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Moss-Dwelling Testate Amoebae in Patratu Valley, Jharkhand, India: A Pilot Study 

ABSTRACT 
Testate amoebae are shell-bearing protists that occur in a wide range of terrestrial and aquatic habitats and can provide useful information on microbial diversity and environmental conditions. This pilot study documents moss-dwelling testate amoebae from Patratu Valley, Jharkhand, India, where information on these organisms has been limited. Moss samples were collected from soil- and wall-associated microhabitats on 22 February 2026 and processed using the non-flooded Petri dish method. Permanent slide preparations were examined microscopically for species-level identification, and registered slides were deposited in the National Zoological Collections of the Gangetic Plains Regional Centre, Zoological Survey of India, Patna. The survey recorded 12 species belonging to five genera and five represented families. The recorded taxa included species of Cyclopyxis, Difflugia, Centropyxis, Euglypha, and Trinema. These observations provide a preliminary inventory of testate amoebae associated with moss microhabitats in the study area and extend baseline information on their regional occurrence. Because the investigation was based on a single pilot survey and did not quantify abundance or environmental variables, the recorded species richness should not be interpreted as a complete assessment of the local assemblage or as evidence of ecosystem condition. Broader spatial and seasonal sampling, together with standardized measurements of environmental variables, will be required to evaluate patterns of assemblage composition and their potential value in environmental monitoring.
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INTRODUCTION
The Patratu Valley, Jharkhand, in eastern India share the wider Patratu landscape of the Damodar River basin, which has the Nalkari River as an important tributary. The physiography of the region consists of hill, plateau surfaces, uplands and plains and deciduous forests are found on the hills while agricultural activities are found on the flat spaces. The region is characterised by the presence of Precambrian igneous and metamorphic rocks, along with coal-bearing Gondwana sedimentary formations, while marked rainfall seasonality and mining-related terrain modification contribute to the environmental complexity of the region (Pandey & Kumar, 2014). 
Shelled protozoa specifically testate amoebae are the species that occupy large numbers of habitats. They are very susceptible to ecological alterations (Nguyen-Viet et al., 2007) and are therefore good biomarkers to ecological variations because of their short generation intervals (Vincke et al., 2004; Mattheeussen et al., 2005). These organisms are found in different parts of the world and from tropical to polar regions and from land to sea water environments. These species are most diverse and numerous in Sphagnum mosses in which they exhibit differential ecological affinities in different ecosystems and in relation to various environmental factors (Charman, 1997). Due to their ability to respond to changes in moisture, pH, and other factors in the environment they are used as indicators of ecological change (Adl et al., 2012). 
Mosses provide heterogeneous microhabitats in which testate amoeba assemblages can vary with substrate moisture, pH, temperature, and other local environmental conditions. Studies of moss- and bryophyte-associated communities have therefore emphasized the importance of microhabitat characteristics when interpreting species occurrence and assemblage composition (Mieczan & Adamczuk, 2015; Purushothaman et al., 2019; Souto et al., 2021).
The ecological value of testate amoebae as indicators is strongest when taxonomic observations are accompanied by measurements of environmental gradients and sufficient spatial or temporal replication. Recent syntheses and biomonitoring studies show that their indicator use is commonly linked to hydrology, pH, pollution, and habitat condition rather than to species presence alone (Freitas et al., 2022; Kuuri-Riutta et al., 2022; McKeown et al., 2024).
More broadly, testate amoebae are useful ecological indicators because their assemblages can respond to hydrological and chemical gradients while their tests remain identifiable after collection. However, interpretation is strongest when community data are linked to replicated environmental measurements and local calibration rather than to species presence alone (Mitchell et al., 2008; Payne, 2013; McKeown et al., 2024).
However, in Patratu Valley, studies on protozoan diversity, especially free-living protozoa such as testate amoebae have not been reported (Bindu et al., 2024). Therefore, some attempts have been made on this front. There were 12 species of testate amoebae span over 5 genera and 5 families of protozoans evidenced in the study, proving that there may be significant diversity of unexplored protozoan potential in the moss ecosystems of the area. Future work on the protozoan taxonomy could be very useful in monitoring and management of the environment in the valley.
Within India, evidence from tropical forest microhabitats indicates that soil and tree-moss assemblages may differ in community structure and relative abundance, supporting the need for site-specific inventories before broader ecological interpretation. Comparable bryophyte surveys from other regions likewise demonstrate that moss-associated testate amoebae can contain diverse and spatially structured assemblages (Purushothaman et al., 2019; Souto et al., 2021; Mieczan & Adamczuk, 2015).
GLOBAL AND INDIAN DIVERSITY OF TESTATE AMOEBAE
Free living amoebae also show a high degree of world distribution with 675 plus species belonging to 104 genera and 22 families and with records from the polar areas. In India this diversity is reflected in the distribution of 209 species belonging to 37 genera classified under two classes and two orders (Bindu et al., 2024). This wide dispersal underlines the versatility of testate amoebae and these organisms’ role as bioindicators, as they are found in polar ice and other places in India as well as other environments.
The broad geographic occurrence of testate amoebae does not imply ecological uniformity. Comparative studies show that assemblage composition can vary substantially among habitats and microhabitats, while several small-bodied taxa recur across widely separated moss systems. Accordingly, regional inventories are useful for documenting distribution, but ecological comparisons require attention to substrate type and environmental context (Vincke et al., 2004; Mieczan & Adamczuk, 2015; Souto et al., 2021).
Biogeographic comparisons also indicate that widespread morphotaxa do not necessarily form equivalent communities across regions. Regional setting, substrate moisture, and habitat chemistry can alter assemblage structure even where several taxa are shared, supporting the use of local inventories as ecological baselines rather than assuming uniform environmental meaning for the same taxon everywhere (Booth & Zygmunt, 2005; Mitchell et al., 2008; Vincke et al., 2004).
MATERIAL AND METHODS
The moss samples for the present study were collected from various biotopes of Patratu Valley on 22nd February 2026 as part of this pilot study. The samples were obtained from various biotopes like soil and wall (24.295 ° N and 84.5316 ° E) by scraping with a spatula into polythene bags and brought to the laboratory for further processing. The processing of samples followed the non-flooded petri dish method outlined by Foissner (Foissner, 1992). Subsequently, permanent slide mounts were prepared from each sample and examined using Labomed (Lx 400) microscopes equipped with a Sony CMOS camera attachment for image capturing and species-level identification. All the registered permanent slides were deposited in the National Zoological collections of Gangetic Plains Regional Centre, Zoological Survey of India, Patna.
RESULTS AND DISCUSSION
The study yielded the following 12 species of testate amoebae span over 5 genera and 5 families Patratu Valley during this, preliminary investigation.
Systematic list of Testate Amoebae from Patratu Valley: Findings from the present study (Plates 1 and 2) (Classification as per Adl et al., 2019; see also Adl et al., 2012)
The photomicrographs are organized sequentially as Plate 1 (taxa 1–6) and Plate 2 (taxa 7–12), corresponding directly to the numbered systematic list.
Domain Amorphea Adl et al., 2012 
Supergroup Amoebozoa Lühe, 1913, sensu Cavalier-Smith, 1998
Phylum Tubulinea Smirnov et al., 2005
Class Elardia Kang et al., 2017
Order Arcellinida Kent, 1880
Family Netzeliidae Kosakyan et al., 2016
1. Cyclopyxis  arcelloides (Penard, 1902) Deflandre, 1929
[bookmark: _Hlk156986147]1902. Centropyxis arcelloides Penard, Faune Rhizopodique du bassin du Léman, Geneve, p. 309.
1929. Centropyxis (Cyclopyxis) arcelloides Deflandre, Arch. Protistenkd., 67, p.367.
[bookmark: _Hlk156986215]Distribution: India: Andhra Pradesh, Arunachal Pradesh, Bihar, Himachal Pradesh, Kerala, Manipur, Meghalaya, Mizoram, Odisha, Sikkim, Tamil Nadu, Uttar Pradesh, Uttarakhand, West Bengal, Chandigarh, Punjab.
2. Cyclopyxis eurystoma Deflandre, 1929  
[bookmark: _Hlk156988155]1929. Centropyxis (Cyclopyxis) eurystoma Deflandre, Arch. Protistenkd., 67: 370.
[bookmark: _Hlk156988171]Distribution: India: Arunachal Pradesh, Assam, Bihar, Himachal Pradesh, Kerala, Maharashtra, Nagaland, Tamil Nadu, Telangana, Uttarakhand, West Bengal, Punjab
Family Phryganellidae Jung, 1942
Family Difflugiidae Wallich, 1864
3. Difflugia globulosa (Dujardin, 1837) Penard, 1902 
[bookmark: _Hlk156986920]1837. Difflugia globosa Dujardin, Ann. Sci. nat. Zool. (2) 8: 310, pl. 9. Fig. 1.
1902. Difflugia globulosa Penard, Faune Rhizopodique du Bassin de Leman. Geneve: Kundig, pp.714.
[bookmark: _Hlk156986947]Distribution: India: Andhra Pradesh, Assam, Bihar, Himachal Pradesh, Meghalaya, Odisha, Rajasthan, Tamil Nadu, Uttar Pradesh, West Bengal, Punjab
Family Centropyxidae Jung, 1942
4. Centropyxis aerophila Deflandre, 1929  
1929. Centropyxis aerophila Deflandre Arch. Protistenkd., 67:330.
Distribution: India: Andhra Pradesh, Arunachal Pradesh, Bihar, Himachal Pradesh, Kerala, Manipur, Meghalaya, Mizoram, Nagaland, Odisha, Sikkim, Tamil Nadu, Telangana, Tripura, Uttar Pradesh, Uttarakhand, West Bengal, Chandigarh, Punjab
5. [bookmark: _Hlk177983085]Centropyxis aculeata (Ehrenberg, 1838) Stein, 1859
1958. Centropyxis aculeata minima Van Oye, Etude sur les Rhizopdes des marais du-ouest d’Uvira (Congo-belge), Hydrobiologia, 10:85-137.
Distribution : India : Andhra Pradesh, Arunachal Pradesh, Assam, Bihar, Himachal Pradesh, Kerala, Maharashtra, Meghalaya, Mizoram, Nagaland, Odisha, Rajasthan, Sikkim, Tamil Nadu, Telangana, Tripura, Uttar Pradesh, Uttarakhand, West Bengal, Chandigarh
6. Centropyxis ecornis (Ehrenberg, 1841)
1841. Arcella ecornis Ehrenberg, Abh. Akad. Wiss. Berlin, p. 368.
1879. Centropyxis ecornis Leidy, Freshwater Rhizopods of North America, pl.30, figs.20-24.
Distribution: India: Andhra Pradesh, Arunachal Pradesh, Assam, Bihar, Himachal Pradesh, Kerala, Maharashtra, Meghalaya, Nagaland, Odisha, Sikkim, Tamil Nadu, Telangana, Uttar pradesh, Uttarakhand, West Bengal, Punjab
7. Centropyxis platystoma (Penard, 1890) Deflandre, 1929 
1929. Centropyxis platystoma Defalndre, Arch. Protistenkd., 67: 338.
Distribution: India: Andhra Pradesh, Arunachal Pradesh, Assam, Bihar, Himachal Pradesh, Kerala, Manipur, Meghalaya, Mizoram, Nagaland, Odisha, Sikkim, Tamil Nadu, Tripura, Uttar Pradesh, West Bengal, Chandigarh, Punjab
Phylum Cercozoa Cavalier-Smith, 2018
Class Silicofilosea Adl et al., 2012
Order Euglyphida Cavalier-Smith, 1997
Family Euglyphidae Lara et al., 2007
8. Euglypha rotunda (Ehrenberg, 1845)  
1911. Euglypha rotunda Wailes and Penard, Proc. R. Irish Acad., 31: 60-62.
Distribution: India: Bihar, Himachal Pradesh, Kerala, Maharashtra, Odisha, Telangana, Tripura, Uttarpradesh, Uttarakhand, Punjab
9. Euglypha simplex Decloitre, 1965
1965. Euglypha simplex Decloitre, Bull. De la societe des sci. Nat. et. Phy. Du Maroc, 45: 17-28.
Distribution : India: Bihar, Himachal Pradesh, Kerala

Family Trinematidae Adl et al., 2012
10. Trinema enchelys (Ehrenberg, 1838) 
1890. Trinema lineare Penard, Mem. Soc. Geneve, 31: 187, pl. 11. Figs. 5-17. 
1915. Trinema lineare Cash, Wailes and Hopkinson, Ray. Soc. Publ. London, 3: 91, pl. 47, figs. 11-21.
Distribution: India: Andhra Pradesh, Assam, Bihar, Himachal Pradesh, Kerala, Maharashtra, Odisha,Sikkim, West Bengal

11. Trinema lineare Penard, 1890  

1890. Trinema lineare Penard, Mem. Soc. Geneve, 31: 187, pl. 11. Figs. 5-17. 
1915. Trinema lineare Cash, Wailes and Hopkinson, Ray. Soc. Publ. London, 3: 91, pl. 47, figs. 11-21.
Distribution: India: Andhra Pradesh, Arunachal Pradesh, Assam, Bihar, Himachal Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, Odisha, Tripura, Uttarpradesh, Uttarakhand, Chandigarh, Punjab
12. Trinema complanatum Penard, 1890
1890. Trinema complanatum Penard, Mem. Soc. Geneve, 31: 187, pl.10, figs. 1-4.
Distribution: India: Andhra Pradesh, Arunachal Pradesh, Bihar, Himachal Pradesh, Kerala, Meghalaya, Mizoram, Nagaland, Sikkim, Uttar Pradesh, Uttarakhand, Punjab
Ecological context of the recorded assemblage
The twelve taxa recorded in this pilot survey represent a baseline occurrence dataset for moss microhabitats in Patratu Valley. Several taxa documented here, including Cyclopyxis eurystoma, Euglypha rotunda, and Trinema lineare, have also been reported from bryophyte-associated assemblages in other regions, indicating that their occurrence in moss habitats is consistent with published ecological observations (Vincke et al., 2004; Mieczan & Adamczuk, 2015; Souto et al., 2021).
The present species count should not be interpreted as a complete estimate of local richness because sampling was limited to a single pilot survey and the study did not quantify abundance or environmental gradients. In northeastern India, testate amoeba assemblages differed between soil and tree-moss microhabitats, with substratum temperature and pH contributing to observed patterns; studies from other moss systems similarly identify moisture and pH as important correlates of community composition (Mieczan & Adamczuk, 2015; Purushothaman et al., 2019; Souto et al., 2021).
The recorded composition is consistent with the ecological breadth reported for moss-dwelling testate amoebae, but the present pilot design cannot test species–environment relationships. Previous studies show that assemblages may vary with substrate type, moisture, temperature, and pH; therefore, the Patratu records are best treated as distributional evidence until replicated environmental measurements are available (Booth & Zygmunt, 2005; Mieczan & Adamczuk, 2015; Purushothaman et al., 2019).
For biomonitoring, this inventory is most useful as a baseline for designing subsequent surveys. Protist indicators are more informative when taxonomy is combined with standardized sampling, abundance data, and independently measured environmental variables. Seasonal and spatial replication across moss substrates and disturbance gradients would therefore be needed before drawing indicator-based conclusions for Patratu Valley (Mitchell et al., 2008; Payne, 2013; McKeown et al., 2024).
Consequently, the current records are most appropriately interpreted as a preliminary faunal inventory rather than as evidence of ecosystem condition. Reliable bioindicator applications generally require standardized sampling, replicated observations, and explicit association of community data with environmental variables. Expanded seasonal and spatial sampling in Patratu Valley would therefore provide a stronger basis for evaluating whether testate amoebae can be used in local environmental monitoring (Freitas et al., 2022; Kuuri-Riutta et al., 2022; McKeown et al., 2024).

Conclusion 
In the present preliminary study, diversity of twelve species testate amoebae observed from the mosses of Patratu Valley. The study documented assemblages in the sampled moss microhabitats, to provide baseline information for more detailed ecological investigations. The exploratory aspect of this indicates the necessity of site-specific studies that will seek to understand the variation of community structure as a function of microhabitat conditions, seasonal fluctuations and anthropogenic disturbance. Additional studies need to integrate wider spatial sampling and repeated seasonal surveys with measurements of environmental conditions to determine if the potential exists for them to serve as indicators of ecological condition in wetland, forest and urban habitats.
Therefore, the diversity studies of moss-dwelling testate amoeba in Patratu, which should goes beyond this present survey. While such pilot study alone cannot be used to determine ecosystem health and reliability of their use as bioindicators, it can inform later sampling and be used to develop hypotheses about the relationships between assemblage composition and environmental conditions. Follow-up study of this type would expand knowledge of microbial diversity for the valley, and would aid in determining the potential applications of testate amoebae in environmental monitoring and habitat conservation.
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Plate 1. Photomicrographs of moss-dwelling testate amoebae recorded from Patratu Valley, Jharkhand, India: 1. Cyclopyxis arcelloides (Penard, 1902) Deflandre, 1929; 2. Cyclopyxis eurystoma Deflandre, 1929; 3. Difflugia globulosa (Dujardin, 1837) Penard, 1902; 4. Centropyxis aerophila Deflandre, 1929; 5. Centropyxis aculeata (Ehrenberg, 1838) Stein, 1859; 6. Centropyxis ecornis (Ehrenberg, 1841).
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Plate 2. Photomicrographs of moss-dwelling testate amoebae recorded from Patratu Valley, Jharkhand, India: 7. Centropyxis platystoma (Penard, 1890) Deflandre, 1929; 8. Euglypha rotunda (Ehrenberg, 1845); 9. Euglypha simplex Decloitre, 1965; 10. Trinema enchelys (Ehrenberg, 1838); 11. Trinema lineare Penard, 1890; 12. Trinema complanatum Penard, 1890.
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