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Abstract—The environmental preferences of the bank vole were studied in the protected area of the Middle
Urals in different biotope conditions formed as a result of the consequences of natural catastrophic events.
According to the abundance of the population, the “success” of the existence of the species in four biotopes
with varying degrees of disturbance by wind and pyrogenic effects was assessed. A statistically highly signifi-
cant level of differences between the compared biotopes was shown for six microenvironmental variables that
assess the food-protective conditions of animal habitats. In general, the biotopic variability turned out to be
higher than the chronographic (interannual) variability. Over the long period of the study, the bank vole pre-
vailed in numbers in the undisturbed biotope, which was distinguished among the studied biotopes by high
values of microenvironmental indicators that assess mainly the food resources of animal habitats: the cover-
age of areas by shrubs and herbaceous vegetation. Habitat conditions in the biotope undisturbed by natural
catastrophic factors are most consistent with the environmental preferences of the bank vole.
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INTRODUCTION
Knowing the features of the choice of environment

by different species makes it possible to understand the
reasons for the distribution of organisms in a certain
space and time, as well as to predict the state of popu-
lations under changed conditions caused by various
disturbances [1]. The degree of well-being of the exis-
tence of a species in the natural environment, its bio-
logical success and adaptive plasticity reflect such
population indicators as abundance and spatial struc-
ture [2, 3]. In this regard, the identification of environ-
mental preferences of species based on the study of
their population dynamics in different biotopic condi-
tions is an important environmental problem.

Species preferences manifest at the macro- and
microenvironmental levels [1, 4–7]. The microenvi-
ronmental structure of biotopes plays a decisive role in
the choice of habitat conditions for small mammals,
since the vital activity of many species during specific
periods of their life cycle takes place in areas that are
incommensurable with the territory of the entire pop-
ulation [8]. The choice of environment is influenced
by a variety of factors, including the availability of
food, the suitability of shelters, the presence of com-
petitors, the risk of predation, parasitism, and diseases
[9–19]. The environmental preferences of rodents in

habitats disturbed by natural or anthropogenic
impacts can change, since species features that are not
realized under stable conditions manifest in a destabi-
lized environment [20]. The mosaic nature of the
environment, caused by the consequences of natural
catastrophic events, is reflected in the nature of the use
of habitats by small mammals, which leads to a spatial
redistribution of the abundance of species [20–27]. It
has been shown that the differentiated use of living
space becomes the most important element of the
adaptive strategy of mobile organisms with a pro-
nounced mosaicity of the environment in short time
intervals [28]. This makes great biological sense, since,
on the one hand, it determines the most efficient use
of fodder, protective, microclimatic, and other envi-
ronmental resources, and, on the other hand, it serves
as the basis for sustainably maintaining the required
level of intraspecific (intrapopulation) contacts
between individuals [29].

The bank vole (Clethrionomys glareolus Schreber,
1780) is a representative of the forest vole genus (Cle-
thrionomys, the name Myodes is more often used in
modern taxonomy), is a background species of tem-
perate forests. In the taiga zone, it reaches its highest
abundance in berry spruce forests and clear cuts adja-
cent to them. It is common in f loodplain forests, and
42
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everywhere it avoids forests with a closed stand, inhab-
iting light secondary forests [30]. Bank voles prefer
habitats with rich and varied food resources (high yield
of seeds and berries, abundant grass vegetation) and
favorable protective conditions that provide the ani-
mals with wide opportunities for housing. The popu-
lation distribution of the species is influenced by such
characteristics of the environment as the state of the
undergrowth (developed undergrowth, abundance of
shrubs), the composition of the forest stand, and the
degree of littering of plots (litter, fallen dead trees)
[31–37].

We showed [38] that the choice of environment by
the bank vole in ecologically contrasting biotope con-
ditions in two protected areas of the Urals has distinc-
tive features: species preferences in the biotopes of the
Middle Urals area disturbed by windfall and fire are
associated with the stages of post-catastrophic resto-
ration successions, and the choice of environment in
stable habitat conditions in undisturbed territory of
the Northern Urals is largely determined by the land-
scape structure of biotopes.

The purpose of this study is to identify the environ-
mental preferences of the bank vole in biotope condi-
tions that differ in the degree of disturbance by natural
catastrophic factors. The main tasks to be solved:
(1) to study the long-term dynamics of the bank vole
abundance in biotopes with varying degrees of natural
disturbances; (2) to compare the microenvironmental
structure according to seven main characteristics that
reflect the food-protective conditions of rodent habi-
tats; (3) to assess the interannual variability of micro-
environmental characteristics; and (4) to show the
relationship between the abundance of the bank vole
and the parameters of the microenvironment in differ-
ent biotopic conditions.

MATERIALS AND METHODS
The study used bank voles caught in the period of

2013–2021 on the territory of the Visim State Natural
Biosphere Reserve (Sverdlovsk oblast, Middle Urals,
57°19′–57°31′ N and 59°20′–59°50′ E). Various bio-
topes were found in a wide range of habitats of Clethri-
onomys glareolus in the Middle Urals, including post-
forest plant formations in clearings and burnt areas, as
well as several anthropogenic habitats [39]. The popu-
lation dynamics of the bank vole and its environmental
preferences were studied in different biotopic condi-
tions formed as a result of natural catastrophic events:
a windfall in 1995 and a subsequent fire that arose in
1998 from lightning during a “dry thunderstorm” that
covered only part of the studied windfall territory. In
2010, a second fire broke out in the reserve, from
which the part of the windfall territory not disturbed
by the previous pyrogenic impact was primarily
affected, as well as the previously burned part, which
eventually turned out to be a twice pyrogenically dis-
turbed windfall territory.
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Four biotopes with varying degrees of disturbance
by natural catastrophic factors were selected for the
study: a windfall and two fires (biotope I), a windfall
and one fire (biotope II), partial (along the periphery
of the site) windfall and one fire (biotope III), and a
habitat undisturbed by external adverse influences
(biotope IV). Prior to natural catastrophic events, bio-
topes I and II were included in the fir–spruce forests
of primordial and conditionally indigenous linden for-
ests, as well as conditionally indigenous small-grass-
reed forests (with an admixture of birch and aspen). At
present, these biotopes are windfall-cinder forest
communities at different stages of restoration succes-
sions: biotope I is a post-fire reed–willow–herb com-
munity under a sparse tree canopy, biotope II is a
post-fire birch–fir–spruce woodland. Biotope III is
part of the fir–spruce–birch large-tailed sedge-linden
forest and biotope IV is located in the primary tall
grass–fern fir–spruce forest community. All studied
biotopes have a similar landscape and are located in
the near-top part of low mountains: biotopes I–III
occupy the gentle slope of Mount Lipovy Sutuk
(495 m a.s.l.), and biotope IV is located on the slope of
Malyi Sutuk (560 m a.s.l.).

The condition of the bank vole population was
assessed by the level of its abundance. The standard
trap-line method was used to capture the animals; the
abundance index was calculated from the number of
individuals caught during the first 5 days calculated on
100 trap-days (ind./100 trap-days). At the end of the
summer season, 50 wire traps were simultaneously
placed in each biotope in a line 500 m long, the expo-
sure time was 5 days. The check was carried out daily
in the morning. Each trap had a constant location
throughout the long-term observation period and was
provided with a constant number, which is important
for accounting for the captures of animals and analysis
of their spatial distribution. The total number of bank
voles included in the work was 532 individuals.

A quantitative description of the characteristics of
the microenvironment was carried out twice during
the study period (in 2013 and 2017) in August around
each trap located in the center of a square with sides of
3.33 m (area was 10 m2). The parameters characteriz-
ing the forage-protective habitat conditions of the
bank vole were evaluated according to [8], with minor
changes. The coverage area of microsites measured:
(1) moss cover (MC), (2) herbaceous cover (HC),
(3) shrubs (CS), (4) trunks of living trees (TC),
(5) trunks of standing dry trees and stumps (SC),
(6) trunks of lying trees (LC), and (7) undergrowth of
tree species (AU) with a height of no more than 1 m
(Table 1).

The frequency of quantitative descriptions chosen
by us is explained by the fact that the vast majority of
these characteristics of the microenvironment are sub-
ject to insignificant interannual f luctuations, and they
reflect its static properties [8]. When selecting micro-
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Table 1. Characteristics used to analyze the microhabitats of
the bank vole

Characteristics Designation

Plot area (m2), covered with:
1) moss MC
2) herbaceous vegetation HC
3) shrubs CS
4) living tree trunks TC
5) trunks of standing dry trees and stumps SC
6) lying tree trunks LC

7) undergrowth of tree species, pcs./m2 AU
environmental variables, the “physical” properties for
the bank vole were taken into account. Based on the
“functionality” of the selected seven variables of the
microenvironment, all of them generally characterize
the forage-protective conditions of the habitats of the
species under study. It is noted that the microenviron-
mental variables that assess the herbaceous and shrub
cover reflect, to a greater extent, the forage character-
istics of the habitats. Along with this, the features asso-
ciated with the coverage of areas with moss, living
trees, and tree undergrowth characterize the forage-
protective properties, but with an emphasis on the
protective aspect, and in the “pure” form, the protec-
tive conditions for the bank vole provide characteris-
tics that evaluate the coverage of areas with stumps and
dry trees [8].

The herbaceous tier in the four biotopes studied by
us is generally of the same type; it includes Calama-
grostis langsdorffii, Calamagrostis obtusata, and Cha-
maenerion angustifolium, which dominate in post-fire
communities (biotopes I and II). The herbage of bio-
tope III includes Carex macroura, Aegopodium
podagraria, and Equisetum sylvaticum. Ferns dominate
in the herbage of an undisturbed indigenous tall-herb-
fern fir–spruce forest (biotope IV), among which
Dryopteris assimilis predominates. The shrub under-
growth of the studied biotopes is formed mainly by
Rubus idaeus and Rubus matsumuranus, as well as Rosa
acicularis, which provides favorable feeding condi-
tions for bank voles. Rubus idaeus and Rosa acicularis
are the dominant shrubs in biotopes I and II disturbed
by windblows and fires. The shrub vegetation of the
partially disturbed biotope III and the undisturbed
biotope IV also includes Lonicera xylosteum.

The state of the forest stand in the studied biotopes
is different: it is significantly sparse in disturbed com-
munities. Its composition is represented mainly by
Betula pubescens with an admixture of Betula pendula,
as well as Tilia cordata. The tree canopy of biotope III
is less sparse compared to biotopes I and II: along with
Betula and Tilia cordata, the stand includes Picea obo-
vata and Abies sibirica. The undergrowth of this bio-
tope is mainly represented by Betula pendula, Tilia
cordata, Picea obovate, and Abies sibirica. The forest
stand of the undisturbed biotope IV is not closed: it
includes Picea obovate, Abies sibirica, and Betula pen-
dula, as well as Pinus sibirica. Abies sibirica dominates
in the first and second tiers of the tree canopy.

It is known that the bank vole’s ability to dig holes
is very limited. Voids under the roots of old living
trees, root hollows where the animals arrange simple
dwellings, along with rotten, mossy stumps, deadwood
heaps, and twisted windbreak roots, are the preferred
natural shelters for this species [31]. There are practi-
cally no living mature trees in the post-fire forest com-
munities (biotopes I and II), the forest stand is repre-
sented mainly by young species; it is significantly
sparse, so its protective role for the bank vole is signifi-
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cantly reduced. Stumps and trunks of dead trees lying
on the ground are the main shelters for rodents in dis-
turbed habitats. The bark of young trees can be used by
the bank vole for food; therefore, the forest stand in
the disturbed biotopes studied by us to a greater extent
characterizes the feeding conditions of the habitats of
the species. The area occupied by live, as well as dry
trees and stumps, was estimated by the diameter of the
trunk, measured at the base at a distance of no more
than 0.5 m from the ground. Based on the calculated
values, the area of the base of each trunk and stump
within the site was calculated, the results were summa-
rized to estimate the total area. The area covered by the
microsections with the trunks of fallen dead trees was
calculated by multiplying the length and width of each
trunk, the obtained values were summed up. A total of
400 quantitative descriptions were carried out.

Multiple regression analysis with standardized par-
tial regression coefficients β, showing how many stan-
dard deviations the species abundance differs when
environmental variables change by one standard devi-
ation, was used to study the relationship between bank
vole abundance and microenvironment characteristics
(predictors). The coefficient of determination (R2)
was used to estimate the proportion of explained vari-
ance. The reliability of the regression equations was
assessed by the F-criterion. We analyzed the distribu-
tion of the residuals of the multiple regression model
and tested the predictors for “normality.” When they
deviated from the normal distribution, the logarithm
procedure was performed. Pairwise comparisons of
bank vole abundance values in the compared biotopes
were performed using the nonparametric Mann–
Whitney test and the significance of the obtained dif-
ferences was assessed by the Z-test.

Biotopic and chronographic (interannual) vari-
ability of species abundance and habitat microenvi-
ronment variables were studied using two-way analysis
of variance, where a “biotope” was a fixed factor, and
a “year” was used as a random factor. In order to
reduce the number of microenvironmental variables,
factor analysis was used to characterize the compared
biotopes. The load values were taken into account for
AN JOURNAL OF ECOLOGY  Vol. 54  No. 1  2023
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the first two factors, F1 and F2, the total proportion of
the variance of which contributed to the overall vari-
ability of the microenvironmental structure of habitats
was the largest. All methods of multivariate statistical
analysis used in the study were carried out in Statistica
6.0 (modules Basic statistics, Multiple regression,
Nonparametric statistics and distributions, ANOVA,
and Factor analysis).

RESULTS AND DISCUSSION
The analysis of variance of the microenvironmen-

tal characteristics of the four compared biotopes, car-
ried out based on the results of quantitative descrip-
tions in 2013 and 2017, revealed statistically significant
differences between all variables, with the exception of
one that estimates the area of coverage of microsites by
fallen trees. In general, the level of biotopic variability
of the microenvironment of the bank vole habitats was
higher than the chronographic (interannual) one
(Table 2). According to the data of researchers who
studied the microenvironmental structure of the
undisturbed habitats of the island population of the
bank vole [8], the variables characterizing the herba-
ceous, moss, and shrub cover, as well as the coverage
of microareas with stumps and deadwood, are charac-
terized by the greatest interannual variability. The
variable that estimates the coverage by living trees is
the least variable; the intermediate value in this series
is occupied by the feature associated with the number
of undergrowth [8].

When analyzing the interannual variability of
microenvironmental characteristics in disturbed bio-
topes (I–III) and undisturbed habitat (biotope IV), we
found that the variables evaluating the coverage of
plots by moss (MC) and herbaceous covers (HC) were
the most variable (Table 3). Shrub cover area (CS), a
feature that largely reflects the feeding conditions of
the bank vole habitat, had no year-to-year differences
in biotopes II–IV; it differed statistically significantly
over the years in the most disturbed biotope I. Vari-
ables assessing the foraging conditions of microhabi-
tats of voles: cover with trunks of live (TC), dry trees,
and stumps (SC), were characterized by the lowest
variability in all biotopes. Deadwood area in all habi-
tats, with the exception of biotope III, also turned out
to be the least variable feature. The number of under-
growth (AU) had stable interannual values only in
undisturbed biotope IV (Table 3).

Analysis of variance in the variability of bank vole
abundance indicators showed a highly significant level
of biotopic and interannual differences (Table 2). In
general, the population of the species was higher in the
undisturbed biotope over the entire study period,
except for 2015 (Fig. 1). Pairwise comparison of abun-
dance indicators using the Mann–Whitney test
showed significant differences between the most dis-
turbed and undisturbed habitats (biotopes I and IV,
respectively) for the entire study period. The excep-
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tions were 2013 and 2019, which are characterized by a
low level of the bank vole population in all compared
biotopes (Table 4). The abundance of the species dif-
fered statistically significantly between biotopes I, II
and II, III only in 2015, and in 2017, in the most (bio-
tope I) and partially (biotope III) disturbed habitats
(Table 4). The abundance of the species was charac-
terized by zero values in all compared biotopes in 2018
and 2021, and also in 2015 in biotope III (Fig. 1). In
the long-term population dynamics of the population
of the bank vole in 2017, it is distinguished by the
nature of the distribution of abundance in different
biotope conditions: the indicators are arranged in
ascending order from the most disturbed (biotope I) to
the undisturbed (biotope IV) (Fig. 1). Analyzing the
effect of environmental factors on the population of
shrews in the same area of the Visim Reserve, we
showed [40] that, according to the values of the aver-
age temperature and total precipitation, the spring–
summer season of 2017 was characterized as relatively
favorable. The revealed statistically significant differ-
ences in the abundance level of the bank vole in the
compared habitats under similar macroenvironmental
(weather) conditions of this year can obviously be
explained by biotopic differences in the microenviron-
mental structure.

Factor analysis of the structure of the microenvi-
ronment of four biotopes showed that the first two fac-
tors (F1 and F2) make the greatest contribution to its vari-
ability; in total, it amounted to 42.5–54.0% (Table 5). In
biotopes I–III, the proportion of the explained vari-
ance for these two distinguished factors belongs to
variables that assess the foraging conditions of micro-
habitats, and to variables characterizing predomi-
nantly foraging conditions in biotope IV.

Biotope III was distinguished by the greatest
microenvironmental originality, in which the propor-
tion of the explained variance of variables for the first
two factors exceeded 50% (54.5 and 51.6% in 2013 and
2017, respectively), which distinguishes this habitat of
the bank vole from the other three biotopes. Presum-
ably, the peculiarity of the microenvironmental situa-
tion in biotope III, in which the number of variables
significant in terms of the contribution turned out to
be maximum, can be explained by the higher hetero-
geneity of the environment of this habitat, partially
disturbed by windblow and fire. As noted above, the
abundance level of the bank vole population in this
biotope in 2017 was characterized by the highest values for
the entire observation period, as in biotope IV (Fig. 1).
The level of variability in the microenvironmental
structure of the most disturbed habitat (biotope I) in
2013 (3 years after the repeated pyrogenic disturbance)
turned out to be the lowest (42.6%) (Table 5), which
may be caused by a decrease in the heterogeneity of
the microenvironment observed in early stages of
restorative succession in a doubly pyrogenically dis-
turbed forest community. A significant contribution to
the microenvironmental structure of biotope I during
023
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Table 2. Two-way analysis of variance of biotopic and chronographic variability of microenvironmental characteristics of
habitats of the bank vole in the territory of the Visim Reserve

Abbreviations 
of characteristics

Source of 
variability df Sum of squares Mean square F-criterion Significance 

level, p

MC Biotope 3 288.51 96.17 41.37 <0.01
Year 1 144.48 144.48 62.16 <0.01
Biotope × year 3 41.62 13.87 5.97 <0.01
Intragroup 392 911.17 2.32
General 399 1385.78

HC Biotope 3 183.06 61.02 13.83 <0.01
Year 1 64.88 64.88 14.71 <0.01
Biotope × year 3 225.17 75.06 17.01 <0.01
Intragroup 392 1729.51 4.41
General 399 2202.62

CS Biotope 3 77.46 25.82 32.30 <0.01
Year 1 0.03 0.03 0.04 ns
Biotope × year 3 1.86 0.62 0.77 ns
Intragroup 392 313.40 0.80
General 399 392.75

TC Biotope 3 0.45 0.15 56.11 <0.01
Year 1 0.004 0.004 1.43 ns
Biotope × year 3 0.007 0.002 0.93 ns
Intragroup 392 1.04 0.003
General 399 1.50

SC Biotope 3 0.12 0.04 17.32 <0.01
Year 1 0.0009 0.0009 0.43 ns
Biotope × year 3 0.005 0.002 0.77 ns
Intragroup 392 0.87 0.002
General 399 0.99

LC Biotope 3 1.13 0.38 1.04 ns
Year 1 0.08 0.08 0.23 ns
Biotope × year 3 3.21 1.07 2.97 <0.05
Intragroup 392 141.03 0.36
General 399 145.45

AU Biotope 3 763.09 254.36 8.80 <0.01
Year 1 1759.80 1759.80 60.84 <0.01
Biotope × year 3 2002.53 667.51 23.08 <0.01
Intragroup 392 11339.02 28.93
General 399 15864.44

Abundance Biotope 3 31.98 10.66 21.91 <0.01
Year 6 49.32 8.22 16.90 <0.01
Biotope × year 18 18.76 1.04 2.14 <0.01
Intragroup 1372 667.54 0.49
General 1399 767.60
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Table 3. Interannual dynamics of microenvironmental characteristics of bank vole habitats in biotopes (I–IV) of the Visim
Reserve

—average value of the microenvironmental parameter, SE—standard error of the mean, S—standard deviation; significance levels of
statistics (from zero): ns—p > 0.1; *—p < 0.1; **—p < 0.05; ***—p < 0.01.

Abbreviations 
of characteristics

2013 2017 Significance level, 
р ± SE S  ± SE S

Biotope I
MC 0.89 ± 0.19 1.31 0.02 ± 0.01 0.08 ***
HC 5.47 ± 0.32 2.27 6.68 ± 0.35 2.45 **
CS 0.21 ± 0.06 0.39 0.43 ± 0.07 0.51 **
TC 0.003 ± 0.001 0.01 0.007 ± 0.001 0.01 ns
SC 0.004 ± 0.002 0.02 0.01 ± 0.005 0.04 ns
LC 0.77 ± 0.09 0.65 0.75 ± 0.09 0.66 ns
AU 0.11 ± 0.03 0.24 1.28 ± 0.13 0.90 ***

Biotope II
MC 2.52 ± 0.31 2.22 0.02 ± 0.01 0.099 ***
HC 6.49 ± 0.24 1.72 5.49 ± 0.25 1.77 ***
CS 0.66 ± 0.17 1.23 0.75 ± 0.14 0.99 ns
TC 0.004 ± 0.001 0.009 0.005 ± 0.002 0.01 ns
SC 0.007 ± 0.003 0.018 0.009 ± 0.003 0.02 ns
LC 0.78 ± 0.10 0.73 0.55 ± 0.06 0.45 ns
AU 0.16 ± 0.04 0.29 0.49 ± 0.095 0.67 ***

Biotope III
MC 1.26 ± 0.24 1.69 0.71 ± 0.13 0.92 **
HC 5.71 ± 0.33 2.35 3.22 ± 0.27 1.92 ***
CS 0.24 ± 0.06 0.43 0.13 ± 0.04 0.26 ns
TC 0.08 ± 0.02 0.07 0.06 ± 0.006 0.04 ns
SC 0.02 ± 0.006 0.04 0.03 ± 0.006 0.05 ns
LC 0.69 ± 0.07 0.47 0.94 ± 0.09 0.67 **
AU 0.49 ± 0.05 0.38 0.67 ± 0.07 0.46 **

Biotope IV
MC 3.29 ± 0.31 2.17 2.17 ± 0.25 1.79 ***
HC 7.15 ± 0.26 1.85 5.16 ± 0.29 2.11 ***
CS 1.33 ± 0.17 1.24 1.27 ± 0.19 1.32 ns
TC 0.081 ± 0.01 0.084 0.07 ± 0.01 0.08 ns
SC 0.05 ± 0.01 0.09 0.05 ± 0.008 0.06 ns
LC 0.66 ± 0.07 0.47 0.78 ± 0.09 0.62 ns
AU 0.47 ± 0.08 0.54 0.47 ± 0.07 0.51 ns

X X

X

this period was characterized by variables that estimate
the area covered by herbaceous vegetation and under-
growth.

In 2017 (at the later stages of post-pyrogenic recov-
ery), a significant contribution to the variability of the
structure of the most disturbed biotope was made by a
variable that characterizes the area covered by the
bases of trunks of living trees (Table 5). Along with this
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significant contribution, the characteristics that deter-
mine the protective conditions of the habitats of the
bank vole differed: the area covered by deadwood in
biotope II in 2013 and in both years in biotope III. The
variability of the microenvironmental structure of the
undisturbed biotope IV was significantly determined
by the variable associated with the area of the shrub in
2013 and with the number of undergrowth in 2013 and
023
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Fig. 1. Long-term change in the abundance of the bank vole in biotopes (I–IV) of the Visim Reserve. 
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2017 (Table 5). The area of shrub vegetation in biotope
IV had higher values compared to disturbed biotopes
I–III, and tree undergrowth in biotope I was charac-
terized by the highest numbers (Fig. 2), which is typi-
cal for forest communities with a sparse forest stand. It
is known that undergrowth characterizes the metabo-
lism of the ecosystem, it is an indicator of the well-
being of the forest, its normal state, and viability. The
presence of undergrowth of tree species under the can-
opy is the main factor in the continuous existence of
the forest, since the viability of the plant community is
determined by its ability to restore the number of pop-
ulations, replacing dead specimens with new ones.
RUSSI

Table 4. Results of pairwise comparisons according to the M
(I–IV) of the Visim Reserve

Significance levels of the Z-test (from zero): ns—p > 0.1; *—p < 0.1;

Biotope 2013 2014 2015

I, II –0.73 (ns) –1.48 (ns) –1.73*

I, III –0.41 (ns) –0.39 (ns) 0.34 (ns)

I, IV –0.62 (ns) –2.12** –1.58*

II, III 0.28 (ns) 1.13 (ns) 2.07**

II, IV 0.06 (ns) –0.65 (ns) 0.09 (ns)

III, IV –0.20 (ns) –1.83* –1.91*
The undergrowth is most abundant in those parts of
the forest where the tree tier is sparse [41].

An analysis of the relationship between the abun-
dance of the bank vole and the characteristics of the
microenvironment showed that individuals of the spe-
cies in the disturbed biotope II are least associated
with the microenvironment structure. A statistically
significant relationship was found only in 2019 with a
variable assessing the area covered by the bases of liv-
ing tree trunks (TC) (Tables 6, 7). In the most dis-
turbed biotope I, rodents in 2013 also preferred areas
covered with living trees (TC) and deadwood (LC),
and in 2019 abundance of the species was significantly
associated with herbaceous (HC) and moss (MC)
AN JOURNAL OF ECOLOGY  Vol. 54  No. 1  2023

ann–Whitney test of the bank vole abundance in biotopes

 **—p < 0.05; ***—p < 0.01.

Year

2016 2017 2019 2020

Z (p)

–0.34 (ns) –0.50 (ns) 0.66 (ns) –0.63 (ns)

0.17 (ns) –2.19** –0.14 (ns) –0.28 (ns)

–3.24*** –3.16*** –0.08 (ns) –2.63***

0.51 (ns) –1.59 (ns) –0.82 (ns) 0.37 (ns)

–2.97*** –2.46** –1.70* –2.12**

–3.38*** –0.87 (ns) –0.96 (ns) –2.47**
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Table 5. Factor loadings of microenvironmental variables of the bank vole habitats in biotopes (I–IV) of the Visim Reserve

σ—dispersion, ∆σ—proportion of explained variance. Variables in bold type are statistically significant at p < 0.05.

Abbreviations

of characteristics
Year

Biotope

I II III IV

F1 F2 F1 F2 F1 F2 F1 F2

MC 2013 –0.043 –0.560 0.811 0.0001 0.860 0.054 –0.205 0.666

2017 –0.379 –0.243 0.239 –0.675 0.866 0.084 0.590 0.157

HC 2013 –0.711 0.198 0.077 –0.891 –0.191 –0.803 –0.655 –0.078

2017 0.879 –0.149 0.757 –0.173 –0.377 –0.765 0.077 0.699

CS 2013 0.199 –0.546 0.207 0.536 0.533 –0.493 –0.795 –0.078

2017 –0.125 0.664 0.044 –0.644 0.350 –0.493 0.175 0.647

TC 2013 0.479 0.382 –0.393 0.288 –0.383 0.225 0.456 –0.436

2017 –0.801 –0.196 –0.775 0.0785 –0.395 0.251 –0.650 0.005

SC 2013 –0.040 –0.714 0.106 0.479 0.467 0.454 –0.032 0.545

2017 0.078 0.574 0.173 0.462 0.415 0.219 0.286 –0.412

LC 2013 –0.423 0.399 0.877 0.029 0.797 0.064 0.110 0.616

2017 0.343 0.467 0.185 0.471 0.865 –0.060 0.678 –0.114

AU 2013 0.736 0.122 –0.569 0.255 –0.109 0.749 0.750 –0.381

2017 0.009 0.632 –0.683 –0.198 –0.322 0.683 –0.710 –0.469

σ 2013 1.50 1.48 1.97 1.46 2.07 1.71 1.89 1.47

2017 1.70 1.51 1.76 1.38 2.19 1.42 1.85 1.33

∆σ, % 2013 21.41 21.18 28.07 20.87 29.60 24.45 26.95 20.96

2017 24.23 21.53 25.20 19.71 31.36 20.24 26.49 19.07

Fig. 2. Dynamics of microenvironmental characteristics of biotopes (I–IV) of the Visim Reserve.

1.6
Shrub coverage area, m2

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0
2013 2017 2013 2017

Biotope I Biotope II Biotope III Biotope IV

2013 2017 2013 2017

4.0
Moss coverage area, m2

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0
2013 2017 2013 2017

Biotope I Biotope II Biotope III Biotope IV

2013 2017 2013 2017

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

The number of undergrowth, pcs/m2

2013 2017 2013 2017

Biotope I Biotope II Biotope III Biotope IV

2013 2017 2013 2017

8
Grass coverage area, m2

7

6

5

4

3

2

1

0
2013 2017 2013 2017

Biotope I Biotope II Biotope III Biotope IV

2013 2017 2013 2017



50 LUKYANOVA

Table 6. Significance levels of differences from zero of stan-
dardized regression coefficients (βMC–βAU) of bank vole
abundance on microenvironmental variables (MC–AU) in
biotopes (I–IV) of the Visim Reserve

Significance levels of statistics (from zero): ns—p > 0.1; *—p < 0.1;
**—p < 0.05; ***—p < 0.01.

Biotope
Regression coefficient

βMC βHC βCS βTC βSC βLC βAU

2013

I ns ns ns ** ns *** ns

II ns ns ns ns ns ns ns

III ns ns ** ns *** ns ns

IV ns ns *** ns ns ns ns

2014

I ns ns ns ns ns ns ns

II ns ns ns ns ns ns ns

III ns ns ns ns ns ns ns

IV ns ns ns ns ns ns ns

2015

I ns ns ns ns ns ns ns

II ns ns ns ns ns ns ns

III ns ns ns ns ns ns ns

IV ** ns ** ns ns ns ns

2016

I ** ns ns ns ns ns ns

II ns ns ns ns ns ns ns

III ns ns ns ns ns ns ns

IV ns ns ns ns ns ns ns

2017

I *** ns ns ns ns ns **

II ns ns ns ns ns ns ns

III ns ns ns ns ns ns ns

IV ns ns ** ns ns ns ns

2019

I ** *** ns ns ns ns ns

II ns ns ns *** ns ns ns

III ns ns ns ns ns ns ns

IV ns ns ns ns ns ns ns

2020

I ns ns ns ns ns ns ns

II ns ns ns ns ns ns ns

III ns ns *** ns ns ns ns

IV ns ns ns ns ns ns ns
cover of microsites. In 2016 and 2017 voles were “tied”
to areas covered with moss, and in 2013 in biotope III
they preferred improved environmental conditions
provided by standing dry trees and stumps (SC) and
microhabitats with more favorable feeding conditions
RUSSI
with the presence of shrub vegetation (CS). In 2020,
the abundance of bank voles in this biotope was also
associated with shrubs. Thus, the bank vole preferred
areas with improved foraging conditions in biotopes
with varying degrees of disturbance.

The abundance of the species in the undisturbed
habitat turned out to be closely related to the microen-
vironmental variables that assess predominantly forag-
ing conditions. In 2013, 2015, and 2017, voles preferred
microareas with shrub vegetation (Tables 6, 7). Using
the example of an island population of the bank vole,
it was shown [8] that the choice of microenvironment
characteristics by this species differs at different phases
of its population dynamics. We also found a close con-
nection of the species with the microenvironment at
different phases of population dynamics, but only in
the undisturbed environment of biotope IV. It turned
out that the bank vole in this habitat prefers areas with
a predominance of shrubs both at the phase of low
population abundance in 2013 and 2015 and at the
peak of population abundance in 2017 (Tables 6, 7). As
noted above, this microenvironmental characteristic is
characterized by low interannual variability in bio-
topes II–IV (Table 3). However, a relationship
between the bank vole abundance and this microenvi-
ronmental parameter at different levels of its popula-
tion was found only in the undisturbed habitat (Table 7).
Moss coverage of plots is an environmental character-
istic that is not preferred by the bank vole, but, proba-
bly, it determines favorable conditions for the species
in combination with other microenvironmental indi-
cators. This characteristic was distinguished by high
values in the undisturbed biotope, along with the
microenvironment variable, which estimates the area
covered by shrubs (Fig. 2).

CONCLUSIONS

The results of the study allow us to state that among
the factors that affect the “success of existence” of the
bank vole in different biotope conditions, primarily
such as the population level of the species and the
microenvironmental structure of its habitats, the latter
plays an important role. An analysis of the level of
abundance values, an important informative charac-
teristic that reflects the degree of “ecological well-
being” of a species in the natural environment, showed
that the most favorable conditions for the successful
existence of the bank vole in the studied protected area
of the Middle Urals are formed in a biotope undis-
turbed by external adverse impacts, where the species
prevails in abundance.

The abundance of the bank vole under the condi-
tions of biotopic heterogeneity caused by the conse-
quences of natural catastrophic events is determined
by different microenvironmental parameters. In dis-
turbed habitats, individuals of the species are more
attached to areas with improved protective conditions,
and a “response” of the bank vole abundance to
AN JOURNAL OF ECOLOGY  Vol. 54  No. 1  2023
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Table 7. Results of multiple regression analysis of the relationship between bank vole abundance (dependent variable) and
microhabitat characteristics (predictors) of biotopes I–IV

The table includes models showing a statistically significant relationship between bank vole abundance and microenvironmental vari-
ables.

Year
Abundance,

ind./100 trap-days
Regression equation R2 F p

Biotope I

2013 2.4 Y = –0.047 + 8.090XTC + 0.177XLC 0.463 6.43 <0.01

2016 2.8 Y = 0.114 + 1.42XMC 0.290 4.40 <0.05

2017 8.5 Y = 0.793 – 0.101XHC + 0.172XLC 0.494 7.58 <0.01

2019 3.2 Y = 0.656 + 1.928XMC – 0.069XHC 0.514 5.49 <0.05

Biotope II

2019 2.0 Y = 0.596 + 38.93XTC 0.369 7.59 <0.01

Biotope III

2013 5.2 Y = 0.042 + 6.632XSC + 0.448XCS 0.485 7.25 <0.01

2020 5.6 Y = 0.137 + 1.08XCS 0.522 17.97 <0.01

Biotope IV

2013 6.4 Y = –0.021 + 0.256XCS 0.399 9.09 <0.01

2015 6.0 Y = 0.369 + 0.137XSC – 0.076XMC 0.382 4.02 <0.05

2017 26.0 Y = 0.670 + 0.290XCS 0.353 6.83 <0.05
microenvironmental variables characterizing the feed-

ing conditions of habitats is observed in an undis-

turbed biotope environment. The level of values of

indicators that assess the food resources of the species

in different biotopes: the coverage of areas with herba-

ceous and shrubby vegetation, is generally higher in

undisturbed habitats, which undoubtedly affects the

choice of habitats by the bank vole.

Thus, it can be concluded on the basis of the results

that the environmental conditions of an undisturbed

biotope are the most preferable for the bank vole in the

territory of the Visim Reserve. This conclusion is

explained by the high level of abundance and its close

relationship with microenvironmental parameters that

assess predominantly the feeding conditions of the

species habitats at different population levels.

The identified features of the choice of environ-

ment by the bank vole, which prefers the conditions of

an undisturbed biotope with a preserved forest stand,

to the conditions of lighter habitats in pyrogenically

disturbed sparse forest communities, do not fully

agree with the published data [30]. Our results only

confirm the assumption about the possible manifesta-

tion of previously unknown environmental responses

in unstable environmental conditions, including food

and behavioral responses, of background species to

changes in habitat conditions [20].
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