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Abstract

The forests, located in the conditions of steppe and forest-steppe zones, represent insular
massifs with an extrazonal type of vegetation. Based on the unanimous opinion of scientists
about the origin of insular pine forests and the assumption that pine forests in the past formed a
single array with the zonal northern taiga, the concept of relict flora of insular pine forests arose.
Scientists note that, despite the high degree of steppe species, the core of the flora is boreal in
nature. The purpose of the study was to test the assumption of the relict nature of flora found in
insular pine forests in the Russian Plain in contemporary conditions based on the analysis of the
spectrum of latitudinal groups. We have studied the flora of the pine forests in the Russian plain:
Usmansky and Khrenovskoy — located in the subzone of the typical forest-steppe of the Oka and
Don Rivers lowland; Buzuluksky and Krasnosamasrky — occupying an area in the steppe zone of
the Volga region. The flora of the forests in the steppe and forest-steppe zones fully reflects the
natural and climatic features of these areas, which is clearly visible in the spectra of the latitudinal
groups of the studied flora. One-third of the species in the floristic core are forest groups, which
confirms the previously stated assumptions about the relict nature of insular pine forests. This was
also confirmed by the analysis of the spectrum of latitudinal groups of rare species in the flora. In
the floristic core, among the rare ones, there was a high percentage of forest species that deter-
mine its forest character. The data obtained also indicate that for many steppe and forest-steppe
regions, forests may be the only habitats of forest species. For example, Drosera rotundifolia L.,
Calla palustris L., Lycopodium annotinum L., and Neottianthe cucullata (L.) Schlehter.

Key words: floristic core, rare species, spectrum of latitudinal groups, steppe and for-
est-steppe zone.

Introduction

Pine forests are insular forests, where the
main forming species is Scots pine occur-
ring at the southern limit of distribution.
Located in the steppe and forest-steppe
zones along the left bank of rivers, pine
forests represent an extra-zonal type of
vegetation. They can stretch along the riv-

erbeds from the taiga to the steppe zone,
forming ribbon massifs, but in most cases,
they are compact forest massifs.

Most scientists share the same opin-
ion about the origin of the insular pine
forests. According to them, the periodic
Quaternary glaciations covered different
areas and alternated with warming stag-
es, and thus had a significant influence
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on the formation of flora (Gerasimov and
Markov 1939, Markov and Velichko 1967).
The vegetation cover changed repeatedly
under the influence of glacial dynamics. In
the interglacial epochs during the melting
of glaciers, troughs of ancient flow along
the ancient riverbed were formed, on the
bottoms of which there was an accumu-
lation of ancient alluvial sand sediments,
then rewetted. Pine trees settled on the
deposited sands (Gvozdetsky 1968, Ka-
zmin 2017).

The assumption that the pine forests,
located in the depth of the steppe zone,
in the past constituted a single massif
merging with the zonal northern taiga,
was suggested by Gordyagin (1897), on
the example of the insular pine forests of
Kazakhstan. His concept provided an ex-
planation for the occurrence of some taiga
and marsh plants. Later this concept was
supported and developed by Krashen-
innikov (1939), Pavlov (1948), Gribanov
(1960) and other scientists. Gorchakovsky
(1987), studying the flora of pine massifs
in low mountains of the Kazakh small knoll
topograph, noted that despite its high de-
gree of steppification, the core of the flora
is of boreal character. This provoked high
botanical and geographical interest and
provided grounds for the development of
the concept of relict nature of flora in pine
forests.

The history of the pine forests of the
Russian Plain can be dated back to the
late Pleistocene to the Holocene (Kreme-
netsky et al. 1998). The last blanket gla-
ciation in the Late Pleistocene (Valdai)
covered only the northwestern part of the
Russian Plain; the areas where the stud-
ied pine forests are currently located were
far from the boundaries of blanket ice in
the periglacial zone. Nevertheless, the
climate changes that occurred repeatedly
throughout the Valdai time were reflected

in the vegetation cover of the entire plain
and beyond. During humid periods, bo-
real floristic complexes were more wide-
spread. During the increasing aridization
of the territory, periglacial, almost treeless
spaces were actively formed, the vegeta-
tion cover of which was composed of spe-
cies that are currently representatives of
different zonal floristic complexes: boreal,
nemoral steppe, desert-steppe. As a result
of climate fluctuations, the ratio and role of
these floristic complexes in the vegetation
cover changed, alternately shifting from
the dominant to the subordinate position
and vice versa (Agafonov 2006).
According to the spore-pollen analy-
ses carried out in the territories of modern
bogs, there were few tree species in the
Late Valdai time, and the vegetation cover
was represented by cold dry steppes, dom-
inated by species of Chenopodiaceae fam-
ily (Agafonov 2006) and species of the ge-
nus Artemisia (Kremenetsky et al. 1998).
In the Holocene the climatic conditions
changed towards softening, birch and pine
actively penetrated into the river valley and
spread over sandy terraces. This led to the
formation of pine forests with an admixture
of birch. From this time, the history of pine
forests can be counted. In the Holocene
pre-boreal period, the boreal floristic com-
plex with the dominance of pine with an
admixture of spruce and birch in the island
massifs still prevails. Later on, the boreal
floristic complex is confidently replaced by
the desert-steppe floristic complex. The
most powerful migration waves of steppe
and desert species from the south and
southeast occurred during the Atlantic Hol-
ocene (Agafonov 2006). Thus, the forest
massifs dominated by Pinus sylvestris that
emerged at the beginning of the Holocene
underwent significant changes and are
currently represented in the Russian Plain
by compact island massifs in the steppe
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and forest-steppe zones.

In the development of modern flora, in
addition to the paleogeographical factor
that determines the events of past years,
the modern abiotic factor is taken into ac-
count, which makes it possible to state the
features of the current state of the flora
and predict its further development. Also,
the most dynamic - anthropogenic factor,
capable of fundamental changes in the
landscape both as a whole and its individ-
ual components, is becoming increasingly
important.

The forest ecosystems of the Europe-
an part of the continent have been sig-
nificantly destroyed as a result of human
activity, which has led to a decrease in the
forested area and the emergence of nat-
ural-anthropogenic complexes. However,
scientists in many European countries are
finding remaining forest areas that have a
distinct identity and continue to play a vi-
tal ecological role in maintaining a habitat
for biodiversity. Most often, these natural
islands are the only habitat for many en-
dangered species. One of these unique
ecosystems are the island pine forests of
the Russian Plain.

Modern scientists (Agafonov 2006,
Chibilev 2008, Korchikov et al. 2009, Kii-
ment’ev 2010, Matveev et al. 2012) note a
change in the structure of the pine forests
of the Russian Plain, expressed in a de-
crease in the area of natural forest tracts.
This is primarily due to numerous fires
and uncontrolled logging. Thus, in the
pine forests of the Russian Plain located
in the forest-steppe zone, natural pine for-
ests account for less than half of the area
of woodlands (Matveev et al. 2012).

The pine forests of the Russian Plain of
the steppe zone, located in more extreme
forest-growing conditions, have also his-
torically experienced a powerful anthro-
pogenic load, which led them to complete

fragmentation (Pallas 1809, Darkshevich
1953, Chibilev 2008, Kliment'ev 2010).
The connection between the pine forests
has been preserved in floodplain forests,
which have become ecological corridors
for forest biota (Korchikov et al. 2009).

Modern researchers of the pine for-
ests flora noted their floristic richness
and diversity (Starodubtseva 1999, Grig-
orievskaya 2004, Kin 2009, Korchikov et
al. 2009, Kin et al. 2012, Saxonov et al.
2012, Seregin 2015), indicating that these
forests still remain unique natural land-
scapes.

In this regard, there is a hypothesis
about the preservation of the relict nature
of the flora of the pine forests despite the
change in environmental conditions. To
establish the validity of this hypothesis, we
will rely on the opinion of Gorchakovsky
(1987). He pointed out that the relict na-
ture of the flora of the in low mountains
of the Kazakh small knoll topograph, for-
est directly depends on the presence of
boreal (in a broad sense) species in the
core of the studied flora. The purpose of
our work is to reveal the relict nature of
the island forests that occur across the
Russian Plain.

Materials and Methods

We carried out an inventory of the flora of
the pine forests of the Russian Plain: Us-
mansky, Khrenovskoy, Buzuluksky, and
Krasnosamarsky (Fig. 1).

In physiographic terms, the Usmansky
and Khrenovskoy pine forests are locat-
ed in the typical forest-steppe subzone
of the Oka and Don Rivers lowland of the
central part of the Russian plain (Milkov
1977). The Usmansky pine forest (51°41’
— 52°02’ N, 39°21’ — 39°47’ E) is locat-
ed in the forest-steppe zone along the
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Fig. 1. Schematic map of the studied Scots pine forests location (Crichfield and Little
1966, in the authors’ version).
Legend: A — Main range of Pinus sylvestris L.; B — Areas separated from the main range of
Pinus sylvestris; C — Studied pine forests (1 — Usmansky, 2 — Khrenovskoy, 3 — Buzuluksky,

4 — Krasnosamarsky).

watersheds of the Voronezh and Usman
rivers in Voronezh and Lipetsk regions.
The total area is 70,700 ha (covered by
forest — 63,100 ha), the reserve occupies
31,053 ha. Khrenovskoy pine forest is lo-
cated on the left bank of the Bityug River
(51°05’ = 51°16’ N, 40°06’ — 40°25’ E), on
the border of steppe and forest-steppe
zones in Voronezh oblast. The area of the
Khrenovskoy pine forest is 40,210 ha. Bu-
zuluksky and Krasnosamarsky pine for-
ests are located in the southeastern part
of the Russian Plain (Fig. 1), occupying a
vast area in the western part of the Ob-
shchesyrtovsko-Preduralskaya upland
steppe province, in the steppe zone of Za-
volzhye (Godnev et al. 1949). Buzuluksky
pine forest is located between 52°53’ —
53°19’ N and 51°05' — 52°31’ E within the
Orenburg and Samara regions. Consid-
ering the numerous small isolated wood

patches, the total area of the Buzuluk pine
forest is about 350,000 ha.

The Krasnosamarsky pine forest
(52°58" — 53°05’ N and 50°59’ — 51°07’ E)
is situated in the south-east of the Samara
Region in the right-bank part of the valley
of the middle course of the Samara River.

Krasnosamarsky pine forest occupies
an area of 13,554 ha, including 1565 ha in
the Samara river floodplain and 12,286 ha
outside the floodplain, and the total area
of the Krasnosamarsky forest together
with open meadow and steppe areas is
about 30,000 ha.

In the pine forests under study, there
is an increase in continentality from the
west (Usmansky and Khrenovskoy pine
forests) to the east (Buzuluky and Kras-
nosamarsky pine forests), which manifests
itself in the deterioration of hydrothermal
conditions and other parameters (Table 1).
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Table 1. Indicators of temperature regime and precipitation for the studied pine forests.

. Average annual air T__, T ., Amplitude, Average annual
Pine forests o max Jnin o e
temperature, °C C C C precipitation, mm
Usmansky +5.3 +38.9 -41.8 80.7 653
Khrenovskoy +5.8 +35.0 -41.0 76.0 527
Buzuluksky +3.6 +48.0 -50.0 98.0 530
Krasnosamarsky +4.5 +41.0 -49.0 90.0 359

Note: T__and T . are absolute maximum and minimum temperatures.

Increasing aridization of the climate is
also reflected in the taxonomic structure of
pine forests (Kin et al. 2020). The floras of
Usmansky and Khrenovskoy pine forests,
located in more favorable climatic condi-

tions, are represented by a large number
of families, genera, and species, compared
to the floras of Buzuluksky and Krasnosa-
marsky pine forests, located in extreme
conditions for forest ecosystems (Table 2).

Table 2. Taxonomic diversity of higher plants in the studied pine forests.

Number
Pine forests - Types
Families Genera Indigenous Alien Introducers
Usmansky 123 508 852 219 12
Khrenovskoy 108 430 718 130 2
Buzuluksky 101 383 675 112 7
Krasnosamarsky 93 352 591 80 3

Species found in all floras pine forests
are involved in the formation of the floras
core.

It was noted that a part of species for
some pine forests is indigenous and for
others it is a part of alien fraction. There-
fore, when counting taxa of the aboriginal
and alien fraction of the pine forests of
flora, only those that have the same or-
igin for all the studied pine forests were
considered.

The species involved in the formation
of the floristic core of the studied pine
forests are distributed by latitudinal geo-
graphical groups (Kulikov 2005). In order
to establish the relict nature of the flora of
pine forests, special attention was given
to the ‘boreal species in the broad sense’,
which are the species composing the bo-

real, boreo-nemoral, boreo-nemoral for-
est-steppe and nemoral groups. All they
were classified in our work under the gen-
eral name ‘forest’.

Results and Discussion

It was found that 419 species from 281
genera of 89 families participate in the for-
mation of the floristic core. The nucleus of
the aboriginal fraction of the flora consist-
ed of 358 species from 236 genera of 84
families. The core of the adventive frac-
tion of the flora includes 25 families, 41
genera, and 44 species.

Obviously, the basis of the floras of the
studied pine forests is formed by the abo-
riginal fraction. Considering this fraction of
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the studied floras in the latitudinal spec-
trum, we revealed that almost one third
of the species belong to the plurizonal
group (Table 3). Otherwise, the order of
the groups is individual for each of the
studied floras. In the Usmansky pine
forest, the boreo-nemoral group is sec-
ond in the number of species, while the
forest-steppe and steppe groups con-
tain fewer species. In the flora of the
other three pine forests, on the contra-
ry, the forest-steppe and steppe group
are richer in species and take second
place in this ranking, leaving the bore-
onemoral group in a lower position.

In the Usmansky pine forest, the
complex of latitudinal groups represent-
ed by forest species occupied the mid-
dle position in the spectrum and corre-
sponded to 4-6 positions, in descend-
ing order: boreonemoral forest-steppe,
nemoral, boreal. Forest-steppe, steppe
groups are few in number. The small-
est number of species belonged the
nemoral forest-steppe and nemoral for-
est-steppe and steppe groups.

In the flora of the Khrenovskoy pine
forest, only three groups with forest
species wre highly significant, occu-
pying 3-5 positions in the spectrum,
in descending order: boreaonemoral,
boreonemoral forest-steppe, nemoral.
Boreal is the smallest of all groups. It
occupies the last place in the spec-
trum, yielding by the number of species
to steppe, forest-steppe, nemoral for-
est-steppe, and nemoral forest-steppe
and steppe groups (Table 3).

The nature of the Buzuluksky pine
forest flora is peculiar. Having a large
area and a variety of landscapes, the
pine forest forms favorable conditions
for species belonging to different lati-
tudinal groups. The forest character of
the pine forest is also noticeable in the

Table 3. Spectrum of latitudinal groups of the native fraction of the flora of pine forest and the floristic core.

Il. Species in the core, number/%

I. Total species, number/%

Name of groups

9/56.2
46/70.8
33/71.7

33/4.6 36/5.5 16/2.7 9/14.0 9/27.3 9/25.0
46/51.7 46/47.9

89/12.4

64/7.5
122/14.3

Boreal

Boreonemoral
Boreonemoral forest-steppe

65/11.0  46/37.1

96/14.2

61/9.0 46/7.8 33/47.8  33/57.9 33/71.7
41/6.1

57/7.9

69/8.1

19/28.8  19/34.5 19/46.3 19/67.8

28/4.7

Nemoral 66/7.7 55/7.7

Nemoral forest-steppe
Nemoral forest-steppe and steppe

15/71.4
22/81.5

26/3.9 21/3.6 15/38.5 15/42.8 15/57.7
22/61.1 22/62.8 22/73.3

35/4.9

40/4.7

35/4.9 30/4.4 27/4.6

37/4.3

12/54.5
56/48.7

54/6.3 43/6.0 22/3.3 22/3.7 12/22.6  12/27.9 12/27.3
94/13.1 56/56.6  56/59.6 56/54.9

99/11.6

Forest-steppe
Forest-steppe and steppe

115/19.5

102/15.1

54/6.3 51/7.1 67/9.9 83/14.0 17/31.5  17/33.3 17/25.4 17/20.5
226/31.4 129/52.9

247/29.0

Steppe
Plurizonal
Species in total

129/66.8  129/76.8

129/57.3

168/28.4

193/28.6

358

358

358

358

591

674

718

852

Note: 1 — Usmansky; 2 — Khrenovskoy; 3 — Buzuluksky; 4 — Krasnosamarsky pine forest.
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spectrum, where the boreonemoral group
keeps the third position by the number
of species, and the boreonemoral for-
est-steppe, nemoral and boreal groups
occupy 5th to 7th lines of the rating. Zon-
al location had a noticeable influence on
the development of boreal flora. Here a
significant number of species fall in the
steppe group, which occupied the 4th po-
sition in the ranking. The least number of
species (in descending order) belonged
to the nemoral forest-steppe, nemoral
forest-steppe and steppe, as well as for-
est-steppe groups (Table 3).

In the flora of the Krasnosamarsky
pine forest, the steppe group was among
the top three in terms of the number of
species, followed by the boreonemoral,
boreonemoral forest-steppe and nemoral
groups. The boreal group contained the
smallest number of species. A little more
species were observed in the nemoral for-
est-steppe and steppe, forest-steppe and
nemoral forest-steppe groups.

The spectrum of the latitudinal groups
of the floristic core differed from the stud-
ied floras, with the exception of the first
three leading groups in terms of the num-
ber of species, and the leading ones in
the structure of flora (Table 3). Here a
significant part of the species belonged
to the plurizonal group — 36.0 %. This
group consisted of species that have a
wide distribution and are found in almost
all zones. This includes a large number of
weed species (apophytes), among which:
Tripleurospermum inodorum (L.) Sch.-
Bip., Chenopodium album L., Erysimum
hieracifolium L. Also, in this group there
were many representatives of aquatic flo-
ra: Stratiotes aloides L., Nuphar lutea (L.)
Smith, Sparganium emersum Rehm. More
than 2 times less, relative to the leading
one, representatives of the forest-steppe
and steppe (15.6 %) groups entered the

floristic core. The species composing this
group were found in ecosystems transi-
tional between forest and steppe — for-
est-steppe zone and spread further south,
finding habitats in the steppe zone, for ex-
ample, species of the genus Artemisia: A.
abrotanum L., A. austriaca Jacq., A. mar-
challiana Spreng. Species composing the
boreonemoral (12.8 %) group were pre-
dominantly distributed in the zone of taiga
and deciduous forests. The floristic core
of this group included representatives of
woody-shrub flora of pine forests: Sorbus
aucuparia L., Padus avium Mill., Populus
tremula L., Ribes nigrum L., Frangula al-
nus Mill. The herbaceous plants in this
group was represented by Lathyrus ver-
nus (L.) Bernh., Scrophularia nodosa L.,
Impatiens noli-tangere L., and some types
of horsetails Equisetum hyemale L., E.
sylvaticum L. Further, in descending order
of the number of species in the latitudinal
groups included in the floristic core of the
studied pine forests, the groups were ar-
ranged in the following order:

- boreonemoral forest-steppe group
(9.2 %), which included species of the
family Primulaceae: Lysimachia nummu-
laria L., L. vulgaris L., Naumburgia thyrsi-
flora (L.) Reichb. and Humulus lupulus L.,
Verbascum thapsus L., Rubus saxatilis L.
and others;

- the nemoral forest-steppe and steppe
(6.1 %) group combines plant species
with their habitats both in the forest and
steppe zones. Among them: Allium rotun-
dum L., Eupatorium cannabinum L., Inula
helenium L., Senecio erucifolius L., Orig-
anum vulgare L., Verbascum lychnitis L.,
Filipendula vulgaris Moench, Otites borys-
tenica (Grun.) Klok.;

- nemoral (5.3 %) group was rep-
resented in the floristic core largely by
woody plants: species of the genus Ulmus
(U. glabra Huds., U. laevis Pall., U. minor
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Mill.), Tilia cordata Mill., Corylus avellana
L., Quercus robur L. Euonymus verrucosa
Scop. and others;

- steppe (4.7 %) group included spe-
cies such as: Elytrigia intermedia (Host)
Nevski, Chondrilla graminea Bieb., Salvia
tesquicola Klokov & Pobed., Astragalus
varius S. G. Gmel., Dianthus andrze-
Jjowskianus (Zapal.) Kulcz., D. campestris
Bieb. and others;

- the nemoral forest-steppe group
(4.2 %) was represented in the floristic
core of pine forests by such species as:
Carlina biebersteinii Bernh. ex Hornem.,
Pyrethrum corymbosum (L.) Scop., Vinc-
etoxicum hirundinaria Medik, Aristolochia
clematitis L. and others;

- the forest-steppe group (3.4 %) was
one of the small ones in the floristic core
and included: Tragopogon major Jacq.,
Leonurus quinquelobatus Gilib., Chamae-
cytisus ruthenicus (Fisch. ex Wolosz.)
Klask., Prunus spinosa L., Geranium san-
guineum L. and others;

- boreal (2.5 %) group had the smallest
share in the floristic core, but itincluded Pi-
nus sylvestris, the edificator of the studied
forests; other species in the group were:
Galium trifidum L., Spirodela polyrhiza (L.)
Schleid., Lemna minor L. and others.

It is interesting that of all groups, the
largest number of species in the floristic
core was retained by the nemoral for-
est-steppe and steppe group, which in
the latitudinal spectrum of the flora of the
studied pine forests occupied the last po-
sitions. Thus, 61.1 % of species from this
group were included in the flora of the Us-
mansky pine forest. The largest number of
species of this group was recorded in the
core in the flora of Krasnosamarsky pine
forest — 81.5 %.

More species ofthe forest-steppe and
steppe and steppe groups were present
in the core from the flora of the Usmansky

and Khrenovskoy pine forests located in
the forest-steppe zone than in the flora of
the Buzuluksky and Krasnosamarsky pine
forests located in the steppe zone. The op-
posite situation with the boreonemoral for-
est-steppe, nemoral forest-steppe, bore-
onemoral, nemoral and boreal groups,
where a smaller proportion of species of
the flora of Usmansky and Khrenovskoy
pine forests entered the core than in the
flora of Buzuluksky and Krasnosamarsky
pine forests.

This is primarily due to the floristic
structure of the Krasnosamarsky pine for-
est, which is located in the steppe zone,
initially containing few forest species
compared to the rest of the studied pine
forests floras. On the other hand, in the
floristic complex of the Usmansky pine
forest, which is closest to the boreal flora
among the studied ones, the number of
forest-steppe, and steppe species is low.
This, in turn, limits the presence of spe-
cies of the respective groups in the core
of the unified flora of pine forests.

Particularly important is the share
of species groups containing represen-
tatives of forest floras and causing the
greatest interest with respect to the rel-
ictness of the floras of the studied pine
forests. These groups comprised from
37.6 % in the Usmansky, 32.6 % in the
Khrenovsky, 34.6 % in the Buzuluksky, to
26.2 % in the Krasnosamarsky pine for-
ests. Only 29.8 % of species from these
groups participate in the floristic core.

Another important indicator of the val-
ue of flora is the presence of rare and
endangered species, which are protect-
ed and/or listed in the Red Books of the
regions. Territorially, the pine forests are
located in different regions, and the Us-
mansky and Buzuluksky pine forests are
located within two regions. Based on the
information from the regional Red Data
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Books (Shcherbakov 2014, Senator and
Saksonov 2017, Agafonov 2018, Belov
2019), it is worth considering that species
may have different protection status. In
addition, being protected in the territory of
one region, in another, these species may
not have this status and be well distribut-
ed.

Almost half of the protected species
of the Lipetsk Region were found in Us-
mansky pine forest (Table 4). For the Vo-
ronezh Region, the same pine forest is a
refuge for one third of protected species of
the region. About 20 % of protected spe-
cies of the Voronezh Region occurred in
the flora of Khrenovskoy pine forest.

Table 4. Number of species in the regional Red Data Books and their proportion in the
flora of the studied pine forests.

Number of species in Proportion of rare species in the flora of pine forests

Regions the Red Book of the from those included in the Red Book of the region, %
region Usmansky pine forest Khrenovskoy pine forest

Voronezh 237 32.9 19.8

Lipetsk 175 457 -

Buzuluksky pine forests Krasno?amarsky pine
orests

Samara 243 22.2 17.3
Orenburg 173 25.4 -

Approximately the same proportion
of protected plants for the Samara and
Orenburg regions is found in Buzuluksky
pine forest.

In the flora of the Krasnosamarsky
pine forest the share of protected species
is not high and amounts to 17.3 % of all
rare species included in the Red Book of
the Samara region.

The proportion of protected species
of all species accounted for in the flora of
pine forests does not reach 10%. In the
flora of the Usmansky pine forest, about
9% of species are protected in the Vo-
ronezh and Lipetsk regions. In the flora
of Khrenovskoy pine forest, only 6.5 % of
plant species included in the Red Book of
the Voronezh region. The same percent-
age of protected species is noted in the
flora of the Buzuluksky pine forest for the
Orenburg region. The percentage of pro-
tected species in the flora of Buzuluksky
pine forest for the Samara region is 8 %,
and in the flora of Krasnosamarsky pine
forest — 7 % of this region.

A compilation of a spectrum of latitu-
dinal groups of protected species of flora
of pine forests and floristic core was done
(Table 5).

A high percentage of the species be-
longing to the forest group were protected.

The largest percentage of species
from these groups falls on the flora of the
Buzuluksky pine forest and totals 65.9 %
for the Orenburg region and 61.1 % for the
Samara region of all protected species ac-
counted for in the flora of this pine forest.

In the flora of the Usmansky pine for-
est, protected species of the forest groups
accounted for 60.3 % for the Voronezh
region and 53.8 % for the Lipetsk region.
The flora of Khrenovskoy pine forest con-
tained 55.3 % of species of the forest
groups for the Voronezh region among
protected ones. Only 40.5% of species of
the forest groups with a protection status
in the Samara region entered the flora of
Krasnosamarsky pine forest.

Of the protected species included in
the floristic core, more than half (57.6 %)



On the Relict of the Flora in Insular Pine Forests in the Russian Plain

277

Table 5. Spectrum of latitudinal groups of protected species of pine forests and core

floras.
Number of species of flora of pine forests in the = Number of
regions species in
Latitudinal group Lipetsk  Voronezh  Orenburg Samara the floristic
1 1 2 3 3 4 core of pine
forests
Boreal 24 27 15 7 16 4 5
Boreonemoral 7 10 8 9 9 7 7
Boreonemoral for- 5 4 2 6 4 > 5
est-steppe
Nemoral 7 6 1 7 4 4 2
Nemoral forest-steppe 6 4 1 2 2 1 2
Nemoral forest-steppe 3 2 1 1 2 2 2
and steppe
Forest-steppe 8 6 6 1 1 1
Forest-steppe and 8 5 6 5 6 6 6
steppe
Steppe 4 3 3 4 10 1
Plurizonal 8 11 4 6 6 6 2
Species in total 80 78 47 44 54 42 33

Note: 1 — Usmansky, 2 — Khrenovskoy, 3 — Buzuluksky, 4 — Krasnosamarsky pine forests.

belonged to the forest groups. From the
boreal group here are marked: Pyrola ro-
tundifolia L., Adenophora liliifolia (L.) A.
DC., Menyanthes trifoliata L., Juniperus
communis L., Dryopteris carthusiana (Vill.)
H.P. Fuchs. Among the protected species
from the boreonemoral group: Carex bo-
hemica Schreb., Listera ovata (L.) R. Br.,
Platanthera bifolia (L.) Rich., Paris quadri-
folia L., Veratrum lobelianum Bernh.,
Dryopteris filix-mas (L.) Schott, Matteuc-
cia struthiopteris (L.) Tod. The composi-
tion of the floral core of the boreonemoral
forest-steppe group includes such pro-
tected species as Orchis militaris L., Iris
pseudacorus L., Naumburgia thyrsiflora,
Pulsatilla patens (L.) Mill., Thelypteris pa-
lustris Schott. From the nemoral group in
the floristic core, species with a protected
status in the Orenburg region are Euony-
mus verrucosa and Viola mirabilis L.

Conclusions

The flora of the forests of the steppe and
forest-steppe zones fully reflects the nat-
ural and climatic features of these areas,
which is clearly visible in the spectra of
the latitudinal groups. Nevertheless, one
third of the floristic core is represented by
species of forest groups. This is decisive
in the character of the studied flora. The
data obtained may be a confirmation of
the concept on the relict nature of flora in
insular pine forests due to the high repre-
sentation of forest species in the core.

The obtained spectrum of latitudinal
groups of protected species in the studied
floras of pine forests and those included
in the floristic core was also characterized
by a high percentage of forest species de-
termining the pine nature of the core.

In addition, the data obtained indicate
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that for many steppe and forest-steppe
regions, the pine forests may be the only
habitats primarily for species from forest
groups. For example, representatives of
boreal flora: Diphasiastrum complanatum
(L.) Holub., Lycopodium annotinum L., L.
clavatum L., Oxycoccus palustris Pers.,
Vaccinium myrtillus L,. V. vitis-idaea L.,
Chimaphila umbellata (L.) W. Barton, Or-
thilia secunda (L.) House., Pyrola chloran-
tha Sw., P. rotundifolia, Drosera rotundifo-
lia, Hammarbia paludosa (L.) O. Kuntze,
Neottianthe cucullata, Calla palustris,
Maianthemum bifolium (L.) F. W. Schmidt;
boreonemoral Botrychium virginianum
(L.) Sw. var. europaeum (Angstr.) Clau-
sen; nemoral forest-steppe Liparis loeselii
(L.) Rich.; nemoral Salvia glutinosa L. Ex-
amples of finding habitats on the territory
of pine forests can also be species from
other latitudinal groups: plurizonal Hotto-
nia palustris L., steppe Centaurea pineti-
cola lljin.
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