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Abstract

Each flora is unique. To a greater extent this can be seen in the geographical structure of the differential species of the
studied floras. The purpose of the work: to establish the geographical structure of the differential species of the pine
forests of the Russian Plain on the southern border of the Pinus sylvestris area for identify the nature and uniqueness
of these flora. To achieve the goal, a geographical characteristic has been established for the differential species floras
of forest-steppe pine forests Oka-Don lowland: Usmansky and Khrenovsky, and floras of the steppe pine forests of
the Trans Volga region: Buzuluksky and Krasnosamarsky. Considering the composition and structure of differential
species, it was noted that the nature of each of the compared floras is best reflected in the geographical structure of
the aborigine fraction of the floras. The following features were identified. Among the differential species of flora of
the forest-steppe forests of the Oka-Don lowland, forest and forest-steppe species with a Holarctic and European-
West Asian prevail. Among the differential species of pine forests of the steppe zone of the Trans Volga region,
steppe species with a Eurasian and East European-Asian range predominate. Endemic species that were noted in the
flora of the all studied pine forests give particular uniqueness.
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Introduction

One of the important points in comparative floristry is the identification of
differential species that are found only in one of the compared floras (Kamelin 2017).
These species determine the uniqueness and peculiarity of the flora. To a greater extent
this can be seen in the geographical structure of the differential species of the studied
floras. The purpose of the work: to establish the geographical structure of the
differential species of the pine forests of the Russian Plain on the southern border of the
Pinus sylvestris area for identify the nature and uniqueness of these flora.
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Materials and methods

To identify differential species, we compared the pine forests floras of the Russian
Plain at the southern limit of distribution of Pinus sylvestris L., in extreme climatic
conditions for forest ecosystems in the steppe and forest-steppe zones (Fig. 1).
Usmansky and Khrenovsky pine forests are located in the subzone of the typical forest-
steppe of the Oka-Don lowland (hereinafter referred to as forest-steppe forests)
(Milkov 1977). Khrenovsky pine forest — in the VVoronezh Region, 75 km southeast of
Usmansky pine forest, located on the border of Lipetsk and VVoronezh. Buzuluksky and
Krasnosamarsky pine forests are located in the steppe zone of the Trans-Volga region
(hereinafter referred to as the steppe forests). Krasnosamarsky — in the southeast of the
Samara region, connected by a narrow strip of forest (about 36 km long) along the right
bank of the river Samara with the Buzuluksky pine forest, which develops on the border
of two administrative regions, Samara and Orenburg (Godnev et al. 1949; Korchikov
et al. 2010).
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Figure 1. Map-diagram of the location of the studied of pine forests
(Crichfield et al. (1966), as edited by the author).
Legend: 1 — range of the species; 2 — isolated occurrences; 3 — studied of pine forests
(1 — Usmansky, 2 — Khrenovsky, 3 — Buzuluksky, 4 — Krasnosamarsky).

The flora composition depends on the occupied area and the nature conservation
status of the territory (Table 1).

Table 1. Territorial and environmental data of the studied pine forests.

Year of
Pi Area Natural and Conservation conferring
ine forests L .
(thousand ha) climatic zone status conservation
status
reserve on
Usmansky 0.7 forest-steppe | 31 053 ha 1927
Khrenovsky 40.2 does not have —
Buzuluksky 112.0 steppe national park 2007
Krasnosamarsky 13.6 does not have —
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The floras of the studied pine forests were compared, as well as their aboriginal
and adventive fractions (Kin 2019). Based on the data of A.Ya. Grigorievskaya et
al. (2004), M.V. Kazakova et al. (1996), P.V. Kulikov et al. (2005, 2013), S.V. Saxonov
etal. (2012), for each differential species latitudinal and longitudinal groups were
established.

Results

In the course of floristic research, the taxonomic structure of the studied pine
forests was established. In the flora of Usmansky pine forest, 123 families of 512 genera
contain 1076 species, among which 848 are aboriginal, 216 are adventive and 8 are
introduced species. In the flora of the Khrenovsky pine forest, 108 families of
430 genera unite 850 species, where 718 are from the aboriginal, 130 are the adventive
fractions and 2 introduced species. The flora of the Buzuluksky pine forest is
represented by 101 families, 282 genera, 794 species. The latter contain 675 species of
aboriginal, 112 species of adventive fractions, and 4 introduced species. The flora of
Krasnosamarsky pine forest includes 93 families of 352 genera 674 species, where
most — 591 — are aboriginal species, less — 80 adventive and 3 introduced species. The
number of differential species identified during the comparison of floras and their
proportion in the flora are presented in Table 2.

Table 2. Quantitative indicators of differential species of the studied pine forests.

Pine forests
Parameters Usmansky Khrenovsky Buzuluksky Krasnosamarsky
Total in flora 223/20.7 48/5.6 89/11.2 57/8.5
Aboriginals (among | 431,15 4 37/5.3 67/9.9 52/8.9
the aboriginals)
Adventives (among 81/37.5 10/7.7 18/16.1 4/5.0
the adventives)
Introduced plants
(among the 11/91.7 1/50.0 4/57.1 1/33.3
introduceds plants)

Note: “/++, where » — absolute number, = — share from all kinds of group

When analyzing the composition and structure of the differential species, it was
noted that the character of each of the compared floras is best reflected in the
geographical structure of the aboriginal faction.

In the aboriginal fraction of the flora of the Usmansky pine forest, the boreal and
boreal-nemoral latitudinal groups contain the largest number of differential species —
18.3% each (Fig. 2A). Here, unlike other pine forests, representatives of the taiga flora
are noted — species of the Ericaceae family: Calluna vulgaris (L.) Hull., Ledum
palustre L., Oxycoccus palustris Pers., Vaccinium myrtillus L. and V. vitis-idaea L. Less
differential species in the forest-steppe and plurizonal groups (13.0% in each). There are
slightly more species in the nemoral group (10.7%) than in the steppe group (9.9%).
Further, in descending order, there are groups covering several zones: boreal-nemoral-
forest-steppe, forest-steppe and steppe, nemoral-forest-steppe and nemoral-forest-steppe
and steppe.
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In the Khrenovsky pine forest, located to the south of Usmansky, among the
differential species, priority goes to the forest-steppe latitudinal group —
24.3% (Fig. 2B). The steppe group accounts for 19.0% of all differential species of
the native fraction of the flora of this forest. In other latitudinal groups, there are few
such species, 10.8% each in boreal-nemoral, nemoral, nemoral-forest-steppe, forest-
steppe, and steppe. The plurizonal group accounts for 8.1%. One representative each in
the boreal-nemoral-forest-steppe and boreal latitudinal groups, which is 2.7% each.

One third of all differential species of the native fraction of the Buzuluksky pine
forest falls on the steppe latitudinal group (Fig. 2C). Together with the plurizonal group,
the forest-steppe and steppe groups (15.0% each) are strengthening their positions.
The boreal-nemoral group, although not one of the multi-species, makes up 12.0%.
There are even fewer species in the boreal-nemoral-forest-steppe — 8.9%. 6% of the
differential species are included in the boreal and nemoral groups. The nemoral-forest-
steppe (4.5%), nemoral-forest-steppe and steppe (1.5%) and forest-steppe (1.5%) groups
contain the smallest number of such species.

In the flora of Krasnosamarsky pine forest, all differential species are distributed
mainly in two groups — steppe (44.2%) and forest-steppe and steppe (40.4%) (Fig. 2D).
Several species each belong to the nemoral (5.8%) and boreal-nemoral (3.8%) groups.
Such species are rare in the boreal, forest-steppe, and plurizonal groups — 1.9% each.
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Figure 2. The structure of differential species in latitudinal gradient:
A — Usmansky pine forest; B — Khrenovsky pine forest;
C — Buzuluksky pine forest; D — Krasnosamarsky pine forest.
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In the geographical structure of the longitudinal direction, 74 elements were
identified, which were able to be combined into 12 groups (Fig. 3A-D).
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Figure 3. The structure of differential species (absolute number) by longitude gradient:
A — Usmansky pine forest; B — Khrenovsky pine forest;
C — Buzuluksky pine forest; D — Krasnosamarsky pine forest.

In the Usmansky pine forest, the differential species of the aborigine fraction are
distributed in 11 longitudinal groups (Fig. 3A). A significant part of these species is
with European (19.1%) and Holarctic (16.8%) distribution, less with European-West
Asian (12.2%) and Eurasian (10.7%).

In Khrenovsky pine forest, the differential species of the aborigine fraction of the
flora are combined in 10 longitudinal groups (Fig. 3B), where the most saturated species
are European-West Asian (29.7%). There are fewer such species in the East European-
Asian (13.5%), Eurasian (13.5%) and European-Southwestern Asian (10.8%) groups.
3 endemic species are noted here, 2 of them are east European: the forest-steppe
endemic of the river sands Centaurea sophiae Klok. and steppe narrow-localized
endemic of pine forest sands C. pineticola Iljin. and 1 East European-South Siberian
steppe — Festuca wolgensis P. Smirn — is found in the forest on sand in open places.

Differential species of the aborigine fraction of the Buzuluk pine forest are
distributed in 12 longitudinal groups (Fig. 3C) with a significant predominance of
representatives in the Eurasian (26.9%) and East European-Asian (17.9%). There are
fewer species with Euro-Siberian (14.9%) and European-West Asian (10.4%) ranges.
The originality of the flora is given by 3 endemic species found on the territory of the
Buzuluksky pine forest: the South Ural nemoral Lathyrus litvinovii Iljin. — in the forest
is rare among shrubs along the forest edges; Volga-South Ural mountain-steppe
Astragalus wolgensis Bunge. — occupying steppe plots in this forest; Ural subboreal-
montan Elytrigia reflexiaristata (Nevski) Nevski. — noted here on sandy steppe sites.
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In Krasnosamarsky pine forest, differential species of the aborigine flora fraction
are distributed in 11 longitudinal groups (Fig. 3D). Half of these species have an East
European (44.2%) range. The remaining groups are small and contain from 1 to
5 species. The originality of the pine forest flora is given by the South Ural mountain-
steppe endemic Dianthus uralensis Korsh. — calling in pine forest by of steppe sandy
places.

Conclusion

The geographic structure of the differential species of the aboriginal flora fraction
reflects the floristic features of the studied pine forests. In the forest-steppe forests,
despite their territorial proximity, the difference in both latitudinal and longitudinal
distribution of differential species is clearly visible. Thus, among the species found only
in the Usmansky pine forest, representatives of taiga and taiga-deciduous forests
(boreal, boreal-nemoral) with European and Holarctic ranges prevail. 75 km to the
southeast, in the Khrenovsky pine forest, among the species found in the aboriginal
fraction of only this of the compared woodlands, most of the representatives of the
forest-steppe and steppe latitudinal groups with a European-West Asian range.

There are several reasons for this difference. First, area covered by the forest.
Usmansky pine forest has an area almost 2 times larger than Khrenovsky pine forest
and, accordingly, the ability to show its internal — forest — boreal-nemoral character,
despite the fact that it is located in the forest-steppe zone and is far from the forest zone.
Secondly, a part of the territory of Usmansky pine forest is covered by the reserve
regime, the negative impact of the anthropogenic factor has been significantly reduced.
In contrast to Usmansky pine forest, Khrenovsky, in addition to constant forest felling,
experiences a powerful recreational load. The unregulated collection of mushrooms,
berries, and medicinal plants also causes significant damage not only to the collection
objects themselves, but sometimes to almost complete destruction of unique
ecosystems, to the destruction of taxa with a taiga area previously noted in this forest.
Third, although the Usmansky and Khrenovsky pine forests are located in the same
natural zone, the location of the first one to the northwest of the second directly affects
the nature of the geographical structure of the differential species.

The established geographical structure of the differential species of the aborigine
fraction of the flora of the studied pine forests allowed us to draw the following
conclusion. Differential species of flora of the forest-steppe pine forests of the Oka-Don
lowland are represented mainly in the Usmansky pine forest by forest (boreal, boreal-
nemoral and nemoral) taxa with a range both in the Holarctic as a whole and in the
European, European-Est-North Asian part of the continent. In Khrenovsky, located
95 km southeast of the Usmansky pine forest, there are more representatives of the
forest-steppe zone. The proportion of nemoral species is also high, with the distribution
of habitats to taiga (boreal-nemoral) and forest-steppe (nemoral-forest-steppe) zones.
In the longitude direction European-West Asian species are of great importance.

Differential species of the aborigine fraction of the pine forests flora of the steppes
of the Trans Volga region, Buzuluksky and Krasnosamarsky, belong mainly to the
steppe latitudinal group. The largest share of these species has Eurasian and East
European-Asian ranges. It should be noted that in the Krasnosamarsky pine forest, the
forest-steppe and steppe groups have an almost equal proportion of the steppe
latitudinal group, which is much less pronounced in the Buzuluksky pine forest. This is
probably due to the closer location of the former to the forest-steppe zone.
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Thus, the geographical structure of the differential species of the aboriginal
fraction of floras makes it possible to clearly trace the features and nature of the floras
of the studied pine forests, even taking into account the fact of the relatively close
location of forest-steppe and steppe forest pairs.
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