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Diversity of Moss-Dwelling Testate Amoebae from Kaimur Wildlife Sanctuary, Bihar, India: A Preliminary Survey



ABSTRACT

	The presence of moss-dwelling testate amoebae at the Kaimur Wildlife Sanctuary, Bihar has not been reported in literature before. The current study represents the first documentation of testate amoeba in this conservation area. Testate amoebae are single-celled protists that are characterized by being encased by external tests of chitin (shells) and are commonly known to be a good bioindicator due to their strong susceptibility to environmental variations. In November 2024, as part of faunal survey, moss samples were collected from soil by scraping with a spatula into polythene bags and brought to the laboratory for further processing by the non-flooded petri dish method then preparing permanent slide mounts and examined using microscopes equipped with camera attachment for image capturing and species-level identification to determine the diversity of testate amoeba living in moss microhabitats in the sanctuary. The study showed 13 species belonging to 6 genera and 6 families. The results are the first report of testate amoebae in Kaimur Wildlife Sanctuary, Bihar and have demonstrated the ecological importance of moss as an important microhabitat in sustaining testate amoeba diversity as they respond rapidly to environmental changes.
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1. INTRODUCTION

This article reports the microfauna inhabiting moss ecosystems. Of these, testate amoebae (TA) are unicellular protozoans encased in shells of protection, which are generally considered as important bioindicators of the environmental conditions. The current work is the preliminary report on this microfauna from the Kaimur Wildlife Sanctuary (KWS), Bihar.

KWS in the districts of Kaimur and Rohtas, Bihar India is a large area with diverse habitats including rocky plateaus and dry deciduous forests. These habitats support a wide range of faunal communities, such as relatively little-known microfauna [1]. Although the vertebrate diversity of the sanctuary has been quite well reported, there is a complete dearth of peer-reviewed information on the invertebrate microfauna, especially the moss associated TA.

Traditionally the main targets of zoological surveys carried out in KWS have been vertebrates and comparatively larger invertebrates [2]. Nontheless, microfaunal groups, especially TA, have not been have not been systematically described, leaving a significant gap. This gap is particularly significant in Indian protected areas, where diversity of insects and arthropods has been studied in an organized fashion to facilitate ecological evaluation. 
Although testate amoebae have been reported from different states, their occurrence in Bihar has received limited attention [3], which leaves a significant gap in knowledge on the distribution and ecological significance of the organism in the region. Specifically, their presence and distribution patterns in the wildlife sanctuaries and national parks of Bihar are still underexplored and hence the necessity of targeted studies on ecologically important landscapes. Therefore, the lack of studies on microscopic biota in KWS highlights that specific research on TA is necessary to understand their role in ecosystem structure and functioning.

The TA inhabit a wide range of ecological habitats and are highly sensitive to environmental disturbances [4]. They are sensitive to changes of the environment due to their short generation times thereby forming good predictors of ecological change [5,6,7]. These shelled protozoa are ubiquitous in the world, being found both in tropical and polar areas and in both terrestrial and aquatic (including marine) environments. They are highly sensitive to changes in moisture, pH, and other environmental parameters and thus their applicability in the monitoring of the environmental dynamics is found to be significant [8]. Also, they have been found to be affected by climatic conditions, which allow application in the reconstructions of past hydrological regimes, and the evaluation of current ecological health [9,10,11,12].

TA being a functional diverse group of shelled protozoa is very important in ecosystem processes particularly in soils and aquatic microecosystems. In addition to providing valuable information as bioindicators, they are important in the cycle of nutrients and decomposing organic matter, both of which have effects on the ecological mechanisms [5]. There is an ecologically significant relationship between TA and mosses since the moss microhabitats are wet, nutrient-rich environments where they can survive. Moss beds provide structured microecosystems by not only increasing diversity of microfauna but also enabling complex food web, which connects the larger communities of microbiomes [13].

The current research is a description of the diversity of TA in the microhabitats of KWS that are composed of moss. It develops the existing knowledge of the abundance of these taxa in tropical ecosystems and highlights the importance of these groups in the ecology of moss communities [4]. Also, the results provide a wider biogeographical view of the protozoan diversity in diverse Indian environments and emphasize the need to preserve microhabitats in tropical protection zones. The descriptions of 13 species of 6 genera and 6 families adds to the known fauna list of the area. Based on the rising rates of environmental pollution in Bihar, the ecological sensitivity of TA to ecological upheavals is an added advantage that validates their use as effective bioindicators of ecosystem health. The subsequent taxonomic and ecological studies of protozoa in the future will therefore be useful in the environmental surveillance and conservation planning, especially on a state level.


2.	GLOBAL AND INDIAN DIVERSITY OF TESTATE AMOEBAE

Free-living TA are widely distributed across the world and they are over 675 species belonging to 104 genera and 22 families and have even been reported in the polar regions. In India, its richness is displayed in 209 species distributed in 37 genera and belonged to two classes and two orders [14]. Their extensive geographic distribution points to the unprecedented versatility of TA and supports their role as bioindicators as they can be found in non-polar ice, as well as in a variety of ecosystems all over India and elsewhere.

3. MATERIAL AND METHODS

The moss samples (12 Lots) for the present study were collected on 24th November 2024 as part of a faunal survey program within the KWS in Bihar. The samples were obtained from soil 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 [15]. A portion of the moss sample collected from the soil was placed in a Petri dish, spread out in a thin layer. A small amount of distilled water is added to moisten the sample without flooding it, ensuring the water only saturates the material and mimics natural microhabitats. The sample is then incubated at room temperature for a few hours or overnight, allowing microorganisms to become active.  Subsequently, permanent slide mounts were prepared from each sample and examined using microscopes equipped with 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.



4. RESULTS AND DISCUSSION 

The study yielded the following new records to KWS, Bihar belonging to 13 species in 6 genera and 6 families during this preliminary investigation.
Systematic list of Testate Amoebae from KWS, Bihar: Findings from the present study (Plate 1, 2, 3) (Classification as per Adl et al., 2019) [16, 17]
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

[bookmark: _Hlk156986147]1. Cyclopyxis arcelloides (Penard, 1902) Deflandre, 1929
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, Himachal Pradesh, Kerala, Manipur, Meghalaya, Mizoram, Odisha, Sikkim, Tamil Nadu, Uttar Pradesh, Uttarakhand, West Bengal, Chandigarh, Punjab, Bihar
[bookmark: _Hlk183794086]Remarks: Present record from KWS, Bihar
2. Cyclopyxis eurystoma Deflandre, 1929  
[bookmark: _Hlk156988155]1929. Centropyxis (Cyclopyxis) eurystoma Deflandre, Arch. Protistenkd., 67: 370.
[bookmark: _Hlk156988171]Distribution: India: Arunachal Pradesh, Assam, Himachal Pradesh, Kerala, Maharashtra, Nagaland, Tamil Nadu, Telangana, Uttarakhand, West Bengal, Punjab, Bihar
[bookmark: _Hlk178021375][bookmark: _Hlk177981331]Remarks: Present record from KWS, Bihar
Family Phryganellidae Jung, 1942
3. Phryganella acropodia (Hertwig & Lesser, 1874)
1909. Phryganella acropodia Hopkinson, The British Freshwater Rhizopoda and Heliozoa, 2: 74, pl.20, figs.13-14. 
Distribution: India: Himachal Pradesh, Sikkim, Tamil Nadu, Telangana, Uttarakhand, Punjab, Bihar 
Remarks: Present record from KWS, Bihar
Family Difflugiidae Wallich, 1864
4. 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, Himachal Pradesh, Meghalaya, Odisha, Rajasthan, Tamil Nadu, Uttar Pradesh, West Bengal, Punjab, Bihar 
[bookmark: _Hlk177983023]Remarks: Present record from KWS, Bihar
Family Centropyxidae Jung, 1942
5. Centropyxis aerophila Deflandre, 1929  
1929. Centropyxis aerophila Deflandre Arch. Protistenkd., 67:330.
Distribution: India: Andhra Pradesh, Arunachal Pradesh, Himachal Pradesh, Kerala, Manipur, Meghalaya, Mizoram, Nagaland, Odisha, Sikkim, Tamil Nadu, Telangana, Tripura, Uttar Pradesh, Uttarakhand, West Bengal, Chandigarh, Punjab, Bihar 
[bookmark: _Hlk177983085]Remarks: Present record from KWS, Bihar
6. 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, Himachal Pradesh, Kerala, Maharashtra, Meghalaya, Mizoram, Nagaland, Odisha, Rajasthan, Sikkim, Tamil Nadu, Telangana, Tripura, Uttar Pradesh, Uttarakhand, West Bengal, Chandigarh, Bihar 
Remarks: Present record from KWS, Bihar
7. 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, Himachal Pradesh, Kerala, Maharashtra, Meghalaya, Nagaland, Odisha, Sikkim, Tamil Nadu, Telangana, Uttar pradesh, Uttarakhand, West Bengal, Punjab, Bihar
Remarks: Present record from KWS, Bihar
8. Centropyxis platystoma (Penard, 1890) Deflandre, 1929 
1929. Centropyxis platystoma Defalndre, Arch. Protistenkd., 67: 338.

[image: ][image: ]
[image: ]
Plate 1, 2, 3: Microphotographs of Testate Amoebae from KWS, Bihar

Distribution: India: Andhra Pradesh, Arunachal Pradesh, Assam, Himachal Pradesh, Kerala, Manipur, Meghalaya, Mizoram, Nagaland, Odisha, Sikkim, Tamil Nadu, Tripura, Uttar Pradesh, West Bengal, Chandigarh, Punjab, Bihar
[bookmark: _Hlk178021554][bookmark: _Hlk177984731]Remarks: Present record from KWS, Bihar
Phylum Cercozoa Cavalier-Smith, 2018
Class Silicofilosea Adl et al., 2012
Order Euglyphida Cavalier-Smith, 1997
Family Euglyphidae Lara et al., 2007
9. Euglypha rotunda (Ehrenberg, 1845)  
1911. Euglypha rotunda Wailes and Penard, Proc. R. Irish Acad., 31: 60-62.
Distribution: India: Himachal Pradesh, Kerala, Maharashtra, Odisha, Telangana, Tripura, Uttarpradesh, Uttarakhand, Punjab, Bihar
Remarks: Present record from KWS,            Bihar
10. Euglypha laevis (Ehrenberg, 1845)
1845. Euglypha laevis Ehrenberg, Ber. Akad., Berlin, p. 307. 
1849. Euglypha laevis Perty, Mitth. nat. Ges. Bern., p. 163
Distribution: India: Himachal Pradesh, Kerala, Maharashtra, Odisha, Telangana, Uttar Pradesh, Uttarakhand, Bihar 
Remarks: Present record from KWS, Bihar
Family Trinematidae Adl et al., 2012
11. 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, Himachal Pradesh, Kerala, Maharashtra, Odisha,Sikkim, West Bengal, Bihar 
Remarks: Present record from KWS, Bihar
12. 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, Himachal Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, Odisha, Tripura, Uttarpradesh, Uttarakhand, Chandigarh, Punjab, Bihar
Remarks: Present record from KWS, Bihar
13. Trinema complanatum Penard, 1890
1890. Trinema complanatum Penard, Mem. Soc. Geneve, 31: 187, pl.10, figs. 1-4.
Distribution: India: Andhra Pradesh, Arunachal Pradesh, Himachal Pradesh, Kerala, Meghalaya, Mizoram, Nagaland, Sikkim, Uttar Pradesh, Uttarakhand, Punjab, Bihar 
Remarks: Present record from KWS, Bihar

5. CONCLUSION 

Moss dwelling TA are very useful microfauna in understanding the dynamics of the environment, as mosses generally grow well in wet or waterlogged environments. They are quick in responding to the changes in environmental conditions, and thus these microorganisms are dependable bioindicators of pollution and other environmental disturbances [18, 19].

Considering the present diversity on TA in Kaimur Wildlife Sanctuary (KWS) and other protected areas of Bihar, there is a necessity of more site-specific research with much detail, since this is only preliminary study. These studies should also evaluate their potential for monitoring ecological changes, especially in the landscapes where anthropogenic pressures occur by providing details of bio indicator species. Such future studies of particular microhabitats will enhance our knowledge on the dynamics of the ecosystems, help in the comparison of the effectiveness of the protective area network and help in the sustainable management of the unique ecosystems.
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