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Abstract

Background and aims - The genus Allium exhibits extensive diversification in the Mediterranean Basin, where insular
endemism and polyploidy have played a significant role in species evolution. During taxonomic and biosystematic
studies of A. sect. Codonoprasum, an undescribed species was discovered on the volcanic islands of Milos and Antimilos
(Kiklades, Greece). This study aims to determine its taxonomic status and phylogenetic relationships using an integrative
approach.

Material and methods - The new species was investigated using comparative morphology, leaf anatomy, karyological
analyses, genome size estimation by flow cytometry, and phylogenetic reconstruction based on nrITS sequence data.
These data were compared with those of closely related species, particularly A. occultum, as well as other representatives
of A. sect. Codonoprasum from Europe and the Mediterranean region.

Key results — Allium erimomeli is described here as a new species. Karyological and flow cytometric analyses revealed
a hexaploid chromosome complement (27 = 6x = 48) with a mean genome size of 46.2 pg. Phylogenetic reconstruction
recovered the species as a strongly supported clade sister to the tetraploid A. occultum. Despite their close phylogenetic
relationship, the two taxa differ in ploidy level, genome size, and diagnostic morphological characters, primarily relating
to the bulb, leaves, and ovary. Additional differentiation is supported by leaf anatomy. Morphological characters were also
compared with those of A. sibthorpianum and A. rumelicum.

Conclusion - The recognition of A. erimomeli as a distinct species emphasizes the significance of polyploidy and
insular isolation in the diversification of A. sect. Codonoprasum in the Aegean region. These findings further enhance
our understanding of evolutionary relationships within the section and call for expanded phylogenetic and cytogenetic
sampling across the eastern Mediterranean region.
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INTRODUCTION floristic region of the Kiklades hosts approximately 1,750

vascular plant taxa, 162 of which are Greek endemics

The Kiklades (Cyclades) island group is located in the  (Dimopoulos et al. 2016). This relatively high proportion
central Aegean Archipelago in Greece and comprises 22 of endemism reflects a long history of geological activity,
large islands and numerous smaller islands and islets. The  isolation, and ecological heterogeneity, and is further
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enhanced by genetic drift in small populations, which
has repeatedly promoted local diversification and
insular speciation (Runemark 1969, 1970; Strid 1996;
Kougioumoutzis et al. 2021).

Within this regional context, the genus Allium L.
represents one of the most diverse and evolutionarily
dynamic components. Globally, Allium comprises more
than 1,000 species, currently classified into 15 subgenera
and 72 sections (Friesen et al. 2006; POWO 2026). Greece
is widely regarded as a major diversification centre for
the genus (Stearn 1981; Tzanoudakis and Vosa 1988),
hosting more than 110 species, over 50% of which are
endemic (Dimopoulos et al. 2013; Brullo et al. 2015;
Tzanoudakis and Trigas 2015; Trigas et al. 2017). In the
Kiklades alone, approximately 26 species and subspecies
of Allium are currently recorded, including three narrow
local endemics (A. luteolum Halacsy, A. apolloniense Biel.,
Kit Tan & Tzanoud., and A. brulloi Salmeri), underlining
the importance of this region as a diversification centre
for the genus within the Aegean Archipelago.

All endemic Allium taxa in the Kiklades belong to
A. sect. Codonoprasum Rchb. (subg. Allium), one of the
most species-rich and taxonomically intricate sections of
the genus, currently comprising more than 150 accepted
species (Kobrlova et al. 2024). Allium sect. Codonoprasum
is morphologically coherent yet highly polymorphic, and
is characterized by the presence of two unequal, persistent
spathe valves that both exceed the length of the pedicels
and typically consist of a lanceolate base that tapers into
a slender, caudate (tail-like) appendage. The flowers are
cylindrical-campanulate or cup-shaped, with simple
stamens. Nectaries are absent or inconspicuous (Stearn
1980; Brullo and Salmeri 2021). The section shows a
marked concentration of narrow endemics in the Eastern
Mediterranean, particularly on isolated and specialized
habitats, highlighting the strong tendency toward local
differentiation, micro-endemism, and insular radiation.
This pronounced pattern of fine-scale diversification,
combined with extensive morphological overlap in
closely related taxa, and frequent polyploidy, renders
A. sect. Codonoprasum one of the most taxonomically
challenging groups within Allium.

In May 2025, two groups of botanists visited the
Milos island group independently. Kit Tan and Gert
Vold from the University of Copenhagen completed the
sampling for the preparation of the Flora of Milos (Biel
and Tan 2026). The second group focused on the small
offshore islets as part of a biodiversity research project
initiated following the Greek government’s declaration
of the South Aegean Marine Park 1 — Southern Cyclades.
Noteworthy Allium populations, which do not match the
descriptions of any currently known Allium species from
the Milos island group, were collected by the first group at
the north-western cape of Milos and by the second group
on the island of Antimilos, 8 km northwest of Milos.
These populations were morphologically similar to each
other; they superficially resembled A. occultum Tzanoud.
& Trigas, a species described from Skyros Island in the

Western Aegean (Tzanoudakis and Trigas 2015). Using an
integrative biosystematic approach, it was demonstrated
that the populations from Milos and Antimilos differ
markedly from A. occultum and other Mediterranean
species of A. sect. Codonoprasum. Thus, we decided to
describe them as representing A. erimomeli, a species new
to science.

MATERIAL AND METHODS

Milos island, the fifth largest island in the Kiklades, covers
an area of 151 km? and reaches a maximum elevation of
751 m asl. Antimilos island lies northwest of Milos,
covering an area of ca 8.5 km?, and reaching an elevation
of ca 650 m a.s.l. Both islands are volcanic in origin and
form part of the South Aegean Volcanic Arc (Xydous
et al. 2023), a geologically young and environmentally
diverse region, which has repeatedly promoted local plant
diversification. Although the flora of Milos has been the
subject of numerous floristic studies (e.g. Biel and Tan
2022, 2024, 2026), and an ethnobotanical study (Perouli
and Bareka 2022), the flora of Antimilos remains poorly
documented.

The morphological study and description of the new
species were based on herbarium and living material that
was collected and cultivated, comprising six individuals
from Antimilos Island and ten from Milos Island.
Comparative analyses, focusing on A. occultum, which
shares some key morphological features with the new
species, were conducted using ten individuals collected
from the type locality on Skyros Island. Additionally,
one accession of A. pilosum Sm., another species of A.
sect. Codonoprasum occurring on Milos Island, was
incorporated into selected analyses. Field collections of
the new species were made in May 2025, and the living
material was cultivated in the experimental garden of
the Laboratory of Systematic Botany at the Agricultural
University of Athens. All morphological observations
were conducted using a Zeiss Stemi 508 stereomicroscope.

Chromosome numbers and morphology of A.
erimomeli and A. occultum were determined from
metaphase plates of root tip meristems prepared using the
squash technique of Ostergren and Heneen (1962), with
minor modifications following Kriemadi et al. (2025).
Chromosome preparations were examined under a Zeiss
Axiophot photomicroscope equipped with a Jenoptik
Gryphax digital camera.

Leaf cross-sections were fixed in glutaraldehyde, post-
fixed in osmium tetroxide, dehydrated in an acetone
series, and embedded in Spurrs resin. Transverse
sections were prepared using a ULTROTOME III (LKB)
ultramicrotome, and structural observations were carried
out using a transmission electron microscope (TEM).

DNA-ploidy and absolute genome size (2C value in
pg as per Greilhuber et al. 2005) were estimated for the
new species (4 individuals/1 population), A. occultum
(4/1) and A. pilosum (3/1), respectively (Suppl. material
1). Following the protocols of Duchoslav et al. (2010) and
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Vojtéchovd et al. (2023), measurements were conducted
on a CytoFLEX flow cytometer (Beckman Coulter Inc.,
US.A.). Secale cereale L. ‘Dankovské (2C = 16.19 pg;
Dolezel et al. 1998) served as a primary internal standard;
Triticum aestivum ‘Saxana’ (2C = 34.24 pg) was used for
the 2C estimation of the new species and it was calibrated
against S. cereale. Propidium iodide served as a fluorescent
stain. To obtain the absolute monoploid genome size (1Cx
DNA), the 2C values were divided by the corresponding
ploidy level of each individual.

For the molecular part of the study, accessions of the
new species (4 individuals/1 population), A. occultum
(3/1) and A. pilosum (3/1) were processed (Suppl. material
1). Total genomic DNA was isolated from fresh leaf tissue
using a high-salt CTAB extraction buffer combined with
a sorbitol pre-wash (Inglis et al. 2018). Amplification and
sequencing of the nuclear ribosomal internal transcribed
spacer (nrITS) region followed the methodology of
Vojtéchova et al. (2024). All generated sequences
were uploaded to GenBank (PZ356864-PZ356875).
Manual alignment of the sequences was performed
in Geneious v.7.1.7 (Kearse et al. 2012). To broaden
the analysis, we added 64 sequences from 20 species
of A. sect. Codonoprasum and two species of closely
related A. sect. Pallasia (Tzag.) F.O.Khass., R.M.Fritsch
& N.Friesen sourced from earlier datasets (Friesen et
al. 2022; Vojtéchovd et al. 2024; Duchoslav et al. 2026a,
2026b; Nikolopoulos et al. 2026). Allium vineale L. and A.
ampeloprasum L. (sect. Allium) were used as outgroups.
We identified the optimal model for sequence evolution
through jModelTest (Posada 2008). Maximum likelihood
(ML) trees were generated in W-IQ-TREE (Trifinopoulos
et al. 2016) using the TIM2 + G model, 1,000 bootstrap
replicates, and pairwise deletion. Bayesian inference
(BI) was conducted in MrBayes v.3.2.6 (Ronquist and
Huelsenbeck 2003) under the GTR + G model. The
MCMC algorithm involved two independent runs of four
chains for 5 million generations, with sampling every
1,000th generation. Chain convergence was confirmed
before discarding the first 10% of samples as burn-in.

An assessment of conservation status was conducted
following the TUCN Red List Categories and Criteria
(IUCN 2012) and the Guidelines for Using the IUCN
Red List Categories and Criteria (IUCN Standards and
Petitions Committee 2024). Extent of Occurrence (EOO)
and Area of Occupancy (AOO) were estimated using
GeoCAT (Bachman et al. 2011), with AOO calculated
using the standard 2 x 2 km grid.

TAXONOMIC TREATMENT

Allium erimomeli Nikolopoulos, Kit Tan, Duchoslav &
Trigas, sp. nov.

urn:lsid:ipni.org:names:77394037-1
Figs 1-5, 6A, B; Table 1

Type. GREECE - Kiklades « Antimilos island, eastern
slope of the island, along the path from the beach to the

crater of the main peak, rocky slopes with sparse phrygana,
on volcanic substrate; 36°47°09.60”N, 24°14°31.20”E; 330
m a.s.l; 15 May 2025; Trigas, Apostolidis & Mavrogianni
7014; holotype: ACA; isotype: ATH.

Diagnosis. Allium erimomeli is closely related to A.
occultum but differs in the colour of inner bulb tunics
(whitish, rarely tinged with purple vs purple), leaves (4-6,
semicylindrical, 0.8-1.5 mm wide vs 2-4, subcylindrical
to terete, 0.3-0.8 mm wide), length of pedicels (9-12
mm long, 1.5-2.5x the length of the perigon vs 3-7 mm
long, 0.7-1.5x the length of the perigon), ovary (green,
+ smooth, 3-lobed vs whitish, yellowish orange at the
apex, papillose, 6-lobed), and ploidy level (hexaploid vs
tetraploid).

Description. Bulb ovoid to narrowly ovoid, 11-15 x
7-8 mm, sometimes with shortly stalked, whitish purple
bulblets at the base; outer tunics brown to greyish brown,
coriaceous, forming a neck 1.2-2 cm long along the
scape; inner tunics whitish or rarely tinged with purple,
membranous. Scape 9.0-15.5 cm long, 0.6-0.9 mm in
diameter, green or purplish, glabrous, erect, covered
by leaf sheaths for 1/3-1/2 of its length. Leaves 4-6,
glabrous, slightly papillose to denticulate at margins,
semicylindrical, 17.5-29.8 mm long, 0.8-1.5 mm wide.
Spathe persistent, glabrous, valves 2, opposite, unequal,
slightly longer than the inflorescence to shorter, the
longer valve 1.5-2.3 cm long, 7-nerved, the shorter
0.8-1.5 cm long, 5-nerved, whitish green with purplish
nerves. Inflorescence hemispheric, with 3-9(-11) flowers;
pedicels unequal, 9-12 mm long, 1.5-2.5x the length
of the perigon, whitish to pale pink, pruinose. Perigon
campanulate; tepals unequal, pinkish white, with green-
purple midrib, the outer 4.2-5.0 x 1.8-2.2 mm, ovoid-
elliptic, concave, rounded at apex, the inner 4.7-5.5
x 1.8-2.0 mm, oblong-elliptic, acute at apex._Stamens
slightly exserted from perigon; filaments white, 4 mm
long, connate at base into an annulus ca 1 mm high;
anthers 0.5-0.8 x 0.3-0.5 mm, cream, oblong, rounded at
apex. Ovary 3-lobed, obovoid to cylindrical, 2.8-3.2 mm
long and 1.8-2 mm wide, green, + smooth. Style white,
0.8—1.0 mm long. Capsule obovoid to subglobose, 3.5-4.8
x 4.0-5.0 mm. Seeds black, 3.1-3.5 x 1.6-1.8 mm.
Distribution and ecology. Allium erimomeli is a narrow
endemic of the western Kiklades, currently known only
from the islands of Milos and Antimilos (South Aegean,
Greece) (Fig. 2). On Antimilos, the species occurs on
SE-facing rocky slopes composed of volcanic substrate,
at an altitude of ca 330 m a.s.l., within open phrygana
vegetation characterized by sparse plant cover and
dominated by Genista acanthoclada DC., Sarcopoterium
spinosum (L.) Spach, and Thymbra capitata (L.) Cav. On
Milos, A. erimomeli was found in coastal phrygana on
sandy ground near sea level. Associated species include
Anthemis rigida subsp. runemarkii Biel & Kit Tan,
Hymenonema graecum (L.) DC., Paronychia macrosepala
Boiss., Plantago cretica L., P. weldenii Rchb., Filago gallica
L., and Valantia hispida L.


https://ipni.org/urn:lsid:ipni.org:names:77394037-1

Plant Ecology and Evolution 159 (3): 470-482, 2026

473

Phenology. The flowering period of A. erimomeli begins in
mid-May and extends into June, with fruiting completed
in July. New leaves emerge in autumn following the first
rains and wither prior to the onset of flowering.
Etymology. The specific epithet is the genitive of the
geographical noun “Erimomilos/Erimomelos”, a local/
alternative name for Antimilos Island, where the species
occurs and from where the type material was collected.
The island’s name is derived from the Greek elements
erimos (§pnuog, “desert”) and Melos (the island of Milos),
thus referring to Antimilos as the “deserted Milos”
Preliminary IUCN conservation assessment. Allium
erimomeli is currently known from two distinct, yet
highly localized subpopulations, on Antimilos and at

i
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Cape Vani on Milos. The area of occupancy (AOO) is
estimated at 8 km” With only two known localities, the
extent of occurrence (EOO) cannot be reliably calculated
asa minimum convex polygon; therefore, following TUCN
guidance, the EOO was set equal to the AOO.

The Antimilos subpopulation is estimated to comprise
fewer than 100 individuals, confined to an open rocky slope
with sparse vegetation, surrounded by denser phrygana
formations. Additional occurrences on Antimilos cannot
be ruled out, as much of the island has not been thoroughly
surveyed and include extensive inaccessible terrain. The
island is uninhabited, and no direct human impacts have
been recorded at the locality. However, a free-ranging goat
population (often referred to as Capra hircus subsp. pictus)

Figure 1. Allium erimomeli. A. Individual at the onset of flowering in its natural habitat. B. Inflorescence, lateral view. C. Inflorescence,

view from below. D. Flowers. E. Outer tepal (left) and inner tepal (right). F. Individual during the vegetative phase, with visible leaf
sheaths and blades. G.Leaf blade. H. Bulb with multi-layered tunics. I. Bulb bearing shortly stalked bulblets at its base. J. Ovary.
Photos by Panayiotis Trigas (A, F, G) and Iasonas Nikolopoulos (B-E, H, I, J).
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is present. Although no signs of herbivory have been
observed on A. erimomeli, the occasional consumption
of its aerial parts may occur during periods of low forage
availability, potentially reducing sexual reproductive
success. Antimilos is included in the Natura 2000 network
as an SCI (GR4220007).

The Milos subpopulation at Cape Vani is smaller,
with fewer than 50 individuals. Given the long-
standing floristic exploration of Milos, the existence
of additional localities on the island appears unlikely.
Cape Vani is relatively remote and currently subject to
limited direct disturbance; nevertheless, the area was
historically affected by manganese mining and associated
infrastructure (excavation, spoil deposition, access routes,
and coastal loading facilities) during 1886-1928, which
likely resulted in local habitat loss and substrate alteration,
with potential long-term legacy effects on the continuity
of suitable habitat. The Cape Vani locality lies within the
Natura 2000 site GR4220020.

Duetoits very small population size (< 250 individuals),
A. erimomeli is classified as Endangered (EN) under
TUCN criterion D.

24°E
]

Additional specimen examined. GREECE - Kiklades o
Milos island, near Cap Vani, phrygana on sandy ground;
36°45°N, 24°20’E; 15 m a.s.l; 14 May 2025; Kit Tan & G.
Vold 33358; C, UPA.

Karyology. Allium erimomeli exhibits a hexaploid
chromosome complement of 2n = 6x = 48 (Fig. 3A),
consisting of mostly metacentric and submetacetric
chromosomes, along with two sets of acrocentric
chromosomes. Only two acrocentric SAT chromosomes,
bearing small, spherical satellites on the short arm, were
observed.

Genome size estimation. Flow cytometric analyses
of four individuals of A. erimomeli from Antimilos
Island revealed cytotype-uniform DNA-hexaploids after
calibration with chromosome counts. The estimated 2C
value of A. erimomeli ranged from 45.7 to 46.7 pg, with
the mean value (+SD) of 46.2 (+0.4) pg, and with mean
1Cx value of 7.7 pg.

Five individuals of A. occultum from Skyros Island
were found to be DNA-tetraploids after calibration with
chromosome counts (Fig. 3B), with a 2C value of 37.7
pg for one individual, corresponding to a 1Cx value of
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Figure 2. Geographical distribution of Allium erimomeli, A. occultum, A. sibthorpianum, and A. rumelicum.
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9.4 pg. Five individuals of A. pilosum from Milos Island
were found to be DNA-diploid after calibration with
chromosome counts, with a 2C value of 26.5 pg for one
individual, corresponding to a 1Cx value of 13.3 pg.

Leaf anatomy. The leaf cross-section of A. erimomeli
has a subcylindrical outline, characterized by five
prominent ribs on the abaxial surface, while the adaxial
surface is flat to slightly concave (Fig. 4). The epidermis
is composed of small cells, except along the ribs where
the cells are occasionally larger and is covered by a thin
cuticle. Numerous sunken stomata are distributed around
the entire leaf perimeter. The palisade tissue is regular
and compact, arranged in two layers of large, elongated,
cylindrical cells, while the inner layer has smaller cells. The
spongy tissue is formed by small or large sub-orbicular

cells interspersed with many air spaces in the central
mesophyll. A total of 14 vascular bundles is present, ten
positioned abaxially (four larger and six smaller), and
four smaller ones occur adaxially (Fig. 4).

Phylogenetic relationships. To reveal the phylogenetic
position of A. erimomeli, the nrITS region was sequenced,
incorporating ten newly sequenced accessions (four of A.
erimomeli, three of A. occultum, and three of A. pilosum),
alongside sequences from 25 Allium species retrieved
from GenBank. Maximum likelihood and Bayesian
inference analyses yielded congruent, well-resolved
topologies; the Maximum likelihood tree is presented in
Fig. 5. All accessions of A. erimomeli formed a strongly
supported clade (PP = 1.00, BS = 97%), which is sister
to the strongly supported clade comprising accessions of

$ N
'&.

Figure 3. Mitotic plate of Allium erimomeli 2n = 6x = 48 (A); two mitotic plates of A. occultum 2n = 4x = 32 (B). Scale bars: 10 pum.
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Figure 4. Leaf cross-section of Allium erimomeli (A-D) and A. occultum (E, F). A. Leaf semicylindrical outline with five abaxial
ribs, and a flat to slightly concave adaxial surface. B. Higher magnification of the dotted rectangle in A, showing the epidermal cells
and the two-layered palisade tissue with elongated cylindrical cells. C. Epidermis composed of small cells with wavy thickened walls
(arrow), and a sunken stoma (circle). D. Vascular bundle. E. Subcylindrical to terete outline with six ribs. F. Epidermis composed of
small cells with wavy thickened walls (arrow), and a sunken stoma (circle) and the vascular bundle (inset in F).
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. rupestre AJ412733
. dentiferum KP221815
. tenuiflorum KP221820
-A. lehmannii KP221818
. orestis PX371927
-A. flavum KC119702
-A. garganicum KP221819
. flavum KP221817
-A. nebulosum PX371938
. hebulosum PX371929
-A. nebulosum PX371930
. nebulosum PX371936
. nebulosum PX371931
. hebulosum PX371934
. nebulosum PX371937
-A. nebulosum PX371940
. nebulosum PX371932
-A. lesbiacum PZ352894
. lesbiacum PZ347745
. lesbiacum PZ347747
. lesbiacum PZ347749
- -A. lesbiacum PZ347748
-A. lesbiacum PZ347746
. lesbiacum PZ352895
. lesbiacum PZ352896
. lesbiacum PZ347744
-A. lesbiacum PZ347743
. occultum 24/18/2
--A. occultum 24/18/5
-A. occultum 24/18/3
. erimomeli 25/223/1
. erimomeli 25/223/3
. erimomeli 25/223/4
-A. erimomeli 25/223/2
. Stamatiadae OR116804
. stamatiadae OR116805
. stamatiadae OR116806
. goumenissanum OR116795
. goumenissanum OR116791
. goumenissanum OR116797
. goumenissanum OR116793
. goumenissanum OR116786
. goumenissanum OR116803
. goumenissanum OR116789
. pseudotelmatum KY471454
. telmatum KP221828
. telmatum KP221814
. oleraceum KY471455
. savii KP221813
. oleraceum KP221822
. paniculatum OR116812
. paniculatum OR116811
. paniculatum KP221826
. oporinanthum PZ347751
. oporinanthum PZ347750
. marginatum OR116809
. fuscum OR116807
. marginatum OR116810
. fuscum OR116808
. rhodopeum 14/48/1
. rhodopeum 14/48/2
. pilosum 24/36/3
-A. pilosum 24/36/2
-A. pilosum 24/36/1
. euboicum PZ347742
. euboicum PZ347741
. euboicum PZ347740
* PR . caricifolium OM891935
* e . caricifolium OM891934
. pallasii OM891923
. pallasii OM891922
—_— A. vineale KP221827
S A. ampeloprasum KF317636

Tree scale: 0.1 ————

56
0.83]

Figure 5. Evolutionary relationships among 73 Allium accessions based on a Maximum likelihood analysis of the nrITS region.
Bootstrap support (BS; %) from the ML analysis is given above the branches. The posterior probability (PP) value from the Bayesian
analysis is given below the branches. For simplicity, strongly supported branches (both BS > 95% and PP > 0.95) are denoted by an
asterisk (*). Accessions of A. erimomeli (red), A. occultum (blue), and A. pilosum (green) are highlighted in colour. For population
codes of newly sequenced accessions, see Suppl. material 2. For details about the other accessions, see Vojtéchova et al. (2024),
Duchoslav et al. (20264, 2026b), and Nikolopoulos et al. (2026).
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Table 1. Comparison between Allium erimomeli and A. occultum.

A. erimomeli

A. occultum

Outer bulb tunics brown to greyish brown yellowish brown to brown
Inner bulb tunics whitish, rarely tinged with purple purple
Bulblets shortly stalked attached to the bulb
Leaves 4-6, semicylindrical, 0.8-1.5 mm wide 2-4, subcylindrical to terete, 0.3-0.8 mm wide
Pedicels 9-12 mm long, 1.5-2.5x the length of the perigon = 3-7 mm long, 0.7-1.5x the length of the perigon
whitish, yellowish orange at the apex,
Ovary green, + smooth, 3-lobed papillose, 6-lobed
Chromosome number  2n = 6x =48 2n=4x=32
Mean AGS (1Cx) inpg  46.2 (7.7) 37.7 (9.4)
A. occultum (PP = 1.00, BS = 94%). Together, these two However, = morphological ~ observations  and

species form moderately supported clade (PP = 1.00, BS
= 81%) in polytomy with other two strongly supported
clades - A. lesbiacum clade and A. nebulosum clade. These
three clades together form strongly supported clade (PP
= 1.00, BS = 100%) that is sister to the clade formed by
members of the A. flavum complex (A. flavum L., A.
garganicum Brullo, Pavone, Salmeri & Terrasi). Allium
pilosum forms a strongly supported clade (PP = 1.00, BS
= 100%) sister to the A. rhodopeum clade. The analysed
ITS alignment was 663 bp in length. Compared with
the other analysed species, the A. erimomeli accessions
shared the most polymorphic sites with the sister species,
A. occultum. However, the two species differed at eight
SNP positions. Considering the intraspecific sequence
variability, five variable positions within A. erimomeli
were detected (Suppl. material 2). These consisted of three
positions (107, 428, and 481) with ambiguous nucleotide
bases in some samples, and two substitutions (position
38: T/C and positions 138-140: GC-/AGC).

DISCUSSION

Allium erimomeli belongs to A. sect. Codonoprasum,
as it exhibits all diagnostic morphological features of
the section. Among the other members of the section
occurring in the Kiklades island group, the new species
displays distinct morphological characters. Even when
compared to A. pilosum, a species occurring on Milos,
Kimolos, Astypalea, and Psara, A. erimomeli is clearly
different. Although A. pilosum may appear similar at
first glance, its densely hairy leaves, the shape of perianth
segments, and its subglobose to subglobose-ovoid ovary
distinguish it from the new species. These observed
morphological differences are further supported by our
phylogenetic analysis, which demonstrated that the two
species are not closely related. Instead, A. pilosum belongs
to a distinct clade, where it is sister to A. rhodopeum Velen,
which has hairy leaves and is distributed on the mainland
Balkan Peninsula, the East Aegean Islands, and Anatolia.
This phylogenetic position indicates that the presence of
hairs on vegetative parts is likely a synapomorphy within
that lineage, supporting previous hypothesis (Duchoslav
et al. 2026D).

measurements revealed that A. erimomeli shares several
characteristics with A. occultum (Tzanoudakis and Trigas
2015), a species native to Skyros Island in the West Aegean
floristic region. Both species possess ovoid to narrowly
ovoid bulbs with bulblets present, short spathe valves,
and similar perianth segments. However, they are clearly
distinguished by differences in leaf number, shape, and
dimensions, pedicel length, and by ovary morphology
(Table 1; Fig. 6).

Despite the overall similarity in chromosome
morphology, A. erimomeliand A. occultum differ markedly
in the morphology of their satellited chromosomes (Fig.
3). In A. erimomeli, the SAT chromosomes bear small,
spherical satellites that are often difficult to detect. By
contrast, A. occultumhaslarge, readily detachable satellites,
which may give the impression of B chromosomes, as
reported by Tzanoudakis and Trigas (2015). In both
species, the presence of acrocentric chromosomes
suggests that, in addition to polyploidization, structural
chromosomal  rearrangements have  contributed
substantially to karyotype evolution. These acrocentric
homologues also increase karyotype asymmetry, which is
more pronounced in A. erimomeli.

The close morphological affinity between A. erimomeli
and A. occultumisfurther corroborated by our phylogenetic
analysis, recovering them as strongly supported separate
sister clades in the ITS tree (Fig. 5). Karyo-cytogenetic
analysis further supports their separation, by revealing
clear differences in ploidy levels and genome size: A.
erimomeli is hexaploid (2n = 6x = 48), whereas A. occultum
is tetraploid (2n = 4x = 32) with a correspondingly lower
2C DNA value. In contrast to the relatively common
tetraploidy, hexaploidy is exceptionally rare in A. sect.
Codonoprasum (Kobrlova et al. 2024) and was previously
documented in only three taxa: the strictly hexaploid A.
exaltatum (Meikle) Brullo, Pavone, Salmeri & Venora
(Brullo et al. 2004), the mixed-ploidy A. flavum subsp.
tauricum (Besser ex Rchb.) K.Richt. (Kobrlova et al. 2024
and reference therein), and the widespread polyploid A.
oleraceum L. (Duchoslav et al. 2010, 2013, 2020). Notably,
our new AGS estimates represent the lowest 2C values
recorded to date for hexaploid representatives of A. sect.
Codonoprasum and are among the lowest for tetraploids
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in this section. In fact, they closely resemble the 2C values
typically observed in diploids/triploids and tetraploids
within this section (Kobrlova et al. 2024). Similarly low
AGS estimates, contrasting with the predominantly
mainland pattern in A. sect. Codonoprasum (Kobrlova
et al. 2024), have recently been reported for the recently
described A. lesbiacum (Nikolopoulos et al. 2026) from
Lesvos Island and the Balkan A. nebulosum Duchoslav,
Vojtéch. & Kobrlova (Duchoslav et al. 2026a), both of
which are closely related to A. erimomeli and A. occultum.

Recent large-scale studies have demonstrated that
insular endemics tend to have lower 2C values compared
to their mainland relatives due to DNA loss as an adaptive
response to nutrient-limited soils and more climatically
stressful environmental conditions on islands (Suda et al.
2003, 2005; Knight et al. 2005; Pisarenco et al. 2025). Often
this is combined with chromosome doubling in insular
lineages, which together likely provides the necessary
genomic flexibility to trigger rapid speciation and better
adaptation to vacant ecological niches (Meudt et al. 2021;

Sobhanian et al. 2026). While this scenario might also
seem attractive for A. sect. Codonoprasum, the pattern of
2C values discussed above might be more likely explained
by shared ancestry within this specific lineage.

The leaf anatomy of A. erimomeli provides additional
diagnostic characters that support its distinction from
A. occultum (Fig. 4). In a transverse section, the leaf of
A. erimomeli is semicylindrical, with five prominent
abaxial ribs and a flat to slightly concave adaxial surface,
whereas A. occultum has a subcylindrical to terete outline
with six ribs. The leaf of A. occultum is also smaller in
cross-sectional diameter, indicating a more reduced
leaf structure. Internal anatomy differs accordingly: A.
erimomeli shows two layers of elongated, cylindrical
palisade cells and 14 vascular bundles (ten abaxial and
four adaxial), whereas A. occultum has a single palisade
layer and only seven vascular bundles. Together, these
differences in leaf size, rib number, palisade organization,
and vascular arrangement provide additional evidence for
recognizing A. erimomeli as a distinct species.

Figure 6. Comparison of inflorescence and flower characters between Allium erimomeli (A, B) and A. occultum (C, D). Photos by

Tasonas Nikolopoulos (A, B) and Panayiotis Trigas (C, D).
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The origin of the Aegean polyploids A. erimomeli
and A. occultum warrants further investigation,
particularly  towards the Anatolian Peninsula.
Currently, the insufficient taxon sampling of Anatolian
representatives of A. sect. Codonoprasum in published
phylogenetic studies precludes a robust assessment
of their evolutionary relationships with potential
Anatolian relatives. Consequently, the phylogenetic
relationships of these two Aegean species to eastern
lineages remain unknown. Nevertheless, comparative
morphological evidence suggests that the Anatolian
endemic A. sibthorpianum Schult. & Schult.f. exhibits a
close phenotypic resemblance to both A. erimomeli and
A. occultum. The three species share a suite of characters,
including low plant stature, strongly coriaceous outer
bulb tunics, a relatively few-flowered inflorescence with
short spathe valves, and pinkish tepals. Despite these
similarities, A. sibthorpianum can be clearly distinguished
from A. erimomeli by several diagnostic traits. Notably, A.
sibthorpianum is a high-altitude species that differ from
A. erimomeli in its leaf number and shape, longer leaf
sheaths that envelop the scape for 1/2-1/3 of its length,
larger tepals, mucronate anthers, and its oblong ovary
that is conspicuously constricted in its median portion
(Ozhatay et al. 2010). Moreover, the leaf cross-section of
A. sibthorpianum is semicylindrical, bearing six abaxial
undulations (costae), and has a palisade tissue composed
of a single layer of cylindrical cells (Ozhatay et al. 2010),
clearly differing from that of A. erimomeli.

Allium rumelicum Kogyigit & Ozhatay is a tetraploid
species known only from its type locality in European
Turkey and has been considered related to A.
sibthorpianum (Ozhatay et al. 2010). It is a robust species
resembling A. occultum, particularly in leaf morphology,
but it clearly differs from A. erimomeli in several diagnostic
characters. These include ribbed bulb tunics with pinkish-
purple inner tunics, the absence of bulblets, leaf sheaths
enclosing the scape for 1/2-2/3 of its length, differences
in leaf number and shape, mucronate outer tepals, and a
larger, ellipsoid-oblong ovary that is distinctly narrowed
toward the apex (Ozhatay et al. 2010; Kogyigit et al. 2024).

In addition to morphological differentiation,
cytogenetic evidence further supports the distinctiveness
of A. erimomeli from both A. sibthorpianum and A.
rumelicum. Allium sibthorpianum is diploid (2n = 2x
= 16), while A. rumelicum is tetraploid (2n = 4x = 32)
(Ozhatay et al. 2010). While A. erimomeli is characterized
by the presence of two sets of acrocentric chromosomes,
the karyotypes of A. rumelicum and A. sibthorpianum
lack acrocentric chromosomes but are distinguished by
the presence of satellite (SAT) chromosomes (Ozhatay et
al. 2010). In A. erimomeli, only two satellited acrocentric
chromosomes were detected. By comparison, A.
rumelicum exhibits two sets of SAT homologues, whereas
in the diploid A. sibthorpianum possesses two pairs of
SAT chromosomes, mainly associated with metacentric
and submetacentric chromosomes. This configuration
indicates more symmetrical karyotypes than those of

species bearing acrocentric chromosomes. Additionally,
both A. erimomeli and A. occultum have chromosomes
that are considerably smaller in size than those of A.
rumelicum and A. sibthorpianum.

Overall, A. erimomeli appears to have undergone
both polyploidization and structural chromosomal
rearrangements, resulting in an increased number of
acrocentric chromosomes. In contrast, A. rumelicum
and A. sibthorpianum retain more conserved karyotypes.
These observations support that karyotypic differentiation
and polyploidy play a crucial role in species delimitation
and evolutionary divergence within this group.

Broader phylogenetic analyses with expanded
Anatolian sampling are required to clarify the
relationships between the two Aegean polyploids and
eastern representatives of A. sect. Codonoprasum. In
particular, the inclusion of A. sibthorpianum and A.
rumelicum is crucial, as these morphologically allied taxa
may be part of an eastern lineage complex related to A.
erimomeli and A. occultum. Such data will be critical for
assessing whether their similarities reflect shared ancestry
or convergent evolution.
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