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				This study provides an integrative taxonomic assessment of Scorzonera ahmet-duranii and describes S. nikferica O.D.Düşen & Göktürk (Asteraceae) as a new spe-cies endemic to south-western Anatolia. Morphological comparisons of herbarium specimens from Turkish and European populations confirm that S. ahmet-duranii is distinct from S. humilis, with which it was previously synonymised. During field surveys conducted between 2017 and 2025 on Bozdağ Mountain (Denizli, Turkey), we encountered a morphologically unique population on serpentinite stony slopes at 1655 m a.s.l. The new species resembles S. ahmet-duranii but differs from it in stem indumentum, leaf morphology, floccosity, involucral phyllary proportions and ligule length. ISSR analyses of the studied taxa produced 117 loci with 75.2% polymor-phism and revealed significantly higher interspecific genetic distances (0.699–0.732) compared to intraspecific variation (≤ 0.113). UPGMA clustering clearly separated individuals into two distinct clades. These integrative findings support recognition of S. nikferica as a distinct lineage. With fewer than 50 mature individuals and a restricted distribution, it is assessed as Critically Endangered (CR) under IUCN criteria.
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				Introduction

				The Asteraceae comprise approximately 1600–1700 genera and more than 25 000–33 000 species distributed worldwide, and the family is classified into 13 subfamilies and 45 tribes (Angiosperm Phylogeny Group 2016). This extensive taxonomic diversity entails broad eco-logical adaptability, and members of the family are present on all continents except Antarctica (Elgohary et al. 2025). In Turkey, this family is represented by 140 genera and 1186 species (Duran et al. 2013), making it a significant com-ponent of the country’s flora.

				Scorzonera (Asteraceae: Cichorieae) is a widely distributed genus occurring across Eura-sia, the Mediterranean Basin and parts of Africa (Zaika et al. 2020). Traditionally, it has been reported to comprise approximately 180–190 species based on classical taxonomic treatments (Bremer 1994, Nazarova 1997, Lack 2007). However, the circumscription of the genus has long been controversial. Recent molecular phy-logenetic studies have demonstrated that Scor-zonera in broad sense (s. lato) is polyphyletic (Zaika et al. 2020). Consequently, integrative reassessments combining carpological (includ-ing anatomical) and expanded molecular phy-logenetic data have supported a redefinition of generic boundaries within the group (Zaika et al. 2020). In line with these revisions, the POWO database currently recognises a more narrowly circumscribed Scorzonera, compris-ing approximately 85 accepted species (https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:30092856-2#children).

				Turkey is considered an important centre of diversity for Scorzonera, particularly within the Irano-Turanian phytogeographic region, one of the major plant-geographical regions spanning parts of the Middle East and Central Asia and characterised by high levels of plant diversity and endemism (Bremer 1994). The country’s geologi-cal and ecological heterogeneity, together with its rich flora, has contributed to extensive diver-sification and high levels of endemism within Scorzonera. Chamberlain (1975) and Davis et al. (1988) highlighted the taxonomic complexity of Scorzonera s. lato in Turkey, emphasising the need for detailed morphological, cytological and 

			

		

		
			
				molecular investigations. In recent decades, flo-ristic and taxonomic studies have led to the description of numerous new Scorzonera species from Turkey (Hartvig & Strid 1987, Sümbül 1991, Güner 2000, Duran 2002, Kilian & Parolly 2002, Ünal & Göktürk 2003, Parolly & Kilian 2003, Duran & Hamzaoğlu 2004, Hamzaoğlu et al. 2010, Doğan & Duran 2010, Doğan et al. 2011, Duran et al. 2011, Makbul et al. 2012, Coşkunçelebi et al. 2012, Güzel et al. 2013, Duran et al. 2013, Makbul et al. 2022). The number of newly described taxa clearly indicates that Turkey represents a significant biodiversity hotspot for Scorzonera. In previous floristic and taxonomic assessments, Scorzonera s. lato in Turkey was reported to comprise 52 species (59 taxa), of which 31 are endemic (Makbul et al. 2022). This high endemism ratio emphasises both the phytogeographic importance of Anatolia and the taxonomically complex nature of the genus, which has historically been treated in broad sense. However, in the narrower circumscription (s. stricto) of Scorzonera, the checklist tool of POWO (https://checklistbuilder.science.kew.org/reportbuilder.do) lists only 23 species for Turkey.

				DNA- and RNA-based molecular methods provide essential data for clarifying phyloge-netic relationships and evolutionary processes (Joseph et al. 2013). Among these, the inter-simple sequence repeat (ISSR)-PCR technique has proven particularly effective. This method amplifies regions between microsatellite loci using primers with selective anchor sequences, producing high-resolution banding patterns that are useful for identifying taxa at species, sub-species and population levels (Zietkiewicz et al. 1994, Scarano et al. 2002, Pakseresht et al. 2013). ISSR markers are highly polymorphic, reproducible and do not require prior sequence information, making them particularly suitable for species with complex or poorly resolved morphological characters (Hamzaoğlu et al. 2025, Göktürk et al. 2025). Several recent stud-ies have successfully applied ISSR analysis in conjunction with morphological and anatomical data to describe new taxa in diverse plant fami-lies (Düşen et al. 2018, Göktürk et al. 2019). Molecular approaches have increasingly contrib-uted to resolving the taxonomic problems also in Scorzonera.
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				Integrative taxonomic approaches have become increasingly essential for the accu-rate delimitation of species within Scorzonera. Coşkunçelebi et al. (2012) and Makbul et al. (2012) combined nuclear and plastid DNA mark-ers with morphological characteristics to assess species boundaries and phylogenetic relation-ships. The comprehensive taxonomic synopsis provided by Coşkunçelebi et al. (2015) fur-ther synthesised morphological, molecular and cytological evidence to refine the infrageneric classification of Scorzonera s. lato. Cytogenetic investigations (Nazarova 1997) have also con-tributed to our understanding of karyotype evo-lution and chromosomal differentiation within the genus, supporting species-level distinctions derived from other data sources.

				Despite these significant advances, many Turkish Scorzonera species remain insufficiently studied, particularly their geographic distribution, ecological requirements and conservation status. Given the high levels of local endemism and the continual discovery of narrowly distributed taxa (Parolly & Kilian 2003, Hamzaoğlu et al. 2010, Güzel et al. 2013), further integrative stud-ies combining fieldwork, herbarium revision and molecular techniques are urgently needed. Such efforts are not only vital for refining the taxonomy and evolutionary history of the genus but also for guiding effective conservation strategies in a region facing increasing anthropogenic pressures.

				Scorzonera ahmet-duranii was first described from clearings within pine forests on Mount San-dras (Muğla, Turkey) at 1655 m a.s.l. (Makbul et al. 2012). Yıldırımlı (2021) treated it as a synonym of S. humilis. However, our compre-hensive literature, herbarium, and field studies have shown that S. ahmet-duranii and S. humilis differ significantly in both morphological char-acters and habitat preferences, so they should be recognised as two distinct species (see below).

				During fieldwork conducted in May 2017 as part of the project Biodiversity and Monitoring Studies of Terrestrial and Inland Water Ecosys-tems in Denizli Province, we collected an inter-esting Scorzonera specimen growing on serpen-tinite stony slopes of Bozdağ Mountain (south-western Anatolia, Turkey). Subsequent visits to the same locality in May 2018, June 2019, July 2020 and May 2025 yielded additional material 

			

		

		
			
				with well-developed flowers and fully mature fruits. Detailed morphological and molecular analyses, based on ISSR data, revealed that these specimens represent an undescribed spe-cies closely resembling S. ahmet-duranii.

				Material and methods

				AI-assisted language editing tools (ChatGPT) were used to improve clarity, grammar and aca-demic tone of the paper.

				Morphological study

				Samples of S. ahmet-duranii were collected from the type locality on Sandras Mountain (Muğla, Turkey), and the species examined in detail based on 12 herbarium specimens. Morphologi-cal comparisons between S. ahmet-duranii and S. humilis were conducted using both herbarium specimens and relevant literature cited below.

				A total of 24 specimens of S. nikferica were collected from the type locality. They were pre-pared for morphological and molecular studies according to standard herbarium techniques and preserved at the Pamukkale University Herbarium (PAMUH). After the drying process, the speci-mens were examined using the Flora of Turkey (Chamberlain 1975, Davis et al. 1988, Güner 2000), Flora Europaea (Chater 1976) and several other papers (Hartvig & Strid 1987, Sümbül 1991, Duran 2002, Kilian & Parolly 2002, Parolly & Kilian 2003, Duran & Hamzaoğlu 2004, Doğan & Duran 2010, Hamzaoğlu et al. 2010, Doğan et al. 2011, Duran et al. 2011, 2013, Coşkunçelebi et al. 2012, Makbul et al. 2012, 2022, Güzel et al. 2013), and also compared with digital images of herbarium specimens from the herbaria B, E, K, JE, W and WU (herbarium acronyms according to Index Herbariorum, https://sweetgum.nybg.org/science/ih/).

				Molecular study and PCR

				DNA was extracted from dried leaf tissues of five individuals from the single known population of S. ahmet-duranii (Sandras Mountain, Muğla) and 
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				five individuals from the single known popula-tion of S. nikferica (Bozdağ Mountain, Denizli), following a modified CTAB protocol originally described by Doyle and Doyle (1987). Detailed information on each sample, including voucher specimens and their use in different analyses, is provided in Appendix 1. The quality and concen-tration of the isolated DNA were evaluated using spectrophotometry to ensure suitability for down-stream molecular analyses (Özüdoğru et al. 2011).

				In the initial screening for PCR, 21 ISSR primers were tested (Appendix 2). Seven prim-ers that produced the clearest and most repro-ducible banding patterns were selected for the main analysis: AT5: GGG(AC)7; AT6: (GA)6GG; UBC 815: (CT)8G; UBC 824: (TC)8G; UBC 834: (AG)8YT; UBC 886: AAA(CT)7; and (AC)7C (dos Santos Araújo et al. 2016, Chaudhari et al. 2018, Jannah et al. 2022, Kamali et al. 2023, Yüzer et al. 2023). Detailed information on all 21 tested primers, including their sequences, sources and amplification results, is provided in Appen-dix 2. PCR reactions were prepared in a final 

			

		

		
			
				volume of 25 μL, containing 2 μL BlasTaq™ 2× MasterMix (abm®, Richmond, BC, Canada), 50 ng of template DNA, and 40 ng of each primer. The thermal cycling conditions were as follows: initial denaturation at 95 °C for 3 min; 35 cycles of denaturation at 95 °C for 1 min, annealing at 54 °C for 1 min, and extension at 68 °C for 1 min; followed by a final extension at 72 °C for 6 min, performed on a Heal Force T960 thermal cycler (Heal Force Bio-Meditech Holdings Ltd., Shanghai, China) (Kaya 2015). The amplified PCR fragments were resolved on a 1.5% agarose gel (Thermo Scientific™ Owl Separation System, Waltham, MA, USA) and visualised by staining with 0.5 μg/mL ethidium bromide (Merck, Darmstadt, Germany). Gel images were captured using the SmartView Pro 1100 Imager System (UVCI-1100; Major Sci-ence, Saratoga, CA, USA).

				Data analyses

				A total of ten individuals were used to produce the dataset (Appendix 1): five individuals of S. ahmet-duranii (coded Sa1–Sa5) and five indi-viduals of S. nikferica (coded Sn1–Sn5). For the final ISSR dataset, seven primers (AT5, AT6, UBC 815, UBC 824, UBC 834, UBC 886, and (AC)7C) were used. These produced a total of 117 scorable loci. The presence or absence of each ISSR-PCR band was scored as 1 or 0, respectively, for each individual sample. Based on these binary data, pairwise Jaccard similarity coefficients were calculated using the formula J = (number of shared bands) / (total number of bands in both individuals). Jaccard distances were then calculated as 1 – J. A dendrogram was generated using the UPGMA method imple-mented in D-UPGMA 2002 software (Kaya 2015) based on the Jaccard similarity matrix.

				Results

				Scorzonera ahmet-duranii Makbul & Coşkunç.

				Nordic J. Bot. 30: 6. 2012. (Fig. 1). — Type: Turkey. Muğla, Köyceğiz, Sandras Mountain, 1655 m a.s.l., 23 June 2010, 
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				Fig. 1. Scorzonera ahmet-duranii in type locality. — A: Flowering. — B: Fruiting (Köyceğiz, Sandras Mountain, 21 June 2025).
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				S. Makbul & K. Coskuncelebi 230 (holotype KTUB, not seen; isotype RUB, not seen).

				We compared the morphological charac-teristics and habitat preferences of the Turkish (Yıldırımlı 2021) and the European populations (Chater 1976) of S. ahmet-duranii and S. humilis. In addition, we examined digital photographs of S. humilis specimens from the international her-barium E. The differences in morphological traits between the Turkish populations of S. ahmet-duranii and S. humilis are presented in Table 1.

				Scorzonera nikferica O.D.Düşen & Göktürk, sp. nova (Fig. 2)

				Type: Turkey. Denizli, Nikfer, Bozdağ Mountain, serpentinite stony slopes and Pinus nigra openings, 1655 m a.s.l., 20 May 2017, O.D.Düşen 4561, R.S.Göktürk, S. Düşen, M. Yavuz & M. Öz (holotype PAMUH; isotype AKDU). — Paratypes: Turkey. Denizli: Nikfer, Bozdağ Mountain, serpentinite stony slopes and Pinus nigra openings, 1655 m a.s.l., 29 May 2018, O.D.Düşen 4991, R.S.Göktürk, S. Düşen, M. Yavuz & M. Öz (PAMUH, AKDU); 16 June 2019, R.S.Göktürk 8240, O.D.Düşen, S. Düşen & M. Yavuz (PAMUH, AKDU); 4 July 2020, R.S.Göktürk 8303, O.D.Düşen, S. Düşen & M. Yavuz (PAMUH, AKDU); 25 May 2025, O.D.Düşen 6063 & S. Düşen (PAMUH).

				Etymology. The specific epithet is derived from the type locality Nikfer.

				Proposed vernacular name (Menemen et al. 2021). Nikfer tekesakalı.

				Subscapigerous to short-caulescent peren-nial herb. Rootstock vertical, thick, cylindrical, 5–10 mm in diameter, partly swollen. Flower-ing stem erect, solid, floccose throughout, leafy, remains of bases of former leaves present, simple 

			

		

		
			
				or rarely branched in lower part. Basal leaves crowded at base, entire, distinctly curved back-ward, 20–60 × 6–20 mm, lanceolate to ovate-lanceolate, floccose on both sides when young, becoming glabrous, sheathing at base, acute to acuminate at apex, margin deeply undulate, main veins conspicuous. Cauline leaves very similar to basal leaves but smaller, decreasing in size towards capitula. Capitula 1–2 per stem, homogamous, ligulate with ligulate flowers, 22–35 × 5–10 mm. Outer phyllaries 7–10 × 4–5 mm, ca. 1/2–1/3 of the inner phyllaries, straight, triangular to broadly ovate, broadly acuminate at apex, outer surface floccose when young, becoming glabrous, green-ish to purple, inner surface slightly pubescent, with a conspicuous main vein; inner phyllaries 18–30 × 4–5 mm, lanceolate to oblong-lanceo-late, acute at apex, curved backward at apex, outer surface floccose when young, becoming glabrous, greenish to purple, inner surface glabrous, with scarious margin below. Flowers yellow, ligules 

			

		

		
			
				Table 1. Comparison of morphological characters between Scorzonera ahmet-duranii and S. humilis (data from Chater 1976).

					S. ahmet-duranii	S. humilis

				Stem	up to 17 cm, crisped-pubescent to villous	12–80 cm, arachnoid-lanate to subglabrous

				Leaves

				 shape	linear to lanceolate	linear-lanceolate, oblong-lanceolate

				 size (cm)	6–11 × 0.5–1.3	7–20 × 0.5–5 cm,

				 hairs	crisped-pubescent mostly below	lanate, crisped hairy to glabrescent

				 margin	deeply undulate	entire to subundulate

				Capitula	1–2 per stem	2–6 per stem

				Inner phyllaries	pubescent above	crisped-pubescent to glabrous

				Achenes	12–16 mm, smooth	8–16 mm, rugulose-tuberculate
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				Fig. 2. Scorzonera nikferica. — A: General view in nature. — B: Close-up of flowering capitula. — C: Close-up of fruiting capitula (Nikfer, Bozdağ Mountain, 25 May 2025).
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				of marginal flowers with or without slightly pur-plish stripes, drying pale yellow; ligules longer than inner phyllaries, 22–36 × 2.5–3 mm, tube 4–6 mm, ligules 5-toothed, teeth ca. 0.2–0.3 mm long; style branches filiform, each branch 2.5–4.5 mm long, papillose, obtuse, shorter than lig-ules. Achenes 10–16 × 1.5–3 mm, cylindrical, ridged, sulcate, pale brownish, glabrous; pappus creamish to straw-coloured, 14–17 mm long, hairs plumose below, barbellate above. Flowering in May–June, fruiting in June–July.

				Distribution and habitat. Scorzonera nikfe-rica is endemic to Turkey. It grows on serpen-tinite stony slopes at 1655 m a.s.l. (Fig. 3). It is associated with other endemics such as Viola denizliensis, Euphorbia austroanatolica, Eryn-gium thorifolium, Astragalus pelliger, Verbascum trapifolium var. flabellifolium, Centaurea drabi-folia subsp. austro-occidentalis, Scorzonera pisi-dica, Amelanchier parviflora var. parviflora and Ajuga bombycina, as well as with non-endemic plants such as Pinus nigra subsp. pallasiana var. pallasiana, Fritillaria pinardii, Tulipa foliosa, Salvia frigida, Pelargonium endlicherianum, Silene spergulifolia, Convolvulus compactus, Geranium tuberosum and Turritis laxa.

				Conservation assessment. The extent of occurrence (EOO) is 20 km2 (criterion B1), esti-mated area of occupancy (AOO) is less than 10 km2 (criterion B2), it is known only from one locality (criterion B2a), and the population size of the new species is estimated to be fewer than 50 mature individuals (criterion C2a(i)). The plants are threatened by road construction between Nikfer and Bozdağ Mountain. We assess S. nikferica as Critically Endangered (CR) based on IUCN categories and criteria (https://www.iucnredlist.org/resources/categories-and-criteria).

				Differences between S. ahmet-duranii and S. nikferica are presented in Table 2.

				Specimens examined. — Scorzonera ahmet-duranii: Turkey. Muğla: Köyceğiz, Sandras Mountain, İ.G. Deniz 10589 (AKDE); R.S. Göktürk 8337 & İ.G. Deniz (AKDU, PAMUH).

				Genetic relationships

				Ten different ISSR primers were used for genetic relationship determination of two different Scor-

			

		

		
			
				zonera species, and seven of them were repro-ducible and gave polymorphic band profiles. These seven primers produced a total of 117 bands ranging from 125 bp to 1925 bp; 88 of these bands were polymorphic, and the polymor-phism rate was 75.2% between S. ahmet-dura-nii and S. nikferica. All ten individual samples (five per species) were included in the analysis. The maximum band profiles were obtained from primer AT5, and 15 of the total 21 bands were distinctly polymorphic (Fig. 4).

				Distance matrix based on the Jaccard coef-ficient revealed interspecific genetic distance values ranging from 0.699 (between sample Sa3 of S. ahmet-duranii and sample Sn4 of S. nikferica) to 0.732 (between sample Sa1 of S. ahmet-duranii and sample Sn1 of S. nikferica) (Table 3). Distance rates were very low among samples belonging to the same species, up to 0.113 for S. ahmet-duranii and up to 0.087 for S. nikferica.

				UPGMA dendrogram illustrating the genetic relationships among individuals of S. ahmet-

			

		

		
			[image: A dirt hill with a few plants growing on it.

Description generated by AI]
		

		
			
				Fig. 3. — A: Habitat of Scorzonera nikferica. — B: S. nikferica samples (inside yellow circles) among ser-pentinite stones (Nikfer, Bozdağ Mountain, 25 May 2025).

			

		

	
		
			
				158	Düşen et al.: Revalidating Scorzonera ahmet-duranii and describing S. nikferica • Ann. BOT. Fennici Vol. 63

			

		

		
			[image: ]
		

		
			
				duranii and S. nikferica, based on ISSR marker data, was divided into two main clusters, clearly separating the two species (Fig. 5). Results of the molecular analyses thus support those of the morphological study.

			

		

		
			
				Discussion

				The integrative morphological, ecological and molecular data obtained in this study provide compelling evidence that Scorzonera nikferica 

			

		

		
			
				Fig. 4. ISSR-PCR products visualised on a 1.5% agarose gel using six different primers (the seventh used primer, (AC)₇C, produced a similar pattern). M1 = 1 kb DNA ladder; M2 = 100 bp DNA ladder. Lanes labelled Sa1–Sa5 corre-spond to five individual specimens of Scorzonera ahmet-duranii. Lanes labelled Sn1–Sn5 correspond to five individual specimens of S. nikferica. Detailed voucher information for each individual specimen is provided in Appendix 1.

			

		

		
			
				Table 2. Comparison of morphological characters between Scorzonera nikferica and S. ahmet-duranii (data from Coşkunçelebi et al. 2012).

					S. nikferica	S. ahmet-duranii

				Stem	tomentose throughout	crisped-pubescent to villous

				Leaves

				 size (cm)	2–6 × 1–2	6–11 × 0.5–1.3

				 shape	lanceolate to ovate-lanceolate	linear to lanceolate

				 hairs	floccose both of sides when young,	crisped-pubescent mostly below

					becoming glabrous

				Outer phyllaries

				 size (mm)	7–10 × 4–5	11–14 × 5–7

				 outer surface	floccose when young, becoming glabrous	slightly pubescent

				 inner surface	slightly pubescent	glabrous

				Inner phyllaries

				 shape	lanceolate to oblong-lanceolate	linear to lanceolate

				 outer surface	floccose when young, becoming glabrous	pubescent above

				Ligule length (mm)	22–36	ca. 16

				Flowering time May–June	June–July
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				represents a distinct and previously unrecognised species. Although S. ahmet-duranii was reduced to synonymy with S. humilis by Yıldırımlı (2021), our comprehensive analyses reveal substantial morphological and ecological differences between S. ahmet-duranii and S. humilis, confirming that the former should not be regarded as conspecific with the latter. The reinstatement of S. ahmet-duranii as a distinct species is therefore well justi-fied. More importantly, our results clearly dem-onstrate that S. nikferica is both morphologically and genetically distinct from S. ahmet-duranii.

				Morphological assessments consistently showed that S. nikferica differs from S. ahmet-duranii in several stable diagnostic traits, includ-ing leaf shape, degree of floccose indumentum, 

			

		

		
			
				proportions of involucral phyllaries and ligule length. These traits were observed in multiple specimens collected over an eight-year period (2017–2025), suggesting that the morphological differences are genetically controlled and taxo-nomically reliable rather than environmentally induced. Additionally, the two species prefer dif-ferent habitats. Scorzonera nikferica is restricted to serpentinite-derived rocky slopes on Bozdağ Mountain, whereas S. ahmet-duranii inhabits open clearings within pine forests on Sandras Mountain. Such strict habitat differentiation likely reflects ecological specialisation, a pattern commonly associated with speciation processes in Scorzonera, particularly in the topographi-cally and geologically heterogeneous landscapes 

			

		

		
			
				Fig. 5. UPGMA den-drogram illustrating the genetic relationships among ten individual sam-ples of Scorzonera ahmet-duranii (Sa1–5) and S. nik-ferica (Sn1–5) based on ISSR marker data.
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				Table 3. Jaccard distance matrix calculated from ISSR band profiles of ten individual specimens of S. ahmet-dura-nii (Sa1–Sa5) and S. nikferica (Sn1–Sn5). Values represent pairwise distances between individual specimens. Lower values indicate higher similarity; higher values indicate greater genetic divergence. Each specimen code corresponds to a specific sample listed in Appendix 1.

					Sa1	Sa2	Sa3	Sa4	Sa5	Sn1	Sn2	Sn3	Sn4	Sn5

				Sa1	0.000	0.113	0.098	0.065	0.102	0.732	0.715	0.724	0.708	0.721

				Sa2	0.000	0.108	0.113	0.095	0.725	0.600	0.718	0.702	0.714

				Sa3	0.000	0.072	0.088	0.719	0.710	0.699	0.704	0.711

				Sa4	0.000	0.091	0.728	0.712	0.720	0.706	0.719

				Sa5	0.000	0.600	0.703	0.715	0.698	0.708

				Sn1	0.000	0.082	0.075	0.071	0.079

				Sn2	0.000	0.069	0.087	0.073

				Sn3	0.000	0.064	0.068

				Sn4	0.000	0.062

				Sn5	0.000
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				of south-western Anatolia (Coşkunçelebi et al. 2012, Makbul et al. 2012).

				The molecular findings strongly corrobo-rate the morphological and ecological evi-dence separating the two species. ISSR anal-ysis proved effective in detecting substantial genetic divergence. The seven selected primers yielded altogether 117 scorable loci, 75.2% of which were polymorphic, indicating consider-able genetic differentiation between S. nikferica and S. ahmet-duranii. Jaccard similarity indices revealed distinctly higher interspecific distances (0.699–0.732) compared to the relatively low intraspecific distances, which did not exceed 0.113. UPGMA dendrograms based on these data separated all individuals into two well-supported clades corresponding precisely to S. nikferica and S. ahmet-duranii.

				These molecular findings were further sup-ported by the ISSR-based genetic distance esti-mates. Consistent with the main analysis, inter-specific Jaccard distances (0.600–0.732) were markedly higher than intraspecific variability. Scorzonera ahmet-duranii showed low intraspe-cific variation (up to 0.113), while in S. nikferica it was even lower (up to 0.087), indicating clear genetic differentiation between the two species. Such levels of genetic separation are comparable to or exceed those observed in previous ISSR-based species delimitation studies within Aster-aceae (Safaei et al. 2013, Düşen et al. 2018, Elgohary et al. 2025).

				The strong congruence between morphologi-cal traits and molecular markers aligns with contemporary integrative taxonomic frameworks that emphasise the combined use of multiple data types to delineate species boundaries in mor-phologically challenging genera (Coşkunçelebi et al. 2012, Makbul et al. 2012). Given the well-documented morphological plasticity within Scorzonera and the influence of environmental gradients on phenotypic expression (Zaika et al. 2020), reliance solely on morphology can lead to misinterpretation of intraspecific variation as interspecific divergence. The integration of ISSR markers in this study has thus provided an essen-tial layer of evidence, reducing the uncertainty inherent in morphology-based taxonomy and confirming that S. nikferica constitutes a distinct evolutionary lineage.

			

		

		
			
				The discovery of S. nikferica also highlights the critical role of south-western Anatolia—as part of the Irano-Turanian phytogeographic region—in promoting diversification within Scorzonera. High landscape heterogeneity, ser-pentine substrates, and fine-scale ecological par-titioning contribute to the region’s remarkable endemism. From a conservation perspective, the extremely narrow distribution of S. nikferica is particularly concerning. The species is currently known only from a single locality on Bozdağ Mountain, with fewer than 50 mature individu-als observed. Its extent of occurrence (EOO) and area of occupancy (AOO) fall well below the thresholds for Critically Endangered (CR) status according to IUCN criteria. Moreover, ongoing anthropogenic disturbance in the region, most notably road construction between Nikfer and Bozdağ, poses an imminent threat to the survival of this highly localised species. Urgent conservation measures, including habitat protec-tion, restriction of road expansion, and long-term population monitoring, are essential to prevent further decline.
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				Appendix 1. Samples of Scorzonera ahmet-duranii and S. nikferica used in the analyses with collection locality/population and approximate coordinates (WGS84), voucher specimen information, with herbarium in parentheses, and the analyses in which the samples were used. Samples from same the voucher specimens are from different individuals

					Locality	Coordinates	Voucher specimen	Analyses

				S. ahmet-duranii

				 Sa1	Sandras Mt., Köyceğiz, Muğla	36°51’ N, 28°45’ E	İ.G. Deniz 10589 (AKDE)	Morphology, ISSR

				 Sa2	Sandras Mt., Köyceğiz, Muğla	same as above	R.S. Göktürk 8337 & 	ISSR

					İ.G. Deniz (AKDU)

				 Sa3	Sandras Mt., Köyceğiz, Muğla	same as above	same as Sa2	ISSR

				 Sa4	Sandras Mt., Köyceğiz, Muğla	same as above	same as Sa2	ISSR

				 Sa5	Sandras Mt., Köyceğiz, Muğla	same as above	same as Sa2	ISSR

				S. nikferica

				 Sn1	Bozdağ Mt., Nikfer, Denizli	37°24’ N, 29°07’ E	O.D.Düşen 4561 (holotype	Morphology, ISSR

					PAMUH)

				 Sn2	Bozdağ Mt., Nikfer, Denizli	same as above	O.D.Düşen 4991 (PAMUH)	ISSR

				 Sn3	Bozdağ Mt., Nikfer, Denizli	same as above	R.S. Göktürk 8240 (PAMUH)	ISSR

				 Sn4	Bozdağ Mt., Nikfer, Denizli	same as above	R.S. Göktürk 8303 (PAMUH)	ISSR

				 Sn5	Bozdağ Mt., Nikfer, Denizli	same as above	O.D.Düşen 6063 (PAMUH)	ISSR
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				Appendix 2. List of the 21 tested ISSR primers, their sequences (5′–>3′), sources and amplification results. Only the seven primers marked “Retained = Yes” were used for the final ISSR dataset (117 loci total, 88 polymorphic).

					Sequence	Source / Reference	Retained	Total bands	Polymorphic bands

				AT5	GGG(AC)₇	dos Santos Araújo et al. 2016	Yes	21	15

				AT6	(GA)₆GG	dos Santos Araújo et al. 2016	Yes	18	13

				UBC 815	(CT)₈G	UBC primer set #9*	Yes	16	12

				UBC 824	(TC)₈G	UBC primer set #9*	Yes	17	13

				UBC 834	(AG)₈YT	UBC primer set #9*	Yes	15	11

				UBC 886	AAA(CT)₇	UBC primer set #9*	Yes	14	10

				(AC)₇C	(AC)₇C	Chaudhari et al. 2018	Yes	16	14

				UBC 807	(AG)₈T	UBC primer set #9*	No	–	–

				UBC 808	(AG)₈C	UBC primer set #9*	No	–	–

				UBC 809	(AG)₈G	UBC primer set #9*	No	–	–

				UBC 810	(GA)₈T	UBC primer set #9*	No	–	–

				UBC 811	(GA)₈C	UBC primer set #9*	No	–	–

				UBC 812	(GA)₈A	UBC primer set #9*	No	–	–

				UBC 825	(AC)₈T	UBC primer set #9*	No	–	–

				UBC 826	(AC)₈C	UBC primer set #9*	No	–	–

				UBC 827	(AC)₈G	UBC primer set #9*	No	–	–

				UBC 828	(TG)₈A	UBC primer set #9*	No	–	–

				UBC 829	(TG)₈C	UBC primer set #9*	No	–	–

				UBC 830	(TG)₈G	UBC primer set #9*	No	–	–

				UBC 841	(GA)₈YC	UBC primer set #9*	No	–	–

				UBC 842	(GA)₈YG	UBC primer set #9*	No	–	–

				*UBC primer set #9 refers to the University of British Columbia Biotechnology Laboratory primer set #9 (UBC, Van-couver, Canada).

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

			

		

	OEBPS/toc.xhtml

		
			
			


		
		
		Page List


			
						152


						153


						154


						155


						156


						157


						158


						159


						160


						161


						162


						163


			


		
		
		Landmarks


			
						Cover


			


		
	

OEBPS/image/8.png





OEBPS/image/Dusen37854-F1.jpg





OEBPS/image/3.png





OEBPS/image/Dusen37854-F5.png
Pus

|

cus

Lus

sus

€us

ges

ces

ves

€es

1eS

g0

¥'0

L} L
€0 20
aoueISIg pIesde

1’0





OEBPS/image/Dusen37854-F2.jpg





OEBPS/image/Dusen37854-F3.jpg





OEBPS/image/Dusen37854-F4_v3.jpg
MIM2(#) () Sal Sa2 Sa3 Sad Sa5 Snl Sn2 $n3 Snd Sn5 MIM2(+)(-) Sal Sa2 Sa3 Sad Sa5 Snl Sn2 $n3 Snd Sn5  M1M2(+)(-) Sal Sa2 a3 Sc4 Sas Sn1 $n2 $n3 Sk $ns

AT6 E UBC 815

ATS

MIM2(#) () Sal Sa2 Sa3 Sa4 Sa5 Snl S12. 513 Snd SnS MIM2(+)() Sal a2 Sa3 Sad Sa5 Sl $12 513 Snd S5 M1M2(+)(-) Sal Sa2 Sa3 Sa4 a5 Sl Sn2 513 Snd Sn5

8 UBC 824 usc s | | & UBC 886
s g
-t - TET esceusasseslT
- = &






OEBPS/image/1.png
Ann. Bot. Fennici 63: 152—163 elSSN 1797-2442
Helsinki 18 June 2026 © Finnish Zoological and Botanical Publishing Board

Revalidating Scorzonera ahmet-duranii and describing
S. nikferica (Asteraceae) from Turkey as a new species,
with insights into their taxonomic relationships based on
ISSR markers

Olcay Disen', Ramazan Siileyman Goktlrk>*, Ergun Kaya?,
ismail Gokhan Deniz*, Betiil Giircan', Uygar Sarpkaya’,
Selin Galatali® & Damla Ekin Ozkaya3®

Y Department of Biology, Faculty of Science, Pamukkale University, TR-20160, Kinikli, Denizli,
Turkey

2 Department of Biology, Faculty of Science, Akdeniz University, TR-07070, Konyaalti, Antalya,
Turkey (*corresponding author’s e-mail: gokturk @akdeniz.edu.tr)

% Department of Molecular Biology and Genetic, Faculty of Science, Mugla Sitki Kogman
University, TR-48000, Mentese, Mugla, Turkey

4 Department of Mathematics and Science Education, Faculty of Education, Akdeniz University,
TR-07070, Konyaalti, Antalya, Turkey

5 Medical Laboratory Techniques Program, Vocational School of Health Services, Istanbul Okan
University, Istanbul, Turkey

Received 3 Mar. 2026, final version received 11 May 2026, accepted 11 May 2026

Diisen O., Gokturk R.S., Kaya E., Deniz i.G., Gircan B., Sarpkaya U., Galatall S. & Ozkaya D.E.
2026: Revalidating Scorzonera ahmet-duranii and describing S. nikferica (Asteraceae) from
Turkey as a new species, with insights into their taxonomic relationships based on ISSR markers.
— Ann. Bot. Fennici 63: 152-163.

This study provides an integrative taxonomic assessment of Scorzomera ahmet-
duranii and describes S. nikferica O.D.Diisen & Goktiirk (Asteraceae) as a new spe-
cies endemic to south-western Anatolia. Morphological comparisons of herbarium
specimens from Turkish and European populations confirm that S. ahmet-duranii
is distinct from S. humilis, with which it was previously synonymised. During field
surveys conducted between 2017 and 2025 on Bozdag Mountain (Denizli, Turkey),
we encountered a morphologically unique population on serpentinite stony slopes at
1655 m a.s.l. The new species resembles S. ahmet-duranii but differs from it in stem
indumentum, leaf morphology, floccosity, involucral phyllary proportions and ligule
length. ISSR analyses of the studied taxa produced 117 loci with 75.2% polymor-
phism and revealed significantly higher interspecific genetic distances (0.699-0.732)
compared to intraspecific variation (< 0.113). UPGMA clustering clearly separated
individuals into two distinct clades. These integrative findings support recognition of
S. nikferica as a distinct lineage. With fewer than 50 mature individuals and a restricted
distribution, it is assessed as Critically Endangered (CR) under IUCN criteria.

ORCID: OD 0000-0002-9155-9701, RSG 0000-0002-1959-7578, EK 0000-0003-4255-3802, /QD 0000-0003-2190-
372X, BG 0000-0002-2256-550X, US 0000-0002-6999-7828, SG 0000-0002-1992-3361, DEO 0000-0002-2952-
1999





OEBPS/image/5.png





