IRSTI 34.29.25

A.N. Kuprijanov ', B.A. Turalin?, N.V. Kurbatova?, M.S. Kurmanbayeva?,
K.T. Abidkulova?,A.A. Bazargaliyeva 3

L "Kuzbass Botanical garden” Institute of Human ecology of the Federal research center of coal and
coal chemistry of the Siberian branch of the Russian Academy of Science, Kemerovo, Russia.
2 al-Farabi Kazakh National University, Almaty, Kazakhstan
3 Aktobe Regional State University named after K. Zhubanov, Aktobe, Kazakhstan
(E-mail: kupr{2@yandez.ru, bauke 1982@mail.ru, kurbatova nv77@mail.ru,
kurmanbayevakz@gmail.com, Karime.Abidkulova@kaznu.kz, aliya baz@inbox.ru)

The structure of the populations of Crambe tataria Sebedk in the Aktobe Region

Abstract: Crambe tataria Sebedk is one from four species of genus Crambe, which grow on the
territory of Kazakhstan. This species is listed in Red Data Book of Kazakhstan as rare endangered
species, and its natural habitats are chalk areas of west part of the country. The structure of seven
populations of Crambe tataria was studied in the Aktobe Region. The optimum habitat conditions
for this species are northern and northeast slopes of chalk uplands, chestnut and light-chestnut
soils. In unfavorable conditions of summits and southern slopes of lime uplands, C. tataria can form
invasive-regressive populations with the prevalence of virgin plants. The variation of the structure
of the populations does not lead to a decrease in their resistance, which highlights high plasticity of
the species within chalk uplands.
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Introduction. Crambe tataria Sebedk is a rare South European Mediterranean species that
grows in the south of Russia, Austria, Chech Republic, Slovakia, Hungary, Romania, Bulgaria, and
Turkey. In Russia, it grows in the steppe area, south Pre-Urals, submountain region of the Caucasus,
and the Crimea. In the northern part of the areal, the species does not spread northward beyond the
southern part of the forest-steppe zone. On the east, the spreading is limited by the Ural Mountains
range, on the south - by the Caucasus Mountains [1-6]. In the southwest part of Europe, the species
grows in the Ukraine, Moldova, Hungary, and south of Austria. As a stranger species, it can be
sporadically found in the south of Western Siberia [7], Chelyabinsk Oblast [8] and Omsk [9] Oblast.
There is evidence of it being found in Moscow Oblast [10] and south of Italy, where it appeared in
9th-10th centuries during the Huns invasion [11]. In Kazakhstan, it primarily spreads on chalk areas
of west Kazakhstan [12-15] (Figure 1).

C. tataria is a rare, endangered species that is included in the Directive on Plant Protection [16].
It is a species included in the Red List of the endangered species of the International Union for
Conservation of Nature and Natural Resources and Red List of Kazakhstan [17].

The flora of chalk areas in west Kazakhstan is unique and well researched. It includes a lot of
rare species [18, 19]. Five types of species are listed in the Red List of Kazakhstan [17]|. Presently,
there is an increased interest in researching the population structure of rare plants growing on chalk
areas [20].

The age-related structure is one of the significant features of the population because it provides
the population system capacity for self-maintenance and determines its stability [21].

The study of the age-related (ontogenetic) structure of the populations of rare species is necessary
for evaluation of the plants status and development of protective measures. Despite the actual rarity
of C. tataria, its population structure is understudied.

The research was aimed to study the population structure of a rare and endangered species Crambe
tataria Sebedk under the conditions of Aktobe Region. The main task of the study was to identify
the population structure of the species.
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Pucvhok 1 — Figure 1. C. tataria on a chalk slope

Materials and Methods. The study was performed on the territory of the Aktobe Region. The
floristic description was made on the areas with a high density of Crambe tataria. In total, seven
populations (P) of C. tataria were studied.

P-1: 20 km westwards of Akrab Village, 220 m above the sea level, 50° 51836’ N, 54 ° 93359’
W of the chalk bald peak. The soils are not fully developed, lack humus horizon, and are covered
with a layer of small chalk lumps. The area of the population is 1000 m?; total projective cover
(TPC) is 10%, TPC of C. tataria is 1%. The population includes 22 species. The most widespread
species in the canopy are Anabasis truncata (Schrenk) Bunge, Anthemis trotzkiana Claus ex Bunge,
Krascheninnikovia ceratoides (L.) Gueldenst., Matthiola superba Conti, Poa bulbosa L., and Seseli
eriocephalum (Pall. ex Spreng.) Schischk.

P-2: 20 km westwards of Akrab Village, 226 m above the sea level, 50 ° 51792’ N, 54 ° 32769’ W,
southeastern slopes of chalk peaks with a slope of 20 °. The soils are not fully developed, lack humus
horizon, and are covered with a layer of small chalk lumps. The area of the population is 300 m ?,
TPC is 15%, TPC of C. tataria is 1%, the population includes only 20 species. The most widespread
species in the canopy are Anabasis truncata (Schrenk) Bunge, Anthemis trotzkiana Claus ex Bunge,
Centaurea sibirica L., Echinops meyeri (DC.) Iljin, Nanophyton erinaceum (Pall.) Bunge, Rindera
tetraspis Pall., and Rhammatophyllum pachyrhizum (Kar. & Kir.) O.E.Schulz.

P-3: 40 km to Wil Village, bald peaks of Akshatau, 160 m above the sea level, 49° 93420’ N,
54°51433" W, eastern slope of chalk bald peaks, valley, 20° slope. The soils are fully developed,
light chestnut, mellow loamy with inclusions of lumps of pure chalks. The area of the population
is 1000 m 2, TPC is 30%, TPC of C. tataria is 5%. The population includes 38 species. The most
widespread species in the canopy are Allium decipiens Fisch. ex Schult. & Schult. f., Alyssum
tortuosum Waldst. et Kit. ex Willd., Anthemis trotzkiana Claus ex Bunge, Artemisia aralensis
Krasch., A.salsaloides Willd., Astragalus aktubiensis Knjasev, A. varius S.G. Gmel, Ferula caspica
M.Bieb., Limonium caspium (Willd.) Gams, and Tarazacum turgaicum Schischk.

P-4: 40 km to Wil Village, bald peaks of Akshatau, 143 above the sea level, 49° 33529’ N,
54 ° 50869’ W, valley occupied by brushwood along the shores of temporary water flow. The soils
are chestnut, fully developed, loamy. The area of the population is 1000 m 2, TPC is 100%, TPC of
C. tataria is 5%. The population includes 33 species. The most widespread species in the canopy
are Achillea nobilis L., Agropyron cristatum (L.) Beauv., Camphorosma monspeliaca L., Centaurea
kasakorum Iljin, Echinops meyeri L., Ephedra distachya L., Euphorbia microcarpa Prokh., Ranun-
culus polyrhizos Steph., Rhinopetalum karelinii Fisch. ex Alexander, Scorzonera tuberosa Pall.,
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Tanacetum santolina C.Winkl., Tragopogon ruber S.G.Gmel., and Tulipa biebersteiniana Schult. &
Schult. f.

P-5: 15 km northeastwards of Akshatau Village, 126 m above the sea level, 49°33475" N,
54°51334° W, northern slopes of chalk bald peaks. The soils are light chestnut, fully developed
with numerous chalk inclusions. The area of the population is 2500 m 2, TPC is 30%, TPC of
C. tataria is 3%. The area of the population includes 32 species. The most widespread species in
the canopy are Achillea micrantha Willd., A. millefolium L., Adonis wolgensis Steven, Artemisia
marschalliana Spreng., Bromopsis inermis (Leyss.) Holub, Chaerophyllum prescottii DC., Cho-
rispora tenella (Pall.) DC., and Galatella villosa (L.) Rchb. f.

P-6: 15 km northeastward of Akshatau Village, Mukashtau mountains (a complex of chalk small
Akshatau mountains), 192 m above the sea level, 49 © 43102’ N, 54 °© 59277" W, the southwestern slope
of chalk bold peaks. The soils are chestnut, not fully developed with numerous chalk inclusions.
The area of the population is 200 m?, TPC is 20%, TPC of C. tataria is 3%. The area of the
population includes 29 species. The most widespread species in the canopy are Allium inderiense
Fisch. ex Bunge, Anthemis trotzkiana Claus ex Bunge, Artemisia lerchiana Weber, Echinops meyeri,
Ephedra lomatolepis Schrenk, Glycyrrhiza korshinskyi, Onosma simplicissima L., Rhammatophyllum
pachyrhizum (Kar. & Kir.) O.E.Schulz, Scorzonera pubescens DC., Seseli eriocephalum (Pall. ex
Spreng.) Schischk, and Zygophyllum pinnatum Cham.

P-7: 15 km northeastward of Akshatau Village, Mukashtau mountains (complex of chalk small
Akshatau mountains), 125 m above the sea level, 49°42394’ N, 54 ° 58876" W, steep norther slope
of 30° on chalk bald peaks. The soils are chestnut, fully developed, loamy, and loose with numerous
chalk lumps inclusions. The area of the population is 3000 m?, TPC is 35%, TPC of C. tataria is
5%. The area of the population includes 26 species. The most widespread species in the canopy
are Agropyron cristatum (L.) Beauv., Astragalus testiculatus Pall., Caragana laeta Kom., Centaurea
kasakorum Iljin, Goldbachia laevigata (M. Bieb.) DC., Nepeta cataria L., Serratula gmelinii Tausch.,
and Verbascum phoeniceum L.

The borders of the population were defined by generally accepted methods [21]. The area of the
population was identified using JPS system. Floristic descriptions were performed by a standard
method in the area of 100 m?. The authors evaluated the species composition, and general and
individual projecting cover of each species. Twenty model plots (1 m 2 ) were set inside the population
area. A C. tataria species of any age was used as a counting unit. Age-related conditions of
plants were defined according to the methodical recommendations [21-23]. The authors studied
the structures of the population according to the Program and method of observation of plant
populations [24]. A type of population was identified by Rabotnov’s method [22] and the classification
of "delta-omega" [25].

The index of age population (A ) was calculated by the formula:

where Y K; is the sum of plants in all age-related conditions, m; is the age-related condition of
species [23|. Efficiency index (w ) was calculated by the formula:

w = Zpieia

where p; = n;/n is the share of plants of i'® condition in the specified population, n; is the
absolute number of plants of i" condition, n = Y n; is the total amount of plants, e; - energetic
effectiveness [25].

Population recovery index (I) is calculated by the formula:

I:Zj—H)/Zglﬁg?:,

where Y j — v is the sum of plants in all age-related conditions of the pre-generative period,
> gl — g3 is the sum of plants in all age-related conditions of the generative period [26].

Results and Discussion. By environmental condition, C. tataria’s habitats can be divided into
favorable and unfavorable ones. Favorable habitat conditions are observed in the populations P-3,
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P-4, P-5, P-7. As a rule, they are located on the northeast and north slopes or in the valley and
have fully developed loose soil. Unfavorable habitat conditions are observed in the populations P-1,
P-2 and P-6. These habitats are located on the peaks, south, or southwest slopes and have not fully
developed soils with high water permeability, which are primarily alkaline.

The best total projective cover (TPC) was observed in the valley along the shores of the water
flow (100%). For C. tataria, this is an uncommon place for the habitat. Its species spread in narrow
lines along the swarded areas of steppe vegetation. Its share in the projective cover is 5%. In the
rest of habitats, TPC varies from 10% to 35%. The biggest share of C. tataria in TPC was observed
in P-3 (17%) and P-7 (14%). In the rest population, it occupies 6%-10% (Table 1).

The spread of the species on chalk uplands is uneven. The largest populations occupy 2500 - 3000
m? and are found on north and northeast slopes that are more protected from direct solar isolation
and have more developed soil horizon. Single species that did not form populations were found on
chalk uplands in the area of diluvial outwash. The highest density of species (more than 100 pcs/100
m ? ) was observed in the populations located in more favorable environmental conditions (P-3 and
P-4), except for P-1, due to a higher number of plants in a virgin condition.

Table 1 - Features of C. tataria populations

Parameter P-1|P2| P3| P4]| Pb|P6| P-T7
Projective cover,% 10 15 30 | 100 | 30 20 35
Projective cover, C. tataria % 1 1 ) ) 3 3 )
Population area, m? 1000 | 300 | 1000 | 1000 | 2500 | 200 | 3000

Species density, pcs/100 m? 140 | 10 | 150 | 115 98 40 50

Number  of  reproductive | 530 0 200 | 300 | 1650 | 20 | 1800
species in the population, pcs
Age index in the population | 0.18 | 0.15| 0.11 | 0.16 | 0.31 | 0.13 | 0.15
(a)
Efficiency index (w) 0.50 | 0.47 | 0.34 | 0.46 | 0.70 | 0.42 | 0.55
Population recovery index (I) | 1.64 | 0 | 6.50 | 2.83 | 0.48 | 3.00 | 0.11

Population-demographic studies focus on the spectrum of age-related (ontogenetic) conditions that
represents the intra-population distribution of species depending on the environmental conditions
[27]. A certain ratio of the age-related groups provides a precise understanding of a general condition
of a population, its capability of self-maintenance, and prospectives of its development.

Age-related spectra of the studied populations are presented in Figure 2. None of the populations
included species that could be classified as senile or obsolescent. The types of age-related spectra
are primarily left-sided, except for P-5 and P-7 that are right-sided. P-2 has a bimodal distribution
with its maximum values in immature and young generative species.

C. tataria, studied by the age-related spectra, are classified as normal because they are capable
of self-maintaining by the seed pathway and do not depend on stranger seeds. Nearly all the pop-
ulations, except for P-7, are invasive because they have pre-generative species prevailing. Usually,
such populations are characterized as young and expanding ones [28]. But in case of the population
of C. tataria, this is associated with unfavorable development conditions. Probably, it is explained
by the fact that plants that grow on the peaks, south and southwest slopes start to wither in vir-
gin and even immature conditions not reaching the generative stage. Those populations are called
invasive-regressive [29]. They can exist for a long time provided a population receives stranger seeds
from outside. Taking into account that C. tataria has a tumbleweed lifeform, seeds can be obtained
from other populations.
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Pucvnok 2 — Figure 2. Age-related structure of C. tataria populations

According to the classification of "delta-omega", nearly all the (P) populations are young, except
for P-5 that is young and close to maturing according to the Zhivotovsky’s classification [25| (Figure
2). Efficiency index (w) is <0.6 as in young populations. Only in P-7, it is equal to 0.7, which
makes it closer to a transition type. The index of population recovery (I) is normally >1, except for
P-2, P-5 and P-7, where it is <1, and in P-2, it is 0 because generative species were not revealed
(Table 1).

Conclusion.The analysis of the age-related structure of C. tataria population showed that the
interpretation of a certain ontogenetic spectrum should be performed with the account and under-
standing of the environment of C. tataria habitat. The studies showed that the optimum habitat
for this species is chestnut and light chestnut soil that are fully developed and have chalk inclusions.
On the other hand, C. tataria can form invasive-regressive populations in extreme soil and ecological
conditions on the peaks and south slopes of chalk uplands. The variance of the population structure
does not lead to a decrease in the resistance of the population resistance. It highlights high plasticity
of the species that grow on chalk uplands.
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A.A. Bazaprajiuesa 3

1 Kys6accrut 6omanuveckuts cad Pedeparvrozo uccaedosamenscrozo yenmpa yeas u yeaexumuy CO PAH Kemeposo, Poccus
2 Kaszazxcrkuti nayuonaiviodl yrusepcumem um. arv-Dapabu, Aamamo, Kazaxcman
3 Axmiobuncrul peeuorasvrull 2ocydapemeennuil yrusepcumem umenu K. XKybanosa, Axmobe, Kasaxcmar

Crpykrypa nonyiasimuii Crambe tataria Sebeék B AkTiOGMHCKOI obsiacTu

AnsoTauus. Grambe tataria Sebeok - onuH 3 yerbipex BuoB poja Crambe, npouspacratonmx Ha Teppuropun Kazaxcrana.
ror Buj 3anecen B Kpacuyio kaury Kazaxcrana Kak peikuii 1 HAXOAAIMNACS [0, yIPO30H NCIE3HOBEHUS, & €r0 €CTECTBEHHOM
cpesioii obUTaHMsI SIBJISIFOTCSI MEJIOBbIE PAMOHBI 3alaJIHOW YacTu CTpaHbl. B AKTIOOMHCKON 00JIaCTH U3ydeHa CTPYKTypa CeMU
momyJiAnuil peaKoro, ucdesaromero suga Grambe tataria Sebeok. OnTuUMAJbHBIMU MECTOOOUTAHUAMU SABJISAIOTCA CEBEPHBIE,
CEBEPO-BOCTOYHBIE CKJIOHBI MEJIOBBIX BO3BBIIIEHHOCTEH, KAIlITAHOBBIE W CBETJIO-KAIITAHOBBIE IOYBBL. B HeOJIAronpusiTHBIX
YCJIOBUSAX BEPIIUH U I0XKHBIX CKJIOHOB MEJIOBBIX BO3BBIIIEHHOCTEH G. tataria cnocoben 06pa30BbIBATH NHBA3UOHHO-PETPECCUBHBIE
MOMYJSAIUA C TpeobsajlaHneM Oco0eil BUPIMHUJIBHOIO COCTOSIHHs. BapbUpOBaHME CTPYKTYDbI HOIYJISIMA HE TPUBOIUAT K
CHMKEHHUIO UX YCTOUYIMUBOCTH, UTO IOJTUEPKUBAECT BBICOKYIO INIACTUYHOCTDH BUIa BHYTPU MEJIOBBIX BO3BBIIIIEHHOCTEMH.

KuaroueBsbie cioBa. Grambe tataria, penkuil, HaXONANUNACS TOJ[ YIPO30H HUCYE3HOBEHUS BUJ, MOMYJIANMS, AKTIOOMHCKAs
06/1aCTh, CTPYKTYPa MOMYJISANMI, YCTONIUBOCTD IO ISALIMIA.
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A.H. Kynpusinos ! , B.A. Typanun 2>, H.B. Kyp6arosa 2>, M.C. Kypman6aepa 2 , K.T. A6uakysiosa 2 ,

A.A. Bazapraymesa 3
1 Kysbacc 6omanuranv 6azv. Dedepanvdi 3epmmey opmanvies, KOMIP dHcore KOMIp Tumuacs, cibip 6eaim, PAH, Kemeposo,
Peceti
2 oa-Dapabu amwumdaes Kasax yammo yrusepcumemi, Aamamo, Kasaxcman
3 K. XKybanos amuindaz, Axmebe onipaix memaexemmirx yrusepcumemi, Axmebe, Kasaxcman
AxTebe obabicbiHgarel Crambe tataria Sebedk momynsAusiCbIHBIH, KYPBLIBIMbI
Angnarna. Kaszsakcran aymarsmna ecerin Crambe tataria Sebedk, Crambe, TybichiHbIH TOpT Typimin 6ipi. By Typ,
Kazakcranubiy KpI3bul KiTabbIHIa CHUPEK Ke3/EeCETiH >KoHe KOWBLIBIN KeTy Kaylll TOHIMeH TYpJep/iH TidiMiHe eHrisijirex,
ajl OHBIH TaOWFU MEKEHJIey OpTachl eJiaiH 6aThiC aliMarblHBIH, Bopibl aymanmapbl Oosbin TabbuLiaabl. AkKrebe OOJIBICBIHIA
2KeTi MOIYJIANUSHBIH KYPbUIBIMBL 3epTTesal. Akrebe obabichinga Crambe tataria Sebedk cupexk KesjeceTiH, »KOWBLIBII Hapa
2KaTKaH TYPHiH 2KeTi MOIIyJISIUsSCHIHGIE KYPBUIBIMBI 3€pPTTeani. Bop KbIpaTBIHBIH, COJTYCTIK, COJITYCTIK-IILIFBIC OeTKeisepi,
KaIllTaH >K9HE AlllbIK-KAaIllTaH TOIbIPAKTapbl KOJIAWIbI ©CETIH 2KepJjiep OOoJIbIn TabbLIaabl. Buik 60p IIBIHIAPBIHBIH OHTYCTIK
Oerkeiinepi KomaiceId xarpaiinapga. C. tataric BUpruHesnl »Karmailbl WHBA3USILIK, PECPECCUBTI MOIYISLUSAIAD SapPaKTapPbIH
Kypyra kabimerrti. [lonmynsnusiiap KypbUIBIMBIHBIH, ©3T€pyi OJIap/blH TYPaKThLIBIFBIHBIH TOMEH/IEYiHEe aJIblll KeJIMen i, OyJ1 6op
TebemiKTepiHAeri TypiepAiy »Korapbl HKEMITINH KopceTei.
Tyitin cespep: Crambe tataria, cupex, >KOWBLIBINT KeTy Kayilli TOHTeH TYp, MONMyJsAnus, AKrebe OOJIbICHI, OIS
KYPBUIBIMBI, [TOIMYJISIUSHBIH TYPAKTBLIBIFbL.
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