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This review presents the first [UCN Red List of 100 vascular plant species endemic to Lebanon.
The taxa were assessed using the [UCN guidelines and criteria to evaluate their conservation status.
Assessed taxa are either endemic to the coast of Lebanon, the Beqaa, the mountain ranges of Mount
Lebanon, Anti-Lebanon and Mount Hermon. Most of the species assessed were in the Endangered
category (54), followed by the Vulnerable (20), Critically Endangered (16), Least Concern (7),
Near Threatened (2) and Data deficient (1). The rarity of these endemic taxa was illustrated by the
fact that 29% had an AOO inferior or equal to 20 km?. Unregulated urbanisation, road construction,
quarries, forest fires and overgrazing constituted the main causes for the decrease of many endemic
species. Most of the threatened taxa occurred in rocky habitats, woodlands and shrublands of the
supra (20), montane (36), oro-Mediterranean (28) belts. Around 81% and 70% of the taxa respec-
tively listed as CR and EN were located in the montane and oro-Mediterranean belts. Only 2 taxa
occurred in coastal habitats and only 8 were related to wetlands. Thirty-five of the threatened taxa
were included in at least one protected area, while 17 were present in two protected areas. Mount
Hermon hosted 17 threatened taxa, followed by Horsh Ehden (9), Jabal Moussa (8), Chouf
Biosphere (7), Tannourine (6), Ehmej el-Dichar (3), Ras Chaqaa (1) and Yammoune (1). The dis-
tribution of the threatened taxa within protected areas highlighted the fact that some habitats are
underrepresented in the network of natural reserves in Lebanon. High plateaus of the oro-
Mediterranean belt over 2000 m were the less protected habitats. The regions of Mounts Makmel,
Mneitre, Sannine and Kneisse particularly lacked protection, as well Anti-Lebanon range. These
areas should be targeted in priority for conservation actions such as the creation of protected areas.
Due to the limited size of the country and its high density in human population, most of the threats
are widespread but vary depending on the altitudinal belt.
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There is currently a global crisis on biodiversity with the sixth mass extinction threat-
ening an important number of species due to the direct or indirect impacts of human activ-
ities (Ceballos & al. 2015; Torres-Romero & al. 2020). Red Lists have become an essential
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reference prior to the establishment of conservation strategies (Brummit & al. 2008; Betts
& al. 2020) and the role of the International Union for Conservation of Nature’s (IUCN)
Red List of Threatened Species has become fundamental as it brought the scientific com-
munity to use comparable standardised system to estimate the vulnerability of species and
to quantify their risks of extinction (Possingham & al. 2002). It also encourages the com-
pilation of important amount of data about each species (Rodrigues & al. 2000).

The Mediterranean Basin, a region that simultaneously shelters exceptional concentra-
tions of endemic species and experiences a high rate of loss of habitat, was considered as
one of the global hotspots (Myers & al. 2000; Cuttelod & al. 2008). Located in the eastern
Mediterranean, Lebanon consists of a local hotspot for biodiversity (Médail & Quézel
1997; Verlaque & al. 1997). The flora of Lebanon consists of 2612 specific and subspecific
taxa. Lebanese exclusive taxa (strictly endemics) are 154 (Tohmé & Tohmé 2014). The
efforts to catalogue the floral diversity of Lebanon to identify the areas of high floristic
diversity and endemism where the conservation effort should concentrate (Bou Dagher-
Kharrat & al. 2018; El Zein & al. 2018), the construction of a Red List of threatened plant
species for the country constitute another essential tool for practitioners. This paper focus-
es on the conservation status of the vascular endemic species of Lebanon.

Materials and Methods

Data

In addition to the knowledge of the authors and local experts involved in conservation, data
about the endemic species was collected actively between 2012 and 2020: The herbarium sam-
ples collected during the 19% and 20™ centuries gathered in bibliographic references (Mouterde
1966, 1970, 1984) gave precious indications about the occurrences of endemic species in the
country. The historical localities reported from the samples were visited in priority to verify if
the populations were still extant. The field observations allowed the update of most of the his-
torical information. When the plants were not observed during exploration, the most recent ref-
erence for species occurrences in Lebanon was used (Tohmé & Tohmé 2014). Taxonomy was
updated in accordance with the International Plant Names Index (INPI 2022) and the
Euro+Med Plantbase (2022). The maps were prepared with QGIS software (QGIS
Development Team 2022) using layers available on the DIVA-GIS website (2022).

The targeted species are endemic to Mount Lebanon and/or Anti-Lebanon and/or Mount
Hermon and/or the Beqaa or to the coastal Mediterranean strip. Altitudinal belts were used
to differentiate the zonation of the vegetation in Lebanon. They were defined based on the
work of Abi-Saleh (1982): coastal-Mediterranean is the belt influenced by the
Mediterranean Sea, thermo-Mediterranean is located between the coast and 500 m, meso-
Mediterranean between 500 to 1000, supra-Mediterranean between 1000 to 1600 m, mon-
tane-Mediterranean between 1600 and 2000 and oro-Mediterranean above 2000 m. The
protected areas include the nature reserves and the nature sites under the protection of the
Ministry of Environment of Lebanon (MoE-UNEP-GEF 2016).
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Red Listing

The International Union for Conservation of Nature (IUCN) Red List categories and
guidelines (2022) were the reference used to evaluate the conservation status of the endem-
ic species. Seven categories were used to define the species: Extinct (EX), Critically
Endangered (CR), Endangered (EN), Vulnerable (VU), Near Threatened (NT), Least
Concern (LC) and Data Deficient (DD). Among the five criteria, B (geographic range) and
D (very small or restricted population) were used as they were based on data related to geo-
graphic distribution, which was available for most of the taxa. The number of subpopula-
tions, number of locations, the extent of occurrence (EOO) and the area of occupancy
(AOOQO) were calculated for each taxon. The calculation of the EOO and AOO, two key
parameters for the evaluation of the geographic range of the species, was carried out using
the GeoCAT software (Bachman & al. 2011). The EOO is estimated by using the minimum
convex polygon method which is the area that encompasses all the occurrences of a taxon
in the shortest boundary. The AOO is calculated by summing the number of cells occupied
by individuals in a grid of 1 x 1 km. The use of criteria A and C was not possible because
data about temporal trends of the species’ populations was not available.

In addition to the collection of occurrences of the taxa, the different threats affecting them
and their habitats were identified. During several explorations in the same sites, the impacts on
the vegetation were observed. For instance, some species had disappeared after the repeated
passages of the herds. Depending on the intensity of the grazing and the palatability of the
plants, some species would be eaten before having been able to flower or make seeds and others
would have been extirpated from the site by the degradation of their habitats due to heavy tram-
pling and soil destruction. Another example is the total eradication of the natural habitats which
was observed frequently in many localities due to the construction of buildings, the creation of
quarries or the levelling works for the establishment of agricultural terraces. The threats result
in the continuing decline of area extent, quality of habitats and number of individuals. Some
species are more fragile than others and don’t recover properly after being disturbed. Others
have a limited capacity of dissemination with reduced seed production. This information was
noted attentively to determine the severity of the impacts of the threats on each species as
defined by the guidelines of IUCN. Based on the mapping of the species to understand their
distribution and the ability of their pollen to be disseminated, the fragmentation of the popula-
tion was estimated. The data collected about the threats also allowed the calculation of the num-
ber of locations for each species. These data are necessary to fulfil the conditions a, b and ¢ of
criterion B and to determine the IUCN status.

Threats by altitudinal belts

The presence of the threats affecting the endemic plants was represented by altitudinal
belt. For each taxon, the threats were ordered by severity (Electronic Supplementary File
1: Table S1). For example, some species are primarily affected by urbanisation and sec-
ondarily by overgrazing. The three first threats were considered for each species. Using the
altitudinal belt on which each species occur, the extend of the threats per altitudinal belt
was represent in a histogram. The complete references to these assessments published
online are included in the ESF1.
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Results

Over the 100 endemic taxa assessed, 90 were listed under a threatened category, namely 20
as VU, 54 as EN and 16 as CR. Two species were listed as NT, seven as LC and one as DD.
The most used criteria to assess their conservation status were Bl and B2 as the most reliable
information available about the taxa was their distribution. The fieldwork yielded a total of
961 observations that could be directly used to map the distribution of the taxa and calculate
their AOO and EOO. Twenty-nine species had an AOO inferior or equal to 20 km? and there-
fore considered as narrow endemic. Thirty-nine taxa had an EOO inferior to 200 km?.

Odontarrhena libanotica (Nyar.) Spaniel, Al-Shehbaz, D.A.German & Marhold was the
only species that was listed as DD as it could not be observed during fieldwork and was
not even reported from recent bibliographic references (ESF 1: Table S1). The recent field-
work allowed the rediscovery of one plant species that was considered possibly extinct,
Hieracium kneissaeum Mouterde listed as CR. The population was estimated of 436 indi-
viduals in Mount Kneisse where it is threatened by the intensification of grazing.

Most of the threatened endemic taxa (83) occurred over 1200 m asl in rocky habitats,
woodlands and shrublands of the supra (20)/montane (36)/oro-Mediterranean (27) belts, while
two species, Matthiola crassifolia Boiss. & Gaill.and Gagea dayana Chodat & Beauv. were
found in coastal habitats. Only 8 species were related to wet habitats, such as Alchemilla
diademata Rothm., Eleocharis macrantha Boeckeler and Stachys hydrophila Boiss.

Threats

The most common threats were urbanisation, overgrazing, quarrying and agriculture as they
destroy the species and their habitats, affecting respectively 48%, 40%, 40% and 26% of the
taxa. Logging, forest fire and dam construction constituted threats that directly impacted par-
ticular taxa or/and their habitats. Collection of plants and reforestation are threats that target par-
ticular species. The importance of the threats varies depending on where species occur across
the altitudinal belt (Fig. 1). For instance, lower altitude habitats are intensely impacted by
urbanisation which includes the construction of houses, commercial buildings and roads, while
high plateaus located above 2000 m of altitude are heavily impacted by overgrazing.

The two significant past threats that have affected several locations at high altitude were
the construction of ski resorts in Mount Lebanon (Bcharre, Laglouq, Faraya, Zaarour) and
Mount Hermon (on the Israeli-occupied slopes) and their associated touristic housing, as
well as the construction of dams (Janne on Nahr Ibrahim river, Bqaatouta on Nahr el-Kalb
river, Hamat and Chatin on Nahr el-Joz river). However, these threats could occur again in
the future. Climate change is a general threat impacting all taxa at all altitudinal belts. It
was considered as a future threat to the taxa occurring below 1600 m of altitude. The taxa
occurring over 1600 m of altitude and those occurring in wetlands were considered more
vulnerable to warming and drought events. Although primarily affected by quarrying,
urbanisation and agriculture, wetland plants like Alchemilla diademata might disappear
with the intensification of drought events as they totally depend on water.

Presence in protected areas
Only 35 of the threatened taxa were present in at least one protected area, which includ-
ed one species listed as CR, 21 as EN and 13 as VU. Seventeen taxa were present in 2 pro-
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Fig. 1. Threats affecting the 100 assessed endemic taxa in Lebanon according to the
altitudinal belt.

tected areas, including 3 species that have their entire distribution included in protected
areas, namely Allium feinbergii Oppenh., Cephalaria cedrorum Mouterde and Salvia pey-
ronii Boiss. Allium feinbergii was assessed as LC and occurs at the oro-Mediterranean in
the nature reserves of Shouf Biosphere and Mount Hermon. Climate change constitutes the
most important threat in this context. Cephalaria cedrorum was assessed as VU and occurs
uniquely at the montane-Mediterranean in Shouf Biosphere. Salvia peyronii was assessed
as CR and occurs in the nature site of Jabal Moussa at the supra-Mediterranean where it is
threatened by over-grazing and forest fires (Fig. 2). Mount Hermon is the protected area
that hosted the highest number of threatened taxa with 10 taxa listed as EN and 7 as VU.
This is due to the fact that it is the only protected area located in the oro-Mediterranean
belt. The other protected areas sheltering threatened taxa in descending order are Horsh
Ehden with 9 threatened taxa, followed by Jabal Moussa (8), Shouf Biosphere (7),
Tannourine (6), Ehmej el-Dichar (3), Ras Chagaa (1) and Yammoune (1). Many regions
lacking protection are located on the coast, in the east of the country in Anti-Lebanon, and
in the north of Mount Lebanon, such as Makmel, Mneitre, Sannine and Kneisse (Fig. 3).
Other examples of unprotected taxa are Astragalus kurnet-es-saudae Eig, Matthiola cras-
sifolia Boiss. & Gaill and Senecio bertramii Post. Astragalus kurnet-es-saudae occurs at
the oro-Mediterranean in North Lebanon and is CR. Matthiola crassifolia is a coastal
species assessed as EN and threatened by intense urbanisation. Senecio bertramii was
assessed as CR and occurs at the montane-Mediterranean in North Lebanon.
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Fig. 2. Illustration of protected and unprotected Lebanese endemic plant species. A : Allium fein-
bergii Oppenh. is Least cornerned (LC) and occurs at the oro-Mediterranean in the nature reser-
ves of Shouf Biosphere and Mount Hermon; B: Astragalus kurnet-es-saudae Eig is Critically
Endangered (CR), occurs at the oro-Mediterranean in North Lebanon and is currently unprotec-
ted; C: Cephalaria cedrorum Mouterde Vulnerable (VU) occurs at the montane-Mediterranean
in Shouf Biosphere; D: Matthiola crassifolia Boiss. & Gaill is Endangered (EN), occurs at the
coast and is unprotected; E: Salvia peyronii Boiss. is CR and occurs in the nature site of Jabal
Moussa at the supra-Mediterranean; F: Senecio bertramii Post is CR, occurs at the montane-
Mediterranean in North Lebanon and is unprotected. Photos by H. El Zein.
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Fig. 3. Map showing the distribution of the taxa assessed as Endangered and Critically Endangered
in Lebanon as well as the protected areas.

Discussion

Threats are often specific to specific altitudinal belts and habitat and do not affect the
taxa equally. For example, urbanisation has massively been affecting natural habitats from
the coastal to the supra-Mediterranean belts. The construction of roads and buildings and
the creation of quarries irreversibly destroy the vegetation and constitute the most important
threat at the national level. Lebanon was classified as the ninth most populated country in
the world (World Population Review 2022) explaining the intensity of the anthropic activi-
ties and their impacts even in remote areas. Meanwhile, the lack of national coordinated
spatial planning for urbanisation is considered as another parameter responsible for the loss
of biodiversity (Masri 1997). The destruction of ecosystems by quarries is widespread in the
country (Darwish & al. 2011) and durably threatens numerous species such as Atocion
reuterianum Boiss. & Blanche and Rhododendron ponticum var. brachycarpum Boiss.

Overgrazing is a widespread threat that has slow but significant impacts over time. Due
to the increase of urbanisation, the rangelands have been reduced and restricted to the
remaining non-urbanised areas. In summer, this activity is essentially concentrated in the
montane and oro-Mediterranean belts and the size of the flocks are larger, resulting in an
intensification of pressure on the natural vegetation to feed the goats. The vegetation is
heavily affected and the reproduction cycles, such as the production of flowers and seeds,
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are directly impacted. Seedlings and young trees are systematically eaten, preventing the
regeneration of the forests. Meanwhile the soils are trampled by repeated passages, leaving
the soil bare of vegetation and increasing the erosion phenomenon due to rainfall runoffs.

Logging directly impacts the two endemic oak tree species Quercus kotschyana O.
Schwarz and Q. look Kotschy. Forest species are inescapably the victims of fire, such as
Cyclamen libanoticum Hildebr. that has been severely threatened by the fires that occurred
in 2017 in the area of Jabal Moussa. Collection of plants mainly targets bulbous species
with ornamental value, especially irises, such as /ris cedreti Dinsm. ex Chaudhary and 7.
sofarana Foster. Reforestation affects species for which other threats were minimised
thanks to their presence in protected areas. Cephalaria cedrorum is an interesting case as
it grows at the cedar altitudinal level in open areas and is threatened by the thick shade
resulting from tree plantation.

Climate change manifesting through drought events was here considered as a future
threat that will affect all the species. However, many changes have already occurred over
the past 40 years and impacted the Mediterranean terrestrial biodiversity and ecosystems
faster than other areas of the world (Hassoun & al. 2020; Guiot & al. 2021). Around 48%
of the Mediterranean wetlands were lost between 1970 and 2013 which also impacted on
the animals living in these habitats threatening 36% of them with extinction. Moreover, ter-
restrial biodiversity, forest productivity, freshwater ecosystems and agrosystems will be
negatively impacted by decreased precipitations, changes in biological communities as a
result of harsher environmental conditions, and a decrease of biological processes such as
nutrient uptake, primary production, or decomposition. Another response to climate
change will be the extension of drylands (Hassoun & al. 2020; Guiot & al. 2021). The
ecosystems of the southern Mediterranean are particularly at risk of fragmentation or dis-
appearance due to anthropic activities such as urbanisation, agriculture, overexploitation
of firewood and overgrazing. For the taxa occurring above 2000 m of altitude, the drought
and warming events were considered as current threats as there already have been changes
in the average temperature and amount of precipitation. Mediterranean mountains are frag-
ile ecosystems that are currently facing climate change more intensely than other non-
Mediterranean ranges (Bravo & al. 2008), especially the vegetation of the oro-
Mediterranean belt that is more vulnerable (Rosbakh & al. 2017). It is happening through
reduction of snow cover, soil fertility and water availability. The changes are fast and the
species located at the highest level of the mountains cannot migrate to a higher altitudes.
Even coastal species and habitats will be impacted by the imminent sea-level rise (Snoussi
& al. 2008; Castillo & al. 2022).

The threats to plant diversity in Lebanon are similar to those dominating globally, which
are habitat loss, overexploitation and climate change (Corlett 2016). Habitat loss includes
conversion of natural or semi-natural habitats into agriculture, pastures, quarries or
urbanised areas. Invasive plant and animal species, causing competitive exclusion of
native species or destroying native vegetation, are widespread threats at the global scale
that seem relatively of minor importance in Lebanon.

These assessments constitute the first step towards the evaluation of the conservation
status of the Lebanese flora. The list of 100 taxa reflects the national scientific efforts car-
ried out for years to explore the country and identify the threats and their impact on the
flora. Emphasis was made on endemic species as they represent relevant natural patrimony
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and the most fragile taxa due to their restricted distribution (Callmander & al. 2005). As
presented by other studies of Ethiopia, Eritrea, Cape Verde and Italy (Vivero & al. 2006;
Romeiras & al. 2016; Orsenigo & al. 2018; Fois & al. 2022), the focus on the endemic
flora gives an interesting perspective for conservation. Although this red list is quite rep-
resentative of the trend of the anthropogenic disturbances on the endemic taxa, not all the
species were yet assessed and other Levantine endemic taxa are currently being evaluated.
Many other species, although not endemic, are rare at the national scale or have ecological
significance. Their status need to be assessed to better evaluate the threats affecting them.
A national red list is of high importance to understand the patterns of threats and their
regional variations (Venter 2006). The next assessments will include more endemic and
non-endemic taxa and will allow a more accurate definition of the priority areas for con-
servation in the country. The red listing process needs to be constantly updated considering
the current pace of the anthropic disturbances and the climatic changes. Protected areas in
Lebanon should include the most threatened taxa and their related habitats to reverse the
erosion of biodiversity. In the future and following long term conservation actions, we
might hopefully be able to use the [UCN Green List of species, a new tool that measures
species recovery and conservation success across their indigenous range (IUCN 2021).
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