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Abstract—Spatial changes in the population density and species diversity of amphibians and reptiles are
described on the basis of material collected in 1998, 2002, and 2014—2016. The spatial and typological struc-
tures of their populations were identified and analyzed, and the strength of the connection between the het-
erogeneity of their communities and the main structure-forming factors of the environment was assessed.
Three species of amphibians have been identified on the territory of the cis-Altai Plain during the research,
common toad (Bufo bufo (Linnaeus 1758)), moor frog (Rana arvalis Nilsson 1842), and lake frog (Pelophilax
ridibundus (Pallas 1771)), as well as four species of reptiles, sand lizard (Lacerta agilis Linnaeus 1758), vivip-
arous lizard (Zootoca vivipara Jacquin 1787), common snake (Natrix natrix (Linnaeus 1758)), and common
viper (Vipera berus (Linnaeus 1758)). The moor frog absolutely predominates in the population of amphibians
(93%), the share of the common toad and lake frog is significantly lower, and the sand and viviparous lizards
predominate in the communities of reptiles (48 and 46%). It is shown that amphibians and reptiles are
unevenly distributed over the territory, and their greatest abundance and species diversity are typical for the
forest—steppe part of the cis-Altai Plain. With an increase in the area of steppe and plowed landscapes and a
decrease in the proportion of forests in the central and western parts of the cis-Altai Plain, the locality of their
distribution over the territory increases. The population density of amphibians, taking into account the
underyearlings, reaches the highest values near the breeding water bodies and does not depend on the land-
scape specifics of the environment. Excluding underyearlings, the highest total abundance of amphibians is
characteristic of lowland bogs, floodplain habitats, and relatively moist small-leaved forests. The majority of
reptiles live in forested habitats, while the highest abundance rates are typical for small-leaved and humid
birch—pine forests and significantly lower for other habitats. The spatial heterogeneity of the amphibian pop-
ulation is determined, first of all, by differences in the moisture content and food supply of habitats, and
anthropogenic transformation of the environment in the form of grazing, which leads to trampling of the veg-
etation cover and compaction of the topsoil, the degree of afforestation, and the composition of forest-form-
ing species, moisture, and food supply have a significant impact on reptiles.

Keywords: amphibians, reptiles, distribution, abundance, spatial heterogeneity, structural graph, environ-
mental factors, cis-Altai plain, Altai mountain region
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INTRODUCTION

To date, the communities of birds and small mam-
mals among terrestrial vertebrates in the cis-Altai
Plain, as well as in the adjacent plains and mountains,
have been studied to the greatest extent (Vozniychuk
et al., 2002, 2006; Ravkin, 2002; Ravkin et al., 2003a;
Dolgovykh, 2006; Vartapetov et al., 2008; Litvinov
and Pozhidaeva, 2008; Bochkareva and Irisova, 2009;
Toropov and Grazhdan, 2010; Bochkareva et al., 2010;
Bochkareva and Volokitina, 2012; Bochkareva and
Livanov, 2013). Detailed ornithological and therio-
geographic maps have been compiled for these groups
of animals within the plain territories of the Upper Ob

region and the cis-Altai Plain (Atlas Altaiskogo kraya,
1978; Tsybulin, 2009). Ideas about the heterogeneity
of the population of these groups were formed, classi-
fications of their communities were compiled, and the
strength of the relationship between environmental
factors and the spatial variability of their communities
was estimated (Makarov, 2017; Makarov et al., 2018,
2018a). At the same time, there is much less informa-
tion on amphibians and reptiles in the territories bor-
dering the cis-Altai Plain. For the West Siberian Plain
as a whole, these are publications by Ravkin et al.
(2003, 2005, 2007), which describe interzonal changes
in the species diversity and total abundance of
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amphibians and reptiles, compile the spatial and typo-
logical structures of their populations, and evaluate
the role of environmental factors that correlate with
the heterogeneity of their communities. In addition,
works on species diversity and modern distribution of
amphibians and reptiles were carried out in the forest—
steppe and steppe regions of the southeast of Western
Siberia within the Upper Ob region and in the moun-
tainous provinces of Altai (Yakovlev, 1999; Grazhdan
et al., 1999; Borisovich et al., 2002; Ravkin et al.,
2003b, 2008; Vozniychuk and Kuranova, 2008; Kuranova
et al., 2010, 2016).

Until recently, there was not enough complete
information on the abundance and distribution of
these groups of animals in the cis-Altai Plain; no clas-
sification of their populations has been made, and the
relationship between the heterogeneity of communi-
ties and environmental factors had not been quanti-
fied. The almost universal agricultural development of
the territory of the cis-Altai Plain significantly
changed the conditions for the existence of animals,
including amphibians and reptiles, and caused signifi-
cant changes in their fauna and population. Therefore,
information about the current appearance of the com-
munities of the studied groups of animals, due to their
mass character and, to some extent, visibility, can
serve as a starting point for predicting changes in their
numbers, as well as for assessing the consequences of
anthropogenic transformation of landscapes. Based
on this, the purpose of this work is to study the spatial
heterogeneity and organization of the population of
amphibians and reptiles of the cis-Altai Plain. To
achieve this goal, the following tasks were set:

— to assess the spatial heterogeneity of the abun-
dance and distribution of all encountered species of
the indicated groups of animals; and

— to identify the spatial and typological structure
and organization of their communities, as well as to
assess the significance of the main environmental fac-
tors that determine the heterogeneity of their distribu-
tion across the territory.

MATERIALS AND METHODS

According to physical-geographical zoning, the
cis-Altai Plain is part of the Altai Mountain Region as
a separate North cis-Altai province. It borders the
Altai Mountains from the northwest and north with a
narrow foothill strip with a total area of about 21000 km?2.
In the north, the Cis-Altai Plain borders on the oro-
graphic units of the southeast of the West Siberian
Plain: on the Ob Plateau in the northwest and on the
Bie-Chumysh Upland in the northeast. The moun-
tainous provinces of Northwestern, Northern, and
Northeastern Altai adjoin the cis-Altai Plain in the
south, and it gradually passes into the foothills of the
Salair in the east. The cis-Altai Plain is a slightly undu-
lating, ridged region with meadow grass—cereal
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steppes. The forest areas are represented by pine for-
ests growing on the sandy terraces of the lower reaches
of the Biya and the upper reaches of the Ob. In some
places, small birch groves bordered in depressions by
thickets of willow, bird cherry, viburnum, and currant
bushes are common. Otherwise, the territory is almost
treeless and heavily plowed under grain crops, from
which buckwheat, wheat, and oats are mainly culti-
vated (Atlas Altaiskogo kraya, 1978).

Amphibians and reptiles were counted in three key
areas of the cis-Altai Plain (Fig. 1). The first of them is
located in the eastern part of the North cis-Altai prov-
ince on the territory of the Nizhnebiysk physical-geo-
graphical region within the moderately humid
meadow-steppe and forest—steppe landscapes (Biysk
and Krasnogorsk regions of Altai krai). Here, counts
were conducted in 2014 in the vicinity of the towns of
Svetloozerskoe, Usyatskoe, and Krasnogorskoe. In addi-
tion, materials from K.V. Toropov and K.V. Grazhdan
for 1998 and S.M. Tsybulin for 2002 stored in the data
bank of the Zoological Monitoring Laboratory of the
Institute of Animal Systematics and Ecology, Siberian
Branch, Russian Academy of Sciences (Data Bank:
Information, Rules for Contributors, 2012). The sec-
ond and third sites are located in the central and west-
ern parts on the territory of the Nizhneanuy and
Verkhnealey physical-geographic regions. Mostly arid
and moderately arid steppe landscapes are widespread
here (Petropavlovsky and Kuryinsky districts of Altai
krai). The material was collected at the Nizhneanuy
site in 2015 in the vicinity of the towns of Petropavlov-
skoe and Antonievka and at the Verkhnealey site in
2016 in the vicinity of the towns of Kurya and Iva-
novka. The distribution of the population was ana-
lyzed for 25 variants of amphibians’ population and for
23 variants of reptiles’ population. The population
variant means data averaged over the first or second
half of summer on the species composition and abun-
dance of all amphibian and reptile species recorded in
one habitat. Reptiles were counted in the period before
the formation of a high grass stand (from May 16 to
July 1), and amphibians were counted in the second
half of summer (from July 16 to August 31).

Reptiles were counted by the route method, since
they can overcome trapping grooves (Ravkin and
Livanov, 2008). At least five kilometers were covered
in each habitat for a 2-week period. Reptiles were
counted on constant, but not strictly fixed, routes
without limiting the width of the transect, with subse-
quent recalculation per unit area according to the
average distances from the counter to the animal at the
time of detection. Due to the fact that reptiles are
poorly visible after the grass stand was raised, their
count was carried out only in the first half of summer.
For comparability of the data obtained with the data
on amphibians, a correction was made for the result of
reproduction (the abundance of each species was mul-
tiplied by 1.5). The abundance of reptiles was esti-
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Fig. 1. Places and dates of censuses of amphibians and reptiles in the cis-Altai Plain: (/) author’s data; (2) materials of
K.V. Grazhdan, K.V. Toropov, and S.M. Tsybulin; (3) border between Altai krai and the Republic of Altai; and (4) border of the

cis-Altai Plain.

mated as the number of individuals per 1 km? (Ravkin
and Livanov, 2008).

Amphibians were caught using trapping ditches
50 m long, in which cones were placed every 10 m
(Ravkin and Livanov, 2008). Plastic 5-L cone-shaped
bottles with a cut-off bottom, which were filled to a
quarter of the height with a 4% formalin solution, were
used as cones. The catches of amphibians in terms of
100 cone-days (hereinafter, 100 c/d) are taken as the
accounting unit. Conversion factors were used to con-
vert relative accounting indicators into absolute ones
(per 1 km?) and to compare the obtained data with
information on reptiles. To do this, the indicators of
the abundance of amphibians were multiplied by 300,
thereby obtaining approximate indicators for 1 km?
(Ravkin and Lukyanova, 1976). Latin names of
amphibian species are given according to (Kuzmin,
2012), and names of reptiles are given according to
(Ananyeva et al., 2004).

The communities of amphibians and reptiles were
classified according to (Trofimov, 1976; Trofimov and
Ravkin, 1980). Its essence is reduced to subdividing
the set of population variants into an unspecified
number of groups according to the degree of similarity
of each sample with all the others. The Jaccard coeffi-
cient (Jaccard, 1902) for quantitative traits was used as

a measure of similarity (Naumov, 1964). The spatial
and typological structures of amphibian and reptile
communities were constructed according to (Terent-
yev, 1959) using matrices of average similarity coeffi-
cients at the level of population type. The strength and
generality of the relationship between environmental
factors and their inseparable combinations (natural—
anthropogenic regimes) with the spatial heterogeneity
of the population of amphibians and reptiles was
assessed using a linear qualitative approximation for
the selected gradations of factors (Ravkin et al., 1978).

RESULTS

Quantitative Characteristics
of the Population of Amphibians

Three species of amphibians were found on the ter-
ritory of the cis-Altai Plain: common toad (Bufo bufo
(Linnaeus 1758)), moor frog (Rana arvalis Nilsson
1842), and lake frog (Pelophilax ridibundus (Pallas
1771)). In addition, the borders of the ranges of the
Siberian salamander (Salamandrella keyserlingii
Dybowski 1870) and the Siberian frog (Rana amuren-
sis Boulenger 1886) lie within the study area (Kuzmin,
2012). Perhaps, the absence of these two species in the
counts is explained by the locality of their distribution
in the forest—steppe and steppe regions.
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The highest population density of amphibians was
found in low-lying swamps of the forest—steppe Nizh-
nebiysky physical-geographical region of the cis-Altai
Plain. There are five and seven times fewer amphibi-
ans in small-leaved forests, in floodplain meadows,
and in residential landscapes. The abundance of
amphibians is the lowest in the forest—field and pine—
pine forest landscapes (Table 1). The change in the
quantitative indicators of amphibians in individual
habitats has the same direction, with the only excep-
tion in large settlements, where a relatively high abun-
dance of underyearlings was found due to the proxim-
ity of the trapping groove to the breeding pond. At the
same time, a higher population density of amphibians
in birch forests and large settlements, compared to this
indicator in floodplains, is associated with the close
proximity of trapping grooves to breeding reservoirs:
river oxbow lakes with warm and stagnant water, where
underyearlings breed in mass numbers and from where
they later settle. Large puddles with well-heated water
in pine forests, in contrast to birch—pine forests,
remain in clearings throughout the summer, which
also attracts frogs here. Thus, a gradual decrease in the
total abundance of amphibians correlates with the
degree of remoteness from breeding sites. Without tak-
ing into account the underyearlings, the quantitative
characteristic of the distribution of amphibians
acquires the following form. The population density is
maximum in floodplain meadows and lowland bogs
(6300 and 6000), and it is slightly lower in small-
leaved forests (5700). It is three times lower in settle-
ments (2100) and minimal in forest—field and pine—
pine forest landscapes (700—900). Almost all land-
scape tracts are dominated by the moor frog, which
accounts for 82 to 99% of the population. The com-
mon toad predominates only in floodplain meadows
with willows (64%), as well as in nonfloodplain mead-
ows with copses (66%).

Amphibians are most numerous in the residential
landscape of the steppe Nizhneanuy key area, and
there are about half as many in the floodplain land-
scape. This is explained by the fact that the trapping
groove in large settlements was located not far from
floodplain meadows in close proximity to the oxbow
reservoir, where conditions are favorable for the
breeding of underyearlings, as well as for the existence
of adult and young frogs. If we do not take into
account the clearly overestimated abundance indica-
tors for large settlements, the population density of
amphibians decreases from floodplain meadows with
shrubs and willows to forest zones among buckwheat
and rye fields and reaches minimum values in open
fields, steppe pasture meadows, and small settlements.
The nature of the change in the total population den-
sity of amphibians, excluding underyearlings, is the
same. The moor frog dominates in abundance in large
settlements (95%), floodplain meadows (97%), and in
all open habitats (100%). In small settlements, it
shares the first place with the common toad (50%
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each) in terms of the share in the community. The lake
frog is in second place (2—5%) in the floodplains and
large settlements, while the share of the common toad
is insignificant (0.1—0.8%).

In the west of the cis-Altai Plain, Amphibians are
most numerous in the floodplain and steppe land-
scape on the territory of the Verkhnealey steppe phys-
iographic region and six times less in the field land-
scape (Table 1). According to habitats, the population
density of amphibians decreases from forb-meadow
steppes, in combination with wet swampy groves, and
floodplain meadows with shrubs and willows, and
reaches relatively low values in forest zones among
fields and, finally, minimum values in feather grass
steppes. Excluding underyearlings, more than half of
the total population of amphibians in the key area was
found in floodplain meadows with shrubs and willows
(11100), and significantly lower amounts were found
in other stows (420—1290). The moor frog, whose
share in almost all habitats is 100%, is the basis of the
population of amphibians in this key area, and the
share of the common toad is significant only in the
fields of forage grasses (43%).

So, amphibians are most evenly distributed on the
territory of the eastern forest—steppe part of the cis-
Altai Plain. The locality of their distribution over the
territory increases with an increase in the area of
steppe and plowed landscapes and a decrease in the
proportion of forests in the central and western parts of
the cis-Altai province. Excluding underyearlings, the
distribution of which is closely related to the reservoirs
of breeding and, therefore, is of a local nature, the
highest population density of amphibians on average
in the cis-Altai Plain was found in floodplain mead-
ows (8100), and there are fewer amphibians in lowland
swamps and in small-leaved forests (5700—6000).
There are significantly fewer amphibians (2100) in the
open habitats of the field landscape, and their mini-
mum number is typical for pine forest, forest field, and
steppe tracts (700—1100). The abundance of amphibi-
ans is also low (1800) in settlements where censuses
were carried out far from breeding reservoirs. Thus,
the decrease in the total abundance of amphibians
coincides with a decrease in the moisture content and
food supply of biotopes, as well as with an increase in
anthropogenic transformation of landscapes: plowing
and built-up area. The main contribution to the total
abundance of amphibians is made by the moor frog,
whose share in the population is 93%. The participa-
tion of the common toad and lake frog in amphibian
communities is significantly lower (5 and 2%, respec-
tively).

Spatial-Typological Structure and Organization
of the Amphibian Population

The structural graph of the similarity of the popu-
lation of amphibians, taking into account the under-
yearlings, is a vertical row formed by six classes and
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Table 1. Population density of amphibians in the cis-Altai Plain (1998, 2002, 2014—2016, ind./km?)

Key site, landscape, landscape tract Total fZ]J:OO aer/zZl‘;s 52110;; /ZZZ);
Nizhnebiyski forest—steppe 14865 1755 13110 0
Pine forest 3825 75 3750 0
Pine forests 7350 150 7200 0
Birch—pine forests 300 0 300 0
Small-leaved forests 13200 1050 12150 0
Birch forests 23100 1500 21600 0
Birch—aspen forests 3300 600 2700 0
Forest field 8700 3600 5100 0
Meadows with copses 9600 6300 3300 0
Buckwheat fields 7800 900 6900 0
Floodplain meadows with shrubs and willows 10800 6900 3900 0
Lowland swamps 66000 600 65400 0
Residential 10200 300 9900 0
Small settlements 2100 0 2100 0
Large settlements 18300 600 17700 0
Nizhneanuy steppe 27420 165 26130 1125
Steppe grasslands 2400 0 2400 0
Field 2985 0 2985 0
Forest zones among fields of:
buckwheat 6900 0 6900 0
rye 3300 0 3300 0
Forage grass fields 1500 0 1500 0
Deposit fields 240 0 240 0
Floodplain meadows with shrubs and willows 35670 270 34800 600
Residential 84675 525 79950 4200
Small settlements 1800 900 900 0
Large settlements 167550 150 159000 8400
Verkhnealy steppe 5528 128 5400 0
Steppe 10650 0 10650 0
Forb—meadow steppes 21000 0 21000 0
Feather-grass steppes 300 0 300 0
Field 1500 225 1275 0
Forest zones among fields of:
sunflower 1500 0 1500 0
maize and buckwheat 1500 0 1500 0
fodder grasses 2100 900 1200 0
deposits 900 0 900 0
Floodplain meadows with shrubs and willows 11400 0 11400 0
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Table 2. Strength and generality of the association between environmental factors and the heterogeneity of the amphibian
population of the cis-Altai Plain (1998, 2002, 2014—2016, with and without taking into account underyearlings)

Accounted variance, %
Factor, mode
including underyearlings excluding underyearlings

Proximity to breeding ponds 27 —
Composition of forest-forming species 14 5
Humidity 12 8
Food supply 12 7
Afforestation 7 2
Anthropogenic influence, including 5 4

plowing 4 4

built-up area 0.9 0.4
Zoning (provinciality) 0.8 6
Relief (floodplain—not floodplain) 0.7 1
All factors 40 28
Regimes by classification 60 17

by structure 65 16
All regimes 65 30
All factors and regimes 74 48

reflecting the degree of proximity to the reservoirs of
the offspring. Therefore, the maximum total abun-
dance of amphibians and the proportion of underyear-
lings gradually decrease with distance from these water
bodies (from lowland bogs and large settlements near
floodplain meadows, through communities of small-
leaved forests, floodplain meadows, and mixed herb—
meadow steppes with waterlogged pegs to predomi-
nantly open steppe and plowed habitats, as well as
birch—pine forests). The distribution of underyear-
lings largely depends on the location of the breeding
reservoirs, and thus, it levels out the dependence of the
distribution of amphibians on other environmental
factors to some extent. Therefore, we constructed a
similarity graph without taking into account under-
yearlings (Fig. 2).

The vertical trend in the diagram illustrates
changes in the amphibian population depending on
differences in optimal habitat conditions in terms of
moisture and food supply. In this series, there is a
decrease in the indicators of total abundance and spe-
cies diversity from the most humid tracts through
moderately humid and unplowed to predominantly
dry habitats. The basis of the communities here is
made up of the moor frog, the abundance of which
gradually decreases from the first to the third type of
population. Deviation from the main series associated
with plowing leads to a decrease in the number of
amphibians and the number of species encountered
compared to wet and moderately wet unplowed habi-
tats. The informativeness of structural ideas about the
population of amphibians with and without taking into
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account underyearlings is 65 and 16% of the consid-
ered variance.

The strength and generality of the relationship
between the heterogeneity of the environment and the
variability of the amphibian population was assessed
with and without taking into account underyearlings
(Table 2). Taking into account the underyearlings, the
most significant effect on the distribution of amphibi-
ans is exerted by the degree of proximity to the hatch-
ing water bodies (27% of the accounted variance). The
influence of the composition of forest-forming species
(14%), as well as moisture and nutrition (12% each) is
approximately two times lower. The relationship
between population heterogeneity and afforestation
and anthropogenic influence is much less significant
(5-7%).

The spatial heterogeneity of amphibian communi-
ties without taking into account underyearlings pri-
marily depends on the moisture content and food sup-
ply of habitats (8 and 7%). The influence of zoning
significantly increases (6%) compared with the results
of the analysis carried out for all age groups, and the
significance of the composition of forest-forming spe-
cies decreases slightly (5%). This is explained by the
differences between the forest—steppe and steppe
landscapes where the studies were carried out. Young
and adult amphibians are more evenly distributed over
the territory of the forest—steppe part of the cis-Altai
Plain than in the steppe regions, where they are local-
ized in the most favorable habitats, due to greater
moisture and the number of suitable biotopes. All this
increases the role of zoning in the distribution of
amphibians. At the same time, the occurrence of
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Types (1—4) of amphibian populations

Habitats

humid:

moor frog 6000
common frog 900
lake frog 90;
6990/3

Moderately 26
not plowed:
moor frog 3600
common frog 300
lake frog 210;
4110/3

Moderately
plowed:

moor frog 2100
common frog 120;
2220/3

20

17

Dry

moor frog 600
common frog 30;
630/2

JTOAVY

Optimal conditions for moisture
and food supply

Plowing

Fig. 2. Spatial and typological structure of the amphibian population of the cis-Altai Plain, excluding underyearlings (1998, 2002,
2014—2016). Types of population: (1) birch and birch—aspen forests, floodplain meadows with shrubs and willows of forest—
steppe and steppe regions, low-lying swamps; (2) nonfloodplain meadows with copses, steppe pasture meadows, small and large
settlements in forest—steppe and steppe regions; (3) relatively dry pine and birch—pine forests, fallows of steppe regions, forb-
meadow, and feather-grass steppes; and (4) fields. Designations for Figs. 2 and 3: [—forest landscapes; [I—habitats where areas
of forests and open spaces alternate; [1I—open spaces depleted in productivity; IV—open spaces rich in productivity; V—built-up
areas. Subscript shows intra-class similarity, and links between icons show inter-class similarity. Solid lines show significant inter-
class relationships; dotted line, links below the threshold value given as additional information. The names of encountered species
and their abundance (ind. /km2) are given next to the icons, and their total abundance/number of species is shown at the end of
the list. Arrows in the direction of increasing influence of factors indicate the main trends in the population and the environmen-

tal factors that determine them.

underyearlings is highest near the breeding water bod-
ies, and zonal differences fade into the background.
The strength of the relationship between anthropo-
genic factors, mainly plowing (4%), has hardly

changed, but its significance is now higher than the
influence of forestation (2%). Differences in relief
through flooding during high water have a minimal
impact on the heterogeneity of the amphibian popula-
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tion (1%), which is associated with the absence of
extensive annually flooded low floodplains in the
study area.

Quantitative Characteristics of the Population of Reptiles

During our work on the territory of the cis-Altai
Plain, we have recorded four species of reptiles: sand
lizard (Lacerta agilis Linnaeus 1758), viviparous lizard
(Zootoca vivipara Jacquin 1787), common snake
(Natrix natrix (Linnaeus 1758)), and common viper
(Vipera berus (Linnaeus 1758)).

On the territory of the Nizhnebiysk physical-geo-
graphical region, reptiles are most numerous in small-
leaved, pine, and mixed forests. Their number in the
tracts of the forest field landscape and floodplains is
six times lower, and it is the lowest in the meadow—
marsh landscape (Table 3). In some habitats, the pop-
ulation density decreases from birch forests to moist
birch—pine and birch—aspen forests. At the same
time, the high total abundance is associated mainly
with the abundance of the sand lizard in birch forests
(87%) and the viviparous lizard in the humid birch—
pine and birch—aspen forests (82 and 92%). There are
even fewer reptiles in the habitats of the forest and field
landscape: meadows with copses, fields and pasture
meadows, where the sand lizard predominates (93—
100%), as well as in floodplain meadows and lowland
bogs, where the viviparous lizard dominates (71—
80%). The latter species determines some decrease in
the total abundance of reptiles in pine and relatively
dry birch—pine forests. The minimum indicators were
noted in fallows and meadows among swamps. So,
94% of the population of reptiles (average for the key
area) falls on sand (45%) and viviparous (49%) lizards.
Common snake and viper make up an insignificant
part of reptile communities: 5 and 0.6%, respectively.

Only two species—the sand lizard and the common
viper—have been found in the steppe Nizhneanuy and
Verkhnealey key areas of the cis-Altai Plain. In these
areas, the highest indicators of the abundance of rep-
tiles were noted in the floodplain landscape, they were
twice as low in the steppe landscape and the lowest in
the field. For individual habitats, this figure decreases
from floodplain meadows with shrubs and willows to
well-heated mixed-grass—meadow and feather-grass
steppes. There are significantly fewer reptiles in steppe
pasture meadows and in annually plowed fields of for-
age grasses, as well as in fields of buckwheat, rye, sun-
flower, and corn, and least of all in fallows. All the
changes in the indicators of the abundance of reptiles
are determined, first of all, by the sand lizard, whose
share in general in both steppe key areas is 99%.

Thus, the population density of reptiles on the cis-
Altai Plain is maximum in forested and relatively
humid habitats, while there are more reptiles in small-
leaved forests than in pine and birch—pine forests. A
decrease in afforestation and moisture and an increase
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in bogging lead to a decrease in the total abundance of
reptiles in open field tracts and lowland bogs. There
are an order of magnitude fewer reptiles in the steppes
due to the dryness of the climate, while such moisture-
loving species as the viviparous lizard, common snake,
and common viper are not found here at all. The
decrease in the number of reptiles is influenced espe-
cially strongly by such factors as plowing and grazing:
the abundance indicators are reduced to a minimum.

Spatial-Typological Structure and Organization
of the Population of Reptiles

The similarity graph is constructed at the level of
the population type with a significance threshold of
nine units (Fig. 3). The main spatial trends in the rep-
tile communities of the cis-Altai Plain correlate with
changes in afforestation and moisture content, as well
as swampiness and floodplain. The vertical row on the
graph reflects changes in the total abundance and spe-
cies diversity of reptiles depending on the degree of
afforestation and moisture content of biotopes. A
decrease in the number of reptiles was found in this
series, as the afforestation and moisture decrease
(from small-leaved and light-coniferous small-leaved
forests to meadows, fields, and steppes of the steppe
regions). At the same time, the greatest decrease in the
total abundance was traced during the transition from
relatively dry forests to open habitats of the forest—
steppe regions, as well as from the latter to similar
tracts of the steppe regions. A gradual decrease in the
proportion of the viviparous lizard and an increase in
the occurrence of the sand lizard was found from the
first to the fourth types of the population. So, the
viviparous lizard absolutely predominates in the pop-
ulation of reptiles in humid forests, while the sand liz-
ard moves to first place in relatively dry forests and in
open habitats of the forest field, field, and steppe land-
scapes, and the share of the first one in meadows,
fields, and steppes is reduced to a minimum. Devia-
tion from the main series is associated with communi-
ties of floodplain meadows with shrubs and oxbow
lakes, as well as with communities of nonfloodplain
lowland bogs. The population density of reptiles is
much lower here than in forest communities, but it is
higher than in the meadows and fields located in the
steppe regions of the cis-Altai Plain. The natural condi-
tions of such biotopes are equally favorable for vivipa-
rous and sand lizards, the proportions of which are
almost the same here. The informativeness of structural
representations is 24% of the considered variance.

The spatial heterogeneity of the population of rep-
tiles of the cis-Altai Plain is determined, first of all, by
the anthropogenic transformation of the environment
and, in particular, by cattle grazing (21 and 20%). Dif-
ferences in the food supply of habitats, composition of
forest-forming species, moisture content, and affor-
estation (14—19%) have a lesser effect, while zoning
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Table 3. Population density of reptiles in the cis-Altai Plain (1998, 2002, 2014—2016, ind./km?)

Key site, landscape, landscape tract Total Lac.ei-'ta Zggtoca Natrf'x Vipera
agilis vivipara natrix berus

Nizhnebiyski forest—steppe 3556 1586 1752 196 21
Pine forest 4749 94 3967 612 76
Pine forests 1215 160 1055 0 0
Birch—pine forests 1321 121 1200 0 0
Moistened birch—pine forests 11712 0 9646 1837 229
Small-leaved forests 9496 6000 3236 260 0
Birch forests 13848 12000 1756 92 0
Birch—aspen forests 5143 0 4715 428 0
Forest field 1569 1488 75 0 6
Meadows with copses 2404 2231 149 0 24
Pasture meadows 1500 1500 0 0 0
Deposit fields 191 191 0 0 0
Fields of buckwheat and rye 2181 2030 151 0 0
Floodplain meadows with shrubs and willows 1559 312 1247 0 0
Meadow—marsh 800 244 556 0 0
Lowland swamps 1555 444 1111 0 0
Meadows among swamps 43 43 0 0 0
Nizhneanuy and Verkhnealey steppe 462 458 0 0 4
Steppe 523 523 0 0 0
Steppe grasslands 343 343 0 0 0
Forb-meadow steppes 682 682 0 0 0
Feather-grass steppes 545 545 0 0 0
Field 179 169 0 0 10
Deposit fields 98 68 0 0 30
Forage-grass fields 272 272 0 0 0
Fields of buckwheat, rye, corn and sunflower 167 167 0 0 0
Floodplain meadows with shrubs and willows 1126 1126 0 0 0

and differences in relief have the least effect on the dis-
tribution of reptiles (Table 4).

DISCUSSION

According to the results of our studies, the batra-
cho- and herpetofauna of the cis-Altai Plain contains
seven species, which is 58 and 64% of all encountered
species of amphibians and reptiles in the territory of
Altai krai and the mountainous provinces of Altai,
respectively. In addition to the representatives listed
above, five more species were found in the flat territo-
ries of Altai krai adjacent to the cis-Altai province. Of
amphibians, the common newt (Lissotriton vulgaris
(Linnaeus 1758)) is relatively widespread throughout
the region, and the Siberian salamander (Salaman-
drella keyserlingii Dybowski 1870) was found in humid
places of the Kulunda steppe and the Ob pine forest.
The findings of the sunwatcher toadhead agam

(Phrynocephalus helioscopus (Pallas 1771)) and steppe
runner (Eremias arguta (Pallas 1773)) in steppe ribbon
pine forests, where these species adhere to sand dunes
and dead cover areas, as well as the steppe viper
(Vipera renardi (Christoph 1861)) found in the south-
west of Altai krai near Zmeinogorsk (Krasnaya kniga
Altaiskogo kraya, 2006, 2016) are of particular interest.
In addition to the steppe viper, the steppe ratsnake
(Elaphe dione (Pallas 1773)) and the Siberian pit viper
(Gloydius halys Pallas 1776), as well as the green toad
(Bufo viridis Laurenti 1768), the occurrence of which
was noted in the steppe valleys of Karagem and Argut
and in the Kurai steppe, are relatively common in the
mountainous provinces of Altai (Yakovlev, 1999;
Vozniychuk and Kuranova, 2008).

The main structural changes in the amphibian
population on the cis-Altai Plain, taking into account
all age groups, depend, first of all, on the proximity to
the breeding water bodies, and the distribution of
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Types (1-5) of the reptile population

Moist small-leaved
and light-coniferous
small-leaved forests
viviparous lizard 5984
common snake 944
common viper 96;
7023/3

Relatively dry light coniferous, |{3
light-coniferous small-leaved,
and small-leaved forests
sand lizard 3411
viviparous lizard 1114
common snake 26;
4551/3

Nonfloodplain meadows

with copses, pasture meadows,
and fieldsof forest—steppe regions
sand lizard 1142
viviparous lizard 62
common viper 6;
1211/3

Nonfloodplain
meadow—pastures,
steppes, and fields
of steppe regions
sand lizard 321
common viper §;
330/2

Swampiness

Floodplain

Afforestation and moisture

Floodplain meadows

with shrubs and willows

and nonfloodplain lowland bogs
viviparous lizard 655

sand lizard 523;

1178/2

Fig. 3. Spatial and typological structure of the reptile population of the cis-Altai Plain (1998, 2002, 2014—2016). For designations,

see Fig. 2.

adults and young individuals without taking into
account the underyearlings is explained by the differ-
ences in moisture content, food supply, and plowing of
the territory. The spatial trends of the amphibian pop-
ulation in similar schemes made for the West Siberian
Plain and Altai as a whole, as well as for its individual
Northeastern and Central provinces have a common
direction with the cis-Altai Plain (Ravkin et al., 2003,
2003a; Severo-Vostochnyi Altai, 2009; Vozniychuk,
2013). The changes taking place in the population of
amphibians in these territories are associated with the
optimal ratio of heat and moisture supply and food
supply of habitats, which manifest through latitudinal
zonality or absolute heights of the area. That is, a
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decrease in the population density and species diver-
sity of amphibians occurs with a decrease in moisture,
heat supply, and food supply of biotopes, as well as
with increased shading, plowing, and building. In
addition, the abundance of amphibians in the flood-
plains of large rivers in the West Siberian Plain can be
adversely affected by the influence of floods, leading
to the washout of eggs or tadpoles.

Humidity and food supply of habitats are the most
significant factors influencing the formation of the
amphibian population on the cis-Altai Plain. The dis-
tribution of amphibians, taking into account the
underyearlings, primarily depends on the proximity to
the breeding water bodies, and the heterogeneity in the
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Table 4. Assessment of the strength and generality of the association between environmental factors and the heterogeneity
of the reptile population of the cis-Altai Plain (1998, 2002, 2014—2016)

Factor, regime

Accounted variance, %

Anthropogenic influence,
including
grazing
plowing
built-up area*
Food supply
Composition of forest-forming species
Humidity
Afforestation
Zoning (provinciality)
Relief (floodplain—not floodplain)
All factors
Regimes by classification
by structure
All regimes
All factors and regimes

21

20

1
19
16
15
14

6
0.2
43
10
24
24
51

* Reptile accounting was not carried out in settlements.

distribution of amphibians without taking into
account the underyearlings correlates to a greater
extent with zonality (provinciality). In addition to
moisture and food supply, amphibian populations in
the taiga and forest—steppe subzones of the West Sibe-
rian Plain are most affected by zonal differences in
heat supply, as well as floodplain and anthropogenic
influence (plowing and built-up area), afforestation,
and composition of forest-forming species in the for-
est—steppe landscapes of the upper Ob region (Bor-
isovich et al., 2002; Ravkin et al., 2003, 2003b). The
most significant factors affecting the distribution of
amphibians in Central Altai, as well as in all the moun-
tainous provinces of this region as a whole include
heat supply and moisture, the values of which depend
on the absolute height of the area (Ravkin et al.,
2003a; Vozniychuk, 2013). In addition, significant
factors in the Central Altai province include differ-
ences in relief (flood land), the composition of forest-
forming species and afforestation, and provinciality
(in general, throughout Altai). So, the heterogeneity
of the amphibian population in the compared territories
is primarily explained by the influence of moisture, food
supply, and heat supply, determined by the absolute
heights of the area or latitudinal zonality, as well as pro-
vinciality. Depending on the provincial specifics, the
impact of differences in relief, the composition of forest-
forming species, afforestation and anthropogenic trans-
formation of landscapes was also traced.

Relatively moist forested habitats, mainly small-
leaved and light-coniferous forests are the most favor-
able habitats for reptiles on the cis-Altai Plain. The

same order in their distribution is typical for the
Northeastern province of Altai, in which reptiles are
most common in the foothill and low-mountain
small-leaved, pine-birch, and black forests, as well as
in the West Siberian Plain as a whole, where their
maximum total abundance is typical for the southern
taiga and subtaiga pine forests (Grazhdan et al., 1999;
Severo-Vostochnyi Altai, 2009; Ravkin et al., 2007).
The exception is the territory of the Central Altai,
where reptiles are more abundant in well-moistened
and less shaded, compared to forests, subalpine wood-
lands (Vozniychuk and Kuranova, 2008). A decrease
in the total abundance of reptiles occurs in all com-
pared territories with a decrease in moisture and affor-
estation, as well as with an increase in swampiness and
floodplain. Thus, the total abundance of reptiles is an
order of magnitude greater in the forest—steppe habi-
tats of the forest—field landscape on the cis-Altai Plain
than in open steppes, fields, and meadows from the
steppe regions of this province, and it is comparable
only with floodplain meadows and lowland bogs. In
contrast to the mountainous provinces of Altai, where
the viviparous lizard predominates in the reptile pop-
ulation, the share of the sand lizard on the cis-Altai
Plain is slightly higher (48%) than the share of the
viviparous lizard (46%). This is probably explained by
the larger area of open forest—steppe and steppe areas
and the fragmentation of forest tracts, which are more
favorable for viviparous lizards. Judging by the
schemes of the spatial heterogeneity of the population
of reptiles, moisture and afforestation can be
attributed to factors common for the cis-Altai Plain
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and the Central Altai, and trends associated with
waterlogging and floodplain are common in the
scheme for the West Siberian Plain as a whole, as well
as for the cis-Altai Plain. In addition, the main trends
of community change in the mountains are associated
with heat supply and absolute heights of the terrain,
and with latitudinal zonality in the plains. In addition,
a trend associated with shading is expressed in the
scheme of the Northeastern province of Altai, a trend
associated with anthropogenic influence is expressed
in the Central province, and a trend associated with
the composition of forest-forming species, meadows,
salinity, and plowing is expressed in the West Siberian
Plain.

A similar set and hierarchy of environmental fac-
tors in the formation of reptile communities in the cis-
Altai Province were found in the Ob pine forests and
adjacent plain landscapes of Altai krai (Borisovich
et al., 2002). There is also the most significant anthro-
pogenic influence, but plowing and a built-up area
come to first place here, unlike in the cis-Altai Plain.
The significant factors that form the heterogeneity of
the reptile population in the Central Province of Altai
include zonality, moisture content, composition of
forest-forming species, and afforestation. However,
the anthropogenic impact is insignificant because of a
lower anthropogenic transformation of landscapes
(Vozniychuk, 2013). The spatial distribution of reptiles
on the West Siberian Plain as a whole primarily
depends on zonality. The effect of the composition of
forest-forming species, meadows and soil salinity was
noted to a much lesser extent, and the effect of mois-
ture was noted to a minimal extent (Ravkin et al.,
2007).

Thus, the formation of the reptile population in the
considered territories depends on a similar set of envi-
ronmental factors: moisture content, food supply,
afforestation, and the composition of forest-forming
species. The significant factors include: anthropo-
genic influence in the lowland forest—steppe and
steppe regions, zonality in the mountains, and zonal-
ity in the West Siberian Plain as a whole, which is
associated with significant changes in heat supply
when moving from north to south.

CONCLUSIONS

Three species of amphibians (common toad, moor
frog, and lake frog) and four species of reptiles (sand
lizard, viviparous lizard, common snake, and com-
mon viper) were found during the study on the terri-
tory of the cis-Altai Plain. The highest values of the
abundance and number of amphibian and reptile spe-
cies were found in the forest—steppe part of the cis-
Altai Plain. The local distribution of these animals
over the territory increases and the species diversity
decreases with an increase in the area of steppe and
plowed landscapes and a decrease in the proportion of
forests in the steppe part of the cis-Altai province. The
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lake frog was recorded only on the territory of the
Nizhneanuy steppe site, where it adheres to water bod-
ies located in floodplains and in large settlements. The
viviparous lizard and the common snake are found
only in the forest—steppe Nizhnebiya area, where they
mainly inhabit pine, mixed, and small-leaved forests.
The remaining species are found everywhere: the
moor frog tends to lowland swamps, floodplain mead-
ows, and small-leaved forests, while the common toad
tends to floodplains and nonfloodplain meadows with
copses. Small-leaved forests and open tracts of forest—
field and steppe landscapes are most favorable for the
sand lizard, and the common viper adheres mainly to
the pine-forest landscape.

The population density of amphibians, taking into
account the underyearlings, reaches the highest values
near breeding water bodies and does not depend on
the landscape specifics of the environment. The high-
est total abundance of amphibians, excluding under-
yearlings, is typical for lowland bogs, floodplain habi-
tats, and relatively moist small-leaved forests. The
decrease in these indicators coincides with a decrease
in moisture and forage, as well as with an increase in
the anthropogenic transformation of landscapes:
plowing and building. The main contribution to the
total abundance of amphibians is made by the moor
frog, the share of which in the population is 93%. The
participation of the common toad and lake frog in
amphibian communities is significantly lower (5 and
2%, respectively).

The population density of reptiles is maximum in
forested habitats, while most of them are in moist
small-leaved and birch—pine forests and less in other
tracts. A decrease in afforestation, an increase in
swampiness, and flooding during floods lead to a
decrease in their total abundance in cleft field habitats,
in lowland bogs, and in floodplains. There are an
order of magnitude fewer reptiles in the steppes due to
higher indicators of dryness, despite the fact that three of
the four species (viviparous lizard, common snake, and
viper) are relatively moisture-loving. When plowing, the
total abundance is reduced to a minimum. On average,
over the territory, the reptile population is dominated by
sand and viviparous lizards (48 and 46%).

The spatial and typological structures of the popu-
lation of amphibians and reptiles are quite similar to
each other, and the heterogeneity in their distribution
is determined primarily by the optimal conditions for
moisture and food supply. At the same time, the struc-
ture of amphibians is simpler, and all variants of the
population are divided into four types according to the
degree of habitat moisture and the presence of water-
logging and plowing. The structure for reptiles, in
comparison with that for amphibians, is distinguished
by a more fractional division due to the division of
fields, steppes, and meadows beyond the floodplain
into two types by provinciality, represented by reptile
communities from forest—steppe and steppe regions.
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In addition to differences in moisture content, the
structural graph for reptiles shows the influence of
afforestation and the negative impact of differences in
relief, which are not shown in the structure for
amphibians.

The hierarchies of the strength of links between
environmental factors that affect the heterogeneity of
communities of amphibians (excluding underyear-
lings) and reptiles differ significantly from each other.
The heterogeneity of the amphibian population is
more influenced by such factors as moisture, food
supply, and zoning, while their significance for reptiles
is somewhat lower. The distribution of the latter is
most affected by the anthropogenic factor, including
grazing, and, in addition, the role of afforestation and
the composition of forest-forming species is notice-
ably increasing. At the same time, the role of these fac-
tors in the heterogeneity of their distribution is of sec-
ondary importance for amphibians, taking into
account all age groups, due to the dependence of the
abundance of underyearlings on the proximity to
breeding water bodies.

ACKNOWLEDGMENTS

The author is grateful to Yu.S. Ravkin for comments and
editing the manuscript.

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of interest. The authors declare that they have no
conflicts of interest.

Statement on the welfare of animals. All applicable inter-
national, national, and/or institutional guidelines for the
care and use of animals were followed.

REFERENCES

Anan’eva, N.B., Orlov, N.L., Khalikov, R.G., Darevskii, 1.S.,
Ryabov, S.A., and Barabanov, A.V., Atlas presmykayush-
chikhsya Severnoi Evrazii (taksonomicheskoe raznoobrazie,
geograficheskoe rasprostranenie i prirodookhrannyi status)
(Atlas of Reptiles of Northern Eurasia (Taxonomic Diversi-
ty, Geographic Distribution and Conservation Status)), St.
Petersburg: Zool. Inst. Ross. Akad. Nauk, 2004.

Atlas Altaiskogo kraya (Atlas of the Altai Territory), Zaruts-
kaya, 1.P., Ed., Moscow: GUGK, 1978, vol. 1.

Bochkareva, E.N. and Irisova, N.L., Ptitsy Tigirekskogo
zapovednika (Birds of the Tigirek Reserve), Barnaul: Tiger-
ek. Zapov., 2009.

Bochkareva, E.N. and Volokitina, E.A., Features of the dis-
tribution of small mammals in the forest-steppe of the Altai
Territory, in Vserossiiskaya nauchnaya konferentsiya “Aktu-
al’nye problemy sovremennoi teriologii,” Tezisy dokladov
(All-Russ. Sci. Conf. “Actual Problems of Modern Theriol-
ogy,” Abstracts of Papers,), Novosibirsk: OOO Sibregion
Info, 2012, p. 67.

Bochkareva, E.N. and Livanov, S.G., Ptitsy Tsentral’nogo

Altaya: chislennost’, raspredelenie i prostranstvenno-vremen-
naya differentsiatsiya naseleniya (Birds of the Central Altai:

MAKAROV et al.

Number, Distribution, and Spatial and Temporal Differen-
tiation of the Population), Novosibirsk: Nauka-Tsentr,
2013.

Bochkareva, E.N., Shapet’ko, E.V., Volokitina, E.A., Step-
kin, M.A., and Shepeleva, N.V., Population of small mam-
mals in some biotopes of the Altai Territory, Altai. Zool. Zh.,
2010, no. 4, pp. 78—89.

Borisovich, O.B., Tsybulin, S.M., Toropov, K.V., Fomin, B.N.,
Grazhdan, K.V., and Bogomolova, I.N., Amphibians and
reptiles of the plain and foothill-low-mountain landscapes
of the Upper Ob, Sib. Ekol. Zh., 2002, no. 4, pp. 425—440.

Data bank: information, rules for contributors, 2012. Web-
site of the zoological monitoring laboratory of the Institute
of Economics and Life Sciences of the Siberian Branch of
the Russian Academy of Sciences. http://eco.nsc.ru/zoo-
monit/zoomonit.

Dolgovykh, S.V., Analiz razmeshcheniya naseleniya melkikh
mlekopitayushchikh v Severo-Vostochnoi, Severnoi, Tsen-
tral’noi i Yugo-Vostochnoi provintsiyakh Altaya (Analysis of
the Distribution of Populations of Small Mammals in the
North-Eastern, Northern, Central, and South-Eastern
Provinces of Altai), Tomsk: Tomsk. Univ., 2006.

Grazhdan, K.V., Toropov, K.V., and Veryaskina, U.O.,
Amphibians and reptiles of the foothill-low-mountain
landscapes of the North-Eastern Altai, in Zhivotnyi mir Al-
tae-Sayanskoi gornoi strany (Fauna of the Altai—Sayan
Mountain Country), Malkov, Yu.P., Ed., Gorno-Altaisk:
Gorno-Altaisk. Gos. Univ., 1999, pp. 43—50.

Jaccard, P., Lois de distribution florale dans la zone alpine,
Bull. Soc. Vaud. Sci. Nat., 1902, vol. 38, pp. 69—130.

Krasnaya kniga Altaiskogo kraya. Redkie i nakhodyash-
chiesya pod ugrozoi ischeznoveniya vidy zhivotnykh (Red
Data Book of the Altai Territory. Rare and Endangered An-
imal Species), Irisova, N.L., Ed.-in-Chief, Barnaul: OAO
IPP Altai, 2006, vol. 2.

Krasnaya kniga Altaiskogo kraya. Redkie i nakhodyash-
chiesya pod ugrozoi ischeznoveniya vidy zhivotnykh (Red
Data Book of the Altai Territory. Rare and Endangered
Species of Animals), Irisova, N.L. and Shapet’ko, E.V.,
Eds.-in-Chief, Barnaul: Altai. Univ., 2016, vol. 2.

Kuranova, V.N., Simonov, E.P., Yartsev, V.V., Shamguno-
va, R.R., and Starikov, V.N., Diversity, distribution and
conservation status of reptiles in Western Siberia, in Gerpe-
tologicheskie issledovaniya v Kazakhstane i sopredel’nykh
stranakh (Herpetological Research in Kazakhstan and
Neighboring Countries), Duisebaeva, T.N., Ed., Almaty:
ASBK-SOPK, 2010, pp. 118—149.

Kuranova, V.N., Yakovlev, V.A., Simonov, E.P., Ishchen-
ko, V.G., Yartsev, V.V., and Bogomolova, I.N., Diversity,
occurrence, distribution, and conservation status of am-
phibians in Western Siberia, Prints. Ekol., 2016, no. 3, p. 70.

Kuz’min, S.L., Zemnovodnye byvshego SSSR (Amphibians
of the Former USSR), Moscow: Tovar. Nauchn. Izd.
KMK, 2012.

Litvinov, Yu.N. and Pozhidaeva, L.V., Comparative char-
acteristics of muroid rodent communities of the North-
Western Altai and the forest belt of the Altai Mountains,
Zool. Zh., 2008, vol. 87, no. 6, pp. 754—759.

Makarov, A.V., Spatial-typological structure and organiza-
tion of the population of small mammals in the Prealtai
Plain, Contemp. Probl. Ecol., 2017, no. 6, pp. 640—650.

BIOLOGY BULLETIN  Vol. 49 No.9 2022



SPATIOTYPOLOGICAL STRUCTURE AND ORGANIZATION OF COMMUNITIES

Makarov, A.V., Belikova, E.A., and Bochkareva, E.N.,
Spatial-typological structure and organization of the bird
population of the Prealtai Plain in the first half of summer,
Usp. Sovrem. Biol., 2018, vol. 138, no. 2, pp. 195—207.

Makarov, A.V., Belikova, E.A., and Bochkareva, E.N.,
Spatial-typological structure and organization of the bird
population of the Pre-Altai Plain in the second half of sum-
mer, Vestn. Tomsk. Gos. Univ., Ser. Biol., 2018a, no. 41,
pp. 96—117.

Naumoyv, R.L., Birds of the natural focus of tick-borne en-
cephalitis of the Krasnoyarsk Territory, Extended Abstract of
Cand. Sci. (Biol.) Dissertation, Moscow: Mosk. Obl. Peda-
gog. Inst. im. N.K. Krupskoi, 1964.

Ravkin, Yu.S., Spatial and typological organization of the
animal population of the West Siberian Plain (on the exam-
ple of birds, mammals and amphibians), Zool. Zh., 2002,
vol. 81, no. 9, pp. 1166—1184.

Ravkin, Yu.S. and Livanov, S.G., Faktornaya zoogeografiya:
printsipy, metody i teoreticheskie predstavleniya (Factorial
Zoogeography: Principles, Methods, and Theoretical Con-
cepts), Novosibirsk: Nauka, 2008.

Ravkin, Yu.S. and Luk’yanova, 1.V., Geografiya pozvo-
nochnykh yuzhnoi taigi Zapadnoi Sibiri (Vertebrate Geogra-
phy of the Southern Taiga of Western Siberia), Novosibirsk:
Nauka, 1976.

Ravkin, Yu.S., Kupershtokh, V.L., and Trofimov, V.A.,
Spatial organization of the bird population, in Ptitsy lesnoi
zony Priob’ya (Birds of the Forest Zone of the Ob Region),
Novosibirsk: Nauka, Sib. Otd., 1978.

Ravkin, Yu.S., Vartapetov, L.G., Yudkin, V.A., Pokrov-
skaya, 1.V., Bogomolova, I.N., et al., Spatial and typologi-
cal structure of the amphibian population of the West Sibe-
rian Plain, Sib. Ekol. Zh., 2003, no. 5, pp. 603—610.

Ravkin, Yu.S., Tsybulin, S.M., Livanov, S.G., Grazhdan, K.V.,
Bogomolova, I.N., et al., Features of the biodiversity of the
Russian Altai on the example of model animal groups, Usp.
Sovrem. Biol., 2003a, vol. 123, no. 4, pp. 409—420.

Ravkin, Yu.S., Kuranova, V.N., Tsybulin, S.M., Bogo-
molova, I.N., Yudkin, V.A., et al., Abundance, distribution,
and spatial-typological heterogeneity of the population of
amphibians and reptiles in the Tomsk and Novosibirsk re-
gions, in Amfibii i reptilii v Zapadnoi Sibiri (sokhranenie
bioraznoobraziya, problemy ekologicheskoi etiki i ekologich-
eskogo obrazovaniya) (Amphibians and Reptiles in Western
Siberia (Biodiversity Conservation, Problems of Environmen-
tal Ethics and Environmental Education), Erdakov, L.N. and
Chernyshova, O.N., Eds., Novosibirsk: OOO Revik-K,
2003b, pp. 20—34.

Ravkin, Yu.S., Yudkin, V.A., Panov, V.V., Starikov, V.P.,
Vartapetov, L.G., et al., Features of mapping and revealing
the spatial and typological structure of the amphibian pop-
ulation (on the example of Western Siberia), Sib. Ekol. Zh.,
2005, no. 3, pp. 427—433.

Ravkin, Yu.S., Yudkin, V.A., Tsybulin, S.M., Kuranova, V.N.,
Borisovich, O.B., et al., Spatial-typological structure and
mapping of the population of reptiles in Western Siberia,
Sib. Ekol. Zh., 2007, no. 4, pp. 557—565.

Ravkin, Yu.S., Tsybulin, S.M., Kuranova, V.N., Boriso-
vich, O.B., Bulakhova, N.A., and Shamgunova, R.R.,

BIOLOGY BULLETIN Vol 49 No.9 2022

1613

Abundance and distribution of reptiles in the forest, forest—
steppe, and steppe zones of the Ob (Western Siberia), in
Materialy 111 s ’ezda Gerpetologicheskogo ob-va im. A.M. Ni-
kol’skogo “Voprosy gerpetologii” (Proc. 111 Congr. Nikolskii
Herpetol. Soc. “Problems of Herpetology”), St. Petersburg:
S.-Peterb. Gos. Univ., 2008, pp. 347—352.

Severo-Vostochnyi Altai: zhivotnyi mir i sreda (annotirovannyi
atlas) (North-Eastern Altai: Fauna and Environment (An-
notated Atlas)), Vartapetov, L.G., Ed., Novosibirsk: Sib.
Otd. Ross. Akad. Nauk, 2009.

Terent’ev, V.P., Method of correlation pleiades, Vestn. Len-
ingr. Gos. Univ., 1959, no. 9, pp. 137—141.

Toropov, K.V. and Grazhdan, K.V., Ptitsy Severo-Vostoch-
nogo Altaya: 40 let spustya (Birds of the North-Eastern Altai:
40 Years Later), Novosibirsk: Nauka-Tsentr, 2010.

Trofimov, V.A., Models and methods of qualitative and fac-
torial analysis of the communication matrix, in Problemy
analiza diskretnoi informatsii (Problems of Analysis of Dis-
crete Information), Mirkin, B.G., Ed., Novosibirsk: Nau-
ka, 1976, part 2, pp. 24—36.

Trofimov, V.A. and Ravkin, Yu.S., Rapid method for as-
sessing the relationship between the spatial heterogeneity of
the animal population and environmental factors, in Koli-
chestvennye metody v ekologii zhivotnykh (Quantitative
Methods in Animal Ecology), Pesenko, Yu.A., Ed., Lenin-
grad, 1980, pp. 135—138.

Tsybulin, S.M., Ptitsy Altaya: prostranstvenno-vremennaya
differentsiatsiya, struktura i organizatsiya naseleniya (Birds of
Altai: Spatio-Temporal Differentiation, Structure, and Or-
ganization of the Population), Novosibirsk: Nauka, 2009.

Vartapetov, L.G., Panov, V.V,, Tsybulin, S.M., and Bogo-
molova, I.N., Zonal-landscape distribution of insectivo-
rous mammals (Insectivora, Mammalia) of the Upper Ob
region, Contemp. Probl. Ecol., 2008, vol. 1, no. 5, pp. 611—
618.

Vozniichuk, O.P., Spatial structure and organization of the
population of terrestrial vertebrates in Central Altai, Ex-
tended Abstract of Cand. Sci. (Biol.) Dissertation, Novosi-
birsk: Inst. Sist. Ekol. Zhiv., 2013.

Vozniichuk, O.P. and Kuranova, V.N., Amphibians and
reptiles of the Katunsky reserve and adjacent territory (Cen-
tral Altai), Sovrem. Gerpetol., 2008, vol. 8, no. 2, pp. 101—
117.

Vozniichuk, O.P., Bogomolova, I.N., Livanov, S.G., Var-
tapetov, L.G., and Dolgovykh, S.V., Spatial heterogeneity
of the population of small mammals in the Central Altai,
Sib. Ekol. Zh., 2002, vol. 9, no. 5, pp. 571-578.

Vozniichuk, O.P., Bogomolova, I.N., Livanov, S.G., and
Vartapetov, L.G., Classification of small mammals of the
Central Altai according to the similarity of distribution, Sib.
Ekol. Zh., 2006, no. 4, pp. 541—-547.

Yakovlev, V.A., Cadastre of amphibians and reptiles of the
Republic of Altai, in Zhivotnyi mir Altae-Sayanskoi gornoi
strany (Fauna of the Altai—Sayan Mountain Country),
Malkov, Yu.P., Eds., Gorno-Altaisk: Gorno-Altaisk. Gos.
Univ., 1999, pp. 175—-214.

Translated by M. Shulskaya



	MATERIALS AND METHODS
	RESULTS
	Quantitative Characteristics of the Population of Amphibians
	Spatial-Typological Structure and Organization of the Amphibian Population
	Quantitative Characteristics of the Population of Reptiles
	Spatial-Typological Structure and Organization of the Population of Reptiles

	DISCUSSION
	CONCLUSIONS
	REFERENCES

