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Abstract

Mountainous regions stand out as areas where biological
diversity is concentrated. In this study, the Sultan Mountains,
which have been designated as both an Important Natural Area
and an Important Plant Area in Turkey but currently lack any
protection status, were investigated to determine plant species
richness and diversity, thereby revealing the level of biodiversity
in @ mountainous area at a local scale. The alpha (a-diversity)
and beta (B-diversity) diversity indices were utilised to ascertain
the plant species richness and diversity in the Sultan Mountains.
The mountainous region was subdivided into 95 main sample
and 380 sub-sample plots for the study. In this study, the
Menhinick and Shannon-Weiner (H') diversity index from alpha
diversity indices and the Bc index from beta diversity indices
were used. As a result of the field study, 414 plant taxa were
identified. The most prevalent plant taxa were identified within
the Asteraceae, Lamiaceae and Fabaceae families. The genera
with the highest number of taxa are Astragalus, Hypericum and
Linum. Among the index values, the Menhinick index values vary
between 0.43 and 1.61, while the Shannon-Weiner index (H')
varies between 1.92 and 3.65. According to the Bc analysis, the
beta values vary between 2.5 and 31. However, it was found that
the northern and eastern parts of the mountainous area
exhibited a significantly higher level of diversity compared to the
other areas.

Keywords: Biodiversity; Species Diversity; Alpha diversity; Beta diversity;
Sultan Mountains

Oz

Daglk bolgeler biyolojik gesitliligin yogunlastigi yerler olarak
dikkat cekmektedir. Bu ¢alismada, Tiirkiye'de Onemli Doga Alani
ve Onemli Bitki Alani olarak tanimlanmasina ragmen herhangi
bir koruma statiistine sahip olmayan Sultan Daglari'nda, bitki
turt zenginligi ve cesitliligi Olgllerek yerel olgekte bir daglk
alanin biyolojik cesitlilik diizeyi ortaya konulmustur. Sultan
Daglari'ndaki bitki tlrt zenginligini ve gesitliligini belirlemek igin
hem alfa (a-gesitlilik) hem de beta (B-gesitlilik) cesitlilik indisleri
kullaniimigtir. Arastirmanin gergeklestirilmesiicin daglk bolgede
95 ana 6rnek 380 alt 6rnek alan belirlenmistir. Bu calismada alfa
cesitlilik indislerinden Menhinick ve Shannon-Weiner (H')
cesitlilik indisi ile beta gesitlilik indislerinden Bc indisi
kullanilmigtir. Arazi ¢alismasi sonucunda 414 bitki taksonu tespit
edilmistir. En yaygin bitki taksonlari Asteraceae, Lamiaceae ve
Fabaceae familyalari iginde tespit edilmistir. En fazla taksona
sahip cinsler Astragalus, Hypericum ve Linum’dur. indis degerleri
arasinda Menhinick indis degerleri 0,43 ile 1,61 arasinda
degisirken, Shannon-Weiner indisi (H') 1,92 ile 3,65 arasinda
degismektedir. Bc analizine gbre beta degerleri 2,5 ile 31
arasinda degismektedir. Bununla birlikte, daghk alanin kuzey ve
dogu bolgelerinin diger alanlara kiyasla onemli Olglide daha
yuksek bir gesitlilik diizeyi sergiledigi tespit edilmistir.

Keywords: Biyogesitlilik; Tiir Cesitliligi; Alfa cesitlilik; Beta cesitlilik;
Sultan Daglar

1. Introduction

Mountain areas, due to their topographic complexity and
isolated biogeography, provide favourable environmental
conditions for the presence, maintenance and
distribution of biodiversity. Mountain regions host nearly
half of the world’s most critical biodiversity-rich areas.
(Kérner 2004, Vetaas and Grytnes 2002). The diversity of
plant species growing in mountainous areas has drawn
attention to biodiversity studies in these areas. These
areas provide unique habitats for plant species due to

high altitudes and diverse microclimates. In addition, as

mountain areas are generally subject to less human
intervention, biodiversity in these regions has been
preserved and has become areas of high local endemism
(Korner 2004, Korner et al. 2021). Therefore, biodiversity
studies in these areas can provide basic information for
the prioritisation of these regions.

The assessment of species composition, diversity and
structure is one of the foundations of ecological studies
(Bhat et al. 2020). In addition to numerical results,
diversity calculations are utilised to evaluate ecosystems
and elucidate disparities (Turkis and Elmas 2018,
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Whittaker 1960, Whittaker and Levin 1977). Such
diversity calculations are typically conducted at three
distinct levels, utilising alpha, beta and gamma diversity
measurements to assess the diversity within a designated
area (Jurasinski et al. 2009, Whittaker 1960, 1972). Alpha
diversity (o-diversity) is used to measure local diversity
within a single area, beta diversity (B-diversity) is used to
habitats, i.e. species
composition and dissimilarity between communities, and

measure diversity between

gamma diversity (y) is used to measure diversity at a
larger scale (Whittaker 1960, 1972; Whittaker et al. 2001).
Determining the values of alpha and beta diversity in an
developing
conservation strategies and adopting a more holistic

area is an important reference for
approach to ecosystem management (Anderson et al.
2011, 2016).

mechanisms that drive alpha and beta diversity is

Socolar et al. Understanding the
important for regional biodiversity (Jamoneau et al.
2018). The diverse topography and isolated biogeography
of mountains are ideal conditions for hosting biodiversity
(Gebrehiwot et al. 2019).

Turkiye's strategic location in terms of biodiversity is
evidenced by its position at the intersection of the
Mediterranean,
phytogeographic regions (Avcl 1993). Furthermore, it is

Irano-Turanian and  Euro-Siberian
the sole nation that encompasses three of the world's 34
biodiversity hotspots: the Caucasus, Irano-Anatolian and
the Mediterranean (Mittermeier 2005). The country is
home to a rich variety of flora, with more than 12000
plant taxa thriving within its borders, of which over 3600
are endemic (Guner et al. 2012). The formation of this
biodiversity has been influenced by numerous ecological
and evolutionary factors, including geological evolution,
topographical diversity, climatic characteristics, soil
structure and the country's geographical location (Atalay
2014, Senkul and Kaya 2017). The rich plant diversity and
unique ecological characteristics of Turkiye underscore
the importance of research in biodiversity conservation.
The identification and assessment of species diversity, in
conjunction with the development of appropriate
conservation strategies, are imperative for the continuity
of ecosystems and the sustainability of biodiversity.
Research conducted at various spatial scales and within
different regions of Turkiye is contributing to the
advancement of knowledge in this domain. Local data,
generated in diverse invaluable

regions, serve as

resources for the conservation and sustainable
management of biodiversity. The unique ecological and
evolutionary characteristics of each region are best
data. Moreover, the

data facilitates the

understood by utilizing local

generation of local ecological

development of adaptation strategies to address
challenges posed by climate change, habitat destruction
and other anthropogenic impacts. Furthermore, regional
studies facilitate the formulation of global conservation
policy by offering insights into global trends and threats
to biodiversity. The importance of local knowledge
production for the conservation and sustainability of
biodiversity at both local and global levels is therefore
paramount. In the context of the Sustainable
Development Goals, particularly Goal 15 - Terrestrial Life,
the production of data and information to protect,
restore and promote the sustainable use of terrestrial

ecosystems is of critical importance (URL 1).

Mountainous areas in Tirkiye cover more than half of the
country (about 59%) (Erol 1991, Gériim 2019) and are of
critical importance in terms of plant diversity. However,
studies on plant richness and diversity in these areas are
very limited and there is a lack of data and information in
assessments specific to these areas. This study was
carried out in the Sultan Mountains, one of the important
mountainous areas of Tlrkiye. Sultan Mountains is one of
the important mountainous areas of Tiirkiye in terms of
plant taxa (Figure 1) (Eken et al. 2006, Kargioglu 2018,
Kargioglu and Bashan 2023, Ozhatay et al. 2005).
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Figure 1. Location map and sampling design of the study area:
95 main plots and 380 sub-sample plots. The areas shown in red
represent the sampling areas, and the numbers on these areas
represent the sample codes.

Although the significance of the area in terms of plant
taxa has been demonstrated by studies conducted in the
Sultan Mountains (Atalay 1975a, Baytop and Dokmeci
1978, Gurbiiz 2019, Kargioglu 2018, Ocakverdi and Cetik
1982, Ozcelik and Ozhatay 2005), the region is not under
any legal protection status. The present study aims to
investigate the importance and impact of the subject in

294



Spatial Distribution of Vascular Plant Species in the Sultan Mountains Based on Alpha and Beta Diversity, KAYA KOSE et al.

terms of plant diversity in the local and regional area. In
this context, the plant species growing in the mountain
area were identified and the plant richness and diversity
were evaluated with alpha and beta diversity indices. The
analysis of the obtained data and information has enabled
the creation of distribution maps, and the modelling of
areas where plant species are either increasing or
decreasing in number. The findings underscore the
significance of the local mountainous region across
diverse spatial scales, furnishing indispensable data for
the conservation of biodiversity in this area.

2. Materials and Methods
2.1 Study Area

The Sultan Mountains are located at the intersection of
the Central Anatolia and Mediterranean Regions (Figure
1). The mountainous area is lies in the southwestern part
of the Central Anatolia Region and constitutes an
orographic branch of the Taurus Mountains range (Atalay
1975a, 1975b, 1977). The topographical features of the
Sultan Mountains are contained within the drainage
basins of the Akargay, Antalya and Konya Closed Basins.
The mountain range extends in a northwest-southeast
direction between the Aksehir and Eber Lakes in the
northern sector of the mountainous area and the
Beysehir Lake in the southern sector. The elevation values
within this region range from approximately 1000 m at
the base of the plain to 2610 m (Gelincikana peak). The
region's present-day geomorphological characteristics
have been shaped by tectonic movements and fluvial
erosion (Atalay 1977). The annual average temperature of
the mountainous region ranges from 4.2 to 11.7 °C (Fick
and Hijmans 2017). The area falls within the B3 grid
system, as delineated by Davis et al (1965-1985; Davis et
al. 1988).

The geographical location of the Sultan Mountains, in
conjunction with the influence of environmental factors
(e.g. altitude, climate, soil characteristics), facilitates the
coexistence of diverse plant species. The region's
biodiversity is characterised by a diverse array of
ecological niches, which are populated by plant species
exhibiting a wide range of ecological requirements. The
dispersal and diversification of plant species within this
influenced by altitude

ecosystem are significantly

differences,  microclimatic  variations and  soil
heterogeneity. This renders the Sultan Mountains a rich
and dynamic ecosystem in terms of biodiversity. The most
prevalent plant species in the Sultan Mountains include
Quercus vulcanica, Q. infectoria, Q. cerris, Q. trojana
subsp. trojana, Corylus avellana, Acer platanoides, A.

hyrcanum subsp. sphaerocaryum, Juniperus communis,

Juniperus excelsa, Sorbus torminalis, Cedrus libani, Pinus
nigra, and Cistus laurifolius. In the mountainous area,
plant species such as Cedrus libani, which is native to the
Mediterranean phytogeographic regions, Pinus nigra,
which is native to the Irano-Turanian phytogeographic
regions, and Coryllus avellana var. avellana and Coryllus
colurna, which are native to the Euro-Siberian
phytogeographic regions, have been observed to co-
indicates that the
possesses a rich and diverse flora structure in terms of

plant species.

occur. This observation region

The Sultan Mountains are recognised as one of the most
significant mountainous regions in Turkiye with regard to
endemic plant taxa (Senkul and Kaya 2017). This region is
of particular interest due to its abundance of endemic
plant taxa. Notable examples of endemic flora include
Quercus vulcanica, Genista burdurensis, Iris schachtii and
Phlomis nissolii, which thrive in the distinctive ecological
milieu of the Sultan Mountains (Bashan 2019; Kargioglu
and Bashan 2023, Ketenci 2022).

2.2 Data Collection

The plant data utilised for the assessment of the plant
species richness and diversity of the Sultan Mountains
were obtained as a consequence of field studies
conducted between 2019 and 2021. The plant taxa were
recorded through the delineation of 95 main sample
plots, each measuring 100 x 100 m, and 380 sub-sample
plots, each measuring 20 x 20 m, employing a random
sampling technique within the Sultan Mountains (Figure
1). The elevation (m) and coordinates of the sample plots
were determined by Global Positioning System (GPS).
During the field studies, data such as species information,
abundance values, area covered and habitat structure of
the plant taxa were recorded. Photographs of the plant
species recorded during the field surveys were archived,
and these visual data contributed to the scientific
documentation of the study.

2.3 Species identification

The identification of the plant taxa of the Sultan
Mountains was conducted using the "Flora of Turkey and
the East Aegean Islands" and "Resimli Turkiye Florasi 2"
(Davis et al. 1965-1985; Davis et al. 1988; Giiner et al.
2018). In the nomenclature of plants, the "Tirkiye Bitki
Listesi (Damarh Bitkiler)" (Giner et al. 2012) was used.
The plant data identified during field studies were then
converted into data matrices and analysed. This
methodological approach ensured that the analyses on
plant diversity and richness were based on a solid
scientific basis.
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2.4 Analysis of o and 8 diversity patterns

The plant species richness and diversity of the area were
calculated using the number of individuals recorded for
each species, and the diversity index was calculated for
each sample plot. For a-diversity, species richness (S),
Menhinick index (Whittaker and Levin 1977), Shannon
diversity index (H') (Shannon 1948) were evaluated. Beta
diversity analyses Bc (Cody 1975) were used to calculate
the dissimilarity between communities. Within the scope
of the study, a and B diversity patterns were evaluated
using only descriptive statistical analyses and were
limited to this scope. The values of the species data
obtained from the field studies were converted into data
matrices and analysed using BICEB software (Ozkan et al.
2020) to determine the a (Menhinick and Shannon index)
and B diversity (Bc) values of the Sultan Mountains.

A frequency analysis was conducted to determine the
recurrence of species within the sampling plots. For each
species, the number of plots in which it was observed was
identified, and these values were used to assess the level
of species distribution and commonness across the study
area. The index values presented in the manuscript were
calculated separately for each sampling plot, and the
resulting data were illustrated graphically.

The study utilised Kernel Density analysis to evaluate
plant species richness and diversity, and to ascertain
areas where they are concentrated. The Kernel Density
analysis is a process which calculates the density of point
features around each output raster cell (URL-2). This
analysis is a tool utilised in plant species richness and
diversity studies to ascertain the spatial distribution and
visualise how species densities are distributed across the
geographical area. In the context of plant species studies,
Kernel Density analysis facilitates the extraction of
information regarding regions exhibiting high diversity
and those demonstrating changes in species density. The
ArcGIS Pro software enabled the implementation of
spatial analysis.

3. Results
3.1 Floristic composition

62 families, 216 genera and 414 plant taxa were recorded.
86 of these species are endemic. In the sample plots,
Cedrus libani A. Rich. var. libani, Pinus nigra ). F. Arnold.
subsp. pallasiana (Lamb.) Holmboe var. pallasiana,
Quercus cerris L., Quercus pubescens Willd. subsp.
pubescens, Juniperus excelsa M. Bieb. subsp. excelsa,
Sorbus torminalis (L.) Crantz. tree species Cistus laurifolius
L., Rosa canina L., shrub species, herbaceous taxa such as
Dianthus zonatus Fenzl var. zonatus, Sedum album L.,

Astragalus angustifolius Lam. Among the plant species
recorded in the sample plots, Verbascum, Pinus nigra,
Rosa canina, Hypericum and Eryngium campestre L. have
the highest frequency. The species with the lowest
frequency are generally endemic plant species. These
species include Rorippa amphibia (L.) Bess., Rhamnus
thymifolia Bornm., Phleum montanum K.Koch., Onosma
armena DC. and Myosotis arvensis (L.) Hill (Figure 4).

In the Sultan Mountains, the families Asteraceae (33
genera), Rosaceae (19 genera), Lamiaceae (18 genera),
Fabaceae (17 genera) and Poaceae (10 genera) have the
highest genera distributions according to plant families.
The number of taxa in the families is Asteraceae (53 taxa),
Lamiaceae (46 taxa), Fabaceae (42 taxa), Rosaceae (28
taxa) and Caryophyllaceae (16 taxa) (Figure 2). The
distribution of plant taxa according to the number of
genera is as follows: Astragalus (12 taxa), Hypericum (8
taxa), Linum (7 taxa), Marrubium (7 taxa) and Quercus (7
taxa) (Figure 3). The sample plots with the highest species
richness are SA61, SA74 and SA87 (Figure 3).

Z
<«

= Fabaceae

Lamiaceae = Asteraceae
= Caryophyllaceae = Campanulaceae = Brassicaceae

Figure 2. Distribution of plant taxa of Sultan Mountains
according to families

= Astragalus = Hypericum

Linum Marrubium

= Quercus = Achillea = Salvia = Sedum

Figure 3. Distribution of plant taxa of Sultan Mountains
according to genera
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Figure 4. Frequency values of plant species identified in the
sample plots during field studies in Sultan Mountains

3.2 Species Richness and Diversity

The data obtained from field studies conducted in the
Sultan Mountains indicates that species richness values
range from 9 to 52 (Figure 5). The Menhinick index values
range from 0.43 to 1.61 (Figure 6). According to these
indices, among the sample plots the highest richness
levels were observed in SA61 (Menhinick index: 1.61),
SA74 (Menhinick index: 1.32), and SA69 (Menhinick index:
1.13) (Figure 6).

In the Sultan Mountains, the Menhinick index revealed a
high species richness in the sample plots above Lake Eber,
Saray and Engili. The northern and eastern slopes of the
mountainous area are the areas with higher species
richness compared to other areas. Conversely, the areas
Ihcak, Kozlugay, Karamik,

of Korkiler, Asagidinek,

Yarikkaya and Pinarkaya, which are mountainous,
exhibited the lowest species richness, as indicated by the
Menhinick indices. The distribution of the sample plots
indicates that species richness values are elevated in

areas between 1300 and 1800 m.

In the Sultan Mountains, the Shannon-Weiner index (H')
ranges from 1.92 to 3.65. The areas with the highest H'
value are SA61 (3.65), SA74 (3.59), and SA87 (3.38). SA61,
which has the highest H' value, has the highest number of
taxa compared to the other sample plots (Figure 7).
Conversely, among the sample plots, the lowest diversity
values were observed in SA43 (1.92), SA42 (1.93), SA51
(1.94), SA38 (1.95), and SA91 (1.96).

EExs
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Sample Areas

Figure 5. Distribution of species richness numbers in the sample
plots in Sultan Mountains

The Shannon index indicates that the areas above Engili,
the valley above Eber and the area above Deresinek are
significant in terms of species diversity. Conversely, the
Karamik, Cariksaraylar, Eskiler, and

areas above

Gokbudak exhibited lower species richness.

According to the beta diversity values carried out to
determine the uniqueness between the sample plots, it
varies between 2.5 and 31 values (Figure 8). These beta
diversity values indicate environmental variability.
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Figure 6. Sultan Mountains values according to Menhinick index
a) Distribution according to Kernel Density analysis b)
distribution according to sample plots
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Figure 7. Sultan Mountains species diversity values according to
Shannon index a) Distribution according to Kernel Density
analysis b) distribution according to sample plots
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Figure 8. Distribution of Bc values according to sample plots of
the Sultan Mountains

4. Discussion
4.1 Distribution and Species Pattern of Plant Richness
and Diversity

In this study, conducted in the Sultan Mountains, alpha
and beta indices of floristic diversity were utilised. The
utilisation of these indices is pivotal in quantitatively
determining the diversity values in a given area, in
understanding the mechanisms driving diversity, and in
comprehending regional diversity (Jamoneau et al. 2018).
The environmental and evolutionary mechanisms that
operate in the formation of plant diversity in a region are
effective in shaping plant composition over time. The
study of plant diversity in mountainous regions continues
to increase worldwide in different regions and scales (e.g.
Antonelli et al. 2018, Arslan et al. 2019, Aydin6zi 2002,
Ferrari 2018; Fontaine et al. 2007, Kaya Koése and Senkul
2023, Keser 2013, Korner 2004, Kérner et al. 2021, Marini
et al. 2013, Mert and Ozkan 2017, Ozdemir et al. 2017,
Sentlrk et al. 2013, Sherman et al. 2008, Zhang et al.
2009). In Turkiye, the importance of biodiversity studies
in mountainous regions is increasing. In this context, the
Sultan Mountains are of particular interest due to their
environmental diversity, plant diversity and endemic
plant species (Eken et al. 2006, Kaya Kose and Senkul
2023, Ozhatay et al. 2005, Senkul and Kaya, 2017).

In local studies conducted within the borders of the Sultan
in the
Deresinek Basin (Bashan 2019, Kargioglu and Bashan
2023), 582 taxa in the Eber River Basin (Ketenci 2022), and
735 taxa in 122 important plant areas (Ozcelik and
Ozhatay 2005). Asteraceae (54 taxa), Fabaceae (35 taxa),
Brassicaceae (33 taxa) (Bashan 2019, Kargioglu and

Mountains, 458 plant taxa were recorded

Bashan 2023) in Deresinek Basin and Asteraceae (77
taxa), Fabaceae (56 taxa), Brassicaceae (39 taxa) in Eber
River Basin. Among the plant families recorded as a result
of the field surveys carried out within the framework of
this study, Asteraceae (53 taxa), Lamiaceae (46 taxa) and
Fabaceae (42 taxa) have the highest rates, and these
results are consistent with other studies.

With respect to the plant species present in the region,
the Sultan Mountains are of particular interest as they
represent an area that harbours plant species belonging

to three floristic regions in Tirkiye. These regions
encompass the Mediterranean, Irano-Turanian, and Euro-
Siberian phytogeographic regions. Field studies have
revealed that species belonging to the Irano-Turanian and
Mediterranean phytogeographic regions are dominant in
the Sultan Mountains. Notable tree species in this region
include Pinus nigra, Quercus sp., Cedrus libani and
Juniperus sp., in the
mountainous terrain. In contrast, species such as Corylus

which are commonly found

avellana L. and Taxus baccata L., which are characteristic
of the Euro-Siberian phytogeographic regions, are
predominantly distributed in the mountainous terrain.
These taxa were predominantly observed on the northern
slopes of the mountainous area and in the microclimatic
areas within the valleys. The higher humidity experienced
on the northern slopes in comparison with other parts of
the mountainous area is a key factor in the concentration,
settlement and growth of plant species belonging to the
These
microclimatic areas play a crucial role in preserving
biodiversity by providing suitable habitats for a wide
range of plant with  distinct
requirements.

Euro-Siberian phytogeographic regions.

species ecological

The mountainous region is of significant importance in
Turkiye due to its high plant species richness and
endemism. Of the 94 endangered plant taxa within the
Important Plant Area, 7 are endemic to the region
(Ozhatay et al. 2005). These endemic species include
Astragalus  axcherensis,  Astragalus  scholerianus,
Campanula iconia, Minuartia anatolica var. phrygia and
Sideritis phrygia (Ozhatay et al. 2005). In other studies
carried out in the Sultan Mountains, 58 endemic plants
were identified in the Deresinek Basin (Bashan, 2019;
Kargioglu and Bashan 2023) and 67 endemic plant species
were identified in the Eber River Basin (Ketenci 2022). In
the field surveys conducted in this study, 86 out of 414
plant taxa were identified as endemic plant taxa in the
sampling areas. The endemic plant richness of the Sultan
indicates that the

distinctive biological and ecological importance. The

Mountains region possesses a
presence of endemic flora in this region is indicative of its
distinct
interactions, suggesting that local habitat conditions are

evolutionary processes and ecological

conducive to the evolution and survival of these species.
4.2 Plant Diversity Distribution

The findings of the present study are in accordance with
the Menhinick index and the Shannon index, which
demonstrate that areas of high species richness are
generally located on the northern and eastern slopes of
mountainous areas. The present study utilised Kernel
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Density analysis, a statistical technique employed for the
estimation of density, in conjunction with diversity indices
to ascertain the density of these areas. The application of
Kernel Density analysis enabled the visualisation of the
spatial distribution of species richness and diversity
densities within a specified area. The Kernel Density
analysis calculates the density of spatial data points and
visually displays density differences on maps (URL-2). This
approach facilitates a more profound comprehension of
the impact of diverse ecological and environmental
factors on the distribution of plant species. This method
is an important tool for identifying areas of high species
richness and diversity.

The concentration of plant species richness and diversity
on the northern and eastern slopes of the Sultan
Mountains is attributable to various environmental and
anthropogenic factors. The mountainous area increases
from south-east to north-west, creating opportunities for
the formation of niche areas suitable for the growth of
different plant species. Furthermore, the high levels of
ruggedness in this area contribute to the emergence of
different microhabitats and ecological niches, thereby
increasing plant diversity. The higher humidity levels in
these areas relative to other regions result in a
humid
environments on these particular slopes. Furthermore,

concentration of plant species that prefer

the northern and eastern slopes are less exposed to
human influence, thereby allowing natural vegetation to
be preserved and biodiversity to be observed at higher
levels.

Beta diversity is comprised of two fundamental
processes: (1) spatial turnover, which describes the
movement of species from one region to another, and (2)
nestedness, referring to the loss or gain of species within
subsets (Baselga 2010; Baselga et al. 2007). Beta diversity,
which reflects diversity patterns between habitats,
species' adaptability, and diversity differences across
ecosystems or regions, supports the perception of high
species richness. The increase in differences and numbers
among communities within a region is associated with the
region's rising heterogeneity (Gould and Walker, 1999).
The Bc diversity index in the Sultan Mountains highlights
high species diversity, indicating the presence of different
plant groups and unique species compositions in the area.
In addition to spatial scale, within-species areas,
topographical and microclimatic variations have been

identified as contributing factors to this diversity.

In the Sultan Mountains, areas of high beta diversity are
dominated by species such as Alyssum sp., Hypericum sp.,
Achillea sp., Eryngium campestre L., and Cota austriaca

(Jacq.) Sch.Bip., whereas species like Acer platanoides L.,
In contrast Malus sylvestris (L) Mill,,
monogyna Jacq. var. monogyna, Juniperus oxycedrus L.

Crataegus

subsp. oxycedrus var. oxycedrus f. oxycedrus, Cota
tinctoria (L.) J.Gay ex Guss. var. tinctoria, and Genista
aucheri Boiss. are observed to be presentin low numbers
(SA78). Overall, herbaceous species are predominant in
areas of high beta diversity in the Sultan Mountains, with
species such as Verbascum sp., Carduus sp., Phlomis
armeniaca Willd., and Anthemis sp. being commonly
distributed.

A considerable proportion of the observed variation in
species composition between areas can be attributed to
geographical
found to influence

micro-environmental variations. The

distance separating areas is
environmental conditions and species composition, with
closer areas exhibiting strong environmental and
compositional similarity. Conversely, more distant areas
characterised by greater environmental heterogeneity
have been shown to support species with distinct niche
preferences (Das et al. 2020, Thakur et al. 2022; Wani et
al. 2023). This underscores the imperative for the
conservation and sustainable management of the

biodiversity of the Sultan Mountains.
4.3 Risk Factors and Conservation Approaches

It is widely accepted that plant diversity on a global scale
is currently under threat and is considered to be
endangered. Indeed, the risk to biodiversity has been a
matter of concern for some time, and the importance of
local plant research has become increasingly evident.
Specifically, within the scope of the Sustainable
Development Goals (SDGs) (Life on Land/Goal 15), studies
conducted in mountainous regions to protect, restore,
and sustainably utilise terrestrial ecosystems, as well as to
prevent biodiversity loss, are of critical importance. The
identification of species, diversity, and ecological
characteristics of locally growing plants constitutes a
fundamental step for conservation, management, and
monitoring efforts in these areas. In this context, floristic
research conducted in biodiversity-rich regions such as
the Sultan Mountains plays a pivotal role in safeguarding
ecosystem services and in efforts to conserve
biodiversity. Furthermore, the assessment of endemic
flora within this region is imperative for the conservation
of biodiversity and the maintenance of ecosystem
services. The Sultan Mountains are home to a rich variety
of endemic plant species, thus significantly contributing
to Tirkiye's floristic diversity and supporting ecosystem
health and sustainability. The presence of endemic

species underscores the ecological uniqueness and
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sensitivity of the region, and the conservation of these
species is essential for maintaining the balance and
functioning of local ecosystems. In this regard, botanical
studies in the Sultan Mountains provide a scientific basis
for the identification, conservation, and monitoring of
endemic species, enabling the development of strategic
measures to protect populations of these threatened
species.

The Sultan Mountains have historically been subject to
various human impacts. This mountainous region has
been inhabited and traversed by various civilisations,
including the Lydians, Phrygians, and the Roman Empire.
Agricultural and livestock activities have had a long-term
impact on the region, particularly in the lower southern
elevations, and these activities continue to the present
day. These anthropogenic impacts have been identified as
significant factors contributing to the decline of
biodiversity in the region. Calculations of plant richness
and diversity have revealed lower species richness and
diversity in these impacted areas.

Given Tdurkiye's ratification of the Convention on
Biological Diversity and the Sustainable Development
Goals (Life on Land/Goal 15), the necessity for further
research in this field is increasingly apparent. Despite the
absence of formal protected status, the Sultan Mountains
are recognised as both an Important Plant Area and an
Important Nature Area (Eken et al. 2006, Ozhatay et al.
2005). This region is distinguished by its unique value in
terms of plant diversity and endemic species diversity.
The biodiversity of the region is further supported by
nearby Important Nature Areas, including Aksehir and
Eber Lakes, Beysehir Lake, Egirdir Lake, and Karamik
Marsh. The Sultan Mountains, due to their location, serve
as a refuge for plant species and stand out for their
environmental and botanical diversity. Consequently,
there is a compelling case for comprehensive studies
encompassing the Sultan Mountains, which have the
potential to make significant contributions to the
conservation and sustainable management of the region's
biodiversity. While a comprehensive conservation
approach is imperative, there is also a need for more
localised studies to provide cost-effective, practical, and

ecologically meaningful insights.
5. Conclusion

Diversity indices represent a significant approach in

ecological studies for conducting quantitative

comparisons among the biological components of
ecosystems (Heip et al. 1998). This study underscores the
pivotal role of plant richness and diversity within a

mountainous region. The diversity indices calculated for

each plot included the following: i) the Menhinick index
(total species count for each sample) to determine
species richness in the Sultan Mountains, ii) the Shannon
Diversity Index to assess species diversity, iii) the Bc index
to evaluate dissimilarity across regions, and iv) Kernel
Density analysis to ascertain the distributions of species
richness and diversity. A total of 414 plant taxa were
recorded, and areas with high species richness and
diversity within the mountainous region were identified.
The study revealed that the Sultan Mountains harbour a
variety of flora, with particular species richness on the
northern and eastern slopes as determined by sample
plots. While a comprehensive conservation strategy is
imperative for the Sultan Mountains and adjacent
regions, the utilisation of collected data to prioritise these
areas is advantageous given the constraints on financial
and temporal resources.

Research studies that determine plant richness and
diversity, along with data repositories and assessments,
are essential for monitoring changes in plant diversity
within the area. These efforts are instrumental in
preventing and mitigating adverse impacts on ecosystem
dynamics, such as biodiversity loss, and support the
sustainability of local biodiversity. The data obtained from
this research are crucial for developing long-term
management strategies for monitoring, conserving, and
managing plant richness and diversity.
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