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Abstract—An analysis of indicator values of four Saussurea DC. species, S. baicalensis (Adams) B. L. Rob.,
S. frolowii Ledeb., S. salicifolia (L.) DC., and S. schanginiana (Wydl.) Fisch. ex Serg., have been carried out
by the method of indicator scales of soil moisture and nutrient availability and salinity in more than 1600 rele-
vés. The size of their ecological ranges and the values of their competitiveness in phytocenoses are deter-
mined. As a result of a comparison of the locality of local populations within the ecological range and their
occurrence, the vulnerability of S. baicalensis, S. frolowii, S. salicifolia, and S. schanginiana in the Kuznetsk

Alatau is evaluated. The types of rarity for these species in the Kuznetsk Alatau are determined.
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INTRODUCTION

No universally accepted definition of “rare spe-
cies” in the botanical literature exists (Zlobin et al.,
2013). The definition of K.D. Gaston (1994, p. 11) 1s
widely cited: “ra;&weetes—a-r%speetes—wﬁ-h—a—sma-}l

” According to him,
rarity is a complex concept that involves a comparison
between populations or species. He accented the rarity
relativeness and proposed to apply the epithet “rare”
to 25% species of the least abundant in a plant com-
munlty and to 25% of the species with the lowestspe—

. This proposal allows significant
simplification, which could result in the risk of attrib-
uting the majority of species in the study area to rare
species (Holt 1997). To narrow down and specify the
concept of “rare species;”, botanists have been devel-
oping criteria for rarity; conflnement to a specific hab-
itat (habitat specificity) was recognized as one of the
characteristics of vulnerable species in need of protec-
tion (Given, Williams, 1984; Faber-Langendoen
et al., 2012). A widely used rarity model was proposed
by D Rabinowitz (1981), which classifies specws
based on three criteria: geographical &4
(wide or narrow), habitat specificity (small or large),
and abundance ef community (high or low). Accord-
ing to the key on these simple but objective criteria,
only one of the eight possible combinations can be
classified as “normals” i.e., an abundant species dedi-
cated to nonspecific habitats with a wide geographic
range. The other seven combinations correspond to
one of the types of rarity. J. Rey Benayas et al. (1999)
later developed Rabinowitz’s model, adding a fourth
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criteria in order to divide rare and common species of
plants: habitat occupancy.

Since the habitat specificity is low tolerance to
environmental conditions (Lindenmayer, Burgman,
2006), it is valid to judge it only after studying the ecol-
ogy of the taxon. The doctrine of the environmental
personality of the species was independently formu-
lated by L. Ramenskii (1910) and H. A. Gleason (1917,
1924). Subsequently, on the basis of this doctrine, the
ecological scales methodology was developed
(Ramenskii 1938, 1971; Ellenberg, 1950), and lists of
species indicator values that define the plants’ status
on the gradient of some environmental factors were
published (Ramenskii et al., 1956; Tsatsenkin, 1967;
Tsatsenkin et al.,, 1974, 1978; Landolt, 1977;
Tsyganov, 1983; Hundt, 1966; Ellenberg, 1974; Frank,
Klotz, 1990; Ellenberg et al., 1992.; Korolyuk, 2006;
Troeva et al., 2010; Landolt et al., 2010 and others).
Most of these tables include environmental informa-
tion on differentiating the most important factors for
vegetation: moisturiziag and nutrient availability and
salinity (Bulohov, 2004; Zverev, 2007, 2009). For a
description of the environmental conditions required
to maintain viable populations, the concept of “eco-
logical niche” was developed (Hutchinson, 1957;
Begon et al., 2006). According to this concept, ecolog-
ical niche dimensionality depends on the number of
investigated conditions—factors. As a cornerstone of
theoretical ecology (Alley, 1982; Devictor et al., 2010.;
Pocheyville, 2015), this concept is widely used by ecol-
ogists and botanists during predictive mapping of
plant populations (Irfan-Ullah et al., 2007; Solano,
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Feria, 2007), microevolutionary processes studies
(Friberg et al., 2008), studies of dispersal pathways of
invasive species (Albright et al., 2010; Thuiller et al.,
2012), searching for the best areas for growing crops
(Sanchez et al., 2010), and reintroduction (Griscom,
Griscom, 2012). The analysis of species indicator val-
ues by the method of ecological scales is one of the
most widely used and effective methods for the study
of ecological niche (Diekmann, 2002; Zhukova, 2004;
Nekratova, Nekratov, 2005; Zubkova, 2009; Zhukova
et al.,, 2010; Komarov, Zubkova, 2012). In 2007,
V.P. Seledets and N.S. Probatova offered the concept
of “ecological range;”, which refers to the distribution
of species cenopopulation in an expanse of environ-
mental factors, which illustrates the internal ecologi-
cal diversity of a species as a basic taxonomic unit.
Ecological range is an indicator of plasticity of a spe-
cies and its ability to inhabit a variety of environmental
conditions. It allows one to evaluate in conventional
units the adaptive potential of species, that is, its ste-
notopic and eurytopic (habitat versatility). It is obvi-
ous that the concepts of “ecological niche” and “eco-
logical range” are similar, so we believe that they can
be used as synonyms. The approach to the analysis of
the ecological ranges (niches) with the use of ecologi-
cal scales was developed in detail (Seledets, Probatova,
2007; Seledets, 2009, 2010), which made it convenient
to study rare species. The probability that changes of
habitat abiotic conditions may soon result in a reduc-
tion of the range of a rare plant depends, firstly, on the
size of the environmental range: stenotopic types in
this case are the most vulnerable. Second, the vulner-
ability of the local populations of the species can be
evaluated by their location inside the ecological range:
sensitivity to environmental factors changes usually
demonstrates a population that grows on the border of
the ecological niche.

We used this approach to evaluate the vulnerability
of four rare species of Saussurea DC. in the Kuznetsk
Alatau: S. baicalensis (Adams) B.L. Rob., S. frolowii
Ledeb., S. salicifolia (L.) DC., and S. schanginiana
(Wydl.) Fisch. ex Serg. S. frolowii was registered in the
Kuznetsk Alatau in 22 localities, S. baicalensis and
S. schanginiana in 5, and S. salicifolia in 4 localities
(Shurupova, 2015). A large number of locations and
conflicting information about the status of .S. frolowii
populations gave occasion to exclude this species from
the list of plants needing protection in Kemerovo
oblast (Red Book..., 2000, 2012). At the present time,
none of Saussurea species is included in the Red Book
of the Republic of Khakassia (2002) and Kemerovo
oblast (2012).

The aim of our study was to determine the value of
ecological ranges of four Saussurea species growing in
the Kuznetsk Alatau; to evaluate their vulnerability
and determine rarity types.

CONTEMPORARY PROBLEMS OF ECOLOGY Vol 10

MATERIALS AND METHODS

An analysis of species indicator values was per-
formed using a gradient module of integrated botani-
cal information system IBIS (Zverev, 2007, 2012) on
1620 relevés data. In this data set, S. baicalensis
(11 relevés), S. frolowii (281 relevés), S. salicifolia
(1227 relevés), and S. schanginiana (206 relevés) were
recorded. Relevés were done by several researchers
(including the authors of the article) in different years
and cover the areas of Siberia, where the geographic
range of the studied Saussurea species is partially
located. The analysis is based on the method of eco-
logical scales (Ramenskii et al., 1956; Tsyganov, 1983;
Korolyuk et al., 2005) and carried out by moisture and
nutrient availability and salinity factors using the asso-
ciation of scale reflecting realized optima and ampli-
tudes (Tsatsenkin et al., 1974, 1978), because the rele-
vés were made in the taiga and forest-steppe zones of
Siberia. Optimusag for taxons represented in both
scales were calculated as the arithmetic mean, and tol-
erance amplitudes were appointed to the highest pos-
sible extension of the boundaries. Evaluating species
indicator values of each description was done by the
method of the weighted average (on the cover of indi-
cator taxons) taking into account their stenotopic
(Zverev, Babeshina, 2009). The scale of coverage with
9 points, calculated as a geometric progression mem-
bers to step 1.930679 (Zverev, 2007), was taken. The
interval index of environmental agreement was calcu-
lated to assess the degree of homogeneity of habitat
conditions on selected factors (Zverev, 2011). This
index shows the degree of coherence of environmental
preferences of taxons growing together. The average
part of indicator species (ratio of the number of taxons
with the ecological status of the scale to the total num-
ber of the community registered taxons) in the ana-
lyzed relevés was 86.1 = 0.3% by moisture factor and
85.6 £ 0.3% by nutrient availability and salinity factor.
The average index of the environmental coherence of
relevés was 52.8 = 0.1% and 59.7 = 0.1%, respectively.
This allows one to trust the received combined scales

to considered two factors and setde—paymenty on

them.

As an indicator of the studied Saussurea species
abundance, their projective cover in plant communi-
ties were taken; it was analyzed in the same sample set
(1620 relevés). The conventional square unit (CSU), a
part of the ecological range equal to one level of mois-
ture scale (M) and one level of nutrient availability and
salinity scale (NS), was used during ecological range
evaluation. Ecological range scale values were used as
in Seledets and Probatova classification (2007). Types
of Saussurea species rarity were set using Rabinowitz’
criteria (1981) in the modification of Benayas et al.
(1999).

The characteristics of moisture and nutrient avail-
ability and salinity of studied Saussurea species habi-
tats are given in the table.

No.1 2017
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30 SHURUPOVA et al.

Habitat characteristics of four Saussurea rare species for the Kuznetsk Alatau of the factors of moisture, and nutrient avail-

ability and salinity of soil

Moisture Nutrient availability and salinity of soil
Species N

Levels (Me/lim) Scale ranges Levels (M/lim) Scale ranges
S. baicalensis 11 64.4/52.2—65.9 | Meadow—steppe 8.9/8.1—-10.6 mesotrophic
meadow rich enough

wet—meadow
S. frolowii 280 65.0/62.1-67.1 meadow 9.7/7.9-12.7 mesotrophic
wet—meadow rich enough
S. salicifolia 1129 52.8/40.4—67.6 mid-steppe 12.7/9.7—17.1 mesotrophic

wet—steppe rich enough rich

meadow weak salinity

wet—meadow
S. schanginiana 206 62.5/51.5—-67.1 wet—steppe 9.8/7.1—-12.5 mesotrophic
meadow rich enough

wet—meadow

N, sample size; Me, median; and /im, limit of the sample values. Scaled graduation which gets most of the relevés is in bold.

RESULTS AND DISCUSSION

Sampling of relevés with S. baicalensis is small,
since this species is rare in many Siberia regions (Red
Book..., 2000, 2006, 2012). Its cenopopulations dis-
persed in a limited expansion of environmental factors
(Fig. 1). The ecological range of the species is very
narrow (“very small” in Seledets and Probatova classi-
fication (2007)): its value is 63 CSU. The species is
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Fig. 1. Distribution of Saussurea baicalensis local popula-
tions in the extension of factors of moisture and nutrient
availability and salinity of soil.

CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 10

commonly present in habitats with the moisture
regime of lush and wet meadows on poor soils. In the
mountainous regions of Siberia such habitats are gen-
erally located in the subalpine and alpine zones
(Kuminova, 1960; Tanzybaev, 1976). However, the
values of the factors of the relevé with S. baicalensis
from southeastern Transbaikal are very different: this
species is recorded here in a habitat with wet—steppe
moisture conditions and relatively rich soil.

Besides habitat conditions, the distribution of this
species is limited by the high risks associated with the
plant prepagatien process. Unlike S. frolowii, S. salici-
Jfolia, and S. schanginiana, which are perennial poly-
carpic (Shurupova, 2013; Shurupova, Gureeva, 2014;
Shurupova et al., 2014a), S. baicalensis is Jong-term
monocarpic (Shurupova et al., 2014b; Shurupova,
2015). After seed dispersal at the age of 5—9 years,
individuals die.

Three habitats of S. baicalensis in two locations in
the Kuznetsk Alatau were investigated: Vershina Tur-
gayula (the Republic of Khakassia, Shirinskii district)
and Khazyr-Teren mountains (the Republic of Kha-
kassia, Ust’-Abakan district). The moisture and nutri-
ent availability and salinity conditions in the habitat of
the mountain Khazyr-Teren, where only 3 S. baicalen-
sis individuals were found, were close to the conditions
of the depressed cenopopulation habitat on the moun-
tain Vershina Turgayula (M = 64—65; NS = 8). Both
cenopopulations grow in the alpine tundra and arg
extremely thin, Therefore, this area of ecological range
is located on the border of the possibility of existence
of the species. It should be noted that 6 out of 11 rele-
vés with S. baicalensis that constituted the sample were
located in this part of the ecological range. The second
population from the mountain Fhe-Vershina Turga-
yula grows on the upper boundary of the forest zone in
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Fig. 2. Distribution of Saussurea frolowii local populations
in the extension of factors of moisture and nutrient avail-
ability and salinity of soil.

the larch (Larix sibirica Ledeb) rare forest and located
in a less humid (M = 62) habitat with richer soils
(NS = 10). Its ontogenetic and vital structure shows
more or less stable conditions (Shurupova, 2015).
Mountain zone of the Kuznetsk Alatau is located on
the border of the ecological niche of S. baicalensis, and
the populations growing in the mountain tundra are
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particularly sensitive to changes in climatic conditions
that can cause a risk of further decrease in their num-
ber. As for the competitiveness in phytocenosis, .S. bai-
calensis in all relevés registered with a coverage of 2%
or less. Therefore, this species does not show high
competitiveness in plant communities by implement-
ing an ecophytocenotic strategy of patients.

The ecological area of S. frolowii is very narrow
(74 CSU), which indicates the vulnerability of this
species. The distribution of this species is limited to its
specific requirements to the moisture regime and soil
fertility. The vast majority of the S. frolowii population is
observed in the range between 9—10 levels on the scale
of nutrient availability and salinity and 64—66 levels on
the moistening scale (Fig. 2).

In most cases (42% of relevés) S. frolowii coverage
in plant communities is 1—5%; in 32% of cases of this
species presents in ities with an esti-
mated coverage of 1% or less. In 26% of cases
S. frolowii plays a significant role in phytocenoses for-
mation, it grows with a coverage of more than 5%, and
it also dominates in plant communities or appears to
be their edificatory. Almost all cenopopulations of this
species from the Kuznetsk Alatau (96 relevés) are
located in the optimum zone of moisture and soil
quality factors. So, they grow in favorable environ-
ments and are not susceptible to such a severe risk of
destabilization as a “border” population. However,
not only these factors limit the abundance of
S. frolowii in the Kuznetsk Alatau, where 45% of the
populations of this species are characterized by a cov-
erage of 4% or less (Fig. 3).

Almost half of the populations of S. frolowii con-
cede the dominant position in the plant communities

0.25—1 3 4

5—-10 20—-60

Coverage, %

Fig. 3. Coverage of Saussurea frolowii in the plant communities of the Kuznetsk Alatau.
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Fig. 4. Distribution of Saussurea salicifolia local popula-
tions in the extension of factors of moisture and nutrient
availability and salinity of soil.

to representatives of mountain flora competing with
this species: Rhaponticum carthamoides (Willd.) Iljin,
Bistorta officinalis Delarbre, Solidago dahurica Kitag.,
and Rumex alpestris Jacq. The critical factor that limits
the distribution and the abundance of S. frolowii is the
influence of phytophagous insects on the generative
organs of this plant species. It was found that the seed
productivity in some populations of this species is sig-
nificantly reduced because of insect activity. Larvae
and adult weevil Larinus sturnus Schall. and fly-
tephritid Tephritis froloviana Scherb consume exclu-
sively S. frolowii (Shcherbakov, 2004) and eat up to
90% anthodiws, buds, flowers, ovules and seeds
(Shurupova et al., 2014; Shurupova et al., 2015a). In
addition, according to our observations, the tops of
S. frolowii generative stems often suffer from the colo-
nies of aphids (Aphididae Latreille spp.). As a result of
its parasitic activity, the stem dries and an anthodium
with underdeveloped seeds dropped out. It was also
found that populations of S. frolowii are sensitive to
grazing (Shurupova, 2015), as the biomorph of this
species does not provide the ability of population rapid
recovery (Shurupova 2013). Accordingly, the abun-
dance of S. frolowii reduced in habitats that are used
for grazing.

S. salicifolia is a relatively tolerant species to the
studied factors. This is also illustrated by the signifi-
cant number of relevés with it; in some regions it is
quite common (Serykh, 1997). Relevés of communi-
ties with S. salicifolia are in 10—13 levels of nutrient
availability and a-salinity scale that corresponds to

CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 10

fairly rich soils, meadow and forest soils, loams, and
leached chernozem (Ramenskii et al., 1956). On a
scale of moisture, relevés are in 47—52 levels, which
characterizes wet—steppe or meadow—steppe habitats
on most drained dry slopes in the forest-steppe and
steppe zones of the Republic of Buryatia, Irkutsk
oblast, and Chita oblast. The ecological area of S. sal-
icifolia is narrow (203 CSU), although it is larger in
size than the other studied species (Fig. 4). The area of
S. salicifolia is extensive (Areas of medicinal..., 1983;
Ebel’, 2012), the number of this species is quite high,
and it is rare only on the periphery of a range which
includes the lowlands of eastern macroslope of the
Kuznetsk Alatau. The reason for the low occurence of
S. salicifolia is a small number of habitats, which are
appropriate for the species within this mountain sys-
tem. Sporadic locations of S. salicifolia in the
Kuznetsk Alatau are located on the border of the gee—
graphiealrange in the range of 52—55 of moisture
scale and 12—13 of nutrient availability and salinity
scale.

In most cases (42%) S. salicifolia grows in plant
communities sporadic. In 29% of cases, the coverage
of this species is 1—2%; even more rarely (in 26% of
cases), the coverage is 2—5%. S. salicifolia plays a sig-
nificant role in the composition of plant communities,
growing with coverage of more than 5% in only 2% of
cases. As an edificatory this species was not registered.

According to our observations, S. salicifolia indi-
viduals are characterized by weak or even nonexistent
vitality in the areas densely occupied by bunch grasses
and sedges. Consequently, S. salicifolia has low com-
petitiveness compared with those plants.

The ecological range of S. schanginiana is very nar-
row (85 CSU) (Fig. 5). Among the studied species,
S. schanginiana shows the greatest tolerance to soil
acidity. S.Yu. Lipschitz (1962) identified S. schangini-
ana var. heteromorpha (Turcz.) Lipsch. whose habitats
are on steppe slopes and alluvial deposits of calcareous
rocks in the subtaiga zone, whereas the typical variety
grow in high mountains.

The association of S. schanginiana local popula-
tions of the Kuznetsk Alatau with a relative extension
of environmental factors reveals the diversity of their
ecological niches. Two locations are situated on the
border of the ecological range of this species in the
subtaiga zone of the Kuznetsk Alatau (M = 54—56;
NS = 11—13): on the right bank of the Belyi Iyus River
near the village of Efremkino and on the left side of the
valley of the Kul’byurstyug River (Republic of Kha-
kassia, Shirinskii district). In the opposite part of the
ecological range, the population localized in the bald
mountain zone of the Khazyr-Teren Mountain (M =
65; NS = 8) (the Republic of Khakassia, Ust’-
Abakanskii district). There were not observed popula-
tions between indicated stages of ecological scales on
the Kuznetsk Alatau, although the ecological range of
S. schanginiana is fairly evenly filled with numerous
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Fig. 5. Distribution of Saussurea schanginiana local popu-
lations in the extension of factors of moisture and nutrient
availability and salinity of soil.

populations from other mountain regions of Siberia
(Altai, mostly).

Probably due to the long absence of transitional
ecological zones between populations of S. schangini-
ana var. heteromorpha of subtaiga zone and S. schang-
iniana var. schanginiana of high mountains, the repre-
sentatives of these species differ from each other so
clearly on the Kuznetsk Alatau. Thus, their population
located at the boarder of the species ecological range i
sensitive to changes in conditions and vulnerable.

S. schanginiana was registered with coverage from
1 to 3% in 91% of relevés, in 7% of deseriptions, spo-
radically, and only in 2% of cases this species was met
with a relatively high coverage (10—12%). For exam-
ple, the unique location, of S. schanginiana with the
high abundance of this species and, therefore,
the optimal conditions for its growth, ig upstream of
the stream Ortolyk on Kuraiskii Ridge (the Republic
of Altai) and on Sangilen highlands (the Republic of
Buryatia).

Thus, S. baicalensis is characterized by a wide geo-
graphical distribut (Malyshev, 1976; Gubanov,
1996; Serykh, 1997; Shi et al., 2011), low abundance in
plant communities, and is confined to specific habi-
tats and the weak occurrence in the Kuznetsk Alatau
suitable habitats; this is confirmed by the small num-
ber of locations. Hence, based on Rabinowitz classifi-
cation (1981) with modifications of Benayas et al.
(1999), S. baicalensis is a locally endangered species in
the Kuznetsk Alatau.

CONTEMPORARY PROBLEMS OF ECOLOGY Vol 10

S. frolowii is one of the subendemics species in
Altai-Sayan mountain region (Serykh, 1997), but the
Kuznetsk Alatau represents only a small part of this
mountain range. Therefore, within the studies on this
area, the geographical distribution of this species
could not be called narrow. S. frolowii is characterized
with asseeiation-te, specific habitats, high abundance
in communities, and significant suitable habitats
occupancy (which are confirmed by the large number
of locations in the Kuznetsk Alatau). Although for the
Altai-Sayan mountain region in general this species
can be attributed to the “endemic indicator” type of
rarity, for the Kuznetsk Alatau S. frolowii it is an indi-
cator species, occurring only in the meadows and
woodlands of the subalpine zone.

An extensive ecological range, a narrow ecological
niche, and a low abundance in communities are inher-
ent for S. salicifolia. The rarity of this species in the
Kuznetsk Alatau is of a peripheral character; there are
few habitats and suitable environmental conditions for
this-speeies within this mountain system. Therefore,
we assume that S. salicifolia is characterized by high
suitable habitat occupancy. According to the classifi-
cation of Rabinowitz (1981) with modifications
(Benayas et al., 1999), on the Kuznetsk Alatau this
species is also an indicator, occurring in the least
moisturizing habitats with the richest soils.

S. schanginiana is characterized by an extensive geo-
graphical distribution (Red Book..., 2000, 2008a, b,
2009), but by very narrow ecological range. Herewith,
the abundance of this species in communities is low, as
is the number of locations in the Kuznetsk Alatau,
which indicates the low occupancy of suitable habitats.
Therefore, within this mountain system the species is
locally endangered.

CONCLUSIONS

Although the rarity types have no direct connec-
tion with the categories ef-eenservation and form a
part of scientific terminology, the use of this classifica-
tion can be useful for plant conservationists, because it
helps structure the available information on geograph-
ical distribution, ecology, and competitiveness in phy-
tocenosis of rare species. The application of databases
(on IBIS example) expands the information content of
species indicator values analysis by the method of eco-
logical scales with the concept of ecological range
(ecological niche), allowing one to evaluate species
vulnerability and their rarity types. Although the clas-
sification of types of rarity does not affect such
important criteria of vulnerability as a threat to species
survival and the speciality of biology and population
status, it is designed to draw attention of plant conser-
vationists to species that are not common and ordi-
nary. Obviously, most attention from the biodiversity
conservation should be focused on stenotopic species,
which are found in low abundance in a small number
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of locations. These speeies are S. baicalensis and
S. schanginiana among the studied Saussurea species.
We recommend including these species in the list of
protected species of Kemerovo oblast, because they
are registered in only one location on its territory: the
Bolshoi Kanym mountain (Buko, 2002). S. frolowii
and S. salicifolia, are characterized by low tolerance to
moisture and soil quality, but they also are vulnerable
in the Kuznetsk Alatau. Arranging special actions for
the conservation of these species ef-Saussurea in the
Republic of Khakassia is more difficult because the
decision to protect is under administrative-level
supervision. The Republic of Khakassia occupies not
only the eastern macroslope of the Kuznetsk Alatau,
but also a part of Nazarovsko-Minusinsk intermoun-
tain depression and the Western Sayan; we have no
reason to estimate the vulnerability of S. baicalensis,
S. frolowii, S. salicifolia, and S. schanginiana across the
whole republic. It may be necessary to enter the mode
of protection of these species in the administrative dis-
tricts of the Republic of Khakassia, located in the
Kuznetsk Alatau
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