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Summary

Amoebozoa is a poorly studied component of the soil microbiota. Data on amoe-

bozoan diversity in different types of soil remains drastically limited. In this paper, we 

present results of our study of species composition and abundance of naked amoebae 

in tall-herbaceous rainforest ecosystem unique to Siberia - the Chernevaya taiga, 

located in the low mountains of Western Siberia (Russia). The soils of this ecosystem 

have high fertility, which causes plant gigantism. The abundance of naked amoebae 

in sampled soil, recovered by culture-based MPN method, varied from 194 to 265 

g-1 and was higher than in usual oligotrophic taiga soil from the nearby sampling site 

(130 g-1). Fifteen amoebae species were recovered from the samples. Amoebae of 

the order Leptomyxida were highly abundant in all samples. Since we worked with 

soil transported for a long distance, we believe that the list of recovered species is a 

“minimal” one and could be expanded in the future. Relatively high abundance of 

naked amoebae suggests their significant influence on the microbiota of the soil of 

Chernevaya taiga.
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Introduction

Though basic studies of protist diversity in 

marine and estuarine benthic sediments proved 

the high abundance of naked lobose amoebae in 

different types of natural ecosystems (Arndt, 1993; 

Butler and Rogerson, 1995; Smirnov, 2002; Smirnov 

and Thar, 2003), data on their diversity are still limi-

ted (Grossmann et al., 2016; Mahe et al., 2017; 

Geisen et al., 2018). 

Morphological identification of naked amoebo-

id protists, especially the species distinction, is a 

difficult task (Bovee, 1985; Page, 1988; Smirnov, 

2008, 2011). It requires expert knowledge of amoe-

bae diversity, establishing clonal cultures, applica-

tion of electron microscopy, and anyway in many 

cases remains low-reliable. Traditional ecological 

studies of naked amoebae use morphospecies, 

identified at light-microscopic level (Butler and 

Rogerson, 2000), morphotypes (Garstecki and 

Arndt, 2000; Rogerson and Gwaltney, 2000; 

Rodriguez-Zaragoza et al., 2005) or size clusters 

(Bischoff, 2002). Even if molecular methods are

applied, one still needs an expert approach to

amoebae identification to link them with morpho-

logical species diversity and abundance (Perez-

Juarez et al., 2018).

Long-term observations tend to reveal un-

stable species composition of local amoebae 

microcommunities (Smirnov and Goodkov, 1995; 

Smirnov, 2003), which is partially explained by 

changes in physical conditions (Whitford, 2002; 

Geisen et al., 2014, Lanzen et al., 2016), seasonal 

dynamics (Rodriguez-Zaragoza et al., 2005), ef-

fects of living macroorganisms on the habitat (Pe-

rez-Juarez et al., 2018) and fluctuations in the 

abundance associated with emergence and vanish-

ing of suitable microhabitat conditions (Baldock and 

Sleigh, 1988; Taylor and Berger, 1980). Because of 

the instability of amoebae communities in space and 

time, studying their diversity in natural habitats is 

challenging. As a result, number of reliable studies 

dedicated to amoebae diversity and differential 

species abundance remains limited and this issue 

requires more attention.

The significant role of naked lobose amoebae 

in soil microcosm functioning is widely recognized 

(Foster and Dormaar, 1991; Ekelund and Rønn, 

1994; Bonkowski, 2004; Singer et al., 2021). They 

are considered important for biomineralization pro-

cesses in rhizosphere, regulation of bacterial and 

fungal biomass, predation of nematodes (Rodrigu-

ez-Zaragoza et al., 2005; Geisen et al., 2015a; Xiong 

et al., 2018). However, data on amoebae species 

diversity in different types of soils are drastically li-

mited. In this paper, we present data on the diversity 

and abundance of amoebae in soils of a unique type 

of ecosystem – the Chernevaya taiga – Siberian 

hemiboreal tall-herbaceous forests dominated 

by aspen and fir, limited in their distribution to 

hyperhumid areas of the Altai-Sayan Mountain 

region (Western Siberia, Russia) at elevations from 

200 m to 900 m above sea level. There is almost no 

plant litter in these forests, since grass litter is almost 

completely mineralized within one year. The soils 

in these ecosystems are known for their extremely 

high productivity, causing gigantism of the perennial 

herbaceous plants and bushes (see Abakumov et 

al., 2020a, 2020b; 2023). Earlier we isolated a rare 

amoeba species Thecochaos fibrillosum from this 

habitat (Mesentsev et al., 2023). However, there is 

no data on overall amoebae diversity from this type 

of soil. The present paper is intended to partly fill 

in this gap.

Material and methods

Three samples containing the material from top 

10 cm of the soil were collected from a location near 

Tomsk city (Russia, Western Siberia, Tomskaya 

oblast; 56.30693° N, 85.47063° E) (see Abakumov 

et al., 2023 for details on this site). Samples 1, 2, 

and 3 were collected from the top 10 cm layer of 

Chernevaya taiga in July 2020. The other three 

samples (marked as samples T1-T3) were collected 

in July 2021. Sample T1 was taken from the top 10 

cm of Luvic Stagnic Phaeozem of Chernevaya taiga 

(56.306629° N, 85.470616° E), while sample T2 was 

taken from the intermediate area between soil of 

Chernevaya taiga and oligotrophic soil (56.307012° 

N, 85.470421° E). The soil was diagnosed as Albic 

Luvisol. The sample T3 contained oligotrophic 

soil from the closest sampling site (56.481131° N, 

84.798967° E). This soil was diagnosed as Albic 

Luvisol (Epidystric). The classification of soils is 

given according to IUSS Working Group WRB 

(2022). The temperature of soil in the sampled top 

10 cm layer during both years of sampling did not 

exceed +16 °C (Abakumov et al., 2020a).

Samples were gently mixed to homogenize soil; 

0.01 g of soil (natural moisture) was placed in 60 

mm sterile Petri dishes filled with culturing medium 

(0.025% cerophyll on PJ with addition of soil extract 

made on the same soil) (Prescott and James, 1955; 

Page, 1988). For quantification of amoebae, 50 
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dishes were established for each of the six analyzed 

samples. Enrichment cultures were incubated for 14 

days at +16 °C. Quantitative and qualitative asses-

sment of the diversity of naked lobose amoebae 

was performed using an inverted Nikon TMF100 

microscope equipped with phase contrast.

Abundance of protists was calculated using 

MPN (most probable number) method as described 

by Garstecki and Arndt (2000) with modifications 

described by Smirnov (2002) and Surkova et al. 

(2022). In the 50-dish series, every amoeba species 

was counted individually; this resulted in a table 

showing the occurrence of every taxon. The total 

number of findings was statistically treated (op. cit.) 

to get the MPN number for every individual species. 

To get the total number of amoebae, obtained 

MPN numbers were summarized. Abundance of 

flagellates, ciliates, heterolobosean amoebae, testate 

amoebae and other microeukaryotes (nematodes, 

rotifers) was accessed quantitatively without 

identification. Numbers of organisms other than 

naked amoebae cannot be properly counted by 

MPN method. Ciliates and flagellates to the certain 

extent may be an exception, but results are usually 

biased with selective species growth (Bamforth, 

1992; Berthold and Palzenberger, 1992). So, here 

the recovered abundance of other groups is provided 

for comparison between habitats only.

To improve data on amoebae diversity, 15 

enrichment cultures in 90 mm Petri dishes with PJ 

medium and rice grains were established for each 

of the 6 analyzed soil samples. They were incubated 

at room temperature for 7 days, then maintained at 

+16 °C. Cultures were checked on the 7th, 14th and 

30th days. Observations on these cultures were used 

to accumulate data on species diversity. These data 

were applied for identification of amoebae strains in 

dilution series and documentation of isolated strains.

Results

In 300 observed Petri dishes, 15 species of 

naked lobose amoebae were found. If we add the 

species Thecochaos fibrillosum, described from these 

samples earlier (Mesentsev et al., 2023), the total 

number of species recovered from these samples is 

16. Members of all three lineages containing naked 

lobose amoebae, namely Tubulinea (Fig. 1, A-H), 

Discosea (Fig.1 I-Y) and Variosea (Fig. 1, Z) were 

represented. They were identified up to genus 

(or higher taxon, when appropriate) at the light-

microscopic level, so provided names should be 

accepted with caution. However, light-microscopic 

data were sufficient to reliably differentiate observed 

amoebae and repetitively recognize them during the 

screening of dishes.

Four species, namely – Cochliopodium sp.1 

(Fig. 1, W-X), Cochliopodium sp. 2 (Fig. 1, Y), 

Leptomyxa sylvatica (Fig. 1, A, see Glotova et al., 

2021) and Leptomyxa sp. 2 (Fig. 1, B) occurred 

most frequently in Chernevaya taiga soil samples 

(samples 1-3, and T1). Saccamoeba sp. (Fig. 1, E-F), 

Vannella simplex (Fig. 1, Q-R), Korotnevella sp. (Fig. 

1, M-N), Flamella sp. (Fig. 1, Z) were less common; 

while representatives of Vexillifera sp. (Fig. 1, O-P), 

Thecamoebidae gen. sp. (Fig. 1, I-J), Mayorella sp. 

(Fig. 1, K-L), Hartmannellidae gen. sp. (Fig. 1, 

G-H), «unidentified amoebozoan» (Fig. 1, C-D), 

Vannella sp. (Fig. 1, S-T) and Vannellidae gen. sp. 

(Fig. 1, U-V) occurred rarely. 

The MPN values showing the abundance of na-

ked lobose amoebae in samples from the Chernevaya 

taiga soil (1-3, and T1) were comparable. Those 

values were higher than the MPN value of amoebae 

in oligotrophic soil sample (T3), collected from the 

same geographical area, obtained and transferred 

under the same conditions (Table 1). According 

to the MPN values, the total abundance of ciliates 

and testate amoebae was also higher in Chernevaya 

taiga soil samples, while heterolobose amoebae 

and flagellates were almost equally represented 

in high-productive and oligotrophic soil samples. 

Rare occurrence of micrometazoans (Nematoda, 

Rotifera) was documented in all samples. It should 

be stressed that conditions for taxa other than 

amoebae in our enrichment cultures probably were 

not optimal, so provided abundances are appropri-

ate only for comparison between dishes in the same 

series of experiments.

Discussion

Physical and chemical conditions, as well as

plants growth characteristics have a crucial impor-

tance for rhizosphere microbiota (Aslani et al., 2021; 

Ceja-Navarro et al., 2021). Protist communities are 

sensitive to microhabitat conditions, such as spatial 

distribution of preferable prey bacteria, even more 

than pH and soil moisture (Geisen et al., 2020; Oli-

verio et al., 2020; Xiong et al., 2020).

Naked lobose amoebae are considered to be a 

difficult group for faunistic and ecological studies, in 
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Fig. 1. Light microscopy of naked lobose amoebae strains found in the samples from Chernevaya taiga soil (phase 

contrast). A – Leptomyxa sylvatica; B – Leptomyxa sp.; C-D – an unidentified amoebozoan; E-F – Saccamoeba 

sp.; G-H – Hatmannellidae gen. sp.; I-J – Thecamoebidae gen. sp.; K-L – Mayorella sp.; M-N –  Korotnevella 

sp.; O-P – Vexillifera sp., Q-R – Vannella simplex; S-T – Vannella sp., U-V – Vannellidae gen. sp.; W-X – 

Cochliopodium sp.1; Y – Cochliopodium sp. 2; Z – Flamella sp. Scale bar is 20 µm throughout.

particular – in soils (Smirnov and Brown, 2004), but 

experimental studies revealed higher MPN values 

and recovery potential of amoebae communities 

in planted soil microcosms than in bare samples 

(Rodriguez-Zaragoza et al., 2005; Rosenberg et 

al., 2009; Cortes-Perez et al., 2014). Predatory 

activity of free-living amoebae provides the release 

of nutrients back to the soil and influences the 

community composition and population dynamics 

of their prokaryotic and eukaryotic prey (Geisen et 

al., 2018).

Representatives of Hartmannellidae, Flamella, 
Korotnevella, Echinamoeba, Acanthamoeba, Mayo-
rella, Saccamoeba and Leptomyxa are commonly 

described from various agricultural and natural soil 

habitats (Rodriguez-Zaragoza et al., 2005; Cortes-

Perez et al., 2014; Perez-Jaurez et al., 2018; Patsyuk, 

2020). Surprisingly, in the analyzed samples from

Chernevaya taiga and surrounding area Acanthamo-
eba strains were not observed. The reasons for the 

absence of this taxon, common in soil habitats, are 

not clear and may be a bias of the experiment. Other 

genera previously recovered from soil ecosystems 

were represented, as well as small-sized species of 

Vannellida, Himatismenida and Dactylopodia.

Only a few specific soil microcommunities have 

been previously observed with a detailed description 

of naked lobose amoebae diversity, and the accumu-

lated data can hardly be directly compared. A case 

study of the unique ecosystem may be called one of 

the trends in soil naked lobose amoebae ecology, 

and most of these studies were devoted to arid soils 

(Robinson et al., 2002; Rodriguez-Zaragoza and 

Steinberger, 2004; Bamforth, 2008; Barness et al., 

2009; Fernandez, 2015). However, heterotrophic 

protists generally demonstrate higher diversity in 
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continuously moist soils (Krashevska et al., 2012; 

Tsyganov et al., 2013; Geisen et al., 2014). Studies 

focused on naked lobose amoebae suggested that 

diversity varies between dry and wet seasons, and 

variations generally correlate with water availability 

(Perez-Juarez et al., 2018).

Data obtained in culture-based experiments are 

hardly comparable between different studies, but are 

reliably comparable within a single study, performed 

under the uniform sampling, transfer and cultivation 

conditions. The present data show higher abundance 

of naked lobose amoebae in Chernevaya taiga soil 

rather than in oligotrophic soil originating from the 

same geographic area (Table 1). The MPN values 

of individual species abundance significantly varied 

between different samples of Chernevaya taiga 

soil, while the variability of MPN values of total 

amoebae abundance was much lower (Table 2). It 

may be a result of amoebae species commitment to 

microhabitat conditions (Smirnov and Thar, 2003) 

and size-specific prey peaks.

Chernevaya taiga represents one of the richest 

soil biotopes, characterized by the high content of 

biogenic elements and diverse fungal and bacterial 

community (Abakumov et al., 2020a). These 

properties appear to be favorable for amoebae. 

Interestingly, the soil in Chernevaya taiga has no 

plant litter since grass remnants are getting almost 

completely mineralized within one year. However, 

a representative of the amoeba genus Thecochaos, 

previously described exclusively from mosses, 

was found in this soil (Mesentsev et al., 2023). It 

means that some species normally inhabiting the 

organic-rich moss of the forest floor still occur in 

this exceptionally nutrient-rich soil, but like real 

inhabitants of the soil. It may be a specific property 

of the unique ecosystem of Chernevaya taiga. An 

interesting observation is the finding of amoeba 

that we were not able to identify reliably (Fig. 1, 

Table 1. Abundance of microeukaryotes in the samples collected in 2020 and 2021, estimated by the MPN method 
(most probable numbers) (g-1 of soil of natural moisture). Numbers of organisms other than naked amoebae cannot 

be properly counted by MPN method used, so they are provided for comparison between samples only.

Group of organisms 2020 2021
1 2 3 T1 T2 T3

naked lobose amoebae 194 232 212 256 208 130
testate amoebae 10 – – 16 16 2
heteroloboseans amoebae 16 16 12 44 24 30
fl agellates 212 196 160 392 332 282
ciliates 142 96 134 96 102 48
rotifera – 2 2 2 10 4
nematods 6 18 14 4 8 6

C-D). This organism may be some variosean or a 

mycetozoan trophozoite. Unfortunately, we were 

not able to establish a culture of this organism or get 

sequence data on it.

Studied samples did not show extraordinary 

abundance and diversity of naked amoebae. Since 

we worked with soil transported for a long distance, 

we believe that the list of recovered species is a 

“minimal” one and could be expanded in the future. 

Despite some early evidences of higher abundances 

of amoebae in soil habitats if compared to freshwater 

sites (Menapace, 1975), we obtained MPN values 

rather comparable to data on freshwater habitats 

from modern studies with a similar estimation 

approach (Surkova et al., 2022). Since enrichment 

cultures in the laboratory could never reconstruct 

entire microhabitat conditions, cultivable diversity, 

which we used to evaluate amoebae abundance, 

might not reflect actual diversity that participates 

in biomass and energy flows in the environment 

(Geisen et al., 2015b). For example, no mycetozoa 

were recovered under the culture conditions 

used. In addition to experimental data (Kreuzer 

et al., 2006; Ekelund et al., 2009; Bonkowski and 

Clarholm, 2012), a better understanding of the role 

of amoeboid protists in soil ecosystems requires 

new environmental data sources, more uniformly 

covering the diversity of taxa, such as metagenomic 

approaches or novel cultivation techniques (Sherpa 

et al., 2015; Salazar-Ardiles et al., 2022; Chauque 

et al., 2023).

The abundance of other groups of organisms 

cannot be reliably estimated with culture-based 

methods. It can only be noted that rotifers and 

nematodes were registered in almost all samples, 

while testate amoebae were predominantly found 

in the year 2021 (Table 1). This may be a result of 

slightly different transporting and culture conditions 

or a reflection of the local heterogeneity of protists 
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Table 2. Individual abundance of naked lobose amoebae strains recovered from the samples collected in 2020 and 
2021, estimated by the MPN method (most probable numbers) (g-1 of soil of natural moisture).

Organism
2020 2021

1 2 3 T1 T2 T3
Cochliopodium sp.1 20 78 52 24 22 6
Cochliopodium sp.2 52 58 20 36 78 38
Flamella sp. 48 18 20 18 10 2
Saccamoeba sp. 10 8 6 16 8 10
Hatmannellidae gen. sp. – – – 2 6 16
Leptomyxa sylvatica 16 10 62 102 28 44
Leptomyxa sp. 6 2 10 20 24 4
unidentifi ed amoebozoan – – 6 4 – –
Vannella simplex 4 4 10 8 2 2
Vannella sp. 4 2 4 – – –
Vannellidae gen. sp. 18 22 8 2 4 4
Vexillifera sp. 4 20 – 8 8 –
Korotnevella sp. 8 4 – 8 10 –
Mayorella sp. 4 6 8 6 6 4
Thecamoebidae gen. sp. – – – 2 2 6

at the sampled soil site. Traditional culture-based 

MPN estimates of the number of ciliates and fla-

gellates were criticized for the tendency to over-

estimate the numbers when compared to direct 

counts (Bamforth, 1992) and selective recovery 

of taxa (Foissner, 1987; Ekelund and Rønn, 1994; 

Rønn et al., 1995). Therefore, we only can compare 

the relative abundance between our samples, but 

no to extrapolate data to other studies. It is possible 

to note that detected abundances of ciliates and 

flagellates (Table 1) are generally in the same order 

of magnitude as of naked amoebae. These figures 

are much smaller than maximal detected numbers 

of flagellates and ciliates in soils that count to 10000-

100000 per gram of dry weight of soil (Ekelund and

Rønn, 1994 and references therein). So, as well as for 

naked amoebae, we cannot say that the abundance 

of studied protozoan groups recovered in these expe-

riments is extraordinary in Chernevaya taiga soil.

Acknowledgements

Supported by the RSF project 23-74-00050 

(light-microscopic studies, amoebae quantification 

and identification). The present study utilized equ-

ipment of the Core facility centers “Development of 

molecular and cell technologies”, “Culture collec-

tion of microorganisms”, and “Computer Center of 

SPbU” of the Research Park of St. Petersburg Univer-

sity. This research was also funded in part by the 

Saint Petersburg State University grant ID 94030965 

(soil sampling, logistics and relevant discussion).

References

Abakumov E., Loiko S., Istigechev G., Kulem-

zina A. et al. 2020a. Soils of Chernevaya taiga of 

Western Siberia – morphology, agrochemical featu-

res, microbiota. Agric. Biol. 55: 1018–1039. https://

doi.org/10.15389/agrobiology.2020.5.1018eng

Abakumov E., Loiko S., Lashchinsky N., Isti-

gechev G. et al. 2020b. Highly productive boreal 

ecosystem Chernevaya taiga – unique rainforest in 

Siberia. Preprints. 2020: 2020090340. https://doi.

org/10.20944/preprints202009.0340.v1

Abakumov E., Nizamutdinov T., Lapidus A., 

Istigechev G. et al. 2023. Micromorphological cha-

racteristics of soils in the Chernevaya taiga (Western 

Siberia, Russia). Geosciences. 13186. https://doi.

org/10.3390/geosciences13060186

Arndt H. 1993. A critical review of the impor-

tance of rhizopods (naked and testate amoebae) and 

actinopods (heliozoan) in lake plankton. Marine 

Microbial Food Webs. 7: 3–29.

Aslani F., Geisen S., Ning D., Tedersoo L. et 

al. 2021. Towards revealing the global diversity and 

community assembly of soil eukaryotes. Ecol. Let. 

25. https://doi.org/10.1111/ele.13904

Baldock B. M. and Sleigh M. A. 1988. The 

ecology of benthic protozoa in rivers: seasonal vari-

ation in numerical abundance in fine sediments. 

Arch. Hydrobiol. 3: 409–421.

Bamforth S.S. 1992. Sampling and enumerating 

soil protozoa. In: Protocols in protozoology. (Eds 

J.J. Lee and A.T. Soldo). Society of Protozoologists, 

Allen Kansas, pp. B 5.1–5.4

https://doi.org/10.15389/agrobiology.2020.5.1018eng
https://doi.org/10.15389/agrobiology.2020.5.1018eng
https://doi.org/10.20944/preprints202009.0340.v1
https://doi.org/10.20944/preprints202009.0340.v1
https://doi.org/10.3390/geosciences13060186
https://doi.org/10.3390/geosciences13060186
https://doi.org/10.1111/ele.13904


· 28       Anna A. Glotova, Sergey V. Loiko, Georgyi I. Istigechev, et al.

Bamforth S.S. 2008. Protozoa of biological soil 

crusts of a cool desert in Utah. J. Arid. Environ. 72 

(5): 722–729. https://doi.org/10.1016/j.jaridenv. 

2007.08.007

Barness G., Rodriguez-Zaragoza S., Shmueli 

I., Steinberger Y. 2009. Vertical distribution of 

a soil microbial community as affected by plant 

ecophysiological adaptation in a desert system. 

Microbial Ecol. 57: 36–49. https://doi.org/10. 

1007/s00248-008-9396-5

Berthold A., Palzenberger M. 1992. Compari-

son between direct counts of active soil ciliates 

(Protozoa) and most probable number estimates 

obtained by Singh’s dilution culture method. Biol. 

Fertil. Soils. 19: 348–356. https://doi.org/10.1007/

BF00336106

Bischoff P.J. 2002. An analysis of the abun-

dance, diversity and patchiness of terrestrial gymn-

amoebae in relation to soil depth and precipitation 

events following a drought in south-eastern U.S.A. 

Acta Protozool. 41: 183–189.

Bonkowski M. 2004. Protozoa and plant growth: 

the microbial loop in soil revisited. New Phytol. 162: 

617–631. https://doi.org/10.1111/j.1469-8137. 

2004.01066.x

Bonkowski M. and Clarholm M. 2012. Stimu-

lation of plant growth through interactions of bac-

teria and protozoa: testing the auxiliary microbial 

loop hypothesis. Acta Protozool. 51: 237–247. 

https://doi.org/10.4467/16890027AP.12.019.0765

Bovee E.C. 1985. Class Lobosea Carpenter, 

1861. In: An Illustrated Guide to the Protozoa. (Eds 

J.J Lee, S.H. Hutner and E.C. Bovee). Allen Press, 

Lawrence. 158–211.

Butler H. and Rogerson A. 1995. Temporal and 

spatial abundance of naked amoebae (Gymnamo-

ebae) in marine benthic sediments of the Clyde Sea 

area, Scotland. J. Eukaryot. Microbiol. 42: 724–

730.  https://doi.org/10.1111/j.1550-7408.1995.

tb01624.x 

Butler H. and Rogerson A. 2000. Naked amo-

ebae from benthic sediments in the Clyde Sea area, 

Scotland. Ophelia. 53: 37–54.

Ceja-Navarro J.A., Wang Y., Ning D., Arellano 

A. et al. 2021. Protist diversity and community 

complexity in the rhizosphere of switchgrass are 

dynamic as plants develop. Microbiome. 9: 96. 

https://doi.org/10.1186/s40168-021-01042-9
Chauque B.J.M., da Silva T.C.B., Dos Santos 

D.L., Benitez G.B. et al. 2023. Global prevalence of 

free-living amoebae in solid matrices – a systematic 

review with meta-analysis. Acta Trop. 247: 107006. 

https://doi.org/10.1016/j.actatropica.2023.107006

Cortes-Perez S., Rodriguez-Zaragoza S. and 

Mendoza-Lopez M.R. 2014. Trophic structure of 

amoeba communities near roots of Medicago sativa 

after contamination with fuel oil no 6. Microb. Ecol. 

67 (2): 430–442. https://doi.org/10.1007/s00248-

013-0305-1

Ekelund F. and Rønn R. 1994. Notes on pro-

tozoa in agricultural soil with emphasis on hetero-

trophic flagellates and naked amoebae and their 

ecology. FEMS Microbiol. Rev. 15: 321–353.

Ekelund F., Saj S., Vestergard M., Bertaux J. 

et al. 2009. The “soil microbial loop” is not always 

needed to explain protozoan stimulation of plants. 

Soil Biology and Biochemistry. 41 (11): 2336–2342. 

https://doi.org/10.1016/j.soilbio.2009.08.019

IUSS Working Group WRB. 2022. World 

Reference Base for Soil Resources. International 

soil classification system for naming soils and crea-

ting legends for soil maps. 4th edition. International 

Union of Soil Sciences (IUSS), Vienna, Austria.

Fernandez L.D. 2015. Source-sink dynamics 

shapes the spatial distribution of soil protists 

in an arid shrubland of northern Chile. J Arid 

Environ 113: 121–125. https://doi.org/10.1016/j.

jaridenv.2014.10.007

Foissner W. 1987. Soil protozoa: fundamental 

problems, ecological significance, adaptations in 

ciliates and testaceans, bioindicators, and guide 

to the literature. In: Progress in protistology. Vol. 

2. (Eds J.O. Corliss and D.J. Patterson). Bristol, 

United Kingdom: Biopress, Ltd. pp. 69–212.

Foster R.C. and Dormaar J.F. 1991. Bacteria-

grazing amoebae in situ in the rhizosphere. Biol. 

Fert. Soils. 11: 83–87. https://doi.org/10.1007/BF 

00336368

Garstecki T. and Arndt H. 2000. Seasonal abun-

dances and community structure of benthic rhizo-

pods in shallow lagoons of the southern Baltic Sea.

Europ. J. Protistol. 36: 103–115. https://doi.org/10. 

1016/S0932-4739(00)80027-9

Geisen S., Weinert J., Kudryavtsev A., Glotova 

A. et al. 2014. Two new species of the genus Sten-
amoeba (Discosea, Longamoebia): cytoplasmic 

MTOC is present in one more amoebae lineage. 

Europ. J. Protistol. 50: 153–165. https://doi.org/10. 

1016/j.ejop.2014.01.007

Geisen S., Rosengarten J., Koller R., Mulder C. 

et al. 2015a. Pack hunting by a common soil amoeba 

on nematodes. Environ. Microbiol. 17: 4538–4546. 

https://doi.org/10.1111/1462-2920.12949
Geisen S., Tveit A.T., Clark I.M., Richter A. 

et al. 2015b. Metatranscriptomic census of active 

protists in soils. ISME J. 9: 2178–2190. https://doi.

https://doi.org/10.1016/j.jaridenv.2007.08.007
https://doi.org/10.1016/j.jaridenv.2007.08.007
https://doi.org/10.1007/s00248-008-9396-5
https://doi.org/10.1007/s00248-008-9396-5
https://doi.org/10.1007/BF00336106
https://doi.org/10.1007/BF00336106
https://doi.org/10.1111/j.1469-8137.2004.01066.x
https://doi.org/10.1111/j.1469-8137.2004.01066.x
https://doi.org/10.4467/16890027AP.12.019.0765
https://doi.org/10.1111/j.1550-7408.1995.tb01624.x
https://doi.org/10.1111/j.1550-7408.1995.tb01624.x
https://doi.org/10.1186/s40168-021-01042-9
https://doi.org/10.1016/j.actatropica.2023.107006
https://doi.org/10.1007/s00248-013-0305-1
https://doi.org/10.1007/s00248-013-0305-1
https://doi.org/10.1016/j.soilbio.2009.08.019
https://doi.org/10.1016/j.jaridenv.2014.10.007
https://doi.org/10.1016/j.jaridenv.2014.10.007
https://doi.org/10.1007/BF00336368
https://doi.org/10.1007/BF00336368
https://doi.org/10.1016/S0932-4739(00)80027-9
https://doi.org/10.1016/S0932-4739(00)80027-9
https://doi.org/10.1016/j.ejop.2014.01.007
https://doi.org/10.1016/j.ejop.2014.01.007
https://doi.org/10.1111/1462-2920.12949
https://doi.org/10.1038/ismej.2015.30


     ·    29Protistology

org/10.1038/ismej.2015.30

Geisen S., Mitchell E.A.D., Adl S., Bonkowski 

M. et al. 2018. Soil protists: a fertile frontier in 

soil biology research. FEMS Microbiol. Rev. 42: 

293–323. https://doi.org/10.1093/femsre/fuy006

Geisen S., Lara E., Mitchell E., Voelcker E. 

and Krashevska. 2020. Soil protist life matters! 

Soil Organisms. 92 (3): 189–196. https://doi.org/ 

10.25674/so92iss3pp189

Glotova A.A., Loiko S.V., Istigichev G.I.,

Kulemzina A.I. et al. 2021. Description of Lepto-
myxa silvatica n. sp. (Amoebozoa, Tubulinea, Lepto-

myxida), a new soil amoeba species from Cherne-

vaya taiga soil of West Siberia, Russia. Protistology. 

15: 312–320. https://doi.org/10.21685/1680-0826-

2021-15-4-7

Grossmann L., Jensen M., Heider D., Jost S. et 

al. 2016. Protistan community analysis: key findings 

of a large-scale molecular sampling. ISME J. 10: 

2269–79. https://doi.org/10.1038/ismej.2016.10

Krashevska V., Sandmann D., Maraun M., 

Scheu S. 2012. Consequences of exclusion of pre-

cipitation on microorganisms and microbial consu-

mers in montane tropical rainforests. Oecologia. 

170: 1067-76. https://doi.org/10.1007/s00442-

012-2360-6

Kreuzer K., Adamczyk J., Iijima M., Wagner 

M. et al. 2006. Grazing of a common species of 

soil protozoa (Acanthamoeba castellanii) affects 

rhizosphere bacterial community composition and

root architecture of rice (Oryza sativa L.). Soil. Biol. 

Biochem. 38: 1665–1672. https://doi.org/10.1016/ 

j.soilbio.2005.11.027

Lanzen A., Epelde L., Blanco F., Martin I. et 

al. 2016. Multi-targeted metagenetic analysis of 

the influence of climate and environmental para-

meters on soil microbial communities along an 

elevational gradient. Sci. Rep. 6: 28257. https://doi.

org/10.1038/srep28257

Mahe F., de Vargas C., Bass D., Czech L. et al. 

2017. Parasites dominate hyperdiverse soil protist 

communities in Neotropical rainforests. Nat. Ecol. 

Evol. 1: 91. https://doi.org/10.1038/s41559-017-

0091

Menapace D., Klein D.A., Mcclellan J.F. and 

Mayeux J.V. 1975. A simplified overlay plaque 

technic for evaluating responses of small free-living 

amoebae in grassland soils. J. Protozool. 22: 405–

410. https://doi.org/10.1111/j.1550-7408.1975.

tb05192.x

Mesentsev Y., Bondarenko N., Kamyshatskaya 

O., Nassonova E. et al. 2023. Thecochaos is not a 

myth: study of the genus Thecochaos (Amoebozoa, 

Discosea) — a rediscovered group of lobose amoeba, 

with short SSU gene. Org. Divers. Evol. 23: 7–24. 

https://doi.org/10.1007/s13127-022-00581-9

Oliverio A., Geisen S., Delgado-Baquerizo 

M., Maestre F. et al. 2020. The global-scale dis-

tributions of soil protists and their contributions 

to belowground systems. Science Advances. 6: 

eaax8787. https://doi.org/10.1126/sciadv.aax8787

Page F.C. 1988. A new key to freshwater and soil 

gymnamoebae. Freshwater Biological Association, 

the Ferry House, Ambleside, Cumbria.

Patsyuk M. 2020. Distribution of naked amoe-

bae in the soils of the steppe zone of Ukraine. Visnyk 

of Lviv University. Biological series. 159–166. 

doi:10.30970/vlubs.2020.82.14

Perez-Juarez H., Serrano-Vazquez A., Lara 

E., Ximenez C. et al. 2018. Population dynamics 

of amoeboid protists in a tropical desert: seasonal 

changes and effects of vegetation and soil condi-

tions. Acta Protozool. 57: 231–242. https://doi.org/ 

10.4467/16890027AP.18.017.10093

Prescott D.M. and James T.W. 1955. Culturing 

of Amoeba proteus on Tetrahymena. Expl. Cell Res.

8: 256–258. https://doi.org/10.1016/0014-4827 

(55)90067-7

Robinson B.S., Bamforth S.S. and Dobson P.J. 

2002. Density and diversity of protozoa in some arid 

Australian soils. J. Eukaryot. Microbiol. 49: 449–

453. https://doi.org/10.1111/j.1550-7408.2002.

tb00227.x

Rodriguez-Zaragoza S. and Steinberger Y. 2004. 

Seasonal dynamics of amoebae in the root canopy 

of Zygophyllum dumosum in the Negev Desert, 

Israel. Pedobiologia. 48: 277–281. https://doi.org/ 

10.1016/j.pedobi.2004.02.001

Rodriguez Zaragoza S., Mayzlish E. and Stein-

berger Y. 2005. Seasonal changes in free-living 

amoeba species in the root canopy of Zygophyllum 
dumosum in the Negev Desert, Israel. Microb. Ecol. 

49: 134–141. https://doi.org/10.1007/s00248-003-

1056-1

Rogerson A. and Gwaltney C. 2000. High 

numbers of naked amoebae in the planktonic waters 

of a mangrove stand in southern Florida, USA. J. 

Eukaryot. Microbiol. 47 (3): 235–41. https://doi.

org/10.1111/j.1550-7408.2000.tb00042.x

Rønn R., Ekelund F. and Christensen S. 1995. 

Optimizing soil extract and broth media for MPN-

enumeration of naked amoebae and heterotrophic 

flagellates in soil. Pedobiologia. 39: 10–19.

Rosenberg K., Bertaux J., Krome K., Hartmann 

A., Scheu S., Bonkowski M. 2009. Soil amoebae 

rapidly change bacterial community composition in 

https://doi.org/10.1038/ismej.2015.30
https://doi.org/10.25674/so92iss3pp189
https://doi.org/10.25674/so92iss3pp189
https://doi.org/10.21685/1680-0826-2021-15-4-7
https://doi.org/10.21685/1680-0826-2021-15-4-7
https://doi.org/10.1038/ismej.2016.10
https://doi.org/10.1007/s00442-012-2360-6
https://doi.org/10.1007/s00442-012-2360-6
https://doi.org/10.1016/j.soilbio.2005.11.027
https://doi.org/10.1016/j.soilbio.2005.11.027
https://doi.org/10.1038/srep28257
https://doi.org/10.1038/srep28257
https://doi.org/10.1038/s41559-017-0091
https://doi.org/10.1038/s41559-017-0091
https://doi.org/10.1111/j.1550-7408.1975.tb05192.x
https://doi.org/10.1007/s13127-022-00581-9
https://doi.org/10.1126/sciadv.aax8787
doi:10.30970/vlubs.2020.82.14
https://www.doi.org/10.4467/16890027AP.18.017.10093
https://www.doi.org/10.4467/16890027AP.18.017.10093
https://doi.org/10.1016/0014-4827(55)90067-7
https://doi.org/10.1016/0014-4827(55)90067-7
https://doi.org/10.1111/j.1550-7408.2002.tb00227.x
https://doi.org/10.1111/j.1550-7408.2002.tb00227.x
https://doi.org/10.1016/j.pedobi.2004.02.001
https://doi.org/10.1016/j.pedobi.2004.02.001
https://doi.org/10.1007/s00248-003-1056-1
https://doi.org/10.1007/s00248-003-1056-1
https://doi.org/10.1111/j.1550-7408.2000.tb00042.x
https://doi.org/10.1111/j.1550-7408.2000.tb00042.x


· 30       Anna A. Glotova, Sergey V. Loiko, Georgyi I. Istigechev, et al.

the rhizosphere of Arabidopsis thaliana. The ISME 

journal. 3: 675–684.

Salazar-Ardiles C., Asserella-Rebollo L. and 

Andrade D. 2022. Free-living amoebas in extreme 

environments: the true survival in our planet. Bio 

Med Research International. 2022. https://doi.org/ 

10.1155/2022/2359883

Singer D., Seppey C.V.W., Lentendu G., 

Dunthorn M. et al. 2021. Protist taxonomic and 

functional diversity in soil, freshwater and marine 

ecosystems. Env. Internat. 146: 106262. https://doi.

org/10.1016/j.envint.2020.106262

Smirnov A.V. 2002. Vertical distribution and 

abundance of gymnamoebae (Rhizopoda) in bot-

tom sediments of the brackish water Niva Bay (Bal-

tic Sea, The Sound). Protist. 153: 239–250. https://

doi.org/10.1078/1434-4610-00101

Smirnov A.V. 2003. Optimizing methods of the

recovery of gymnamoebae from environmental 

samples: a test of ten popular enrichment media, 

with some observations on the development of 

cultures. Protistology. 3: 45–57.

Smirnov A.V. 2011. Lobose Amoebae. Eukaryo-

tic microbes, 2011. pp. 191-211. Oxford: Elsevier.

Smirnov A. V. 2008. Amoebas, Lobose. Ency-

clopedia of Microbiology. (Ed. M. Schaechter). 

Oxford, Elsevier. pp. 558–577.

Smirnov A.V. and Goodkov A.V. 1995. Syste-

matic diversity of gymnamoebae (Lobosea) in the

bottom sediments of a freshwater lake. Zoosys-

tematica Rossica. 4: 201–203.

Smirnov A. and Thar R. 2003. Spatial distribu-

tion of gymnamoebae (Rhizopoda, Lobosea) in 

brackishwater sediments at the scale of centimeters 

and millimeters. Protist. 154: 359–369. https://doi.

org/10.1078/143446103322454121

Smirnov A.V. and Brown S. 2004. Guide to the 

methods of study and identification of soil gymn-

amoebae. Protistology. 3: 148–190.

Sherpa R.T., Reese C.J., Montazeri Aliabadi H. 

2015. Application of iChip to grow “uncultivable” 

microorganisms and its impact on antibiotic dis-

covery. J. Pharm. Pharm. Sci. 18: 303–135. https://

doi.org/10.18433/j30894

Surkova A., Kulishkin N., Tsyganov A., Mesen-

tsev Y. et al. 2022. Diversity and abundance of 

naked lobose amoebae belonging to the classes 

Tubulinea and Discosea in pond sediments in 

Moscow urban parks. Protistology. 16: 122–134. 

https://doi.org/10.21685/1680-0826-2022-16-2-6
Taylor W.D. and Berger J. 1980. Microspatial 

heterogeneity in the distribution of ciliates in a small 

pond. Microb. Ecol. 6: 27–34.

Tsyganov A.N., Keuper F., Aerts R., Beyens L. 

2013. Flourish or flush: effects of simulated extre-

me rainfall events on Sphagnum-dwelling testate 

amoebae in a subarctic bog (Abisko, Sweden). Mic-

rob. Ecol. 65: 101–110. https://doi.org/10.1007/

s00248-012-0115-x

Whitford W. G. 2002. Ecology of desert systems. 

Academic Press, London, UK.

Xiong W., Jousset A., Guo S., Karlsson I. et al. 

2018. Soil protist communities form a dynamic hub 

in the soil microbiome. ISME Journal. 12: 634–638. 

https://doi.org/ 10.1038/ismej.2017.171

Xiong W., Song Y., Yang K., Gu Y. et al. 2020. 

Rhizosphere protists are key determinants of plant 

health. Microbiome. 8: 27. https://doi.org/10.1186/

s40168-020-00799-9

https://doi.org/10.1155/2022/2359883
https://doi.org/10.1155/2022/2359883
https://doi.org/10.1016/j.envint.2020.106262
https://doi.org/10.1016/j.envint.2020.106262
https://doi.org/10.1078/1434-4610-00101
https://doi.org/10.1078/1434-4610-00101
https://doi.org/10.1078/143446103322454121
https://doi.org/10.1078/143446103322454121
https://doi.org/10.18433/j30894
https://doi.org/10.18433/j30894
https://doi.org/10.21685/1680-0826-2022-16-2-6
https://doi.org/10.1007/s00248-012-0115-x
https://doi.org/10.1007/s00248-012-0115-x
https://doi.org/10.1038/ismej.2017.171
https://doi.org/10.1186/s40168-020-00799-9
https://doi.org/10.1186/s40168-020-00799-9



