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Abstract.Thearticleisdevotedtotheassessmentofthestateofcoenopopulations
of the plant Linaria cretacea, a rare species that needs special protection, by
botanical methods. To study the age structure and ontogenetic state of rare
species in the Aktobe region. L. cretacea coenopopulations, test sites were
built for Akkudyksai, Kopaly, and Utek coenopopulations in the populations of
the Ishkargantau chalk massif. The age structure and ontogenetic state of the
registered individuals of the species were determined, and the demographic
situation in the coenopopulations, the values of the age index and the
energy efficiency index, i.e., "delta-omega", and the indicators of recovery,
exchange, and aging were calculated. In the results obtained, the average
density of the species around coenopopulations and the average number of
plants in different age states in the sample sites were calculated. According
to coenopopulations, indicators were determined to determine changes in
the demographic situation. The soil cover of the coenopopulation consists of
gravelly chalk formed by sedimentary rocks of the Cretaceous period. In the
soil where L. cretacea plant populations are found, facultative calcefites are
twice as dominant as obligate calcefites. Studied rarely, the base spectra of
L. cretacea coenopopulations are of a single and mature type. In the future,
based on the results obtained, it will be possible to make recommendations
for the conservation and protection of this rare species.
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Introduction

The destruction of a certain biological species on Earth disrupts the stability of ecosystems
and the integrity of the biosphere. This is one of the dangerous changes that are currently
developing at a rapid pace in nature [1]. In most cases, anthropogenic factors are the cause
of the decline and disappearance of plant populations within the ecosystem [2]. In the last
edition of the Red Book of our republic (2014), 387 species with a reduced number are under
state protection. In the Aktobe region, located at the crossroads of Europe and Asia, Mountain
suffixes of the Cretaceous and Mesozoic were formed [3]. One of the oldest species preserved in
the landscape and climatic zones is the Volga - West Kazakhstan endemic Linaria cretacea Fisch
ex Spreng, which is listed in the Red Book of Kazakhstan.

In order to preserve these species, populations are monitored and, if possible, conservation
and restoration work is established. Nevertheless, the list of rare plant species is constantly
updated, because today's methods for accurately determining the number and distribution area
of a particular species still require in-depth study. Therefore, the issue of improving various
methods of assessing and preserving rare species at the population level in different regions of
the country is relevant [4,5].

Oneofthe pressingissuesinthe preservation ofrare plantspeciesisthe question of the number
in the coenopopulation sufficient for life in the protected area. The study of coenopopulation
plays an important role in determining the organization and dynamics of phytocenoses [6-8].
The properties of coenopopulations are determined by the number, age, and vital conditions of
the plants included in their composition, their ecological and genetic heterogeneity [9,10].

In some cases, the deterioration of abiotic living conditions of plants in coenopopulations
is associated not with climatic characteristics, but with changes in local conditions caused by
human activity, including economic changes, albeit at a considerable distance from the research
site [11-13].

It is important to note that in plants of the same coenopopulation, the requirements for
environmental conditions may differ in different ontogenetic States. In the pregenerative period
(juvenile and immature states), plants are sensitive to fluctuations in temperature and humidity,
which is caused by the fact that powerful root and shoot systems do not have time to form.

Other reasons for the deterioration of the coenopopulation of protected plant species may
be related to the generative sphere. This includes, for example, a decrease in the viability of
plants, which is a consequence of hybridization, which is closely related to the spatial isolation
of small areas and coenopopulations. Regardless of the factors leading to the destruction of the
coenopopulation, it is important to determine the question of the number of plants sufficient
for successful development in these specific conditions in order to plan possible steps to restore
it [14].

Plant coenopopulation refers to a dynamic phenomenon that is constantly changing
and evolving. The habitat of plants is distinguished by factors affecting coenopopulations.
Depending on the climatic conditions of the environment and soil moisture, changes and signs
in the external structure of plants are formed. The influence of abiotic factors, along with
anthropogenic factors, on the reduction of the species number of the Linaria cretacea plant,
which is the subject of research, may be present. For this reason, the study of the age status,
density and demographic status of the rare Linaria cretacea cenopopulations is relevant.
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Materials and research methods

According to the population of Ishkargantau in the Aktobe region of the rare species Linaria
cretacea, 3 coenopopulations were studied: Akkudyksai, Kopaly and Utek populations. Test sites
were built every 10-20 meters for each of the three coenopopulations taken in the study, that
is, a total of 30 individuals of Linaria cretacea from the test sites were calculated, and life States
were determined [15-18]. The age status of 459 individuals of the Linaria cretacea plant found
in 3 cenopopulation (CP) zones found in the Ishkargantau chalk massif was determined by the
classification of T. A. Rabotnov (1950) in Table 1 and a set of criteria proposed by A. A. Uranov
(1975) [19,20] (Table 1).

Table 1
Classification of the state of life according to T. A. Rabotnov (1950)
Stages of ontogenesis State of plants Age index

Latent Seed in a state of rest sm
Pregenerative Sprouted pl
Juvenile j

Immaturly im

Virginil \

Generative Young gl
Mature g2

Old age g3

Postgenerative Subsenil Ss
Senile S

Withered sc

The density of coenopopulations of Linaria cretacea was calculated by the number of
individuals in the test sites [21-23]. The age structure and ontogenetic state of individuals of the
species, calculated from the sample sites of 3 coenopopulations (CP) in the populations of the
Linaria cretacea plant in the Ishkargantau chalk massif in the Aktobe region, were determined.
To determine the demographic situation of the studied coenopopulations, the values of the age
index (A) and the energy efficiency index (w), i.e., "delta-omega", and the indicators of recovery,
exchange, and aging were calculated [24-27]. Statistical processing was performed using the MS
EXCEL 2010 program and Statistica 5.0 statistical software package.

Results

It is known that the soils of the Akshatau and Ishkargantau mountains, where populations of
the Linaria cretacea plant are the subject of research, are mainly chalky. As a general substrate,
chalk has its own characteristics. The specific microclimate regime, physical and chemical
properties of chalky soils, a low content of humus and an excessive excess of calcium affect
plants. Several species have been formed that have adapted to such soils of the mentioned
chalk mountains. Plants in such an unusual chalky substrate are divided into obligatory and
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facultative calcefites.

In the mountains of Akshatau and Ishkargantau, where populations of the Linaria cretacea
plantare found, there is mainly chalk soil. The specific order of the microclimate, physicochemical
properties of the soil of the region studied as a substrate for growth, the low content of humus,
the peculiarities of chalk and an excessive excess of calcium cannot help but affect the plants
themselves. The flora of obligate and facultative calcefites, adapted to the chalky soils of the
Ishkargantau chalk massif, is formed.

The Linaria cretacea plant has a high dependence on a chalky substrate. Among the plants
included in the studied populations, we can note the real calcefites Anthemis trotzkiana,
Limonium cretaceum, Crambe tataria, Anabasis cretacea, Achillea nobilis, Echinops meyeri,
Zygophyllum pinnatum, which are found exclusively in cretaceous soils of carbonate rocks.
Facultative calcefites include the rest of the species, which are better adapted to other soils
than chalky ones [19,21,28].

Facultative calcefites predominate over obligate calcefites in the Ishkargantau chalk soil
studied by us, where populations of the Linaria cretacea plant are found: 23.4% of obligate
calcefites are adapted only to chalky soils and 76.6% of facultative calcefites are registered,
typical of desert areas that can grow on other soils (Figure 1).

H obligate
facultative

0,766

Figure 1. Flora of obligate and facultative calcefites in the Ishkargantau chalk massif, %

In the study, the average density of the species in the area of coenopopulations (PCs/m2) and
the average number of individuals in different age states in the sample areas (PCs/M2) were
calculated (Figure 2).

v gl g2 g3 ss s sc
e AkkUdyKsai === Kopaly e Qtek

Figure 2. Ontogenetic state of L. cretacea cenopopulations
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On the territory of Akkudyksai of the Ishkargantau chalk massif, the average density of L.
cretacea individuals is 11.3 PCs/M2. In the coenopopulation, individuals of the pre-generative
period v-18.9%, the generative period g - 74.8% and the post-generative period ss -6% were
recorded (Figure 3).

80,00% 74,80% 73,70%
65,50%
60,00%
40,00% B Pregenerative
8,50% M Generative
18,909 21,009
20,00%
6,30% 5,30% 6,00%
0,00%
Akkudyksai Kopaly Otek

Figure 3. Ontogenetic stages of Linaria cretacea coenopopulations, (%)

The average density of individuals of the species in the area of copular coenopopulation was
10.2 pieces/M2, individuals of the pre-generative period V-21% of the plant, g-73.7% of the
generative period and subsenile individuals of the postgenerative period ss - 5.3%.

The average density of individuals of the species on the territory of the Otek coenopopulation
is 7.1 PCs/M2. Individuals of the pre-generative period (v) consist of 6%, individuals of the
generative period G-65.5% and subsenile individuals of the post generative period (ss) 28.5%.
In addition, our study revealed indicators of the demographic situation according to the listed
coenopopulations (Table 2).

Table 2
Demographic status of mature Linaria cretacea coenopopulations
Cenopopulation AKkkudyksai Kopaly Otek
Age index, A 0,56+ 1.4 0,44+ 0.5 0,42+ 1.3
Energy efficiency index, w 0,71+ 0.9 0,62+ 1.0 0,58 +1.1
Recovery index, Ir, % 31,3+ 1.0 28,5+ 0.5 20,2 x0.9
Exchange index, le, % 42,1+ 1.3 38,3+x0.7 17,4+ 0.6
Aging index, la % 0,25+ 0.2 0,05+ 0.5 0,06 £1.1

The Kopaly and Otek populations were approximate in terms of A and w, forming the values
A=0.44, w =0.62 and A = 0.42, = 0.58, respectively.

Discussion

We see that these values are much higher in the Akkuduksai coenopopulation (A = 0.56,
w = 0.71). In the bile, virginil individuals are smaller in comparison with Otek and Kopaly
coenopopulations. However, the number of generative individuals in the Akkudyksai and

JLH. 'ymunee amuindarul Eypasus yammuik ynugepcumeminiy XABAPIIBICHL. Buo/102UsifblK FlablMOap cepusicol Ne1(154)/ 141
BULLETIN of L.N. Gumilyov Eurasian National University. Bioscience series 2026
BECTHHK Espasuiickozo HayuoHaabHo20 yHugepcumema umeHnu J1.H. ['ymusesa. Cepust 6uosozudeckue HayKu



M.S. Bakytzhanova, K.H. Makhmudova, B.U. Sharipova,
N.P. Akhmetova, A.A. Bitkeyeva, T. Atici

Kopaly coenopopulations was approximately the same, and the number of generative
individuals was recorded in the bile. At the same time, 15 senile plants were observed in this
Otek coenopopulation, and 7-8 senile plants were observed around the Akkudyksai and Kopaly
coenopopulations.

In these populations, A and w have almost the same indicator, and the higher of these
indicators in the Whitefish is due to the fact that the two previous coenopopulations contain
more than the number of middle-aged generative individuals. As for the indicators of the age
index (w) and energy efficiency index (w) of the studied coenopopulations, the registration of
individuals in the senile (s) state together with subsenile (ss) individuals in the post generative
period of all coenopopulations affects the low indicator of the age indexA.

Population-based studies are based not only on visual assessments. The success of the
analysis of the obtained data is also determined by the use of quantitative indicators that assess
the number, density, fitness, ontogenetic spectra and other characteristics of coenopopulations.

In this study, the Aw classification made it possible to additionally identify coenopopulations
of the “transitional” type, and from the “young” cenopopulations, it was possible to identify
“maturing” ones, i.e., cenopopulations with a high proportion of generative individuals. These
classifications are based on different criteria, so they can evaluate the age status of Linaria
cretacea cenopopulations in different ways. Thus, the indicators presented in the article make it
possible to quantify the state of Linaria cretacea cenopopulations based on data on ontogenetic
spectra and identify their temporal and spatial dynamics in different environmental conditions.

Conclusion

In the coenopopulations of Akkudyksai, Kopaly and Otek, the state of growth and germination
of the L. cretacea plant is normal. There are a few young virginil individuals in the testicular
coenopopulation. The whitefly coenopopulation was distinguished by the predominance of
the number of generative individuals of a rare species over other coenopopulations, and the
presence of a small number of post generative individuals. Plants in the subsenile (ss) and
senile (s) state predominate in the Otek coenopopulation. Thus, the quantitative indicators
of aging and recovery indices presented in the results of the study showed that all studied
coenopopulations have the potential to expand the distribution areas of the species. The basic
spectra of the studied coenopopulations are of a single and mature type. The main ontogenetic
spectrum of coenopopulations is concentrated in the middle of the spectrum, from the
abundance of young and middle-aged generative individuals. In coenopopulations, differences
are observed only in the density of individuals. The highest average density of individuals at
the test sites was recorded in the Akkudyksai coenopopulation of 11.3 (PCs / M2), the lowest in
the Otek coenopopulation of 7.1 (PCs/m2). We attribute the reason for the low Exchange index
and aging rate in the Otek coenopopulation to the predominance of plants in the subsenile and
senile states here.
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AKTeG6e 06/1bICBIHAAFbI CUPEK Ke3aeceTiH Linaria cretacea Fisch ex Spreng
I eHOMONY/ISINUSIIaPbIHbIH, OHTOT€HETUKAJIBIK, CHEKTPI

M.C. BakbprmkaHoBa'*, K.X. Maxmyzaoga?, B.Y. llapunograd,
H.II. AxmMeToBa*, A.A. Butkeesa®, T. ATuun®
L23A6aii amviHdarsbl Kazax yammulk nedazozukabik yHugepcumemi, Aamameol, Kazakcman
1. Yanuxanoe amuiHdarbl Kexwemay yHusepcumemi, Kexwemay, Kazakcma
STopatirvipos yHugepcumemi, [lasaodap, Kazakcmau
la3u ynusepcumemi, Aukapa, Typkus

AngaTna. Makanazia epekile KOpray/[bl KaKeT eTeTiH cupek Typ Linaria cretacea eciMJiriHiH
IeHOTIOMYJISILUSAIaphl  KaFJalblH OOTAHUKAJBIK dJlicTepMeH OafajiayFa apHajfaH. AKTebe
OOJIBICBIH/IAFbl CUpeK Ke3zeceTiH L. cretacea 1eHONMOMYJASUUSJIAPBIHBIH, KACTbIK KYPbLIbIMbI
MeH OHTOTleHeTHUKasblK KyHiH 3epTTey yuwiH EwmkbipFaHTay 60pJbl MaccUBi MONyJsILUsIapbl
imingeri Akkyabikcai, Konasbl >xkoHe OTeK LeHONOMyJsLUsJapblHa CbIHAK aJaHJapbl CaJbIHJBbIL.
TipkenreH Typ JapajapblHbIH KaCTbIK KYpPbLIbIMbl MeH OHTOT€HETHKaJ/IblK KyWi aHBIKTAJIbIII,
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Ontogenetic spectrum of rare Linaria cretacea Fisch ex Spreng coenopopulations in the Aktobe region

[eHOTONYISUUAIApaFbl  AeMorpadUs/IblK >KaFAaWAbl aHBIKTAYy VIIIH JKaCTbIK WHJAEKCI MeH
JHepreTUKaJbIK THUIMAIJIIK UHAEKCI, AFHU «JeJbTa-OMera» MIHJepi KoHe KaJlllblHa KeJy, aJmacy,
KapTalw KepceTKiluTepi ecenTesfi. AJIBIHFAaH HOTHXKeJlepJe LEHONONYIsALUsaIap ayJaHbIHAAFbI
TYPZAiH opTallla ThIFbI3AbIFbl MEH YJIT1 aJlaHAapbIHAAFbI 9PTYPJIi KaCThIK KyHjepiHaeri eciMaAikTep/iH,
opTaillla caHbl ecentes/i. LleHononyasusaaap 6oibiHIIa AeMOrpadUANbIK KaFAal/IblH 63repicTepiH
AHBIKTAUTBIH KOPCETKIIITEP aHbIKTA/bI. lleHOmony I UAHbIH, TONbIPAK KaMbLIFbICHI 60p AJYipiHiH
HIeriH/i *KbIHbICTAPbIHAH TY31JIreH KUbIPIUBIKTHI 60pJaH Typajbl. L. cretacea ecimziri monysisiusiiapbl
Ke3/IeCeTiH TOMBbIPAKTA OGJHUIraTThl KaJbllepUTTEPre KaparaHaa GaKyJbTaTUBTI KaJbllepUTTED €Ki
ece 6acbIM eKeHiH KepceTTi. 3epTTeJreH cUpeK Ke3jeceTiH L. cretacea 1eHONMOMYJISIUSAIAPbIHBIH,
6a3asbIK CrieKTpJepi 6ip HMIBIH/AbI XK9He XKeTiJIreH TUIIKe KaTa/bl. KeseleKkTe, ajiblHFaH HOTHXKeJlepre
CyHeHin ockl CUpeK TYpAi caKTay MeH KOpFayFa YChIHbICTAp KacayFfa 60J1a/ibl.

Tyiin ce3gep: L. cretacea, 60TaHUKAJBIK d/jicTep, LeHONONYy AL HsAIap, OHTOreHETUKAJIBIK KYHi,
»KaCTbIK KYpPbLJIbIMbI

OHTOreHeTH4eCKMil CIEKTP peJKUX HeHononyassuui Linaria cretacea Fisch ex Spreng B
AKTIOOHUHCKO# 06J1aCTH

M.C. BakbiT:)KaHOBa*!, K.X. Maxmyzgoga?, B.Y. lllapunogra3,
H.II. AxmeToBa*, A.A. Butkeesa®, T. ATnun®
L23Kazaxckull HaAYUOHA/IbHbIU hedazoauyeckull yHugepcumem umenu Abasi, Aamamol, Kazaxcmau
*Kokwemayckuii ynueepcumem umeru Ill. Yaauxarosa, Kokwemay, Kazaxcma
*Topatizvipos yHusepcumem, [lassodap, KazaxcmaH
¢Yuusepcumem la3u, Aukapa, Typyus

AHHOTanus. CTaThsl NOCBsIlEHA OLEHKe COCTOSIHUSI LIEHONOMyJSIUN PeAKOTr0o BHUJAA pacTeHUs
Linaria cretacea, Tpe6Gymwolnero o0co60i 3aum[dTbl, OOTAHUYECKMMU MeToAaMH. /[l H3ydeHHs
BO3PACTHOMN CTPYKTYPhl U OHTOr€HETUYECKOT0 COCTOSTHUS LeHOMONY AU pefKoro Buaa L. cretacea
B AKTIOOMHCKOW 06J1aCTM ObLIM NOCTPOEHBbl UCHBbITATE/NbHblE IJIOWAAKH [AJsS LEeHOMONyasAnun
Axkkynbikcali, Komanbsl u OTek B nmomyasigusix MejaoBoro MaccuBa Wiikapranrtay. Beuiu onpeseseHbl
BO3pacTHasl CTPYKTypa U OHTOTEHETUUYECKOE COCTOSIHHE 3aperuCTPUPOBAHHBIX 0cobell BHUJa, a
IS ompejiesieHus JeMorpadpuyecKod CUTyalMHd B LIEHOMOMYJANUSX ObIM PACCYUTAHbl 3HAYEHUS
HMHJeKCa MOJIOJOCTH M UHJIeKCa SHEPreTHUYEeCKOU 3P PEeKTUBHOCTH, TO €CTh «JeJIbTa-OMera», a Takxe
NoKa3aTeJd BOCCTAHOBJIEHUs], 06MeHa, cTapeHus. [1o mosiydyeHHbIM pe3y/bTaTaM Obljla paccuuMTaHa
Cpe/iHsisl IJIOTHOCTh BU/|a B palilOHE LIEHOMONY/MALMN U cpe/ijHee KOJIMYEeCTBO PacTEHUN B pa3/IMUHbIX
BO3pPAaCTHBhIX COCTOSIHUSIX Ha ydYacTkKax o6pasinoB. OmnpejesieHbl MOKas3aTesH, OINpeJesstoliye
M3MeHeHUs AeMorpaduiecKo CUTyaluH Mo [eHononyasauusaM. [louBeHHbIN TOKPOB LIEHOMOMYIAIUNA
COCTOUT W3 I'PAaBUUHOIr0 MeJia, 06pa30BaHHOI'0 OCaJ0YHBIMH MMOPO/IaMU MeJIOBOTO Nepuoza. B mouge,
rJle BCTPEYarTCs MOMyJSLUU pacTeHuM L. cretacea, GbaKy/IbTaTUBHbIE KaJblleQUThI MPe0OJIaAal0T
HaJ, 06JIMraTHbIMU KaJjibllepuTaMU B 2 pasa. ba3oBble CHEeKTPbl LIEHOMOMYJASAIUNA HCCIeJyeMoro
peAKoro pacteHus L. cretacea 0THOCATCS K OJUHOYHOMY U 3peJioMy TUly. Ha ocCHOBaHHUU MOJy4YeHHbIX
pPe3y/bTaTOB, B Oy/IyIlEM MOXKHO aTh PEKOMEH/JallMU 110 COXPAHEHUIO U 3al[UTe 3TOT0 PEJKOT0 BU/IA.

KioueBble cioBa: L. cretacea, 60TaHUYeCKUE METObI, IeHOMOMYJAIMHY, OHTOTeHETUUECKOe
COCTOSIHWE, BO3pACcTHasi CTPYKTypa
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