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Parapolsky Dol is one of the largest wetlands of world importance. However, there is only fragmentary informa-
tion about the species composition and structure of animal communities in this area, due to its inaccessibility. This
fact determines the relevance of studying small mammals as an indicator group in Parapolsky Dol. The article
deals with the results of a research on the fauna and small mammal communities of Parapolsky Dol (Koryak State
Nature Reserve), carried out from 25 August to 15 September 2017. The study area included the shore of Lake
Talovskoye, the floodplains of the River Tylakrylvayam and the River Ichiginnyvayams. During the period of 2735
trap-nights and 144 cylinder-nights we captured 5 small mammal species: Myodes rutilus, M. rufocanus, Sorex
isodon, S. caecutiens and Ochotona hyperborea. The surveyed habitats ranged from the maximum to the minimum
abundance of small mammals: the floodplain of the River Ichiginnyvayam — 10.9 individuals/100 trap-nights, 8.0
individuals /100 cylinder-nights; the shore of Lake Talovskoye — 3.48 individuals/100 trap-nights; the floodplain
of the River Tylakrylvayam — 1.43 individuals/100 trap-nights, 2.53 individuals/100 cylinder-nights. The largest
number of species (4) was captured in the habitats with woody vegetation and berry beds. The results of the capture
by snap traps revealed the tendency of M. rutilus and S. rufocanus to dominate in most habitats. The results of the
capture by cylinders show that S. caecutiens is dominant in the surveyed open habitats. All studied communities
are characterised by low diversity indices, average values of dominance index, sufficiently high evenness and low
sustainability. One can explain such structure of small mammal communities by the zonal and climatic conditions
of the territory. The diversity/evenness structure in all the communities corresponds to that of the natural habitats
in central, southern Kamchatka and Siberia. The small mammal communities on the shore of Lake Talovskoye and
the floodplain of the River Ichiginnyvayam are characterised by high diversity indices, while the communities of
the floodplain of the River Tylakrylvayam are distinguished by a high evenness index. We observed animal repro-
duction in the small mammal communities (pregnant and lactating females of different age groups were captured).
The largest number of pregnant females and embryos, the highest values of reproductive success, indices of con-
servation and the generalised indices of well-being were identified in the small mammal communities in cedar and
birch ribbon forests on the shore of Lake Talovskoye and in floodplain of the River Tylakrylvayam. In the plant
associations Ledum decumbens + Vaccinium uliginosum — Cladonia sp. + Cladina sp., and Ledum decumbens +
Vaccinium uliginosum — Sphagnum sp. we did not observe any reproduction. The material of this research work
supplement the data on the fauna and population structure of small mammals in Parapolsky Dol.
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Introduction

Under the influence of unprecedented hu-
man activities that transform natural ecosystems
(Kryazhimskii et al., 2001) and large-scale climat-
ic changes (Ovaskainen et al., 2013; Gashev et al.,
2017), biological monitoring is a priority in assess-
ing and predicting the state of ecosystems. Both
in Russia and abroad, small mammals are part of
the long-term and large-scale studies of ecosys-
tem changes. Small land rodents and insectivores,
due to their ecological and biological features, are
sensitive indicators of habitat changes (Martell &

Pearson, 1978; Istomin, 2009; Myers et al., 2009;
Zakharov et al., 2011; Hope et al., 2017), conveni-
ent model objects for studying the mechanisms of
biocoenosis stability (Agulova et al., 2016; Kataev,
2017), micro-evolutionary processes (Litvinov,
2008) and for making decisions on nature manage-
ment (Smith et & Zollner, 2001; Sullivan et al.,
2017). Long-term studies of small mammals have
been carried out on special sites in Protected Areas
(Vinogradov, 2009; Bobretsov & Simakin, 2015;
Bobretsov et al., 2015; Kataev, 2015, 2016; Akpa-
tou et al., 2018) and research centres (Dokuchaev,
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1997, 2012; Henttonen & Wallgren, 2001; Deitloff
et al., 2010; Ivanter & Moiseeva, 2015). The stud-
ies allowed to examine some regular influences of
climatic variations on populations and communi-
ties (Aars & Ims, 2002; Bobretsov & Simakin,
2015; Bobretsov et al., 2015; Kataev, 2016, 2017),
to trace the long-term effects of human activities
on ecosystems (Kataev, 2016, 2017), and to show
the importance of studying populations on the pe-
riphery of the species’ habitat (Moskvitina et al.,
2000; Ivanter & Moiseeva, 2015).

Populations and small mammal communities
on the Kamchatka Peninsula are of interest not only
from the point of view of assessing and predicting
the state of the unique ecosystems and studying
micro-evolutionary processes in populations at the
margin of their habitat, but also for reconstruct-
ing the history of modern fauna development with
regard to the existence of Bering land in the past
(Dokuchaev, 1997, 2012; Weksler et al., 2010).

At the same time, there is only fragmentary
information on the species composition and rela-
tive abundance of small mammals in specially
protected natural areas of the Kamchatka Penin-
sula, including the territory of Koryak State Na-
ture Reserve, because of their inaccessibility. In
the survey of land vertebrates of eastern Kamchat-
ka, Averin (2013) indicated the presence of three
small mammal species in the fauna of northeastern
Kamchatka — Myodes rutilus Pallas, 1779, Myodes
rufocanus Sundevall, 1846, Microtus oeconomus
Pallas, 1776, without specifying their abundance.
In his summary report on the Kamchatka fauna,
Nikanorov (2000) gave the data of taxonomic
composition, relative abundance and habitat dis-
tribution of 14 species of small insectivores, hare-
like animals and rodents of the Koryak Highland,
Penzhinsky Ridge and adjacent territories, without
exact geo-referencing. Only the recent publication
by Kazansky & Sedash (2015) provided informa-
tion on the species composition, habitat distribu-
tion and quantitative estimates of small mammal
abundance in the floodplain of the River Ichigin-
nyvayam (Koryak State Nature Reserve), obtained
during one field season.

Our aim was to study the species composition,
abundance, habitat distribution, structure and sus-
tainability of small mammal communities in the
Protected Area Parapolsky Dol. The research work
was performed as part of an integrated preliminary
study of Parapolsky Dol ecosystems, the results
of which will serve as the basis for environmental
conservation planning in this area.

Material and Methods

The material includes the results of a small mam-
mal census on the territory of Parapolsky Dol with-
in the borders of the cluster site in Koryak Nature
Reserve (60.975-61.775 N, 164.000-166.125 E).
The study area belongs to the largest wetland com-
plex of the Koryak district, included on the list of
Ramsar wetlands of global importance and is part of
the Beringian shrub (forest-tundra) region (Fig. 1).

The field research was carried out from 25
August to 15 September 2017 on three sites: 1)
the shore of Lake Talovskoye (1235 trap-nights);
2) the territory of Parapolsky Dol adjacent to the
left bank of the River Tylakrylvayam, about 20
km west of the Amethyst mine (750 trap-nights,
79 cylinder-nights); 3) the territory of Parapolsky
Dol adjacent to the left bank of the River Ichigin-
nyvayam, 12 km north of the Amethyst mine (550
trap-nights, 125 cylinder-nights).

We carried out the census of small mammals
in habitats (biotopes) characterised by certain plant
associations formed under ecologically equivalent
environmental conditions. The following plant
species and genera determine the phytocoenoses of
the study area: Pinus pumila (Pall.) Regel, Betula
middendorffii Trautv. & C.A. Mey., Betula exilis
Sukacz., Salix pulchra Cham., Salix schwerinii E.L.
Wolf, Salix udensis Trautv. & C.A. Mey., Chosenia
arbutifolia Pall., Populus suaveolens Fisch. (tree
layer); Ledum decumbens Small., Vaccinium ul-
iginosum L., Vaccinium vitis-idaea L., Empetrum
nigrum L., Eriophorum polystachyon L., Carex
bigelowii Torr. ex Schwein., Carex chordorrhiza
L.f.,, Carex gynocrates Wormsk (grass and shrub
layer); Aulacomnium palustre (Hedw.) Schwaigr,
Dicranum majus Turner, Sphagnum sp., Cladonia
sp., Cladina sp. (moss and lichen layer).

Animals were captured in such plant associations
as 1) the shore of Lake Talovskoye: 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 pumilapurum (Ppp); 2) floodplain
of the River Tylakrylvayam: 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); Ep+Cb; Carex chordorrhiza + Carex
gynocrates — Sphagnum sp. (Cc+Cg-S); 3) floodplain
of the River Ichiginnyvayam: Chosenia arbutifolia
+ Populus suaveolens — Salix schwerinii + Salix
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udensis (Cha+Ps-Ss+Su); Ld+Vu-C+C; Ld+Vu-S;
Betula middendorffii — Sphagnum sp. (Bm-S). We
singled out the plant associations on the basis of the
dominant-edificatory approach. Phytocoenoses with
the same set of layers and the same dominant species,
similar in their overall species composition and struc-
ture, were related to one association. In the names of
plant associations, the species belonging to the same
layer are connected with the «+» sign, the species
from different layers are connected with the «-» sign,
according to the generally accepted methodical ap-
proach (Prokopiev, 2003). More information about
the vegetation on the shore of Lake Talovskoye and
adjacent territories can be found in Neshataev et al.
(2017) and Beldiman et al. (2017).

We captured animals by snap traps, placed in
lines of 25—100 pieces at a distance of 5—7 m from
each other within the same type of habitat. We used
pieces of bread soaked in unrefined vegetable oil as
bait. Every morning the traps were checked. Three
days later they were moved to another place. In ad-
dition, the animals were captured by 50-metre-long
pitfall traps and 50-metre-long fences, with cylin-
ders installed every 10 m (Karaseva et al., 2008). 0.5
litre plastic cups were used as cylinders. The pitfall
traps and cylinders were periodically cleaned of in-

sects, amphibians and debris. The survey took 2735
trap-nights and 144 cylinder-nights. We found no
living animals in the traps and cylinders.

The species were determined by the features of
the external structure, structure of teeth and skull (Yu-
din, 1971; Pavlinov, 2002). We determined the relative
age by the presence or absence of the thymus (thymus
gland), tooth abrasion and the size of the ridges on the
skull bones. Relative abundance of small mammals in
general and individual species was defined in terms of
100 trap-nights or 100 cylinder-nights.

We examined the captured animals by the meth-
od of morphophysiological indicators (Schwartz et
al., 1968; Cadieux et al., 2015). Their sex and the
number of embryos in female species were identi-
fied by cameral treatment. A number of dark placen-
tal spots or yellow spots of pregnancy in the uterine
horns were found in females. On this basis we cal-
culated the proportion of pregnant females (UBS),
the number of embryos per pregnant female (EMS),
the proportion of resorbed embryos (URE) and the
integral reproductive success rate (URZ), expressed
as a percentage of the number of young ones that
100 females could potentially produce per genera-
tion under the given conditions (Gashev, 2000):

URZ = {[UBS x 100((EMS x 100(100 — URE x 100))/ 100)}/[ EMS x 100]}x 100
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Fig. 1. The study area and collecting ground: 1) the shore of Lake Talovskoye; 2) the floodplain of the the River Ichiginny-

vayam; 3) floodplain of the River Tylakrylvayam.
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The conservation index (IKV) was calculated
by summing the numbers of females and wintering
animals. The conservation of females is associated
with their territoriality, whereas the conservation
of wintering animals ensues from their advantage
over young ones in competition for the most fa-
vourable areas.

We used the method of diversity indices to as-
sess the structure of communities (Odum, 1986; Be-
gon et al., 1989; Gashev, 2000). In order to assess
the state of communities, the indices of resistance,
elastic and general sustainability were calculated,
based on the indices of diversity and the coefficients
reflecting the physical and geographical features of
a natural area and the stage of successive develop-
ment of an ecosystem (Gashev, 2000). Following
Gashev (2000), we treat resistant sustainability as
the thermodynamic property of a system to resist the
action of external forces trying to change its condi-
tion. Elastic sustainability is the ability of a system
to return to its original state after the external forces
cease. General sustainability (U) is the sum of elas-
tic and resistant sustainability:

U =0.09¢(DQ2G + 3T) / G) + 0.9D(1 + K / R),

where the first summand is elastic sustain-
ability (UU), the second is resistant sustainability
(UR); e = 2.718 is the base of natural logarithm;

D = 1-Z(ni / N) is Simpson’s index of species
diversity, R = (V-1) / IgN is Margalef’s species
richness index, V is the number of species, N is
the total number of specimens, T is the stage of
ecosystem succession (a pioneer community with
0 <T<0.2, a young community with 0.2 <T <0.3
mm, a transient community with 0.3 <T < 0.5, a
mature community with 0.5 <T < 0.9 and a climax
community with T = 1), K is the ratio of «viscos-
ity» of the medium, G is the ratio of «elasticity» of
the medium (the latter two indicators defined for
the forest-tundra zone, both K = 3.5 and G = 0.75
(Gashev, 2000, 2001; Gashev et al., 2015).

For an integral assessment of the state of the
community we used the generalised index of com-
munity well-being (SSS), which is obtained by
summing the indices of general sustainability (U),
conservation (IKV), anthropogenic adaptability
(IAA) and reproductive success (URZ):

SSS=U+0.11IKV+0.01TAA+0.01URZ.

The index of anthropogenic adaptability is an
integral characteristic of the community, reflect-
ing the ratio of different environmental groups
in relation to people, its value equals 1.11 in all

the studied communities. The algorithm for cal-
culating the value is described in the monograph
by Gashev (2000).

For inter-sample comparisons we calculated
the arithmetic mean of the character (M), the arith-
metic mean error (m), the variance (c?) and the co-
efficient of variation (CV). Statistical comparisons
were made by using Student (t) and Fisher (F) sig-
nificance tests (Ivanter & Korosov, 2013). The dif-
ferences were considered statistically significant if
the actual value of the criterion exceeded the table
value with p <0.05. Abbreviations used in the text
are explained in the Appendix.

Results

Species composition

We captured a total of 120 individuals of five
small mammal species in Parapolsky Dol: Insec-
tivora — two individuals of Sorex isodon, 33 indi-
viduals of S. caecutiens; Rodentia — 67 individuals
of Myodes rutilus, 16 individuals of M. rufocanus;
Lagomorpha — two individuals of Ochotona hyper-
borea Pallas, 1811.

Ochotona hyperborea 1s a stenotopic species,
captured in its typical habitat called «kurumniky,
an open stony place overgrown with Siberian dwarf
pine (Ppp) on the shores of Lake Talovskoye.

Sorex isodon, a widespread species in Kam-
chatka, was not numerous in the catches; it was
captured only in the floodplain of the River Ichigin-
nyvayam (Table 1).

We captured the largest number of species
(4) in kurumnik on the shore of Lake Talovs-
koye, overgrown with dwarf pine (Ppp) and
adjoining the plant association Ld+Vu-S. The
diversity of the micro-habitats in the area cre-
ates prerequisites for coexistence of a larger
number of species (Table 1). Four species were
captured in the habitats with a predominance
of woody vegetation Cha+Ps-Ss+Su, Bm-S in
the floodplain of the River Ichiginnyvayam.
The confinement of most species to the habi-
tats with forest vegetation is due to the good
protective and feeding capacity of those habi-
tats. Four species were also captured in open
habitats with shrubby vegetation — Ld+Vu-C+C
and Ld+Vu-S in the floodplain of the River
Ichiginnyvayam. This fact can be explained by
the fruiting of berry bushes and good food pro-
vision during the survey period. In 100% of the
opened stomachs of Myodes rutilus and M. ru-
focanus the fruit of V. uliginosum, V. vitis-idaea
were found along with the seeds of P. pumila.
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Table 1. Relative abundance of small mammal species on the surveyed sites in Parapolsky Dol

Lake Talovskoye shore River Tylakrylvayam floodplain River Ichiginnyvayam floodplain

= =@

S . 2 i N3

3 T % 3 7% SRS

5 & i s g < >l: 3 Q >5 @ # =

o ©n

N - 2 L 27 = 2 21 | E = B

&~ 5 A £ A & Eo T

= = 5 = S

) S =

- <4
General abundance

362 | 453 375 [397] s50 | 20 | 35 | 667 | 1143 [ 180 | 1203 | 1359

Myodes rutilus

2.29 3.02 1.88 2.4 3.0 0.5 1.75 1.33 8.0 % 7.11 5.14
Myodes rufocanus

095 [038] o062 Joes| o | o | o | o067 | 114 | 40 | 194 | 404

Ochotona hyperborea
o o] o | -] o | o o | o [ o [ o] o | -

Sorex caecutiens

0.38 0.38 1.25 0.67 50 1.5 1.75 4,0 75 6.67 2.67 3.43

Sorex isodon
o [ o] o | o] o | o | 0 [ 067 | 029 | o | o054 | 086

Note: In four cases: Above the line — individuals/100 trap-nights, under the line — individuals/100 cylinder-nights.

*M is the arithmetic mean of abundance in the study area.

According to the results of the capture by snap
traps, Myodes rutilus dominates in most biotopes,
Sorex caecutiens and Myodes rufocanus co-domi-
nate (Table 1). According to the results of counting
by cylinders, the absolute dominant animal in the
surveyed open habitats is S. caecutiens.

The general abundance of small mammals de-
creases in the following direction: the floodplain of
the River Ichiginnyvayam — 10.9 individuals/100
trap-nights, 8.0 individuals/100 cylinder-nights;
the shore of Lake Talovskoye — 3.48 individu-
als/100 trap-nights; the floodplain of the River Ty-
lakrylvayam — 1.43 individuals/100 trap-nights,
2.53 individuals/100 cylinder-nights. No animals
were captured in the wetland on the shore of Lake
Talovskoye (Ep+Cb) and the floodplain of the
River Tylakrylvayam (Ep+Cb; Cc+Cg-S). At the
margin of Sp-Ep+Cb plant association in the flood-
plain of the River Ichiginnyvayam we captured one
young male of S. caecutiens (3.33 individuals/100
cylinder-nights) in a pitfall trap, which can be con-
sidered a migrant.

The abundance of all small mammal species
varies significantly in different biotopes and study
areas. At the same time, no statistically significant
differences were found in the average values of
general abundance and the abundance of individual
species, as well as the variation coefficients of these
characteristics between different study areas. Sig-
nificant differences were observed only in the vari-

ance of the relative abundance of Myotes rufocanus,
a type of habitat specialist, between the samples
from the shore of Lake Talovskoye (6 = 0.082) and
floodplains of the River Ichiginnyvayam (¢* = 3.25):
F=39.63, with p < 0.05. This can be explained by
more uniform spatial distribution of M. rufocanus
on the shore of Lake Talovskoye, because of a larger
area of its habitat (Pp+Bm; Ppp).

Community structure

All studied small mammal communities are char-
acterised by low diversity indices, medium values of
the dominance index, medium and high evenness
(Table 2). The community on the shore of Lake Tal-
ovskoye is characterised by high indices of diversity
and sustainability. We identified the highest indices
of elastic, resistant and general sustainability in the
community of small mammals in the plant associa-
tion Be-Ld+Vu-Ap+Dm on the shore of Lake Talovs-
koye. This community is the most balanced in terms
of the number of species, the number of individuals
in each species, and, accordingly, the indices of di-
versity, dominance and evenness (Table 1, Table 2).
However, statistically significant inter-sampling dif-
ferences were revealed only by the arithmetic mean
values of Shannon’s diversity index (H) (Talovskoye
— Tylakrylvayam — t = 5.37, with p < 0.01; Tykryryl-
vayam — Ichiginnyvayam — t = 3.94, with p < 0.05)
and Simpson’s evenness index (E) (Talovskoye —
Tylakrylvayam— t = 5.11, with p < 0.05; Tylakraly-
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vayam — Ichiginnyvayam — t = 4.57, with p < 0.05).
The least numerous community of small mammals in
the floodplain of the River Tylakrylvayam is charac-
terised by the minimum value of Shannon’s diversity
index, but the maximum value of Simpson’s even-
ness index (Table 2).

The values of diversity and sustainability in-
dices of the small mammal communities in Para-
polsky Dol are comparable to those of central
(Geysernaya river valley, Uzon volcano caldera,
the Death Valley) and southern (Lake Kurilskoye
shore) Kamchatka (Table 3).

The lowest indices of species diversity and
sustainability are characteristic for the communi-
ties in the most unstable habitats, such as the flood-
plain of the River Tylakrylvayam and the foot of
the active volcano Kikhpinych (Table 2, Table 3).
The indices of species diversity and evenness in the
communities on the shore of Lake Talovskoye and
the floodplain of the River Ichiginnyvayam slightly
exceed the indices in southern habitats located in
the zone of increased geothermal and volcanic ac-

tivity (River Geysernaya valley and the foot of the
Kikhpinich volcano). The fact indicates the desta-
bilising effect of these factors on the surrounding
ecosystems. The small mammal species from the
shores of Lake Talovskoye have the highest rates
of diversity and sustainability. Consequently, we
can consider Lake Talovskoye as a key area for the
study and preservation of biological diversity.

In relation to people, Myodes rutilus, M. ru-
focanus, Sorex isodon and S. caecutiens belong
to the ecological group of neutrals, Ochotona hy-
perborea is related to the ecological group of an-
thropophobic animals (Gashev, 2000). The absence
of anthropophiles, synanthropes and eusinantropes
in the surveyed communities determines the low
value of [AA=1.11.

Demographic characteristics of communities

During the census period (late summer — early
autumn) in all study areas we observed a late re-
production of small mammals, with pregnant and
lactating females of different age groups (Table 4).

Table 2. Diversity and sustainability indices of small mammal communities on the surveyed sites in Parapolsky Dol

Lake Talovskoye shore Tylakrylvayam River floodplain River Ichiginnyvayam floodplain
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Note: M is the arithmetic average of the index for the study area; m is

the error of the arithmetic mean value.

Table 3. Diversity indices of small mammal communities in different geographical areas of Kamchatka
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Table 4. Integral indices of the small mammal communities on the surveyed sites in Parapolsky Dol

Lake Talovskoye shore Tylakrylvayam River floodplain Ichiginnyvayam River floodplain
' @) @)
= == g 5% s o 5%
= g < = 3 hé %3 =
A _ 3
Number of females
11 | 3 | 4 | 1 | 0 | 3 | 23 | 5
Number of pregnant females
7 | 1 | 2 | 1 | 0 | 0 | 8 | 2
Number of embryos
42 | 8 | 1| 6 | 0 | 0 | 77 | 21
Number of resorbed embryos
2 | 0 | o | 0 | 0 | 0 | 0 | 0
Number of wintering animals
4 | 0 | 2 ] 3 | 3 | 0 | 6 | 1
Index of reproductive success (URZ)
6060.61 | 333333 | 4999.99 | 9999.99 | 0 | 0 | 347826 | 3999.99
Conservation index (IKV)
079 | 025 | o5 | o080 | 0.75 | o060 | 071 | 067
Generalised index of well-being (SSS)
6543 | 6543 | 5677 | 10568 | 3.59 | 662 | 618 | 4571

The highest proportion of pregnant females, maxi-
mum relative fertility including resorbed embryos and
the highest reproductive success indices were recorded
in the small mammal communities of ribbon flood-
plain cedar and birch forests (Pp+Bm) on the shore of
Lake Talovskoye and in the floodplain of the River Ty-
lakrylvayam, located on the highland (Table 4).

No reproduction was observed in the low flood-
plain habitats (Cha+Ps-Ss+Su in the River Ichigin-
nyvayam floodplain; Ld+Vu-C+C; Ld+Vu-S in the
River Tylakrylvayam floodplain). These habitats are
therefore characterised by zero reproductive success
and low values of well-being index (SSS).

Discussion

Species composition

The species of voles and shrews are described as
common in most regions of north-eastern Russia: the
northern part of the Far East (Yudin et al., 1976), the
extreme north east of Siberia (Chernyavskiy, 1984),
northeastern Siberia (Volpert & Shadrina, 2002),
the mainland shore of the Okhotsk Sea (Dokuchaev,
2012), the floodplain of the middle reaches of the
River Ichiginnyvayam (Kazansky & Sedash, 2015),
as well as a number of other northern regions of Eura-
sia from Fennoscandia to West Siberia (Henttonen &
Wallgren, 2001; Bobretsov & Simakin, 2015; Byko-
va et al., 2015; Kataev, 2015, 2017).

Kazansky & Sedash (2015) registered the trans-
palaearctic species Microtus oeconomus, which is

not identified by any of the censuring methods in
our study. This can be accounted by the fact that
during the period of our survey the number of M.
oeconomus was considerably lower. Significant
differences in the abundance of M. oeconomus and
species of the Myodes genus are easily explained
by differences in their ecology, and, accordingly,
the different stages of their population cycles.

Nikanorov (2000) considers Ochotona hyperbo-
rea to be common for Kamchatka with sporadic dis-
tribution in mountainous areas on large-slaked turfy
fields and old lavas. This species is found in similar
habitats of South Yakutia (Pogulyaeva, 2003).

The identified animal species belong to the genera
Myodes Pallas, 1811, Sorex Linnaeus, 1758, Ochoto-
na, common to Kamchatka and North America.

Mpyodes rutilus, a trans-holarctic species, is found
in the boreal zone of Eurasia and North America
(Gasheyv, 2000; Smith & Zollner, 2001; Boonstra et al.,
2001; Krebs et al., 2014; Ivanter & Moiseeva, 2015;
Agulova et al., 2016; Sullivan et al., 2017). Accord-
ing to morphological (Nikanorov, 2000) and genetic
studies (Frisman et al., 2016), populations of M. ru-
tilus in Kamchatka belong to the subspecies Myodes
rutilus jochelsoni G. Allen, 1903, and by the variability
of the mitochondrial «cyth» gene are included in the
North American (Beringian) group (Pereverzeva et al.,
2013). The rest of the registered species are Eurasian.

The total abundance of small mammals in the
River Ichiginnyvayam floodplain is only slightly low-
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er than the value noted by Kazansky & Sedash (2015)
for the first decade of November 2013. At the same
time, the abundance of separate species from 2013 to
2017 varies in different directions (Table 1). Multi-
directional changes in the numbers of closely related
species of Myodes rutilus and M. rufocanus indicate
a competitive relationship between them. This is an
indicator of low resource capacity of the habitats. The
number of Sorex caecutiens and S. isodon changes in
one direction, which indicates the absence of inter-
specific competition, and can be explained by the low
number of S. isodon in the north of Kamchatka.

The high abundance values for Sorex caecutiens
captured by cylinders reflects the biological peculi-
arity of small shrews, which are not captured easily
into snap traps. But due to the high metabolic rate,
they are constantly forced to move around the terri-
tory in search of food and fall into the cylinders.

According to the research data, the numeri-
cal prevalence of S. caecutiens over S. isodon and
the numerical ratio of different species that we ob-
served are typical for the north of Kamchatka (Yu-
din et al., 1976; Kazansky & Sedash, 2015).

The small number of identified species and the
numerical dominance of one or two species (Myo-
des rutilus, Sorex caecutiens) are determined by
the low resource capacity of the habitats due to a
number of natural and climatic features (negative
average annual temperature, high humidification
coefficient, short summer), which make animals’
living conditions very difficult in the study area.

Community structure

We compared the obtained results with the data
of Bykova et al. (2015), who studied the diversity
and resilience of the communities of small mammal
in different structural and functional zones of Novy
Urengoy town, located in the forest-tundra zone
(West Siberia, Tyumen region, 66.083 N, 76.633 E).
It showed that the species diversity indices of small
mammal communities of the Parapolsky Dol have
intermediate values between those of the disturbed
habitat communities of Novy Urengoy (multisto-
rey building zone: H = 0.72, D = 0.32; urban zone:
H = 1.66, D = 0.62), and significantly lower than
those of the community in parkland zone (H = 2.37,
D = 0.78) and suburban zone (H = 3.16, D = 0.82).

The results of the comparison confirm the se-
verity of the climatic conditions of northern Ko-
ryakia for small mammals and the vulnerability of
the Parapolsky Dol ecosystems.

The comparison of the small mammal commu-
nities in Parapolsky Dol and Tai National Park (West

Africa; equatorial forest zone; 5.65 N, 7.133 E accord-
ing to Akpatou et al., 2018) by Margalef’s (R) species
richness indices and Shannon’s species diversity (H)
showed that the maximum values of the first men-
tioned index (Table 2) are significantly inferior to those
of the communities of secondary forests (R =15; H=
2.12) and virgin forests (R = 10; H = 1.79) of the Tai
National Park. However, the Shannon’s species diver-
sity index of the small mammal communities on the
Lake Talovskoye shore and the River Ichiginnyvayam
floodplains is comparable to that of bog forests (R = §;
H = 1.4), despite the significantly lower species rich-
ness. Thus, the general geo-ecological determinant of
the biological diversity of the small mammal commu-
nities in Parapolsky Dol and Tai National Park is the
degree of watering (swampiness) of the study area.

It is noteworthy that general sustainability of the
small mammal communities is determined to a greater
degree by the elastic sustainability, which is normal
for mature natural ecosystems (Table 2) (Gashev et
al., 2015). The increase in the elastic component with
growing «maturity» of natural or man-made habitats
demonstrates the dynamics of sustainability indices
as we move from the most transformed habitats in the
Novy Urengoy centre to its periphery: multi-storey
building zone — UR =0.99, UU = 0.27, U=1.26; urban
inarable zone — UR =1.18, UU=1.22, U =2.40; forest
park zone — UR = 1.21, UU = 3.25, U = 4.47; subur-
ban area— UR = 1.30, UU =5.43, U = 6.3 (Bykova et
al., 2015). The growth of resistant sustainability in the
course of primary plant succession reflects a number
of changes in the indices of sustainability in the small
mammal communities in the River Geysernaya val-
ley towards habitats farther from geothermal sources.
The good examples were forbs around thermal sites
in the central part of the River Geysernaya valley —
UR =0.31, UU = 1.02, U = 1.33; stonegrass forbs on
the highland— UR =0.44, UU =1.24, U = 1.68; fern al-
der on the highland — UR = 0.68, UU = 1.61, U =2.39.
Obviously, the general sustainability of the small mam-
mal communities in Parapolsky Dol is lower than the
general sustainability in less transformed and natural
habitats of the forest-tundra zone of West Siberia, but
higher than in the River Geysernaya valley, an area of
increased geothermal and volcanic activity.

The value of anthropogenic adaptability index
in small mammal communities of the Parapolsky
Dol fully corresponds to our survey of the small
mammal communities in Protected Areas of central
and southern Kamchatka carried out from 2013 to
2016. This value is by 1-2 degrees lower than IAA
for small mammal communities in different zones
of Novy Urengoy (multi-storey buildings zone
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and urban inarable zone — IAA = 100; forest park
zone — [AA = 20.2; suburban forest — [AA = 6.13)
(Bykova et al., 2015). The results indicate that the
ecosystems of Parapolsky Dol are intact.

In general, the structure of the small mammal
communities in the study areas of Parapolsky Dol
is similar to the structure of the communities stud-
ied in 2013-2016 in the River Geysernaya valley,
the Uzon volcano caldera (Kronotsky State Nature
Biosphere Reserve) and the vicinity of the River
Ozernaya (Lake Kurilskoye, South Kamchatka
Sanctuary) (Levykh, 2017).

Demographic characteristics of communities

Higher values of the reproductive success index
are observed in the small mammal communities of
the floodplain cedar and birch forests (Pp+Bm) on the
Lake Talovskoye shores and in the River Tylakrylvay-
am floodplain. On the one hand, this is consistent with
the low rates of general abundance and abundance of
certain species in these areas, since it is known that
late reproduction is characteristic of small mammal
populations in the growth phase. On the other hand, it
complies with the highest values of conservation in-
dex (IKV: Talovskoye — 0.79, Tylakrylvayam — 0.80),
and the generalised index of well-being (SSS: Talovs-
koye — 65.43, Tylakrylvayam — 105.68) in these habi-
tats, which can be considered as breeding stations or
sources and regarded as key habitats for protection.

At the same time, the actual sampling size of
small mammals in the River Tylakrylvayam flood-
plain is very small as only one pregnant female was
captured. Therefore, the high reproductive success
in the mentioned community without additional
research should be considered only as a tendency.

The communities in the floodplain habitats have
zero indices of reproductive success and very low
SSS values (Cha+Ps-Ss+Su in the River Ichigin-
nyvayam floodplain; Ld+Vu-C+C; Ld+Vu-S in the
River Tylakrylvayam floodplain) and, therefore, can
be considered sink habitats. This is corroborated by
the sex and age structure of the populations of sepa-
rate species, which determines the demographic
structure of communities in general. For instance,
in the Cha+Ps-Ss+Su habitat (River Ichiginny-
vayam floodplain) three of the four registered spe-
cies (Myodes rutilus, M. rufocanus, Sorex isodon)
were males, we captured only one young female
specimen of Sorex caecutiens without indications
of breeding. Of the two identified species from the
River Tylakrylvayam floodplain (Myodes rutilus
and Sorex caecutiens) only males were recorded in
the habitats Ld+Vu-C+C and Ld+Vu-S.

Small mammal communities in most of the
surveyed habitats are characterised by higher SSS
values compared to urban communities in a similar
climatic zone (Novy Urengoy: multi-storey build-
ing zone — S =35.02; urban zone — S = 26.68; forest
park area — S = 14.16; suburban forest — S = 10.50)
(Bykova et al., 2015).

Conclusions

In the surveyed habitats of Parapolsky Dol we
captured several specimens of five small mammal
species common for Northern Kamchatka, such as
Insectivora — Sorex isodon, S. caecutiens, Rodentia
— Myodes rutilus, M. rufocanus, and the stenotopic
species Lagomorpha — Ochotona hyperborea, re-
stricted to kurumnik.

By using snap traps in all study areas, we re-
vealed the numerical dominance of Myodes ru-
tilus in most habitats, co-dominated by Sorex
caecutiens and M. rufocanus. According to the
results of counting by cylinders, S. caecutiens is
the absolute dominant in the open habitats. Such
dominance structure is characteristic of the small
mammal communities in the north of the Far East.
An important natural factor determining the spatial
distribution and abundance of small mammals is
the degree of swampiness of an area.

The small mammal communities in Parapol-
sky Dol are characterised by low diversity indices,
average values of dominance index and rather high
evenness due to the harsh natural landscape fea-
tures of the territory. The diversity/evenness struc-
ture in all the communities corresponds to that of
the natural habitats of central, southern Kamchatka
and Siberia. But it varies in different study areas
depending on the landscape features, the diversity
of biotopes and the phases of the population cycles
of the species belonging to a community.

General sustainability of the small mammal
communities is determined to a greater degree by
elastic sustainability, which is typical of mature nat-
ural ecosystems. And this exceeds the sustainability
in the habitats of the East Kamchatka mountain belt
(River Geysernaya valley) in the area of increased
geothermal and volcanic activity. Low indices of
anthropogenic adaptation and relatively high gener-
alised indices of well-being in the small mammal
communities support the conclusion about the un-
disturbed condition of Parapolsky Dol ecosystems.

Relatively high diversity and sustainability indices
are characteristic of the communities in particular habi-
tats and, in general, for the small mammal community
on the Lake Talovskoye shore. This allows us to con-
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sider the Lake Talovskoye shore as a key area for the
study and conservation of biodiversity.

Cedar and birch floodplain forests (Pinus pumila
+ Betula middendorffii) as source habitats, or survival
and breeding stations, are important areas for biodi-
versity protection. This is confirmed by relatively high
values of conservation, reproductive success and well-
being indices in the small mammal communities.
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Appendix. Abbreviations used in the text

Ne Abbreviation Meaning
1 UBS proportion of pregnant females

2 EMS number of embryos per one pregnant female
3 URE proportion of resorbed embryos

4 URZ integral index of reproductive success

5 IKV conservation index

6 SSS generalised index of community well-being
7 1AA index of anthropogenic adaptability

8 U general sustainability

9 Uuu elastic sustainability

10 UR resistant sustainability

11 R Margalef’s species richness index

12 D Simpson’s diversity index

13 H Shannon’s diversity index

14 J Shannon’s evenness index

15 E Simpson’s evenness index

16 \ number of genera

17 N total number of species

18 T stage of ecosystem succession

19 K ratio of «viscosity» of the medium
20 G ratio of «elasticity» of the medium

BUJIOBOI COCTAB U CTPYKTYPA COOBIIECTB
MEJIKAX MJIEKOMTUTAIOIAX MAPATIOJIHCKOTO J0JIA
(TOCYIAPCTBEHHBIN 3ATTOBE THUK «KOPAKCKWI», KAMYATKA)

A. 10. JleBbIX, B. B. [lanun

Tromenckuii 2ocyoapcmeentulii yHugepcumem, Poccus
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[NaparnoyibCKuil 10N NPUHAUICKUT K KPYITHEHUIIUM BOJHO-OOJIOTHBIM YTOABSM BCEMHPHOIO 3HAYEHHMS, OTHAKO
TPYAHOIOCTYITHOCTD JJAHHOW TEPPUTOPUH OO0YCIOBIMBACT HAWYNE JIUIIb ()parMEHTAPHBIX CBEACHUI O BHOBOM
COCTaBe U CTPYKTYPE COOOIIECTB )KUBOTHBIX. DTO 000CHOBBIBAET aKTYaJIbHOCTD M3yUCHHSI HHINKATOPHON I'PYTIITBI
— MEJIKMX MJIEKOTINTAOIINX. B paboTe nmpuBeaeHs! pe3yasTaTsl IPEaBapUTEILHOTO HCCIICI0BAHNS (DayHbI U CTPYK-
TYpbI cOOOIIECTB MENKHUX MieKonuTaromux [lapamnonsckoro kiacTepHoro yuactka I ocyapcTBeHHOTO 3al10BETHNU-
ka «Kopsikckuii», nposenénHoro ¢ 25 aBrycra 2017 r. mo 15 centsa6pst 2017 r. Ha oGcnenoBaHHbIX yuacTKax (Ha
nobepesxbe o3epa TanoBckoe, B moiiMe peku ThIIakpbUIBasiM, B roiimMe peku MuurunHeiBasim) orpaborano 2735
JIOBYIIIKO-CYTOK (JIOB.-CYT.), 144 imHIpO-CyTOK (IJMIL.-CYT.) M OTJIOBJICHO TIATH BHOB MEIIKMX MJICKOITUTAIONIHX:
Myodes rutilus, M. rufocanus, Sorex isodon, S. caecutiens, Ochotona hyperborea. OGcnenoBaHHbIE MECTOOOUTA-
HUSL 00pa3yIoT CIEAYIONIMH sl B HAPABICHUN CHIKEHUS OOMIIMS MEJIKUX MIICKOTIUTAIOIINX: MoiMa p. Munrun-
sbBasiM — 10.9 9k3./100 j10B.-cyT., 8.0 3k3./100 111i1.-cyT.; modbepexne o3epa Tamosckoe — 3.48 9k3./100 j10B.-CyT.;
noima p. TeutakpeuiBasim — 1.43 9k3./100 5oB.-cyT., 2.53 3k3./100 mm.-cyT. . Hanbosbiiiee KOMu4ecTBO BHIOB (4)
OTJIOBJICHO B MECTOOOMTAHUSX C JAPEBECHON PacTHTEIBHOCTBIO U SITOJHBIMHU KycTapHuukamu. [lo pesymsraram
yuéra JIoByIIKaMu [ epo BbIsBIEHa TEHACHIUS YUCICHHOTO JOMHUHUPOBAHMUS B OOJBIIMHCTBE MECTOOOUTaHUHA M.
rutilus, conoMuHnpoBanus — S. caecutiens u M. rufocanus. Tlo pe3ynbsrataM y4éra IUIMHIPAMU aOCOTIOTHBIM
JIOMUHAHTOM B 00CJIE€ZIOBAaHHBIX OTKPBITBIX MECTOOOUTAHUSX ABISCTCS S. caecutiens. Bee nccnemyemsle cooOme-
CTBa XapaKTEPU3YIOTCs] HEBBICOKUMU MHJEKCAMU Pa3HOO0pasys, CPeIHUMH 3HAUCHUSIMU MHJEKCa JOMHUHUPOBA-
HUS, IOCTaTOYHO BBICOKOH BBIPAaBHEHHOCTBIO M HU3KOW YCTOWYMBOCTBIO. Takas CTpyKTypa cOOOIIECTB MEIKUX
MJICKOTTUTAIOIINX OOBSCHSACTCS 30HATBHO-KJIMMAaTHIECKUMH YCIOBHSAME TeppuTopui. CTpyKTypa pazHooOpasusi-
BBIPABHEHHOCTH BCEX COOOIIECTB COOTBETCTBYET TAKOBOW €CTECTBEHHBIX MECTOOOUTAHNH IEHTPAIBLHOM, FOXKHON
Kamuarkn u Cubupn. CooOIiecTBa MENKUX MIIEKOUTAIOMNX 0ObETMHEHHBIX MECTOOONTaHNIT TTOOEpEkKbs 03¢e-
pa TanoBckoe n oMbl pekn MUUTrnHHBIBAsIM OTIIMYAIOTCSl OONBIIMMI HHAEKCAMH Pa3HOOOpasus, a coolmmecTBa
moriMbl pekr ThUTaKpbUIBasIM — OOJBIIIMM MHACKCOM BBIPABHEHHOCTH. B Iepro vcciienoBaHuii B COOOIIECTBAX
MEJIKMX MJICKOMUTAIOMIMX HaOII0AIOCh TI03/IHEeE pa3MHOKEHNE (OTIIOBJIEHBI OEpEMEHHbBIE U KOPMSIINE CaMKU
Pa3HBIX BO3pAcTHHIX rpyr). Haunbombiee konnuecTBo OepeMEHHBIX CaMOK, SMOPHOHOB U CaMble BBICOKHE TO-
KazareJM yCHEIIHOCTH Pa3MHOKEHUSI, MHJCKCH KOHCEPBAaTUBHOCTH M OOOOIIEHHBIE ITOKA3aTeNN OIaronomyyns
OTMEUEHBI B COOOIIECTBAX MEJKHX MIIEKONUTAIOMINX JICHTOUHBIX TMOWMEHHBIX KEAPOBO-OEPE30BBIX JIECOB HA
mobepexne 03. TarmoBckoe u B moiiMe p. TeutakpeuiBasM. B pacturensHpIX accoumanusx Ledum decumbens +
Vaccinium uliginosum — Cladonia sp. + Cladina sp. n Ledum decumbens + Vaccinium uliginosum — Sphagnum
Sp. pa3MHOXKEHHE He HaOMI0Ianoch. Marepuaibl JaHHOW paboThI JOMOJHSIOT CBEICHUS 0 (payHe U CTPYKType co-
o01ecTB MesTKUX MitekonuTaromux [lapanonsckoro jona.

KiroueBble cjioBa: OepuHTHICKast T€COTYyHIpa, Oypo3yOKH, BUI0BOE pasHOOOpa3ne, 3eMIICPOHKH, METKHE Ha3eM-
HBIE TPHI3yHBI, OTHOCUTEIBHOE O0HIIHE
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