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Endemism is one of the most important concepts in biogeography and is of high relevance for
conservation biology. Nevertheless, our understanding of patterns of endemism is still limited in many
regions of high biodiversity. This is also the case for Iran, which is rich in biodiversity and endemism,

but there is no up-to-date account of diversity and distribution of its endemic species. In this study,

a comprehensive list of all endemic vascular plant species of Iran, their taxonomic composition and
their geographical distribution are presented. To this end, a total of 2,597 (sub)endemic vascular

plant species of Iran were documented and their distribution in three phytogeographical regions, two
biodiversity hotspots and five areas of endemism were analysed. The Irano-Turanian phytogeographical
region harbours 88% of the Iranian endemics, the majority of which are restricted to the Irano-Anatolian
biodiversity hotspot (84%). Nearly three quarters of the endemic species are restricted to mountain
ranges. The rate of endemism increases along an elevational gradient, causing the alpine zone to
harbour a disproportionally high number of endemics. With increasing pastoralism, urbanization, road
construction and ongoing climate change, the risk of biodiversity loss in the Iranian mountains is very
high, and these habitats need to be more effectively protected.

The concept of endemism, which describes that a taxon is restricted in its distribution to a distinct area, is central
in biogeography'. It is also considered a significant criterion for biodiversity conservation at the global, national
and local scales”™. Biodiversity is unevenly distributed both around the Earth and among the different lineages
of the tree of life>®. Areas with high concentration of narrowly distributed species are of high priority to preserve
biodiversity®’, and identification of areas with high priority for conservation is a fundamental task of conserva-
tion biogeography®’. The number of endemic species in a biogeographic region is a first step for assessing the con-
servation situation of that region'®. Documenting endemic richness in a biodiversity hotspot or area of endemism
is important not only for setting their conservation priorities'’, but also for understanding the evolutionary and
ecological processes that have shaped the biodiversity hotspots in general and areas of endemism in particular'>!°.

This study focuses on Iran, a vast country in Southwest Asia (Fig. 1a) with very diverse landscapes!*'® com-
prising a large number of arid to semi-arid mountain ranges. It is home to a high plant and animal diversity
with more than 8,000 vascular plant taxa, approximately 30% of which are endemics'’, and more than 1,000
species of mainland vertebrates'®. Moreover, Iran is at the crossroads of three major phytogeographic regions
(the Irano-Turanian, the Saharo-Sindian and the Euro-Siberian regions sensu White and Léonard’®), covers parts
of two global biodiversity hotspots, i.e. Irano-Anatolian and Caucasus’, and harbours five areas of endemism®.
These areas of endemism are clearly associated with the major mountain ranges of the Iranian Plateau, harbour-
ing the majority of the Iranian endemic flora'’. The Iranian Plateau is one of the hotspots of evolutionary and
biological diversity of the Old World and serves as a bridge for migration of many plants, connecting the eastern
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Figure 1. Global biodiversity hotspots, phytogeographic regions and areas of endemism in Iran. (a)
Topographic map of Iran and adjacent regions showing the Irano- Anatolian and the Caucasus biodiversity
hotspots. (b) Topographic map of Iran indicating phytogeographical regions (Irano-Turanian region indicated
as yellow shaded area, the Saharo-Sindian region and the Euro-Siberian region indicated as unshaded areas
south and north, respectively, of the Irano-Turanian region) and areas of endemism, well associated with high
mountain ranges of Iran (indicated by outlines and their names).

and western floras of Eurasia?. Despite its outstanding species richness, geographic extent, and evolutionary
importance, and although it has been the object of several studies on endemism, diversity and chorology of
plants'7*'-%2, there is no updated and comprehensive work available summarizing the diversity and distribution
of endemic vascular flora in Iran as a whole, in its phytogeographical regions, in biodiversity hotspots and also in
areas of endemism.

In this study, we provide a complete and updated list of all endemic vascular plant species of Iran with their
geographical distributions. Documenting all vascular plant species endemic to Iran, we can (1) uncover the tax-
onomic composition of the Iranian endemic flora, (2) estimate the number of Iranian endemics per phytogeo-
graphic region, biodiversity hotspot and area of endemism, (3) assess the floristic connections between areas of
endemism, (4) quantify the contribution of large taxonomic groups to each area of endemism, (5) record the
elevational distribution of endemic species, and finally (6) construct life form spectra in the biogeographical
regions of Iran.

Results and Discussion

Taxonomic distribution of endemic diversity. The Iranian vascular flora includes a total of 2,597
endemic or subendemic species (32% of all native species), belonging to 359 genera within 65 families. There are
no endemic families, but 26 endemic and subendemic genera (Table 1). Of those (sub)endemic genera, 19 are
monotypic, two are ditypic and the remaining five multitypic. The highest number of (sub-)endemic genera is
found in Apiaceae and Brassicaceae with 13 and 7 genera, respectively. However, data on endemic genera need to
be viewed with caution because of uncertainty in taxonomic circumscription, for example generic re-alignments
in Brassicaceae®*¢ or addition of species to Parrotia®. Dicots contain 2,421 endemic species in Iran (93% of all
vascular plant endemics) out of 6,889 species, monocots contain 175 endemics (7% of all vascular plant endem-
ics) out of 1,164 species, and gymnosperms have only one endemic out of 10 species. None of the 53 pteridophyte
species occurring in Iran is endemic. The percentage of endemism in dicots (35%) is much higher than in mono-
cots (15%) and gymnosperms (10%). This likely is due to the high number of endemic species in a few eudicot
genera, such as Astragalus (Fabaceae) and Cousinia (Astercaeae). The 10 largest families in terms of number of
endemic species comprise 82% of the total Iranian endemic vascular flora (Fig. 2). Fabaceae is the number one in
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Phyto.
Genera Family Distribution AE? EL (m)® region®
Alococarpum Riedl & Kuber Apiaceae W/CIran lo¢ 1000-1500 | IT*
Azilia Hedge & Lamond Apiaceae W Iran zaf 1800-2300 |IT
Brossardia Boiss. Brassicaceae N Iraq, Iran za 1700-2500 | IT
. ) als, az",
Clastopus Boiss. Brassicaceae W/N Iran a 2500-3700 | IT
Demavendia Pimenov Apiaceae W/N/E/S Iran, S Turkmenistan ile’jzi’ok 1000-2500 | IT
Dicyclophora Boiss. Apiaceae W/S Iran lo 50-1800 Ss!
Diplotaenia Boiss. Apiaceae E Turkey, NW/N Iran, al, az 2500-3500 | IT
Elburzia Hedge Brassicaceae N Iran al 2000-3000 | IT
Ergocarpon C.C. Towns. Apiaceae EIraq, Iran lo 200-700 SS
Haussknechtia Boiss. Apiaceae W Iran za 1700-2500 | IT
Hymenocephalus Jaub. & Spach Asteraceae W Iran za ? IT
. NE Iragq, E Turkey, S Transcaucasia, | al, az,

Jurinella Jaub. & Spach Asteraceae Caucasus, NW/N/NE Iran, ko 2500-4000 | IT
Kalakia Alava Apiaceae NW/N Iran al,az 1000-2500 | IT
Mozaffariania Pimenov & Maassoumi | Apiaceae SE Iran lo 300-600 SS
Myopordon Boiss. Asteraceae W/N/S Iran ile’ Zl?(’) 3500-4000 | IT
Opoidia Lindl. Apiaceae NE Iran ko 1500 IT
Opsicarpium Mozaff. Apiaceae W/NW Iran az, za 500-2300 IT
Phuopsis (Griseb.) Hook. f. Rubiaceae Talish, NW/N Iran al, az 500-2700 ES™
Physoptychis Boiss. Brassicaceae E Turkey, Transcaucasia, Iran 21a’ % 12500-4500 | IT
Pseudocamelina (Boiss.) N. Busch Brassicaceae W/NW/N/S Iran 211’ fe’ 1500-2500 | IT
Pseudofortuynia Hedge Brassicaceae W/S Iran za, ke | 1500-2500 | IT
Sclerochorton Boiss. Apiaceae W Iran za 3000-3500 | IT
Stenotaenia Boiss. Apiaceae W/NW/N Iran 2’ a 1800-3200 | IT
Zerdana Boiss. Brassicaceae W/S Iran za,ke | 3000-4000 | IT
Zeugandra PH. Davis Campanulaceae | W Iran za 1500-2200 | IT
Zhumeria Rech.f. & Wendelbo Lamiaceae SIran lo 200-1500 SS

Table 1. Endemic genera of Iran. See text for details. *Area of endemism; Elevation ranges (meter above sea
level); “Phytogeographical regions; dLowland; ¢Irano-Turanian; fZagros; gAlborz; hAzerbaij an Plateau; /Yazd-
Kerman; kKope'[ Dagh-Khorassan; IShaharo-Sindian; ™Euro-Siberian.
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Figure 2. Number of endemic and non-endemic species in the 30 most endemic-rich families of the Iranian
vascular flora (sorted by number of endemic species).

terms of endemic species (687 endemic species), which is due to the hyperdiverse genus Astragalus with ca. 800
species (70% endemics; Fig. 3), thus covering ca. 21% of the Iranian endemic vascular flora. The second largest
family in terms of endemics is Asteraceae (Fig. 2), comprising 618 endemic species (48% of Asteraceae species).
Cousinia is by far the largest genus of this family in Iran with 294 species (81% endemics; Fig. 3), encompass-
ing 9% of the Iranian endemic species. Further families with high numbers of endemics are Lamiaceae (155),
Apiaceae (127), Caryophyllaceae (127), Scrophulariaceae (96), Brassicaceae (88), Alliaceae (84), Boraginaceae
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Figure 3. Number of endemic and non-endemic species of the 30 most endemic-rich genera of the Iranian
vascular flora (sorted by number of endemic species).

Family Iran Turkey Greece Italy Iberian Peninsula | Morocco
Area (km?) 1,648,195 783,562 131,957 301,338 588,824 446,550
Endemic genera 26 15 8 7 27 14
Total native species | 8112 8575 5502 5935 5537 3913
Endemic species 2597(32%) | 2651(31%) | 1278(24%) | 1050(18%) | 1328(24%) 640(16%)
No of families 65 63 53 52 63 54
No. of genera 359 371 239 260 321 255
Species/Genus 5.3 7.1 5.3 4 4.1 2.5

Table 2. Comparison of area size, total species richness and degree of endemism in the vascular flora of Iran
versus other Mediterranean regions (Turkey, Greece, Italy, Iberian Peninsula, Morocco; data from Buira, et
al.*).

(70), Rosaceae (69), and Plumbaginaceae (65; Fig. 2). Whereas these are all large families with respect to number
of species present in Iran, Poaceae, which is the third biggest family in terms of total number of species (com-
prising 519 species) has only 28 endemic species (5%; Fig. 2). Although these numbers may decrease due to taxo-
nomic revision*”*$, new endemic species continue to be described'’, rendering it unlikely that the overall pattern
will change in the future.

The number of endemic species and the degree of endemism in the Iranian vascular flora is similar to Turkey,
but twice that of Greece and the Iberian Peninsula (Table 2). Considering the smaller size of Turkey (about
half of Iran), Turkey is proportionally richer than Iran. Asteraceae, Fabaceae, Lamiaceae, Caryophyllaceae and
Brassicaceae are among the ten richest families in the Mediterranean countries and in Iran, but differ in their
order (Table 3). In all five Mediterranean regions, Asteraceae contains the highest number of endemic species
(Table 3), as is typical for non-tropical regions®, but in Iran the high diversity of Astragalus renders Fabaceae the
most endemic-rich family.

The ten richest genera in terms of endemic species account for 47% of the total number of endemics of Iran
(Fig. 3). The largest genera of the vascular flora usually also comprise the largest number of endemic species (e.g.,
Astragalus, Cousinia, Allium). Exceptions are smaller genera with high proportion of endemics, such as Dionysia
(Primulaceae) with 39 species and about 90% endemism (Fig. 3), and species-rich genera with few endemics,
such as Carex, Trifolium, and Vicia, whose species tend to be widespread rendering those genera species-rich but
endemic-poor also in other Mediterranean areas such as the Iberian Peninsula®.

Richness across the territories. The majority of the endemic vascular plant species of Iran (88%) are
restricted to the Irano-Turanian region, whereas only 5% and 4% are restricted to the Saharo-Sindian and the
Euro-Siberian regions, respectively; 3% is shared between the regions (Table 4). The Irano-Turanian region is
richer than the two others, which is due to the size of this region as well as its topography, as it contains numer-
ous mountain ranges, which generally are rich in endemics*"*2. Some of the species-rich genera more strongly
represented in this region are Astragalus (Fabaceae), Cousinia (Asteraceae), Acantholimon (Plumbaginaceae) and
Allium (Alliaceae; Fig. 4a). A typical representative of the Euro-Siberian region is Alchemilla (Rosaceae), with
nearly 90% of its endemics being found in this region. Akhani, et al.** suggests for the Hyrcanian forests (within
the Euro-Siberian region) a number of ca. 280 endemic and subendemic species, which is almost three times
more than we found (Table 4). As they do not provide any species list, we cannot assess the source for this discrep-
ancy, but contributing factors may include the geographic coverage of the study by Akhani, et al.** also including
areas outside of Iran (southeastern Azerbaijan) or taxonomic differences, but still the discrepancy is remarkable.
In the Saharo-Sindian region, the proportion of Echinops (Asteraceae) species is high compared to other regions
(Fig. 4a).
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Family Iran Turkey Greece Italy Iberian Peninsula | Morocco
Fabaceae 687 375 35 53 104 78
Asteraceae 618 430 204 221 203 131
Lamiaceae 155 240 68 20 108 80
Caryophyllaceae 127 187 96 72 92 35
Apiaceae 127 117 52 24 43 30
Scrophulariaceae 96 207 26 8 19 12
Brassicaceae 88 194 68 47 78 42
Alliaceae 84 50 47 18 8 2
Boraginaceae 70 108 35 21 22 12
Rosaceae 69 46 9 34 47 8
Plumbaginaceae 65 21 86 100 129 15

Table 3. The eleven most endemic-rich families in the vascular flora of Iran and other Mediterranean regions

(Turkey, Greece, Italy, Iberian Peninsula, Morocco; data from Buira, et al.®’).

Region size Iranian endemic | Range-restricted | Iranian endemic
Phytogeographical region | (km?) species endemic species genera
Irano-Turanian 1,769,457 2289(88%) 1239(89%) 21
Saharo-Sindian 451,052 133(5%) 88(6%) 4
Euro-Siberian 80,317 101(4%) 56(4%)
Shared 73(3%) — —

Table 4. Vascular plant endemism in the phytogeographical regions of Iran.
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Figure 4. Distribution of endemic vascular plant species (total and in the 10 most endemic-rich genera) across
(a) phytogeographical regions and (b) areas of endemism.

Patterns of endemism in global biodiversity hotspots present in Iran reflect those observed for biogeographic
regions. Specifically, 84% of the Iranian vascular plant endemics are restricted to the Irano-Anatolian hotspot,
which is inside the Irano-Turanian region, whereas only 4% of the Iranian vascular plant endemics are restricted
to the Caucasian hotspot inside the Euro-Siberian region.

With respect to areas of endemism, Zagros is the richest, harbouring 45% of the Iranian vascular plant endemics,
the majority of which is restricted to this region (Figs 5, 6 and Table 5). Zagros is a continuous mountain range con-
necting the Azerbaijan Plateau and Alborz in the north to the Yazd-Kerman massifs in the south (Fig. 1). However, the
connectivity is more contiguous in the montane zone and diminishes and eventually ceases with increasing elevation
(Fig. 1). This increased isolation coincides with increased endemism, resulting in high endemic richness in areas with
high elevational range (Noroozi et al. 2018), and an overall uneven distribution of endemic richness across Zagros.
All of the ten most endemic-rich genera of Iran except Oxytropis (Fabaceae) are well-represented in Zagros (Fig. 4b).
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Figure 5. Distribution of endemic vascular plant species in general and of range-restricted endemic vascular
plant species in Iran and its areas of endemism.
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Figure 6. Endemic vascular plant species of Iran in areas of endemism. Endemic vascular plant species
restricted to an area of endemism are indicated in dark grey, whereas those shared with other areas of endemism
are indicated in light grey, their numbers being given in the bars connecting pie charts corresponding to areas of
endemism.

The second-richest area is Alborz, which harbours 29% of all Iranian vascular plant endemics nearly half of
them being restricted to Alborz (Figs 5, 6 and Table 5). If taking area size into account, Alborz is richer than other
regions. This is particularly evident for range-restricted endemics (here species which are only in maximally three
grid cells of 0.5° x 0.5°), where, compared to Zagros, Alborz has half the number of endemics on one fifth the
area (Fig. 5; Table 5). Generally, Central Alborz has the highest concentration of endemics in the Iranian Plateau
(Noroozi et al. 2018). Alborz is a narrow, but very high and contiguous east-west oriented mountain range (Fig. 1)
that borders on lowland deserts in the south and on the Caspian Sea in the north. A wide elevational range, high
topographic complexity and strong environmental heterogeneity explain its high plant diversity and great rich-
ness of endemics'. Alborz connects Kopet Dagh-Khorassan mountains in the east with the Azerbaijan Plateau
and Zagros in the west (evident also in the high numbers of endemic species shared between Alborz and at least
one of these regions; Fig. 6), thus acting as a corridor between Central Asia and Caucasus plus Anatolian moun-
tains. Therefore, Alborz not only harbours a high number of local endemics, but also many elements showing
biogeographic connections east- and/or westwards.

In the Azerbaijan Plateau, 21% of Iranian vascular plant endemics are found, half of which are endemic to this
area (Figs 5, 6 and Table 5). The Azerbaijan Plateau has a fragmented orography caused by different tectonic and
volcanic activities*%. Although three times larger than Alborz, the Azerbaijan Plateau contains fewer endemics

SCIENTIFIC REPORTS |

(2019) 9:12991 | https://doi.org/10.1038/s41598-019-49417-1


https://doi.org/10.1038/s41598-019-49417-1

www.nature.com/scientificreports/

AEsize | Iranian endemic | AE endemic | Range-restricted | Iranian endemic | AE endemic
AE (km?) species species endemic species genera genera
Zagros 393,799 | 1,167(45%) 746(29%) 490(35%) 15 6
Alborz 62,571 758(29%) 401(15%) 260(19%) 11 1
Azerbaijan Plateau 179,693 | 535(21%) 286(11%) 204(15%) 8 0
Kopet Dagh-Khorassan | 64,698 328(13%) 202(8%) 150(11%) 4 1
Yazd-Kerman 154,123 | 307(12%) 101(4%) 69(5%) 5 0

Table 5. Vascular plant endemism in the areas of endemism in Iran.

and range-restricted endemics (Fig. 5; Table 5). This area is close to the border of Iran and is connected to east-
ern Turkey and the Armenian mountains. Consequently, there are many species in this area shared with eastern
Turkey, Transcaucasus and Caucasus?*>. Moreover, it is floristically linked to Alborz in the east and to Zagros in
the south (Fig. 6). Nevertheless, it is diverse in local endemics, especially at higher elevations, which likely is due
to the strong level of geographic isolation of single high summits (e.g., Sahand, Sabalan, Kiamaki). The Azerbaijan
Plateau is the centre of diversification of Astragalus (Fabaceae; Fig. 4b)*2.

The Kopet Dagh-Khorassan harbours 13% of Iranian vascular plant endemics, two thirds of which are
restricted to this area (Figs 5, 6 and Table 5). Although of similar size to Alborz, Kopet Dagh-Khorassan har-
bours only about half as many endemics. This might be due to the lower topographic complexity and the smaller
elevational range. Most of the endemic species of Kopet Dagh-Khorassan are range-restricted and rare. A high
proportion of those endemics is from Cousinia (Asteraceae; Fig. 4b), which has its centre of diversification in
these mountains***%4’. Floristically, Kopet Dagh-Khorassan is most closely linked to Alborz among Iranian areas
of endemism (Fig. 6).

The smallest proportion of vascular plant endemics is found in the Yazd-Kerman comprising 12% of Iranian
vascular plant endemics, only one third of which is restricted to this area (Figs 5, 6 and Table 5). This area com-
prises several high elevation areas in southern Iran, topographically and thereupon floristically well connected
to southern Zagros (Fig. 6). This spatial proximity to Zagros probably explains the relatively low proportion of
endemics restricted to this region. At high elevations, the number of local endemics increases considerably, espe-
cially in Hezar and Lalezar Mts.**** and Shirkuh Mts. (Noroozi et al., unpublished data). A typical representative
of the local endemic flora is Acantholimon (Plumbaginaceae; Fig. 4b), which is highly diverse in this area®®°!.
Additionally, the Yazd-Kerman harbours isolated occurrences of species otherwise distributed in Hindukush and
Central Asian mountains, especially in alpine regions®*+->>3,

Considerable differences can be observed among areas of endemism with respect to the richness of the 10
largest genera of the Iranian endemic vascular flora (Fig. 4b), as shall be illustrated with the following exam-
ples. Astragalus (Fabaceae), Allium (Alliaceae) and Centaurea (Asteraceae) are well represented in the Azerbaijan
Plateau, but Acantholimon (Plumbaginaceae), Cousinia (Asteraceae) and Echinops (Asteraceae) are underrepre-
sented in this area. Acantholimon, Echinops and Nepeta (Lamiaceae) are very well represented in Yazd-Kerman
and Cousinia is very diverse in Kopet Dagh-Khorassan. Oxytropis (Fabaceae) is diverse in both Alborz and Kopet
Dagh-Khorassan, but very poor in Zagros. The proportion of Silene (Caryophyllaceae) is high in Zagros, and
Dionysia (Primulaceae) is a Zagros element with 29 endemic species in this mountain range, three species in
Yazd-Kerman and only one species in Alborz.

Elevational distribution of endemics. The elevational distributions of surface area, non-endemic and
endemic vascular plant species of Iran are displaced and peak at different elevations, as has already been found
before on a taxonomically much smaller data set'®. Despite a high proportion of surface area in lowlands (—26
to 1400 m), the proportions of non-endemics and especially of endemics in this elevation zone are low (Fig. 7).
At mid elevations (1400 to 2800 m a.s.1.), the proportion of both non-endemics and endemics are high. At high
elevations (2800 to 5671 m a.s.l.), although comprising only 1% of the surface area, the proportion of endemics
becomes higher at the expense of the proportion of non-endemics. This confirms the importance of alpine habi-
tats as endemism centres for vascular plants'”.

Life forms. Hemicryptophytes are the most dominant life form (60%) among the endemic vascular plant
species, followed by chamaephytes (26%), geophytes (6%), therophytes (5%) and phanerophytes (3%). There
are considerable differences in the proportion of life forms in the three phytogeographical regions (Fig. 8a).
Hemicryptophytes are dominant to almost equal extents in all three regions, whereas chamaephytes are very
poor in the Euro-Siberian region. The Euro-Siberian region with its high precipitation and temperate climate is
covered by Hyrcanian forests, resulting in an overrepresentation of phanerophytes and an underrepresentation
of chamaephytes, geophytes and therophytes compared to the other two regions. The majority of chamaephytes
of the Iranian vascular flora are thorn-cushions, a life form adapted to windswept slopes in the regions with
Mediterranean precipitation regimes®!; such chamaephytes are dominant in the mountains of the Irano-Turanian
region®°8, Geophytes are underrepresented and therophytes are prominent in the Saharo-Sindian region.

In areas of endemism, the life form spectra are roughly similar among the areas (Fig. 8b). Exceptions are
the Yazd-Kerman area with a high proportion of therophytes, Kopet Dagh-Khorassan with a low proportion of
therophytes, and the Azerbaijan Plateau with a low proportion of phanerophytes compared to the other areas or
to the average for Iran (Fig. 8b). The higher proportion of therophytes in Yazd-Kerman might be due to the longer
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Figure 7. Elevational distribution of total endemic compared to non-endemic vascular flora of Iran. (a)
Proportion of surface area, non-endemic and endemic species richness along the elevational gradient. (b)
Percentage of surface area, non-endemic and endemic richness in different elevational zones.
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warm and dry season on these mountains, which allows penetration by elements from the Saharo-Sindian region,
whose flora is rich in therophytes.

Conclusion
Mountains influence the distribution and diversification of species and also maintain biodiversity over time®.
Half of all the biodiversity hotspots are situated in mountains®, and our results indicate that 74% of all endemic
vascular plant species of Iran are restricted to its mountains, which represent only about 42% of the country’s
surface (elevations above 1400 m a.s.1.; Fig. 7). Generally, mountains with diverse micro-climates and topographic
complexity promote high biodiversity and endemism®®!, which appears also to be the case for Iranian moun-
tains'®. The environmental heterogeneity provides diverse niche space allowing more species to coexist®?, acts as
trigger for diversification, resulting from isolation or adaptation to diverse environmental conditions®, and also
enables the existence of particular habitats through longer time periods supporting relics®. The complex topog-
raphy and the large elevational range potentially allowed Iranian plants to survive the Quaternary glaciations, as
only the high elevations were covered with ice®® and lowlands could act as refugia for many relict elements such
as Parrotia in the Hyrcanian Forests®®. Additionally, Quaternary climatic fluctuations and associated shifts in
habitats and vegetation zones may have triggered species diversification as, for instance, suggested for a group of
steppe species within the hyperdiverse genus Astragalus®’. However, understanding the origin of the biodiversity
of the mountains of Iran requires molecular phylogenetic studies of their characteristic mega-genera. Until then,
the evolutionary history of the taxa inhabiting these mountains remains one of the least understood fields of
global biogeography, even though it is crucial for explaining the origin of plant diversity in mountains of Eurasia.
In Mediterranean mountain ranges, species richness has decreased during the past decade®. As the overall
climate conditions in Iran are similar to those from Mediterranean regions, a decline of high-altitude habitats
in the course of climate warming and reduced water availability can be expected in this region. Furthermore,
pastoralism causes dramatic disturbance of mountain habitats of Iran. Pastoralism dates back to the Neolithic
period®?, since when it was extreme in several phases’!. Pastoralism has already reduced the habitats of tree
species like Quercus macranthera (Fagaceae) at the upper limit of the Hyrcanian forests and Juniperus excelsa
(Cupressaceae) in the treeline zone of the southern slopes of Alborz’>. Thus, with increasing anthropogenic pres-
sure via pastoralism, urbanization, and road construction as well as ongoing global warming, mountain species
are under increasing threat and need to be more strongly protected. According to the TUCN Red List, about one
hundred species of the vertebrate fauna in Iran are considered vulnerable or already endangered’. For plants,
nearly 60% of endemic vascular plant species of Iran are range-restricted and can be categorized as IUCN threat-
ened species. Our knowledge about the centres of endemism in the Iranian Plateau is, however, still limited and
future efforts will be needed to identify hotspots at a finer scale, “hotspots-within-hotspots”®7475, to aid practical
conservation management.

Materials and Methods

Study area. Iran, with a surface area of ¢. 1.6 million km?, is located between Central Asia and Himalaya in
the east and Caucasus and Anatolia in the west. Iran displays considerable geologic and lithospheric heteroge-
neity, owing to its complex tectonic history’®. One of the main tectonic events that influenced the geology and
topography of Iran is the Arabia-Eurasia collision, which caused the uplift of numerous mountain ranges in the
region, especially between the middle Miocene and the Pliocene”. The five major mountainous areas of Iran are
the Azerbaijan Plateau, Alborz, Kopet Dagh-Khorassan, Zagros and the Yazd-Kerman massifs which are well
associated with five areas of endemism (Fig. 1b). The elevation in Iran ranges from 26 m b.s.l. along the shore of
the Caspian Sea up to 5,671 m a.s.l. at Damavand Mt. in Central Alborz. The climate is diverse and ranges from
hot and dry deserts with precipitation of less than 25 mm/yr in central Iran to sub-tropical humid climates at the
southern shore of the Caspian Sea with precipitation exceeding 1,800 mm/yr’®. Nevertheless, major parts of Iran
are characterised by continental climate with hot and dry summers, cold and harsh winters, and low precipita-
tion®7°. Based on the Global Bioclimatic Classification System®"%! Iran is at the crossroad of three macrobio-
climates (i.e. Mediterranean, tropical and temperate), correlating with the Irano-Turanian, Saharo-Sindian and
Euro-Siberian biogeographical regions, respectively”*®2.

Diverse climate and topography are paralleled by a multitude of vegetation types including desert and semide-
sert steppes, montane grasslands, wetlands, subalpine, alpine and subnival habitats, different types of shrublands
and woodlands, deciduous temperate to subtropical forests, halophyte and even mangrove vegetation types®.
These vegetation types are distributed in different elevational zones from 26 m b.s.1. up to 4,850 m a.s.1.”2. Most
of the biodiversity of Iran is centred within the two global biodiversity hotspots, i.e. the Irano-Anatolian and
Caucasus hotspots (Fig. 1a), on five groups of mountain ranges (Fig. 1b). Iran covers 54% of the Irano-Anatolian
hotspot and around 10% of the Caucasus hotspot (Fig. 1a). The species richness is not evenly distributed over
the country and five areas of endemism have been identified, all of which are located in the Irano-Anatolian hot-
spot, and are well associated with major mountain ranges Fig. 1b;'°. Azerbaijan Plateau, Alborz, Central Alborz,
Zagros, the and Kopet Dagh-Khorassan were identified as areas of endemism in the Iranian Plateau based on data
from Asteraceae'. Using the same approach (endemicity analysis) on the entire endemic vascular flora of Iran
and a finer grid cell size, Yazd-Kerman is identified as an additional area of endemism (Noroozi et al., unpub-
lished data), and is considered as such in this study. The Talysh mountains, which are located between Alborz and
Azerbaijan, have a transitional situation, but their vascular flora is more linked to the Azerbaijan Plateau than to
Alborz (Noroozi et al., unpublished data).

Species distribution data. All endemic and subendemic vascular plant species of Iran were documented.
A species was considered endemic if its range is restricted to Iran, and considered subendemic if its main
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distribution (>80% of the known range or occurrences) lies within this country. We considered only taxa at
the species level, but not subspecies or varieties. The documentation of species and the characterization of their
geographical and altitudinal ranges were based on Flora Iranica®’, Flora of Iran®* and monographs published
after these floras until the end of 2016 (see Appendix S1, S2). The Flora Iranica taxonomic system is followed
for family and genus level. The localities of all species were geo-referenced with a precision of at least 0.25° using
Google Earth. Presence of species was then recorded on the basis of a grid with cell size of 0.5° x 0.5°. Species
present in maximally three grid cells were considered as range-restricted endemics even if the grid cells were
non-adjacent. We compared area size of Iran, number of total vascular plant species, number of vascular plant
endemic species and the ten largest vascular plant families of Iran with those from other countries and regions
in the west with similar climate, i.e. Mediterranean (Turkey, Greece, Italy, Morocco and Iberian Peninsula). The
number of endemic vascular plant species of Iran and their restriction to the three phytogeographical regions®,
two biodiversity hotspots’, and five areas of endemism' (but not distinguishing Central Alborz, as it is geograph-
ically nested within Alborz, but additionally recognizing Yazd-Kerman) were analysed. Using the life form system
of Raunkiaer®, the following five categories were used: chamaephytes, geophytes, hemicryptophytes, phanero-
phytes, and therophytes.
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