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Small mammals, or micromammals, play a central role in most terrestrial trophic networks, serving as key elements
in ecosystem processes. These species, sensitive to environmental changes, are crucial in ecological studies due to
their short life cycles and pronounced demographic responses. Cyclic fluctuations in abundance, common in many
species across steppe, taiga, and tundra zones, have shifted in recent decades, with irregular dynamics linked to
climate change. Despite this, fundamental aspects of population fluctuations, such as amplitude, periodicity and the
diversity of underlying factors, remain poorly understood. Widely distributed species may show cyclic dynamics
in some areas and irregular or outbreak-driven fluctuations in others. To identify periodic components and assess
long-term trends, nonparametric statistical methods, spectral and autocorrelation analyses were used. The analysis
covered 14 small mammal species in the Crane Homeland Sanctuary (northern Moscow Region, Russia) over the
period from 2003 to 2023. The dominant species (relative abundance higher than 10% of total number of indi-
viduals) were six species, namely Sorex araneus, Microtus arvalis, M. oeconomus, Myodes glareolus, Sylvaemus
uralensis, and Apodemus agrarius. The analysis of population dynamics revealed significant trends in seven spe-
cies: an increase in abundance was observed in Sorex araneus (t=0.5), S. minutus (1= 0.4), S. caecutiens (t=0.4),
Myodes glareolus (t = 0.6), Sylvaemus uralensis (t = 0.4), and Micromys minutus (t = 0.4), whereas Mus musculus
showed a significant decrease in abundance (t = -0.4). Autocorrelation analysis revealed periodic fluctuations in
six species, including Sorex araneus, Microtus arvalis, M. oeconomus, Arvicola terrestris, Sylvaemus uralensis,
and Micromys minutus. Most of these species exhibited 3-year cycles or their multiples (6-year and 9-year cycles),
although even longer cycles were also detected. In Sylvaemus uralensis, population declines were observed at 13-
year and 14-year intervals, whereas in Microtus oeconomus 2-year declines alternated with peaks every six years.
Microtus arvalis had previously shown regular 3-year cycles, but during the last decade its population dynamics be-
came non-cyclic. Other small mammal species did not exhibit statistically significant periodic fluctuations. Spectral
analysis revealed phases of the cycle in three species, represented by Microtus arvalis, M. oeconomus, and Myodes
glareolus. Among these species, cyclic fluctuations with a greater amplitude were characteristic of Microtus arva-
lis, cyclic fluctuations with an intermediate amplitude were characteristic of Myodes glareolus, whereas Microtus
oeconomus exhibited low-amplitude cycles. In other small mammal species, cyclic fluctuations were either weakly
expressed or absent. Most of the analysed species exhibited cycles with peaks every 3—4 years. Time-series analysis
of community-level dynamics indicated that the small mammal community lacks pronounced population cycles;
only a weak 3-year cycle slightly exceeded the confidence limit. The population dynamics and abundance of spe-
cies were asynchronous, which smoothed overall community fluctuations and prevented the occurrence of large-
amplitude outbreaks.
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Introduction

Cyclic fluctuations in abundance are character-
istic of many animal species inhabiting steppe, taiga
and tundra zones (Elton, 1924; Formozov, 1935;
Lack, 1957; Boonstra & Krebs, 2012). However, by
the late XX — early XXI centuries, regular cycles in
many species had shifted to irregular or fluctuating
dynamics (Cornulier et al., 2013; Ims et al., 2008;
Fufachev etal., 2019; Sharikov et al., 2019; Korpela,
2014). Most scientists relate these patterns to global
climate changes, which may restructure ecological
interactions, including predator-prey systems.

Small mammals, or micromammals, play a cen-
tral role in terrestrial trophic networks. They serve
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as model organisms in ecological research because
of three key attributes, namely high sensitivity to
environmental variation, relatively short life cycles,
and pronounced demographic dynamics (Korpimi-
ki et al., 2004; Istomin, 2008, 2009; Tikhonova et
al., 2012). Long-term continuous monitoring is es-
pecially valuable, since it allows tracing natural pro-
cesses over decades (Shchipanov et al., 2010).
Fundamental aspects of population fluctuations,
such as amplitude, periodicity, the diversity of un-
derlying factors, are still poorly understood. The
same widely distributed species may show cyclic
dynamics in some regions and irregular or outbreak-
driven fluctuations in other areas (Andreassen et al.,
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2021). For example, in Fennoscandia, populations
north of 60° N display both seasonal and multi-an-
nual cycles, which duration increases with latitude,
whereas populations to south of 60° N exhibit only
seasonal cycles (Hansson & Henttonen, 1985, 1988;
Hanski et al., 1991). Synchronisation of abundance
fluctuations with natural cycles represents an impor-
tant adaptive mechanism. Periodic components may
overlap, thereby creating additional opportunities
for adjustment to environmental changes. Many re-
searchers therefore regard small mammal dynamics
as multifactor-regulated (Hanski et al., 1991; Zhi-
galskii, 2002; Panteleyev, 2008).

Short-term cycles of 2—4 years usually reflect
endogenous mechanisms, whereas irregular fluctua-
tions are often shaped by exogenous factors (Zhi-
galskii, 2002). External factors, including food re-
sources, climate, anthropogenic impacts, predation,
epizootics, interspecific interactions and spatial
structure, play an important role in determining pop-
ulation dynamics (Hanski et al., 1991; Korpiméki &
Krebs, 1996; Stenseth, 1999; Zhigalskii, 2013).

Given this complexity, rigorous analytical meth-
ods are required to assess long-term population fluc-
tuations. A particular challenge lies in the frequent
conflation of cyclicity and periodicity, which, although
related, are conceptually distinct (Nesterenko & Burk-
ovsky, 2019). Autocorrelation and spectral analyses
represent reliable approaches for detecting cycles in
time-series data, as they decompose abundance dy-
namics into their constituent frequency components
(Jenkins & Watts, 1971; Maksimov & Erdakov, 1985).

The Crane Homeland Sanctuary (north of the
Moscow Region, Russia) has been the focus of long-
term monitoring, including regular surveys of small-
mammal species composition and abundance. The aim
of this study was to describe long-term dynamics, to
identify cyclic and periodic fluctuations in the abun-
dance of the small mammal community and individual
species inhabiting the Crane Homeland Sanctuary.

Material and Methods

The research was conducted in the Crane
Homeland Sanctuary, a Protected Area locat-
ed in the north of the Moscow Region, Russia
(56.7553° N, 37.7974° E). The Crane Homeland
Sanctuary is located in the southern part of the up-
per River Volga lowland of the Russian plain and
belongs to the temperate continental climatic zone.

Small mammal trapping was conducted from
2003 to 2023 using the standard trap-line method
(Karaseva et al., 2008). Each session lasted for three
days, with 25 snap-traps (hero traps) placed at 10-m
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intervals across representative habitats. The traps
were checked daily in the morning and surveys were
conducted three times per season: in spring (late April
— early May), summer (June) and autumn before the
establishment of permanent snow cover (late Octo-
ber). Due to difficulties in species identification, data
on the sibling species Microtus arvalis (Pallas, 1778)
and Microtus rossiaemeridionalis (Ognev, 1924)
were combined (hereinafter — Microtus arvalis).

The dominant species were defined as those
with a relative abundance greater than 10% of the
total number of individuals (Odum, 1971). Annual
estimates of relative abundance were obtained by
averaging data from three seasonal trapping ses-
sions, applying a Hamming smoothing filter, a
weighted moving average with coefficients 0.25,
0.50 and 0.25 (Rozenberg et al., 1994; Puzachen-
ko, 2004). This approach allowed abundance dy-
namics to be analysed even for less numerous spe-
cies. The trend of long-term changes was estimated
using the Mann-Kendall test (1) (Gilbert, 1987).

The periodicity of small mammal population
fluctuations was assessed using autocorrelation
analysis. This method determines the correlation
between the original time series and its lagged ver-
sion at a given number of lags (hereafter denoted
as L). The autocorrelation plot, known as a corre-
logram, displays these relationships. When the au-
tocorrelation value exceeds the confidence limit at
L =k, it denotes statistically significant and regular
fluctuations with a periodicity of k years.

Correlation at L = 1 reflects annual fluctuations
in the series, arising when values in successive
years show similar dynamics (e.g. high values in
one year correspond to high values the next year).
This approach therefore allows the identification of
periodic components in population dynamics, the
detection of recurrent cycles and the assessment of
their stability over time (Korosov, 2007).

To identify cyclic fluctuations in annual rela-
tive abundance of species (individuals per trap-
night), we applied Fourier-based spectral analysis.
This method decomposes the original time series
into a set of harmonic components with various
periods and amplitudes, arranged in descending or-
der of period length (Jenkins & Watts, 1971). This
method allows underlying periodicity to be detected
and the relative contribution of various timescales
to be quantified. Cyclicity was evaluated using the
periodogram, which estimates the power spectral
density. The power spectral density is expressed as
(units of the time series)* x unit of frequency (Ben-
dat & Piersol, 2010). It describes how the variance
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of the time-series data is distributed across frequen-
cies (Jenkins & Watts, 1971). Peaks at particular
frequencies (or the corresponding periods) indicate
timescales that contribute most to the overall vari-
ance of the time series (Jenkins & Watts, 1971). For
ease of interpretation, frequencies were converted
to periods (years). As a result, the power spectral
density is reported in units of (individuals per trap-
night)* x year. Given the relatively short time series
and the high variability of data, the periodogram
was smoothed using a moving average. Spectral es-
timates were refined by applying a Hamming filter
(Puzachenko, 2004). The smoothed periodogram,
referred to as the spectrogram, highlights peaks
more clearly. Data analysis was performed using
STATISTICA 12 software (StatSoft Inc., USA).

Results

Species composition and abundance trends

In total, 43 604 trap-nights recorded 3017 speci-
mens belonging to 14 small mammal species (Ta-
ble 1). The dominant species (a relative abundance
higher than 10% of the total number of individuals)
were Sorex araneus (Linnaeus, 1758), Microtus ar-
valis, M. oeconomus (Pallas, 1776), Myodes glare-
olus (Schreber, 1780), Sylvaemus uralensis (Pal-
las, 1811), and Apodemus agrarius (Pallas, 1771)
(Sharikov et al., 2024). Other small mammal spe-
cies were rare, occurring irregularly or occasionally.

Statistically significant trends in abundance
(p < 0.05) were identified for seven species (Ta-
ble 1). A positive trend was found in Sorex ara-
neus, S. minutus (Linnaeus, 1766), S. caecutiens
(Laxmann, 1788), Myodes glareolus, Sylvaemus
uralensis, and Micromys minutus (Pallas, 1771),
while a negative trend was observed in Mus mus-

culus (Linnaeus, 1758) (Table 1). No significant
trends in abundance were detected for Sorex isodon
(Turov, 1924), Microtus oeconomus, M. agrestis
(Linnaeus, 1761), Arvicola terrestris (Linnaeus,
1758), and Sicista betulina (Pallas, 1779).

The population dynamics of the dominant
species are presented in graphs (Fig. 1). Long-
term dynamics indicates that population peaks of
dominant small mammal species do not coincide in
time. Although some species exhibit similar long-
term trends, interannual fluctuations are largely
asynchronous and years of maximum abundance
differ among species.

Autocorrelation analysis

Periodic fluctuations were found in six spe-
cies, namely in Sorex araneus, Microtus arva-
lis, M. oeconomus, Arvicola terrestris, Sylvaemus
uralensis, and Micromys minutus (Fig. 2, Table 2).
For other species, correlation coefficients of period-
ic fluctuations remained below the confidence limit
across all lags, indicating no consistent periodicity in
their population abundance dynamics.

In the following analysis, all species were aggre-
gated into the group Micromammals (Fig. 3). This
aggregation allowed us to assess the small mammal
population abundance dynamics at the community
level across the Crane Homeland Sanctuary.

To detect potential changes in population dy-
namics at the species level, autocorrelation analy-
sis was conducted on time-series data divided into
intervals of approximately ten years. This analysis
revealed differences only in Microtus arvalis, char-
acterised by the loss of previously observed peri-
odic patterns (Fig. 4). Similar changes in popula-
tion dynamics were not observed in other species.

Table 1. Species composition and main parameters of small mammal populations based on trapping data collected in the
Crane Homeland Sanctuary (Russia) during 2003—-2023 (individuals per trap-night)

Species M+ SE Min Max Mean proportion (%) T (year)
Sorex araneus 0.8 +0.15 0.1 33 11.1 0.5
Sorex minutus 0.1 +0.01 0.1 0.5 0.6 0.3
Sorex isodon 0.01 £0.01 0.1 0.2 0.1 0.0
Sorex caecutiens 0.1 +0.03 0.1 1.8 1.1 0.3
Microtus arvalis 0.9+0.22 0.1 6.7 13.4 -0.2
Microtus oeconomus 0.9+0.18 0.1 6 12.7 0.2
Microtus agrestis 0.1 £0.05 0.1 2.1 2.5 -0.3
Myodes glareolus 1.8+ 0.41 0.1 10.7 24.5 0.6
Arvicola terrestris 0.1+0.01 0.2 0.3 0.1 0.1
Sylvaemus uralensis 1.1+£0.20 0.1 6.8 22.9 0.4
Apodemus agrarius 0.7+0.08 0.1 4.7 10.1 0.0
Mus musculus 0.1+0.01 0.1 1.3 0.7 -0.4
Sicista betulina 0.1 +0.01 0.1 0.7 0.3 0.1
Micromys minutus 0.1+0.01 0.1 0.2 0.3 0.4

Note: significant (p < 0.05) species abundance trends are marked in bold; T = Mann-Kendall trend test. M — mean value, SE — standard error, Min — minimal

value, Max — maximal value.
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Population dynamics of the dominant species in the Crane Homeland Sanctuary (Russia) based on trapping results in

2003-2023 (individuals per trap-night). Designations: a — Sorex araneus, b — Microtus arvalis, ¢ — Microtus oeconomus, d —
Mpyodes glareolus, e — Apodemus agrarius, f — Sylvaemus uralensis; red dashed line — trend line.

Table 2. Small mammal species with periodic population fluctuations (p-values in brackets). Based on trapping data col-
lected in the Crane Homeland Sanctuary (Russia) in 2003-2023 (individuals per trap-night)

Species Period length, years
Sorex araneus 1(0.1) 3(0.0) 15 (0.0)
Microtus arvalis 3(0.0) 6 (0.0) 9 (0.0)
Microtus oeconomus 2(0.1) 9(0.2) -
Arvicola terrestris 9(0.5) - -
Sylvaemus uralensis 13 (0.1) 14 (0.0) -
Micromys minutus 3(0.1) - -
Spectral analysis sia), namely Sylvaemus uralensis, Myodes glareo-

Spectral analysis identified cyclic fluctuations in
6 species. The strongest fluctuations were observed
in Microtus arvalis, Microtus oeconomus, and My-
odes glareolus, with dominant peaks at 3—4 years
for both Microtus spp. and 2-3 years for Myodes
glareolus (Fig. 5). Weak cycles were also found in
Sylvaemus uralensis and Apodemus agrarius, with
peaks of 2-3 years (Fig. 6). Among insectivores
only Sorex araneus exhibited marked cyclicity, with
peaks occurring near 3—4 year intervals (Fig. 6). In
other species, spectral peaks were at very low fre-
quencies, indicating a lack of cyclicity.

Discussion
During the study period (2003-2023), six small
mammal species dominated in the Crane Homeland
Sanctuary (the north of the Moscow Region, Rus-
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lus, Microtus arvalis, M. oeconomus, Sorex ara-
neus, and Apodemus agrarius (listed in order of
decreasing mean proportion of relative abundance).
The composition and relative proportions of small
mammals in the Crane Homeland Sanctuary largely
correspond to forest-zone communities of European
Russia (Tikhonova & Tikhonov, 2003; Tikhonova et
al., 2012). However, also species typical for agricul-
tural landscapes in central part of European Russia
were well represented (Tikhonova et al., 2012). This
pattern can be explained by the diversity of habi-
tat types within the study area, reflecting a mosaic
of forests, wetlands, and both abandoned and cul-
tivated agricultural lands (Grinchenko et al., 2020).
Consequently, the community structure resembles
that of forest-zone communities, but also bears the
imprint of agro-landscape habitats.
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Fig. 2. Correlograms of relative abundance for small mammal
species showing periodicity based on trapping results in the
Crane Homeland Sanctuary (Russia) in 2003—2023. Designa-
tions: a — Sorex araneus, b — Microtus arvalis, ¢ — Microtus
oeconomus, d — Arvicola terrestris, e — Sylvaemus uralensis, f
— Micromys minutus, Lag — the value of the time series shift
relative to itself; Corr. — correlation coefficient; S.E. — the stand-
ard error of the correlation coefficient; p — significance level,
dashed line — 95% confidence limit. Peaks exceeding the 95%
confidence limit indicate a statistically significant period value.
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Fig. 3. Correlogram of relative abundance of small mammal
community based on trapping results in the Crane Homeland
Sanctuary (Russia) in 2003—2023. Designations: Lag — value
of'the time series shift relative to itself; Corr. — correlation co-
efficient; S.E. — standard error of the correlation coefficient;
p — significance level, dashed line — 95% confidence limit.
Peaks exceeding the 95% confidence limit interval indicates
a statistically significant period value. Autocorrelation results
showed no distinct periodicity.
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Fig. 4. Correlograms of Microtus arvalis abundance for the intervals 2003—-2013 (a) and 20142023 (b) in the Crane Home-
land Sanctuary (Russia). Designations: Lag — value of the time series shift relative to itself; Corr. — correlation coefficient;
S.E. —standard error of the correlation coefficient; p — significance level, dashed line — 95% confidence limit. Peaks exceeding
the 95% confidence interval indicates a statistically significant period value. Whereas a clear periodic pattern is apparent for
2003-2013 (a), no distinct periodicity can be identified for 20142023 (b).
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Fig. 5. Periodograms of relative abundance of Microtus
oeconomus, Microtus arvalis, and Myodes glareolus in the
Crane Homeland Sanctuary (Russia) in 2003—2023. The per-
iodogram shows how the variance of the annual abundance
of species is distributed across periods (years). Higher peaks
indicate stronger periodic components (higher-amplitude
fluctuations) at the corresponding timescales. The y-axis
shows power spectral density in units of (individuals per
trap-night)? x year, and the x-axis shows period (years).
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Fig. 6. Periodograms of relative abundance of Sylvaemus
uralensis, Apodemus agrarius, and Sorex araneus in the
Crane Homeland Sanctuary (Russia) in 2003—2023. The per-
iodogram shows how the variance of the annual abundance
of species is distributed across periods (years). Higher peaks
indicate stronger periodic components (higher-amplitude
fluctuations) at the corresponding timescales. The y-axis
shows power spectral density in units of (individuals per
trap-night)? x year, and the x-axis shows period (years).

During the study period, significant positive
trends were recorded in five small mammal spe-
cies (Sorex araneus, S. minutus, Myodes glareolus,
Sylvaemus uralensis, and Micromys minutus) as-
sociated with forest and/or semi-open habitats. In
the study area, the semi-open habitats are mainly
represented by overgrowing agricultural lands
with increased moisture (Grinchenko et al., 2020;
Sharikov et al., 2024). The increase in relative
abundance of these species coincides with suc-
cessional processes in the Crane Homeland Sanc-
tuary (the north of the Moscow Region, Russia),
expressed as a reduction of meadow areas, their
increased wetness and progressive overgrowth
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(Sviridova et al., 2016). Similar changes have been
reported in Central Europe. Due to expansion of
spruce plantations, the abundance of the forest spe-
cies Myodes glareolus increased, while the abun-
dance of Sorex araneus declined due to differences
in habitat preferences (Zarybnickd et al., 2017).
Conversely, following forest clear-cuts, population
growth of Sorex araneus and Sorex minutus has
been reported, accompanied by a decline in Myo-
des glareolus (Yakimova, 2012). Other regulating
factors (e.g. climate changes, intra-population pro-
cesses, biological invasions) may also contribute
and require further studies.

Cyclic and non-cyclic populations are com-
monly differentiated using indices obtained from
analyses of abundance variation in time series.
One of these is the Lewontin’s cyclicity index, or
S-index (hereafter — S), i.e. the standard deviation
of the log, , population densities over years (Boon-
stra & Krebs, 2012). The population is regarded
as periodic when its cyclicity index (S) exceeds
0.5 (Hansson & Henttonen, 1985; Henttonen et
al., 1985). However, across various segments of
long-time series (intervals of 4-5 years) cyclic-
ity index (S) varies significantly, classifying the
same population as both «cyclic» and «non-cyclic»
(Erdakov et al., 1990). Some researchers argue that
time series may exhibit periodicity even at lower
indices (S < 0.5), reflecting mainly the amplitude
of fluctuations (Erdakov et al., 1990; Jedrzejewski
& Jedrzejewska, 1996). Furthermore, this index
measures differences in amplitude in population
size between years, but it provides no information
about the periodicity of the fluctuations (Sandell
et al.,, 1999). Time-series analysis is specifically
designed to identify periodic patterns in long-term
datasets (Boonstra & Krebs, 2012; Sandell et al.,
1999). The periods detected by autocorrelation
analysis reflect the stability and recurrence of fluc-
tuations in population abundance over time. The
demographic cycle typically comprises at least
three distinct phases (peak, decline and growth),
although these may occasionally be doubled or
prolonged. In small mammals, population cycles
usually last 3—5 years and include four demograph-
ic stages, namely growth, peak, decline and de-
pression (Krebs & Myers, 1974; Andreassen et al.,
2021). Fluctuations with 1-year or 2-year periods
do not necessarily represent true cycles or trends,
but rather reflect similarities in abundance changes
across such intervals. Positive or negative autocor-
relation (at L = 1) may occur either with or without
an underlying trend (Bjernstad et al., 1995).
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In Sorex araneus, we found a significant 1-year
(r=0.514,p=0.0116), a highly significant 3-year
(r =0.443, p = 0.0017) and 15-year (r = -0.293,
p = 0.0025) periodicities. Positive correlations at
L =1, together with the results of the Mann-Kend-
all test, may indicate an increase in the abundance
of Sorex araneus. Although the 3-year periodicity
is statistically significant, it appears weak or unsta-
ble, as clear peaks are not consistently observed at
multiples of this period (e.g. at 6-year and 9-year
intervals). Long-term cycles (i.e. longer than four
years) are more likely to be driven by external
(exogenous) factors, which can influence internal
mechanisms of population regulation (Zhigalskii,
2002). In this context, the significant negative au-
tocorrelation at L = 15 may also be exogenously
driven, potentially reflecting long-term environ-
mental variability (an out-of-phase pattern) rather
than internal population regulation. Although fluc-
tuations in the abundance of Sorex araneus have
been described, their nature and periodicity vary
by region. In Central Europe, both cyclic popula-
tions and those without cycles have been reported,
while in Central Siberia, pronounced 4-year cycles
have been recorded (see Zub et al., 2012; Zaryb-
nicka et al., 2017; Yakushov & Sheftel, 2020).

In Sylvaemus uralensis, the autocorrelation
analysis did not reveal a clear short-term periodicity.
Instead, a negative correlation emerged at longer pe-
riods, with a significant effect at 14 years (r =-0.340,
p = 0.0228) and a similar, but non-significant ten-
dency at 13 years (r = -0.346, p = 0.1416). In other
parts of its range, autocorrelation analyses indicat-
ed long-term fluctuations with a period of around
10-11 years (Berezovskaya et al., 2016). However,
spectral analysis did not corroborate them, suggest-
ing they reflect long-term increases in abundance
rather than regular cycles (Berezovskaya et al.,
2016). A comparable out-of-phase pattern with long
period was detected in Sorex araneus (at L = 15).
Such long-term cycles are more likely to be driven
by exogenous factors such as succession, climatic
variability, flooding cycle and habitat change (Zhi-
galskii, 2002). Notably, both species showed sta-
tistically significant positive trends in abundance
(p < 0.05), which may indicate broadly similar re-
sponses to external drivers.

For Microtus oeconomus, the autocorrelation
analysis revealed two peaks at 2-year and 9-year
intervals. The near-significant negative peak at a
2-year period (r=-0.472, p = 0.0535) suggests that
the abundance of Microtus oeconomus tends to
alternate rather than repeat: high values are more
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likely to be followed by low values two years lat-
er, and vice versa. A weak peak at a 9-year period
may indirectly reflect an underlying 3-year cycle,
which is commonly reported for Microtus spp. and
was described for Microtus oeconomus (Erdakov,
2011). However, in our data this 9-year peak was
not statistically significant (r = 0.345, p = 0.1949).

For Arvicola terrestris, abundance peaks were
detected at a 9-year interval (r=0.452, p=0.3157),
but this association was not statistically significant,
likely due to a low proportion of this species in
catches (relative abundance < 1%). The strongest
peaks were typically associated with short cycles
of 2-3 and 3-5 years, whereas weaker peaks oc-
curred at around 10-12 years (Litvinov et al.,
2013). Additional cycles of 3—4 years, 5—6 years
and 7-8 years were also frequently observed in the
abundance dynamics of Arvicola terrestris, some
of which may be population-specific. Furthermore,
agricultural practice may influence the abundance
dynamics of Arvicola terrestris, and in different
regions it may exhibit various types of population
cycles (Halliez et al., 2015). The episodic appear-
ance of this species at 9-year intervals may indi-
rectly indicate population peaks, when increased
capture probability results from local demographic
growth and seasonal dispersal.

Although Micromys minutus was rarely caught
(relative abundance < 1%)), it still showed a statisti-
cally significant peak at a 3-year interval (r=0.514,
p = 0.006). The low relative abundance of Micro-
mys minutus (< 1%) is consistent with studies from
other parts of its range (e.g. Trout, 1978; Zarybnicka
et al., 2017; Bal¢iauskas & Balciauskiene, 2023).
Populations of Micromys minutus may experience
considerable interannual fluctuations, especially
at the local level (Balciauskas & BalcCiauskieng,
2023). Nevertheless, clear regularities in popula-
tion abundance dynamics are difficult to identify. It
should also be noted that the trap-line method is not
considered an efficient method for Micromys minu-
tus and Arvicola terrestris (Karaseva et al., 2008;
Vecsernyés, 2020).

In Microtus arvalis, the character of population
dynamics varied across the study period. When the
entire time series was examined using autocorrela-
tion analysis, a clear 3-year cyclicity was detected
(r =0.702, p = 0.0002), along with multiple peri-
ods of 6-years and 9-years, indicating that popu-
lation peaks occurred every three years. However,
when only the most recent decade was considered,
no periodic fluctuations were observed, suggesting
that Microtus arvalis had become acyclic. A simi-



Nature Conservation Research. 3anogeonas nayxa 2026. 11(3): 10-21

https://dx.doi.org/10.24189/ncr.2026.016

lar pattern has been reported in many boreal small
mammal communities, where previously observed
population cycles have disappeared, replaced by
non-periodic fluctuations lacking regularity (Ims
et al., 2008; Sheftel, 2010). The study area is situ-
ated within the temperate zone, where most studies
describe irregular or seasonal rodent fluctuations
of low amplitude (Hansson & Henttonen, 1985;
Hanski et al., 1991; Chernyavskii, 2002; Andreas-
sen et al., 2021). Nevertheless, some data show
that multi-annual cycles may also occur outside
boreal regions, though generally with lower am-
plitudes (Zub et al., 2012). However, on agricul-
tural lands in temperate zones, Microtus arvalis
can display high-amplitude fluctuations compara-
ble in scale to those populations in more northern
latitudes (Ryszkowski et al., 1973; Luque-Larena
et al., 2013). The disappearance of 3-year cycles in
Microtus arvalis in the Crane Homeland Sanctu-
ary (north of the Moscow Region, Russia) may be
linked to the transformation of agricultural land-
scapes (e.g. progressive overgrowth, changes in
management practices), though this requires fur-
ther investigations. The causes of the shift from
cyclic to acyclic dynamics remain unclear. Most
studies attribute the disruption of cycles to global
warming (Oli, 2019; Sheftel & Yakushov, 2022).
Nonetheless, the causes of both cycles and their
breakdown remain among the central unresolved
questions in ecology (Krebs, 2013; Myers, 2018;
Andreassen et al., 2021).

Spectral analysis of Microtus arvalis and Mi-
crotus oeconomus revealed dominant 3-year peaks,
although the amplitude was weaker in Microtus
oeconomus, indicating less pronounced fluctua-
tions. The spectrogram of Microtus arvalis shows
stable 3-year cyclic fluctuations. These findings
are visually represented by the shape of the graph,
with a line exhibiting an exponential peak with a
narrow base (Erdakov, 2011). The 3—5-year pat-
tern of cyclicity was the most common in various
populations of Microtus arvalis (Mackin-Rogalska
et al., 1990). This type of periodicity is typical for
many microtine species with peaks in numbers oc-
curring every 3—4 year (Krebs & Myers, 1974). In
contrast to Microtus arvalis, Microtus oeconomus
exhibits a broad-based peak on the graph, indicat-
ing relatively weak amplitude fluctuations that are
unstable over time. This pattern is consistent with
our autocorrelation results. This contrasts with
the spectral analysis results from the forest-steppe
zone, where 3-year cycles of Microtus oeconomus
are more stable in their occurrence and 9-year pe-

17

riods with population peaks are observed in its dy-
namics (Erdakov, 2011).

The spectrogram graph of Myodes glareolus
exhibited two peaks at 2-year and 3-year intervals,
showing a pattern different from Microtus spp. The
results obtained for Myodes glareolus align with
findings from other regions of Russia, while the
spectral analysis reveals regional-specific charac-
teristics in the dynamics of this species. The du-
ration of the population cycle, ranging from two
to five years, has been documented in other parts
of its range, with cycles of varying lengths asso-
ciated with particular habitat types and seasonal
factors (Erdakov, 2011; Zhigalskii, 2013; Zaryb-
nicka et al., 2017). For example, in the southern
taiga (Kostroma Region, European Russia), only
a 3-year peak was observed (Klimova & Sirotina,
2022). In the forest-steppe zone, peaks were ob-
served every 3.3 years, with a maximum at 13-year
intervals (Erdakov, 2011). Erdakov (2011) linked
these 13-year cyclic patterns to the flooding cy-
cle of the Baraba Lowland (Novosibirsk Region,
Southern Siberia, Russia), while species exhibit-
ing biennial cyclicity were synchronised with the
cycles of cereal crop yields. Pronounced multi-an-
nual fluctuations in Myodes glareolus abundance
have been reported at the periphery of its range in
the boreal zone of Russia (Ivanter, 2023). In boreal
zone regions of Russia, Myodes glareolus dem-
onstrates large-amplitude fluctuations, with sharp
increases followed by prolonged phases of popu-
lation depression (Ivanter, 2023). This suggests a
high degree of flexibility in its population abun-
dance dynamics. In the Crane Homeland Sanctu-
ary, Myodes glareolus shows irregular abundance
peaks, alternating with multi-year periods of rela-
tively low density. However, even in years of low
abundance, Myodes glareolus remains a dominant
species. Overall, these findings suggest that Micro-
tus arvalis, M. oeconomus, and Myodes glareolus
exhibit considerable cyclic dynamics, although
their cycle lengths and amplitudes differ.

In Sylvaemus uralensis, Apodemus agrarius,
and Sorex araneus, the spectrograms also revealed
non-random abundance fluctuations. However,
values of spectral density occurred within a much
lower amplitude range, with maximum levels in
these species being almost 5—10 times lower than
those observed in Microtus spp. and Myodes glare-
olus. These results suggest that population cycles
are actually present in these species, albeit with a
weaker amplitude of fluctuations. The population
abundance dynamics of Sylvaemus uralensis and
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Apodemus agrarius were broadly similar in terms
of amplitude, though asynchronous in timing.
Sylvaemus uralensis exhibited higher fluctuation
amplitudes. The non-cyclic nature of the popula-
tion abundance dynamics of Sylvaemus uralensis
has also been reported in other parts of its range
in Russia (Berezovskaya et al., 2016; Klimova
& Sirotina, 2022). For Apodemus agrarius, some
studies show 2-3-year and 12-year cycles, while
others report the absence of clear population cycle
phases (Erdakov, 2011; Zub et al., 2012; Andreevs-
kikh, 2013). In Sorex araneus, a 3-year cycle was
detected, although its power peaks were consider-
ably lower than those recorded in rodents.

The community-level autocorrelation re-
sults showed no distinct periodicity. The 3-year
peak was not statistically significant (r = 0.406,
p = 0.1883) and lay close to the confidence limits.
Species-level abundance fluctuations in the Crane
Homeland Sanctuary were asynchronous, which
smoothed overall community dynamics and pre-
vented large-amplitude outbreaks (10-30-fold or
more). Such patterns of abundance dynamics have
been described previously for small-mammal com-
munities in temperate zones, including the region
in which our study area is located (Hanski et al.,
1991; Chernyavskii, 2002).

Conclusions

The population abundance dynamics of insec-
tivores and small rodents are complex, involving
multiple cycles that vary in amplitude, duration
and recurrence. In the Crane Homeland Sanctuary,
more than two decades of monitoring of small-
mammal abundance enabled us to identify periodic
components and long-term trends using non-para-
metric statistical methods, spectral and autocorre-
lation analyses. Time-series analyses indicate that
abundance fluctuations rarely follow simple peri-
odic patterns. The lack of synchrony in abundance
peaks suggests that community-level dynamics are
shaped by species-specific responses. Accordingly,
the small-mammal community of the Crane Home-
land Sanctuary does not exhibit strict periodicity,
reflecting flexible demographic responses. Trend
analyses further indicate contrasting species-spe-
cific responses to environmental change (e.g. suc-
cession), with an increase in abundance in some
species and declines in others. Evidence of this
flexibility is also apparent in Myodes glareolus,
where irregular peaks alternate with multi-year pe-
riods of low density. In Sylvaemus uralensis and
Apodemus agrarius, abundance fluctuation ampli-
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tudes were similar, but peak timing was asynchro-
nous. In Microtus arvalis, dynamics shifted from
cyclic to non-cyclic. The influence of climatic and
other ecological factors on these dynamics will be
investigated in future studies.
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AHAJIA3 MHOT'OJIETHEW JTUHAMUKHA YUCJIEHHOCTH
MEJIKUX MJUIEKOIIUTAIOIIIUX HA TEPPUTOPUH
CETHU 3AKA3HUKOB «KYPABJINHASA POAUHA»
(CEBEPHOE MNOJMOCKOBBE, EBPOIIEMCKAS POCCHUS)

A. C. Ilenenxo"*, C. B. Boaxos!'", A. B. lllapukos?

'Unemumym npobnem sxonozuu u seomoyuu umenu A.H. Cesepyosa PAH, Poccus
*Mockogckuil nedazoeudeckuil 20cyoapcmeenblii ynusepcumem, Poccus
*e-mail: stasya_pedenko@mail.ru

Menkre MIEKOTTUTAIOIINE, FITH MUKPOMaMMAJIAH, UTPAOT KITFOUYEBYIO POJIh B TPOUIECKHUX CETAX OONBITMHCTBA
Ha3eMHBIX KOCHCTEM. DTH BHUJIbI, YyBCTBUTEIbHBIC K H3MEHEHHUAM OKPYKAIOMIEH Cpe/Ibl, IMEIOT BA)KHOE 3Ha-
YCHHUE TS DKOJIOTUYCCKHUX UCCIICIOBAHUI Oaronapst CBOMM KOPOTKHUM YKH3HCHHBIM [UKJIAM U SIPKO BhIPa)KCH-
HBIM JileMOorpaduuecKkuM OTKIuKaM. [{ukinaeckue kojaeOaHus YUCIICHHOCTH, XapaKTEPHBIC /I MHOTUX BHJIOB
JKUBOTHBIX B CTEIHBIX, TACKHBIX M TYHIPOBBIX 30HAX, U3MCHIIINCH 32 ITOCIICAHAC ACCSITUICTUS Ha HEPETyIsp-
HBIC, YTO YaCTO CBS3BIBAIOT C M3MCHEHISMH KinMara. TeM He MeHee, (pyHIaMeHTaTbHbBIC acIIeKThl KOJIeOaHMH
MIOYJISIIAN, TaKue KaK aMIUTUTYIA, IEPHOTUYHOCTD W pasHooOpa3ue (pakTopoB, WX OMPEACIIIOMNX, IO CHUX
mop 1Ioxo m3ydeHsl. IIInpoko pacnpocTpaHeHHBIE BHIBI MOTYT IEMOHCTPUPOBATh NUKIMYECKYIO TUHAMUKY B
OJTHUX MECTaX M HepEryJSIPHBIC KOJICOAHHS WIIH BCTIBIIIKA YUCIICHHOCTH B IPYTUX. J{JIsl BBISIBICHHS TICPHOAAYC-
CKUX KOMIIOHCHTOB M TCHICHIUI B TMHAMUKE YHCIICHHOCTH MOIYJISIIIMNA ObLIH IPUMCHEHBI HEITApaMETPUICCKUC
CTaTUCTHYCCKUE METOJBI, CIICKTPAIBHBIA U aBTOKOPPEISIIMOHHbBIN aHaIm3bl. [IpOBEICH aHAN3 MHOTOJICTHEH
JTUHAMUKA YUCICHHOCTH 14 BHOB MEITKHAX MIICKOITUTAIOIINX Ha TEPPUTOPHH CETH 3aKa3HUKOB <« KypaBmuHas
ponmHay (ceBep MockoBckoit obmactu, Poccnst) 3a mepuox 2003-2023 rr. B omoBax TOMHHUPOBAIHN IIECTh
BHJIOB, JIOJIST KQXKJIOTO M3 KOTOPBIX TpeBbimiana 10% ot obiiero uncia ocobeit: Sorex araneus, Microtus arvalis,
M. oeconomus, Myodes glareolus, Sylvaemus uralensis v Apodemus agrarius. AHaIu3 TOIOBOI YHCICHHOCTU
BBISIBIIT JIOCTOBEPHBIC TCHICHIIMH H3MCHCHUS YHCIICHHOCTH Y CEMU BUJIOB. POCT YHCIIEHHOCTH OTMEYEH Y Sorex
araneus (1 =0.5), S. minutus (t = 0.4), S. caecutiens (t = 0.4), Myodes glareolus (t = 0.6), Sylvaemus uralensis
(t = 0.4) u Micromys minutus (t = 0.4), Torna xax y Mus musculus 3apIKCHPOBaHO JTOCTOBEPHOE CHIDKCHHE
grcneHHocTH (T = -0.4). MeTogoM aBTOKOPPETSAIMOHHOTO aHAlN3a BEIABICHBI MEPUOJMUECKUE KOJICOaAHHS
YUCJICHHOCTH y IIeCTU BUAOB: Sorex araneus, Microtus arvalis, M. oeconomus, Arvicola terrestris, Sylvaemus
uralensis u Micromys minutus. Y OOJBIIMHCTBA BHIOB OTMEUCHBI MEPEIaibl YUCICHHOCTH C MEPUOIMIHOCTHIO
OKOJIO TPEX JICT WJIM 3HAYCHHS, KPATHBIC 3TOMY MepHony (LICCTh U JCBATH JICT), OHAKO OOHAPYKEHBI U Ooee
JUTUTEINbHBIC TIepHonbl. Y Sylvaemus uralensis cniaibl YUCICHHOCTH HaOmonanuck yepe3 13 et u 14 net, Toraa
Kak y Microtus oeconomus ABYXJECTHUE CIAIbl YePEIOBAIICH C MMKAMH YHCICHHOCTH Ka)KIbIe IIECTh JET. Y
Microtus arvalis panee GUKCHPOBAIHNCH PETYISAPHBIC TPEXJICTHHE IMKIIBL, OJHAKO B TIOCICTHEE MCCATHIICTHE
KoJIe0aHMsI YUCICHHOCTH MPHOOpENN aluKIndecKuil xapakrep. OcTaiabHbIE BUABI MEJIKUX MIICKOITHUTAIOIINX
HE TPOSIBISUTN CTaTHCTUYCCKU 3HAYUMBIX [TUKITMYCCKUX KoieOaHui ynucieHHoCTH. [1o pe3ynbraram creKTpaib-
HOTO aHaJin3a HauOoJiee BBIPAKCHHBIC (Pa3bl MOIMYJSIIIMOHHOTO [UKJIA YCTAHOBJICHBI Y TpeX BHIOB: Microtus
arvalis, M. oeconomus n Myodes glareolus. Cpeau 3TUX BHIOB HauOOJbIIAs aMIUIUTY/1a KOJIeOaHUI YnCIIeH-
HOCTH XapakTepHa mist Microtus arvalis, koneOaHusI cpeHEe aMIITUTYIB! — Uit Myodes glareolus, Torna kak y
Microtus oeconomus TIAKITBI BEIPaXKEHBI ci1abee. Y IPYTUX BUAOB MEITKUX MIICKOMTUTAIOIINX [UKINIHOCTD JINO0
c1abo BBIpaKeHa, MO0 OTCYTCTBYET. Y OOJBIIMHCTBA MPOAHATM3UPOBAHHBIX BUIOB HAUOOJBIINE KOIeOaHUs
YUCJICHHOCTH MPUYPOUCHBI K TPEXJICTHEMY HJIH YCThIPEXJICTHEMY IUKITY. AHAIM3 BPEMEHHBIX PSIIOB HA YPOBHE
cOo00IIeCTBa MOKa3aJl OTCYTCTBUE BHIPAXKCHHBIX MEPHUOIANYHBIX KOJICOAHUI B JUHAMHKE YHUCICHHOCTH MEJIKHX
MJICKOIIUTAIOIINX, JIAIIh TPEXJICTHAN IUKI HE3HAYUTEIFHO IPEBBIIIAN IPAHUIIBI TOBEPUTEIHHOTO HHTEPBAJIA.
ACHHXpPOHHOCTh TUHAMHKHU OTACITHHBIX BHIOB MPUBOAMIA K CITIAKUBAHHUIO OOIICH JMHAMHUKH COOOIIECTBA H
MIPETATCTBOBATA ()OPMHUPOBAHUIO BHICOKOAMIUTATYIHBIX KOJICOAHMH YHCICHHOCTH.

KuroueBble cj10Ba: aBTOKOPPEISIIMOHHBIN aHAN3, JOJATOBPEMEHHBIH MOHHUTOPUHT, MUKPOMaMMAaJHH, TIEPHO-
JUYHOCTB, MOMYIAUOHHBIC LIUKJIIbI, CIIEKTPAJIbHBIN aHAIN3
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