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Diversity of Interstitial Meiofauna and Physico-Chemical Characteristics of Coastal Waters along the Parangipettai Coast, Southeast India







Abstract
Meiofauna are microscopically small, motile organisms inhabiting interstitial spaces of aquatic sediments and are increasingly recognized as an ecological unit linking microbenthos and macrobenthos. This study examined the diversity and composition of interstitial fauna and measured key physico-chemical parameters of coastal waters at two stations along the Parangipettai coast, southeast India: Vellar estuary (Station 1) and Puthupettai beach (Station 2), during October 2024 to March 2025. Water quality parameters (pH, salinity, temperature, and dissolved oxygen) were recorded, and interstitial fauna were extracted from surface sediments using decantation and sieving methods. A total of 12 species belonging to 25 genera across 3 classes and 1 order were identified. Nematodes dominated the assemblage (55%), followed by amphipods (25%), polychaetes (10%), and copepods (10%). Meiofaunal abundance was higher at Station 2 (≈1000 ind/10 m³) than Station 1 (≈820 ind/10 m³). Diversity indices also showed higher richness and evenness at Station 2 (S = 27; E′ = 0.48; H′ = 1.22) than Station 1 (S = 25; E′ = 0.20; H′ = 1.05). The observed differences likely reflect habitat variation between estuarine and beach environments, including salinity range and dissolved oxygen conditions.
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1. Introduction	Comment by t45378: The introduction provides useful background on meiofauna, but some sections are repetitive, particularly regarding size definitions and mesh ranges. The historical discussion is somewhat extensive and could be streamlined to maintain focus on information directly relevant to the study.

In-text citations are often redundant and rely on older sources; incorporating a more diverse and recent set of references would strengthen the introduction.

Consider structuring it into three clear components: (1) a brief definition and ecological scope of meiofauna, (2) their ecological importance and role as bioindicators, and (3) the regional research gap linked clearly to the study objectives.
The term "meiofauna" denotes microscopically small, motile aquatic animals living mostly in and on soft substrates at all depths in the marine and fresh-water realm. Although originally restricted to small metazoans, ecological connections suggest that larger protozoans (ciliates), the newly settled larvae of many microbenthic animals (temporary meiofauna), and amoebozoans should also be included in the scope of meiofauna; this wider definition is used synonymously with meiobenthos in many contexts (Piot et al., 2013; Higgins and Thiel, 1998). Formally defined by sieve mesh sizes of between 44 and 500 mm, meiobenthos is increasingly considered an ecological unit of its own, and an important link between micro- and macro-benthos (Piot et al., 2013).
Several study disciplines, including ecology, evolutionary biology, and conservation biology, continue to emphasize the significance of measuring species richness in both terrestrial and marine ecosystems. Large macroscopic species have received more attention in spatial patterns of biodiversity than small-scale organisms, such as the vast majority of animal phyla represented in the polyphyletic group of meiofauna. According to body size, meiofauna are defined as animals that pass through a 500 μm mesh net and are caught by a 20 μm mesh net (Higgins and Thiel, 1998). Metazoan meiofauna, which comprise a range of parasitic species, are extensively found in all benthic habitats and ecosystems of the world's oceans. Meiofaunal animals inhabit all substrates, from muds to the coarsest shell gravels, and are the numerically dominant component of benthic metazoans in all marine systems, from intertidal beaches to the ocean bottom. Nematodes, which make up over 90% of the total meiofaunal abundance in benthic deep-sea ecosystems, dominate meiofaunal assemblages in many regions (Coull and Bell, 1979). Meiofauna are distinguished by their high diversity and abundance at the genus/species level or at the level of higher taxa, and because of their sensitivity to environmental changes, they are increasingly used in monitoring studies to evaluate environmental quality (Coull, 1999; Carman and Todaro, 1996). They are regarded as an appropriate model for investigation of species distribution and biodiversity patterns in marine environments because they serve as a functional link between macrofauna and microbial communities (Coull, 1999; Pinckney et al., 2003).
The term meiofauna loosely defines a group of organisms by their size that are larger than microfauna but smaller than macrofauna. In practice, the term usually includes organisms that can pass through a 1 mm mesh but are retained by a 45 µm mesh (Higgins and Thiel, 1998). The term meiobenthos was first coined by Molly Mare (1942), but organisms that fit into the modern meiofauna category have been studied since the 18th century.
Meiofaunal organisms are small animals (pass through a 500 mm sieve and are retained on a 0.063 or 0.045-mm sieve) found living in benthic zones of both freshwater and marine habitats and are considered numerically dominant metazoans (Coull and Bell, 1979; Higgins and Thiel, 1998). They occur from the splash zone on the beach to the deepest sediments in the sea, and are found on all types of sediments. Due to their taxonomic diversity and species richness, meiofauna represent an important but often neglected component of marine biodiversity. The presence of these interstitial organisms in the benthic zone is important since they serve as links to higher trophic levels in marine ecosystems. They play an important role in bioturbation and stimulation of bacterial metabolism in marine sediments, participate in biomineralization of organic matter, and act as a link between detritus and higher trophic levels in tropical habitats (Coull, 1999; Carman et al., 1997; Carman et al., 2000). They also exhibit high sensitivity to anthropogenic inputs, making them excellent sentinels of pollution (Carman and Todaro, 1996; Carman et al., 2000).
Interstitial fauna constituting a group of microscopic metazoans inhabiting intertidal sandy beaches of fresh and salt waters have received considerable attention in some parts of the world (Ganapati and Rao, 1962). It was not until the nineteen-twenties that biologists discovered this singular animal world which has since then been studied in the interstitial water in sand. Since the interstitial space is very small, its fauna is restricted to tiny organisms suited to a lacunar environment. Since the term meiofauna defines a size class but does not specify spatial location or how organisms move within the habitat, and since the interstitial space is a function of particle size, other terms have been used to refine the classification and indicate location (Nybakken, 1997).
Sand and related sediments found in lakes, rivers, springs, and the ocean are home to this sand microfauna, also known as interstitial fauna. The most diverse evolution of the interstitial fauna occurs in marine sediments. The marine sand microfauna includes species that are morphologically aberrant and occasionally represent whole new types of organization, but it also includes the majority of the invertebrate classes. The study of the interstitial fauna has produced discoveries that advanced systematic zoology and linked morphological organization to biology and environment (Swedmark, 1964).
Ecological investigations are ideally adapted to the interstitial environment (Swedmark, 1964). Typically, exposed sandy beaches have turbulent surf zones where wave energy is used to move sediment and water. It is commonly believed that the sea provides the majority of the food for benthic organisms on these beaches in the form of living and non-living organic particles, while surf zones carry carrion and detritus shoreward. It is suggested that sufficient quantities of inorganic nutrients are generated within many beaches to cause phytoplankton blooms in surf zones and that phytoplankton is a major food source for intertidal macrofauna. If the bulk of energy turnover occurs inside the surf zone, the beach may be considered only slightly subsidized and thus qualify as an ecosystem (McLachlan, 1980). Around the world, both freshwater and saltwater intertidal and subtidal sedimentary substrates support interstitial fauna and flora diversity, and major interstitial groupings have been found at depths up to 5000 m (Coull et al., 1977).
Interstitial organisms fall into two categories: newly arrived juveniles of macrofaunal species form temporary meiofauna, and organisms that live their entire lives in the sediment voids are permanent meiofauna (Coull and Bell, 1979; Higgins and Thiel, 1998). On a worldwide basis, the average biomass of meiofaunal organisms per square meter is between 1 and 2 g/m², with both numbers and biomass highest in intertidal areas and decreasing with depth; nematodes and harpacticoid copepods are typically the most abundant taxa (Coull and Bell, 1979).
The conditions affecting meiofauna differ from those affecting macrofauna in the same areas. A key factor influencing presence/absence and composition is grain size, because grain size determines the amount of interstitial space available for habitation and can act as a barrier to movement and dispersal. Meiofaunal organisms often show zonation based on grain size (Swedmark, 1964; Nybakken, 1997). Meiofauna can also occupy above-sediment habitats like rooted vegetation, moss, macroalgae fronds, sea ice, and animal structures (Funch et al., 2002). Benthic meiofauna influence primary production, nutrient cycling, and benthic metabolic processes, and their short generation times may contribute to rapid cycling of nutrients through meiobenthos (Carman et al., 1996; Carman et al., 1997; Carman et al., 2000; Pinckney et al., 2003; Coull, 1999).	Comment by t45378: The research gap is not clearly articulated in the manuscript. The authors should clarify why this study was conducted in this specific area. Is this the first meiofauna study in the region?

2. Material and Methods
2.1 Study area	Comment by t45378: The study would benefit from a clearer explanation of the rationale behind the selection of the sampling sites. Providing a brief justification for each site would help readers better understand the study design.

It may also be useful to include photographs showing the general appearance of each station, along with short descriptions of their key environmental features.
 The present study was conducted at two different stations along the southeast coast of India viz. Vellar estuary (Lat. 11.501148, Long 79.772144"), Pudhupettai beach (st. 2) (Lat 1515025, Long 79/7650458"), for a period of six months from October to March (Fig.1).	Comment by t45378: Perhaps you could use a GIS-generated map or another appropriate spatial visualization to better represent your study site.


































Fig.1. Map of samping station along the southest coast india



Station 1: Vellar Estuary
The Vellar estuary mouth flows eastward and empties into the Bay of Bengal. Parangipettai Vellar estuary is the mouth center and is busy with sandy beach activities using mechanized and non-mechanized boats. There are several inlets flowing directly into the estuary carrying waste from adjacent agricultural lands, domestic municipal, and distillery effluents (Fig.2).
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Fig.2. Sampling station of Vellar estuary (st.1)
Station 2: Puthupettai Beach
The Puthupettai beach flows eastward and empties into the Bay of Bengal. Puthupettai is the beach center and is busy with sandy beach meiofauna activities using mechanized and non-mechanized boats. There are several inlets flowing directly into the estuary carrying waste from adjacent agricultural lands, domestic municipal, and distillery effluents (Fig.3).
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Fig.3. sampling station of Pudhupettai beach (st.2).


2.2 Sample collection	Comment by t45378: The Materials and Methods section is generally clear, but some details need clarification to improve reproducibility. The exact number of sediment cores per site should be specified, and terms like “overnight” should be replaced with precise durations. The manuscript also lacks information on taxonomic references or identification keys, whether identifications were confirmed by a specialist, the use of ecological indices (e.g., Shannon–Wiener, Simpson), and any software used for analysis. Including these details would strengthen methodological transparency and analytical robustness.
The samples were collected October to March 2025 from two different stations such as Veller estuary (St.1), Pudhupettai beach (St.2). The sediment samples were collected using PVC corer (having an internal diameter of 10 cm and a length of 10 cm) (Platt and Warwick, 1983). Following collection, all samples were stored with a 10% formaldehyde solution and identified by staining them with Rose Bengal. Overnight, the samples were not disturbed in order to conduct both qualitative and quantitative examination.
2.3 Water and sediment analysis	Comment by t45378: There is no method for determining grain size.
Measurements of salinity (Refractometer, ATAGO, Japan), temperature (hand-held mercury thermometer), and pH (pH pen, model L1-120, Eutech Instrument, Singapore) were measured at each sampling event. Winkler's method was utilized to determine the dissolved oxygen (DO) in bottom water.
2.4 Interstitial Meiofauna analysis
Using a PVC corer, six surface three replicate sediment samples were gathered for faunal examination. The samples were brought to the lab right away after being fixed in 10% formaldehyde in distilled water. Through decantation over a 45 µm mesh screen, the interstitial fauna was separated from the sediment. Under a stereo microscope, the material that remained on the sieve was stained with Rose Bengal and identified to a potential taxonomic level. Using a sieve with a 0.040 mm mesh size, flotation and decantation were used to separate the metazoan meiofauna (foraminiferans, nematodes, harpacticoids, and ostracods) from the sediment. This method's efficiency more than the salt marsh's reported value. However, compared to other estuarine habitats, nematodes (107/cm2) displayed lower populations.	Comment by t45378: This section appears to be out of place and would be more appropriate in the Results section.
On an exposed sand beach at Whit sand Bay, East Convall, Harris (1972) investigated meiofauna and found that nematodes accounted for around half of the meiofauna, making them the dominant group; harpacticoid copepods ranked second in abundance, and tardigrades, gastrotrichs, turbellaria, and hydrozoans were also present (Harris, 1972). The richness and distribution of benthic meiofauna in the coastal waters of Nagapattinam were investigated by Tracy Austin Kumar et al. (2022), where offshore stations recorded higher species numbers post-monsoon and estuarine stations recorded lower densities (Kumar et al., 2022).
3.Results
3.1 Assessment of physio–chemical parameters of water (Vellar estuary)	Comment by t45378: Create a combined results and graph for parameters like DO, salinity and the like for your two sites instead of separating them. 
pH: The minimum pH value (7.5) was recorded and maximum pH value (8.2) in station 1 (Fig.4).
Salinity: The minimum salinity concentration (10.5 ppt) was recorded and the maximum salinity concentration (35.2 ppt) was recorded in station 1 (Fig.5).
Temperature: The minimum water temperature (26°C) was recorded and the maximum temperature (28.2℃) was recorded in station 1 (Fig.6).
Dissolved oxygen (DO): Dissolved oxygen concentration ranged from 3.7 to 4.39 mg/l. The minimum dissolved oxygen concentration (4.28 mg/l) was recorded and the maximum (8.57 mg/l) was recorded in station 1 (Fig.7).
3.2 Assessment of physio–chemical parameters of water (Puthupettai beach)
pH: The minimum pH value (7.9) was recorded and maximum pH value (8.3) in station 2 (Fig.8).
Salinity: The minimum salinity concentration (30 ppt) was recorded and the maximum salinity concentration (36 ppt) was recorded in station 2 (Fig.9).
Temperature: The minimum water temperature (24°C) was recorded and the maximum temperature (28℃) was recorded in station 2 (Fig.10).
Dissolved oxygen: The minimum dissolved oxygen concentration (5.8 mg/l) was recorded and the maximum (6.5 mg/l) was recorded in station 2 (Fig.11).












Fig.4. pH of Vellar estuary (st.1)


Fig.5. Salinity level of velar estuary (st.1)


Fig.6. Temperature level of velar estuary (st.1).



Fig .7. Dissolved oxygen level of velar estuary (st.1)



Fig .8. pH level of puthupettai beach (st.2)


Fig.9. Salinity level of Puthupettai beach (st.2)

Fig 10. Temperature level of puthupettai beach (st.2)

Fig 11. Dissolved oxygen of puthupettai beach (st.2).
3.3 Species composition
A total of 12 species belonging to 25 genus and 3 class and 1 order were identified during the study period: nematodes with 10 genus and 8 species, polychaeta with 8 genus, amphipods with 3 genus, and copepods with 6 genus and 4 species. The overall meiofauna species composition was nematodes (55%), amphipods (25%), polychaeta (10%), and copepods (10%). Among the nematodes, Viscosia carnleyensis, Viscosia marcramphida, and Anoplostoma viviparum were common in the two stations (Fig.12–13).

[image: ]	Comment by t45378: Use copepods, amphipods and polychaetes instead.

Fig.12. The Percentage composition of interstitial fauna in two stations
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Fig.13. Dominant interstitial faunal from all the identified groups. (A.) Prionospio sp., (B). Magalona sp., (C) Pissionidens sp. (D). Viscosia carnleyensis(E). Viscosia marcramphida and (F).Anoplostoma viviparum(G). Paracalanus parvus, (H)Acartia sp. (I)Longipedi sp. (J.) Haplocheira sp.(K) Ampithoe sp.(L). Mysis larvae.	Comment by t45378: I think, based on the illustration of your sample, it is safest to mention only the genus, since the photo is unclear and we cannot claim with 100% certainty that this is the species of meiofauna. Also, add in the caption the type of meiofauna groups shown, such as polychaetes, Prionospio, and others.


3.4 Species abundance and diversity
The abundance of meiofauna was high in Puthupettai beach (Station 2) with ~1000 ind/10 m³ and relatively lower in Vellar estuary (Station 1) with ~820 ind/10 m³. Nematodes exhibited the highest abundance at both stations (~550 ind/10 m³ at Station 2 and ~451 ind/10 m³ at Station 1). Copepods were the least abundant (~100 ind/10 m³ at Station 2 and ~82 ind/10 m³ at Station 1) (Fig.14).
Station 2 exhibited higher species richness (S = 27) and evenness (E′ = 0.48), while Station 1 showed lower evenness (E′ = 0.20) with moderate richness (S = 25). The Shannon Index values were higher at Station 2 (H′ = 1.22) than Station 1 (H′ = 1.05) (Fig.15).
[image: output]
Fig. 14. Species abundance
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Fig. 15. Species diversity indices

4. Discussion 	Comment by t45378: The discussion interprets results well and links them to relevant literature. Some paragraphs are dense and repetitive; consider condensing and using clear topic sentences. In-text citations are repetitive and rely on outdated sources, so incorporating more diverse and recent references would strengthen the discussion. Expanding on the functional role of dominant taxa (e.g., in nutrient cycling) could further highlight the ecological significance.
This study documents interstitial fauna composition and water quality patterns at two contrasting coastal habitats along the Parangipettai coast: an estuarine station (Station 1) and an open sandy beach station (Station 2). The physico-chemical ranges observed (pH ~7.5–8.3; temperature ~24–28.2°C; and variable dissolved oxygen and salinity ranges) are consistent with typical tropical coastal conditions where seasonal and local hydrological inputs influence estuarine waters more strongly than open beaches. In the present dataset, Station 1 exhibited a wide salinity range (10.5–35.2 ppt), reflecting freshwater influence and mixing, while Station 2 maintained higher and narrower salinity values (30–36 ppt), typical of more marine-dominated conditions. Such differences can substantially affect meiofaunal community structure, because osmoregulation constraints and habitat stability often favor different taxa in estuaries versus marine beaches. 
4.1 Dominance of nematodes and functional significance
The observed dominance of nematodes (55%) aligns with extensive meiofaunal literature reporting nematodes as the most consistently abundant group across marine and estuarine sediments. Nematode dominance has been widely recorded in multiple environments and may span broad ranges in coastal sediments, reflecting their tolerance to environmental gradients and their ability to exploit diverse microbial and detrital resources (Carugati et al., 2015). The present finding, nematodes being the highest abundance group in both stations,supports the view that nematodes often form the structural “core” of meiofaunal assemblages, while other groups (e.g., copepods, polychaetes, amphipods) vary more with habitat conditions (Carugati et al., 2015). 
Functionally, meiofauna contribute to sediment ecosystem processes through feeding, movement, and interactions with microbes. Meiofauna are known to facilitate biomineralization of organic matter and enhance nutrient regeneration, and they also serve as food for higher trophic levels, together supporting energy transfer and nutrient cycling in estuarine soft-bottom habitats (Coull, 1999). Therefore, even modest shifts in community composition may influence sediment metabolism, nutrient fluxes, and food-web structure (Coull, 1999). 
4.2 Habitat differences, abundance patterns, and oxygen–salinity context
Abundance and diversity were higher at Station 2 (Puthupettai beach) than Station 1 (Vellar estuary). This pattern can be interpreted in the context of habitat stability and stress gradients. Estuarine habitats often experience stronger fluctuations in salinity and organic inputs, which may favor tolerant taxa and increase dominance effects,consistent with the lower evenness observed at Station 1 (E′ = 0.20). Station 2 had higher evenness (E′ = 0.48), suggesting that individuals were more evenly distributed across taxa, which is commonly associated with more stable or less stressful environmental conditions (Coull, 1999). 
Dissolved oxygen patterns are also ecologically relevant because many meiofauna occupy sediment–water interface layers where oxygen availability influences microbial food resources and animal respiration. Meiofaunal densities often shift with oxygen gradients and organic enrichment, and changes in DO can indirectly restructure communities by altering microbial biomass and sediment redox conditions; this fits broader benthic ecology understanding that sedimentary ecosystems are sensitive to stressors and that small-bodied communities can respond rapidly (Coull, 1999). 
4.3 Grain size and interstitial habitat structure	Comment by t45378: No method was provided for this.
A core ecological driver of interstitial fauna is sediment grain size, which determines pore-space availability and the physical limits on body size, movement, and dispersal. Classic work on marine sand interstitial fauna shows that species distribution in different sand biotopes is strongly dependent on ecological factors such as grain size, and that interstitial community structure is shaped by sediment characteristics (Swedmark, 1964). While the present study did not quantify grain-size distribution, the contrast between an estuarine mouth environment and a sandy beach suggests differences in sediment texture and hydrodynamic sorting. Such differences can contribute to the observed pattern of higher abundance and diversity at the beach station if pore spaces and oxygen diffusion are more favorable (Swedmark, 1964). 
4.4 Meiofauna as bioindicators and under-representation in monitoring
Meiofauna are increasingly highlighted as useful bioindicators because they combine fast generation times, direct sediment contact, and sensitivity to stressors such as pollution and eutrophication (Coull, 1999). Importantly, recent synthesis of beach ecosystem research has shown that meiofauna remain substantially under-represented in ecological studies and ecosystem assessments of beaches, even though they are well suited as sentinels (Martínez et al., 2024). This supports the relevance of studies like the present one in strengthening baseline knowledge on meiofaunal communities and improving the scope of coastal monitoring and ecosystem health assessments (Martínez et al., 2024). 
4.5 Comparison with regional and published observations
The community pattern in this study,nematode dominance with contributions from copepods, polychaetes, and amphipods,matches several published observations from coastal and estuarine systems. Multi-taxa meiofaunal compositions are frequently structured by salinity gradients and local sediment properties, and seasonal variation may further influence recruitment and abundance patterns (Coull, 1999; Swedmark, 1964). The higher diversity values at Station 2 (H′ = 1.22) relative to Station 1 (H′ = 1.05) support the conclusion that the beach site provided conditions that allowed more taxa to persist without strong dominance effects, consistent with the expectation that more stable marine conditions and favorable interstitial habitat structure promote higher evenness and diversity (Coull, 1999; Martínez et al., 2024). 
Overall, the present study contributes site-specific baseline information for the Parangipettai region and supports the broader ecological understanding that interstitial fauna composition reflects a combination of habitat structure (pore space/grain size), water quality conditions (salinity and oxygen), and potential local disturbances (Swedmark, 1964; Coull, 1999; Martínez et al., 2024). 


5. Conclusion 	Comment by t45378: Conclusion

The conclusion currently repeats results; focus on synthesis and ecological implications instead.

Emphasize the role of meiofauna as bioindicators and their relevance for coastal ecosystem monitoring.


During the present study, the sediment and water samples were collected from two stations (Vellar estuary mouth and Puthupettai beach) for analysis of interstitial fauna diversity and physico-chemical parameters (water temperature, salinity, and pH). A total of 12 species and 18 genera belonging to four groups of interstitial fauna—polychaetes, nematodes, amphipods, and copepods—were recorded. Nematodes were the dominant group at both stations. Several taxa were common across stations, including nematodes (Viscosia carnleyensis, Viscosia marcramphida, Anoplostoma viviparum), polychaetes (Prionospio sp., Magelona sp., Pissionidens sp.), copepods (Paracalanus parvus, Acartia sp.), and amphipods (Haplocheira sp., Ampithoe sp.).
In conclusion, interstitial fauna—though often overlooked—play vital roles in marine ecosystems and caof ecosystem health. Continued research is necessary to better understand the diversity, distribution, and ecological functioning of these communities in tropical coastal systems.	Comment by t45378: ?
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Table  1. list   of interstitial fauna identified during the study period  
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              Class  Genus  Species  

Enoplida  Chromadoriata  sp.    

Viscosia   Carnleyensis  

Viscosia  marcramphida  

Anoplostoma    Viviparum  

Polygastrophora  septembeelba  

Sabatierea  falcifera  

Sabatieria  jubata  

  Paramesonchicem sp.    

Metalinhomeus  typicus  

Theristus  pertenuis  

Polycheate  Prionospio sp.    

 Magelona sp.    

 Pissionidens sp.    

 Ampharete sp.    

 Cirrioformia sp.    

 Glycera sp.    

 Poecilochaetus sp.    

 Spionidae   sp.    

Copipoda  Paracalanus  parvus  

 Acartia sp.    

 Miracia  efferata  

 Enterpina  acutifrons  

 Longipedi sp.    

 Macrsetella  gracilis  

Amphipoda (ORDER)  Gammaridean sp.    

 Haplocheira sp.    

 Ampithoe sp.    


