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Abstract

Phlomis chimerae Boissieu is an endemic species found in the western region of Antalya,
Tiirkiye. Due to its pharmacological properties, the species is being harvested indiscrimi-
nately and faces increasing anthropogenic pressure. This study aimed to determine the
morphological diversity and habitat conditions of P. chimerae in its natural populations
and to evaluate its potential for use as an ornamental plant. Morphological characteriza-
tion was performed on 44 individuals representing nine natural populations, sampled at
intervals of >100 m, based on 39 characters. Variance, principal component, and cluster
analyses were performed on the obtained mean values. The findings revealed that the spe-
cies has a very narrow distribution range, occurring primarily on steep slopes from sea
level to 500 m. It was determined that approximately 70% of the populations preferred
habitats oriented east-southeast-south-southwest. PCA and UPGMA analyses confirmed
that morphological characteristics showed significant variation within and between popu-
lations.The results are expected to provide a scientific basis for understanding the distribu-
tion of P. chimerae, evaluating it as an ornamental plant, and conducting breeding studies
for the conservation of the species.

Keywords Lamiaceae - Ornamental plant -+ Morphological characteristics -+ Medicinal
aromatic plants - Endemic species

Introduction

Phlomis chimerae Boissieu is a locally endemic species belonging to the family Lamiaceae,
native to Tiirkiye and naturally distributed in the western part of Antalya. According to the
Red Data Book of Turkish Plants, it is classified as “Lower Risk (conservation-dependent)”
(Baser, 2000a; Ekim et al. 2000). The species mostly occurs in Pinus brutia forests, maquis
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vegetation, and rocky habitats within Mediterranean ecosystems (Celik et al. 2005; Dadand1
2002; Deniz and Aykurt 2016).

The genus Phlomis comprises approximately 100 species worldwide (Mathiesen et
al., 2011). In the Flora of Turkey by Davis et al. (1965), the genus is represented by 50
taxa, including 40 species and subspecies and 10 hybrids. A later revision study evalu-
ated 58 taxa, including 39 species and subspecies and 19 hybrids (Dadand1 2002). In
the “List of Turkish Plants,” the genus is represented by 52 taxa, including 39 species
and subspecies and 13 hybrids (Giiner et al., 2012). Within this genus, P. chimerae
represents a geographically restricted endemic taxon with ecological and conservation
relevance.

Locally known as “Calba” or “Kimera Salbas1” (Deniz and Aykurt 2016; Baytop
2015), P. chimerae is a perennial dwarf shrub reaching approximately 30 cm in height.
The species blooms between April and August (Deniz and Aykurt 2016). It exhibits dis-
tinctive morphological characteristics, including greenish leaves with stellate hairs on the
upper surface and densely tomentose, whitish lower surfaces (Davis et al. 1965; Deniz
and Aykurt 2016). The flowers are yellow, 25-30 mm in length, with characteristic bracts
(Deniz and Aykurt 2016). These structural traits, together with its compact growth form
and drought tolerance, enhance its ornamental potential in Mediterranean landscape
applications.

Similar to many members of the Lamiaceae family, P. chimerae is rich in volatile and
aromatic oils and is evaluated among medicinal and aromatic plants (Valant-Vetschera et al.
2003). Its major chemical constituents include B-caryophyllene, a-pinene, and germacrene-
D (Celik et al. 2005), along with iridoids, flavonoids, phenylpropanoids, phenylethanoids,
lignans, neolignans, diterpenoids, alkaloids, and essential oils (Kamel et al. 2000; Zhang
and Wang 2008). These phytochemicals are associated with antiseptic, antioxidant, antimi-
crobial, and anti-inflammatory properties (Amor et al. 2009; Zhang and Wang 2008). The
essential oil profile includes B-caryophyllene (31.6%), a-pinene (11%), and germacrene-D
(6.1%) (Celik et al. 2005). Its high monoterpene (27.9%) and sesquiterpene (62.5%) content
further supports its pharmaceutical and cosmetic applications (Bager, 2000a). Additionally,
some species of the genus are traditionally used as herbal tea for respiratory and digestive
disorders (Sokovic et al., 2002; Amor et al. 2009).

In the context of increasing biodiversity loss and habitat degradation, the conservation
and sustainable utilization of locally endemic species have become strategically important
for the ornamental plant industry (Krigas et al. 2021; Pipinis et al. 2022). The use of eco-
logically adapted native species in landscape design provides significant environmental and
economic advantages by conserving genetic resources and ensuring plant material suited to
local climatic and edaphic conditions (Kayik¢i and Giizel 2023). This approach strengthens
ecosystem services and contributes to local economies.

Natural plant populations represent valuable genetic resources due to their high vari-
ability (Gray 1996; Chung et al. 2023). Although morphological traits are influenced by
environmental conditions, they are widely used to assess genetic diversity and intraspe-
cific variation (Hien et al. 2007; Kumar et al. 2025). Flower and leaf characters guide
species identification, cultivation potential, and suitable habitat selection (Zhang et al.
2020; Gao et al. 2023). Understanding distribution patterns and ecological requirements
is therefore crucial for effective conservation strategies. Although the species has been
taxonomically described in Flora of Turkey (Davis et al. 1965), no comprehensive popu-
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lation-level study has evaluated the morphological variation and habitat relationships of
natural P. chimerae populations. This gap represents an important limitation for both con-
servation planning and ornamental plant development. Therefore, this study aims to (i)
determine morphological variation in natural populations of P. chimerae in Antalya, (ii)
evaluate its relationships with habitat and edaphic factors, and (iii) assess its suitability
as an ornamental species.

Materials and methods
Study area and habitat characteristics

The study area includes natural populations of P. chimerae distributed in the Kemer, Kum-
luca, and Dosemealt: districts of Antalya, located in the eastern Mediterranean region of
southwestern Tiirkiye. The region is bordered by the Mediterranean Sea to the south and
the Taurus Mountains to the north. It has a typical Mediterranean climate, with an annual
average temperature of 19.0 °C, maximum temperature of 45.0 °C, minimum temperature
of —4.6 °C, and annual precipitation of 1059.4 mm (Turkish State Meteorological Service,
2023).

Field sampling

Plant samples were collected from nine natural populations in western Antalya during the
flowering period (April-August 2021). In total, 44 individuals representing nine locations
were sampled for morphological measurements. A minimum distance of > 100 m was main-
tained between individuals to reduce spatial autocorrelation and ensure representative sam-
pling of population variation. Individuals were located from sea level up to approximately
500 m elevation. Sampling sites were determined based on previous occurrence records and
known altitudinal limits of the species.

The plant material was collected by authors Ceren Selim, Merve Yildiz and 1. Gékhan
Deniz and voucher specimens were deposited in the Herbarium of the Faculty of Education,
Akdeniz University (AKDE), under the record “AKDE 11312”. The species was taxonomi-
cally identified by Prof. Dr. I. Gokhan Deniz, taxonomist at Akdeniz University, based on
morphological characteristics and comparison with the Flora of Turkey.

Sampling sites and digital elevation model data are presented in Fig. 1. Coordinates,
elevation, slope, and aspect information for each sampled individual are given in Table 1.

Morphological measurements

Morphological parameters were measured from 44 individuals collected from the field
during the generative period (March—July 2021). Measured traits included plant height
(Fig. 2A), canopy diameter, leaf and flower structures (length/width/petiole length), inflo-
rescence and floral structure characteristics, calyx and corolla dimensions, and lip structures
(Fig. 2B). Mean values were calculated for each parameter. In addition, color measurements
were performed using the CIELAB colorimetric system on the second pair of leaves located
below the inflorescence, based on 10 randomly selected flowers from each individual.
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Fig. 1 Digital elevation map of
the study area and location of
sampling individuals. *Indi-
vidual codes: UL1:Ulupinarl,
UL2: Ulupmar2, UL3:
Ulupmar3, UL4: Ulupmar4,
ULS5: Ulupinar5, PH1: Phaselisl1,
PH2:Phaselis2, PH3:Phaselis3,
PH4:Phaselis4, PH5:Phaselis5,
TK1: Tekiroval, TK2: Tekiro-
va2, TK3: Tekirova3, TK4:
Tekirova4, TKS: Tekirova5,
AL1: Alacasul, AL2: Alacasu2,
AL3: Alacasu3, AL4: Alacasu4,
OL1: Olimpos1, OL2: Olim-
pos2, OL3: Olimpos3, OL4:
Olimpos4, OLS: Olimpos5,
DZ1: Diizlercamil, DZ2:
Diizlergami2, DZ3: Diizlergami3,
DZ4: Diizlercami4, DZ5:
Diizlergami5, AD1: Adrasanl,
AD2: Adrasan2, AD3: Adrasan3,
AD4: Adrasan4, ADS5: Adrasan5,
CR1: Crralil, CR2: Cirali2, CR3:
Cirali3, CR4: Cirali4, CRS:
Cirali5, CM1: Camyuval, CM2:
Camyuva2, CM3: Camyuva3,
CM4: Camyuva4, CMS5:
Camyuva5

Ecological and edaphic traits
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Habitat types in which the species naturally occurs (stony, rocky, and maquis habitats) and
associated plant communities were identified. Topographical parameters (slope, aspect, and
elevation) were mapped using ASTER DEM data with 30-m resolution in ArcMap (ESRI
version 20). Soil samples collected from each location were analyzed for pH, organic mat-

ter, and macro/micronutrient contents.

Statistical analysis

Descriptive statistics (mean, standard deviation, minimum, maximum) were calculated. The
Shapiro—Wilk test was used to assess the normality assumption. For variables with normal
distribution, one-way analysis of variance (ANOVA) was applied to test differences among
locations, followed by Tukey’s test for pairwise comparisons. When normality was not sat-
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Table 1 GPS, altitude and aspect data of populations and sampling individuals

Origin site Codes of  Genotype name Latitude (NV)/Longitude (E) Slope Altitude Aspect
individuals (%)

Désemealtt DUZLERCAMI POPULATION

District DZ1 DUZLERCAMI-1 36.972763° 30.536230° 4 241 East
Dz2 DUZLERGCAMI-2  36.972823° 30.535956° 3 297 Northeast
DZ3 DUZLERCAMI-3  36.972981° 30.535893° 2 297 East
Dz4 DUZLERCAMI-4  36.973040° 30.535746° 2 295 East
DZ5 DUZLERCAMI-5 36.972872° 30.536040° 4 296 East

Kemer ALACASU POPULATION

District ALl ALACASU-1 36.536791  30.556577 4 20 Southeast
AL2 ALACASU-2 36.536921  30.556716 5 22 South
AL3 ALACASU-3 36.536834  30.556595 4 24 Southeast
AL4 ALACASU-4 36.536879  30.556465 4 27 Southeast
ULUPINAR POPULATION
UL1 ULUPINAR-1 36.462540°  30.453441° 13 463 East
UL2 ULUPINAR-2 36.462499°  30.453233° 15 468 East
UL3 ULUPINAR-3 36.462776°  30.453219° 17 452 East
UL4 ULUPINAR-4 36.461940° 30.452944° 25 475 East
UL5 ULUPINAR-5 36.461902°  30.453031° 25 471 East
CAMYUVA POPULATION
CM1 CAMYUVA-1 36.567255°  30.546418° 10 35 Northwest
CM2 CAMYUVA-2 36.567227°  30.546446° 9 35 Northwest
CM3 CAMYUVA-3 36.567240°  30.546493° 9 29 Northwest
CM4 CAMYUVA-4 36.566759°  30.544140° 7 24 Northwest
CMS5 CAMYUVA-5 36.566649°  30.544124° 7 22 Northwest
CIRALI POPULATION
CR1+ CIRALI-1 36.426034°  30.469479° 5 10 Southwest
CR2 CIRALI-2 36.426028°  30.469668° 9 15 Southwest
CR3 CIRALI-3 36.424114°  30.472935° 3 2 Southwest
CR4 CIRALI-4 36.423372°  30.476588° 2 3 Southeast
CR5 CIRALI-5 36.423577°  30.473770° 6 1 South
TEKIROVA POPULATION
TK1 TEKIROVA-1 36.484655°  30.516487° 11 42 East
TK2 TEKIROVA-2 36.484709°  30.516471° 11 41 East
TK3 TEKIROVA-3 36.484705°  30.516391° 11 40 East
TK4 TEKIROVA-4 36.484697°  30.516359° 13 41 East
TKS TEKIROVA-5 36.484752°  30.516285° 15 45 East
PHASELIS POPULATION
PHI PHASELIS-1 36.528659°  30.545564° 11 18 Southwest
PH2 PHASELIS-2 36.528769°  30.545409° 10 14 Southwest
PH3 PHASELIS-3 36.528877°  30.545430° 10 18 Southwest
PH4 PHASELIS-4 36.528953°  30.545418° 10 27 Southwest
PHS PHASELIS-5 36.529303°  30.545065° 15 18 Southwest
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Table 1 (continued)

Origin site  Codes of  Genotype name Latitude (N)/Longitude (E) Slope Altitude Aspect

individuals (%)

Kumluca ADRASAN POPULATION

District ADI1 ADRASAN-1 36.298284°  30.477655° 2 6 Northwest
AD2 ADRASAN-2 36.298181°  30.477771° 3 13 Northwest
AD3 ADRASAN-3 36.298033°  30.477530° 4 13 Northwest
AD4 ADRASAN-4 36.298065° 30.477182° 4 5 Northwest
AD5 ADRASAN-5 36.296403°  30.475116° 9 32 Northwest
OLIMPOS POPULATION
OL1 OLIMPOS-1 36.312568°  30.465285° 12 47 Southeast
OL2 OLIMPOS-2 36.312675°  30.465254° 13 49 Southeast
OL3 OLIMPOS-3 36.312790°  30.465210° 15 50 Southeast
OL4 OLIMPOS-4 36.313159°  30.465384° 15 52 Southeast
OL5 OLIMPOS-5 36.313435°  30.465349° 24 54 East

Fig. 2 Morphological characteristics of P. chimerae: (A) general habit; (B) flower and leaf structure
(Original photograph)

isfied, the Kruskal-Wallis H test was used, and significant results were further evaluated
with the Bonferroni—-Dunn procedure. Relationships between quantitative variables were
examined using Pearson’s correlation test for parametric data and Spearman’s correlation
test for non-parametric data. Statistical significance was accepted at p<0.05. Principal com-
ponent and cluster analyses were performed using PROC FACTOR and PROC CLUSTER
procedures in SAS statistical software to evaluate morphological and ecological relation-
ships among individuals and populations. A heatmap was generated using the ggplot pack-
age in R software.

Results
Topographic and habitat characteristics
P. chimerae is distributed within the districts of Kumluca, Kemer, and Désemealti, across an

altitudinal gradient ranging from 1 m to 475 m above sea level (Table 1), an area character-
ized by considerable variation in slope. Digital elevation model analysis and slope mapping
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Fig. 3 (A) Slope and (B) aspect maps of the study area. *Individual codes: UL1:Ulupinarl, UL2:
Ulupmar2, UL3: Ulupinar3, UL4: Ulupinar4, UL5: Ulupinar5, PHI: Phaselisl, PH2:Phaselis2,
PH3:Phaselis3, PH4:Phaselis4, PH5:Phaselis5, TK1: Tekiroval, TK2: Tekirova2, TK3: Tekirova3,
TK4: Tekirova4, TK5: Tekirova5, AL1: Alacasul, AL2: Alacasu2, AL3: Alacasu3, AL4: Alac-
asu4, OL1: Olimposl, OL2: Olimpos2, OL3: Olimpos3, OL4: Olimpos4, OLS: Olimpos5, DZ1:
Diizlergamil, DZ2: Diizlercami2, DZ3: Diizler¢ami3, DZ4: Diizlercami4, DZ5: Diizlergami5, AD1:
Adrasanl, AD2: Adrasan2, AD3: Adrasan3, AD4: Adrasan4, ADS: Adrasan5, CR1: Ciralil, CR2:
Cirali2, CR3: Cirali3, CR4: Cirali4, CRS: Cirali5, CM1: Camyuval, CM2: Camyuva2, CM3: Ca-
myuva3, CM4: Camyuva4, CMS: Camyuva5

(Fig. 3A) revealed a strong association between the species’ distribution and topographic
features. The majority of sampled individuals occurred below 100 m elevation; slope val-
ues across sampling sites varied between 2% and 25%. The highest slope values were
recorded in the Ulupinar population (mean 19%), whereas the lowest slopes were observed
in Diizlergami and Adrasan (2—4%). Overall, 81.8% of the sampling locations were situated
on moderate to steep slopes.

Aspect analysis (Fig. 3B) indicated a clear directional distribution pattern. East-facing
slopes accounted for 34% of individuals, northwest-facing slopes for 22%, southeast-facing
slopes for 18%, and southwest-facing slopes for 18%. The remaining individuals were dis-
tributed across other orientations at lower frequencies.

Habitat observations showed that the species predominantly occurred in rocky and stony
substrates, often within Pinus brutia forest understories and maquis vegetation. Individuals
were generally found in open or semi-open areas with well-drained soils.
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Morphological variation among populations
Vegetative traits

Significant differences were detected among populations in plant height parameters
(PHMIN, PHMAX, PHAVE) (p<0.05; Table 2). The highest mean plant height values were
recorded in the Tekirova, Cirali, and Camyuva populations, whereas Diizlergami exhibited
the lowest height measurements.

In contrast, canopy diameter parameters (PDMIN, PDMAX, PDAVE) did not show sta-
tistically significant differences among populations (p>0.05), indicating relatively stable
horizontal growth across sites.

Leaf morphological traits exhibited significant inter-population variation (Table 3).
Leaf length (LL) and leaf width (LW) differed significantly among populations
(p<0.05). The Camyuva and Phaselis populations showed higher mean leaf dimen-
sions, whereas Diizlergami and Alacasu presented comparatively smaller leaves. Petiole
length (PETL) also varied significantly, with longer petioles observed in Tekirova and
Olympos populations.

Floral and reproductive traits

Significant differences were observed in several floral characteristics (Table 3). Spike width
(SW), spike length (SL), and flower stalk length (PEDL) varied significantly among popula-
tions (p<0.05). Tekirova and Olympos populations exhibited greater spike width and longer
peduncles compared to other populations.

Calyx width (CW) and calyx length (CL) showed significant variation (p <0.05), whereas
calyx tooth length (CTL) did not differ significantly among populations (p>0.05). Corolla
dimensions, including corolla width (COW) and corolla length (COL), also displayed sta-
tistically significant variation across populations.

Circular flower number (CFN) did not differ significantly among populations (p>0.05),
indicating relative stability in this reproductive trait.

Leaf colorimetric traits

Colorimetric analysis revealed significant differences among populations in lightness
(LGHT), chroma (CROMA), and hue angle (HUE) values (»<0.05; Table 3).

Tekirova and Adrasan populations exhibited higher lightness values, whereas Diizler¢ami
showed lower LGHT measurements. Chroma values were highest in Tekirova and Camyuva
populations. Hue angle varied significantly among populations, with Alacasu exhibiting the
highest mean HUE value and Cirali the lowest.

These results demonstrate clear inter-population differentiation in leaf pigmentation
traits.
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Edaphic variation among populations
Soil chemical properties

Soil pH values ranged between 6.5 and 7.5 across populations, with a mean value of 6.96. No
statistically significant differences were detected among populations in terms of pH (p>0.05;
Table 4). Calcimetric lime content differed significantly among populations (p<0.05). The
highest lime content was recorded in the Ulupinar population (3.76%), whereas Diizler¢ami
exhibited the lowest values. Soil salinity (SALT) showed significant variation among popu-
lations (»<0.05). The highest salinity levels were measured in Camyuva, while the lowest
values were recorded in Diizlergami. Soil saturation (SOSAT) values ranged from 42% to
121%, with a mean of 70.36%. Significant differences were detected among populations
(»<0.05). Phaselis exhibited the highest saturation values, whereas Adrasan and Olympos
showed comparatively lower levels. Organic matter (OM), total nitrogen (N), and available
phosphorus (P) did not differ significantly among populations (p>0.05).

Soil nutrient status

Available potassium (K) levels varied significantly among populations (p<0.05). The
highest K concentrations were observed in Cirali, while Diizlergami exhibited the lowest
values. Extractable magnesium (Mg) also showed significant inter-population differences
(»<0.05), with Ciral1 presenting the highest concentrations. Iron (Fe) and manganese (Mn)
contents differed significantly among populations (p<0.05). The highest Fe concentrations
were recorded in Cirali and Phaselis, whereas Olympos showed the lowest values. Mn fol-
lowed a similar distribution pattern. Copper (Cu) content also varied significantly (p<0.05),
while zinc (Zn) and calcium (Ca) did not show statistically significant differences among
populations (p>0.05). Overall, soil analyses revealed substantial edaphic heterogeneity
across sampling sites.

Trait-environment relationships

Correlation analysis revealed significant associations between topographic, edaphic, and
morphological variables (Fig. 4). Elevation showed a significant negative correlation with
mean plant height (PHAVE) (r =—0.39, p<0.05), indicating reduced plant height at higher
altitudes. A positive correlation was detected between canopy diameter and plant height
(r=0.57,p<0.05). Leaf length (LL) was positively correlated with leaf width (LW) (»=0.64,
»<0.05) and aspect (r=0.31, p<0.05). Petiole length (PETL) was positively associated
with elevation (r=0.42, p<0.05) and leaf length (»=0.57, p<0.05). Significant positive
correlations were observed between plant height parameters and several floral traits, includ-
ing spike length (SL) and flower stalk length (PEDL) (»<0.05). Among edaphic variables,
potassium (K) content showed positive correlations with minimum plant height (PHMIN)
(r=0.31, p<0.05), mean canopy diameter (PDAVE) (r=0.31, p<0.05), and calyx width
(CW) (r=0.33, p<0.05). Iron (Fe) exhibited a negative correlation with spike width (SW) (»
=-0.33, p<0.05), whereas zinc (Zn) was negatively correlated with upper lip length (ULL)
(r=-0.46, p<0.05). Leaf color parameters were significantly associated with multiple mor-
phological variables. Lightness (LGHT), chroma (CROMA), and hue angle (HUE) showed
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statistically significant correlations with vegetative and floral traits (p<0.05). These results
indicate structured relationships.

Multivariate structure of morphological and edaphic variation
Individual-Level Principal Component Analysis

Principal component analysis (PCA) was conducted using 39 morphological and edaphic
variables measured across 44 individuals (excluding ecological variables such as slope,
aspect, and elevation).

A total of six principal components were extracted. The first principal component
explained 50.18% of the total variance, while the second accounted for 49.82%. Together,
these two components represented the majority of the variation observed among individuals
(Fig. 5).

Factor loadings indicated that the first component was primarily associated with edaphic
variables, including organic matter (OM), total nitrogen (N), soil saturation (SOSAT), iron
(Fe), zinc (Zn), manganese (Mn), and salinity (SALT) (Table 5).

The second component was mainly related to floral morphological traits, including lower
lip length (LLL), corolla length (COL), lower lip width (LLW), upper lip width (ULW),
upper lip length (ULL), corolla width (COW), spike length (SL), and calyx length (CL).

Individuals from Ulupinar, Olympos, Camyuva, Adrasan, and Alacasu populations were
distributed distinctly along the principal component axes. In particular, individuals coded
UL2, UL3, CM4, AD4, AL1, AL2, and OLS5 showed separation from the main cluster of
individuals.

Population-level principal component analysis

Population-level PCA was performed using mean values of the same 39 morphological and
edaphic variables.

The first principal component explained 56.10% of the total variance, and the second
explained 29.96%. Together, the first three components accounted for 98.71% of the total
variance.

The first principal component was primarily associated with plant size parameters,
including plant height (PHAVE, PHMIN, PHMAX), canopy diameter (PDAVE, PDMAX)),
and leaf dimensions (LL, LW). The second principal component was associated mainly with
soil-related variables, including organic matter (OM), salinity (SALT), iron (Fe), manga-
nese (Mn), and magnesium (Mg).

Ulupiar population showed clear separation from other populations along the primary
component axis. Cirali and Phaselis populations also displayed differentiation relative to the
remaining populations (Fig. 6).

Cluster analysis (UPGMA)

Hierarchical cluster analysis was performed using the unweighted pair-group method with
arithmetic mean (UPGMA) based on the same dataset.

@ Springer
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Fig.4 Correlation heatmap of morphological, ecological and edaphic characters of the population. *SLP:
Slope, ALT: Altitude, ASP: Aspect, PHMIN: Plant height minimum, PHMAX: Plant height maximum,
PHAVE: Plant height average, PDMIN: Plant distribution area diameter minimum, PDMAX: Plant distri-
bution area diameter maximum, PDAVE: Plant distribution area diameter average, LW: Leaf width, LL:
Leaf length, PETL: Petiole length, SW: Spike width, SL: Spike length, PEDL: Flower stalk length, CFN:
Circular flower number, CW: Calyx width, CL: Calyx length, CTL: Calyx tooth length, COW: Corolla
width, COL: Corolla length, LLW: Lower lip width, LLL: Lower lip length, ULW: Upper lip width,
ULL: Upper lip length, LGHT: Lightness, CROMA: Chroma value, HUE: Leaf Hue angle, pH: Common
logarithm of hydrogen ion concentration, LIME (% calcimetric), SALT (% salinity), SOSAT (% soil satu-
ration): <30%: sand, 30-50%: loam, 50—-70%: clay loam, 70-110%: clay, >110%: heavy clay (Richards
1954), OM: Organic matter (%-TS8336), N: Total nitrogen (Kjeldahl), P: Plant-available phosphorus (kg
K,0/ha) (Acetate-ICP), K: Plant-available potassium (kg K,0/da), Ca: Extractable calcium (kg CaO/da)
(A.Acetate-ICP), Mg: Extractable magnesium (kg MgO/da), Fe: Plant-available iron (ppm), Mn: Plant-
available manganese (ppm), Zn: Plant-available zinc (ppm), Cu: Plant useful copper (ppm)

At the individual level, the dendrogram revealed three major clusters with an average
similarity index of 1.75 (Fig. 7). The first cluster contained 42 individuals, whereas two
individuals formed separate clusters. Individuals UL2 and OL5 were positioned distinctly
from the main cluster.

At the population level, cluster analysis grouped the nine populations into four clusters
with an average similarity index of 0.75 (Fig. 8). Six populations were grouped within the
first cluster, while Ulupinar formed a distinct cluster separate from all other populations.
Cirali and Phaselis also exhibited partial separation within the dendrogram structure.
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Fig. 5 Individual-level principal component analysis of 39 measured morphological and edaphic char-
acters. *Spatial distribution graph—rotated factor pattern, horizontal column factor 1 (50.18%), ver-
tical column factor 2 (49.82%) (Individual codes: UL1:Ulupmarl, UL2: Ulupinar2, UL3: Ulupimar3,
UL4: Ulupmnar4, ULS5: Ulupmar5, PHI1: Phaselisl, PH2:Phaselis2, PH3:Phaselis3, PH4:Phaselis4,
PHS5:Phaselis5, TK1: Tekiroval, TK2: Tekirova2, TK3: Tekirova3, TK4: Tekirova4, TK5: Tekirova5,
AL1: Alacasul, AL2: Alacasu2, AL3: Alacasu3, AL4: Alacasu4, OL1: Olimpos1, OL2: Olimpos2, OL3:
Olimpos3, OL4: Olimpos4, OLS: Olimpos5, DZ1: Diizlergamil, DZ2: Diizler¢ami2, DZ3: Diizlerganu3,
DZ4: Diizlergami4, DZ5: Diizlergami5, ADI1: Adrasanl, AD2: Adrasan2, AD3: Adrasan3, AD4:
Adrasan4, ADS: Adrasan5, CR1: Ciralil, CR2: Cirali2, CR3: Cirali3, CR4: Cirali4, CR5: Cirali5, CM1:
Camyuval, CM2: Camyuva2, CM3: Camyuva3, CM4: Camyuva4, CMS5: Camyuva5)

These multivariate analyses indicate clear differentiation patterns among individuals and
populations based on combined morphological and edaphic characteristics.
Discussion
Topographic gradients and morphological differentiation
The distribution pattern of P. chimerae across slope and aspect gradients suggests an asso-
ciation between topographic heterogeneity and morphological differentiation. The pre-
dominance of individuals on east- to southwest-facing slopes suggests that microclimatic

variation related to solar radiation exposure and moisture regimes may contribute to pheno-
typic differentiation. Comparable slope-aspect effects on woody Mediterranean vegetation
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Fig. 6 Biplot of principal component analysis (PCA). *OM: Organic matter (%-TS8336), N: Total nitro-
gen (Kjeldahl), SOSAT (% soil saturation): <30%: sand, 30-50%: loam, 50-70%: clay loam, 70—110%:
clay, >110%: heavy clay (Richards 1954), Fe: Plant-available iron (ppm), Zn: Plant-available zinc (ppm),
Mn: Plant-available manganese (ppm), SALT (% salinity), P: Plant-available phosphorus (kg K,0O/ha)
(Acetate-ICP), pH: Common logarithm of hydrogen ion concentration, LLL: Lower lip length, COL:
Corolla length, LLW: Lower lip width, ULW: Upper lip width, ULL: Upper lip length, COW: Corolla
width, SL: Spike length, CL: Calyx length, PDAVE: Plant distribution area diameter average, PDMIN:
Plant distribution area diameter minimum, PDMAX: Plant distribution area diameter maximum, PHAVE:
Plant height average, PHMAX: Plant height maximum, PHMIN: Plant height minimum, Mg: Extractable
magnesium (kg MgO/da), LL: Leaf length, PETL: Petiole length, PEDL: Flower stalk length, SW: Spike
width, LW: Leaf width, CTL: Calyx tooth length, CW: Calyx width, LIME (% calcimetric), Ca: Extract-
able calcium (kg CaO/da) (A.Acetate-ICP), CROMA: Chroma value, CFN: Circular flower number, K:
Plant-available potassium (kg K,0/da), LGHT: Lightness, Cu: Plant useful copper (ppm), HUE: Leaf
Hue angle. **DZ: Diizlergami, AL: Alcasu, UL: Ulupinar, CM: Camyuva, CR: Cirali, TK: Tekirova, AD:
Adrasan, PH: Phaselis, OL: Olympos

structure and biomass have been documented in semiarid ecosystems (Astrém et al. 2007;
Sternberg and Shoshany 2001; Zhang et al. 2022).

Elevation was negatively correlated with plant height, a pattern consistent with previ-
ously reported altitudinal declines in maximum plant stature (Mao et al. 2016; Xu et al.
2017). Reduced plant size at higher elevations may reflect environmental constraints associ-
ated with temperature regimes and soil development. The clear separation of the Ulupinar
population—Tlocated at the highest altitudinal range—in multivariate analyses further sup-
ports the structuring role of elevation gradients.

Topographic variation is widely recognized as a driver of habitat differentiation and com-
munity structuring in Mediterranean systems (Astrém et al. 2007; Sternberg and Shoshany
2001). In this context, the morphological divergence observed among P. chimerae popula-
tions likely reflects responses to fine-scale environmental heterogeneity within its restricted
geographic range.
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Fig.7 Cluster analysis of 39 measured morphological and edaphic characters. *Basic component analysis
Vertical columns define the average distance between clusters (average distance between clusters). The
unweighted pair group method with arithmetic mean (UPGMA) dendrogram was created (Individual
codes: UL1:Ulupmarl, UL2: Ulupimar2, UL3: Ulupinar3, UL4: Ulupmar4, ULS: Ulupinar5, PH1: Phase-
lis1, PH2:Phaselis2, PH3:Phaselis3, PH4:Phaselis4, PH5:Phaselis5, TK1: Tekiroval, TK2: Tekirova2,
TK3: Tekirova3, TK4: Tekirova4, TKS: Tekirova5, AL1: Alacasul, AL2: Alacasu2, AL3: Alacasu3, AL4:
Alacasu4, OL1: Olimposl, OL2: Olimpos2, OL3: Olimpos3, OL4: Olimpos4, OLS: Olimpos5, DZ1:
Diizlercamil, DZ2: Diizlergami2, DZ3: Diizlergami3, DZ4: Diizlercami4, DZ5: Diizlergamu5, ADI:
Adrasanl, AD2: Adrasan2, AD3: Adrasan3, AD4: Adrasan4, ADS5: Adrasan5, CR1: Ciralil, CR2: Cirali2,
CR3: Cirali3, CR4: Cirali4, CRS: Cirali5, CM1: Camyuval, CM2: Camyuva2, CM3: Camyuva3, CM4:
Camyuva4, CM5: Camyuva5)

Edaphic heterogeneity and phenotypic plasticity

Soil analyses revealed substantial variation in lime content, salinity, and nutrient availabil-
ity among populations. Edaphic factors are known to influence plant morphology and trait
integration (Cousins and Murren 2017; Horst et al. 2018). The positive associations detected
between potassium, magnesium, and plant size parameters are consistent with the role of
macronutrients in supporting vegetative growth and structural development.

Negative correlations between certain floral traits and iron and zinc concentrations sug-
gest that micronutrient variability may influence reproductive morphology. Similar soil-
driven trait variation has been reported in morphometric and population-level analyses (Dey
et al. 2006; Zhang et al. 2015).

The occurrence of P. chimerae across clay—loam to heavy clay soils indicates broad
edaphic tolerance. Comparable ecological flexibility has been documented for other Phlo-
mis taxa in Tirkiye (Temel and Yildiz 2015) and in regional morphological surveys of
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Fig. 8 Dendrogram of the cluster analysis performed among populations based on 39 measured morpho-
logical and edaphic characteristics. *Vertical columns represent individuals, horizontal columns represent
the average distance between clusters.) The dendrogram created using the unweighted pair group method
with arithmetic mean (UPGMA) (Population codes: AL: Alacasu, DZ: Diizlergami, TK: Tekirova, CM:
Camyuva, CR: Cirali, OL: Olimpos, PH: Phaselis, UL: Ulupinar, D: Diizler¢cam1

native Phlomis species (Sarikaya and Fakir 2016). Such findings reinforce the view that soil
heterogeneity contributes to intraspecific differentiation in Mediterranean shrub taxa.

Intraspecific variation and genetic resource potential

The substantial morphological differentiation detected among populations indicates notable
intraspecific variability. Natural plant populations function as reservoirs of genetic diversity
and adaptive potential (Gray 1996; Chung et al. 2023). Although morphological traits may
be environmentally influenced, they remain valuable indicators of genetic structure and
breeding potential (Hien et al. 2007; Kumar et al. 2025).

The distinct positioning of individuals such as UL2 and OLS5 in PCA and cluster analy-
ses suggests the presence of unique trait combinations within certain populations. Similar
patterns of morphological divergence have been documented in Mediterranean shrubs and
Lamiaceae species (Karaguzel and Girmen 2009; Selim and Kahraman 2021), as well as in
recent comparative morphological assessments of Pilomis species in Tiirkiye (Sarikaya and
IlThan 2025).

Habitat heterogeneity has long been recognized as a key driver of morphological differ-
entiation within the genus Phlomis (Dadand1 2002). The multivariate separation observed in
the present study may therefore reflect both environmental responsiveness and underlying
genetic structuring within this geographically restricted endemic species.

Implications for conservation and ornamental utilization
The integration of endemic species into ornamental horticulture represents an increasingly

recognized strategy for biodiversity conservation and sustainable landscape design (Kri-
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gas et al. 2021; Pipinis et al. 2022). Native Mediterranean taxa adapted to local climatic
and edaphic conditions offer ecological stability and reduced maintenance requirements
(Kayiker and Giizel 2023; Papafotiou et al. 2017).

The positive correlations observed between plant height and floral dimensions suggest
that plant height may serve as an indirect selection criterion in breeding programs. Similar
relationships between vegetative vigor and ornamental floral traits have been reported in
ornamental crop species (Gomez et al. 2009; Han et al. 2025). Furthermore, significant vari-
ation in leaf color parameters among populations highlights additional aesthetic selection
potential, consistent with criteria emphasized in ornamental breeding frameworks (Datta
2022).

Previous propagation studies on P. chimerae have demonstrated its responsiveness to
vegetative rooting treatments (Selim and Kahraman), indicating practical feasibility for
domestication and ex situ conservation. When considered together with the documented
morphological and edaphic differentiation presented here, these findings provide a founda-
tion for structured selection programs that preserve intraspecific diversity while enabling
sustainable ornamental utilization.

Given its restricted distribution and increasing anthropogenic pressure in Mediterra-
nean coastal habitats, conservation strategies for P. chimerae should prioritize integrated
in situ protection complemented by carefully planned ex situ propagation and selection
approaches. The identification of morphologically distinct populations and individuals rep-
resents an essential first step toward conserving adaptive diversity while facilitating respon-
sible horticultural introduction.

Conclusion

This study demonstrates that although P. chimerae has a restricted distribution in Antalya, it
exhibits substantial morphological variation among its natural populations. Such variability
represents an important resource for conservation and future breeding programs. Variance
and cluster analyses identified the Adrasan, Ulupinar, and Olympos populations as promis-
ing candidates for initial selection efforts due to their larger plant size and distinctive leaf
and flower traits. Notably, individuals UL2 and OL5 showed marked morphological dif-
ferentiation and should be prioritized in future research to preserve intraspecific diversity.

Ecological analyses revealed that the species prefers neutral to slightly alkaline clay—
loam soils and occurs from sea level to approximately 500 m elevation. Increasing clay
content, phosphorus, and potassium levels were positively associated with plant growth,
whereas higher iron concentrations corresponded to reduced spike width. Plant height
decreased with elevation but was strongly correlated with flower size, suggesting its poten-
tial use as an indirect selection criterion.

Overall, the documented morphological and ecological differentiation highlights both the
adaptive potential of P. chimerae and the importance of integrating habitat-based conserva-
tion strategies with its sustainable ornamental utilization.
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