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Abstract

Salvia josetta, a new species of Lamiaceae, is described and illustrated. The species was discovered in 2018 from the district
of Danniye, North Lebanon. We collected samples each year and prepared herbarium specimens. By comparing our samples
with the already known taxa in the genus Salvia, through morphological descriptions and herbarium specimens, we estab-
lished that they belong to a species new to science. This new species grows in openings within pine woodlands on brown
soil developed from limestone and sandy bedrocks. Following the guidelines and criteria of the International Union for the
Conservation of Nature (IUCN)), it is assessed as critically endangered, based on its limited distribution area (0.02 km?) and
the threats impacting the site where it was found, namely illegal logging, forest fires, and quarrying. The morphological
characters are compared with two similar species, Salvia fayruziana from Lebanon and Salvia veneris from Cyprus.

Key words: Levant, endemic, Mediterranean, pine woodland

Introduction

Salvia is a genus with around 900 species distributed in various regions: Central America (320 spp.), South America
(210 spp.), the Mediterranean (250 spp.), Eastern Asia (90 spp.) and Southern Africa (30 spp.) (Alziar 1988, 1989a,
1989b, 1991, 1992, 1993; Walker & Sytsma 2007). Instead of the typical four stamens present in other members of
the tribe Mentheae, the genus Salvia is characterised by having the two posterior stamens aborted. The thecae of the
two expressed stamens are separated by an elongated connective. The elongation of this staminal connective allows
the formation of the lever mechanism of pollination (ClaBen-Bockhoff et al. 2004; Walker & Sytsma 2007). The
inflorescence in the genus Salvia is called verticillaster and consists of an opposite condensed cyme arranged around
an axis like a true verticil.

The most widely accepted classification separates the genus into fourteen sections, nine of which are distributed
in the Old World and five in the New World (Bentham 1832). The species belonging to the section Aethiopis Bentham
present following characters: biennial or perennial herbs with a tubular or campanulate calyx; the upper lip of the
calyx is straight at the fruiting stage; the upper lip of corolla is more or less falcate; the corolla tube lacks a ring of
hairs; the staminal connective is longer than the filament; the arms are unequal, with the shorter one being more or less
dolabriform (Tutin et al. 1972; Walker & Sytsma 2007; Celep 2010; Celep & Dogan 2023).

In Lebanon, the genus Salvia includes 20 species: S. bracteata Banks & Sol., S. ceratophylla L., S. fairuziana
R.M.Haber & Semaan, S. fruticosa Miller, S. hierosolymitana Boiss., S. indica L., S. judaica Boiss., S. microstegia
Boiss. & Bal., S. multicaulis Vahl, S. palaestina Benth., S. peyronii Boiss. ex Post, S. pinnata L., S. rubifolia Boiss.,
S. sclarea L., S. spinosa L., S. syriaca L., S. tomentosa Miller, S. verbenaca L., S. viridis L. and S. viscosa Jacq.
(Mouterde 1984; Haber & Semaan 2004; Tohmé & Tohmé 2011, 2014). Two of them, S. fairuziana and S. peyronii
are strictly endemic to Mount Lebanon. S. judaica is endemic to the Levant and S. hierosolymitana is endemic to the
Levant and Cyprus.

During the botanical expeditions conducted in Wadi Jhannam for the projects “Distribution and Red List Assessment
of the restricted range endemic Jacobaea mouterdei (Asteraceae)” and “Determination of the Floral Diversity and
Conservation Value of the Valleys of Hell with Focus on the Range-Restricted Endemic Jacobaea mouterdei (Arénes)
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Greuter & B.Nord (Asteraceae)”, a previously unseen species of Salvia was discovered in the District of Danniye in
the North Governorate in Lebanon. It was first observed in 2018 and then subsequently collected each year until 2023.
A new species was identified through a comprehensive description of the morphology of these collected specimens.
The newly discovered species, referred to as Salvia josetta, is described and depicted in this study. Furthermore, a
comparative analysis between S. josetta and the closest related species of Sa/via occurring in the region of the Levant is
presented. The distribution of the species, its habitat, flowering and fruiting periods, as well as its conservation status,
are also presented.

Material and methods

Each year since its initial discovery in 2018, numerous specimens featuring both vegetative and reproductive parts of the
species have been gathered. Thorough observations were made regarding the species and its ecological characteristics.
Plant measurements were taken using a graph paper and a centimeter rule. The morphology of this novel taxon was
meticulously juxtaposed with all relevant species mentioned in the literature: the floras of Lebanon and Syria (Post &
Dinsmore 1932; Mouterde 1984; Tohmé & Tohmé 2014), Turkey and East Aegean islands (Davis et al. 1965), Cyprus
(Meikle 1977), Iran (Hedge 1982) and Europe (Tutin et al. 1972), and the recent publications reporting novelties
from the region (Donmez 2001; Haber & Semaan 2004; Hamzaoglu et al. 2005; Behget & Avlamaz 2009; Celep et
al. 2009, 2015, 2020; Ilgim et al. 2009; Kahraman et al. 2009, 2011; Celep & Dogan 2010; Tohmé & Tohmé 2011;
flgim et al. 2023). Specimens of related species from BEI, BR, G and P herbaria (acronyms according to Thiers 2024)
were also compared. Through the detailed analysis encompassing morphology and leaf anatomy of these references
and the collected samples, a new species was distinguished. The descriptions presented follow the terminology used
in the revision of the genus Salvia in the Mediterranean and the Aegean geographic regions of Turkey (Celep 2010).
The geographic distribution was mapped using the QGIS v. 3.22.5 software (QGIS Development Team 2023). The
conservation status of the species was assessed following the criteria B and D and the guidelines of the International
Union for the Conservation of Nature (IUCN 2022), using a cell width of 2 km to estimate the extent of occurrence
(EOO0).

Results

Taxonomy
Salvia josetta H. El Zein, sp. nov. (Figs. 1,2, 3,4, 5, 6. Table 1)

TYPE:—LEBANON. Danniye: Wadi Jhannam, close to the village of Jayroun, 1380 m, 34.426485° N, 036.128039° E, 14 July 2021, fl.,
H. El Zein HELB1220 (holotype: BEI!, isotype: P!).

Diagnosis:—Plant perennial, herbaceous, ¢. 30—80 c¢cm in height. Roots thin, cylindrical, woody, from which several
basal leaves rosettes emerge; each individual forming a clump of one to 20 rosettes. Leaves all basal, ovate to ovate-
oblong, petiolate, 3—10 cm long including petiole, 1-4.5 cm wide, with blade doubly crenate to lobed-crenate margins
and narrowly and asymmetrically cordate base; in the initial stage of development leaves covered with a dense
indumentum of woolly eglandular white hairs along with short glandular hairs on the adaxial surface; as the leaves
develop, wooliness quickly disappearing and leaves gradually becoming villous and then only pubescent with short
and glandular hairs, revealing a verrucose surface; abaxial surface initially woolly, covered with an indumentum of
white eglandular hairs, shorter than the ones on the adaxial surface, along with short glandular hairs, and then becoming
densely pubescent with an assemblage of glandular short hairs with some eglandular white trichomes; petiole 1.5-9
cm long, often as long as the blade or longer, flat, covered with woolly hairs and short glandular hairs at first stage of
development; only pubescent on the sides when mature. Inflorescence widely spaced panicle of 4-6 verticillasters, the
main stem of the panicle usually branched at the two or three first stem nodes, secondary stems shorter than the main
axis, sometimes also branched at their first and second stem nodes; internodes 4—7 cm long between verticillasters;
first two or three lowest verticillasters with 4—-6 flowers, highest verticillasters only with 1-2 flowers, verticillaster
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with flowers unilaterally arranged towards the outside. Stem tetragonal, 2-3 mm large, densely pubescent with short
glandular hairs and sessile glands; sometimes edges of the stem with a line of short stiff eglandular hairs. Bracts of
the branched nodes 1-2.2 ¢cm long and 0.5-1 cm wide, ovate, with serrate margin, acuminate apex, cordate base,
green, pubescent with short glandular hairs, verrucose on the adaxial surface; bracts of the verticillasters 0.6-1.2 cm
long and 0.3-0.7 cm wide, orbicular, with cuspidate apex, rounded base, entire margin, bicolor, white at the center
and green on the margins, pubescent with short glandular hairs. Flowers 1.8-2.4 cm long excluding pedicel; pedicels
2-3 mm long when flowering, 3—4 mm when fruiting, pubescent with short glandular hairs and sessile glands; calyx
0.8-1.1 cm long and 0.5-0.9 cm wide during flowering, slightly accrescent,; densely pubescent with short glandular
hairs and sessile glands, bilabiate, upper lip 3-toothed, lower lip 2-toothed, all teeth acuminate, spinose, aristate with
a 1 mm mucro, except the median tooth of the upper lip which is shorter; calyx tube 0.5-0.6 cm long, with 13 ribs,
reticulate venation between the ribs visible by transparency; corolla bicolor, with sparse sessile glands; upper lip
1.1-1.3 cm long, lilac, falcate, bifid; lower lip 0.6-0.8 cm long, white, with a deflexed median orbicular lobe and two
oblong lateral lobes; staminal connectives 1.3 cm long, including the staminal filaments 3 mm long; the lower thecae
reduced to a dolabriform adhering tissue; stigma 2.5 cm long. Fruit calyx reaching 1.1-1.3 cm length and 0.9—-1 cm
width when fruiting, tips of the teeth turning dark purple when fruiting on some individuals. Seeds 25-30 mm long and
18-20 mm wide, ovoid, light brown with dark brown venation.

Habitat and distribution:—Sa/via josetta was observed in only one site (Fig. 1), despite thorough surveys of the
surroundings slopes and plateaus conducted since 2018. The new species occurs in open conifer woodlands of the supra-
Mediterranean level, dominated by Pinus brutia Ten. (El1 Zein et al. 2022) at elevation between 1300 and 1400 m a.s.L.,
with a significant presence of Quercus coccifera L. Other trees and shrubs that contribute to these woodlands include
Juniperus oxycedrus R.P.Adams, J. drupacea Labill., Quercus infectoria G.Olivier and Styrax officinalis L.. The most
common accompanying herbaceous plants were Dactylis glomerata L., Echinops spinosissimus subsp. macrolepis
(Boiss.) Greuter, Jacobaea mouterdei (Arénes) Greuter & B.Nord., Ononis natrix L., Verbascum libanoticum Murb. &
J.Thiébaut, Stachys distans Benth., Salvia tomentosa Mill.. The soil is brown, derived from a limestone substrate, with
some areas having a sandy texture.

® Salvia josetta

Elevation a.s.l. [m]

3,076
N .

FIGURE 1. Location of the only known site of Salvia josetta.

Similar species:—Salvia josetta resembles S. fairuziana, a species endemic to Mount Lebanon and belonging
to the section Aethiopis, which was discovered relatively recently (Haber & Semaan 2004). It also resembles S.
veneris Hedge, a species endemic to the North of Cyprus (Meikle 1977; Gucel & Yildiz 2008; Dereboylu et al. 2010;
Haciogullari et al. 2019;). However, it is easily distinguishable by several characteristics. Firstly, it differs from S.
fayruziana in height, with the former reaching up to 110 cm, while S. josetta has a smaller size, never exceeding 80
cm. S. fayruziana produces larger and denser inflorescences with verticillasters very close to each other, and entirely
violet flowers. While the new species shares the same flower color with S. veneris, the latter is easily distinguishable
by its relatively shorter size, denser verticillasters clumped in the upper part of the inflorescence, suborbicular leaves
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that are permanently lanate and densely araneous petiole. Another characteristic of the Aethiopis section is the straight
teeth of the calyx, whereas, in S. veneris, the calyx has upper lip that concave-bisulcate in fruit, placing it in the section
Plethiosphace (Meikle 1977; Celep 2010). The new species also exhibits a clear mountainous habitat, being present
above 1300 m a.s.l., which is not the case for the other species, both of which occur below 1000 m a.s.l. (for more
information see Table 1 and Figure 2).

TABLE 1. Morphological differences between Salvia josetta, S. fayruziana and S. veneris.

Characters

Salvia josetta

Salvia fayruziana

Salvia veneris

Plant height (cm)
Leaves position

Leaves morphology
Leaves apex and base

Leaves margins
Leaves length (cm)

Leaves width (cm)

Leaves indumentum and

texture

Inflorescence

architecture

Floral stem indumentum

Stem width (mm)
Number of verticillasters
Verticillasters internodes
length (cm)

Number of flowers per

verticillaster

Floral bract shape

Floral bract color and

indumentum

Floral bract size (cm)
(length x width)

Calyx morphology

Calyx teeth shape

Calyx length (cm)

Calyx indumentum

Corolla color

Corolla length (cm)

30-80
All leaves basal
Ovate to ovate-oblong

Apex rounded, base narrowly and

asymmetrically cordate

Doubly crenate to lobed-crenate
3-10

1-4.5

Lanate eglandular, then pubescent
with short glandular hairs, verrucose
texture

Spaced panicle branched at the base
with 2-3 lateral stems

Densely pubescent with short
glandular hairs and sessile glands,
edges with short hispid hairs

2-3

4-6

4-7

2-6 (lower verticillasters), 1-2
(upper verticillasters)

Orbicular, cuspidate apex, rounded
base, entire margin

Bicolor, white center and green
margins, pubescent with short
glandular hairs

0.6-1.1 x 0.3-0.7, often as long as

calyx

Campanulate, upper lip straight with

spread teeth in fruit

All teeth acuminate and mucronate,
middle tooth of the upper lip is

shorter
0.8-1.1 (in flower), 1.1-1.3 (in fruit)

Densely pubescent with short
glandular hairs and sessile glands,
ribs with short hispid hairs

White labellum and pale lilac hood
1.8-24

50-110
Caulinary and basal leaves

Ovate
Apex rounded, base cordate

Lobed-crenate

15-18.5

6.5-8

Constantly villous, with presence

of short glandular hairs, verrucose

texture

Dense panicle branched with up to

15 lateral stems, each 7-10 cm long

Densely pubescent with short
glandular hairs and sessile glands,
edges with long hispid hairs

6-7

5-7

1.5-2.5

2-6

Ovate, acuminate, cordate base,

entire margin

Bicolor, white center and green
margins, ciliate, glabrous to

pubescent with short glandular hairs

1.0-2.6 x 0.5-2.3, longer than calyx

Campanulate, upper lip straight with

spread teeth in fruit

All teeth acuminate and mucronate,
middle tooth of the upper lip is

shorter
1.0-1.2 (in flower), 1.1-1.4 (in fruit)

Densely pubescent with short
glandular hairs and sessile glands,
ribs with short hispid hairs
Entirely violet

2.4-2.7

2040
All leaves basal
Ovate to suborbicular

Apex rounded to acute, base

truncate to subcordate

Sub-entire, crenate to serrate
2.5-8

1.7-8

Constantly lanate on both surfaces,

smooth texture, petioles densely

araneous

Panicle branched at the base with 4

lateral stems

Entirely hispid with long eglandular
hairs, accompanied with short

glandular hairs
2-3
6-12

2-3

2-6

Ovate to suborbicular, acuminate,

rounded base, entire margin

Green, lanate on lower surface

0.2-0.3 x 0.1-0.2, less than half the
length of the calyx

Tubular-campanulate, upper lip
bisulcate with connivent teeth in

fruit

Upper lip with mucronulate teeth,

lower lip with mucronate teeth

0.7-1.0 (in flower), 1.2 (in fruit)

Pilose with eglandular scabridulous
hairs, short glandular hairs and
sessile glands

White labellum and pale lilac hood
1.7-2.4
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FIGURE 2. Comparison of habits (1), verticillasters (2), and flowers (3) of A1-A3. Salvia veneris, B1-B3. S. josetta, and C1-C3. S.
fayruziana. Photographs A1-A3 by Charalambos Christodoulou (Flora of Cyprus 2023), photograph C1 by Samira Matta, photographs
B1-B3, C2—C3 by Hicham El Zein.

Etymology:—Salvia josetta is named in honor of Josette Duteil, who supported our conservation projects. Without
her, these explorations and research would not have been possible.

Conservation assessment:—Currently, the new species is known only from one single site, reaching a distribution
area of only 0.02 km? As a consequence, following the guidelines and criteria of the International Union for the
Conservation of Nature (IUCN 2022), the Area of Occupancy (AOO) and the Extent of Occurrence (EOO) are both of
4 km?. Several severe threats were recognized impacting the locus classicus of the species, including deforestation for
charcoal production, illegal logging, forest fires, and expanding quarries. According to the detected threats, a single
location (sensu TUCN) has been recognized. Therefore, following the [IUCN (2022), the new species is here assessed
as Critically Endangered (CR) under criterion B, Blab(iii)+2ab(iii). However, as for other newly described taxa with
an almost punctiform or very limited distribution, provisionally assessed as CR (Wagensommer & Venanzoni 2021;
Zavatin et al. 2023a; 2023b), it will be necessary collecting further data on distribution, population size, and threats,
and defining the appropriate strategies for the long-term conservation of the new species.
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FIGURE 3. Salvia josetta. [llustration by Lisa Bottcher.
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FIGURE 4. Leaves of Salvia josetta A. young rosette, B. Young leaves, C. Mature leaf, D. Abaxial face of mature leaf. Photographs by
Hicham El Zein.

FIGURE 5. Inflorescence and flowers of Salvia josetta. Photographs by Hicham El Zein.
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FIGURE 6. Calyx of Salvia josetta. A—B. Calyx after flowering, C. Purple calyx, D. Calyx with mature seeds. Photographs by Hicham
El Zein.

Discussion

The new species was assessed as Critically Endangered (CR) based on its limited distribution area (0.02 km?) and the
threats impacting its location. The entire region is heavily impacted by illegal logging and forest fires, particularly since
the onset of the Lebanese economic crisis in 2019 (Germanos & Azzi 2024). Traditionally, deforestation for charcoal
production has been part of wood harvesting in the region. However, due to the crisis, charcoal production starts earlier
in summer, contrary to the usual autumn schedule. This shift increases the risk of forest fires, especially during the
driest period of the year, further exacerbating the region’s susceptibility to fires (Mitri 2022). Illegal logging and forest
fires have been encouraged by soaring fuel prices, driving people to gather firewood in the forests. The proliferation of
illegal quarries has been an ongoing environmental threat for three decades, and it continues to escalate due to the lack
of government oversight. These illegal extraction sites have extensive and lasting impacts on the ecosystems (Basbous
2023; Mitri et al. 2021). They significantly alter the landscape through the removal of entire soil layers and the seed
bank contained within them (Khawlie 1998). The exposed mineral surface left behind impedes the reestablishment
of plant species, and therefore of forests. Additionally, quarries make the surrounding area vulnerable to landslides
triggered by natural factors like earthquakes and heavy rainfall (Kaafarani & Abou Jaoude 2021).

The Mediterranean Basin is renowned as one of the global biodiversity hotspots (Mittermeier et al. 2004; Myers
et al. 2000). Despite covering less than 2% of the Earth's land area, it harbours over 10% of global plant diversity,
with more than 25,000 species, many of which are endemic (Cowling et al. 1996). Floristic and taxonomic research
are essential for the understanding of plant diversity of a region. Even in areas with a long history of floristic studies
like the Mediterranean, new species continue to be discovered (Bogdanovic¢ et al. 2022; Doumas et al. 2022; Laface
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et al. 2022; Kogyigit et al. 2023) highlighting the ongoing exploration discovery and valorisation of plant life in the
Mediterranean countries (Ben Mahmoud et al. 2024).

In particular, the Mediterranean is a centre of diversity for the genus Sa/via, and ongoing explorations continue to
reveal new species. Lebanon, despite its relatively small size, harbors three Salvia species endemic to the Mount Lebanon
range. This discovery significantly contributes to the understanding of the plant diversity of the Levant, particularly
within the Lamiaceae family, which ranks as the third richest family in Lebanon with 16 endemic species (Mouterde
1966, 1970, 1984). The regions of Danniye and Akkar, where the new species is found, are already recognized for
hosting numerous narrow endemic plants, including one exclusive to this same valley, Jacobaea mouterdei (Mouterde
1984). Many Mediterranean regions exhibit a high number of rare and narrow endemic taxa, which persist as small
populations (Cowling et al. 1996). Further investigations into the ecological requirements of the new species are required.
Additionally, continued monitoring and research efforts are essential to track the long-term viability of the species.

The valley remains relatively preserved compared to neighbouring areas, primarily due to the lower human
population density (Verdeil ez al. 2019). This discovery reinforces the pressing need for swift conservation measures in
the remaining wild areas to safeguard the unique natural heritage of Mount Lebanon. Regarding habitat conservation, we
recommend establishing a protected area in the valley and implementing management practices to ensure the survival
of these patrimonial species and their environment. This could also encourage involvement from local communities,
who play a major role in conservation efforts.
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