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Abstract: Central Asia (CA) is located in the interior of the Eurasian continent and consists of
five countries—Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan. It contains the
largest concentration of temperate deserts and mountains of CA biodiversity hotspots. However,
regionwide floristic diversity is sorely lacking, and nationwide floristic diversity is seriously outdated
in this region. Using the data collected by the Mapping Asia Plants (MAP) project, we describe
and analyze the diverse floristic characteristics of plant diversity in CA at both the regional and
national levels, including the dominant families and genera, endemic taxa, and floristic similarity.
The results allow the compilation of a new checklist of vascular plants in CA, including 9643 taxa
(1198 genera within 139 families) and 3409 endemic taxa (414 genera in 66 families). We confirm
that there are 5695, 4036, 4542, 3005, and 4222 species of vascular plants within the CA countries, of
which 532, 326, 505, 175, and 301 species are endemic taxa in Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan, and Uzbekistan, respectively. The region’s biodiversity is notable for its high degree of
endemism—up to 35.35%—which contributes to the floristic uniqueness and the irreplaceability of
CA. Tajikistan, encompassing the most dominant area of the CA mountains, has the highest species
density (3.19/100 km2) and endemism (11.12%) among the five countries. Neighboring countries
such as Tajikistan and Uzbekistan, and Kazakhstan and Kyrgyzstan share more species in common,
while Turkmenistan has less species overlap with the other four countries. Trends in endemic and
total taxa are consistent. This comprehensive inventory is novel, revealing CA’s plant diversity in
two dimensions and providing a solid foundation for subsequent research that will be beneficial to
the transboundary conservation and sustainable use of plant resources in CA.

Keywords: Central Asia; vascular plant; floristic richness; endemic; regional

1. Introduction

Central Asia (CA), sometimes referred to as Middle Asia [1], is most commonly
defined by the five “stans” of Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and
Uzbekistan (Figure S1). Geographically, CA spans nearly 4 million km2 and is located
centrally within the world’s largest land mass, the Eurasian continent, serving as a pivotal
bridge between Europe, the Near East, South Asia, and East Asia [2]. The region of CA is
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typically characterized by a blend of high mountain ranges, vast plains, expansive deserts,
and fertile valleys, contributing to its unique and varied landscapes. There is mountainous
terrain, such as the Tian Shan mountain range and the Pamir Plateau in the southeast, and
lowlands in the northwest, centered on relatively flat land [3–5].

Simultaneously, CA is deeply landlocked and represents the largest arid region in the
temperate and warm temperate zones of the Northern Hemisphere. The climate is largely
arid to semi-arid, influenced significantly by westerly air circulation patterns [6]. Known
as the “Water Tower” of CA, the presence of the Tian Shan mountain range creates an
ecological barrier that blocks westerly wind circulation and affects precipitation distribution
across the region [5,7,8]. The mountain ranges form a wet island amidst arid surroundings,
crucially sustaining oasis stability, preserving water resources, and fostering diverse flora.

Such locations, as well as considerable variations in biogeographic, topographic, and
climatic habitats, are favorable to high plant species diversity and a significant percentage
of endemism in the flora.

Floristically, the CA is a part of the Irano–Turanian region and shows the greatest
similarity with its western part, which stretches from the Anatolian Plateau to the Tian
Shan and Pamir Mountains [9]. These two major mountain ranges, the Pamirs and the
Tian Shan, comprise the Mountains of CA and are recognized as an important global
biodiversity hotspot [10,11]. The CA mountains support around 7000 species of vascular
plants, accounting for more than 75% of the total plant diversity in the region [12–14],
and the vegetation types are mostly semi-desert and steppe ecosystems at both lower and
higher altitudes, with a substantial variety of endemics [9].

Furthermore, CA has been hypothesized as the primary source and center of diversity
for the current xerophytes found across Eurasia, the Mediterranean Basin, North Africa,
and potentially South Africa [9]. The CA deserts harbor numerous plant species specifically
adapted to arid conditions. These desert ecosystems are home to a variety of halophytes [15]
and are centers of the origin and differentiation of ephemeral plants, containing more than
400 such species [16,17]. The unique adaptations of these species allow them to survive
and even flourish in such harsh environments.

Historically, modern botanical exploration of CA began in the 18th century, and a
wealth of studies were conducted during the latter half of the 19th century [12,18,19].
During the 20th century, a large number of publications were produced that provided
invaluable information about plant species diversity in the region [18,20,21]. A great contri-
bution to our understanding of the flora was made by the research of Popov (1927) [22],
Korovin (1962) [18], and Kamelin (1973) [12].

In the 21st century, the year 2015 was a momentous occasion for CA when the final
volume (XI volume) of the Conspectus Florae Asiae Mediae was published by Khassanov
(2015) [23]. It is an addendum to the previous volumes and can be regarded as a floristic
checklist for CA. In the same year, the Korea National Arboretum developed a joint Korean-
Central Asia project entitled the “Central Asia Green Road Project”, which includes a series
of research projects and education programs aimed at CA biodiversity conservation. A
book series devoted to the flora of the Tian Shan mountains was published with funding
from the project [13]. Research on CA plants has intensified considerably since the initiation
of the “Mapping Asian Plants (MAP) project” in November 2015, which is sponsored by the
Biodiversity Committee of the Chinese Academy of Sciences. MAP established an online
platform for big data on Asian plants, the core component of which is the compilation
of a database of plant lists and distribution information [24]. As a critical initial step, Li
et al. (2020) [4] reviewed historical botanical investigations, floristic works, and relevant
botanical publications from the five CA countries to obtain basic data for the MAP project,
which formed the basis of our study.

At the regional level, Conspectus Florae Asiae Mediae is the most noteworthy; it took
25 years to publish volumes I–X from 1968 to 1993. The most recent (XI) was published
by Khassanov in 2015 and contains 9341 species of vascular plants belonging to 161 fam-
ilies and 1245 genera. A similar number of species (9346) were reported by Zhang et al.
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(2013) [16]. As research progresses, the number of species continues to increase. A total
of 9520 species of higher plants were confirmed in 2020 [17], and we have made further
revisions based on previous studies.

At the national level, the national Floras of five countries list 5631, 3576, 4445, 2607,
and 4148 species of vascular plants in Kazakhstan [25], Kyrgyzstan [26], Tajikistan [27],
Turkmenistan [28–30], and Uzbekistan [31]. These national Floras were published 33–92
years ago and are largely out of date with respect to species number, nomenclature, and
geography. The updated vascular plant checklists in Kazakhstan [32], Kyrgyzstan [33], and
Turkmenistan [21] were revised to 5658, 3927, and 2800, respectively. Currently, Flora of
Uzbekistan includes more than 4400 species [34]. But this number is not the end because the
launch of the international project “Flora of Uzbekistan” in 2016 [35] it has led to relevant
investigations and has become an option for revision understudied taxa [36]. The first six
volumes of the new edition of Flora of Uzbekistan containing treatments of 20 families with
184 genera and 820 species (about 20% of flora) have been published to date [37–42].

M. Nobis and A. Nowak, in collaboration with many Polish botanists, inherited the
best traditions of European botanists who made a huge contribution to the knowledge of
the flora of CA. Moreover, their research activities for more than twenty years have made a
worthy contribution to the knowledge about the vegetation and rare and endangered plant
species in the mountains of CA, a global biodiversity hotspot [43–46].

CA is a region with a distinct and diverse flora, as evidenced by its species richness,
high level of endemism, taxonomic distinctiveness, unusual evolutionary history, and the
global rarity of its major habitat types. However, these features often extend across national
borders, adding to the multi-national and multi-ethnic dynamics of the area, which hinder
integrated research on the flora of CA. Some studies are currently focused on the national
scale, unfortunately, information about the region in its entirety remains scarce. This gap in
knowledge is critical, given the region’s unique environmental conditions and the potential
threats posed by climate change, habitat degradation, and human activities. Therefore,
we have attempted in this study to reveal the status of vascular plant diversity in CA as
follows: (1) by elucidating the plant diversity in both regional and national dimensions;
(2) by compiling the basic information, including number of species, dominant families
and genera, and endemic species according to our updated checklists; (3) by comparing the
characteristics in terms of species composition among the five CA countries. This study
aims to enhance our understanding of CA’s plant resources and establish a scientific basis
for their effective conservation and sustainable utilization.

2. Materials and Methods
2.1. Data Compilation

The compilation of data has benefited from a large number of published national
and regional botanical records, key floras, checklists, literature, herbaria, databases, and
online datasets in Central Asia. The taxonomic revisions of certain families and genera
were updated and critically proofread in light of more recent studies, with the updating of
newly published species and taxonomic changes. The systematic orders and taxonomic
circumscription of the families were organized based on the following classifications:
lycophytes and ferns by PPG I (2016) [47], gymnosperms by Christenhusz et al. (2011) [48],
and Angiosperms by APG IV (2016) [49]. The standardized plant scientific names and
authorship of species, genera, and families follow the International Plant Names Index
(IPNI, 2024) and Plants of the World Online (POWO, 2024). Unreliable names, which
resulted in duplicates, invalid names, and orthographic variants, were removed from
the results. To verify the distribution of each taxon, we systematically studied the flora
of each CA country and examined occurrence records based on the Global Biodiversity
Information Facility (GBIF, 2024). Additionally, we conducted a thorough examination
of specimens housed in the main herbaria in CA, including AA, PPIU, KG, and KSPI in
Kazakhstan; FRU in Kyrgyzstan; TAD and KHOR in Tajikistan; ASH in Turkmenistan;
SAMDU and TASH in Uzbekistan; as well as LE and MW in Russia [50] (Thiers, 2024).
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Endemic taxa refer to taxa that are unique to a single region within CA and have no
distribution elsewhere outside that region. The statistics were calculated with reference
to the above distribution, including endemism restricted to one country to five countries.
Extinct taxa were considered to be historically endemic, while introduced taxa were not
considered to be endemic. Non-endemic taxa were eliminated by checking POWO (POWO,
2024), Conspectus Florae Asiae Mediae [23], and the national floras of five countries. The
number and representative families and genera of endemic taxa in CA were also presented
in this study.

2.2. Data Statistic Analysis

Data statistics and visualization were prepared using Microsoft Excel 2021 and R v.
4.1.3. Floristic similarity among the five countries in CA was determined using Sørensen’s
Dissimilarity Index (βsor) and nonmetric multidimensional scaling (NMDS). GraphPad
Prism 9.0.0 and Evenn [51] (Yang et al., 2024) were utilized for data visualization and
picture plotting.

3. Results
3.1. Regionwide Species Richness

CA supports a wide diversity of plants, comprising 9643 species (including the in-
fraspecific taxa) belonging to 1198 genera and 139 families. Only 0.06% of all species are
lycophytes, which are represented by two families, three genera, and six species; 0.66%
of all species are ferns, which are represented by 14 families, 25 genera, and 64 species,
subspecies; and 0.37% of all species are gymnosperms, which are represented by three
families, six genera, and 36 species, subspecies. Angiosperms make up the vast majority of
the flora in CA—up to 98.90%, including 9537 species and infraspecific taxa grouped in
1164 genera and 120 families. Within the angiosperms, there are 7944 species of dicots and
1593 species of monocots (Table S1).

Within the 139 recognized families, we consider those containing more than or equal to
100 taxa as large families, and a total of 19 large families are particularly rich in species and
infraspecific taxa, totaling 7861 taxa and representing 81.52% of all species. Among them,
the top 10 families were considered dominant families; they are, respectively, Asteraceae
(1635), Fabaceae (1203), Poaceae (570), Lamiaceae (508), Brassicaceae (487), Apiaceae (476),
Amaranthaceae (353), Rosaceae (352), Caryophyllaceae (348), and Amaryllidaceae (298),
with a total of 6230 (64.61%) species, more than half of all species. Twenty-two families are
represented by only one species in each. In terms of representative genera, we regarded
genera with 100 or more taxa as large genera, and a total of 10 large genera coincided with
the top 10 dominant genera, with a total of 2123 taxa, accounting for 22.02% of all species.
They are as follows: Astragalus (647), Allium (286), Cousinia (248), Oxytropis (194), Taraxacum
(151), Artemisia (143), Silene (120), Jurinea (117), Carex (112), and Ferula (105) (Figure 1). In
addition, there are 477 monospecific genera that are represented by only one species each.
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A large anthology of 3409 taxa are grouped in 66 families and 414 genera and are
restricted in their distribution to this region. Endemics within this group correspond to
35.35% of the total flora. The most represented families and genera involved in the endemic
taxa of CA are the Asteraceae (716) and Astragalus (364), which are the same as the dominant
families and genera throughout CA. There are no endemic plant families in CA. The three
genera Cousinia Cass. (199), Allium L. (154), and Oxytropis DC. (118) have a relatively large
number of endemic species, all with more than 100 taxa. The endemic taxa in CA also
include 1839 taxa from a single country, 853 taxa from two countries, 468 taxa from three
countries, 212 taxa from four countries, and 37 taxa from all five countries (Figure S2).

3.2. Nationwide Species Richness

Within the CA, at the national level, considerable variation in species richness and
endemism was observed. Kazakhstan (2,724,900 km2) stands out as the largest country
and the most species-rich region, with 5695 species, 532 of which are endemic. Tajikistan
takes second place with 4542 species, of which 505 are endemic, followed by Uzbekistan
with 4222 species, of which 301 are endemic. Kyrgyzstan, with 4036 species, ranks fourth
in terms of total species richness and, with 326 endemic species, ranks third in terms of
endemism. Turkmenistan is in the last place with 3005 species, of which 175 are endemic
(Figures 2 and 3). In terms of the proportion of endemic taxa to total taxa, 11.12% of the
vascular plant is restricted to Tajikistan, whereas only 5.82% of the flora of Turkmenistan
is endemic. Similar percentages of endemism are shown in Kazakhstan, Kyrgyzstan, and
Uzbekistan, with 9.34%, 8.08%, and 7.13%, respectively.
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Figure 2. Similarity and endemism analysis of all the species in five countries. Intersection size: the
number of shared endemic species.

Species densities per hundred km2 were computed for each country based on its size
and the number of species and infraspecific taxa. Overall, CA encompasses a vast area
with a regional species density (0.24) that is a little higher than that of Kazakhstan (0.21)
but much lower than that of the other four countries. As shown in Figure 4, Tajikistan is
obviously a hotspot for species richness, with the highest species density (3.19), holding
more than 15 times the species than Kazakhstan, despite being the smallest country in
terms of area (142,550 km2), which is one-nineteenth the size of Kazakhstan.
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The floras of five countries exhibit some degree of similarity in the composition of fam-
ilies, genera, and species; with 97 families (69.78%), 543 genera (45.33%), and 1054 species
(10.93%) shared by all countries (Figure 5).
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Figure 5. Venn diagrams showing shared families, genera, and species among five countries. The
number at each intersection part indicated the number of shared families, genera, and species.

As for the dominant families in their respective regions, the order of the first three
families is consistent from the CA to CA countries. The Asteraceae is the most diverse
family among CA countries; followed by the Fabaceae and then Poaceae (Figure 1). A
total of eight dominant families are shared by all countries, and they are the Asteraceae,
Fabaceae, Poaceae, Lamiaceae, Brassicaceae, Apiaceae, Amaranthaceae, and Caryophyl-
laceae. The dominant family Boraginaceae is shared by four countries except Kazakhstan;
and the Rosaceae is shared by Kazakhstan, Kyrgyzstan, and Tajikistan. The Ranunculaceae
is a dominant family unique to Kazakhstan and distinct from other countries, and the
Polygonaceae is a dominant family in Turkmenistan but not in other countries, as is the
Amaryllidaceae in Uzbekistan.
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As for the dominant genera in their respective regions, the variations are significant.
Astragalus (Fabaceae) is well represented in CA and across CA countries. Only four dom-
inant genera are shared by all countries, and they are Astragalus, Allium, Artemisia, and
Silene. Furthermore, Oxytropis is dominant in four countries except for Turkmenistan, as is
Cousinia in Kazakhstan.

Of the 9643 taxa in CA, there are 1054 taxa, which occur in all five countries con-
sidered here (Figure 5). Neighboring countries have lower Sørensen Dissimilarity Index
values, indicating more species in common, such as Tajikistan and Uzbekistan (0.320858,
2976) (Table 1). Turkmenistan has a relatively higher Sørensen Dissimilarity Index than
other countries, especially Kyrgyzstan, which has the lowest number of common species
(0.626758, 1314). The floristic similarity among the five countries can also be gauged us-
ing a nonmetric multidimensional scaling (NMDS). Tajikistan shares more species with
Uzbekistan than with any other area, and Kazakhstan has the most commonality with
Kyrgyzstan. The point of Turkmenistan is distant from all other points, and thus, the flora
of Turkmenistan shares fewer similarities with the other four countries (Figure 6).
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Table 1. Number of plant species in each country (diagonal in bold) in Central Asia. Above the
diagonal: number of shared taxa between two countries. Below the diagonal: Sørensen dissimilarity
Index, values between 0 and 1.

Kazakhstan Kyrgyzstan Tajikistan Turkmenistan Uzbekistan

Kazakhstan 5695 2906 2403 1622 2591
Kyrgyzstan 0.402734 4036 2613 1314 2492
Tajikistan 0.530527 0.390767 4542 1757 2976

Turkmenistan 0.627126 0.626758 0.534385 3005 1964
Uzbekistan 0.477463 0.396464 0.320858 0.456483 4222

Trends in endemic and total taxa are consistent. Tajikistan and Uzbekistan exhibit
a high level of similarity, with as many as 275 endemic species shared. Kazakhstan and
Kyrgyzstan have up to 164 co-occurring endemic species. However, fewer endemic species
(three species) are shared between Kyrgyzstan and Turkmenistan (Figure 2).

4. Discussion

More than 50 years have passed since the last analysis of the flora of CA, carried
out by R. Kamelin (1973) [12]. The accumulation of a huge amount of new plant taxa
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information and the digitization of a significant part of it allows us to analyze it to reveal
the biodiversity status of vascular plants in CA with the level of endemism. The dataset we
have accumulated allows us to carry this analysis out at the regional (CA) and national (for
CA countries) levels.

Our findings support the view that plant taxa in CA are both rich and unique. As for
the species-area ratio—the number of species per unit area—this measure reflects the mean
species richness and serves as a direct indicator of the level of biodiversity in each region. The
CA sustains 0.24 taxa/100 km2; among this, Tajikistan (3.19) and Kyrgyzstan (2.02) support
more species than the other regions. This can be attributed to the fact that Tajikistan and
Kyrgyzstan are typically mountainous regions. Tajikistan is located almost entirely within
the Pamir-Alay mountain system, and more than half of the country is above 3000 m [43].
Additionally, most parts of Kyrgyzstan are occupied by high mountains and their foothills,
with the Tian Shan (to the north, north-west, and east) and Pamir-Alay (to the south-west)
being the prominent mountain systems [52]. The diverse eco-geographical conditions in
mountainous regions create a typical vertical zonation, resulting in a rich plant diversity. As a
globally important biodiversity hotspot, the mountains of CA, dominated by the Tian Shan
and Pamir-Alay mountain systems, sustain about 7000 species of vascular plants, accounting
for the vast majority of plant diversity in this region [13,14].

In other subregions of Asia, such as Northeast Asia, the species density is 0.25 taxa/
100 km2 [53]. Numerically, although CA has no advantage in terms of species-area ratio, it
is still a carrier of a rich gene pool of plant diversity, providing a wide range of ecosystem
products and services for regional sustainability. It is a center of origin and diversity for a
number of important taxa and some economically valuable plants such as medicinal plants
like Ferula [54]; ornamental plants like Tulipa [55], Eremurus [56], and Juno-Irises [57]; and
economically valuable plants like wild apples [58]. According to the available data from
1930 to the present, more than half of CA plants produce alkaloids [59].

Stress-resistant plant resources with excellent characteristics such as salt tolerance,
drought tolerance, and high light efficiency have significant potential for the future bio-
industry. There are also certain ephemeral plants in deserts that can utilize snowmelt water
in early spring to complete their life histories rapidly, e.g., Carex pachytylis, Poa bulbosa, and
Ranunculus pinnatisectus, which provide material for ecological adaptation research [16].
The arid zone of CA is home to many relict tertiary species of ancient Mediterranean origin,
such as the Nitraria and Caragana, which are important materials for geological history
research [60]. The abundance of endemic species in a region is often used as evidence
supporting the designation of that area as a diversity hotspot [61]. The undeniable value of
CA is in its high degree of endemism at both national and regional levels [62], with up to 20%
of the flora restricted to the region [16]. Since the completion of our study, this percentage
may be higher, reaching 35.35%. Generally, we believe that larger areas have more range-
restricted species [63], such as Kazakhstan being the ninth largest country globally and the
largest country in CA, with the largest number of endemic taxa. Furthermore, higher sites
host more native and endemic plant taxa than adjacent lowlands [64], with endemic species
richness being higher in southeastern CA, that is, Tajikistan (11.12%) and Kyrgyzstan
(8.08%). These significant figures indicate the irreplaceability of the floras in CA.

Additionally, Important Plant Areas (IPA) are key sites for rich biodiversity, rare and
threatened plant species, and socio-economically valuable plant species [65]. IPAs also
harbor a substantial number of endemic plants, contributing further to their ecological
value and conservation significance. Fergana Valley is one of these regions, located in the
eastern region of Uzbekistan (7.13%). The valley represents an ancient, isolated ecoregion
with unique flora and fauna, much of which is endemic to the valley [66] and has the
highest level of endemic biodiversity in CA [67,68].

The number of endemic plants in the regions neighboring CA varies, with China
exhibiting the highest number of endemic species at 14939 [69]. Xinjiang of China borders
CA and possesses 251 endemic plant species (Li et al., unpublished data). There are over
2700 endemic taxa in Russia [70], and Mongolia has 102 taxa [71]. In comparison, CA
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remains highly endemic, with more than 3000 endemic plant species. Previous studies
found that a group of 1243 endemic and 257 sub-endemic vascular plant species are present
in Tajikistan [44], while Kazakhstan has 451 endemic and 341 sub-endemic taxa [72], Kyr-
gyzstan has 393 endemic taxa [33], and Uzbekistan has 313 endemic taxa [34]. Differences
in the number of estimated species vary, as we defined the distribution of endemic species
to be strictly “endemic” rather than “sub-endemic” [44]. On the other hand, we also found
that more than 100 species were omitted from the count of endemics in Kazakhstan [72].

Another important result was that, despite the high degree of endemics, the number
of widely distributed taxa in CA is limited, with 1054 taxa occurring in all five countries,
accounting for 10.93% of the total. It is quite possible that the latitudinal span of the
entire region leads to north-south variances, as well as differences in eco-geographical
environment, which in turn influences the differences in species composition. Regionally, a
high proportion of endemism is accompanied by a decline in commonality. On the other
hand, within CA countries, the proportion of shared species ranges from 18.50% to 35.06%,
which also represents a significant portion. From the perspective of plant taxonomy, this
could also be owing to the relatively fine-grained division of species in CA, as there is a
high proportion of commonality between families (69.78%) and genera (45.33%).

Despite this work being novel for CA as a whole, the large quantity of data presented
in this inventory provide a solid beginning point for a thorough investigation of endemic,
endangered, and other key groups of species throughout CA and CA countries. More
botanical surveys and further analyses are needed to better describe CA’s floristic diversity.
A key strategy is to strengthen intra- and interregional cooperation. Comprehensive
conservation plans should be regional, complementing national plans, as CA’s mountain
ranges, deserts, and vegetation formations usually stretch across country borders. This
is particularly true for threatened species, where assessments at the national level alone
can be misleading, and large numbers of taxa with transnational distributions, such as
tulips [73,74], need to be studied at larger scales, especially in the face of climate change.

At a time when global plant diversity data are being utilized to investigate biodiversity
conservation, conservation assessments only at the national scale, as well as the lack of
transboundary conservation, limits its research and effective conservation in CA, which
should be addressed regionally. Under the key 2020 Aichi Biodiversity Targets, the current
status of plant conservation in the five CA countries is unfortunately incompatible with the
above targets and, therefore, the conservation of regional biodiversity has been recognized
as an important objective [75]. Furthermore, combined regional and national research is
beneficial to all perspectives and promotes cooperation among countries. International
collaborative research should thus be fostered to the greatest extent feasible. In addition
to the practical value of collaborative research, such research can contribute to better
relations between countries and demonstrate the advantages of collaboration, which can
subsequently be applied to other more challenging fields [76,77].

CA is characterized by a blend of high mountain ranges, vast plains, expansive
deserts, and fertile valleys, contributing to its unique and varied landscapes. However, the
region faces significant environmental challenges, especially in an era of intense and rapid
climatic changes. Human activities such as deforestation and overgrazing have collectively
contributed to the degradation of its ecosystems and caused a decline in plant diversity
across the region, marking the region as “nature imperiled” [78]. Volis (2023) [75] provides
a detailed conservation methodology and conservation planning useful for CA countries,
with an ecoregional basis and the highest priority given to the most endangered endemic
species. In addition, conservation measures should be upgraded in some key geographical
areas, such as the IPA of Fergana Valley.

Overall, successfully adopting and implementing all these strategies in CA requires
enhanced coordination in developing and executing conservation plans among scientists
and governments from the five CA countries.
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44. Nowak, A.; Świerszcz, S.; Nowak, S.; Hisorev, H.; Klichowska, E.; Wróbel, A.; Nobis, A.; Nobis, M. Red List of vascular plants

of Tajikistan—The core area of the Mountains of Central Asia global biodiversity hotspot. Sci. Rep. 2020, 10, 6235. [CrossRef]
[PubMed]

45. Nobis, M.; Gudkova, P.D.; Nowak, A.; Sawicki, J.; Nobis, A. A synopsis of the genus Stipa (Poaceae) in middle Asia, including
a key to species identification, an annotated checklist, and phytogeographic analyses. Ann. Mo. Bot. Gard. 2020, 105, 1–63.
[CrossRef]

46. Nobis, M.; Klichowska, E.; Vintsek, L.; Wróbel, A.; Nobis, A.; Zalewska-Gałosz, J.; Nowak, A. Evolutionary response of
cold-adapted chasmophytic plants to Quaternary climatic oscillations in the Mountains of Central Asia (a world hotspot of
biodiversity). Divers. Distrib. 2022, 29, 1458–1477. [CrossRef]

47. PPG I. A community-derived classification for extant lycophytes and ferns. J. Syst. Evol. 2016, 54, 563–603. [CrossRef]
48. Christenhusz, M.J.M.; Reveal, J.L.; Farjon, A.; Gardner, M.F.; Mill, R.R.; Chase, M.W. A new classification and linear sequence of

extant gymnosperms. Phytotaxa 2011, 19, 55–70. [CrossRef]
49. APG IV. An update of the Angiosperm Phylogeny Group classification for the orders and families of flowering plants: APG IV.

Bot. J. Linn. Soc. 2016, 181, 1–20.
50. Thiers, B. Index Herbariorum: A Global Directory of Public Herbaria and Associated Staff ; New York Botanical Garden’s Virtual

Herbarium: New York, NY, USA, 2024.
51. Yang, M.; Chen, T.; Liu, Y.X.; Huang, L. Visualizing set relationships: EVenn’s comprehensive approach to Venn diagrams. iMeta

2024, 3, e184. [CrossRef] [PubMed]
52. Sennikov, A.N.; Lazkov, G.A. Alien Plants of Kyrgyzstan: The First Complete Inventory, Distributions and Main Patterns. Plants

2024, 13, 286. [CrossRef] [PubMed]
53. Wang, S.Q.; Dong, X.Y.; Ye, L.; Wang, H.F.; Ma, K.P. Flora of Northeast Asia. Plants 2023, 12, 2240. [CrossRef] [PubMed]
54. Yang, L.; Hisoriev, H.; Kurbonova, P.; Boboev, M.; Bobokalonov, K.; Feng, Y.; Li, W.J. High genetic diversity and low differentiation

of endangered Ferula tadshikorum Pimenov in Tajikistan. Glob. Ecol. Conserv. 2021, 28, e01627. [CrossRef]
55. Tojibaev, K.S.; Dekhkonov, D.; Ergashov, I.; Sun, H.; Deng, T.; Yusupov, Z. The synopsis of the genus Tulipa (Liliaceae) in

Uzbekistan. Phytotaxa 2022, 573, 163–214. [CrossRef]

https://doi.org/10.17520/biods.2017030
https://doi.org/10.11646/phytotaxa.282.2.2
https://doi.org/10.11646/phytotaxa.633.2.5
https://doi.org/10.1016/j.jnc.2011.05.003
https://doi.org/10.1038/s41598-020-63333-9
https://www.ncbi.nlm.nih.gov/pubmed/32277116
https://doi.org/10.3417/2019378
https://doi.org/10.1111/ddi.13773
https://doi.org/10.1111/jse.12229
https://doi.org/10.11646/phytotaxa.19.1.3
https://doi.org/10.1002/imt2.184
https://www.ncbi.nlm.nih.gov/pubmed/38898979
https://doi.org/10.3390/plants13020286
https://www.ncbi.nlm.nih.gov/pubmed/38256839
https://doi.org/10.3390/plants12122240
https://www.ncbi.nlm.nih.gov/pubmed/37375866
https://doi.org/10.1016/j.gecco.2021.e01627
https://doi.org/10.11646/phytotaxa.573.2.2


Plants 2024, 13, 2275 12 of 12

56. Makhmudjanov, D.; Volis, S.; Yusupov, Z.; Juramurodov, I.; Tojibaev, K.S.; Deng, T.; Sun, H. Central Asia revealed as a key area in
evolution of Eremurus (Asphodelaceae). Plant Divers. 2024, 46, 333–343. [CrossRef] [PubMed]

57. Sennikov, A.N.; Khassanov, F.O.; Ortikov, E.; Kurbonaliyeva, M.; Tojibaev, K.S. The genus Iris, L. s.l. (Iridaceae) in the Mountains
of Central Asia biodiversity hotspot. Plant Divers. Cent. Asia 2023, 2, 1–104.

58. Tian, Z.; Song, H.; Wang, Y.; Li, J.; Maimaiti, M.; Liu, Z.; Zhang, H.X.; Zhang, J. Wild Apples Are Not That Wild: Conservation
Status and Potential Threats of Malus sieversii in the Mountains of Central Asia Biodiversity Hotspot. Diversity 2022, 14, 489.
[CrossRef]

59. Tayjanov, K.T.; Mamadalieva, N.Z.; Wink, M. Diversity of the Mountain Flora of Central Asia with Emphasis on Alkaloid-
Producing Plants. Diversity 2017, 9, 11. [CrossRef]

60. Woutersen, A.; Jardine, P.E.; Silvestro, D.; Bogotá-Angel, R.; Zhang, H.X. The evolutionary history of the Central Asian steppe-
desert taxon Nitraria (Nitrariaceae) as revealed by integration of fossil pollen morphology and molecular data. Bot. J. Linn. Soc
2023, 202, 195–214. [CrossRef]

61. Hobohm, C. Endemism in Vascular Plants; Springer Press: Dordrecht, The Netherlands, 2014.
62. Milner-Gulland, E.J.; Kreuzberg-Mukhina, E.; Grebot, B.; Ling, S.; Bykova, E.; Abdusalamov, I.; Bekenov, A.; Gärdenfors, U.;

Hilton-Taylor, C.; Salnikov, V.; et al. Application of IUCN Red Listing Criteria at the Regional and National Levels: A Case Study
from Central Asia. Biodivers. Conserv. 2006, 15, 1873–1886. [CrossRef]

63. Ulloa Ulloa, C.; Acevedo-Rodríguez, P.; Beck, S.; Belgrano, M.J.; Bernal, R.; Berry, P.E.; Brako, L.; Celis, M.; Davidse, G.; Forzza,
R.C.; et al. An integrated assessment of the vascular plant species of the Americas. Science 2017, 358, 1614–1617. [CrossRef]
[PubMed]

64. Kougioumoutzis, K.; Kokkoris, I.P.; Panitsa, M.; Kallimanis, A.; Strid, A.; Dimopoulos, P. Plant Endemism Centres and Biodiversity
Hotspots in Greece. Biology 2021, 10, 72. [CrossRef] [PubMed]

65. Anderson, S. Identifying Important Plant Areas: A Site Selection Manual for Europe, and a Basis for Developing Guidelines for Other
Regions of the World; Plantlife International: London, UK, 2002.

66. Nazarov, R.A.; Abduraupov, T.V.; Shepelya, E.Y.; Gritsina, M.A.; Melnikov, D.A.; Buehler, M.D.; Lapin, J.D.; Poyarkov, N.A.;
Grismer, J.L. The Fergana Valley Is an Isolate of Biodiversity: A Discussion of the Endemic Herpetofauna and Description of Two
New Species of Alsophylax (Sauria: Gekkonidae) from Eastern Uzbekistan. Animals 2023, 13, 2516. [CrossRef] [PubMed]

67. Tojibaev, K.S.; Karimov, F.I.; Hoshimov, H.R.; Jang, C.G.; Na, N.R.; Park, M.S.; Chang, K.S.; Gil, H.Y.; Baasanmunkh, S.; Choi, H.J.
Important plant areas (IPAs) in the Fergana Valley (Central Asia): The badlands of the northern foothills. Nat. Conserv. 2022, 49,
1–30. [CrossRef]

68. Tojibaev, K.S.; Karimov, F.I.; Hoshimov, H.R.; Gulomov, R.; Lazkov, G.A.; Jang, C.G.; Gil, H.Y.; Jang, J.E.; Batoshov, A.R.;
Iskandarov, A.; et al. Important plant areas (IPAs) in the Fergana Valley (Central Asia): The Bozbu-Too-Ungortepa massif. Nat.
Conserv. 2023, 51, 13–70. [CrossRef]

69. Huang, J.H.; Chen, J.H.; Ying, J.S.; Ma, K.P. Features and distribution patterns of Chinese endemic seed plant species. J. Syst. Evol.
2011, 49, 81–94. [CrossRef]

70. Kamelin, R.V.; Budantsev, A.L. Plant World. In Great Russian Encyclopedia; Electronic Version; 2019.
71. Baasanmunkh, S.; Urgamal, M.; Oyuntsetseg, B.; Sukhorukov, A.P.; Tsegmed, Z.; Son, D.C.; Erst, A.; Oyundelger, K.; Kechaykin,

A.A.; Norris, J.; et al. Flora of Mongolia: Annotated checklist of native vascular plants. PhytoKeys 2022, 192, 63–169. [CrossRef]
[PubMed]

72. Kubentayev, S.A.; Alibekov, D.T.; Perezhogin, Y.V.; Lazkov, G.A.; Kupriyanov, A.N.; Ebel, A.L.; Izbastina, K.S.; Borodulina,
O.V.; Kubentayeva, B.B. Revised checklist of endemic vascular plants of Kazakhstan. PhytoKeys 2024, 238, 241–279. [CrossRef]
[PubMed]

73. Wilson, B.; Dolotbakov, A.; Burgess, B.J.; Clubbe, C.; Lazkov, G.; Shalpykov, K.; Ganybaeva, M.; Sultangaziev, O.; Brockington, S.F.
Central Asian wild tulip conservation requires a regional approach, especially in the face of climate change. Biodivers. Conserv.
2021, 30, 1705–1730. [CrossRef]

74. Dekhkonov, D.B.; Asatulloev, T.; Tojiboeva, U.K.; Sari, I.; Tojibaev, K.S. Suitable habitat prediction with a huge set of variables on
some Central Asian tulips. J. Asia-Pac. Biodivers. 2023, 16, 75–82.

75. Volis, S. Conservation of Central Asian plant biodiversity. Plant Divers. Cent. Asia 2023, 2, 6–39. [CrossRef]
76. Fan, P.F.; Yang, L.; Liu, Y.; Lee, T.M. Build up conservation research capacity in China for biodiversity governance. Nat. Ecol. Evol.

2020, 4, 1162–1167. [CrossRef] [PubMed]
77. Chen, Y.H.; Li, Y.; Dong, Y.R.; Zhang, M.; Yang, Y.; Primack, R.B.; Barry, K.E.; Mao, L.F. More than just pandas: Urgent research

needed on China’s native plant biodiversity. Biol. Conserv. 2024, 289, 110388. [CrossRef]
78. Asatulloev, T.; Dekhkonov, D.; Yusupov, Z.; Tojiboeva, U.; Cai, L.; Tojibaev, K.; Sun, W. Ecoregional and Phytogeographical

Insights into the Distribution of Tulipa in the ‘Nature Imperiled’ Area of Central Asia for Effective Conservation. Diversity 2023,
15, 1195. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.pld.2023.08.004
https://www.ncbi.nlm.nih.gov/pubmed/38798731
https://doi.org/10.3390/d14060489
https://doi.org/10.3390/d9010011
https://doi.org/10.1093/botlinnean/boac050
https://doi.org/10.1007/s10531-005-4304-5
https://doi.org/10.1126/science.aao0398
https://www.ncbi.nlm.nih.gov/pubmed/29269477
https://doi.org/10.3390/biology10020072
https://www.ncbi.nlm.nih.gov/pubmed/33498512
https://doi.org/10.3390/ani13152516
https://www.ncbi.nlm.nih.gov/pubmed/37570324
https://doi.org/10.3897/natureconservation.49.84834
https://doi.org/10.3897/natureconservation.51.94477
https://doi.org/10.1111/j.1759-6831.2011.00119.x
https://doi.org/10.3897/phytokeys.192.79702
https://www.ncbi.nlm.nih.gov/pubmed/35437387
https://doi.org/10.3897/phytokeys.238.114475
https://www.ncbi.nlm.nih.gov/pubmed/38456166
https://doi.org/10.1007/s10531-021-02165-z
https://doi.org/10.54981/PDCA/vol2_iss2/a1
https://doi.org/10.1038/s41559-020-1253-z
https://www.ncbi.nlm.nih.gov/pubmed/32690907
https://doi.org/10.1016/j.biocon.2023.110388
https://doi.org/10.3390/d15121195

	Introduction 
	Materials and Methods 
	Data Compilation 
	Data Statistic Analysis 

	Results 
	Regionwide Species Richness 
	Nationwide Species Richness 

	Discussion 
	References

