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Abstract. Turgara Z, Ametov A, Kulymbet K, Childibayeva A, Nazarbekova S, Ryskali T, Erezhetova U, Tastanbekova A. 2025. Soil
properties drive population abundance of the rare, endemic Euphorbia yaroslavii in the Zailiyskiy Alatau, Kazakhstan. Biodiversitas 26:
5881-5890. This study investigates the ecological and soil-chemical factors influencing the population abundance of the rare herbaceous
perennial geophyte Euphorbia yaroslavii in the Zailiyskiy Alatau Mountains, Southeastern Kazakhstan. Field surveys were conducted
across three gorges - Ushkonyr, Shamalgan, and Kaskelen - comprising nine cenopopulations. A total of 337 individuals were recorded,
with the highest abundance observed in Ushkonyr (188 individuals) and the lowest in Kaskelen (56 individuals). Soil texture, structure,
and chemistry were analyzed in detail, including granulometry, humus content, pH, CO:, available N, P-Os, K-O, exchangeable cations
(Ca?*, Mg*", Na', K), and total soluble salts. Pearson correlation analysis revealed very strong positive correlations between population
abundance and sand (r = +0.95), clay (r = +0.87), humus (r = +0.80), mobile nitrogen (r = +0.93), and with exchangeable magnesium
among key base cations (r = +0.92). A strong negative correlation was found with silt content (r = -0.88), indicating that excess silt may
limit aeration. Correlations were computed at the cenopopulation level (n = 9), pairing abundance with co-located soil measurements
from the 0-20 cm layer. The most favorable soil conditions for E. yaroslavii are loamy calcareous soils with 40-50% sand, 20-30% clay,
slightly alkaline pH (7.4-7.9), humus > 2.5%, and high base saturation with dominance of Ca*" and Mg?*. These findings suggest that
population abundance is primarily determined by soil texture and organic matter, with magnesium acting as an important component of
an overall balanced base-cation regime. Sites meeting these criteria should be prioritized for in situ conservation and habitat restoration,

with recommended practices including organic amendment and liming to improve soil fertility and structure.
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INTRODUCTION

Studying the factors that influence the distribution,
structure, and abundance of rare and endemic plant species
is a key challenge in ecology and conservation. In the face
of global environmental change, habitat fragmentation, and
anthropogenic pressures, understanding the ecological needs
and population dynamics of these species is crucial for
effective conservation strategies and their long-term survival
(Kulymbet et al. 2023; Tastanbekova et al. 2025).

Euphorbia yaroslavii Poljakov, a rare and poorly studied
herbaceous perennial from the Euphorbiaceae family, is a
narrow endemic found in the semi-arid foothills of
Southeastern Kazakhstan. Its above-ground rosette and
inflorescence are short-lived, emerging in early spring and
senescing by summer, while underground perennating organs
ensure persistence. The species is confined to a few
isolated localities in the Zailiyskiy Alatau mountain range,
primarily occurring on stony slopes and piedmont terraces.
Listed in Kazakhstan's Red Data Book, it faces high
conservation concern due to its limited range, habitat
specificity, and wvulnerability to land-use changes and
climate pressures. Euphorbia yaroslavii's fragmented

populations, weak regeneration, and unbalanced age
structure make it particularly susceptible to environmental
disturbances, further exacerbated by habitat degradation and
grazing (Red Data Book of Kazakhstan 2014).

Ecologically, E. yaroslavii displays a high specificity to
edaphic and microclimatic conditions. It predominantly
grows on fine-textured, carbonate-rich, or weakly saline
soils that are generally low in fertility and organic matter.
These substrates undergo seasonal extremes from rapid
desiccation in summer to excessive surface moisture after
spring snowmelt (Karabalayeva et al. 2025). As a result,
the species has evolved adaptations to drought and nutrient
limitation, yet its narrow ecological amplitude restricts its
colonization potential even within favorable areas (Pachikin
et al. 2014).

Soil quality - including texture, structure, chemical
composition, and organic matter - directly influences seed
germination, plant growth, and reproductive success (Amirov
et al. 2023). In arid and semi-arid ecosystems, even small
variations in nutrient availability can lead to substantial
changes in vegetation cover, species composition, and
population dynamics of endemic taxa (Osmonali et al.
2024a), for narrowly distributed species like E. yaroslavii,
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which exist near the limits of their physiological tolerance,
soil chemical composition may be a decisive factor
governing local abundance and vitality. Vegetation structure
and community composition can also reflect habitat
suitability (Tynybekov et al. 2024). Dense herbaceous
cover retains soil moisture and moderates temperature
fluctuations, promoting seedling establishment and adult
survival (Osmonali et al. 2024b), whereas certain companion
species may indicate restrictive soil conditions (Ding et al.
2025). Therefore, combining vegetation assessment with
soil analysis provides a valuable framework for identifying
edaphic filters shaping the population structure of threatened
species.

Despite extensive research on plant ecological requirements
in Europe and North America, studies on the interactions
between soil properties and the population structure of
Central Asian endemics remain limited. Investigations on
Euphorbia species have mainly addressed growth physiology
or reproduction of cultivated and widespread taxa (Kamel
et al. 2025; Sakhawy et al. 2025). In contrast, E. yaroslavii
occupies a narrow distribution range and highly specific
habitats, emphasizing the need for focused ecological
analysis to understand its niche specialization.

Recent studies highlight that soil texture, base saturation,
salinity gradients, and exchangeable cations, particularly
magnesium, are key factors in edaphic niche specialization
in arid and semi-arid systems (Tongkoom et al. 2021; Jiang
et al. 2022; Naorem et al. 2023; Aldassugurova et al. 2025).
In dryland ecosystems, the sand-clay ratio, organic carbon,
and salinity affect recruitment and biomass accumulation
of steppe forbs (Muratbayeva et al. 2025). Loamy-
calcareous soils in the Eurasian steppe provide essential
rooting depth, microbial stability, and nutrient reserves
(Glab and Gondek 2025). Similarly, Fuphorbia margalidiana
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Kuhbier & Lewej. and Euphorbia schoenlandii Pax depend
on soil carbonate content and magnesium availability
(Llorens et al. 2023; Jabar et al. 2024). However, the role
of soil factors in the population dynamics of narrowly
endemic Euphorbia species in Central Asia remains largely
unexplored. This study aims to clarify these relationships
and support site-specific conservation strategies.

The present study aims to identify the key edaphic and
ecological factors that determine the population abundance
and distribution of E. yaroslavii in the foothills of the
Zailiyskiy Alatau. By integrating soil profiling, chemical
characterization, and vegetation surveys, this research
examines how variations in soil texture, nutrient composition,
and base saturation shape the spatial structure of E. yaroslavii
populations. The results are expected to contribute to species-
specific conservation measures and improve understanding
of edaphic filtering processes in arid mountain-steppe
ecosystems.

MATERIALS AND METHODS

Study area

The study was carried out in three mountain gorges of
the Zailiyskiy Alatau, Almaty Region, Southeastern
Kazakhstan: Ushkonyr Gorge (population 1/P1) is located in
Karasai District at elevations of 1,050-2,290 meters above
sea level (masl) (mean =~ 1,670 m). Shamalgan Gorge
(population 2/P2) extends from 750 to 1,600 masl. (mean =
1,175 m). Kaskelen Gorge (population 3/P3) cuts into the
piedmont plain at 700-1,800 masl. (mean = 1,250 m). All
three gorges belong to the northwestern spur of the Tien
Shan (Figure 1, Table 1).
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Figure 1. Map of the three studied populations of Euphorbia yaroslavii: Ushkonyr Gorge (P1), Shamalgan Gorge (P2), Kaskelen Gorge

(P3) in Zailiyskiy Alatau, Southeastern Kazakhstan
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Table 1. Geographical characteristics of Euphorbia yaroslavii populations

Population (P)  -0¢3ti0N (m"“':f‘;t‘;ﬁ;’rge’ Zailiyskiy (i‘;svlafs"l‘;) Latitude (N) Latitude (E)
P1 Zailiyskiy Alatau, Ushkonyr Gorge 1,276 + 12 43.131590° 76.512721°
P2 Zailiyskiy Alatau, Shamalgan Gorge 1,171 +£9 43.144616° 76.569955°
P3 Zailiyskiy Alatau, Kaskelen Gorge 1,315+10 43.101270° 76.610102°

Note: Elevation values represent mean + Standard Deviation (SD) calculated from GPS measurements (n = 5 per site)

The climate is sharply continental with pronounced
altitudinal zonation. In the foothills (600-1300 masl), mean
January temperature is -7.4°C, mean July temperature
+23°C, and annual precipitation about 560 mm; in the
mid-mountain belt (1,300-2,500 masl) January averages
range from -11.3 to -4.3°C, July from +7 to +18°C, with
734-843 mm of precipitation; above 2,500 masl. Annual
precipitation rises to 900-1300 mm, predominantly as snow
(Kazhydromet 2024). Up to 65-70% of the annual rainfall
occurs in the warm season (April-September). On the
foothill slopes, gray soils (serozems) predominate; in the
mid-mountain belt, mountain chestnut and mountain—
chernozem soils with deeply humified profiles on loess and
colluvial substrates develop; on south-facing exposures,
thermoxeromorphic mountain—steppe and mountain—-meadow
soils are encountered (Balkybek et al. 2025).

Field work was performed during two consecutive
seasons (May-June 2024 and May—June 2025).
Reconnaissance visits in April documented vegetative
emergence; abundance counts used in analyses were taken
at peak flowering (late May-early June) to maximize
detectability. The selection of these populations was made
taking into account their distinct geographic positions within
the Zailiyskiy Alatau, as well as pronounced differences in
landscape, soil characteristics, and elevation, thereby
encompassing the main ecological gradients of the species’
range (Table 1).

Botanical analysis

Botanical methods were employed to investigate
populations of E. yaroslavii and their relationships with
abiotic environmental components. For each identified
cenopopulation locus, a detailed botanical description was
made using GPS navigation to record exact coordinates.
Fieldwork was carried out by route reconnaissance: the
study area was traversed on foot along pre-planned routes,
enabling coverage of extensive terrain and documenting the
species’ distribution across varied ecological-cenotic
conditions. Population structure was analyzed using modern
plant population-biology approaches (Ydyrys et al. 2024).

At each cenopopulation locus (CP1-CP3 within each
gorge), we established three belt transects of 50 m? each
(total 150 m? per CP; 450 m? per gorge). Within each
transect, all E. yaroslavii individuals were counted. The
abundance metric for analysis was the total number of
individuals per cenopopulation (sum across its three transects).
Cenopopulations within a gorge were separated by >200-
500 m and located on distinct slope facets, aspects or
terrace positions to ensure ecological independence.

Herbarium processing of plant material followed
standard protocols: collected specimens of E. yaroslavii

and accompanying species were mounted on herbarium
sheets with labels indicating the collection site, date, and
collector’s name. After fieldwork, samples were air-dried
and examined in detail using a stereomicroscope. The
procedures for collection, preservation, and preliminary
processing of herbarium material conformed to accepted
methodological guidelines (Kolesnikov 2015). Voucher
specimens of E. yaroslavii were collected from all three
study sites (Ushkonyr, Shamalgan, and Kaskelen Gorges,
Zailiyskiy Alatau). The primary voucher is deposited in the
Herbarium of the Institute of Botany and Phytointroduction
(AA, Almaty, Kazakhstan).

The surveys were conducted outside the core zones of
protected territories and complied with national regulations
for research on endemic and Red Book-listed taxa. Species-
level and taxonomic identifications were carried out in the
laboratory using authoritative multi-volume keys and floristic
manuals (Flora of Kazakhstan 1966). The community
species list was cross-checked against up-to-date electronic
databases. The schematic map was created using ArcGIS
Desktop 10.4 (2024).

Soil analysis

Morphological soil descriptions were conducted on key
plots hosting E. yaroslavii populations. Soil pits were
excavated to characterize edaphic factors influencing the
species’ growth and abundance. Field diagnostics included
horizon description, Munsell color assessment (Soil Survey
Staff (USDA-NRCS) 2014), texture and root penetration
evaluation, HCI carbonate testing, and moisture
assessment, following standard guidelines (Korolyuk et al.
2012). Nine soil profiles were examined—three per site—
and 52 soil samples were collected for chemical analysis.

Organic matter (humus) content was determined by the
Tyurin spectrophotometric method following FAO (2021)
guidelines. Total nitrogen was analyzed by titration using
the Kjeldahl method in accordance with FAO (2025). Total
phosphorus and potassium concentrations were measured
spectrophotometrically using a Specord 210 Plus (Analytik
Jena, Germany). Soil pH was measured potentiometrically
with a pH meter I-160MI, Russia 2007 (ISO 10390. 2021).
The CO: content was determined using a calcimeter to
estimate carbonate concentration. Exchangeable Mg?** was
quantified by 1 M ammonium acetate extraction (pH 7.0)
followed by AAS/ICP-OES; detection limit, QA/QC blanks
and certified reference soils.

Particle-size distribution was determined according to
USDA classification standards, with granulometric fractions
defined as follows: sand (2.0-0.05 mm), silt (0.05-0.002
mm), and clay (<0.002 mm). The intermediate 0.005-0.001
mm fraction was apportioned 75% to silt and 25% to clay,
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following USDA methodology. The resulting percentage
values were normalized to 100% and plotted on the USDA
soil texture triangle for classification (USDA Natural
Resources Conservation Service 2013). All analyses were
carried out according to ISO 10390 (2005) standards. All
sample was analyzed in four parallel replicates.

Pairing of botanical and soil data

We excavated one soil profile per cenopopulation (total
n = 9), positioned within 5-10 m of the cenopopulation
transects at the same micro-site (slope, aspect, surface
cover) and on undisturbed ground. For correlation analyses,
soil variables were taken from the surface 0-20 cm (A
horizon). For parameters quantified by horizons, we
computed depth-weighted means for 0-20 cm. This ensured
a one-to-one pairing between each cenopopulation’s
abundance and its own co-located soil measurements.

Statistical analysis

The statistical unit was the cenopopulation (CP; n = 9).
For each CP we analyzed the relationship between total
abundance (sum across three 50 m? transects) and its paired
soil properties (0-20 cm). Given the spatial separation
among CPs, observations were considered independent. As
a robustness check, we repeated partial correlations controlling
for “gorge” (Ushkonyr, Shamalgan, Kaskelen) as a three-
level factor; signs and magnitudes of the key associations
remained unchanged.

To assess the relationships between E. yaroslavii abundance
and abiotic environmental factors, Pearson’s correlation
analysis was performed. All statistical analyses were
conducted in R-Studio, using base functions for Pearson
correlations and stats for partial correlations. Figures were
produced with ggplot2. This method evaluates the linear
association between two quantitative variables (Zar 1999).
The correlation coefficient (r) was calculated according to
the following formula:

20— =)
2(x—x)?- X —y)?
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Where, x; and y;: values of the variables, x” and y: mean
values

The following soil parameters were included in the
analysis: humus content (%), available nitrogen (N), phosphorus
(P20s), potassium (K20) (mg/kg), pH, carbon dioxide (CO-,
%), total soluble salts, and soil texture (percentages of
sand, silt, and clay).

Prior to correlation analysis, data were tested for
normality using the Shapiro—Wilk test. Only variables
exhibiting a normal distribution were included in the
Pearson correlation. Correlations were considered statistically
significant at p < 0.05. The resulting r-values were interpreted
according to the conventional scale: weak (r < 0.3),
moderate (0.3 <r <0.7), and strong (r > 0.7).

RESULTS AND DISCUSSION

Morphological soil profiles within Euphorbia yaroslavii
populations

P-1 (population 1). Ushkonyr Gorge. The soil profile
has an average thickness of 100 cm and exhibits a well-
developed structure. The parent material is composed of
deluvial—proluvial loams. The combined humus horizon (A
+ B) is 42 cm thick. Humus content is 3.11% in the surface
A horizon, decreasing to 1.70% in the B horizon (Table 2).

P-2 (population 2). Shamalgan Gorge. The soil profile
has an average thickness of 80 cm and exhibits a well-
developed structure. The parent material consists of
deluvial-proluvial loams. The combined humus horizon (A
+ B) is 40 cm thick. Humus content is 3.79% in the surface
A horizon, decreasing to 2.07% in the B horizon (Table 3).

P-3 (population 3). Kaskelen Gorge. The soil profile
has an average thickness of 100 cm and exhibits a well-
developed structure. The parent material consists of deluvial—
proluvial loams. The combined humus horizon (A + B) is
48 cm thick. Humus content is 2.94% in the surface Ao
horizon, decreasing to 1.33% in the B horizon (Table 4).

Table 2. P-1 Ushkonyr Gorge, Zailiyskiy Alatau, Southeastern Kazakhstan

Horizons Depth, cm Thickness, cm

A 0-20 20
B 20-42 22
BC 42-65 23
C 65-100 35

Description
10YR 4/1, fresh, loose, loam, abundant roots, gravelly, nutty-
granular structure, moderate effervescence, gradual color
transition.

10YR 5/1, fresh, compacted, loam, coarse roots, granular—powdery
structure, stony-gravelly, vigorous effervescence, gradual color
transition.

10YR 7/1, moist, compacted, loam, powdery-dusty texture, stony,
vigorous effervescence, gradual color transition.

10YR 7/2, moist, compacted, loam, with inclusions of stones,
carbonate accumulation, vigorous effervescence.
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Table 3. P-2 Shamalgan Gorge, Zailiyskiy Alatau, Southeastern Kazakhstan

Description

Horizons Depth,cm Thickness, cm
A 0-17 17
B 17-40 23
C 40-80 40

10YR 5/1, dry, loose, loamy sand, nutty—granular, many roots,
gravelly, no effervescence, clear color boundary.

10YR 5/2, fresh, dense, sandy loam, nutty—powdery structure,
stony—gravelly, inclusions of stones, occasional roots present, no
effervescence, gradual color transition.

10YR 4/1, moist, dense, loamy sand, powdery-dusty structure,
stony, roots rare, weak effervescence.

Table 4. P-3 Kaskelen Gorge, Zailiyskiy Alatau, Southeastern Kazakhstan

Description

Horizons Depth, cm Thickness, cm
Ao 0-8 8
A 8-20 12
B 20-48 28
Ci 48-80 32
C2 80-100 20

10YR 4/1, fresh, loose, loamy sand, nutty—granular, abundant
fine roots, insect channels and burrows, plant residues, weak
effervescence, gradual color transition.

10YR 5/1, fresh, moderately compacted, loam, nutty—granular,
abundant fine roots, plant residues, vigorous effervescence,
carbonate remnants, clear color boundary.

10YR 7/2, fresh, compacted, sandy loam, dusty-powdery,
abundant roots, carbonate accumulation, vigorous effervescence,
gradual color transition.

10YR 8/6, moist, compacted, loam, dusty-powdery, occasional
roots, carbonate accumulation, vigorous effervescence, gradual
color transition.

10YR 9/8, moist, compacted, loam, powdery-dusty, occasional
roots, vigorous effervescence.

Soil chemistry

P-1 is characterized by a thick humus horizon (3.11%)
and high exchangeable K in the 0-20 cm layer, but both P
and K decline sharply with depth. At the same time, CO-
concentration and pH steadily increase down the profile. P-
2 exhibits the highest surface-layer phosphorus (34 mg/kg)
and humus content (3.79%), slightly acidic pH constrains
the growth of E. yaroslavii. P-3 has an upper layer rich in
N (64-70 mg/kg) and K (500 mg/kg); however, humus and
Ca decrease with depth, while Na and Mg accumulate in
the subsoil.

The higher and more evenly distributed the humus, the
better the soil’s potential to maintain fertility and moisture
regimes (Toktar et al. 2019). P-1 leads in organic matter, P-
2 is more uniform, and P-3 is the most depleted.

In P-3, CO: rises sharply from 0.98% to 6.21%, and pH
remains stably in the slightly alkaline range (7.49—7.94). P-2
shows low CO: (0.16-0.33%) and a more acidic reaction
(pH 6.66-6.93). In P-1, CO: is moderate (3.59—7.68%) and
pH is near neutral-alkaline (7.40—7.94). Exchangeable Ca?* is

high in all profiles (9.41-17.82 cmol(+)/kg); P-3 slightly
surpasses the others in the surface layer, while P-1 and 2
are similar. All profiles are calcium-magnesium dominated,
but P-3 exhibits a distinctly stronger magnesium component
(Figure 2).

For each soil profile (population 1, population 2, and
population 3), the mass proportions of the major cations
Ca?, Mg?, and (Na" + K*) were determined. On the cation
ternary diagram (Figure 2, left panel), P-3 samples (0-8, 8-
20, 20-48, and 48-80 cm) plot closer to the Ca-Mg apex,
indicating a dominance of calcium and magnesium, with
the relative share of Na+K increasing with depth (48-80
cm). P-2 samples (0-17, 17-40, and 40-80 cm) shift toward
the center of the triangle, reflecting a more balanced Ca*
and Mg?** ratio and moderate Na + K content. In P-1 (0-20,
20-42, 42-65, and 65-100 cm), there is a trend of
decreasing Mg?" and increasing Na + K in the mid-horizon
(20-42 cm), after which the contribution of Ca** rises again
in the deeper horizons.
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Figure 2. Soil chemical composition across three Euphorbia yaroslavii populations in the Zailiyskiy Alatau, Southeastern Kazakhstan:
Ushkonyr Gorge (population 1), Shamalgan Gorge (population 2), and Kaskelen Gorge (population 3)

A similar ternary analysis of the main anions Cl-, SO+*,
and HCOs™ (Figure 2, right panel) showed that most samples
are dominated by the sulfate—chloride complex (SO+* + CI"),
whereas bicarbonate varies markedly: at the surface of P-1
and P-3 its share is 32-34%, while in P-2 it falls to 7-10%
in the deep horizons. Of particular note is the jump in SO+*~
in the P-3 sample (20-48 cm) up to 63%, indicating a
pronounced sulfate complex in the mid-horizon.

The Piper diagram of overall composition (Figure 3,
central panel) illustrates the main bicarbonate—calcium—
chloride (HCO;-Ca?*-Cl") and sulfate—sodium (SO+*-Na‘)
facies. Samples from P-3 cluster in the Ca-CI-HCO:s field,
characteristic of thin, calcareous soils, whereas P-2 and P-1
shift toward the Na-SO4 corner along the lower margin of
the diamond, indicating accumulation of sodium-sulfate
salts under more humid or lowland conditions (Figure 3).
Accordingly, these soils are classified as non-saline. In all

profiles, total salt concentration does not exceed 0.13%,
which falls within the non-saline category.

Soil texture

P-1 is loam throughout its depth. With sand contents of
about 45-48% and silt around 15%, this profile exhibits
high moisture-retention capacity. P-1 is the most balanced
and homogeneous of the three. Sandy textures dominate P-
2. Its upper (0-17 cm) and lower (40-80 cm) horizons
classify as loamy sand, indicating high permeability and low
water-holding capacity. The middle horizon (17-40 cm) is
sandy loam, with a moderate increase in silt (~18%) and
fine dust. Overall, P-2 retains a predominantly sandy
character-especially in the upper and lower layers-
consistent with its low moisture-holding potential.

P-3 exhibited a heterogeneous texture. The surface horizon
(0-8 cm) is classified as loamy sand, dominated by sand
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(>68%) with minimal silt (~8%). The subsurface horizons
(8-20 cm and 48-80 cm) are classified as loam, with
balanced proportions of sand, silt, and clay. The 20-48 cm
interval is sandy loam, reflecting a slight predominance of
sand. Thus, P-3 shows a transition from a lighter texture at
the surface to a more structured loam in the deeper layers
(Figure 4).

Phytocenotic structure of Euphorbia yaroslavii populations

Across the Zailiyskiy Alatau foothill gorges (Ushkonyr,
Shamalgan, Kaskelen), E. yaroslavii is embedded in herb—
grass—shrub steppe mosaics on calcareous loams rather
than forming monodominant stands. The species typically
co-occurs with grasses (Poa stepposa (Krylov) Roshev.,
Bromus inermis Leyss., Agropyron cristatum (L.) Gaertn.;
locally Stipa lessingiana Trin. & Rupr., Stipa capillata L.),
forbs (Inula grandis Schrenk ex Fisch. & C.A.Mey., Iris
albertii Regel, Ajania astigiata (C.Winkl.) Poljakov, Vicia
crassa L., Achillea millefolium L., Origanum vulgare L.,
Chaerophyllum prescotti DC., Eremurus tianschanicus Pazij
& Vved. ex Pavlov), and shrubs (Spiraea hypericifolia L.,
Rosa spinosissima L., Lonicera hispida Pall. ex Schult.,
Lonicera microphylla Willd. ex Roem. & Schult.; locally
Caragana balchashensis (Kasn. ex Kom.) Pojark.).

P1 Ushkonyr. CP1-CP3 represent herbaceous/grass—
shrub assemblages with high forb diversity; E. yaroslavii
occurs alongside Euphorbia lamprocarpa (Prokh.) Prokh.
and the shrub layer of Spiraca—Rosa—Lonicera (individuals:
78, 48, 62).

P2 Shamalgan. Communities range from grass—herb—
shrub to sedge-rich patches (Carex taldycola Meinsh.,
Carex turkestanica Regel); E. yaroslavii co-occurs with the
same dominant grasses/forbs (15, 40, 38).

P3 Kaskelen. Herbaceous—shrub assemblages with /nula,
Vicia, Ajania, Iris and shrubs including Caragana; E.
yaroslavii present with E. lamprocarpa (18, 23, 15).

Na+K+HCOs
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0 20 40 60 80 100 X P-10-20
2 P-120-42
P-142-65
P-1 65-100
P-2 0-17
P-217-40
P-2 40-80
P-30-8
P-38-20
P-320-48
P-3 48-80

Q’L
<0
-
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Figure 3. Piper diagrams the distribution of major cations (Ca?",
Mg?, Na*, K*) and anions (COs*, HCOs", CI", SO+*) in soil
samples collected from three study sites (P1-P3) at different soil
depths (0-20 cm, 20-40 cm, 40-60 cm, 60-80 cm, 80-100 cm)
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Taken together, E. yaroslavii is not isolated ecologically;
it occupies patches within species-rich, calcareous steppe
communities, with local abundance highest in well-drained,
loamy herb—grass—shrub mosaics and lower in sedge-prone,
finer-textured patches (Figure 5).

The Ushkonyr population (P-1) is characterized by the
highest total abundance (£ = 188 individuals) and the
greatest species diversity (including grasses, forbs, and
shrubs). The most favorable habitat for E. yaroslavii is
CP1.

The Shamalgan population (P-2) comprises a total of 93
individuals. The highest abundance occurs in CP2 (sedge
community), indicating a preference of E. yaroslavii for
more humid, sedge-dominated microhabitats in this gorge.

The Kaskelen population (P-3) is relatively small (X =
56 individuals). Optimal conditions are found in the grass-
shrub association (CP2), whereas the lowest abundance
occurs in cenopopulation 3, where the cover is less grass-
dominated.

Correlation analysis

To identify the ecological and soil-chemical factors
determining E. yaroslavii population abundance, Pearson
correlation coefficients were calculated between the total
number of plants in each profile and various soil parameters.

The key factors and their correlations with abundance
were: Humus content: r = +0.80. Soils with higher organic
matter levels support larger populations, owing to enhanced
nutrient availability, greater water-holding capacity, and
improved aggregate stability-conditions that favor seed
germination and seedling growth (Toktar et al. 2024).

Soil texture: Sand (%): r = +0.95. Clay (%): r = +0.87.
These very strong positive correlations indicate that FE.
yaroslavii thrives in a loamy substrate that combines coarse
(sand) and fine (clay) particles, thereby balancing soil
aeration with moisture retention.

@ P-1Ushkonyr gorge
P-2 Shamalgan gorge
@ P-3 Kaskelen gorge

clay loam

silt loam

SAND (%)

Figure 4. Soil texture classification based on particle size
distribution for Euphorbia yaroslavii habitats. Each point
represents a sample (n = 9 total) plotted within the USDA soil texture
triangle, showing relative proportions of sand, silt, and clay



5888

Ushkonyr gorge (P1)

2
, .
~J
o

(=1
o

'
v
o

Shamalgan gorge (P2)

Population

.
o
Number of individuals

w
o

Kaskelen gorge (P3)

|
(]
o

CP1 Ccp2 CP3
Cenopopulations

Figure 5. Heatmap showing the number of Euphorbia yaroslavii
individuals across three cenopopulations (CP1-CP3) at each study
site: Ushkonyr (P1), Shamalgan (P2), and Kaskelen (P3). Color
gradient indicates abundance intensity (red = high, blue = low)
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Figure 6. Pearson correlation matrix illustrating relationships
between soil physicochemical parameters pH, humus, N, P, K,
CO., texture fractions and E. yaroslavii abundance across all sites

Mobile nitrogen (N): r = +0.93 with population abundance.
High reserves of mineral nitrogen directly stimulate the
accumulation of vegetative biomass in E. yaroslavii.

Exchangeable magnesium and total base cation content:
Mg?" (meq/100 g): r = +0.92. ¥ salts (Ca** + Mg?" + Na* +
K*): r = +0.94. Base cations - especially magnesium - are
crucial for maintaining the structural integrity of cell walls
and supporting photosynthesis; a high base saturation
reinforces the soil matrix that underpins the species’ deep
rooting system.

Negative effect of silt: Silt % — population abundance: r
= -0.88. Excessive silt reduces soil permeability and aeration,
which impedes root respiration and water infiltration
(Figure 6).

Correlation analysis demonstrated that E. yaroslavii
prefers structurally balanced habitats rich in humus and
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base cations. Excessive silt content and low base saturation
negatively impact population abundance. These findings
will inform species-conservation planning and the design
of restoration measures.

Co-variation analyses indicated that Mg?" tended to
increase in better-acrated loams (higher sand and clay,
lower silt), consistent with deeper rooting and base saturation
patterns (see Figure 6).

Conservation status, threats, and habitat vulnerability

E. yaroslavii is a narrow Kazakh endemic recorded at
three discrete sites in the Zailiyskiy Alatau (Ushkonyr,
Shamalgan, Kaskelen), indicating habitat fragmentation by
roads, settlements, and recreation infrastructure. Populations
occur on well-drained, calcareous loams; the species is not
halophytic. Principal threats include trampling and soil
disturbance from recreation/trail works, localized grazing
and compaction, small-scale construction, and invasion by
ruderal species. Our data provide a one-season snapshot, so
a trend (decline and stability) cannot yet be inferred; we
recommend annual monitoring of abundance and stage
structure, and mapping of EOO and AOO. As of July 2025,
the species is not assessed by the IUCN Red List, global
category: not evaluated; nationally it is treated as of
conservation concern (IUCN 2025). Priority actions: protect
microhabitats with base-rich loams, limit trampling and
grazing during peak phenology, control invasives, and
consider ex situ seed banking.

Discussion

In this study, we identified the key soil factors
determining the population abundance of E. yaroslavii in
three mountain gorges of Kazakhstan. Pearson correlation
analysis highlighted the paramount importance of soil
textural, structural, and chemical properties, as well as
organic matter and mineral nitrogen content, whereas
phosphorus parameters proved to be statistically less
significant.

From a niche-theory perspective, our results delineate
the Grinnellian (abiotic) niche of E. yaroslavii: the species
peaks on well-drained, calcareous loams (=40-50% sand,
20-30% clay) with slightly alkaline pH (7-8), humus > 2%,
and high Mg-rich base saturation. These edaphic conditions
act as environmental filters in arid foothills, supporting root
aeration, stable water supply, and Mg-dependent
photosynthetic efficiency, whereas silt-rich horizons likely
exclude the species via reduced gas diffusion, surface
crusting, and episodic waterlogging. In Hutchinson’s n-
dimensional niche terms, texture, pH, Ca-Mg status,
organic matter, and low salinity jointly define the realized
hypervolume of E. yaroslavii.

Ecologically, E. yaroslavii is a calciphilous meso-
xerophyte, not a halophyte: soluble salts were low and
halophytic traits were absent. Positive associations with pH
and Ca*/Mg* reflect calcareous affinity; Mg - as a
chlorophyll cofactor and enzyme activator - likely enhances
carbon fixation and drought tolerance, explaining higher
abundance on base-rich horizons. This pattern mirrors other
Euphorbia endemics on calcarcous substrates (e.g., E.
margalidiana; Llorens et al. 2023) and parallels gypsum-
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adapted congeners (Euphorbia gypsicola Rech.f. & Aellen,
Euphorbia bungei Boiss.) with narrow edaphic specialization
and reliance on Ca/Mg-enriched horizons (Palacio et al.
2022; Rabizadeh and Nasiri 2023). This view aligns with
our recommendation to manage soils as base-rich but non-
saline, with balanced macronutrients (N, P, K) and sufficient
Mg rather than Mg alone.

The negative relationship between silt and abundance (r
= -0.88) is consistent with previous observations that fine-
textured, poorly aerated soils restrict root respiration and
water infiltration, thereby suppressing plant establishment
(Dexter et al. 2010; Glab and Gondek 2025; Muratbayeva
et al. 2025). Loamy soils, in contrast, provide optimal
conditions for both gas diffusion and moisture retention- an
advantage frequently reported for endemic or stress-
sensitive taxa in semi-arid regions (Ramos et al. 2020).

The strong positive correlation with humus (r = +0.80)
and mineral nitrogen (r = +0.93) underscores the role of
organic matter in maintaining nutrient cycling and microbial
activity. This relationship reflects the well-known coupling
between soil organic carbon, CO: flux, and nitrogen
mineralization (Six et al. 2000). Populations growing on
humus-poor soils (e.g., P3, Kaskelen Gorge) exhibited lower

regeneration and fewer individuals, suggesting that
biogenic substrate enrichment supports demographic
stability.

The positive correlation between soil pH, Ca?', and
Mg?" highlights the calcareous affinity of E. yaroslavii.
This pattern agrees with evidence from Mediterranean and
Central Asian Euphorbia species preferring alkaline, CaCOs-
rich substrates (Moore et al. 2014; Palacio et al. 2022). The
particularly strong relationship with Mg (r = +0.92) supports
the hypothesis of “Mg-favoritism” in eutrophic ephemeroids,
where Mg?" acts as a critical cofactor in chlorophyll
synthesis and enzymatic activation (Marschner et al. 2012;
Brady and Weil 2016; Ahmed et al. 2023). Magnesium
enrichment may therefore underpin the higher photosynthetic
efficiency and growth performance observed in E. yaroslavii
populations inhabiting base-saturated soils.

This study integrates observations from two spring—
early summer seasons (2024-2025), without evaluating
other ecological variables such as microclimate or competition.
Correlation-based results also indicate association rather
than causation, which reduces, but does not eliminate,
uncertainty in interannual dynamics. We therefore recommend
long-term monitoring (=5 years) to track abundance,
recruitment, and soil-moisture—nutrient variability and to
detect potential directional trends under ongoing climatic
and land-use pressures.

In conclusion, our results fit within the broader framework
of Euphorbia edaphic specialization, where substrate texture
and cation composition define population structure and
abundance. The species thrives in loamy calcareous soils
with moderate sand and clay content, slightly alkaline pH,
and high base saturation dominated by Ca®>" and Mg*"
These edaphic conditions provide optimal aeration and
nutrient balance, supporting growth and reproduction. These
findings emphasize the importance of maintaining loamy,
calcareous soils with adequate organic inputs and a balanced
nutrient regime (N, P, K with sufficient Mg and trace
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elements) for the conservation and restoration of E.
yaroslavii habitats.
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