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Abstract. The article provides assessment results of certain subarctic
regions of the Kamchatka Peninsula (Parapolsky Dol, Bering forest tundra
landscape complex) based on small mammals indicator characteristics.
The integral fluctuating asymmetry index of binary nonmetric skull
characteristics shows that the dominant species Clethrionomys rutilus
population development in the flood-plains of the Ichiginnyvayam
River, the Tylakrylvayam, on the shore of Lake Talovskoye is stable, and
the environment quality is conditionally normal. Due to harsh weather
conditions, the studied small mammal communities are characterised
by low diversity indices and low sustainability. The studied communities
diversity and evenness struture is similar to the same of unidsturbed
ecosystems of Central and Southern Kamchatka, and Siberia.
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Introduction

Global average annual surface temperature and global precipitation are
considered key weather indicators of climate change [1], and small mammals
are used as an indicator animal group sensitive to direct and indirect — through
vegetation cover change — influence of weather changes. This is the most
numerous group of vertebrates in the Arctic and Subarctic terrestrial ecosystems
consisting of small rodents and insectivores.

An important role of small mammals in studying how global and regional
climatic changes influence biota, is reported in a number of peer-reviewed articles
[2-15], and is corroborated by data on species composition, number of species,
and space and biotopic distribution of this group of animals in the Eurasian
Chronicle of Nature — Large Scale Analysis of Changing Ecosystems, a project
of Helsinki University, registered in GBIF (https://www.gbif.org/publisher/
d2bl114bc-0fef-4d47-9af3-783928f7144) [16-17].

Long-term data from a number of Russian state nature reserves and research
stations of the Russian Academy of Sciences show statistically significant
influence of meteorological variables on population dynamics of certain species
and on small mammals communities structure. For example, E. Ivanter and
E. Moiseeva analysed changes in the Northern red-backed vole Clethrionomys
rutilus Pallas, 1779 number in Karelia over 56 years (1958-2013). They found out
that it has been at the lowest level over the recent decades [18]. The data confirm
the idea that the South of Finland and South-West of Karelia are not a part of CL.
rutilus continuous range [18-19].

A.V. Bobretsov used data from Pechora-Ilych Nature Reserve and studied
influence of 24 weather and phenological parameters on the number of bank
voles (CL rutilus, Clethrionomys glareolus Schreber, 1780). He concludes that
meteorological factors influence abundance of different red-backed voles’ species
diversely and mainly in mid-season (spring, fall). The 1989-2013 data reveal
opposite trends in numbers of Cl. rutilus and Cl.glareolus. Against the background
of considerable climatic changes, the former dominant species CI. rutilus gave
way to Cl.glareolus, a species better adapted to the new microlandscape and
microclimate [2-3].

Yu.N. Litvinov studied changes of the dominance structure in the Western
Siberia small mammals communities over the last decades [20]. He analysed
data of 13-year (1978-1990) Baraba forest steppe observation, 15-year (1992-
2006) Novosibirsk Academic Town forest park zone observation, and 21-year
(1984-2004) Teletsk Region taiga observation, and showed long-term Shennon
diversity index (H) change, that may be accounted for rather by community
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dominance structure changes, than by long-term dynamics of community
species number.

But it is worth pointing out that these regularities could be only tracked on
long-term time-series data gathered at one and the same territory. But there is a
question: what are the appropriate methods to assess the influence of global and
regional climate change on the biota over a short term period?

Literature analysis shows that when we start investigating climate change
influence on landscapes and biota at a certain new site, apart from the basic
parameters of dynamic processes of ecological modelling and prediction, such
as species composition, number, space and biotope distribution, and population
structure of small mammals, the following parameters may be informative
for integral assessment of environment quality: stability of certain species
population development (population canalization), as well as integral indices of
micromammal communities.

To study population canalization, scientists use phenetic methods based off
discrete, alternative oligogenic morphological characteristics — phenes [21-26].
Insmall mammals, nonmetric scull characteristics (like extra foramina, or missing
bone fragments, etc.) are considered to be phenes. According to methodological
approach developed by the Koltzov Institute of Developmental Biology of
Russian Academy of Sciences (Moscow, Russia) [27-33], the best population
stability measure is an integral sample index of fluctuating asymmetry of binary
morphological features. This index captures the level of accidental insignificant
swerves in development, and is at minimum in case of optimum conditions, and
is growing in stress. This measure is at the base of assessment scale of degree of
environment deviation from the norm.

To assess small mammal’s community health, it is possible to use methods of
synecology. They help analyzing communities according to a standard pattern
on the basis of the following criteria: species richness, distribution of community
species number complying with a certain diversity model, comparison of
dominance structure and sustainability of various communities as manifested in
the indices [34-41].

All these define the purpose of this study, which is to assess condition of
certain Kamchatka Peninsula ecosystems in the changing climate using integral
population development stability index and a complex of integral indices

characterising small mammals’ comunities condition.
Materials and Methods

The material for this scientific investigation is small mammal censuses
conducted from August 25 to September 15, 2017 on the Parapolsky Dol territory,
one of the three sites of the Koryak Nature Reserve, Russia (60.975—61.775 N;
164.000—166.125 E). It is one of the largest protected wetland areas in the world.
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The field study took place at the shore of Lake Talovskoye, in the the flood-
plains of the Tylakrylvayam and Ichiginnyvayam rivers (Fig. 1).
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Figure 1. The map of the research areas: 1 — Lake Talovskoye shore;
2 — Ichigin-nyvayam River floodplain; 3 — Tylakrylvayam River floodplain

The animals were caught with snap traps arranged in trapping lines of 25-
100 traps 16-23 ft (5-7 m) apart, with 164 ft (50 m) pitfall traps and 164-ft (50
m) fences with 5 cylinder traps 32 ft (10 m) away from each other [42-43]. All
traps were baited with pieces of bread soaked in crude sunflower oil. Within each
site, the traps were mounted in all types of habitats. Each habitat was described
in terms of plant association dominants of each layer [44]: 1) Lake Talovskoye
shore: Pinus pumila + Betula middendorffii (Pp+Bm); Betula exilis — Ledum
decumbens + Vaccinium uliginosum — Aulacomnium palustre + Dicranum majus
(Be-Ld+Vu-Ap+Dm); Eriophorum polystachyon + Carex bigelowii (Ep+Cb);
Pinus pumila purum (Ppp); 2) Tylakrylvayam River floodplain: Pinus pumila +
Betula middendorffii (Pp+Bm), Salix pulchra — Eriophorum polystachyon + Carex
bigelowii (Sp-Ep+Cb); Ledum decumbens + Vaccinium uliginosum — Cladonia
sp. + Cladina sp. (Ld+Vu-C+C); Ledum decumbens + Vaccinium uliginosum
— Sphagnum sp.(Ld+Vu-S); Eriophorum polystachyon + Carex bigelowii
(Ep+Cb); Carex chordorhiza + Carex gynocrates — Sphagnum sp. (Cc+Cg-S);
3) Ichiginnyvayam River floodplain Chosenia arbutifolia + Populus suaveolens —
Salix schwerinii + Salix udensis (Cha+Ps-Ss+Su); Ledum decumbens + Vaccinium
uliginosum — Cladonia sp. + Cladina sp. (Ld+Vu-C+C); Ledum decumbens
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+ Vaccinium uliginosum — Sphagnum sp. (Ld+Vu-S); Betula middendorffii —
Sphagnum sp. (Bm-S).

The methodsused fortrapping the animals are common in studies of mammals
and are approved by the members of Chronicle of Nature, an international
scientific cooperation network.

Over the total of 2735 trap days and 144 cylinder days, 120 animals were
captured. On Lake Talovskoye shore, 51 animals were captured over 1235 trap
days. In the Tylakrylvayam River flood-plain, 9 animals were captured over 750
trap days and 79 cylinder days. In the Ichiginnyvayam River flood-plain, 60
animals were captured over 550 trap days and 125 cylinder days. Standard methods
for fauna and population and ecology research were used in laboratory study [43;
45-47]. In order to assess the environment quality (so-called environment health)
we registered phenes of nonmetric scull features of the dominant species of small
mammals, Clethrionomys rutilus Pallas, 1779. We used a diagram and a catalogue
developed by A.G. Vasilyev et al. (2000, 2005, 2009) in the Institute of Plant and
Animal Ecology, Ural Branch of Russian Academy of Scieneces (Ekaterinburg,
Russia) (Fig .1) [23-24; 26]. The picture shows 35 phenes. The total of 66
sculls of CI. rutilus were examined, including 46 of individuals captured at the
Ichiginnyvayam River flood-plain, 17 — at the shore of Lake Talovskoye, and
3 — at the Tylakrylvayam River flood-plain. The arithmetic mean of the share of
asymmetric features per individual was calculated, serving as the integral index of
fluctuating asymmetry for the samples from different areas under investigation.

As per the approach of Yu. N. Litvinov [39], multidimensional star icon plots
representing Shennon’s (H) and Simpson’s (D) diversity indices, and Shannon’s
(J) and Simpson’s (E) evenness indices [39; 48] were used to qualitatively assess the
information structure of the small mammals communities and their habitats. It is
common knowledge that Simpson’s diversity index (D) adds weight to species with
higher abundance, while Shannon’s diversity index (H) adds weight to low-num-
bered species [34-37]. The results of the study were analysed with the help of stan-
dard biometric methods. Statistic comparison is based off Student t-test [49].

Results and Discussion

According to the values of integral indices of fluctuating asymmetry (<0.35),
all Clrutilus populations under study are stable, their habitat health is within
normal (Table 1) [28].

Inthe surveyed habitats of Parapolsky Dol, we captured several small mammal
species common for Northern Kamchatka, from Insectivora — Sorex isodon
Turov, 1924, Sorex caecutiens Laxmann, 1788, from Rodentia — Clethrionomys
rutilus Pallas, 1779, Clethrionomys rufocanus Sundevall, 1846, and the stenotopic
species from Lagomorpha — Ochotona hyperborean Pallas, 1811, restricted to
large boulders area.
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In all research areas, snap-trap surveys have revealed that CI. rutilus dominates
in most biotopes, S. caecutiens and CI. rufocanus co-dominate (Fig.2). According
to cylinder surveys, the absolute dominant in the open habitats is S. caecutiens.
This kind of dominance structure is characteristic of North-Eastern Eurasia.
The highest abundance indices of all small mammal species, except for one
stenotopic species O. hyperborean, were registered in the most drained habitats
of Ichiginnyvayam River flood-plain (Bm-S); its lowest value was registered
in the wettest habitats of low Tylakrylvayam River flood-plain (Ld+Vu-C+C;
Ld+Vu-S) (Fig.2).

Table 1. Integral indices of fluctuating asymmetry of nonmetric skull features
in Cl.rutilus samples from protected areas of Kamchatka Peninsula

Study Area Number of Skulls Integral ;r;;e;(n(l);?;lctuating
Ichigin-nyvayam River floodplain n=46 0.18%0.01
Tylakrylvayam River floodplain n=3 0.14%0.05
Lake Talovskoye shore n=17 0.16%0.02
Geysernaya River valley n=29 0.23%+0.02
Uzon volcano caldera n=18 0.26+0.03
Lake Kuryl shore n=26 0.19%0.02

Note: The differences between the samples are statistically insignificant p>0.05.

No animals were captured in the wetland on the shore of Lake Talovskoye
(Ep+Cb) and the floodplain of the Tylakrylvayam River (Ep+Cb; Cc+Cg-S). At
the edge of Sp-Ep+Cb plant association in the floodplain of the Ichiginnyvayam
River we captured one young male of S. caecutiens in a pitfall trap, it can be
considered a migrant. These facts evidence that area wetness is an important natural
factor determining the spatial distribution and abundance of small mammals.

The small number of identified species and the numerical dominance of one
or two species are conditioned by the habitats’ low resource capacity due to a
number of natural and climatic features (negative average annual temperature,
high precipitation ratio, short summer) making the study area’s climate very
harsh. Therefore, all small mammal communities under investigation are
characterized by low diversity, medium and high evenness indices.

Relatively higher diversity and sustainability indices are characteristic of the
communities in certain habitats and, in general, of the small mammal community
on Lake Talovskoye shore (Fig. 3, 4). This lets us consider the latter area to be
key for biodiversity research and conservation as a part of complex ecological
minitoring.
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Figure 2. Relative abundance of small mammal species
on the surveyed sites in Parapolsky Dol

The star plots showing mean values of small mammal communities diversity
and evenness indices for each investigatied area revealed identic structures of Lake
Talovskoye shore and Ichiginnyvayam River flood-plain communities. In these
star plots, Shannon’s diversity indices are higher than Simpson’s diversity indices
indicating higher ratio of ‘rare’ species; and evenness indices are not very high.
The small mammal community with low number of species from Tylakrylvayam
River flood-plain differs from the other two by lower indices of species diversity,
but at the same time by a considerably higher evenness (Fig.3).
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Figure 3. Icon Plots of Averaged Information Indices of Small Mammals Communities’
Diversity: 1 — Talovskoye Lake Shores; 2 — Tylakrylvayam River Flood-Plains;
3 — Ichiginnyvayam River Flood-Plains
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Mean values of Simpson’s evenness index (E) show a statistically
significant difference between the small mammal communities coming from
different investigation areas: Em(mkoye = 0.56%0.04; ETylakrylvayam = 1.18%0.15;

ehiginnyvasam, — 0.54%0.07 (Statistical comparison: Talovskoye-Tylakrylvayam —
t=5.11, p<0.05; Tylakrylvayam-Ichiginnyvayam — t=4.57, p<0.05).

The shape of star plots representing small mammal communities inhabiting
Lake Talovskoye shore and the Ichiginnyvayam River floodplain is comparable
with that of open habitats of the Geysernaya River floodplain, the Uzon volcano
caldera [50], as well as with undisturbed open habitats of Siberia, Taymyr
Peninsula, and the Altai Mountains [39-40]. The reason behind that is that in
these communities, small mammals’ population of open habitats accounts for a
bigger share in species diversity. These habitats include: lichen- and sphagnum-
and-dwarf-shrub tundra (Be-Ld+Vu-Ap+Dm) and large boulders area (Ppp) on
Lake Talovskoye shore; sphagnum-and-dwarf-shrub dwarf birch thicket (Bm-
S), and lichen- and sphagnum-and-dwarf-shrub tundra on the Ichiginnyvayam
River floodplain (Ld+Vu-C+C; Ld+Vu-S) (Fig.4).

The shape of star plots representing small mammals communities from
the Tylakrylvayam River floodplain is different from those of Lake Talovskoye
and the Ichginnyvayam River flood plain. It is elongated vertically, and is
comparable to radar charts’ shape of stone birch forests communities of the
Geysernaya River floodplain, the Uzon volcano caldera, Kurile Lake shore,
undisturbed forest communities of Siberia and the Altai Mountains [39-40]. The
reason behind that is that in these communities, small mammals’ population
of floodplain cedar-and-birch ribbon forests accounts for the biggest share in
their species diversity, and these communities are characterized by a higher
evenness value (Fig.4).

All the star plots shapes are asymmetric, this is an indicator of a low
sustainability of the studied small mammal communities [39-40].

The analysis of star plots distribution in the plane of Simpson’s diversity (D)
and evenness (E) indices shows that due to low diversity index all communities
from the studied biotopes have similar profiles along the D axis, but form three
distinct clusters along the E axis (Fig.5).

The majority of communities inhabiting different biotopes and study areas
are a compact group with Simpson’s evenness index lower than its mean
value in the whole sample. Another cluster is a small mammal coummunity
of cedar-and-birch ribbon forest (Pm+Bm) in the Tylakrylvayam River flood-
plain with a low diversity index, but a significantly higher evenness, the latter
is generally characteristic of forest habitats [39; 50]. The third cluster includes
a two-species micromammal community of M. rutilus, S. caecutiens inhabiting
lichen- and shpagnum-and-low-bush tundra (Ld+Vu-C+C; Ld+Vu-S) in the
the Tylakrylvayam River flood-plain. This cluster features minimal Simpson’s
diversity index, but at the same time maximal evenness (Fig.5).
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Figure 4. Star Plots Rrepresenting Diversity Information Indices of Small Mammal
Communities Inhabiting Certain Biotopes of Parapolsky Dol:

A — Lake Talovskoye Shore (1 — area of large boulders (Ppp); 2 — cedar-and-birch
forest (Pp+Bm); 3 — lichen- and sphagnum-and-low-bush tundra
(Be-Ld+Vu-Ap+Dm)); B — Tylakrylvayam River Flood-Plain (4 — sphagnum-lichen
tundra (Ld+Vu-C+C; Ld+Vu-S); 5 — cedar-and-birch forest (Pp+Bm));

C — Ichiginnyvayam River Flood-Plain (6 — lichen- and sphagnum-and-low-bush
tundra (Ld+Vu-C+C; Ld+Vu-S); 7 — chosenia-poplar-willow forest
(Cha+Ps-Ss+Su); 8 — sphagnum-and-low-bush dwarf bich thicket on river bench
(Bm-S))
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Fig. 5. Icon Plots Distribution along Axes D, E (a) and H, J (b): Lake Talovskoye Shore
(1 — area of large boulders (Ppp); 2 — cedar-and-birch forest (Pp+Bm); 3 — lichen-
and sphagnum-and-low-bush tundra (Be-Ld+Vu-Ap+Dm); Tylakrylvayam River
Flood-Plain (4 — sphagnum-lichen tundra (Ld+Vu-C+C; Ld+Vu-S); 5 — cedar-and-
birch forest (Pp+Bm); Ichiginnyvayam River Flood-Plain (6 — lichen- and sphagnum-
and-low-bush tundra (Ld+Vu-C+C; Ld+Vu-S); 7 — chosenia-poplar-willow forest
(Cha+Ps-Ss+Su); 8 — sphagnum-and-low-bush dwarf bich thicket on river bench
(Bm-S); for figure 6 clusters along the H axis are enclosed in ovals; clusters along the J
axis are enclosed in rectangles

In the space of Shannon’s diversity (H) and evenness (J) indices, the
communities under investigation cluster along both axes (Fig.5). Along the
H axis there are three groups: 1) a small mammal community inhabiting
lichen- and shpagnum-and-low-bush tundra (Ld+Vu-C+C; Ld+Vu-S) of
TylakrylvayamRiver flood-plain; 2) a small mammal community inhabiting
cedar-and-birch ribbon forest (Pm+Bm) in the Tylakrylvayam River flood-plain;
3) a group of other communities inhabiting different biotopes and areas under
investigation (Fig.5). Alongthe J axis there are two distinct clusters distinguished.
The first set groups around the median values of evenness indices comprising
most studied communities. The other cluster is characterized by high evenness
index values and includes communities inhabiting lichen- and sphagnum-and-
low-bush tundra (Be-Ld+Vu-Ap+Dm) areas at the Talovskoye Lake shore and a
community inhabiting cider-and-birch ribbon forest in the Tylakrylvayam River
flood-plain.

It is obvious that the Tylakrylvayam River flood-plain communities cluster
separately in both coordinate systems used. Excessive wetness is a general
geoecological characteristic of the area under scrutiny. Despite the fact that the
lichen- and sphagnum-and-low-bush tundra area (Be-Ld+Vu-Ap+Dm) is the
wettest biotope at the Talovskoye Lake shore and is a sink habitat for the local
small mammals, and the cedar-and-birch ribbon forest (Pp+Bm) is the most
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drained biotope and is a source habitat in the Tylakrylvayam River flood-plain,
these two communities have similar evenness structure (along the J axis) and
similar level of habitats’ wetness. The structural difference of the cedar-and-birch
ribbon forest (Pp+Bm) in the Tylakrylvayam River flood-plain is its narrow width
and adjacent overmoistened biotopes (Ld+Vu-C+C; Ep+Cb) on both sides of it.

On the whole, our research is indicative of the following.

The fauna, species diversity and evenness structure of micromammals
communities of Parapolsky Dol habitats located in the Kamchatka Peninsula
forest tundra zone are the same as those typical for undisturbed subarctic
ecosystems of Siberia, Taymyr Peninsula, the Altai Mountains, and North-East
Eurasia.

All the studied micromammal communities have a low number of species, and
are characterised by low values of general abundance, certain species abundance,
low species diversity indices, and low sustainability. These facts can be accounted
for by harsh weather conditions of the area under study, and as a consequence by
low resource capacity of the habitats.

The micromammal communities under investigation have median and high
evenness indices due to low number of species and their low abundance. The
differences in the abundance of the most and least numerous species within one
area is within 1.5 to 8 fold.

The habitat wetness level is an important natural factor influencing the spacial
distribution and abundance of small mammals within the studied territory of
Parapolsky Dol.

The integral index of fluctuating asymmetry of binary nonmetric skull
characteristics of the dominant CI.rutilus shows that development of all population
groups may be considered stable, and the environment quality to fall within the
conventional normal range.

References

1. Williams M., Eggleston S. Using indicators to explain climate change to policymakers
and the public / M. Williams, S. Eggleston // World Meteorological Organization.
— 2017. — URL: https://public.wmo.int/en/resources/bulletin/using-indicators-
explain-our-changing-climate-policymakers-and-public.

2. Impact of climate change on population dynamics of forest voles (Myodes) in
Northern Pre-Urals: the role of landscape effects / A.V. Bobretsov, L.E. Lukyanova,
N.M. Bykhovets [et al.] // Contemporary Problems of Ecology. — 2017. — Vol. 10.
— Issue 3. — P.215-223. [In Russian]

3. Structural changes in the population of forest voles (Clethrionomys, Rodentia) in
foothills of the Northern Ural mountains / A. V. Bobretsov, A. N. Petrov, L. E.
Lukyanova |et al.] // Biology Bulletin. — 2015. — Vol.94. — Issue 6. — P. 731.
[In Russian]



DKosorust 17

10.

11.

12.

13.

14.

15.

16.

17.

Lukyanova L.E. Comparative analysis of the number of red-backed voles and their
habitat environment in taiga biocenoses (based on long-term studies on the territories
of Visim and Pechora-Ilych Nature Reserves) / L.E. Lukyanova, A.V. Bobretsov //
Natural and historical factors of modern ecosystems of the Middle and Northern
Urals: school-conference procedings. — Yaksha: Publishing house of the Pechora-
Ilych State Nature Biosphere Reserve, 2017. — Pp. 115-120. [In Russian]

Climatic dependence of the biota on the territory of Yamal-Nenets Autonomous
district (Quantitative aspect) /A.A. Konovalov, V.A. Glazunov, D.C. Moskovchenko
|et al.] // Agrarnaya Rossiya. — 2014. — No 10. — P.23-29. [In Russian]
Approximations of biota’ climatic dependence in the North of Tyumen region
/ A.A. Konovalov, D.C. Moskovchenko, V.A. Glazunov [et al.] // Proceeding in
Cybernetics. — 2015. — No 1 (17). — P.11-23. [In Russian]

Bazhenov Y.A. Population of small mammals in the vicinity of the Torey lakes
(Southeast Transbaikalia) during the dry climatic phase: dynamics and connection
with precipitation / Y.A. Bazhenov // Contemporary Problems of Ecology. — 2019.
— Vol. 12. — Issue 1. — P. 23-33. [In Russian]

Spatial assessment of the climatic niche of Daurian pika / N.G. Borisova N.G., A.IL.
Starkov, A.V. Lizunova [et al.] // Contemporary Problems of Ecology. — 2020. —
Vol. 13. — Issue 5. — P. 469-483. [In Russian]

Holocene faunal trends in West Siberia and their causes / S.N. Gashev, O.A.
Aleshina, M.Y. Lupinos [et al.] // Izvestiya. Atmospheric and Oceanic Physics. —
2017. — V.53. — Issue 8. — P.791-803. [In Russian]

Linking climate change to lemming cycles / K.L. Kausrud, A. Mysterud, H. Steen
[etal.] // Nature. — 2008. — No 456. — P.93-97.

Impact of a century of climate change on small-mammal communities in Yosemite
National Park / C. Moritz, J.L. Patton, C.J. Conroy [et al.] // USA Science. —
2008. — Vol. 322. — Issue 5899. — P.261-264.

Effects of global climate change on terrestrial small mammal communities in Italy
/ G. Szpunar, G. Aloise, S. Mazzotti [et al.] // Fresenius Environmental Bulletin.
— 2008. — Vol.17. — No9b. — P. 1526-1533.

Rowe R.J. Small mammal responses to environmental change: integrating past and
present dynamics / R.J. Rowe, R.C. Terry // Journal of Mammalogy. — 2014. —
Vol.95. — Issue 6. — P.1157-1174.

Long-term data from a small mammal community reveal loss of diversity and
potential effects of local climate change / S. Santoro, C. Sanchez-Suarez, C. Rouco
[etal.] // Current Zoology. — 2017. — Vol. 63. — Issue 5. — P. 515-523.
Structural changes in the population of forest voles (Clethrionomys, Rodentia) in
foothills of the Northern Ural mountains / A. V. Bobretsov, A. N. Petrov, L. E.
Lukyanova |et al.] // Biology Bulletin. — 2015. — Vol.94. — Issue 6. — P. 731.
[In Russian]

Chronicles of nature calendar, a long-term and large-scale multitaxon database on
phenology / O. Ovaskainen, C. Lo, G. Tikhonov // Scientific data. — 2020. — Vol.
7.— Issue 1. — P.47.

Author Correction: Chronicles of nature calendar, a long-term and large-scale
multitaxon database on phenology / O. Ovaskainen, C. Lo, G. Tikhonov [et al.] //
Scientific data. — 2020. — Vol..7. — Issuel. — P.118.



18

Hayuneslii BecTHUK SIMao-HeHenkoro aBToHoMHOro okpyra. 2021. Ne 4 (113)

18.

19.

20.

21
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ivanter E.V. Ecology of the red-backed vole (Clethrionomys rutilus Pall.) in
the southwestern periphery of the species range / E.V. Ivanter, E.A. Moiseeva //
Transactions of the Karelian research centre of the Russian academy of sciences. —
2015. — No 1. — P. 37-47. [In Russian]

Kurkhinen J.P. Mammals of Eastern Fennoscandia under conditions of
anthropogenic transformation of taiga ecosystems / J.P. Kurhinen , P.I. Danilov,
E.V. Ivanter. — Moscow: Nauka, 2006. — 208 p. [In Russian]

Litvinov Y.N. Significance of rodent population dynamics for the formation of long-
term community structure / Y.N. Litvinov, S.A. Abramov, V.V. Panov // Russian
Journal of Ecology. — 2013. — Vol. 44. — Issue 4. — P. 336-345. [In Russian]
Yablokov A.V. Phenetics / A.V. Yablokov. — Moscow: Nauka, 1980. — 132 p.
Yablokov A.V. Introduction to population phenetics. A new approach to the study of
natural populations: a textbook for university students / A.V. Yablokov, N.I. Larina.
— Moscow: Higher School, 1985. — 159 p.

Vasilyev A.G. Evolutionary and ecological analysis of species population structure
stability: chronologic and geographic approach / A.G.Vasilyev, I.A. Vasilyeva, V.N.
Bolshakov. — Yekaterinburg: Yekaterinburg Publishing House, 2000. — 132 p.
Vasil’ev A.G. Epigenetic basics of phenetics: on the way to population meronomy /
A.G. Vasilyev. — Yekaterinburg: Akademkniga, 2005. — 640 p. [In Russian]
Vasilyev A.G. Phenogenetic variability and its studying methods / A.G.Vasilyev,
I.A. Vasilyeva, V.N. Bolshakov. — Yekaterinburg: Urals University Press, 2007. —
239 p. [In Russian]

Vasilyev A.G. Homological variability of morphological structures and epigenetic
divergence among taxa: principles of population meronomy / A.G. Vasilyev, L.A.
Vasilyeva. — Moscow: KMK Scientific Press Ltd., 2009. — 511 p. [In Russian]
Zakharov V.M. Animal asymmetry: a phenogenetic approach / V.M. Zakharov. —
Moscow: Nauka, 1987. — 216 p.

Zakharov V.M. Environmene health: assessment methodology / V.M. Zakharov,
A.S. Baranov, A.S. Borisov // Environmental assessment (. — 2001. — Vol.1. —
Issue 5. — P.103. [In Russian]

Study of developmental homeostasis in natural populations. Health of environment
concept: Methodology and practice of estimation / V.M. Zakharov, I.E. Trofimov,
E.Y. Krysanov, [et al.] // Russian Journal of Developmental Biology. — 2017. —
Vol. 48. — Issue 6. — P. 355-368. [In Russian]

Zakharov V.M. Assessment of the Biodiversity Status: Study of Developmental
Stability / V.M. Zakharov, I.E. Trofimov // Biology Bulletin. — 2020. — Vol. 47.
— Issue 2. — P. 115-122. [In Russian]

Zakharov V.M. Morphogenetic approach to estimation of health of environment:
Study of developmental stability / V.M. Zakharov, I.E. Trofimov // Russian Journal
of Developmental Biology. — 2017. — Vol. 48. — Issue 6. — P. 369-378. [In
Russian]

Zakharov V.M. Study of developmental homeostasis: From population
developmental biology and the health of environment concept to the sustainable
development concept // V.M. Zakharov, A.A. Minin, I.E. Trofimov // Russian
Journal of Developmental Biology. — 2018. — Vol. 49. — Issue 1. — P.1-11. [In
Russian]



DkoJorug 19

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Assessment of Developmental Stability during Population Dynamics of the Korean
Field Mouse (Apodemus peninsulae) in Mongolia / B.I. Sheftel, O.N. Petko, M.
Miihlenberg, I.E. Trofimov, V.M. Zakharov // Biology Bulletin. — 2020. — Vol.
47. — Issue 2. — P. 181-185. [In Russian]

Odum Y. Ecology. In 2 volumes. V. 2 /Y. Odum. — Mir: Moscow, 1986. — 386 p.
[In Russian]

Bigon M. Ecology. Individuals, populations and communities. In 2 vols. Vol. 2 / M.
Bigon, J. Harper, K. Townsend. — Moscow: Mir, 1989. — 477 p.

Lebedeva N.V. Biological diversity: Textbook for Higher Educational Institutions
/ N.V. Lebedeva, N.N. Drozdov, D.A. Krivolutsky. — Moscow: VLADOS, 2004.
— 432 p. [In Russian]

Magarran E. Ecological diversity and its measurement / E. Magarran. — Moscow:
Mir, 1992. — 184 p. [In Russian]

Gashev S.N. Mammals in the system of ecological monitoring (on the example of
the Tyumen region). - Tyumen: Publishing house of Tyumen State University, 2000.
— 220 p. [In Russian]

Litviniov Yu.N. Micoprocesses of community evolutiuon (on the example of small
mammal communities) / Yu.N. Litvinov // Vestnik of Irkutsk State Academy of
Agriculture. — 2008. — Issue 30. — P.29-46. [In Russian]

Litviniov Yu.N. Organisation of the mouse-like rodent communities from different
natural zones and their stability patterns / Yu.N. Litvinov // Biological Systems:
Sustainability, functioning principles and mechanisms: collected papers of the
V All-Russian Scientific and Practical Conference. — Nizhny Tagil, 2017. —
P.219-226.

Terrestrial small mammal diversity and abundance in Tai National Park, Cote d’Ivoire
/ B.K. Akpatou, K.H. Bohoussou, B. Kadjo, V. Nicolas // Nature Conservation
Research. — 2018. — Vol. 3. — Issue 2. — P. 66-75.

Karaseva E.V. Methods for the study of rodents in the field / E.V. Karaseva, A.Yu.
Telitsyna, O.A. Zhigalsky. — Moscow: LCI Publishing House, 2008. — 416 p. [In
Russian|

Cadieux M.-C., Fauteux D., Gauthier G. Technical manual for sampling small
mammals in the Arctic — Version 1. / M.-C. Cadieux, D.Fauteux, G. Gauthier. —
Centre d’études nordiques, Université Laval, Quebec, 2015. — 55 p.

Prokopiev E.P. Ecology of plant communities (phytocenology) / E.P. Prokopiev.
— Tomsk: TSU, 2003. — 456 p. [In Russian]

Yudin B.S. Insectivorous mammals of Siberia / B.S. Yudin. — Moscow: Nauka
Siberian Branch, 1971. — 170 p. [In Russian]
Pavlinov 1.Ya. Brief guide of land animals of Russia / I.Ya. Pavlinov. — Moscow:

Publishing House of Moscow State University, 2002. 167 p.

Schwartz S.S. The method of morphophysiological indicators in the ecology of
terrestrial vertebrates / S.S. Schwartz, V.S. Smirnov, L.N. Dobrinsky. — Sverdlovsk,
1968. — 387 p. [In Russian]

Levykh A.Yu. Species composition and community structure of small mammals in
Parapolsky Dol (Koryak State Nature Reserve, Kamchatka) / A.Yu. Levykh, V.V.
Panin // Nature Conservation Research. — 2019. — Vol. 4(3). — P. 1-12. [In
Russian|



20 Hayunbrit BectHMK SIMano-HeHerikoro aBroHoMHoro okpyra. 2021. Ne 4 (113)

49. Lakin F.G. Biometrics / F.G. Lakin. — Moscow: Higher school, 1990. — 352 p.
[In Russian]

50. Levykh A.Yu. Small mammals in biomonitoring of the Geysernaya River
ecosystems / A.Yu. Levykh // Proceedings of Kronotsky Nature Reserve.
A.M. Tokranov (Ed.). — Petropavlovsk-Kamchatsky: Kamchatpress, 2017. —
P. 39-54. [In Russian]

Information about the authors

Alyona (Alena) Yurievna Levykh, born in 1969, in 1991 she graduated from the
Tyumen State University (Tyumen, Russia) in Biology, qualified biologist,
teacher of biology and chemistry, Candidate of Sciences in Biology (PhD),
Docent. In 1991-2020 she held classes in Ishim P.P.Eshov Teachers Training
Institute, Tyumen State University. In 2005-2010 and 2012-2020 she was
Chairlady of Biology, Geography and Their Teaching Methods Chair. Starting
from 2021 she heads Chemical Analysis Laboratory, the Arctic Research Center
(Salekhard, Russia). Research interests: small mammals population biology,
vertebrate population and community ecology, general ecology.

Ivan Sergeevich Belousov, born in 1999, 5th year student majoring in Teacher
Education in Biology and Geography training programs of the Ishim Ershov
Teachers Training Institute, Tyumen State University, Research interests:
animal ecology.

Nadezhda Vladimirovna Ganzherli, born in 1984, in 2007 she graduated from
the Tyumen State University in Linguistics, MA in Linguistics (2015) from the
Tyumen State University, Tyumen, Russia. In 2008-2018 was an interpreter/
translator at UTair Aviation Company. Since 2017 she has been a teacher at
English Philology and Translation Chair, Tyumen State University, Tyumen,
Russia. Research interests: computer linguistics, humor, nenets language,
ecology.

Contribution of authors

Levykh A.Yu. - conducting field, cameral research, statistical processing of
data; writing the text of the article.

Belousov I.S. - accounting fen non-metric features of the skull.

Ganjerli N.V. - translation of article

The article was submitted on October 15, 2021, accepted for publication on December 2, 2021.



