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Taxonomic and ecological analysis of vascular plants
of the pine forest of the Irtysh Region

The article presents a taxonomic, biomorphological, geographical analysis of the biodiversity of the flora of
herbaceous species of pine forests of the Irtysh region, which is represented by 168 plant species belonging to
116 genera and 42 families. Analysis of the largest flora families of herbaceous species shows that the domi-
nant communities are Artemisia L. — Festucaria Heist. ex Fabr. and Artemisia L. — Poaceae Barnhart (Ar-
temisia L., Festuca Heist. ex Fabr., Stipa capillata L.) phytocenoses. In all the studied sites, the following
plant species are dominates or codominants of Festuca rupicola Heuff., Agropyron cristatum (L.) Gaertn.,
Stipa capillata L., Artemisia vulgaris L., Carex supina Willd. ex Wahlenb., Spiraea hypericifolia L. The flora
is based on angiosperms, including dicotyledons — 137 species (81 %); monocotyledons — 28 species
(16.6 %). Gymnosperms are represented by two species of Pinus sylvestris L., Juniperus sabina L., and there
is also one species of Eguisetum arvense L. horsetail. The richness of the flora is also emphasized by some
quantitative indicators of its taxonomic composition: the average species saturation of one family is 4, the
maximum is 36. There are 9 rich families with the number of species above the average (21.4 % of the total
number of families), and 22 the poorest, single — species families (52.3 %). The top ten leading families con-
tain 71 % of the total floral diversity. The high level of floristic diversity of the studied territory is due to the
variety of ecological conditions of plant habitats (the valley of the Irtysh River with a high variation in mois-
ture and salinity, a variety of rocks of the adjacent riverside uplands) and anthropogenic activities leading to
an increase in weed and adventitious plant species.
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Introduction

Distribution of coniferous forests in Kazakhstan is limited. There are four groups of pine forests within
the Republic of Kazakhstan: pine forests of Kazakh uplands; Kalba upland pine forests; ribbon pine forests
on alluvial sands in the Turgai trough; ribbon pine forests on alluvial sands of the Irtysh region.

We studied the species composition and ecology of vascular plants in the pine forest of the Irtysh re-
gion. Pine Forest is located in the region of the Irtysh depression, it is the south-eastern edge of the West Si-
berian lowland, extends a wide part on both sides of the Irtysh from the western borders of the region almost
to the Char and Shulbinka river mouths. In the south, it is bounded by the uplands, in the east — by the foot-
hills of the Altai, in the north — by the Priobsky plateau, and in the west it goes beyond the region [1].

At its base, the basin is composed of Paleozoic rocks, above which underlie tertiary deposits, covered
with a thick bed of layered ancient alluvial mainly light geologic material — sand, sandy loam. The relict
pine forest of the Irtysh region is the most productive ecosystem in our natural conditions. This priceless gift
of nature was created by the last Zyryanov glaciation in the Holocene period [1-3].

The Irtysh pine forest is classified into four types according to the types of relief: dry forests of high
hills, dry forests of gentle hills, dry forests of medium hills, plain forests [3].

We studied the species composition of vascular plants in the above-mentioned four types of pine forest.
During 2018-2020, we conducted floral surveys in various ecotopes of the pine forest within the Irtysh re-
gion. In the area of the study, we laid a network of routes that intersect the main landforms.

Experimental

The collections of the herbarium fund of Department of “Biology” of the Shakarim University of
Semey and the plants of various ecotopes of the pine forest within the Irtysh region identified during the flo-
ral survey of 2018-2020 served as the material for research.

Various methods of studying vascular plants were used and several test sites with a size of 10000 m?
(100x100 m) were laid to study the aspect, species composition and their biological and ecological features,
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in each area under study, for a more detailed identification of the floristic composition when describing large
areas in them, several small areas 1x1 m in size were laid, the areas may have the shape of a square or a
circle. The geographical coordinates of the studied areas were determined by the GPS device. Expedition
research was carried out on 7 sites in the vicinity of villages: the Staraia Krepost (2 sites), Kashtak,
Polovinki, Talitsa, Mikhailovka, Borodulikha (Fig. 1).

Figure 1. Cartographic diagram of the location of the studied sites

When studying vascular plants of the pine forest of the Irtysh region, we used various classical methods
developed by prominent foreign and local scientists:

The methods of studying the aspect are the appearance of the plant community; it highlights the dis-
tinctive features and consists of the most noticeable traits of the composition and structure of plant associa-
tions [4].

Methods of studying the ecological features of the site are described with an indication of the terrain,
soil type, salinity, moisture content, and other distinctive features that characterize a particular site. Among
the main life forms, their ecological types are distinguished in relation to light, water and soil conditions
[5, 6].

The main methods by which the floral and species composition of plants was studied were
generally accepted classical methods of botanical and floristic research: in the field areas, the traditional
route-reconnaissance method was used. Specimens of woody, shrubby and herbaceous plants were collected
in herbarium folders with descriptions of collection sites (recorded using GPS), dates and collector.
Collection and processing of herbarium material were carried out according to the generally accepted
methodology of A.K. Skvortsov [7]. In the process of defining the herbarium, multi-volume summaries were
used as sources “Flora of Kazakhstan I, IT” [8]. To clarify the species and generic names, the latest reports of
S.K. Cherepanov [9], M.S. Baitenov [10], S.A. Abdulina [11], A.L. Takhtajyan [12] were used.

Special attention is paid to the presence of rare, endangered, and endemic plant species in the model
plots. The phytoprotective status was assessed in accordance with the IUCN categories [13, 14]; the inclu-
sion of species in the Red Book of Kazakhstan was taken into account [15, 16].

The study of the floristic and species composition of plants was guided by the data of early studies on
the region by N.Sh. Karipbaeva, V.V. Polevik [17-19].

Methods of studying the life form of plant species, that is, plant species that are similar in shape and
method of adaptation to the environment, are determined by adult flowering specimens. Moreover the struc-
ture of vegetative and generative shoots, the duration of their life; the ratio of the perennial and annual parts
of the shoots; the location of the plant renewal buds; the time and duration of flowering; the nature of the
root system is considered. According to the classification of 1.G. Serebryakov [20], there are various types of
life forms, namely trees, shrubs, semi-shrubs, semi-prostrate shrubs, perennial and annual herbaceous plants.

The projective cover of the soil by plants was determined by eye measurement. It is expressed as a
percentage from the area surface. 100 % of the total coverage means that the surface of the soil is completely
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covered with plant projections, and 70 % means that 30 % remains uncovered (visible when viewed from
above) [21].

Results and Discussion

Ribbon forests of the Irtysh region were historically formed on the territory of Kazakhstan in harsh soil
and climatic conditions among treeless steppe spaces. They perform important climate-regulating, soil-
protecting, and water-protecting functions.

Within the “Semey Ormany” National forest nature reserve, the ribbon forests are located on an area of
595,929 ha [21].

Pine forests of the Irtysh region are herbaceous forests, mostly xerophyticised. The areas of the pine
forest studied by us are represented by several associations: wormwood — forb pine forest, forb — reed pine
forest, wormwood — feather grass pine forest, etc. The grass cover of each association is composed depend-
ing on the ecological conditions of growth.

Biomorphs are represented by the following groups: trees, shrubs, semi-shrubs, prostrate shrubs, semi-
prostrate shrubs, perennial and annual herbaceous plants. A group of herbaceous plants prevails. The grass
cover of pine forests is fragmentary, thinned, xeromorphic, the total projective cover is 20-30 %, inside the
spots 50-60 %. The dominants Poaceae Barnhart (Leymus Hochst., Stipa L., Chrysopappus Takht.,
Scorzonera L., Spiraea L. etc.), Amaranthaceae Juss (Ceratocarpus arenarius L., Bassia prostrata (L.)
AJ. Scott)  and Brassicaceae Burnett  (Alyssum alyssoides L., Barbarea vulgaris  R. Br.,
Erysimum cheiranthoides L.) grow in groups of several square meters; within them, representatives of other
species are scattered, and sometimes isolated. The horizontal composition of the layer is uneven, related to a
change in the microrelief, the projective density is from 10 to 30 %.

Ribbon forests of the Irtysh region consist of Pinus sylvestris L., which forms mainly clear-boled forests
with numerous glades overgrown with dry—steppe, steppe, meadow-steppe vegetation.

The high level of floristic diversity of the studied territory is due to the variety of ecological conditions
of plant habitats (the valley of the Irtysh River with a high variation in moisture and salinity, a variety of
rocks of the adjacent riverside uplands) and anthropogenic activities leading to an increase in weed and ad-
ventitious plant species.

The main forest-forming species are Scots pine Pinus sylvestris L., Betula pendula Roth and Populus
tremula L. The grass layer is dominated by sod grasses — Stipa pennata L., Festuca valesiaca Schleich. ex
Gaudin, Artemisia marschalliana Spreng.

In the course of our research on the territory of the Irtysh region, we conducted a taxonomic ecological
analysis, discovered and identified 168 plant species belonging to 115 genera and 42 families (Table 1). The
flora is based on angiosperms, including dicotyledons — 137 species (81 %); monocotyledons — 28 species
(16.6 %). Gymnosperms are represented by two species of Pinus sylvestris L., Juniperus Sabina L. and there
is also one species of Eguisetum arvense L. horsetail.

According to the data of early studies of the territory, the flora of higher plants of the pine forest of the
Irtysh region is represented by 344 species from 201 genera and 61 families. The flora is based on
angiosperms — 340 species, including dicotyledons — 80.59 % (274 species), monocotyledons — 19.41 %
(66 species). The presence of rare species was noted: Pulsatilla patens (L.) Mill. (category 3R), Stipa
pennata L. (category 3R).

The richness of the flora is also emphasized by some quantitative indicators of its taxonomic composi-
tion: the average species saturation of one family is 4, the maximum is 36. There are 9 rich families with the
number of species above the average (21.4 % of the total number of families), and 22 the poorest, single-
species families (52.3 %).The top ten leading families contain 71 % of the total floral diversity (Table 1).

The species saturation of genera on average is 2.76, and the maximum is 23. The proportion of genera
with the number of species above the average (3-23) is 8.6; single — species genera are the vast majority —
68, or 58.6 %.

The higher plants of the surveyed territory are represented by various life forms. According to the clas-
sification of 1.G. Serebryakov (1962), 6 groups are distinguished, they are united into three major types:
woody (trees, shrubs, prostrate shrubs); semi-woody (semi-shrubs, semi-prostrate shrubs); grasses (perennial,
annual and biennial). A special feature of this territory is Pinus sylvestris L., a low proportion of shrubs-only
7.14 (12 species) (Table 2). Among them the most noticeable are Spiraea hypericifolia L., Rubus idaeus L.,
Rosa canina L., Rosa majalis Herrm., Rosa acicularis Lindl. and Caragana arborescens Lam.
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Table 1
Dominant families of the Irtysh pine forest
. Number of Number of Percentage of the total
Family : .
genera species number of species, %
Poaceae Barnhart 9 12 7.14
Polygonaceae Juss 3 5 2.97
Caryophyllaceae Juss 6 8 4.76
Ranunculaceae Juss 4 4 2.38
Brassicaceae Burnett 6 10 5.95
Rosaceae Juss 9 17 1.11
Fabaceae Lindl 12 17 10.11
Lamiaceae Martinov 4 5 2.97
Scrophulariaceae Juss 4 6 3.57
Asteraceae Bercht. & J.Pres| 23 36 21.4
Total: 80 120 71.43
Other families 39 53 31.5
Table 2
Spectrum of the main life forms of higher plants
Number of species
Life form Percentage of the total
Absolute .

number of species, %

Shrubs 12 7.14

Semishrub 2 1,19

Semi-prostrate shrubs 4 2,38

Wood and sod 5 2.97

Perennial herbs 113 67.26

Annualand biennial herbs 32 19.04

Mass species, which are dominant and subdominant to plant communities, play a crucial role in the life
of the ecosystem. They create a special background, often throughout the growing season, produce the main
mass of organic matter, create a food base, places of refuge and breeding for wild animals, insects, etc. In the
area of study, 67 background species from 23 families were recorded, i.e. 39.8 % of the total floral diversity
of the territory. The maximum relative proportion (50 %) of background species is found in the Asteraceae
Bercht. & J.Presl family, primarily Chrysopappus Takht., Artemisia L. and Bojeria DC.

A high level of representation of background species (50 % each) is also characteristic of four more
families: Scrophulariaceae Juss, Lamiaceae Martinov, Brassicaceae Burnett, Caryophyllaceae Juss.

Also the most numerous are the following families: Poaceae Barnhart (7,14 %), Rosaceae Juss
(10,11 %), Fabaceae Lindl (10,11 %).

In a single chain of problems, the preservation of the biodiversity of any region or a particular site,
preservation of rare and unique plants is the most important. On the territory of the Relict Pine Forest of the
Irtysh region, 29 species of various categories of rarity are noted, which is 17.2 % of the entire flora of the
forest. Plants of The Red Book are leading in this group (2.38 %): Pulsatilla patens (L.) Mill. (category 3R),
Stipa pennata L. (category 3R), Allium caespitosum Siev. ex Bong. & C.A. Mey. (category 2V), Tulipa pat-
ens C.Agardh ex Schult. & Schult.f (category 3R).

Pine forest plants that can tolerate overheating and dehydration 74 (44.04 %) species of xerophytes, 79
(47.02 %) species of mesophytes and 15(8.92 %) species of xeromesophytes were identified in the studied
territory according to ecological groups in relation to water.

Conclusions

Plant communities are mainly represented by perennial drought — and frost — resistant herbaceous
plants with a strong root system. The main edifiers are Elymus L., Stipa L, Festuca Tourn. Ex L.,
Chrysopappus Takht., Artemisia L., Scorzonera L., Tragopogon L., etc., the vegetation cover is mosaic.
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In the vegetation cover of shrubs, there is one species of Spiraea L., it grows among the sandy hills of
the pine forest, that is, in the depressions of the relief, with relatively close ground waters.

The richness of the flora is also emphasized by some quantitative indicators of its taxonomic composi-
tion: the average species saturation of one family is 4, the maximum is 36. There are 9 rich families with the
number of species above the average (21.4 % of the total number of families), and 22 the poorest, single-
species families (52.3 %). The rich families are: Asteraceae Bercht. & J.Presl- 36, Poaceae Barnhart — 12,
Fabaceae Lindl — 17, and Rosaceae Juss — 17 species.

Mass or background species are dominant to plant communities and play a crucial role in the life of
ecosystems. They create a special background, often throughout the growing season, produce the main mass
of organic matter, create a food base, places of refuge and breeding for wild animals.

The dominant communities are Artemisia L. — Festucaria Heist. ex Fabr. and Artemisia L. — Poaceae
Barnhart (Artemisia L., Festuca Heist. ex Fabr., Stipa capillata L.) phytocenoses. In all the studied areas, the
following plant species are dominant or codominant: Festuca rupicola Heuff., Agropyron cristatum (L.)
Gaertn., Stipa capillata L., Artemisia vulgaris L., Carex supina Willd. ex Wahlenb., Spiraea hypericifolia L.

The plants of the pine forest of the Irtysh region are represented by various life forms. According to the
classification of I.G. Serebryakov (1962), we have identified 6 groups: trees — 5 (2.97 %); shrubs —
12 (7.14 %); semi-shrubs — 6 (3.57 %); perennial — 113 (67.26 %); biennial and annual grasses —
32 (19.04 %) species.

In relation to moisture, pine forest plants are divided into xerophytes — 74 (44,04 %), 79 (47,02 %)
mesophyte species and 15 (8.92 %) xeromesophyte species, among the xerophytes a special place is occu-
pied by ephemera — ephemeroids, the flowering time of which begins in late April and until mid — May
(Adonis L., Pulsatilla Mill, Tulipa L., Gagea Salisb etc.).

In recent years, the development and anthropogenic impacts on the territory of the pine forest of the Ir-
tysh region lead to a reduction or deterioration of biodiversity, causes irreversible processes of degradation
of the population of Pinus sylvestris, and, in natural geocomplexes, plant cenoses with historically estab-
lished communities are the most vulnerable.

The results of the research show that at present there is a need to create nature reserves within the pine
forest of the Irtysh region, especially in places where rare, endangered, valuable plants grow, with the subse-
guent regulation of all domestic activities. In this regard, it is necessary to develop effective measures and
recommendations for the protection and reproduction of populations.
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b.3. Enpkenona, P.P. beiicenoBa, H.I1I. Kapun6aesa, B.B. [ToneBuk

Epric eHipiHiH Kaparai/ibl OpMaHBIHBIH TYTIKTi 6CiMIIKTEpiHe
TAKCOHOMUSUJIBIK KOHE IKOJIOTHSJIBIK TAJAAy

Makaraga Epric eHipiHIH Kaparaiiiel OpMaHIApBIHBIH OCIMAIK TYpJIEpiHIH OHOaTyaHTYpIiTiriHe
TaKCOHOMUSUTBIK, OMOMOP(ONOTHSIIBIK, FreorpasUIbIK Taaay KelTipinreH, oHna 42 tykpiMaac, 116 Tybicka
&KaTaThIH eciMIikTepaiH 168 Typi yesinbuiran. lllentecin eciMaikTep GaopacsiH TangayablH HOTHXECIHIE CH
OaceiM KaysIMIacTeikTap Artemisia — Festuca sxone Artemisia — Poaceae (Artemisia, Festuca, Stipa
capillata) ¢puroneHo3maps! ekeHiH KopceTTi. bapibik 3epTTelreH ayaaHaapaa ociMaikTepaiH Keieci Typiepi
JOMHHATTap HeMece KOJOMHHaHTTap Gonbin Tabbuiazbel: Festuca rupicola, Agropyron pectinatum, Stipa
capillata, Artemisia vulgaris, Carex supina, Spiraea hypericifolia. ®nopansiH Herizin aHrmocmepmaep
Kypaiiapl, oHbIH imiHge: KocxkapHakTeulap — 137 typ (81 %); nmapaxapraxteuiap — 28 Typ(16,6 %).
XKananam TykeiMasuiap Pinus sylvestris, Juniperus sabina eki TypiMeH YCBHIHBUIFaH, COHBIMEH KaTap
Eguisetum arvens 6ip typi 6ap. ®iopaHblH OalbIFEl OHBIH TAaKCOHOMUSUIBIK KYPaMbIHBIH KEHOIp CaHIBIK

KOPCETKILITEepIMEH epeKIIeneHei: OipTYKbIMIACThIH oOpTamia KaHBIKTBUIBIFBI — 4, Makcumym — 36.
TypiepaiH caHbl OpTaliagaH KOFapbl TYKbIMAactap — 9 (TYKbIMAACTapbIH Kaumbl caHbiHbIH 21,4 %),
TYpiepi eH a3 TyKbIMacTapablH cabl (mapa typ) — 22 (52,3 %). JKerexkiui oTGachuIapaplH aFaIIKbl

OHIBIFBIHAA OapiblK  (QIOpHCTHKANBIK  OpTYpuimikTiH 71 %-p1  Kke3mecemi. 3epTTeneTiH ayMakThIH
(hIOpUCTHKANBIK alyaH TYPJUITIHIH XOFaphl JEHTedl OoCIMAIKTEp MEKEHICHTIH XepIepIiH SKOJIOTHUSIIBIK
JKaFaliIapblHBIH allyaH TYPIUTriMeH (ayMakThl CyNaHABIPY MEH TY3[IaHYIbIH XOFaphl BapHalUsChl Oap
Epric e3eHiHiH ankaObl, ©3¢H MaHBIHIAFhl YCaK MIOKbLIAPFA ipresiec TYPJi Tay >KBIHBICTApHI) JKOHE Kap
KYpCaybIHBIH JKOHE apaMIIenTep IiH KoOCIiHe dKEIeTiH aHTPOMOTCH/IIK bIKIAFa OaiiIaHbICTHI.

Kinm ce30ep: Kaparaii, TAMBIPIIBI ©CIMAIKTEP SKOIOTHACHI, OpMaH, (GJiopa, TAKCOHOMHS, IKOXKYHe.

b.3. Enbkenona, P.P. beiicenoa, H.I1I. Kapun6aesa, B.B. [ToneBuk

TakcoHOMHYECKHI U DKOJOTHYECKHI aHAJIN3
COCYAMCTBIX PACTeHHii cOCHOBOTrO 6opa IIpuupThHIIbA

B crarse mpuBeneH TakCOHOMHYECKHH, OHOMOP(OIOTHIeCcKHi, reorpapuieckuii aHamm3 OGHopa3sHO0Opasust
(opsI TPaBSIHUCTHIX BUIOB 00poB [IpuHpPTHIIES, KOTOpas mpeacTaBieHa 168 BUAaMH pacTeHHH, OTHOCS-
muxcst Kk 116 pogam u 42 cemeiicTBaM. AHAIN3 KPYITHEHIINX ceMeCTB (hIopsl TPaBSIHUCTHIX BUIOB MOKa3all,
4TO JOMHHHPYIOIMMHU coobmectBamu siBisirorest Artemisia—Festuca u Artemisia—Poaceae (Artemisia,
Festuca, Stipa capillata) ¢purtoneno3sl. Ha Bcex MCCIEI0BaHHBIX yYacTKax CICIYOIINE BUBI PACTCHHUM SIB-
JSIOTCS  JOMMHATaMd WIM KojoMmuHanTtamu Festuca rupicola, Agropyron pectinatum, Stipa capillata,
Artemisia vulgaris., Carex supina, Spiraea hypericifolia. OcHOBY (GIOpBI COCTABISIIOT TMOKPHITOCEMEHHBIE
pacTeHus1, B TOM 4ucie IBynoiapHele — 137 BumoB (81 %); omHomonsHble — 28 BHna (16,6 %). ['onocemen-
HBIe TIpejCTaBieHbl AByMsi Bumamu P. sylvestris, Juniperus Sabina, a taxxxe 3mech BCTpedaeTcsi OAWH BH
xpouteit Eguisetum arvense. borarcTBo ¢opbl mogYepKUBaeTCS U HEKOTOPBIMU KOJIHYECTBEHHBIMHU TTOKA3a-
TEJISIMU €€ TAKCOHOMHYECKOTO COCTaBa: CPEIHssl BUAOBAsl HACBHILICHHOCTh OJHOTO ceMelicTBa — 4, MakcH-
MmaibHass — 36. borateix cemelcTB ¢ unciiom BuaoB Beime cpeanero — 9 (21,4 % ot o6iuero konuyecTsa
cemeiicTB), bexueiimux, oqHoBHAOBBIX — 22 (52,3 %). IlepBas mecsiTka BexyIuux cemeiicTs comepxur 71 %
OT BCEro (hJIOpUCTUYECKOro pa3HO0Opasus. Bricokuil ypoBeHb (UIOPUCTHYECKOrO pa3zHOOOpa3us U3ydaeMoi
TEPPUTOPHH OOYCIIOBICH MHOTOOOpa3sHeM 3KOJIOTHYECKHX YCIIOBHH MECTOOOMTaHWH pacTeHWH (IoimmHA P.
HpTeim ¢ BBICOKOH BapHalyedl yBIQKHEHHS M 3aCOJCHHUS TEPPHTOPHH, PasHOOOpa3HBIE TOPHBIE HOPOIBI

BecTHuk KapaFaHﬂMHCKOFO YHUBepcuUTeTa
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MPHUIIETAOIETO MPUPEYHOr0 MENKOCONIOYHUKA) U aHTPOMOTEHHON NeATeIbHOCTBIO, IPUBOILIEH K yBEIHYe-
HHIO 3aHOCHBIX U COPHBIX BUJIOB.

Kniouesvie cnosa: cocHa, SKOJIOTHS COCYTUCTBIX PACTCHUH, Jiec, Giopa, TAKCOHOMUS, YKOCHCTEMA, SKOJIOTH-
YEeCKHE YCIOBHS MECTOOOUTAHUS PACTCHUH.
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