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Abstract

The taxonomic status of the Altai populations traditionally identified as Sibiraea altaiensis
remains unresolved, with international databases generally treating the name as a synonym
of S. laevigata. At the same time, regional sources retain it for conservation and floristic
purposes. Using S. altaiensis as an operational regional name, we established a comparative
ecological baseline for six natural populations distributed across the Southern and West-
ern Kazakhstan Altai at 814-2130 m a.s.l. Vegetation was surveyed in July 2024 and July
2025 in ten 10 m x 10 m plots per population using complete vascular plant inventories,
Braun-Blanquet abundance-dominance estimates, descriptions of vertical structure, and
field assessment of shrub ontogenetic states. Observed vascular plant richness ranged from
approximately 35 species at Tautekeli to 78 at Lineinsky; Shubartoc and Ridder contained
76 and 72 species, respectively. Mesophytes constituted 56.3-77.0% of the population floras,
demonstrating a predominantly mesic community affinity across contrasting subalpine
slopes, river terraces, floodplains, and sparse conifer forest. Sibiraea altaiensis was dominant
or structure-forming at every locality, although associated species composition and vegeta-
tion architecture varied substantially among habitats. Juvenile plants were not detected
at five populations, whereas their occurrence at Lineinsky was insufficiently documented
for comparison; this pattern is interpreted cautiously because dense midsummer vegeta-
tion and litter may reduce seedling detectability. Floristic richness did not conform to a
simple Southern-versus-Western Altai division, indicating that local habitat heterogeneity
and vegetation context may be more informative than regional position alone. The study
provides a verified descriptive baseline and identifies permanent plot monitoring, early-
season recruitment surveys, direct environmental measurements, and integrated molecular
taxonomic analyses as priorities for conservation assessment.

Keywords:
composition; Braun-Blanquet method; mountain shrub communities; Kazakhstan Altai;

Sibiraea altaiensis; floristic richness; vegetation structure; ontogenetic

conservation monitoring

1. Introduction

Mountain ecosystems encompass pronounced climatic, edaphic, hydrological, and
topographic gradients over relatively short geographic distances. Changes in elevation,
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slope exposure, substrate properties, moisture availability, snow-cover duration, and local
disturbance regimes create highly heterogeneous environmental conditions and a complex
mosaic of habitats. This heterogeneity promotes high species turnover, local endemism,
ecological specialisation, and the persistence of geographically isolated populations. Moun-
tain landscapes may also serve as long-term refugia for plant taxa that have disappeared
from surrounding lowlands due to historical climatic changes, habitat transformation, or
competition with more widespread species. Consequently, the ecological characteristics of
mountain plant populations often reflect both present-day environmental conditions and
the legacy of past biogeographic processes [1-6].

The ecological complexity of mountain regions is particularly pronounced in Central
Asia, where major mountain systems form important centres of plant diversity and en-
demism. These territories are characterised by strong continentality, considerable variation
in precipitation and temperature, marked altitudinal zonation, and a high diversity of geo-
logical and soil conditions. Local plant communities may change substantially over short
distances, even where populations are geographically close to one another. In addition,
contemporary environmental heterogeneity is superimposed on a complex Quaternary
history involving repeated climatic oscillations, shifts in vegetation belts, population con-
tractions, and the subsequent recolonisation of suitable habitats [7,8]. Such historical
processes may have promoted the fragmentation and long-term isolation of plant popula-
tions, resulting in differences in their ecological structure, demographic composition, and
associated vegetation.

At present, mountain ecosystems in Central Asia are increasingly affected by climate
change, grazing pressure, recreational use, infrastructure development, fires, and other
forms of habitat disturbance. Even where direct anthropogenic pressure remains moderate,
changes in temperature and precipitation may alter snow accumulation, soil moisture, com-
petitive relationships, and the timing of plant development. These effects may be especially
important for geographically isolated populations with narrow ecological requirements
and limited opportunities for migration. Establishing reliable population-level ecologi-
cal baselines is therefore essential for detecting temporal changes, identifying vulnerable
populations, assessing habitat quality, and developing evidence-based conservation mea-
sures [7,8]. Such baselines should include not only the geographic location and population
size of a target species but also the structure of the surrounding vegetation, floristic richness,
habitat conditions, ecological composition of associated species, and the representation of
different ontogenetic stages.

The genus Sibiraea Laxm. belongs to the tribe Spiraeeae within the family Rosaceae [9].
Representatives of the genus are perennial deciduous shrubs, mainly associated with tem-
perate and mountain environments of Eurasia. Their modern distribution is geographically
fragmented, and several populations occur as isolated or regionally restricted components
of mountain vegetation. This disjunct distribution has attracted interest from taxonomic,
phylogenetic, biogeographic, and conservation perspectives. However, the delimitation and
nomenclatural treatment of the taxa included in Sibiraea remain controversial, particularly
with respect to populations occurring in the Altai region.

Plants of the World Online and the World Checklist of Vascular Plants generally
treat Sibiraea altaiensis (Laxm.) C.K.Schneid. as a synonym of S. laevigata (L.) Maxim.,
whereas regional floras, herbarium collections, field inventories, and conservation doc-
uments in Kazakhstan continue to recognise the Altai populations as S. altaiensis [10,11].
This discrepancy reflects differences between global taxonomic databases and regional
botanical practice. Global databases tend to follow broad species concepts based on con-
solidated taxonomic treatments. At the same time, regional sources may retain names
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that are historically established, geographically informative, and widely used in national
conservation documentation.

In the present study, we retain S. altaiensis as an operational regional name to maintain
consistency with field records, herbarium documentation, published regional literature,
and conservation practice in Kazakhstan. This approach facilitates comparison with earlier
surveys and allows the investigated populations to be discussed within the terminology
currently used by local botanists and conservation institutions. At the same time, this
pragmatic usage should not be interpreted as a formal taxonomic conclusion or as evi-
dence against the synonymy accepted by international taxonomic databases. A definitive
resolution of the taxonomic status of the Altai populations would require an integrative
analysis combining detailed morphology and anatomy, population-level molecular data,
phylogenetic reconstruction, and comparisons with material from other parts of the distri-
bution range.

Previous research has addressed the disjunct distribution, phylogenetic relationships,
genetic differentiation, biogeographic history, and conservation significance of Sibiraea
populations across Eurasia [12,13]. These studies have contributed to understanding the
historical isolation of populations and the broader evolutionary context of the genus.
Research conducted in eastern Kazakhstan has primarily documented known localities,
herbarium records, and the regional occurrence of the taxon [14,15]. Such information
is essential because it defines the species’ geographic range and provides evidence of its
persistence in specific mountain systems. Serafimovich and Efimova [16] also summarised
the potential uses of the taxon and discussed possible approaches to its conservation.

Although these contributions established an important taxonomic, biogeographic, and
geographical foundation, standardised population-level ecological comparisons remain
limited. Existing descriptions often focus on the presence of the target species at individual
localities without providing comparable quantitative information on the associated vegeta-
tion. Consequently, it remains difficult to determine whether differences observed among
populations are related primarily to altitude, habitat moisture, vegetation type, disturbance
intensity, or local topographic conditions. Information is also limited on whether isolated
populations occupy a relatively narrow ecological niche or persist across a broader range
of environmental settings.

In particular, no integrated field assessment has systematically compared vegetation
structure, associated floristic richness, ecological group composition, habitat characteristics,
and field-observed ontogenetic spectra across multiple populations in the Kazakhstan
Altai. These variables describe complementary aspects of population ecology. Floristic
richness reflects the number of species occurring in the habitat and provides a general
indication of community diversity. Vegetation structure characterises the development
and spatial organisation of the plant cover, including the relative contribution of tree,
shrub, and herbaceous layers. Ecological group composition provides information on
the moisture, habitat, and life-form affinities of associated species and can therefore help
interpret environmental differences among localities. Ontogenetic observations, although
strongly dependent on sampling season and detectability, provide preliminary evidence
regarding population regeneration and the representation of earlier developmental stages.

Comparative information from several localities is required to distinguish population-
specific features from broader ecological tendencies. A characteristic observed in a single
population may reflect a temporary disturbance, local soil conditions, slope exposure, or
sampling effects rather than a general ecological property of the taxon. In contrast, patterns
repeated across several populations may indicate consistent habitat preferences or common
limitations affecting population structure. Multisite comparisons are therefore essential for
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identifying the range of environmental conditions under which populations persist and for
recognising localities that may require special conservation attention.

The Kazakhstan Altai provides an appropriate setting for such a comparison because
populations occur in environmentally contrasting habitats. Differences in elevation, slope
position, moisture availability, canopy cover, and proximity to rivers create distinct ecologi-
cal conditions within the regional distribution range. Open subalpine slopes are generally
exposed to greater fluctuations in temperature, wind, and solar radiation. In contrast,
river terraces and floodplains may provide more stable moisture conditions and deeper
or more developed soils. Sparse coniferous forests may reduce temperature extremes and
create structurally complex vegetation, but they may also increase competition for light,
water, and nutrients. Evaluating populations across these habitats can therefore provide
insight into the ecological amplitude of S. altaiensis and the extent to which its associated
communities vary across local environmental gradients.

Moisture availability may be especially important in determining vegetation richness
and structure. Floodplain and forest habitats frequently support more ecological niches than
exposed slopes because they contain vertical vegetation layers, variable light conditions,
and microsites that differ in moisture and substrate properties. However, greater habitat
complexity does not necessarily result in better conditions for the target species. Dense
herbaceous vegetation, closed shrub cover, or increasing tree-canopy development may
reduce the availability of suitable microsites for seedling establishment. Conversely, open
habitats may contain fewer associated species but provide reduced competition and greater
availability of exposed soil surfaces. A comparative analysis is therefore needed to assess
whether apparently favourable community-level conditions correspond to the occurrence
of younger individuals and potential population renewal.

Population regeneration is a particularly important conservation issue for long-lived
shrubs. Adult individuals may persist for many years even when successful seedling
establishment has become infrequent, so the continued presence of mature or generative
plants does not necessarily demonstrate long-term population stability. The regeneration
niche may be constrained by seed availability, microsite suitability, litter accumulation,
competition, and the timing of disturbance [17,18]. The detection of juvenile and immature
individuals can provide evidence of recent recruitment, but stage-specific detectability may
vary substantially when small plants are obscured by dense vegetation or litter [19]. For
this reason, ontogenetic observations collected during a single midsummer survey should
be interpreted cautiously and regarded as an initial field assessment rather than a complete
demographic or population-viability analysis [20].

This study, therefore, combines community- and population-level observations to
provide an ecological baseline for S. altaiensis in eastern Kazakhstan. The emphasis is
placed on standardised comparison rather than on formal causal inference because altitude,
habitat type, moisture regime, canopy structure, and disturbance are not independent under
natural field conditions. Nevertheless, the inclusion of six populations representing several
habitat types allows identification of consistent contrasts and the formulation of hypotheses
for subsequent long-term studies. The resulting dataset can also support the selection of
representative monitoring sites and the development of repeatable field indicators.

Accordingly, we compared six populations occurring in open subalpine slopes, river
terraces, floodplain environments, and sparse conifer forests. We evaluated three ex-
ploratory hypotheses: (H1) floristic richness and vegetation structure differ among popula-
tions along the combined altitudinal and habitat gradient; (H2) relatively moist forest and
floodplain habitats support greater associated species richness and structural complexity
than exposed open habitats; and (H3) adult vegetative and generative shrubs are detected
more frequently than juvenile individuals during midsummer surveys. The objectives were

https://doi.org/10.3390/d18070428


https://doi.org/10.3390/d18070428

Diversity 2026, 18, 428

50f 15

to characterise habitat and vegetation structure, compare observed floristic richness and
ecological group composition, summarise field-observed ontogenetic states, and define
priorities and repeatable indicators for population-based conservation monitoring of S.
altaiensis in eastern Kazakhstan. Because altitude, moisture, canopy structure, and distur-
bance covary under natural field conditions, these hypotheses are evaluated descriptively
rather than as causal tests.

2. Materials and Methods
2.1. Study Area

Field investigations were conducted during the principal flowering and fruiting pe-
riod in July 2024 and July 2025 in the Kazakhstan Altai and East Kazakhstan, including
protected landscapes associated with Katon-Karagay and the West Altai. The region is
characterised by a strongly continental mountain climate, marked elevational zonation,
and pronounced spatial variation in precipitation, snow persistence, vegetation belts, and
soil development [21,22].

Six accessible populations known from previous regional surveys were selected pur-
posively to represent the principal habitat types and a broad elevational interval within the
taxon’s distribution in Kazakhstan. Four populations were located in the Southern Altai
and two in the Western Altai. The design covered 814-2130 m a.s.l. and included open sub-
alpine shrub—forb communities, river-valley terraces, shrub-meadow floodplain vegetation,
and sparse dark-conifer forest. The population was treated as the primary comparative
unit, whereas the ten plots within each population served as standardised subsamples for
documenting local floristic and structural variation. The localities, therefore, constitute
a stratified comparative set rather than a random sample of all known occurrences. This
design supports controlled descriptive comparison among the surveyed populations and
habitat contexts, but it does not justify statistical generalisation to all populations in the
Kazakhstan Altai.

2.2. Studied Populations

Geographic coordinates, elevation, landform, substrate, qualitative moisture regime,
light environment, and vegetation type are summarised in Table 1. Coordinates were
recorded in the WGS84 geographic reference system using a handheld GPS receiver. Taldy-
bulak, Shubartoc, Tautekeli, and Karakaba represented the Southern Altai, whereas Linein-
sky and Ridder represented the Western Altai (Figure 1).

Table 1. Description of natural populations of Sibiraea altaiensis.

Regional Qualitative Canopy/Light Vegetation
Population Coordinates  Elevation (m)  Landform/Location  Climate Soil/Substrate ~ Moisture .
. Environment Type
Context Regime
Open right-bank X Mountain-
5 , valley of the COOI. Alluvial, Mod.er.ate., meadow shrub
Pop_1 49°06.355" N, N continental precipitation o . .
o , 1816 Taldybulak River; . stony-loamy, High; opensite  and subalpine
Taldybulak 86°07.890" E mountain . and seasonal
southeastern slope limate well-drained snowmelt shrub—forb
of Mt. Shubartoc vegetation
Southern and Cool . . .
Pop 2 49°06.102'N, 5109 5130 southeasternslopes  continental Chomyioam ot Highiopensite  Shruke forb
Shubartoc 86°08.051" E of Mt. Shubartoc; mountain y-oamy, gh; op .
. . well-drained supported vegetation
Burkit Uya peak climate
Cool Moderate; .
Pop_3 49°03.103' N, Open the left-bank continental Dark mountain abundant . . Mountain
. . , 1726 valley of the X High; opensite  shrub—forb
Tautekeli 85°58.764" E S mountain chernozem snow and local R
Tautekeli River . . vegetation
climate water retention
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Table 1. Cont.
Regional Qualitative . .
Population Coordinates  Elevation (m)  Landform/Location  Climate Soil/Substrate ~ Moisture ganf)pylnght Vegetation
Context Regi nvironment Type
ontex egime
Kara-Kaba River Cool Meadow- Shrub-meadow
Pop_4 49°03.436' N, 1607-1693 terrace, continental chernozem Moderate to Hieh: open site floodplain and
Karakaba 86°00.176' E approximately 500 mountain and alluvial- variable g op terrace
m from the channel ~ climate meadow soils vegetation
Sparse
Pop 5 50°24.309' N Southern Strongly Mountain- Partial canopy; ~ dark-conifer
P ono e . 1430-1435 macroslope of the continental; forest brown Relatively high  southern forest with
Lineinsky 84°09.807" E S N :
Lineinsky Ridge cool summer soils exposure shrub
understory
Pob 6 50°17.723' N Gromatukha River Strongly Alluvial soils Shrub-meadow
OP orgony & S14-956 floodplain near continental; with high Elevated Generally high  floodplain
Ridder 83°29.900' E - -
Ridder cool summer humus content vegetation
83.00°8 84.00°8 85.008 86.00°B 87.00°B
51.00°C T 4 st
"'ﬁ . KAZAKHSTAN

1 s0.00°c

50.00°C

49.00°C

49.00°C

85.00°B

83.00°B 84.00°B

Pop_1 - Taldybulak
Pop_2 - Shubartoc
Pop_3 - Tautekeli
Pop_4 - Karakaba
Pop_5 - Lineinsky
Pop_6 - Ridder

Figure 1. Map of the locations of the studied populations of S. altaiensis in Eastern Kazakhstan.

The Southern Altai localities were situated mainly in open river valleys and on south-
ern or southeastern slopes at 1607-2130 m a.s.l. In contrast, the Western Altai localities
occupied a lower-elevation forest macroslope and a river floodplain at 814-1435 m a.s.1.
The sampling set consequently encompassed broad contrasts in elevation, canopy context,
substrate, snowmelt influence, and qualitative moisture availability.

2.3. Vegetation Survey and Floristic Data

Ten 10 m x 10 m plots were surveyed in each population (60 plots in total). Candidate
plot positions were identified throughout the area occupied by S. altaiensis. From the avail-
able positions, ten plots were selected purposively to provide broad spatial coverage of the
population while remaining within the same visually homogeneous vegetation type. Where
several positions met these criteria, preference was given to locations that increased spatial
separation from previously selected plots and improved coverage of the population area.
Plot placement was independent of local species richness and the abundance of particular
associated species. If a candidate position coincided with an abrupt ecotone, a path, an
eroded area, or another clearly disturbed microsite, the plot was shifted by the minimum
necessary distance to the nearest representative patch of the same vegetation type. Thus,
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the plots represented spatially distributed purposive subsamples of each population habitat
rather than the only available homogeneous locations. For each plot, all vascular plant
taxa were recorded, together with total projective cover, vertical vegetation structure, and
species abundance-dominance, following standard phytosociological procedures [23-26].
Abundance-dominance was estimated using the Braun-Blanquet scale: r, solitary individu-
als with negligible cover; +, few individuals with <1% cover; 1, numerous individuals but
<5% cover; 2, 5-25%; 3, 25-50%; 4, 50-75%; and 5, 75-100% [25,26]. The original ordinal
classes were retained and were not converted to percentage midpoints. The same plot size
and field protocol were applied at all six populations. The population, rather than each plot,
was treated as the independent comparative unit; plot observations were consolidated to
characterise within-population floristic and structural variation. Taxonomic nomenclature
was checked against Plants of the World Online, except that the regional operational name
S. altaiensis was retained as described above [10]. The complete species-by-population
phytosociological summary is provided in Supplementary Table S1.

2.4. Population-Structure and Ontogenetic Observations

For population-structure observations, the field sampling unit was a spatially discrete
shrub clump that could be consistently recognised above ground. Because underground
connections were not excavated and genetic identity was not assessed, these units are
described as sampled shrubs rather than confirmed genets; individual shoots within a
clump may represent ramets. Recorded attributes included general plant condition, spatial
arrangement, reproductive status, and the presence of operational ontogenetic states.
Population-level morphometric means were excluded from comparative interpretation
when their population-specific origin could not be independently verified.

Ontogenetic states were assigned using field-observable morphological criteria. Juve-
nile plants were defined as seedlings or very small single-shoot individuals with simple
architecture; immature plants as small non-reproductive individuals with several vege-
tative shoots; virginal plants as developed multi-shoot individuals without reproductive
shoots; young generative plants as relatively small flowering shrubs with incompletely
developed crowns; middle-aged generative plants as fully developed flowering or fruiting
shrubs; subsenile plants as individuals with reduced flowering and visible shoot dieback;
and senile plants as strongly degraded individuals lacking functional reproductive shoots.
Because dense midsummer herbaceous cover and litter can obscure small seedlings, the
category “juveniles not recorded” denotes a field observation rather than demonstrated
recruitment failure.

2.5. Data Processing and Analytical Scope

Population-level synthesis was restricted to descriptors that could be verified directly
from the consolidated field records: observed numbers of vascular plant species, gen-
era, and families; proportional representation of ecological groups; total projective cover;
dominant and subordinate species; vertical vegetation structure; and reported ontogenetic
states. Ecological affinity was assigned from published indicator and habitat literature and
summarised as the proportions of mesophytes, xeromesophytes, mesoxerophytes, hygro-
phytes, and related groups [27]. Life-form spectra were interpreted within the Raunkiaer
framework [28].

Moisture, soil trophicity, and light were treated as ordinal habitat descriptors based
on topographic position, canopy openness, visible substrate characteristics, snowmelt
influence, and regional environmental literature. They were not derived from instrumental
measurements and were therefore used only to contextualise floristic and structural differ-
ences. Observed richness represents the pooled number of taxa recorded under nominally
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equal sampling effort at each population; it is not an asymptotic richness estimator and
was not rarefied.

Because only six population-level units were available and the complete plot-by-
species abundance matrix could not be independently audited, statistical inference was
intentionally conservative. The originally reported entropy indices, accumulation curves,
and constrained ordination were not retained. Comparisons are descriptive and hypothesis-
guided rather than confirmatory. Once plot-level abundance data and metadata are curated
and archived, Hill numbers, coverage-based rarefaction, accumulation analyses, and multi-
variate community models would provide an appropriate inferential framework [29-31].

3. Results
3.1. Habitat and Community Structure

The six populations occupied four major ecological settings: open subalpine shrub—
forb slopes (Taldybulak, Shubartoc, and Tautekeli), a river-terrace shrub-meadow habitat
(Karakaba), a sparse conifer-forest understory (Lineinsky), and a moist floodplain shrub-
meadow habitat (Ridder). Sibiraea altaiensis was dominant or structure-forming in all
settings, but the identity of associated species, canopy context, and vertical organisation of
the vegetation differed markedly among localities.

The open Southern Altai communities generally comprised two or three recognisable
vegetation layers, and total projective cover approached 95% where recorded. At Taldy-
bulak and Tautekeli, S. altaiensis contributed more than 70% of the shrub-layer cover. At
Karakaba, the species occurred as comparatively sparse clumps above a species-rich herb
layer. At Shubartoc, the highest-elevation locality, turnover in shrub-layer dominants was
observed toward the upper part of the surveyed slope, indicating fine-scale structural
variation within the population (Figure 2).

Figure 2. Habitat and morphological features of the studied species: (A) general view of the plant
community; (B) inflorescence; (C) vegetative shoots (leaves and fruits).
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The Lineinsky population occurred beneath a discontinuous conifer canopy compris-
ing Larix sibirica, Abies sibirica, Pinus sibirica, and Picea obovata. Its understory exhibited
greater vertical and taxonomic complexity than that of the open sites and included several
additional rosaceous shrubs, including S. altaiensis.

The Ridder population occupied a topographically heterogeneous floodplain char-
acterised by hummocks and shallow gullies. Total vegetation cover ranged from 90%
to 97%, and the community displayed a well-developed three-layered structure. Source
descriptions indicated that S. altaiensis contributed more than 60% of the shrub-layer cover.

Across the six populations, S. altaiensis co-occurred repeatedly with meadow, forest-
edge, and subalpine taxa, including Dasiphora fruticosa, Carex pediformis var. macroura, Iris
ruthenica, Calamagrostis epigejos, Rosa spp., and Spiraea media. Nevertheless, the combination
and relative abundance of dominant and subordinate species differed among populations,
providing descriptive support for H1.

Detailed phytosociological records and Braun—Blanquet abundance-dominance classes
are presented in Supplementary Table S1. The main text, therefore, focuses on cross-
population contrasts rather than on reproducing complete species lists for each locality.

3.2. Floristic Richness and Ecological Composition

Observed vascular plant richness varied more than twofold, from approximately
35 species at Tautekeli to 78 at Lineinsky (Table 2; Figure 3). Shubartoc, the highest-
elevation locality, supported 76 species, and Ridder supported 72 species. Thus, richness
did not follow a monotonic elevational pattern and did not separate consistently between
the Southern and Western Altai populations.

Table 2. Comparative descriptive summary of floristic richness, vegetation structure, and juvenile
detection in the six surveyed populations.

Juveniles Principal Habitat Role of S. altaiensis Cover (%) Mesophytes (%) Taxa (S/G/F) Population
. Dominant; >70% -
Not recorded  Open subalpine valley shrub cover ~95 75.5 53/37/23 Taldybulak
Not recorded High-elevation Dominant; locally >70% ~95 68.4 76/61/30 Shubartoc
open slope

Not recorded  Open river valley Dominant; >70% ~95 714 ~35/30/19 Tautekeli
shrub cover

Notrecorded  River terrace Structure-forming; sparse Not gvallable 56.3 48/39/21 Karakaba
clumps consistently

Not reported . Dominant; 45-50%, L.

consistently Sparse conifer forest locally 70% 90-95 77.0 78/68/31 Lineinsky

. . Dominant; >60% .
Not recorded  Moist floodplain 90-97 73.6 72/69/25 Ridder

shrub cover

Note: S/G/F = species/genus/family. “Not recorded” means that juveniles were not observed during the survey
and does not demonstrate their true absence.

Mesophytes constituted the largest ecological group at every locality, ranging from
56.3% at Karakaba to 77.0% at Lineinsky. Their consistent predominance indicates a broadly
mesic affinity of the associated vegetation. At the same time, variation in xeromesophytes,
mesoxerophytes, hygrophytes, and other transitional groups reflected local differences in
exposure, substrate, canopy, and water availability.

Perennial herbs dominated the life-form spectra throughout the study, whereas shrubs
contributed most strongly in the forest-understory and selected subalpine communities.
High richness at both Shubartoc and Lineinsky, despite their contrasting elevation and
canopy conditions, suggests that local habitat heterogeneity and vegetation-belt turnover
may be as influential as elevation or regional position considered independently.
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Figure 3. Observed vascular plant richness in the six surveyed populations. Values are pooled
population-level totals recorded under nominally equal sampling effort (ten 10 x 10 m plots per
population); they are not rarefied richness estimates. A uniform colour is used because all populations
represent comparable sampling units.

H1 was supported at a descriptive level by pronounced among-population differences
in observed richness and vegetation organisation. H2 received only partial support: the
comparatively moist Lineinsky and Ridder habitats were species-rich, but the exposed,
high-elevation Shubartoc population was similarly rich. These statements refer to observed
contrasts among six population-level units. They should not be interpreted as formal
significance tests or causal estimates, as the populations were selected purposively and
environmental variables were not measured quantitatively.

Taldybulak contained 53 species representing 37 genera and 23 families. Asteraceae,
Rosaceae, Poaceae, Lamiaceae, and Fabaceae were among the most species-rich families,
and mesophytes accounted for 75.5% of the recorded flora.

Tautekeli and Karakaba had lower observed richness, with approximately 35 and
48 species, respectively. Karakaba also had the lowest mesophyte proportion (56.3%) and
a greater contribution from transitional moisture groups, consistent with its open terrace
setting and spatially variable water supply.

Lineinsky had the highest observed richness (78 species, 68 genera, and 31 families),
whereas Ridder contained 72 species, 69 genera, and 25 families. Although both West-
ern Altai populations were mesophyte-dominated, they differed substantially in canopy
environment, topographic heterogeneity, and vegetation architecture.

These richness contrasts may reflect species turnover among vegetation belts, fine-scale
environmental heterogeneity, and local detectability during the survey period. They should
not be interpreted as complete inventories of regional diversity or as direct indicators of
demographic condition or population viability.

3.3. Observed Population Structure

The completeness and resolution of population-structure records differed among local-
ities. Across available summaries, S. altaiensis was consistently described as a multi-shoot
shrub forming grouped, patchy, or nearly continuous stands, but quantitative demographic
information was not equally detailed across populations.

At Taldybulak, Shubartoc, and Tautekeli, adult and predominantly generative shrubs
were reported, while juvenile plants were not detected. Identical preliminary morphometric
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means across these three populations were excluded from the comparative synthesis
because their independence as population-specific estimates could not be verified.

At Karakaba, shrubs were sparser and appeared less developed than at the other open
sites, although reproductive individuals were present. Juveniles were not recorded. The
open river-terrace position and variable moisture regime are plausible contextual factors,
but the observational design does not permit causal attribution.

The Lineinsky field summary documented several adult ontogenetic states in the
forest understory, but juvenile occurrence was not reported consistently enough for direct
comparison. At Ridder, immature, virginal, generative, and subsenile shrubs were recorded,
whereas juvenile and senile plants were not detected.

H3 was supported only as an observed detection pattern: adult and reproductive
shrubs were conspicuous, whereas juveniles were rarely documented during midsummer
surveys. This pattern is not demographic evidence of recruitment failure because seedling
emergence may be episodic, spatially clustered, seasonally restricted, or obscured by dense
herbaceous cover and litter. Repeated, seasonally stratified censuses are required before
population renewal can be assessed.

Population-dynamic classifications such as stable, progressive, regressive, or pulsating
require repeated censuses and estimates of stage-specific transition through time. Such
categories were therefore not assigned from the present cross-sectional observations.

Table 2 shows that S. altaiensis retained a dominant or structure-forming role across all
surveyed habitat types despite substantial differences in species richness, canopy setting,
and total vegetation cover.

Juveniles were not recorded at five populations and were not reported consistently at
Lineinsky. Dense herbaceous cover approaching 95% at several sites may have reduced
detectability; however, the pattern may also reflect episodic establishment, litter depth,
seed availability, microsite limitation, competition, or interannual variation in germination
and early survival.

Because ontogenetic observations were collected during midsummer and were not
repeated within seasons or across multiple years, they constitute a baseline for future
monitoring rather than a population viability assessment.

Future censuses should establish permanent plots, record counts for each ontogenetic
state, revisit populations during early and mid-growing seasons, and distinguish ramets
from genetically independent individuals wherever feasible.

The verified dataset is sufficient to document among-population heterogeneity and
identify monitoring priorities. Still, it cannot support inference about temporal trajectories,
population growth rates, recruitment frequency, or extinction risk.

Collectively, the results emphasise habitat-specific community organisation and
the need for standardised, repeatable demographic measurements rather than broad re-
gional generalisation.

4. Discussion

The principal ecological result is the persistence of S. altaiensis as a dominant or
structure-forming shrub across a broad range of Kazakhstan Altai habitats, accompanied
by pronounced variation in associated floristic richness, species composition, and vertical
vegetation structure. The use of equal nominal sampling effort across localities strengthens
the descriptive comparison, although the purposive population selection limits broader
generalisation. This pattern supports H1 and extends previous locality- and herbarium-
based studies [14-16] by providing a standardised community-level comparison of six
environmentally contrasting populations.
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The expectation that moist forest and floodplain habitats would invariably support the
greatest richness and structural complexity (H2) was only partly supported. Lineinsky and
Ridder were species-rich, yet the exposed high-elevation Shubartoc locality was compara-
bly rich. Elevation is a composite geographic descriptor that covaries with temperature,
moisture, radiation, snow duration, substrate, and land use and should not be interpreted
as a direct ecological driver without measurements of these components [5]. More broadly,
environmental heterogeneity can increase species richness by expanding niche availability
and promoting species turnover, although the magnitude and even the direction of this
relationship depend on spatial scale and ecological context [6]. In the present study, these
mechanisms remain hypothetical because microclimate, soil resources, and disturbance
intensity were not directly measured.

The predominance of mesophytes at all localities indicates that S. altaiensis is primarily
associated with communities receiving adequate seasonal moisture, even where the phys-
iognomy ranges from exposed subalpine shrubland to sparse conifer forest and floodplain
meadow. This combination suggests ecological breadth at the community scale but should
not be equated with physiological tolerance of individual plants. The ecological group
categories are literature-based classifications rather than direct measurements of soil water
potential, plant water status, or microclimatic conditions [2,5,27].

The recurrent dominance of S. altaiensis indicates an important role in shrub-layer
architecture, local cover, and habitat heterogeneity. However, the identity and relative
abundance of associated species differed among slopes, terraces, forest understory, and
floodplain sites. Such local environmental heterogeneity can support distinct species
assemblages even within a limited geographic range [6]. Conservation measures should
therefore preserve each population together with its local community and habitat context
rather than treating all occurrences as ecologically interchangeable. This community-
based perspective is particularly relevant for geographically isolated relict shrubs whose
persistence may depend on site-specific snow, moisture, canopy, and disturbance regimes.

Juvenile plants were generally not detected, whereas adult and generative shrubs were
conspicuous, in agreement with H3 as a survey-detection pattern. The regeneration-niche
framework predicts that establishment can be limited by propagule supply, the availability
of safe microsites, or both [17,18]. In addition, plant demographic surveys may underes-
timate life stages with low or state-dependent detectability, particularly small vegetative
or juvenile individuals concealed by dense vegetation [19]. The present observations,
therefore, cannot distinguish among genuine recruitment limitation, episodic establish-
ment, spatially localised seedling emergence, and reduced detectability. Reliable diagnosis
requires early-season searches, marked seedlings, permanent plots, and repeated stage-
transition censuses; these data are also prerequisites for defensible population-viability
assessment [20].

The operational use of S. altaiensis in this study should not be interpreted as evidence
for species-level taxonomic independence. International databases commonly include the
name within S. laevigata, whereas regional botanical practice maintains the Altai entity
separately [10,11]. Resolving this discrepancy will require an integrative taxonomy that
evaluates multiple and complementary lines of evidence, including type-based morphology,
population-level genomic data, geographic structure, anatomy, and ecology [12,13,32,33].
The present study contributes habitat and community data to that broader framework but
does not test species boundaries.

A practical conservation priority is to maintain the environmental heterogeneity of
known population sites and to minimise localised degradation associated with grazing,
recreation, fire, infrastructure development, or hydrological alteration. A standardised
monitoring protocol should record plot-level abundance, ontogenetic state, flowering and
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fruiting, shrub cover, canopy openness, litter depth, soil moisture, and visible disturbance.
Early season surveys should specifically target open microsites, turf gaps, and litter dis-
continuities where seedlings are most likely to be detected. Repeated measurements using
consistent sampling units and explicit treatment of observation error are essential for
distinguishing real biological change from sampling variation [34].

Several limitations define the scope of inference. The six populations were selected
purposively rather than randomly; surveys covered only two field seasons and were
concentrated in midsummer; environmental variables were described qualitatively; the
complete plot-level abundance matrix was not available for independent reanalysis; and
above-ground shrub clumps were not confirmed as genets. These limitations preclude
causal and temporal inference, and a single cross-sectional stage distribution cannot es-
tablish population viability [20]. Nevertheless, the audited dataset remains valuable as
a transparent floristic and structural baseline, provided that future monitoring retains
consistent methods and explicitly addresses detection and sampling error [34].

A robust next phase should integrate permanent plot demography with curated
species-abundance matrices, direct soil and microclimatic measurements, disturbance
indicators, reproductive-output data, and molecular-genetic sampling. Such a design would
permit coverage-standardised diversity comparisons, multivariate community modelling,
estimation of stage-specific demographic transitions, and evidence-based prioritisation of
populations for in situ and ex situ conservation [20,29-31,34].

5. Conclusions

Across six surveyed populations spanning 8142130 m a.s.l., Sibiraea altaiensis consis-
tently formed a dominant or structure-forming component of shrub vegetation in open
subalpine slopes, river terraces, sparse conifer forest, and floodplain habitats. H1 was
supported descriptively because floristic richness and vegetation organisation differed
markedly among localities. H2 received only partial support: moist forest and floodplain
sites were species-rich, but the exposed high-elevation Shubartoc population was similarly
rich. H3 was supported only as a detection pattern, with adults and generative shrubs
recorded more consistently than juveniles; this result does not demonstrate recruitment
failure because midsummer vegetation may reduce seedling detectability. Mesophytes
predominated at every locality, and the observed richness pattern was more consistent with
local habitat heterogeneity and vegetation context than with a simple Southern-versus-
Western Altai division. The study establishes a comparative baseline but does not resolve
temporal population trends or the taxonomic relationship between S. altaiensis and S. lae-
vigata. Conservation assessment should prioritise permanent plots, seasonally replicated
seedling searches, direct environmental measurements, curated plot-level datasets, and
integrated molecular and morphometric evidence.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/d18070428 /s1: Table S1: Species-by-population phytosociological
summary, including Braun-Blanquet abundance—dominance classes for vascular plants recorded in the
six surveyed populations.
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