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Abstract
TABASI, M., MEHRABIAN, A., SAYADL, S., 2021. Distribution patterns and conservation status of Crocus species
in Iran, one of the diversity centers of Crocus in the Middle East. Folia Oecologica, 48 (2): 156—168.

Assessing distribution patterns of valuable taxa plays an important role in the biodiversity conservation of
these taxa. The genus Crocus L. (Iridaceae) comprises about 100 species that are distributed mainly in the
Mediterranean region and western Asia. The present study purposed to assess the distribution patterns of Ira-
nian Crocus species (including C. sativus L. and 8 wild species) and their conservation status in Iran as one
of diversity centers of Crocus in the Middle East. A set of geographic distribution data was compiled through
field studies, and reviews of herbarium specimens, iNaturalist, and various Flora. Localities were marked
on geo-referenced maps (1/106) of Iran using ArcView version 3.2 (Esri, 2000). The distribution patterns of
the taxa were mapped per 0.25° x 0.25° universal transverse Mercator grid cells (25 km? with the exception
of boundary area). Based on the species distribution (SDI) (33%) and species specialization (SSI) (44%)
indices, those Iranian Crocus species that are threatened are mainly distributed in Irano-Turanian region.
The mountainous ecosystems of Almeh and Western Alborz are important distribution centers of these taxa.
Iranian Crocus species with SSI < 0.5 (C. almehensis, C. gilanicus, C. michelsonii, and C. caspius) have the

highest conservation value.
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Introduction

The increasing rate of irreversible damage to ecosystems
has reinforced the requirement for compiling basic
biodiversity data for conservation management (MUTKE and
BARTHLOTT, 2005). Habitats that may support focal species
must be identified, and how to prioritize lands to protect
sustainable populations of priority taxa must be assessed
(PRENDERGAST et al., 1999). Accordingly, pinpointing
priority habitats is the main target of conservation
biologists (MARGULES and Pressey, 2000). Some
approaches focus on prioritizing zones by maximizing the
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number of threatened taxa (MYERS et al., 2000; Di1eTz and
CzEgcH, 2005). Others prioritize on the basis of surrogates
(e.g., keystone, flagship, umbrella, etc.) (Caro, 2010). In
yet other approaches, emphasis is placed on endemism,
diversity, and hotspots (MYERs, 1990; BARTHLOTT et al.,
1996; Myers et al., 2000), or on economic and valuable
taxa (crop wild relatives, medicinal, and ornamental)
(MAXTED et al., 2006; DE OLIVEIRA et al., 2007; SAYADI
and MEHRABIAN, 2016; MEHRABIAN et al., 2020).

Several conservation studies have been conducted on
a global scale, including research on the global patterns
of plant biodiversity (SCHEINER and REY-BENAYAs, 1994;
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KRAEFTE and Jetz, 2007), continental patterns of plant
biodiversity (MUTKE and BARTHLOTT, 2005), diversity
centers of rare and endangered taxa (DoBsoN et al.,
1997; PRENDERGAST et al., 1993), and diversity centers of
crop wild relatives (IRtoNDO et al., 2008). Furthermore,
distribution patterns of endemic plants in Iran (HEDGE
and WENDELBO, 1978), Iranian endemic monocotyledons
(MEHRABIAN et al., 2015), and Iranian crop wild relatives
(GP1) (MEHRABIAN and Sayap1, 2018) are other focuses of
prominent studies on the regional scale.

In addition, some studies have evaluated geographic
distribution patterns of Crocus species, the results of which
can be used to determine conservation priorities and design
conservation programs for the mentioned taxa. Assessment
of the geographic distribution of Crocus series Reticulati
(HARPKE et al., 2014) and assessment of the geographic
distribution of C. biflorus Mill. as well as the distribution
of their populations across phytogeographical regions in
Anatolia (KERNDORF and PascHE, 2006) are examples of
such studies. MEHRABIAN et al. (2021) determined that two
endemic Crocus species in Iran (C. almehensis Brickell
& Mathew. and C. gilanigus B. Mathew.) are distributed
only in restricted regions of Iran and should be considered
a priority for conservation. The importance of the Crocus
genus (especially C. sativus L. and its wild relatives),
guides the design of strategies for the management and
conservation of the genetic resources of this valuable genus
(FERNANDEZ et al., 2011). Furthermore, some studies have
evaluated the ecological variables in distribution regions
of the Crocus species. In these studies, the effects of
various factors, such as precipitation (JAFARBEYGLU and
MoBARAKY, 2008; TaBast et al., 2015) and temperature
(BENscHOP, 1993; BADRI et al., 2007; LUNDMARK et al.,
2009) on the growth of these taxa have been evaluated.
Soil features (i.e. pH, texture, organic matter, etc.) in
distribution regions of some Crocus species have also
been studied (SaTiL and SerLvi, 2007; Sik and CANDAN,
2009; KHarTaK and KHATTAK, 2011; KANDEMIR, 2009;
KANDEMIR et al., 2012). Ecological factors can be used in
the distribution modeling of Crocus species with the aim
of recognizing priority species for conservation based on
predicted distribution patterns. For this purpose, we are
mapping the distribution patterns of Crocus species in
Iran in another study. Distribution modeling of C. cyprius
Boiss. & Kotschy. in Cyprus (Louca et al., 2015) is also an
example of such studies.

Approximately 7,800 plant taxa comprise the flora of
Iran (Assapietal., 1988-2018),2,200 of which are confined
to the geographical boundaries of Iran (MEHRABIAN et
al., 2015; MEHRABIAN et al., 2020). The climatological
diversity, history of vegetation, geographical isolation
(FRey and ProBsT, 1986), complex tectonic history
(STockLIN, 1968), special soils (HEDGE and WENDELBO,
1978), and intersection of diverse phytogeographical
units (TAKHTAJAN, 1986; ZAHRAN, 2010) lead to the high
potential of this region for diversification and make it
a global center of diversity for plants (Davis et al., 1994;
BARTHLOTT et al., 1996; KIEr et al., 2005) and one of the
most important distribution centers of crop wild relatives
in the world (VaviLovy, 1926).
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The genus Crocus L. (Iridaceae) contains about 100
species distributed throughout the world (PETERSEN et al.,
2008; PERuZzI and CARTA, 2011). The main area of Crocus
species distribution is confined to the Mediterranean phyto-
chorion thatextends into the Irano-Turanian region (NEGHBI,
1999). Crocus species of Iran belonging to the subgenus
Crocus (MATHEW, 1982) are as follows: C. almehensis, C.
gilanicus, C. biflorus, C. sativus, C. cancellatus Herb., C.
caspius Ficher & Meyer., C. michelsonii B. Fedtsch., C.
speciosus M. Bieb., and C. pallasii Goldb. (which is also
reported as C. haussknechtii Boiss. by RESHINGER, 1975).
Saffron (C. sativus) is a very old domesticated species
which dates back to 1600—1700 BC and is also found in
Crete (ALGRECH, 2001). YUE et al. (2020) showed that the
current genome of C. sativus is probably a product resulting
from at least two rounds of whole-genome duplication
(WGD) events that occurred ~28 and ~114 million years
ago, respectively. However, the Middle East, central Asia,
and the islands of SW Greece have been determined as the
origins of saffron (TamMMaRrO, 1987; VaviLoy, 1951). Due
to the high industrial, ornamental, and medicinal value of
saffron, improving the quality of this product by relying
on natural methods (e.g., cross with wild relatives) is very
important. It has been suggested that wild relatives of C.
sativus can be used to improve its quality (NEGHBI, 1999).

Determining the distribution patterns of these valuable
taxa has an important role in identifying various ecotypes so
as to promote the genome of cultivated saffron. Moreover,
determining distribution areas, conservation status, and
conservation priority of its wild relative species is one
effective way to protect these unique genetic resources.
To date, little attention has been paid to the distribution
patterns and priorities for conservation of these valuable
taxa. Thus, the ecological assessment of these species
seems to be necessary. The aims of the present study
included: 1. Assessment of distribution patterns of Crocus
species in Iran as one of diversity centers of Crocus in
the Middle East; 2. Assessment of their conservation
status to determine priority taxa and areas for designing
conservation programs. Furthermore, the distribution
and diversity of the mentioned taxa was analyzed using
a geobotanical and phytogeographical approach.

Materials and methods
Study area

Iran, the dominant segment of the Iranian Plateau, covers
an area of 1.6 million km? and is located between 35°41°N
latitude and 51°26’°E longitude. The diversity of geological
structures shapes a broad range of physical conditions that
form several phylogeographical zones for speciation and
endemism.

Iran includes several wide spectra of prominent
geomorphologic formations, including Zagros, Alborz,
Kopet Dagh, Makran, and several scattered internal
mountain ranges. The Zagros is a natural massif that
spreads between the plateaus of Iran and Mesopotamia and
the Persian Gulf with a northwest-southeast orientation



from eastern Turkey to southwestern Iran, a mean elevation
of 1,200m above sea level (asl), and the highest peak at
4,231 m asl (Zard Kuh) (HoMKE et al., 2004). Alborz, as an
important segment of the Alpine—Himalayan system, forms
a gently sinuous shape that stretches across the southern
parts of the Caspian Sea (STOCKLIN, 1974). The southern
slopes are confined by the central plateau (STOCKLIN,
1974). Kopet Dagh extends from the eastern borders of
the Caspian Sea to northeastern Iran, Turkmenistan, and
northern Afghanistan (LyBERIS and MANBY, 1999). These
natural walls surround the central parts of Iran and prevent
the infiltration of moisture into the country. Thus, Iran has
various rainfall patterns. Iran is situated in the global arid
zones that obtain very little precipitation (equivalent to 1/3
of the average global precipitation) (SHAKUR et al., 2010).
In addition, Iran is comprised of seven geological zones:
the Khuzestan plain, folded zone, [[ranians, central plateau,
Alborz Mountains, Turkman-Khurasan Mountains, and
Caspian [littoral, and bioclimatic zones (Fig. 1) (DEwAN
and FAMOURI, 1964).

Methodology

A geographic distribution database of Crocus species was
established using records corresponding to 510 stations of
Crocus. These records were provided by a review of Flora
of Iran (Assapr et al., 1999), Flora Iranica (RESHINGER,
1975), the illustrated flora of Golestan National Park
(AkHANI, 2005), Flora of USSR (FEDCHENKO, 1935), Flora
of Egypt (TAckHOLM and DRAR, 1973), Flora of Turkey
and the East Aegean Islands (MATHEW, 1984), Flora of Iraq
(WENDELBO, 1985), Flora of Palestine (DOTHAN, 1986),
Flora of Syria, Palestine, and Sinai (PosT, 1933), and Flora
of Syria (online). Geographic distribution information of
plant specimens was obtained from the review of several
herbaria, i.e. Herbarium of Shadid Beheshti University
(HSBU), Tehran University Herbarium (TUH), Ferdowsi
University of Mashhad Herbarium (FUMH), personal
Herbarium of Dr. Akhani, Herbarium of Hakim Sabzevari
University, Herbarium of Payame Noor University of
Sari, and Virtual Herbaria of Wien: http://herbarium.
univie.ac.at/database/search.php and iNaturalist (https://
inaturalistorg) and collected in field studies conducted
between 2012-2018.

Ecological factors (e.g., latitude, longitude, and
altitude) for some plant samples without geographic
coordinates were provided by Google Earth ver. 5.1. The
collected data was analyzed using multivariate techniques,
i.e. principal component analysis (PCA) by PAST software
(HAMMER et al., 2001).

ArcGIS (Esri, 2000) was used to analyze the
distribution patterns and assess conservation priorities.
Mapping analyses were conducted per 0.25° x 0. 25°
universal transverse Mercator grid cells (25 km? with the
exception of boundary area).

Formations of Iranian plant communities were
classified based on FREY and ProBsT (1986) and ZOHARY
(1973). Assessment of conservation status was based on
the IUCN Red List at the regional scale (Iucn, 2011). The
conservation value included the index of species rarity in

the study area (RI) based on WiLLIAMS et al. (1996) and the
index of species distribution (SDI) based on TsIFTsIS et al.
(2009) and was calculated as: RI = 1/ Ci, where Ci is the
number of grid cells and 1 is the number of present taxa.
The SDI was calculated as SDI =1- Ci / C, where C is the
total number of grid cells. The species specialization index
(SSI) based on geological, geomorphological, and climatic
features was calculated based on DoLEDEC et al. (2000).
The SSI=1-7i /T, , where Ti is the tolerance (%) of
ith species, and 7 _is the maximum value of species
tolerance (%) recorded. Species with SSI < 0.5 have the
highest conservation value.

Results

In the flora of Iran, the genus Crocus L. is represented by 9
species belonging to the sections Crocus (i.e. C. gilanicus,
C. haussknechtii, and the cultivated species C. sativus) and
Nudiscapus Mathew (i.e. C. almehensis, C. cancellatus,
C. biflorus, C. caspius, C. michelsonii, C. speciosus)
(MATHEW, 1982).

Accordingtothecurrentresults, these taxaaredistributed
in diverse geomorphologic units of Iran as follows: C.
almehensis in the restricted zones of Almeh (northwest);
C. biflorus in the eastern zones of Alborz, western zones
of Kopet Dagh, and northern Zagros; C. cancellatus in
northern and central Zagros; C. caspius in central Alborz;
C. gilanicus in western Alborz; C. haussknechtii in central
Zagros; C. michelsonii in Kopet Dagh; and C. speciosus
in the western zones of central Alborz and eastern Alborz.
Moreover, C. sativus is cultivated widely in various areas
of Iran (Fig. 2). Crop wild relatives in other zones of the
Middle East are distributed especially in the Caucasus
and Nakhichevan regions (C. speciosus), south-western
zones of Syria and east of Lebanon (C. haussknechtii), the
Kopet Dagh mountain of Turkmenistan (C. michelsonii),
the Zagros mountains of Iraq, and the Taurus mountains of
Turkey (C. cancellatus), and the south and center of Turkey
(C. biflorus) (Fig. 3a).

The highest richness of Iranian Crocus species is
centered in 36°-38° geographical latitudes in the Alborz
Mountains. Species occurrence varied from 1 to 4 per grid
cell (Fig. 3b).

These taxa are distributed in 200 of 624 grid cells as
follows: C. almehensis (3), C. gilanicus (6), C. biflorus (13),
C. michelsonii (9), C. cancellatus (27), C. caspius (27), C.
haussknechtii (35), C. speciosus (28), and C. sativus (112).
However, species distribution on the basis of geographical
latitude is as follows: C. almehensis 37°-38°, C. biflorus
34°-40°, C. cancellatus 29°-38°, C. caspius 36°-38°, C.
gilanicus 36°-38°, C. haussknechtii 28°-37°, C. michelsonii
37°-38°, C. speciosus 33°-39°, and C. sativus 28°-39°.
These taxa are mainly distributed in Alborz (North and
North west), Kopet Dagh (North east), and Zagros (West),
respectively (Fig. 2j).

The elevation patterns of the taxa can be classified
as alpine (>2,500 m), sub-alpine (1,200-2,500 m), and
mountain slopes-to-lowlands (<1,200m) (Karos et al.,
2000). However, many taxa show transitional habitats
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Fig. 2. Continued. Distribution patterns of Crocus taxa in Iran: a) C. almehensis (%), b) C. biflorus (x), ¢) C. cancellatus (m), d)
C. caspius (@), e) C. gilanicus (m), f) C. haussknechtii (®), g) C. michelsonii (%), h) C. speciosus (®), i) C. sativus (), j) all 9

and occupy all three zones. The altitudinal distribution
of species in Iran is as follows: C. almehensis 1,600 to
2,165m, C. biflorus 130 to 2,258 m, C. cancellatus 667
t0 2,900 m, C. caspius —23 to 1,873 m, C. gilanicus 200 to
2,500m, C. haussknechtii 667 to 3,127m, C. michelsonii
1,035 to 2,300m, C. speciosus 250 to 2,500m, and C.
sativus —21 to 2,231 m; in the Middle East, it is as follows:
C. biflorus 129 to 3,196 m, C. cancellatus 215 to 2,900 m,
C. caspius 23 to 1,873m, C. haussknechtii 215 to
3,127m, C. michelsonii 1,035 to 2,300 m, C. speciosus 247
to 2,500m, and C. sativus —21 to 3,428 m. Two species, C.
gilanicus and C. almehensis, are endemic taxa in Iran that
occurr at 36°-38° N latitude and 200 to 2,500 m elevation.
PCA analysis was used to determine the influence of
ecological factors (longitude, latitude, and altitude) on
species distribution. The analysis results revealed that
altitude is an important factor in the distribution pattern
of wild Crocus species (especially C. almehensis) in Iran
(Fig. 4).

Geology is highly effective for the delimitation
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of ecosystems and analysis of distribution patterns
(PARENTI and EBAcCH, 2009). These taxa are distributed
in sedimentary, igneous, and metamorphic rocks and
quaternary deposits (simplified geological map of Iran
www.ngdir.ir). In addition, they are distributed in diverse
geomorphological units of Iran, including the northern,
northwestern, northeastern, and eastern regions of Iran.
However, C. almehensis and C. gilanicus as endemic taxa
are distributed mainly in sedimentary rocks. C. biflorus
is found in quaternary deposits and sedimentary rocks,
C. cancellatus and C. haussknechtii in sedimentary and
metamorphic rocks, C. caspius and C. michelsonii in
sedimentary rocks, and C. speciosus in sedimentary and
igneous rocks.

Rare taxa show a greater extinction risk than common
taxa in similar ecological conditions (JOHNSON, 1998;
MarTHIES et al., 2004) because of their high sensitivity
to demographic and environmental events (BOYCE,
1992). Rare species (C. almehensis, C. gilanicus, and C.
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Fig. 3a. Distribution pattern and b. The richness map of Iranian Crocus species in the Middle East.

michelsoni) cover about 33.33% of the Iranian Crocus
species (Table 1). All of these species are distributed in
similar geological units (sedimentary rocks) and occurr
between 200 and 2,500 m.

The Crocus genus in the Middle East is found mostly
in the Irano-Turanian region (Holarctic kingdom) in the
western zone, Saharo-Arabian region (Holarctic Kingdom)
in the northern zone, and the Mediterranean region in the
eastern zone.

Determining diversity centers of Iranian Crocus is
one of the basic essentials in determining the highest
conservation priorities. The values of the Index species
distribution are C. almehensis (0.004), C. gilanicus (0.009),
and C. michelsonii (0.01), respectively. C. almehensis and
C. gilanicus are two endemic species that are found mostly
in similar geological units (sedimentary rocks) of Almeh
Mountains and western Alborz, respectively. Based on
geological, geomorphological, and bioclimatic features
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(Fig. 1), C. almehensis, C. gilanicus, and C. michelsonii
with the same SSI (0.38) and C. caspius (SSI = 0.48) have
the highest priority for conservation, respectively (Table 1).

Table 1. Rarity and habitat-specificity of studied taxa in Iran.
SDI, Index of species distribution; SSI, Species specialization
index

Species SDI SSI

C. almehensis 0.004 0.38

C. biflorus 0.02 1.13

C. cancellatus 0.04 0.78

C. caspius 0.04 0.48

C. gilanicus 0.009 0.38

C. haussknechtii 0.05 0.78

C. michelsonii 0.01 0.38
C. speciosus 0.04 1

C. sativus 0.17 1.65

Discussion

This study is the first to investigate the distribution
patterns of Crocus species in Iran based on the geographic
information system (GIS). According to PETERSEN et al.
(2008) and Peruzzi and Carta (2011), the genus Crocus
L. consists of about 100 recognized species throughout
the world. These taxa occur from Western Europe and
northwestern Africa to western China with the center of
species diversity being in Asia Minor and on the Balkan
Peninsula (HARPKE et al., 2003). The Crocus genus in
Iran comprises 9 species that are distributed especially
in the mountainous habitats of Alborz (North and North
west), Kopet Dagh (North east) and Zagros (West). The
most important distribution centers of the Iranian Crocus
species in the Middle East are central and southern Turkey,
NE Iraq, NE Armenia, SE Azerbaijan, E Lebanon, SW and
NW Syria, and the Caucasus and Nakhichevan regions.
The Crocus is known mainly for the precious aromatic and
medicinal cultivated species, C. sativus (saffron), which
is of prime economic importance. There are different
opinions about the origin of saffron. This species probably
originated in Iran and Greece, from where it later spread to
India, China, the Mediterranean Basin, and Eastern Europe
(TamMmARO, 1987; NEGBI, 1999). VaviLov (1951) proposed
the Middle East (Asia Minor, Turkestan, and Iran) as the
center of the origin of saffron. The ancestor of C. sativus
is still in question. For example, based on morphological,
cytological, and molecular analyses, LARSEN (2011)
considered C. cartwrightianus Herb. as the most probable
ancestor of C. sativus. ZUBOR et al. (2004) found that C.
sativus shares a high number of morphological similarities
with C. cartwrightianus and C. thomasii Ten. According
to GriLLI CaroLa et al. (2004), C. cartwrightianus, C.
hadriaticus Herb., C. asumaniae B. Mathew & T. Baytop.,
and C. pallasii Goldb. share the most similar fragments

with C. sativus. However, based on the molecular study of
Iranian Crocus species (SHEIDAI et al., 2018), C. pallasii
is closely related to C. sativus.

The combination of a wide geographical range and
the presence of dispersed populations make it possible
for a plant species to harbor a vast amount of genetic
variability; this genetic richness can be present in the
form of either allelic variability or allelic uniqueness
of some populations (PETIT et al., 1998). On the other
hand, extensive selection and uniform breeding practices
can bring about genetic erosion and lower the genetic
variability of crop plants (Poczal, 2011). Wild relatives
of important crop plants may contain useful genes that can
be introduced to a crop plant that has been under selection
pressure for a long time. Due to the high cross-ability
potential among Crocus species, there are possibilities
of transferring useful genes in these taxa. In a molecular
study of Iranian Crocus species (SHEIDAI et al., 2018),
the studied populations were highly variable in respect to
flower coloration due to intensive gene-exchange between
genotypes. Therefore, it is suggested that the considerable
genetic resources found in different Crocus species could
be used to genetically improve C. sativus. Based on this
data, it seems necessary to study the conservation status of
wild Crocus species.

The Irano-Turanian and Mediterranean regions (TAKH-
TAJAN, 1986; ZoHARY, 1973) show higher diversity and
endemism than adjacent areas (SAyaDI and MEHRABIAN,
2016). These centers encompass the richness of endemic
monocotyledons in Iran (MEHRABIAN et al., 2015). C.
almehensis and C. gilanicus are two endemic Crocus
species in Iran that occur at altitudes of 200 to 2,500 m
and create a sensitive conservative zone along this
elevation gradient. It is predicted that altitude affects
the distribution patterns of wild plants with extremely
small populations (CHEN et al., 2014). Furthermore, it is
suggested that altitude is the most important determining
factor of endemic species distribution patterns (BACARO
et al., 2015). The results of the present study revealed
that altitude is an important factor in the heterogeneity of
distribution patterns of wild Crocus species in Iran.

Geology is highly effective in the delimitation of
ecosystems and analysis of distribution patterns (PARENTI
and EBAcH, 2009). The endemic zones of the Crocus
genus in Iran are situated mainly in sedimentary rock.
Furthermore, two species, C. michelsonii and C. caspius,
that are distributed more in Iran than in adjacent areas,
are situated in the same geology. Geological evidence
confirms the obtained results by Rechinger regarding
soil’s role in the creation of high endemism in Iran
(HEDGE and WENDELBO, 1978). Iranian Crocus species in
the Middle East show a slight decrease from the Iranian
plateau (SCHONBECK-TEMESY, 1972) to the Anatolian
plateau (Savapr and MEHRABIAN, 2016) and extend to the
Golan Heights (Fig. 3).

According to the current results, three taxa (33.3%)
of Iranian Crocus species (C. almehensis, C. gilanicus,
and C. michelsonii), with 3 to 9 populations, are the most
threatened (critically endangered and endangered) taxa
of ITranian Crocus species in the Middle East. A high
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percentage of threatened species are situated in the western
Alborz Mountains in Iran and in Kopet Dagh. There
are several threatening factors (e.g., land-use change,
deforestation, and overgrazing) (AkHANI et al., 2010;
JAFARI, 2010; MEHRABIAN, 2014) that put serious pressure
on the habitats of these species. Providing a conservation
plan for the protection of endangered species is necessary.
Ex-situ methods can be used for the conservation of
Crocus species (FERNANDEZ et al., 2011).

The present study established the most important
centers of diversity of the Iranian Crocus species in the
Middle East. Based on these results, the Iranian Crocus
species are widely distributed at altitudes up to 2,900 m.
The highest richness of species among the geographical
latitudes in the Middle East is at 36°—38°. Environmental
factors play an important role in the distribution patterns of
Iranian Crocus species (TaBasi et al., 2015). In this study,
two ecological factors (altitude and longitude) were found
to be the most important factors in the distribution patterns
of these species.

Wild relatives of Crocus sativus are useful to saffron
improvement as sources of a variety of valuable traits
(KHOURY et al., 2010). Among the wild Iranian Crocus
species, C. pallasii is closely related to C. sativus (SHEIDAI
et al., 2018). This species should be clearly mapped for
the selection of important zones as possible plant micro-
reserves (HEywoop and Durro, 2005) and genetic
reserves in Iran and the Middle East.

Assessing the conservation status of the plant taxa is
apreliminary step inmanaging plants and selecting priorities
for conservation. The threated Iranian Crocus species in
the Middle East, based on SDI (33%) and SSI (44%), are
distributed mainly in Irano-Turanian phytochorion and
below an altitude of 2,500 m, which is a sensitive zone and
must be included in conservation plans. C. almehensis and
C. gilanicus (two Iranian endemic species) are considered
to be threatened species on the regional scale of Iran. C.
michelsonii with a restricted distribution in northeastern
Iran and southern Turkmenistan (in Kopet Dagh zone) and
C. caspius in the north of Iran, southeastern Azerbaijan,
and Caucasus are critically endangered on the global scale.

Myers (1988, 1990) has classified hotspots for
regions with specific concentrations of species richness,
restricted endemics, and threatening factors. The factors
considered for selection as priorities for conservation
are as follows: species richness, rarity, endemism, and
habitat-specificity. When resources for conservation
are limited, the identification of priorities plays a key
role in conservation (MYERS et al., 2000; BRummITT and
LUGHADHA, 2003). According to the current results, high-
density biodiversity centers of the Iranian Crocus species
are located in the northeastern and eastern Middle East. The
highest richness of Iranian Crocus species occurred in the
Alborz Mountains. Based on endemism, the mountainous
ecosystem of Almeh and Western Alborz (located in
Iran), as important distribution centers of Iranian Crocus
species in Irano-Turanian region, should be included in
conservation priorities. Based on habitat-specificity, the
SSI for Iranian Crocus species ranges from 0.38 (Kopet
Dagh and Western Alborz) to 1.65. Iranian Crocus species
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with SSI < 0.5 have the highest conservation value (Table 1).

Climate change and several threatening factors
(excessive harvesting, habitat destruction, livestock
grazing, etc.) (JAFARI, 2010) in Iran put considerable
pressure on the habitat of threatened Crocus species.
It is necessary to design a conservation plan in order to
protect these species. Ex-situ methods can be used for the
conservation of Crocus species (FERNANDEZ et al., 2011) as
complementary to in situ protection. These achievements
provide valuable data which can be used to manage the
endemic, rare, crop wild relatives of Crocus and prioritize
habitats and geographical zones to design conservation
plans for Iranian Crocus species in the Middle East.
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