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ASSESSMENT OF THE ECOLOGICAL STATE OF THE POPULATION
OF THE SPECIES SCHMALHAUSENIA NIDULANS (REGEL) PETR.
OF THE FLORA OF THE NORTHERN TIEN SHAN

This article presents the results of a comprehensive assessment of the ecological status of popula-
tions of the rare endemic species Schmalhausenia nidulans native to the high-mountain regions of the
Northern Tien Shan. The aim of the study was to investigate the current state of the species populations
by analyzing their numbers, ontogenetic structure, morphometric parameters, and anatomical features.
Two natural populations of the species were examined: the first population, located on the Uzynkara
Ridge at an altitude of 3003 m above sea level, and the second population, growing on the lle-Alatau
Ridge at an altitude of 3260 m above sea level. During the field research, the population size, age struc-
ture, and morphological traits of individuals at the juvenile, immature, virginal, and generative stages
of development were studied, and an anatomical analysis of the stem structure was also conducted.
Both populations were found to be characterized by a complete ontogenetic spectrum, indicating their
resilience and capacity for natural self-sustainment. The lle-Alatau population is characterized by higher
abundance and better plant morphometric parameters, which is associated with more favorable environ-
mental conditions in the habitat. The Uzynkara Ridge population is characterized by smaller individuals
but maintains a stable age structure and high viability. An anatomical study revealed a radial secondary
stem structure with well-developed conductive and mechanical tissues, ensuring the species’ adaptation
to the extreme conditions of the high-altitude environment. The scientific novelty of this study lies in
the comparative population-ontogenetic, morphometric, and anatomical analysis of high-altitude Schm-
alhausenia nidulans populations, which provided new information on the environmental resilience and
adaptive mechanisms of this rare endemic species. The obtained results can be used to develop mea-
sures for monitoring, conservation, and protection of this plant.

Keywords: Schmalhausenia nidulans, population, ontogenetic structure, morphological features,
Uzynkara, lle Alatau.
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Coatycrik Tanb-LLlaub dpaopacbitbiv, Schmalhausenia nidulans (Regel) Petr.TypiHin,
NONYASILUSICbIHBIH, SKOAOTUSIABIK, XKaFAaibiH GaFanay

byA makarapa CoatycTik TaHb-LLIaHbHBIH OMiK TayAbl alfiMaKTapbiHAQ MEKEHAEMTIH CMPeK Ke3Ae-
ceTiH aHAemuKaAablk, Schmalhausenia nidulans TypiHiH NONyAsSUMSAAPbIHbIH 3KOAOTUSIAbIK, >KaF AAiblH
KelleHAI 6aranay HOTMXKEAEpPi YCbIHbIAFAH. 3epTTeyAiH MaKCaTbl TYP MOMYASLUMSAAPbIHbIH CaHblH, OH-
TOr€HEeTUKAAbIK, KYPbIAbIMbIH, MOP(POMETPUSABIK, MapaMeTPAEPIH XKOHE aHAaTOMUSIAbIK, epeKLLeAiKTepiH
TaAAQY apKbIAbl OAAPAbIH Ka3ipri >kaFAaiblH 3epTTey G0AAbI. TYPAIH €Ki TabuFL MOMyASLMSICbl 3€PTTEA-
Al: GipiHWI nonyAsums ¥3biHKapa >KoTacbiHAA TeHi3 AeHreniHeH 3003 M OMIKTIKTE OpHaAaCKaH >kaHe
eKiHLLI nonyAsiums Ine-Aaartay >KoTacbiHAQ TEHi3 AeHreiiHeH 3260 M OMiKTiKTe eceai. AaAaablk 3epTTey
6apbICbIHAQ MOMYASILMS MOALLEPI, >KaC KYPbIAbIMbI XXOHE AAMYAbIH >KaCeCTipiM, XETIAMEreH, TbiH XKoHe
reHepaTuBTI caTblAAPbIHAAFbI AapaAapAblH MOP(OAOTUSIABIK, epeKLLIEAIKTEDI 3epTTeAAl, COHAA-AK, Ca-
6aK, KypPbIAbIMbIHBIH aHAaTOMMSIAbIK, TAAAQYbI >KYPri3iAai. EKi MOnMyAsums Aa TOAbIK OHTOreHEeTMKAAbIK,
CMeKTPMEH CUMATTaAaTbiHbl aHbIKTaAAbl, OYA OAAPAbIH TO3IMAIAIr MeH TabuFn ©3iH-63i KamTamacbi3
eTy KabiAeTiH KkepceTeai. Iae-AaaTay MonyAsumMsiCbl ©CIMAIKTEPAIH KOMTIriMeH >oaHe >kakcbl MOpdo-
METPUSIABIK, MapaMeTPAEPIMEH CuMaTTaAaAbl, OYA TipLiAiK €Ty opTacbiHAAFbl KOAAMAbI KOpLIaFaH opTa
>KarFAalAapbIMeH 6aiAaHbICTbI. Y3bIHKApa >KOTaCbl MOMYASLUMSChI KilllipeK AapaAapMeH CMMaTTaAaAbl,
6ipak, TYpaKTbl XKac KYPbIAbIMbIH XK8HE XKOfapbl TipWiAik eTy KabiAeTiH cakTanAbl. AHATOMUSABIK, 3epT-
Tey TYPAiIH OMiK TayAbl OpTaHbIH 3KCTPEMAAADI XKaF AaiAapbiHa GeMIMAEAYiIH KaMTaMachl3 eTeTiH XKaKCbl
AaMblFaH OTKI3rilll )XoHe MeXaHMKAAbIK, TIHAEpPi 6ap paAMaAAbl eKiHLLI PeTTiK cabak, KypPbIAbIMbIH aHbIK-
TaAbl. byA 3epTTeyAiH FbiAbIMM >KaHaAbIFbl 61ik TayAabl Schmalhausenia nidulans nonyasumsinapbiHbiH
CaAbICTbIPMAAbI MOMYASILMSAbIK-OHTOr€HETUKAAbIK, MOP(POMETPUSABIK, )KOHE aHAaTOMMUSIABIK, TAAAQYbIH-
Aa >KaTtbIp, OYA CMpeK Ke3AeCeTiH SHAEMMKAABIK, TYPAIH KOpLIaFraH opTara TO3IMAIAIT MeH GeiMAeAy
MEXaHM3MAEPI TypaAbl >kaHa aknapat 6epAi. AAbIHFAH HOTMXKEAEPAT OCbl BCIMAIKTI BakbiAay, cakTay
>KOHEe KOopfay LapaAapbiH 83ipAey YILiH nanaasaHyra 60AaAbI.

Ty#in cesaep: Schmalhausenia nidulans, nonyasiums, OHTOreHeTHMKaAbIK, KYPbIAbIM, MOP(OAOT M-
AbIK, epekLeAikTep, ¥3blHKapa, Iane Aaataybl.
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Ol1eHKa 3KOAOTMYECKOT0 COCTOSIHUS MOMYASILMM BUAQ
Schmalhausenia nidulans (Regel) Petr. cpaopbl CeBepHoro Tsnb-LLaHs

B cTatbe npeacTaBAeHbl pe3yAbTATbl KOMMAEKCHOM OLLEHKM SKOAOTMYECKOr0 COCTOSIHUS MOMYASILMIA
peAKkoro aHaemmuHoro Buaa Schmalhausenia nidulans npouspacTatoliero B BbICOKOrOpHbIX parioHax
CeBepHoro TsHb-LLlaHs1. LleAbto nccaepoBaHMS SBASAOCH M3yUeHWE COBPEMEHHOIO COCTOSHMS Momy-
ASILMIA BUAQ HQ OCHOBE aHaAM3a MX YUCAEHHOCTM, OHTOrEHETUYECKOM CTPYKTYPbl, MOPEOMETPUYECKMX
rokasaTeAen M aHaTOMUUYECKMX OCOOEHHOCTEN. BbIAM MCCAEAOBAHbI ABE MPUPOAHbBIE MOMYASLMN BUAQ:
repBasi MonyAsums, pacrnoAoXxeHHas Ha xpe6Te Y3biHkapa Ha Bbicote 3003 M Haa ypoBHEM Mops, M
BTOpasl MonyAsiums, npomspacraioias Ha xpebre Mae-AaaTay Ha BbicoTe 3260 M Haa ypoBHeM mopsi. B
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XOAE MOAEBbIX UCCAEAOBAHMIA M3YYaAUCh YUCAEHHOCTb MOMYyASLMIA, BO3pACTHAs CTPYKTypa 1 Mopdo-
AOTMYECKME MPU3HAKM 0COOEei Ha IOBEHMABHOM, MMMATYPHOM, BUPTMHUABHOM M FeHepaTMBHOM CTaAMSIX
Pa3BUTKSI, @ TaK>Ke NMPOBEAEH aHATOMMUECKMI aHAAM3 CTPOeHUsi cTeOAS. YCTaHOBAEHO, 4To obe no-
MYASILLMM XapaKTePU3YIOTCS MOAHOUYAEHHbIM OHTOTEHETUUECKUM CMEKTPOM, YTO CBUAETEAbCTBYET 06 MX
YCTOMUMBOCTM U CMOCOBHOCTM K ECTECTBEHHOMY CaMornoaAepykaHuio. Monyasumns Mae-Aaatay oTamua-
eTCcsl 60Aee BbICOKOM UMCAEHHOCTBIO M AYULLIMMU MOPCOMETPUYUECKMMM MOKA3ATEASIMU PACTEHMIA, UTO
CBSI3aHO C 6oAee OAAronpPUATHLIMU SKOAOTMYECKMMM YCAOBUSAMM MeCcToobuTaHus. [Monyasums xpebra
Y3blHKapa XapakTepm3ayeTcst MEHbLUMMU pa3MepamMu 0cober, 0OAHAKO COXpaHseT CTabMAbHYIO BO3pacT-
HYIO CTPYKTYPY M BbICOKYIO KM3HECMOCOOHOCTb. AHATOMMUYECKOE MCCAEAOBAHUE BbISIBUAO PAaAMAAbHOE
BTOPWUYHOE CTPOEHME CTEGASI C XOPOLLO Pa3BUTLIMK MPOBOASLLMMM U MEXAHUYECKMMU TKaHsIMM, obe-
CMeunBaloLLMMM aAQMTALLMIO BUAA K SKCTPEMAAbHbIM YCAOBMSIM BbICOKOTOPHOI CpeAbl. HayuHas HoBm3-
Ha paboTbl 3aKAIOYAETCS B NMPOBEAEHUN CPABHUTEABHOIO MOMYASILMOHHO-OHTOreHETUYECKOro, MOpdO-
METPMYECKOrO M aHaTOMMYECKOro aHaAM3a BbICOKOrOPHbIX nonyasumin Schmalhausenia nidulans, yuto
MO3BOAMAO MOAYUYMTb HOBbIE CBEAEHMS 06 SKOAOTMUYECKON YCTOMUYMBOCTM M aAQNTALMOHHbBIX MEXaHM3-
Max PeAKOro 3HAEMUYHOro BUAQ. [OAyUeHHble pe3yAbTaTbl MOTYT ObITh MCMOAb30BaHbI AASI Pa3paboT-

KM MEPOMPUSTUIA MO MOHUTOPMHIY, COXPAHEHMIO M OXPaHe AQHHOTO PacTeHMSI.
KaroueBbie caoBa: Schmalhausenia nidulans, nonyasumns, oHToreHeTnyeckas CTpykTypa, MopdgoAo-

rmyeckme npmsHakm, Y3biHkapa, Mae Anatay.

Introduction

Conservation of biological diversity in moun-
tain ecosystems is one of the priority tasks of modern
ecology and botany. Mountain regions are charac-
terized by a high degree of endemism and vulner-
ability of natural complexes to both natural and
anthropogenic impacts. In this context, the study of
rare and relict plant species, whose population status
serves as an indicator of ecological stability in natu-
ral mountain ecosystems, gains particular signifi-
cance. Many rare and endangered endemics adapted
to extreme conditions—low temperatures, strong
winds, a short growing season, and poor soils—are
concentrated in mountain natural ecosystems. En-
demic species play a key role in maintaining eco-
logical balance, contributing to soil stabilization,
water runoff regulation, and preservation of genetic
diversity. However, anthropogenic factors such as
recreational pressure, livestock grazing, and climate
change threaten their existence (D’Antraccoli et al.,
2023; Edwards &Wyse, 2019; lasnovi¢ et al., 2024;
Salles et al., 2023; Slezak & Douda, 2022; Maunder
etal., 2022; Slezak et al., 2022; Peruzzi et al., 2021;
Adamo et al., 2021; Peruzzi et al., 2022; Gestri et
al., 2023; Tiburtini et al., 2022). For several de-
cades, the biodiversity of the mountain ecosystem of
the Northern Tien Shan, including the Uzynkara and
Ile-Alatau ranges, has been under intense pressure
from human economic activity (Lemenkova, 2014).
The Northern Tien Shan is a unique mountain region
in Central Asia, characterized by high levels of bio-
diversity and a significant number of endemic plant
and animal species. Rare endemic species, such as
S. nidulans a representative of a monotypic genus
in the Asteraceae family, deserve special atten-
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tion in the context of the biodiversity of the North-
ern Tien Shan. The populations of this species are
characterized by the dominance of mature vegeta-
tive and generative individuals, indicating stability
but also vulnerability to external impacts. Studying
such species allows for a deeper understanding of
the processes by which plants adapt to high-altitude
conditions and the evolutionary aspects of the Tien
Shan. S. nidulans is a rare endemic representative
of the flora of the Northern Tien Shan, confined to
specific ecological-coenotic conditions of mountain
slopes and rocky habitats of the Ile Alatau. The spe-
cies is distinguished by a narrow ecological ampli-
tude, a limited distribution range, and sensitivity to
changes in environmental conditions flora (Syedina
et al., 2024).

Despite the scientific and conservation value of
S. nidulans information on the current status of its
populations in the Ile Alatau remains fragmentary.
The abundance, age structure, ecological condition,
and resilience of the populations in the context of
increasing anthropogenic impacts, including recre-
ational pressure, changes in soil cover, and climatic
fluctuations, have not been sufficiently studied. The
relevance of studying rare and endangered endemic
species of the Northern Tien Shan, including S. ni-
dulans is determined by several key factors. First,
the region faces intense anthropogenic pressure:
recreational tourism in the Ile-Alatau National Park,
agricultural activities, and urbanization lead to the
degradation of natural habitats. S. nidulans as a rare
species of category I, is included in the Red Book
of the Republic of Kazakhstan and is at risk from
livestock overgrazing, soil erosion, and popula-
tion fragmentation. Second, climate change—such
as warming and shifts in snow cover boundaries—
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threatens the high-altitude ecosystems where this
species resides, potentially leading to a reduction
in its range (Baitenov, 1981). In a global context,
conserving such species contributes to meeting in-
ternational commitments under the Convention on
Biological Diversity (1992), highlighting the role of
the Northern Tien Shan as a center of endemism in
Central Asia. The conducted research expands the
understanding of the ecological and biological fea-
tures of the rare endemic species S. nidulans which
grows in the high-altitude ecosystems of the North-
ern Tien Shan. New data have been obtained on the
current ecological status, population size, ontoge-
netic structure, and morphological characteristics of
its populations within the Uzynkara Ridge and the
Ile Alatau, complementing theoretical principles of
population ecology and serving as a basis for further
monitoring studies.

Figure 1
Map of the study areas in the Northern Tien Shan population of Schmalhausenia nidulans in the Ile Alatau and Uzynkara ranges

The aim of this study was to investigate the cur-
rent population status of the rare species Schmal-
hausenia nidulans.

Materials and methods

The subject of this study was the natural popula-
tions of the rare species Schmalhausenia nidulans
which belongs to the family Asteraceae and the ge-
nus Schmalhausenia. The subject of this study were
natural populations of the rare species Schmalhause-
nia nidulans, a member of the Asteraceae family
and the genus Schmalhausenia. Between 2024 and
2025, we studied Schmalhausenia nidulans popula-
tions in the Ile Alatau Mountains in the Bolshoye
Almatinskoye Gorge at an altitude of 3,260 m and in
the Uzynkara Kalzhat Gorge at an altitude of 3,003
m (Figure 1).
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Plant communities featuring Schmalhausenia
nidulans were described during the summer in two
populations located in different geographic locations
in the Northern Tien Shan ranges. The first popula-
tion was described in the Uzynkara mountains; the
second, in the Ile Alatau mountains. Population area
and coordinates were determined using a Garmin
navigator. Geobotanical descriptions of the popu-
lations were conducted using route-reconnaissance
and semi-permanent methods. Vegetation was de-
scribed using the generally accepted methodology
(Lavrenko & Korchagina, 1964). Collection and pro-
cessing of herbarium material was carried out using
the generally accepted methodology summarized by
A K. Skvortsov (1977). Plant life forms were clas-
sified according to the life form systems proposed
by K. Raunkier (1934) and I.G. Serebryakov (1962).
Species abundance in phytocenoses was estimated
using the Drude (1913) abundance scale. The age
structure was determined based on the diagnosis of
age states of the studied species. The age spectrum
was formed based on qualitative and quantitative
characteristics of individuals. Comparative analy-
sis of the morphological traits of individuals from
different age groups of Schmalhausenia nidulans
was carried out following generally accepted meth-
odological approaches. Fieldwork was conducted
in accordance with methodologies developed by
A.A. Uranov (1960), O.V. Smirnova (Smirnova &

Figure 2
Natural habitats Schmalhausenia nidulans (Regel) Petr.

Zaugolnova, 1976) and T.A. Rabotnov (1970). Mor-
phological and anatomical studies were conducted
on plant material fixed in a mixture of alcohol, glyc-
erol, and water (1:1:1). Anatomical preparations
and microtome sections of roots, stems, and leaves
were examined using light microscopy, quantita-
tive parameters were determined morphometrically
using an ocular micrometer, and the results were
documented by means of photomicrography. The
preparation and description of anatomical prepara-
tions were carried out using standard methods of
plant anatomy (Permyakov, 1988; Prozina, 1960;
Barykina et al., 2014).

Results and discussion

Schmalhausenia nidulans (Regel) Petr. is a
very rare endemic species of the monotypic genus
(Karmysheva, 1966). This perennial plant reaches
70 cm in height, with an upright, dark-haired stem.
The stem is solitary, simple, cobwebby-woolly,
with blackish-brown remnants of dead leaves at the
base, abundantly foliated. The leaves are oblong-
lanceolate, densely gray-woolly on both sides. The
inflorescences are large, 4-5 cm in width, densely
pubescent. It grows in ancient glacial valleys on
gravel-shallow-soil alpine meadows of the Ile-
Alatau and Uzynkara ranges (Flora of Kazakhstan,
1966) (Figure 2).

B

Natural habitats: A) Schmalhausenia nidulans Uzynkara ridge; B) Schmalhausenia nidulans, Ile Alatau ridge

On the Ile Alatau ridge, Schmalhausenia ni-
dulans is found at an elevation of 3,260 m a.s.l.,
coordinates: N 43°02°430”’; E 076°56°570”’. The
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slope faces southwest. On the Uzynkara ridge,

Schmalhausenia nidulans occurs at an elevation

of 3,003 m a.s.l., coordinates: N 43°05°033”’; E
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076°59°114”. The species is listed in the Red Book
of the Kazakh SSR (2014) and the Republic of
Kazakhstan (1981). In the spatial structure of the
cenopopulations of S. nidulans individuals are ar-
ranged as sparse solitary specimens. The dominant
age spectrum for the cenopopulations of S. nidu-
lans consists of middle-aged generative plants,
and a significant number of virginile individuals,
reflecting the most stable state of the endemic.
S. nidulans is a rare high-altitude endemic of the
Northern Tien Shan, associated with the alpine and
subalpine zones of the Ile Alatau. The species is
characterized by a compact habit, short shoots, and
a well-developed rosette form, which is a typical
adaptation to harsh high-altitude conditions. The
plant is perennial and herbaceous, with a shortened
stem. Leaves are predominantly gathered in a basal
rosette, entire, oblong-lanceolate, with a dense leaf

Table 1

blade. The surface of the leaves is often covered
with protective structures (thick cuticle, possible
pubescence) that reduce moisture evaporation and
protect tissues from ultraviolet radiation and sharp
temperature fluctuations. The generative shoots are
low-growing, which reduces wind stress and the
risk of mechanical damage.The ontogenetic devel-
opment of the species is accompanied by a gradual
increase in leaf blade size and plant height, while
maintaining the overall compactness of the habit
characteristic of alpine endemics.

Morphological characteristics of populations of
Schmalhausenia nidulans.

The analysis of the age structure of Schmal-
hausenia nidulans covers all ontogenetic stages, al-
lowing for the assessment of interpopulation vari-
ability in morphometric traits (Table 1).

Morphometric parameters of Schmalhausenia nidulans in two populations across ontogenetic stages

Name Age groups Juvenile (j) Immature (i) Virginal (v) Generative (g)
) Leaf length, cm 6.80£2.10 10.33 £1.53 16.40 = 1.60 26.60 + 3.30
Population 1
Plant height, cm 9.20 £1.10 19.50 +4.80 23.10+5.90 35.72 £2.96
i Leaf length, cm 6.80 +2.10 12.67 £2.08 17.50 £ 1.10 30.00 £3.61
Population 2 -
Plant height, cm 15.73 £1.83 22.33 £2.53 25.33+2.52 45.67+5.04

The juvenile group includes 35 individuals.
The average leaf length is 6.80 + 2.10 cm, and the
average plant height is 9.20 £ 1.10 cm. These val-
ues indicate the initial stages of the formation of
aboveground plant organs and indicate the average
variability of the characteristics characteristic of the
early stages of ontogenesis. The relatively small size
of juvenile individuals is due to their adaptation to
harsh high-altitude conditions and limited environ-
mental resources. The immature group includes 31
individuals. The average leaf length and plant height
increase compared to the juvenile period, reaching
10.33 £ 1.53 cm and 19.50 =+ 4.80 cm, respective-
ly. Significant growth of vegetative organs and an
increase in morphological variability indicate that
plants are entering an active period of development
and biomass accumulation. Virgin individuals are
represented by 54 specimens. The values of leaf
length and plant height continue to grow, reaching
16.40 = 1.60 cm and 23.10 £ 5.90 cm, respectively.
This group is characterized by the most intensive
vegetative development and the formation of mor-

phological characters necessary for the transition to
the subsequent generative stage. The increase in the
number of virgin plants indicates favorable condi-
tions for the accumulation of the pregenerative po-
tential of the population. The generative group is the
largest, consisting of 89 individuals. The average
leaf length and plant height are 26.60 + 3.30 cm and
35.72 £ 2.96 cm, respectively. A significant increase
in plant size at this stage indicates a high level of de-
velopment of generative organs and the ability of the
population to effectively reproduce. The relatively
low dispersion of the values indicates the formation
and stability of the generative part of the population.

Thus, the first population of S. nidulans growing
in the Kalzhat gorge on the Uzunkara ridge is char-
acterized by a gradual and systematic increase in leaf
length and plant height from the juvenile stage of
ontogenesis to the generative stage. The presence of
all age groups and the predominance of generative
individuals indicate a satisfactory ecological condi-
tion of the population and its adaptation to the con-
ditions of high-mountain ecosystems. The morpho-
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logical structure of the first population indicates the
adaptation of S. nidulans to the extreme conditions
of the high-mountain zone (approximately 3003 m
above sea level), where low temperatures, strong
winds, high insolation and soil moisture deficiency
prevail. The gradual increase in leaf length and plant
height with age indicates normal ontogenetic prog-
ress in relatively stable microclimatic conditions.
The density of generative individuals suggests a
strategy to reduce heat loss and mechanical damage.

The second population of S. nidulans is associ-
ated with the high-mountainous conditions of the
Great Almaty Gorge and grows at an altitude of 3260
m above sea level. This population is characterized
by a large number of individuals and a clearly de-
fined age structure, which indicates favorable condi-
tions for the growth and high survival of the spe-
cies in this habitat. The juvenile group includes 45
individuals. The average leaf length is 6.80 + 2.10
cm, and the average plant height is 15.73 + 1.83 cm.
Despite the similarity of the leaf length of the young
individuals in the first population, the plant height is
significantly greater, which indicates the intensive
development of aboveground organs in the early
ontogenetic stages. This may be due to the good
moisture content of the Great Almaty Gorge and lo-
cal microenvironmental conditions. The immature
group includes 42 individuals. The leaf length and
plant height increase compared to the young period,
reaching 12.67 + 2.08 cm and 22.33 + 2.53 cm, re-
spectively. These values indicate active vegetative
growth and the formation of stable morphological
characters characteristic of later stages of devel-
opment. The increase in the number of immature
plants indicates the stability of the population re-
newal processes. Virgin individuals are represented

Figure 3
Age structure of Schmalhausenia nidulans populations

A. Plant height

by 74 specimens. The average leaf length and plant
height are 17.50 = 1.10 cm and 25.33 +2.52 cm, re-
spectively. This group is characterized by intensive
growth and biomass accumulation necessary for
the transition to the generative phase. A significant
number of virgin plants indicates a high potential
for further reproduction of the population. The gen-
erative group consists of the largest, 289 individu-
als. The average leaf length and plant height reach
30.00 = 3.61 cm and 45.67 £ 5.04 cm, respectively.
A significant increase in the size of generative plants
compared to previous ontogenetic periods indicates
favorable conditions for the formation of generative
organs and a high reproductive capacity of the popu-
lation. The relatively high variability of these signs
indicates the diversity of individual development
within the population.

In general, the second population of S. nidulans
is characterized by a large number of individuals
in many ontogenetic groups, a clearly defined age
structure, and large values of leaf length and plant
height. The presence of a dominant generative frac-
tion and well-developed pregenerative stages indi-
cates a favorable ecological situation of the popula-
tion and its high adaptation to the conditions of the
high-mountain ecosystems of the Ile Alatau.

Morphological differences between S. nidulans
populations reflect the influence of microrelief, soil
conditions, and slopes. The greater leaf length ob-
served in individuals of the second population may
be related to the characteristics of the local habitat,
while the greater plant height reflects the intensity
of vegetative growth. In addition, the low variability
of morphometric characters in the first population
indicates homogeneous and stable environmental
conditions (Figure 3).

B. Leaf length
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In general, the second population of S. nidulans
is characterized by a large number of individuals in
all ontogenetic states, an increase in leaf length and
plant height, and a particularly pronounced devel-
opment of generative plants. This is probably due
to the special ecological and climatic conditions of
the Great Almaty Gorge at an altitude of 3260 m
above sea level, which contribute to the success-
ful growth, development and reproduction of this
species. The first population, despite its low mor-
phometric indicators, retains the full range of onto-
genetic groups, which indicates its endurance and
long-term stability. Thus, the morphological struc-
ture of both populations of Schmalhausenia nidu-
lans demonstrates clear ontogenetic differentiation
and high ecological plasticity in the extreme con-
ditions of the high mountains of the Northern Tien
Shan. Compact habits, medium leaf size and lim-
ited vertical growth are the main adaptations that
ensure the survival of the species. The identified
interpopulation differences highlight the impor-
tance of maintaining a diversity of microhabitats
for the conservation of the hardiness of this rare
endemic species.

Comparative analysis of morphometric charac-
ters of two populations of Schmalhausenia nidulans
revealed both ontogenetic regularities and interpop-
ulation differences. In all age groups of both popu-
lations, a significant trend of increasing leaf length
and plant height from juvenile to generative individ-
uals is observed, which indicates normal ontogenet-
ic progress. The average values of leaf length in the
second population at all ontogenetic states, except
for immature individuals, exceed the corresponding
values in the first population. This indicates favor-

Figure 4

able conditions for the development of the assimila-
tion apparatus in the habitat of the second popula-
tion. Plant height in the second population is higher
than in the first in several age groups (juvenile and
generative individuals). This may be due to the
characteristics of the microrelief, the depth of snow
cover in the winter period, or good soil moisture,
which favors vertical growth. Virgin and generative
individuals in the first population are characterized
by low variability (smaller standard deviation val-
ues) in leaf length and plant height, which indicates
more stable environmental conditions. In the second
population, the increased variability of these mor-
phological characters indicates habitat heterogene-
ity and the pronounced influence of local environ-
mental factors.

Anatomical structure of the stem of Schmal-
hausenia nidulans

The anatomical structure of the stem shows that
it has a secondary structure typical of the Asteraceae
family. The outer covering of the stem is covered by
the epidermis. The epidermis consists of a collection
of oval or round cells filled with loose parenchyma,
with a cell thickness of 7.31 £ 0.51 pm. The cortex
is oval, rectangular, or orbital, with well-developed
parenchyma cells filled with distinctly loose pa-
renchyma, forming unicellular or multicellular tri-
chomes. The parenchyma cells of the primary cov-
ering are thickened, with a thickness of 5.29 + 1.13
pm. The central cylinder has an increased volume
and contains a number of small vascular bundles.
Each vascular bundle is filled with upper scleren-
chyma. The number of vascular bundles is 8-9, and
they are elliptical (Figure 4).

Anatomical structure of the stem of Schmalhausenia nidulans (Regel) Petr.

A(x10)

D(x40)

A) l-epidermis, 2-loose parenchyma, 3-vascular bundle, 4-sclerenchyma, 5-xylem, 6-vascular parenchyma,; B) sclerenchyma;

C, D) xylem tubes
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Anatomical analysis of the stem of Schmal-
hausenia nidulans revealed a secondary structure
typical of Asteraceae and indicative of adaptation
to the high-altitude conditions of the Northern Tien
Shan. Importantly, the anatomical features also show
interpopulation differences consistent with ecologi-
cal variations between habitats. The stem epidermis
consists of densely packed oval or round cells with
moderately thickened walls (7.31 £ 0.51 pm), which
provide protection against mechanical stress, low
temperatures, and intense solar radiation. Beneath
it lies a well-developed cortex of parenchymatous
cells with unicellular and multicellular trichomes
that reduce transpiration and increase resistance to
wind and UV radiation. These xeromorphic features
were more pronounced in the first population, which
grew under stressful but relatively stable alpine con-
ditions. The central cylinder contains 8-9 collateral
root bundles with well-developed xylem and phlo-
em. The cambial zone of thin-walled cells supports
secondary growth, which was more active in the
second population and corresponds to plant height
and biomass accumulation. Sclerenchyma fibers in
the phloem, especially in the first population, are
strongly thickened, indicating increased mechanical
reinforcement during severe environmental stress.

In general, anatomical differences between pop-
ulations reflect ecological differentiation of habitats.
The first population is characterized by strong de-
fensive and xeromorphic features, which correspond
to stressful conditions and low resource availability.
The second population shows a tendency to active
growth and high transpiration efficiency, which cor-
responds to favorable moisture conditions and high
morphometric values. Ecological and phytocenotic
analysis confirms that both populations are found
in high-altitude environments, but differ in terms
of habitat quality. The first population develops in
more stable but resource-limited conditions, while
the second experiences relatively good moisture
availability and microhabitat heterogeneity, which
leads to increased growth intensity and increased
morphological variability. Morphological data con-
firm these patterns: the first population shows large
leaf size and low variability, while the second popu-
lation shows large plant height and high variability,
indicating strong ecological plasticity.

In conclusion, S. nidulans exhibits a combina-
tion of xeromorphic and mechanical defense ana-
tomical features (thickened epidermis, developed
cortex, trichomes, sclerenchymatization, and radial
stem structure) that enable survival under alpine
stress conditions. Variation in these traits among
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populations reflects ecological differentiation and
is directly related to differences in population status
and habitat quality.

Anatomical analysis of the stem of Schmal-
hausenia nidulans revealed the presence of second-
ary structures typical of members of the Asteraceae
family. The stem has well-developed membranous,
mechanical and vascular tissues, a pronounced ray
structure and collateral vascular bundles with scle-
renchyma elements and cambium. The epidermis
is formed by densely packed cells with moderate-
ly thickened walls, while the cortical parenchyma
consists of unicellular and multicellular trichomes.
The presence of trichomes, developed scleren-
chyma, thickened cell walls and secondary stem
thickening increases the resistance of plants to low
temperatures, intense solar radiation, strong winds
and periodic moisture deficits characteristic of the
high-mountainous habitats of the Northern Tien
Shan. The anatomical data obtained correspond to
the environmental conditions of the studied popula-
tions. Both populations of Schmalhausenia nidulans
are located on high mountain rocky slopes and are
exposed to extreme abiotic factors. The identified
structural features can be considered as adaptive
features that ensure the successful survival of the
species in these conditions. The populations of the
Ile Alatau and Uzunkara ranges differ in size and
ontogenetic structure, but in both cases reproductive
individuals predominate, which indicates the pres-
ervation of self-sustaining processes. However, the
relatively low proportion of pre-regenerative indi-
viduals indicates that the natural reproduction of the
species is limited. The results obtained confirm the
need for further monitoring of the population status
and the preservation of their natural habitat.

Conclusion

Thus, the anatomical and morphological fea-
tures of the vegetative organs of Schmalhausenia ni-
dulans (Regel) Petr. indicate a pronounced ecologi-
cal specialization of the species and its adaptation
to the extreme conditions of the high-alpine ecosys-
tems of the Northern Tien Shan. The complex of xe-
romorphic features, including developed protective
structures and features of the sheath and root tissues,
indicates a high degree of adaptation to low tem-
peratures, intense insolation, wind loads and mois-
ture deficiency. These features simultaneously limit
the ecological range of the species and reduce its
ability to quickly recover, which leads to its rarity,
fragmented range and small population size. S. nidu-
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lans populations are characterized by limited natural
regeneration and high dependence on the stability of
high-altitude habitats. Given the high degree of eco-
logical specialization and vulnerability, the species
should be considered a rare endemic, which requires
the preservation of natural habitats, limitation of an-
thropogenic pressure and constant monitoring of the
population status.
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