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Abstract—The role of cryogenic mass exchange in the distribution of the viable microfauna (ciliates, hetero-
trophic f lagellates, and nematodes) in the profiles of cryoturbated cryogenic soils and in the upper layers of
permafrost was revealed. The material for microbiological investigations was collected from the main hori-
zons of cryozem profiles, including the zones with morphologically manifested processes of cryogenic mass
exchange (the development of barren spots, cryoturbation, and suprapermafrost accumulation) and the zones
affected by solif luction. The radiocarbon dating of the soil samples showed that the age of the organic cryo-
genic material and material buried in the course of solif luction varied from 2100 to 4500 years. Some zones
with specific ecological conditions promoting the preservation of species diversity of the microfauna were
found to develop in the cryozem profiles. A considerable part of the community (38% of ciliates, 58% of f lag-
ellates, and 50% of nematodes) maintained its viability in the dormant state, and in some cases, it could pass
to the state of long-term cryobiosis in the upper layer of permafrost.

Keywords: soil microfauna, ciliates, heterotrophic f lagellates, nematodes, permafrost, cryoturbation, solif-
luction
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INTRODUCTION
Recently, the problem of cryopreservation of the

biota in permafrost became a subject of multidisci-
plinary investigations. At the depths of tens of meters
at a constant negative temperature and the absence of
water and light for tens and hundreds of thousands of
years, diverse viable microorganisms [24, 25], algae
[48], microscopic fungi [7], moss spores [47], and
seeds of plants [49] are preserved. After thawing, they
are able to continue the vital activity on nutrient media
and natural substrates.

Representatives of the main groups of soil heterotro-
phic protists (ciliates, naked amoebas, heterotrophic
flagellates) were isolated from the Holocene and Late
Pleistocene permafrost rocks (PPR) [8, 9, 42, 44]. The
vast majority of the viable protists were obtained from
the material enriched in plant residues: buried epigene-
tic soils, ancient burrows of rodents, and plant detritus.
It is expected that plant residues were not only natural
refuge for cysts and spores of ancient organisms, but
they performed cryoprotection functions [5].

In contrast to the Late Pleistocene soils that were
formed under permanent sedimentation, in the recent
frozen soils, a complicated pattern of redistribution,

migration, accumulation, and cryoconservation of the
microbiota is implemented in the course of pedogen-
esis due to the development of cryogenic mass
exchange. These processes disturb the paragenetic
connection of soil horizons; they can significantly and
quickly (regarding the time of soil formation) alter the
structure of soil profiles. The migration and further
long-term cryoconservation of the soil microbiota
occur in fragments of the soil organic horizons.

Despite the high abundance, species diversity, and
significant role of the soil microfauna, communities of
these organisms have been poorly investigated in the
eastern Arctic and Subarctic [10, 16]. The effects of
cryoturbation, characteristic of tundra soils, on the
redistribution of the viable microfauna along the soil
profile and its possible conservation in buried fragments
of litter and organic soil horizons was not studied earlier.

The objective of this work is to study the influence
of cryogenic mass exchange widespread in cryozems
on the vertical differentiation of some groups of the
mesofauna: heterotrophic f lagellates, ciliates, and
nematodes.

SOIL BIOLOGY
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OBJECTS AND METHODS
Cryozems were studied in the southern tundra sub-

zone, in the eastern part of the Yana–Indigirka Low-
land (70°34′ N; 147°26′ Е), on the left bank of the
Allaikha River composed of silty–loamy deposits of
the ice complex. Six soil pits of raw-humus cryozems

were studied on watersheds and slopes where the patch
formation, cryoturbation, and solif luction are well
manifested (Fig, 1). The mesorelief is undulating with
a small variation of relative altitudes (50–200 m).
Thermokarst relief forms are widespread. The mean
annual air temperature is –13.9°C; the mean annual
precipitation is 210 mm. The base characteristics of
the hydrothermal regime of the studied cryozems are
presented in Fig. 2.

The most widespread type of the mesorelief is
nanopolygonal. The average thickness of the season-
ally thawing layer is 47 cm: under nanopolygons, it is
55–65 cm; under fissures, about 30 cm; under sedge–
grass hillocks, 35–40 cm.

In drained weakly convex areas and slopes, green
moss–lichen willow–dwarf shrub associations with the
participation of hare’s-tail (Eriophorum vaginatum) are
widespread. The south-facing slopes are occupied with
open dwarf shrub–green moss larch forests.

The zonal automorphic soils are typical cryozems,
raw-humus cryozems, peat cryozems, and, more
rarely, cryoturbated gleyzems (Table 1). They develop
in the areas with the frozen nonpolygonal microrelief
in a complex with soils of internanopolygonal fissures:
peat gleyzems or organic gleyzems.

Thirteen samples were analyzed from different
genetic horizons enriched with organic material of
zones and layers in the cryozem profiles. Taking into
account the genesis of the material studied, the samples

Fig. 1. Nanopolygonal tundra in northern Yakutia and
position of the studied cryozem profiles on catena. 
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for microbiological analysis were grouped in the follow-
ing four groups: (A) surface organic horizons (O, Oao);
(B) organomineral layers (fragments of the former sur-
face horizons) buried in the development of solifluction
processes ([Oao]); (C) zones of cryoturbated organic
material in the upper and central parts of profiles (@);
(D) the same in the suprapermafrost layer (⊥@) and
transitional layer of permafrost rocks (┬@) [11].

The material was collected in the period of maxi-
mal seasonal thawing (in September) from walls of
fresh soil pits; the samples were placed to hermetic
bags following the sterility. This material was kept and
transported at low positive temperatures (2–4ºC) and
field moisture.

The microstructure was analyzed using a Carl Zeiss
Axioscope A1 microscope with an Axiocam MR5 cam-
era. The submicrostructure of the soils was investigated
using a Tescan Vega 3 LMU electron microscope. Tem-
peratures of the daylight surface, soils, and permafrost
rocks were measured using a Hobo U12 logger with an
accuracy of ±0.21°C. The physicochemical analyses of
the soil and PPR samples were performed at the chem-
ical–analytical complex of the Institute of Physico-
chemical and Biological Problems of Soil Sciences,
Russian Academy of Sciences (Pushchino).

The taxonomic diversity of the soil communities
composed of heterotrophic f lagellates, ciliates, and
nematodes was determined in moist samples, cooled
to 4°C. Each sample was divided into 3 parts for their
independent investigation.

Viable flagellates and ciliates were counted using the
method of accumulative cultivation: samples (3–5 g)
were placed on Petri dishes with sterile medium and
incubated at 20–22°C for 4 weeks [3, 22]. Liquid and
agarized media of Presscott and Pratt were used as a
mineral media for the cultivation of flagellates. The
Pseudomonas fluorescens bacteria were added there as a
food object [35]. Ciliates were cultivated on Prescott–

James medium with ceraphyl [34]. For the more com-
plete determination of the species composition, every
3–4 days the accumulative culture was reinoculated on
fresh medium, with addition of E. coli as a food object.
The morphological investigation of the isolated protists
was carried out in cultures and on total preparations.

The cultures were observed in Petri dishes using
MI-35 (OPTON) and Axiostar (Zeiss) microscopes.
The micrographs were taken with a Sony digital cam-
era using phase contrast and plan-apochromatic 40×,
100× lenses and oil immersion. The microscopes were
equipped with an AVT HORN MC-1009/S analog
camera. The captured videos are in the microbiology
laboratory of the Institute for Biology of Inland
Waters, Russian Academy of Sciences. A system of
eukaryotes suggested by the International Committee
[12] is used in the article.

Nematodes were isolated from the ground using
the traditional method of centrifuge f lotation in a sat-

urated MgSO4 solution (the density is 1.15 g/cm3) at

room temperature. The material was washed with
water jets on a 25-μm sieve and fixed by a hot 4% for-
malin solution on a water bath. The permanent collec-
tion preparations were made according to the express
methodology [40]. They are stored in the Fund Сol-
lection of the Zoological Institute of the Russian
Academy of Sciences with the 2014 Pushchino Arctic
tag of the database from the collection of phytopara-
sitic Nematoda. The taxonomy of nematodes is shown
in accordance with the generally accepted classifica-
tion [17]; taxonomic groups are determined according
to [33, 50].

To reveal the type of communities that are formed
in the surface organic horizon and its buried frag-
ments, the analysis of the data was performed using a
two-dimensional representation of the object–sign
matrix. The calculations were completed using a pack-
age of statistical programs of PAST 1.89 [26].

Table 1. Ranges of physicochemical properties (including data from [4] and radiocarbon ages of plant residues from sepa-
rate horizons and zones in the profiles of cryozems

* According to [30, 44]. 
** LOI—loss on ignition.

Group
Horizon/

zone
Depth, cm

Hygros-

copic 

moisture

Corg LOI**
рН Н2О

Tamm’s extract, 

%

Total 

exchangea-

ble bases, 

cmol(+)/kg

14C age, yrs

% Fe2O3 Al2O3

A О + Oao 0–10 (15) 1.5–4.5 2–10 8–30 5.0–6.5 1.0–1.8 0.4–0.6 20.0–28.1 420 ± 50*

B [Oao] 10–40 Not det. 1.5–2.5 4–7 6.0–7.0 Not det. 2280 ± 70 (Ki-18793);

3080 ± 90 (Ki-18794)

C @ 10–40 '' 1–7 7–15 6.0–7.0 '' 4530 ± 60 (Ki-18790)

D ┴@, ┬@ 40–60 '' 1–7 7–15 6.0–7.0 '' 2120 ± 50 (Ki-18792);

3430 ± 90 (Ki-18796)

E CR 10–60 1.0–1.5 1–3 3–8 6.0–7.5 0.6–1.3 0.3–0.6 6.7–12.4 2070–6180*
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Characterization of the investigated material as a
habitat for microfauna. Four groups of the soil material
(horizons, layers, zones, and patches) related to the
composition, position in the profile of cryozems, and
leading processes of cryogenic mass exchange were
considered as individual habitats for the soil micro-
fauna.

Group A consists of surface organic and organomin-
eral horizons (O + Oao) undisturbed by patch forma-
tion. The surface organic horizon characteristic for the
soils of the key plot is a combination of two genetically
connected horizons. The upper litter–peat horizon (O)
is brown-chestnut, nonuniform in botanical composi-
tion, friable (abundant medium and large pores and
voids in 50–70% of the area), with weakly decom-
posed organic residues, almost without inclusion of
mineral material; acid, loss in ignition is 20–35% and
more. This horizon is underlain by a shallow (some-
times discrete) raw-humus horizon (Oao) presenting a
dark brown organomineral material with partially
decomposed organic residues, aggregated, weakly
compacted (abundant very fine and fine pores and
voids in 30–50% of the total area), weakly acid; the
loss in ignition is 8–35% (Fig. 3a).

Group B comprises large fragments of surface
organic horizons buried in the course of solifluction
processes. Another mechanism of entering the organic
material to the central parts of the cryozem profiles is
its burial under the influence of slope processes wide-
spread in the cryolithozone (solif luction, suffusion,
creep). In the course of solif luction, even on gentle
slopes, sloughing, partial destruction, and turnover of
some mineral blocks (nanopolygons) take place. As a
result, the material of organic horizons is overlapped
by that of the lower mineral horizons. On the new sur-
face, which often keeps the shape of nanopolygons, a
new soil profile is formed; its mineral part contains an
interlayer of the buried organic material. The latter is
smooth, uniform in its properties and stable by the
position in the nanopolygon material (Fig. 3b). In the
enclosing mineral material, the buried fragments of
the surface organomineral soil horizons are distin-
guished by their linear expansion (from tens of centi-
meters); in some zones, the material preserves its sur-
face organization (structure, root orientation, changes
in color with depth, etc.); it is compacted (it has very
fine and fine pores and voids in about 20% of the
area); it is pierced with plant roots.

When suffusion arises on relatively steep slopes in
seasonal thawing, fine earth particles are carried on
the surface by water f lows from nanopolygons located
upslope burying the soil organic horizons.

When creep occurs, some nanopolygons and, more
often, whole blocks slide down the frozen waterproof
slopes. Due to these phenomena, not only whole soil
profiles, but even large areas down the slopes can be
buried.

The described variants of burying the surface
organic horizons demonstrate relatively fast and,
sometimes, catastrophic type of burial; we consider
them as a buried organic material.

Group C consists of zones and patches of cryotur-
bated organic material in the upper and middle parts of
soil profiles. The patch formation includes the over-
lapping of surface biota-saturated organic horizons
with mineral material from the central part of soil pro-
files. In some tundra areas, fresh patches or those at
the earliest stages of overgrowing may amount to 25%
of the total local nanopolygons.

On the key area, the formation of patches is deter-
mined by outpouring of ground on the surface. It
occurs when nanopolygons freeze quickly in autumn,
and the cryostatic pressure in their central parts
sharply increases. The material squeezed through the
fissures onto the surface forms a patch of fine earth
there. The fine earth mass covers the organic horizon,
its depth is lowered to 10–20 cm, and at the early
stages, its uneven funnel-shape bedding is preserved.
Hereafter, in the course of seasonal thawing–freezing
cycles, due to drastic differences in the mechanical
and thermophysical properties of the raw organic
material carried here and mineral mass containing it,
a complicated pattern of the distribution of moisture,
ice formation, shrinkage, frost heave, and the rate of
thawing–freezing is formed.

After several years, these processes lead to the dis-
turbance of the initial bedding of the overlapping
organic horizons, isolation of their zones, and redistri-
bution of them in the upper and central parts of the soil
profiles: a swirl (vortex) pattern of cryoturbations in
the soil profile is formed (Fig. 3c). The material of the
zones rich in organic matter is distinguished by a
darker color in the upper and central parts of the soil
profiles; the boundaries between these zones and the
mineral mass containing zones are clear; the shape of
patches and mottles is often elongated; the loam is
compacted (abundant very fine and fine pores and
voids; their area is 20–30%); structureless, with
weakly decomposed plant residues.

Group D includes the zones of cryoturbated organic
material accumulated in the suprapermafrost part of soil
profile (⊥@) and upper layer of Pleistocene permafrost
rocks (PPR) (┬@). During thawing, the redistribution
of raw organic material continues; it is destroyed and
gradually mixed with the mineral material of the cen-
tral and lower horizons of the soil profiles. Down the
profiles, the material of the zones is gradually trans-
formed into dark zones consisting of a mixture of min-
eral and well-decomposed organic masses (Fig. 3d).
The cryoturbated organomineral material in the
suprapermafrost part of profile is better mixed with the
enclosing rock; the boundaries between the zones are
indistinct; organic residues are partially or highly
decomposed; the material of the zones is compact
(very fine and fine pores and voids are moderately
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Fig. 3. (Contd.)

spread; their area is 20%); structureless, excessively
moistened, water often trickles.

Over time, some areas of the material, which is
homogenized to a different extent, may reach the
suprapermafrost parts of the soil profiles, where it
gradually accumulates. The short period of time the
suprapermafrost rocks are thawed (not more than
2 weeks in a year) and temperatures close to 0°C in this
period promote the accumulation and preservation of
organic matter. As patches in cryozem profiles are reg-
ularly formed, one can suggest that the income and
accumulation of raw organic material at the perma-
frost table increase with time. A new type of genetic
horizon distinguished in cryozems of tundras in north-
ern Yakutia—organic suprapermafrost–accumula-
tive—can confirm this trend [6].

Enclosing mineral horizons of cryozems (CR). The
system of mineral horizons of cryozems presents a
dark gray or grayish brown uniform homogenized
loam (Fig. 3e), which in some cases differs in the
intensity of gleying. When thawed, it is excessively

moist; thixotropy is revealed; structureless, compact
(few very fine and fine pores and voids; their total area
is 5–10%); it is evenly saturated with plant detritus [2];
for most of the growing period, it is in the frozen state.

TAXONOMIC ANALYSIS OF MICROFAUNA

The taxonomic investigation of the microfauna
showed that heterotrophic f lagellates, ciliates, and
nematodes abundantly populated cryozems of north-
ern Yakutia.

Infusoria. Twenty-one ciliate species of five large
taxonomic groups were found in the samples studied
(Table 2). The highest species richness (21 species)
was determined for the litter and upper organic hori-
zons in all the soils studied. The number of species
varied from 6 to 13 per sample. Representatives of the
Colpoda, Uroleptus, Cyrtolophosis, and Vorticella gen-
era and Hypotrichea (Fig. 4, I) very often occurred. In
the fragments of the buried organic horizon, the spe-
cies diversity of the communities sharply decreased. In
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Fig. 4. The species richness of the soil microfauna in the sites investigated: (I) ciliates, (II) heterotrophic f lagellates, (III) nema-
todes.
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the cryoturbated (Group C) and frozen (Group D)
organic materials, 1–2 species per sample were identi-
fied; in the material buried in the course of solif luc-
tion (Group B), from 2 to 4 species were revealed.
Most species were represented by single individuals;
some samples of the buried organic matter did not
contain viable ciliates. The ciliate communities iso-
lated from the buried fragments of the organomineral
horizons were mainly represented by small typical soil
colpoid ciliates: Cyrtolophosis mucicola, Colpoda
maupasi, C. steinii, Platyophrya aff. vorax. In the
material of Group D collected from the top PPR, rel-
atively large (>50 μm) Oxytrichidae species populat-
ing the upper soil layers and litter were found.

In all the communities, bacteriophages predomi-
nated; the share of predators found only in the surface
organic horizons was insignificant. The morphomet-
ric analysis showed that the size of ciliates isolated
from these horizons varied from 13 to 200 μm; the size
of ciliates from the buried or cryoturbated fragments
amounted to 13–50 μm. However, in all the cenoses
studied, the majority of these species composed the
group with 24–42-μm ciliates. Most species found are
widespread in soils, including in soils of polar regions
[23, 37, 38]. All of these species are able to form hyp-
nocysts.

Heterotrophic flagellates. Twenty-seven species of
heterotrophic f lagellates and their related forms from
the main large clusters of unicellates (Rhizaria, 13 spe-
cies; Excavata, 5; Chromalveolata, 4; Opistoconta, 3;
and Amoebozoa, 1) and groups of indefinite taxon-
omy were identified (Table 3).

The highest species diversity of flagellates (19 spe-
cies) was revealed in the litter and organic soil horizons
of the soils; there, the number of species varied from 2
to 10 per sample (Fig. 5). The most characteristic of the
surface complex were representatives of the Cerco-
monas, Reclinomonas, Spumella, Neobodo genera, cho-
anoflagellates, and chrysomonnads (Fig. 4, II). The

lowest species richness characterized the cryoturbated
organic matter in the central part of the soil profiles
(Group C) with 3 species: Paraphysomonas vestita,
Goniomonas truncata, and Allapsa sp. The communities
of flagellates isolated from the buried and cryoturbated
suprapermafrost and frozen organic material (Groups B
and D) contained 12 and 7 species, respectively. The
dominant species in almost all the sites studied were
Sandona sp., Reclinomonas americana, Paraphysomonas
vestita, Spumella sp., and Neobodo designis.

Amoebid bif lagellates predominated among the
soil f lagellates. They were referred to the Cercomona-
dida and Glissomonadida orders. Representatives of
the first group had two f lagella, large hypnocysts,
metabolites of cell body, and visible and long (often)
pseudopodia; they slowly crawl over the substrate and
rarely swim. Five species belonged to Excavata; as
usual, they actively swim and move on the substrate.
These morphological adaptations promote the disper-
sal of f lagellates in loamy deposits. Most these species
are ubiquists; they dwell in fresh water, sea water, and
soils [28].

The majority of flagellates isolated have hypnocysts.
In some species (Protaspis simplex, Goniomonas trun-
cata, Paraphysomonas vestita, and Phalansterium sp.),
no cysts have yet not been found, but their presence is
proposed. Among the f lagellates, obligatory predators
were not found, but two omnivorous species feeding
on both bacteria and other f lagellates were revealed.
Representatives of Сhoanoflagellata, Chromalveo-
lata, and Bicosoeca are referrers. The size of the iden-
tified f lagellates was 2.4–24 μm; the maximal number
of the species in all the samples belonged to the size
group of 7.5–13 μm.

Nematodes. According to the generally accepted
classification [17], 16 species of nematodes from
6 orders were identified, namely, species of the Encho-
delus and, Tylencholaimus genera (Dorylaimida order);
Geomonhystera species (Monhysterida); Anatonchus
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Table 2. Species composition of infusoria

Taxon

Studied sites and groups

А B C D

4 6 8 10 12 7 2 9 1 11 13 3 5

Spirotrichea Bütschli, 1889

Aspidisca sp. + + +

Euplotes moebius Kahl, 1932 + + +

Halteria grandinella (Müller, 1773) Dujar-

din, 1840 + +

Uroleptus sp. + + +

Uroleptus caudatus (Stokes, 1886)

Bardele, 1981 +

Oxytricha sp. + + + + +

Gonostomum affine (Stein, 1859)

Sterki, 1878 + + + + + +

Litostomatea Small and Lynn, 1981

Spathidium sp. + +

Lacrymaria sp. +

Nassophorea Small and Lynn, 1981

Drepanomonas revoluta Penard, 1922 + +

Pseudomicrothorax agilis Mermod, 1914 + + + + +

Colpodea Small and Lynn, 1981

Colpoda maupasi Enriques, 1908 + +

Colpoda steinii Maupas, 1883 + + +

Colpoda inflata Kahl, 1931 (Stokes, 1884) +

Colpoda sp. 1 + + +

Colpoda sp. 2 + +

Platyophrya aff.vorax Kahl, 1926 + + +

Cyrtolophosis mucicola Stokes, 1885 + + + + +

Oligohymenophorea de Puytorac et al., 1974

Vorticella sp. + + + +

Cyclidium muscicola Kahl, 1931 + +

Tetrahymena aff. rostrata (Kahl, 1926) 

Corliss, 1952 + +

Total species 11 13 7 12 8 2 0 4 1 0 2 0 2
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Table 3. Species composition of heterotrophic f lagellates

Taxon

Studies sites and groups

А B C D

4 6 8 10 12 7 2 9 1 11 13 3 5

Rhizaria Cavalier-Smith, 2002

Cercozoa Cavalier-Smith, 1998, emend. Adl et al., 2005

Cercomonadida (Poche, 1913), emend. Vickerman, 1983, emend. Mylnikov, 1986

Cercomonas angustus (Skuja, 1948)

Mylnikov and Karpov, 2004 + +

C. directa Brabender et al., 2012 +

C. jendrali Domonell et al., 2012 +

Eocercomonas exploratorii Brabender et al., 2012 + + + +

Paracercomonas bassi Domonell et al., 2012 +

P. kruegery Brabender et al., 2012 +

P. proboscata Brabender et al., 2012 +

Hyperamoeba flagellata Alexeieff, 1923 +

Glissomonadida Howe et Cavalier-Smith, 2009

Allapsa sp. + +

Sandona sp. + + +

Neoheteromita globosa Howe et al., 2009

Protaspis simplex Vørs, 1992 + +

Excavata Cavalier-Smith, 2002, emend. Simpson, 2003

Heterolobosea Page et Blanton, 1985

Naegleria aff. gruberi (Schardinger, 1899) +

Jakobida Cavalier-Smith, 1993

Histiona aroides Pascher, 1943 +

Reclinomonas americana Flavin and Nerad, 1993 + + + + + + + + +

Kinetoplastea Honigberg, 1963

Neobodo curvifilus Moreira et al., 2004 +

N. designis Moreira et al., 2004 + + +

Chromalveolata Adl et al., 2005

Cryptophyceae Pascher, 1913, emend. Schoenichen, 1925

Goniomonas truncata (Fresenius, 1858) Stein, 1887 + + +

Chrysophyceae Pascher, 1914

Paraphysomonas vestita (Stokes, 1885) De 

Saedeleer, 1929 + + + + + + + + + + +

Spumella sp. + + + + + +

Bicosoecida Grassé, 1926, emend. Karpov, 1998

Bicosoeca exilis Penard, 1921 +

OPISTOCONTA Cavalier-Smith, 1987, emend. Cavalier-Smith and Chao, 1995, emend. Adl et al., 2005

Choanomonada Kent, 1880

Codosiga botrytis Kent, 1880 +

Salpingoeca amphoridium Clark, 1868 +

Monosiga ovata Kent, 1880 +
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species (Mononchida); Plectus, Metateratocephalus,
and Teratocephalus species (Plectida); Chiloplacus, Cos-
lenchus, Ditylenchus, Filenchus, Helicotylenchus, Nage-
lus, and Protorhabditis species (Rhabditida); Prismato-
laimus and Tripyla (Triplonchida) (Table 4).

The highest species diversity of nematodes (14 spe-
cies) was determined for the samples of the surface
organic horizons (Group A); the lowest diversity
(3 species) characterized the biota of the buried organic
material (Group B) and cryoturbated frozen organic
matter (1 species) (Group D). In the samples of cryo-
turbated organic material from the central part of the
soil profiles, six species were revealed (Group C). Spe-
cies of the genera Plectus (an inhabitant of the upper lit-
ter layer and aboveground parts of mosses and lichens)
and Helicotylenchus (an ectoparasite of plant roots usual
in humus horizons), which are sensitive to oxygen defi-
ciency, were identified here.

The majority of species were found at the stage of
larva; therefore, accurate determination of size cate-
gories was impossible. Four species of predators were
“giants” (1–2.5 mm); the sizes of pubescent individu-
als of the rest of the species were almost the same size
and did not exceed 700 μm. In the soils, most nema-
todes (90%) were coiled, indicating their dormant
state [46].

DISCUSSION

Soil heterotrophic protists belong to a numerous
and diverse group of soil biological regulators partici-
pating in the cycle of matter and actively interacting
with the rhizosphere of plants [13, 19]. These organ-
isms are widely settled in aquatic and terrestrial eco-
systems. In soils, their abundance, species diversity,
and distribution are related to many biotic and abiotic
factors: hydrothermal regime, acidity, contents of oxy-
gen and organic matter [1, 20].

Changes in soils with depth lead to a vertical differ-
entiation of the microfauna, which is expressed in the
reduction of the species diversity and abundance of
communities; the distribution of microorganisms

becomes focal, confined to microniches and plant
roots [16]. Under unfavorable conditions, the main
survival strategy of the soil microfauna is cryptobiosis or
a transition to the state of physiological dormancy
accompanied by the formation of dormant stages: cysts
in protozoa and a coiled phase in nematodes [20, 36].
Two strategies are known for nematodes from the
example of inhabitants of Antarctic soils: the initial
mechanism of combining the cryobiosis with anhyd-
robiosis for Scottnema lindsayae [46] and the cryobio-
sis without anhydrobiosis arising from the above-
mentioned combination in water-saturated substrates
for Panagrolaimus davidi [32].

Our studies showed that the most diverse and
numerous communities of protists and nematodes
were concentrated in the surface organic horizon and
plant litter of the cryozems (Group A). The species

Incertae sedis

Apusomonadida Karpov & Mylnikov, 1989

Apusomonas aff. australiensis Ekelund et Patterson, 

1997

+ +

Amoebozoa (Lühe, 1913) emend. Cavalier-Smith, 1998

Phalansterium sp. +

Total species 7 10 2 7 4 4 10 3 0 1 2 6 5

Taxon

Studies sites and groups

А B C D

4 6 8 10 12 7 2 9 1 11 13 3 5

Table 3.   (Contd.)

Fig. 5. The species richness of communities of the soil
microfauna in the material of surface organic horizons (a),
organomineral layers buried in the course of solif luction
processes (b), zones of cryoturbated organomineral mate-
rial in the upper and central parts (c), and in the supraper-
mafrost part of profile (d): (1) ciliates, (2) heterotrophic
flagellates, (3) nematodes. 
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composition was mainly formed by eurybiontic species

typical for the soil habitat. Many species have been

previously marked for polar terrestrial and freshwater

habitats [14, 15, 23, 27, 29, 37, 38, 41]. In the cryotur-

bated organic material buried in the course of develop-

ing solif luction (Groups B, C, and D), the abundance

and species diversity of the viable microfauna were sig-

nificantly reduced.

The comparative analysis of the obtained results on

the species composition of the microfauna communi-

ties in different genetic horizons rich in organic mat-

ter, zones, and layers of the cryozem profiles allowed

researchers to distinguish three groups of organisms:

(1) Species isolated only from the present surface

organic and organomineral horizons. This group

includes 13 species of ciliates (representatives of

Spathidium, Lacrymaria, Vorticella, Cyclidium, Uro-
leptus, and Hypotrichia), 10 species of heterotrophic

flagellates (Cercomonas, Paracercomonas, Neobodo,
Goniomonas, Salpingoeca), and 8 species of nematodes

(Anatonchus, Coslenchus, Geomonhystera, Teratoce-
phalus), which amounts to 62, 42, and 50%, respec-

tively, of the total number of these isolated organisms.

(2) Species preserved their viability in the surface
layer and its buried cryoturbated fragments of differ-
ent ages, depths, and physicochemical characteris-
tics. This group includes eight species of ciliates (rep-
resentatives of the Pseudomicrothorax, Platyophrya,
Colpoda, Gonostomum), nine species of f lagellates
(Reclinomonas, Eocercomonas, Sandona, Spumella,
Paraphysomonas), and six species of nematodes
(Nagelus leptus, Filenchus sp.), which amounts to 38,
37, and 37%, respectively, of the total number of the
isolated species.

(3) Species found only in the organic material buried
in the processes of solifluction and cryoturbation
(Groups B, C, and D), including five species of flagel-
lates (representatives of the Allapsa, Monosiga, Hyper-
amoeba, Paracercomonas, Naegleria genera) and two
species of nematodes (Helicotylenchus sp., and Protor-
habditis sp.), which amounts to 21 and 13%, respec-
tively, of the total number of the isolated species.

The results of the faunistic analysis showed that
almost half of the species richness of the microfauna in
the cryozems was comprised of species with morpho-
logical and physiological adaptation mechanisms that
allow them to keep viability for a long time in sites with

Table 4. Species composition of nematodes

Taxon

Studied sites and groups

А B C D

4 6 8 10 12 7 2 9 1 11 13 3 5

Phytoparasites

Helicotylenchus sp. +

Nagelus leptus (Allen, 1955)

Siddiqi, 1979 + + + + + +

Filenchus sp. + + + + + + + +

Mixed feeding: phytotrophs and mycotrophs

Ditylenchus sp. +

Coslenchus costatus (de Man, 1921) 

Siddiqi, 1978 +

Bacteriotrophs

Prismatolaimus sp. + +

Geomonhystera villosa (Bütschli, 1873) 

Andrássy, 1981 + +

Chiloplacus sp. + + +

Protorhabditis sp. +

Plectus sp. + + + + +

Teratocephalus costatus Andrassy, 1958 +

Metateratocephalus crassidens
(de Man, 1880) Eroshenko, 1973 + +

Predators

Anatonchus sp. + + +

Tripyla sp. +

Tylencholaimus sp. + + + + + +

Enchodelus sp. + +

Total species 9 6 9 5 4 0 0 3 2 3 3 1 0
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low temperatures. In general, these are eurybiontic spe-
cies with small sizes and a high rate of reproduction.

The accomplished studies showed that in the pro-
files of the cryogenic soils, due to cryogenic mass
exchange, some zones rich in organic matter and with
otherwise favorable conditions were formed; they pro-
moted the preservation of the high species diversity of
the soil microfauna and its further conservation in the
upper PPR layers.

According to modern concepts, such processes of
cryogenic mass exchange as the patch formation,
cryoturbation, and solif luction may proceed by
impulses, and some phases of their active morpholog-
ical manifestation may proceed very fast, for a few days
or even hours [31, 39]. Representatives of the micro-
fauna concentrated in the fragments of the surface
organic soil horizons, when entering the supraperma-
frost parts of the cryozem profiles, are subjected to the
influence of new hydrothermal and physical environ-
mental conditions and undergo significant changes in
the short term.

When passing from the upper 10-cm layer to the
central part of the profile (at the depth from 10 to 30–
40 cm), the average summer temperature is drastically
reduced from 5–7 to 2–3°C, and the maximal sum-
mer temperature varies from 15–20 to 7–10°C. The
organic material is compacted and excessively moist-
ened, the total porosity and mean sizes of voids
decrease, and the duration of time in the thawed state
is reduced from 3–4 to 1–2 months in a year.

When cryoturbated fragments of organomineral
material enter the suprapermafrost part of a soil pro-
file, to the depths of 40–60 cm, the mean summer
temperature is reduced to the values close to zero and
the maximal temperature did not exceed 2–3°C. The
material becomes very compact, and it is thawed for
no more than 1–2 weeks in a year.

Under the conditions described, all the biological
processes are slowed down, the rate of organic matter
transformation is drastically reduced, and the condi-
tions to support the viability of the soil microfauna sig-
nificantly worsen.

Processes of cryoturbation and solifluction burial of
the organomineral surface horizons of cryozems form
different habitats for the soil microfauna. Upon cryo-
turbation, relatively small fragments of organic material
are separated from the lower parts of the surface hori-
zons when ice is formed. The patch formation may par-
ticipate in these processes. Hereafter, these fragments
move by impulses within the soil profile; this movement
is accompanied by homogenization—the mixing of the
organic material with the mineral mass of the enclosing
horizons. As a result, the organic material in cryoturba-
tion zones becomes compacted and highly decom-
posed; there, plant residues are strongly destroyed due
to processes of annual ice formation.

During solifluction (mainly on slopes of varying
steepness), surface organic soil horizons are buried with

large fragments, often maintaining their lateral struc-
ture and, partially, their connection with fragments of
the underlying mineral horizons. In the profiles, a high
porosity of the buried layers is revealed morphologi-
cally; large plant residues and root systems are visible.
The material is not very compact, and the cryogenic
destruction of plant residues is less pronounced.

The studies of the soils developing beyond the zone
of permafrost distribution showed that mobile organ-
isms, such as ciliates and nematodes, were capable of
active vertical migration within soil profiles and of
searching for microniches with optimal habitat condi-
tions. Heterotrophic f lagellates represented in soils by
meboid forms can move in a fine substrate and settle
in small soil pores [43]. The same is true for nema-
todes capable of migrating in voids with the diameters
of 30 μm and more, i.e. exceeding their body diameter
by 2 times [18]. The vertical migration of large ciliates
is known to be restricted by the density of mineral soil
layers [21].

Migration of representatives of the soil microfauna
in frozen cryoturbated soils was not studied previously.
The preliminary investigation of the cryozem profiles
showed that their enclosing loamy mineral material is
permeable for different groups of the soil microfauna to
varying degrees. In addition to the high consistency of
the mineral horizons of the cryozems and their low
porosity, the vertical migration is also limited by the
presence of a frozen waterproof layer at a small depth,
low temperatures in the mineral horizons, and a drastic
reduction with depth of the time of seasonal thawing.

CONCLUSIONS

The material from the surface organic horizons of
the cryozems transformed by processes of cryomass
exchange (formation of barren circles, cryoturbation,
frozen solif luction, ice formation, homogenization of
organic and mineral material, suprapermafrost accu-
mulation, etc.) and the material represented in the
central and suprapermafrost parts of the profiles by
patches, zones, and layers are unique habitats for indi-
vidual groups of the soil microfauna.

The habitat differs from the initial material of the
surface organic horizons and enclosing mineral hori-
zons in the structure and composition, features of the
hydrothermal regime, duration of thawed state, and
some other important ecological conditions.

The considerable part of the microfauna commu-
nity (38% of ciliates, 58% of f lagellates, and 50% of
nematodes) remains viable here, in the dormant state.
In some cases, the cryoturbated organic material can
be accumulated in the suprapermafrost part of the
profile and upper layer of the Pleistocene permafrost
rocks; the microfauna can pass to the state of long
cryobiosis (hundreds and thousands of years).
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