Seasonal variations in rainfall and temperature significantly influence water volume, nutrient dynamics, and biological productivity of the pond [3].
Sampling Design and Collection
Zooplankton sampling was carried out on a monthly basis from January 2024 to December 2024 to capture seasonal variations in community structure. Sampling was conducted at selected representative sites within the pond to ensure spatial coverage of different microhabitats. At each site, surface water samples ranging from 50 to 100 liters were collected using clean plastic containers and immediately filtered through a standard plankton net with a mesh size of 60 μm. This mesh size was selected to retain most meso- and micro-zooplankton groups commonly reported in freshwater ecosystems  [18].
Preservation and Laboratory Processing
The concentrated zooplankton samples obtained after filtration were carefully transferred into labeled polyethylene bottles and preserved immediately with 4% neutral formalin to prevent decomposition and distortion of organisms. Samples were transported to the laboratory for further analysis and allowed to settle before examination. Prior to identification and counting, preserved samples were gently homogenised to ensure uniform distribution of organisms and minimise sampling error during subsampling  [3].
Identification and Enumeration of Zooplankton
Zooplankton organisms were identified up to the species level wherever possible using standard taxonomic keys, monographs, and reference literature. Major zooplankton groups such as Rotifera, Cladocera, Copepoda, and Ostracoda were identified based on morphological characteristics observed under a compound microscope. Quantitative analysis was carried out using a Sedgwick–Rafter counting cell, following standard plankton enumeration protocols. Zooplankton abundance was expressed as the number of individuals per litre (ind. L⁻¹) using appropriate conversion factors [18].
Assessment of Community Structure and Diversity
The structure and diversity of the zooplankton community were evaluated using commonly employed ecological indices. Species diversity was calculated using the Shannon–Wiener diversity index (H′), which accounts for both species richness and relative abundance. Species dominance was assessed using Simpson’s dominance index (D), while the distributional uniformity of species was evaluated using Pielou’s evenness index (J′). These indices provide a comprehensive understanding of community organisation, stability, and ecological condition of the freshwater system [8].
Data Analysis
Monthly and seasonal variations in zooplankton abundance and diversity indices were analysed to assess temporal trends. Data were grouped according to seasonal categories to examine differences among summer, monsoon, and post-monsoon periods. Descriptive statistical methods were employed to interpret variations in species composition and dominance patterns. Results were presented in tabular and graphical forms to facilitate comparison and ecological interpretation [8].
RESULTS
Zooplankton Species Composition
The present investigation revealed a rich and diverse zooplankton community in Avudaiyar Pond during the study period from January to December 2024. A total of 55 zooplankton species belonging to four major taxonomic groups, namely Rotifera, Cladocera, Copepoda, and Ostracoda, were recorded throughout the sampling period. Among these groups, Rotifera emerged as the dominant taxon, contributing the highest number of species, followed by Cladocera, Copepoda, and Ostracoda. The predominance of rotifer species suggests favourable environmental conditions, moderate nutrient availability, and active trophic interactions within the pond ecosystem.
Rotifera were represented by 24 species, including commonly occurring genera such as Brachionus, Keratella, Lecane, Trichocerca, and Polyarthra. Cladocera constituted 15 species, with genera such as Daphnia, Moina, Ceriodaphnia, Bosmina, and Alona being frequently encountered. The copepod community consisted of 11 species, dominated by cyclopoid forms such as Cyclops, Mesocyclops, and Thermocyclops. Ostracoda were represented by 5 species, including Cypris, Cypridopsis, Stenocypris, and Heterocypris. The overall species composition reflects a typical tropical freshwater zooplankton assemblage.
Table 1 presents the detailed zooplankton species composition recorded from Avudaiyar Pond during the study period.
Table 1. Zooplankton species composition of Avudaiyar Pond (January–December 2024)
	S. No.
	Zooplankton Group
	Species Recorded

	1
	Rotifera
	Brachionus angularis

	2
	Rotifera
	Brachionus calyciflorus

	3
	Rotifera
	Brachionus caudatus

	4
	Rotifera
	Brachionus falcatus

	5
	Rotifera
	Keratella cochlearis

	6
	Rotifera
	Keratella tropica

	7
	Rotifera
	Lecane bulla

	8
	Rotifera
	Lecane luna

	9
	Rotifera
	Lecane leontina

	10
	Rotifera
	Trichocerca cylindrical

	11
	Rotifera
	Trichocerca similis

	12
	Rotifera
	Polyarthra vulgaris

	13
	Rotifera
	Asplanchna priodonta

	14
	Rotifera
	Filinia longiseta

	15
	Rotifera
	Filinia terminalis

	16
	Rotifera
	Testudinella patina

	17
	Rotifera
	Colurella adriatica

	18
	Rotifera
	Lepadella patella

	19
	Rotifera
	Monostyla lunaris

	20
	Rotifera
	Cephalodella gibba

	21
	Rotifera
	Platyias quadricornis

	22
	Rotifera
	Euchlanis dilatata

	23
	Rotifera
	Anuraeopsis fissa

	24
	Rotifera
	Mytilina ventralis

	25
	Cladocera
	Daphnia carinata

	26
	Cladocera
	Daphnia pulex

	27
	Cladocera
	Moina micrura

	28
	Cladocera
	Moina brachiata

	29
	Cladocera
	Ceriodaphnia cornuta

	30
	Cladocera
	Ceriodaphnia reticulate

	31
	Cladocera
	Bosmina longirostris

	32
	Cladocera
	Alona rectangular

	33
	Cladocera
	Alona guttata

	34
	Cladocera
	Macrothrix laticornis

	35
	Cladocera
	Chydorus sphaericus

	36
	Cladocera
	Diaphanosoma excisum

	37
	Cladocera
	Simocephalus vetulus

	38
	Cladocera
	Leydigia acanthocercoides

	39
	Cladocera
	Pleuroxus aduncus

	40
	Copepoda
	Cyclops vicinus

	41
	Copepoda
	Cyclops scutifer

	42
	Copepoda
	Mesocyclops leuckarti

	43
	Copepoda
	Mesocyclops thermocyclopoides

	44
	Copepoda
	Thermocyclops hyalinus

	45
	Copepoda
	Thermocyclops crassus

	46
	Copepoda
	Eucyclops serrulatus

	47
	Copepoda
	Paracyclops fimbriatus

	48
	Copepoda
	Microcyclops varicans

	49
	Copepoda
	Heliodiaptomus viduus

	50
	Copepoda
	Neodiaptomus strigilipes

	51
	Ostracoda
	Cypris subglobosa

	52
	Ostracoda
	Cypridopsis vidua

	53
	Ostracoda
	Stenocypris major

	54
	Ostracoda
	Heterocypris incongruens

	55
	Ostracoda
	Ilyocypris gibba



Seasonal Variation in Zooplankton Community
Marked seasonal variations were observed in zooplankton abundance and species richness across the three seasons studied. Zooplankton density and diversity were comparatively higher during the summer and post-monsoon seasons, whereas a noticeable decline was recorded during the monsoon period. The reduction in zooplankton abundance during the monsoon season coincided with increased water inflow, higher turbidity, and dilution effects, which likely influenced community structure.
During the summer season, stable water conditions, increased temperature, and enhanced primary productivity favoured higher zooplankton proliferation. The post-monsoon season also exhibited elevated zooplankton richness, possibly due to improved nutrient availability and stabilised environmental conditions following monsoonal rainfall. In contrast, the monsoon season showed reduced species richness and abundance, reflecting the impact of hydrological disturbances and reduced habitat stability.
Group-wise analysis indicated that Rotifera consistently dominated across all seasons, followed by Cladocera and Copepoda, while Ostracoda contributed the least proportion throughout the year. The proportional contribution of each zooplankton group is presented in Table 2.
Table 2. Seasonal variation in zooplankton community structure of Avudaiyar Pond
	Zooplankton Group
	Summer (Ind. L⁻¹)
	Monsoon (Ind. L⁻¹)
	Post-monsoon (Ind. L⁻¹)

	Rotifera
	420 ± 35
	260 ± 28
	445 ± 38

	Cladocera
	285 ± 26
	165 ± 21
	310 ± 29

	Copepoda
	210 ± 22
	140 ± 18
	235 ± 24

	Ostracoda
	95 ± 14
	55 ± 10
	110 ± 16

	Total zooplankton abundance
	1010 ± 61
	620 ± 44
	1100 ± 67



Group-wise Zooplankton Composition
The percentage contribution of different zooplankton groups revealed clear dominance patterns within the community. Rotifera accounted for 43.64% of the total recorded species, highlighting their adaptive capacity and ecological significance in freshwater ponds. Cladocera contributed 27.27%, indicating their importance as primary grazers and energy transfer agents. Copepoda represented 20.00% of the total species, while Ostracoda accounted for 9.09%, reflecting their relatively lower diversity in the pond.
The dominance hierarchy observed among the zooplankton groups remained consistent throughout the study period, although seasonal fluctuations in species abundance were evident. The group-wise distribution of zooplankton species is summarised in Table 3.
Table 3. Group-wise zooplankton species composition in Avudaiyar Pond
	Zooplankton Group
	Number of Species
	Percentage Contribution (%)

	Rotifera
	24
	43.64

	Cladocera
	15
	27.27

	Copepoda
	11
	20.00

	Ostracoda
	5
	9.09

	Total
	55
	100.00


Zooplankton Diversity Indices
Seasonal variations in zooplankton community structure were further supported by diversity index analysis. The Shannon–Wiener diversity index (H′) values ranged from 2.41 to 3.28, indicating moderate to high species diversity within the pond ecosystem. The lowest diversity value was recorded during the monsoon season (H′ = 2.41), while the highest value was observed during the post-monsoon season (H′ = 3.28).
Simpson’s dominance index (D) values ranged from 0.78 to 0.91, reflecting lower dominance and greater community stability during summer and post-monsoon seasons. Pielou’s evenness index (J′) values were also higher during summer (0.86) and post-monsoon (0.88), indicating a more uniform distribution of individuals among species. In contrast, reduced evenness during the monsoon season (0.72) suggests uneven species distribution under disturbed environmental conditions.
The seasonal variation in diversity indices is presented in Table 4.
Table 4. Seasonal variation of zooplankton diversity indices in Avudaiyar Pond
	Season
	Shannon–Wiener Index (H′)
	Simpson’s Dominance Index (D)
	Pielou’s Evenness Index (J′)

	Summer
	3.12
	0.89
	0.86

	Monsoon
	2.41
	0.78
	0.72

	Post-monsoon
	3.28
	0.91
	0.88



Seasonal Variation in Water Quality Parameters
Seasonal fluctuations were observed in the physico-chemical parameters of Avudaiyar Pond, which likely influenced the distribution and abundance of zooplankton communities. Water temperature ranged from 27.3 ± 1.4°C during the monsoon season to 32.4 ± 1.6°C during summer, reflecting seasonal climatic variation. The pH of the pond water remained slightly alkaline during summer (8.1 ± 0.3) and post-monsoon (7.8 ± 0.3), while near-neutral conditions were observed during the monsoon season (7.3 ± 0.2).
Dissolved oxygen (DO) levels showed an increasing trend from summer to post-monsoon, with the highest value recorded during the post-monsoon season (6.8 ± 0.6 mg L⁻¹). Electrical conductivity varied seasonally, with higher values during summer (742 ± 48 µS cm⁻¹) and lower values during monsoon (612 ± 36 µS cm⁻¹), likely due to dilution effects. Turbidity was highest during the monsoon season (28.6 ± 4.2 NTU), reflecting increased runoff and suspended particles, while lower values were observed during summer and post-monsoon seasons.
The seasonal variation of water quality parameters is summarised in Table 5.
Table 5. Seasonal variation of physico-chemical parameters of Avudaiyar Pond
	Parameter
	Summer
	Monsoon
	Post-monsoon

	Water temperature (°C)
	32.4 ± 1.6
	27.3 ± 1.4
	29.1 ± 1.2

	pH
	8.1 ± 0.3
	7.3 ± 0.2
	7.8 ± 0.3

	Dissolved oxygen (mg L⁻¹)
	5.2 ± 0.4
	6.1 ± 0.5
	6.8 ± 0.6

	Electrical conductivity (µS cm⁻¹)
	742 ± 48
	612 ± 36
	685 ± 41

	Turbidity (NTU)
	18.2 ± 3.1
	28.6 ± 4.2
	21.4 ± 3.5



DISCUSSION
The dominance of Rotifera observed in Avudaiyar Pond throughout the study period is a common feature of productive and moderately nutrient-rich freshwater ecosystems. Rotifers are known for their short life cycles, high reproductive rates, and broad tolerance to environmental fluctuations, enabling them to rapidly colonise and dominate aquatic habitats. The prevalence of genera such as Brachionus, Keratella, and Lecane suggests favourable trophic conditions and sufficient food availability in the form of phytoplankton and organic matter. Similar patterns of rotifer dominance have been reported from several tropical freshwater ponds and reservoirs, where these organisms play a crucial role in energy transfer and nutrient recycling within aquatic food webs [9].
Seasonal variation in zooplankton diversity observed in the present study highlights the strong influence of environmental factors on community structure. The higher diversity and abundance recorded during the summer and post-monsoon seasons can be attributed to elevated water temperature, increased light penetration, and relatively stable hydrological conditions that enhance primary productivity. Increased phytoplankton biomass during these seasons provides abundant food resources, supporting the growth and reproduction of zooplankton populations. Such seasonal trends are characteristic of tropical freshwater systems and have been consistently documented in similar studies conducted across South Indian ponds and lakes [15].
In contrast, the decline in zooplankton diversity and abundance during the monsoon season reflects the impact of hydrological disturbances associated with heavy rainfall and surface runoff. Increased water inflow leads to dilution of nutrients, elevated turbidity, and reduced light penetration, thereby limiting primary productivity and affecting zooplankton survival. Physical disturbance caused by water turbulence can also disrupt planktonic habitats and reduce population stability. The observed reduction in diversity during the monsoon season is therefore indicative of temporary ecological stress and has been widely reported in monsoon-influenced freshwater ecosystems [7].
The diversity indices calculated for Avudaiyar Pond provide valuable insights into the ecological status of the pond. The moderately high Shannon diversity and evenness values recorded during summer and post-monsoon seasons indicate a well-balanced zooplankton community with no single species exerting excessive dominance. Such diversity patterns suggest stable environmental conditions and moderate nutrient levels, characteristic of mesotrophic freshwater systems. Conversely, lower diversity and evenness during the monsoon season reflect transient environmental instability rather than long-term ecological degradation. Overall, the diversity index values indicate that Avudaiyar Pond maintains good ecological health and supports a resilient zooplankton community [10].
CONCLUSION
The present investigation clearly demonstrates that Avudaiyar Pond supports a rich, diverse, and seasonally dynamic zooplankton community, reflecting the ecological integrity of this freshwater ecosystem. The documentation of 55 zooplankton species belonging to four major taxonomic groups highlights the biological richness of the pond and underscores its importance as a productive lentic habitat. The consistent dominance of Rotifera throughout the study period indicates favourable environmental conditions and moderate nutrient availability, characteristic of stable tropical freshwater systems.
Seasonal variations exerted a strong influence on zooplankton composition, abundance, and community structure. Higher diversity and evenness observed during the summer and post-monsoon seasons reflect stable hydrological conditions, enhanced primary productivity, and optimal temperature regimes. In contrast, reduced diversity during the monsoon season emphasises the impact of hydrological disturbances, dilution effects, and increased turbidity on planktonic communities. These seasonal patterns confirm the sensitivity of zooplankton to environmental fluctuations and their reliability as indicators of ecological change.
The diversity indices calculated in the study reveal a moderately high and well-balanced zooplankton community, suggesting good ecological health and absence of severe pollution stress in Avudaiyar Pond. The observed relationships between zooplankton diversity and water quality parameters further validate the application of zooplankton-based assessments in freshwater ecosystem monitoring.
Overall, the findings provide valuable baseline ecological data for Avudaiyar Pond and contribute to the limited information available on freshwater zooplankton diversity in the Tiruchendur region of Thoothukudi District. Such baseline data are essential for detecting future ecological changes, guiding conservation strategies, and supporting sustainable management of freshwater resources. Continued long-term monitoring, integrating biological and physico-chemical parameters, is recommended to ensure the conservation and ecological sustainability of this important freshwater ecosystem.
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