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Abstract

The systematic position of the species Pimpinella ibradiensis, a narrow endemic to Turkey, was evaluated on the basis 
of morphological data and nrDNA ITS sequences. The species Pimpinella ibradiensis has been classified within the 
genus Pimpinella, particularly due to the similarity of leaf characteristics. However, the presence of trifoliolate leaves has 
been observed in both the isotype specimens and newly collected specimens from the field. Field observations, detailed 
morphological comparison, mericarp anatomy, and nrITS sequences data have supported the inclusion of this species within 
the genus Aegokeras. Furthermore, the description of the species P. ibradiensis has been emended, and the diagnostic 
morphological characters of all Aegokeras species are discussed. Additionally, the geographical distribution of the genus 
Aegokeras species is mapped, and an identification key with a description of all species is provided.
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Introduction

Pimpinella Linnaeus (1753: 263) is one of the largest genera of the Apiaceae. It is represented by c. 180 species in 
the world, which are mainly distributed through subtropical and temperate regions of the northern hemisphere. The 
Mediterranean region is however one of the most important centres of diversity for this group (Abebe 1992, Pimenov 
& Leonov 1993, 2004, Magee et al. 2010). Pimpinella species are annual, biennial or perennial and usually grow on 
dry rocky habitats such as rocky crevices, waste places, cultivated fields, meadows, mountain pastures, and grasslands. 
To date, 34 taxa of Pimpinella are known to grow in Turkey, including 29 species, 10 of them are endemic (Matthews 
1972, Ertekin & Kaya 2005, Menemen 2012a, Çinbilgel et al. 2015, Akalın et al. 2016, Yeşil et al. 2016, Yıldırımlı & 
Kılıç 2019, Behçet & Cengiz 2023).
	 During the preparation phase of the paper about the new species Aegokeras gazipashensis A.Duran & Lyskov in 
Duran et al. (2023: 237), the first author examined the Apiaceae specimens from his private collection. Among the 
examined plants, there were also isotypes of the Pimpinella ibradiensis (Çinbilgel et al. 2015: 165), which were sent 
by Dr. İlker Çinbilgel (the first author of the P. ibradiensis). The latter species was described as a part of Pimpinella 
subsect. Flabellifoliae Wolff (1927: 222) with closely related species P. flabellifolia (Boissier 1844: 135) Drude (1898: 
196), P. sintenisii Wolff (1927: 223), P. neprophylla Rech.f. & Riedl in Rechinger (1961: 226), and P. paucidentata 
Matthews (1972: 354). In the protologue of P. ibradiensis, the plant was described as having simple leaves. This feature 
becomes the main ground to refer this species to Pimpinella subsect. Flabellifoliae. However, during examination it 
was observed that some leaves of the isotype specimens are trifoliolate (Fig. 1). In this way we started to think that the 
species P. ibradiensis might belong to the genus Aegokeras Rafinesque (1840: 51).
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FIGURE 1. Representative specimens of Pimpinella ibradiensis (isotype).

	 The genus Aegokeras contains two species. The first species was previously described as Seseli caespitosum Smith 
in Sibthorp & Smith (1806: 200). After this the only species Aegokeras caespitosa (Smith) Rafinesque (1840: 51) was 
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mistakenly transferred to the genus Olymposciadium Wolff (1922: 132) and it take place in the Flora of Turkey as 
Olymposciadium caespitosum (Smith) Wolff (1922: 132) (Hedge & Lamond 1972). Later it was rearranged as Aegokeras 
genus in the plants list of Turkey (Menemen 2012b). Following the publication of the species A. gazipashensis (Duran 
et al. 2023), Aegokeras becomes a bitypic genus.
	 Morphology of leaf blades, number of vallecular vittae, and some other morphological features leading us to 
a decision to conduct fieldwork and population observations at the type locality of P. ibradiensis during the 2023 
vegetation season. In order to determine the taxonomic position of the species, we undertook both morphological and 
molecular studies to understand the relationships of this taxon.

Materials and methods

On 19 July 2023 an excursion was made to the type locality of Pimpinella ibradiensis (Turkey, Antalya province, 
İbradı district, Toka Yayla), and fieldwork was conducted. Collected specimens and available herbarium collections 
were meticulously compared against the provided identification keys and descriptions (Hedge & Lamond 1972), and 
the Apiaceae accounts given in various relevant publications (Kaya & Başer 2002, Çinbilgel et al. 2015, Duran et 
al. 2023). Herbarium specimens from ANK, GAZI, HUB, K, KNYA, and MW herbaria were also examined and 
compared. Herbarium acronyms follow Thiers (2018).

DNA extraction, nuclear ITS amplification, and sequencing

Total genomic DNA was isolated from fruit material using a Diamond DNA Plant kit (ABT, Barnaul, Russia) following 
the manufacturer’s instructions. Polymerase chain reaction (PCR) amplification was performed on a Biometra 
T3000 Thermocycler using an Encyclo PCR kit (Evrogen JSC, Moscow, Russia). Details of the PCR nrITS region 
amplifications (including primer locations and characteristics) and sequencing strategies for nrITS were described by 
Valiejo-Roman et al. (2002). Cycle sequencing was performed by automated sequencing using Big Dye Terminator 
version 3.1 for both forward and reverse strands was conducted on ABI Prism 3100-Avant (Applied Biosystems). 
Newly obtained sequences were deposited in the GenBank (Appendix 1).

Alignment and phylogenetic analysis

The sequences were aligned using the program MUSCLE (Edgar 2004) and then manually adjusted using the program 
BioEdit (Hall 1999). To infer phylogenetic relationships, maximum parsimony and Bayesian analyses were performed 
using a set of concatenated ITS1 and ITS2 sequences of 55 samples including 10 sequences of Pimpinella and 
three sequences of Aegokeras with addition of other species from the Careae and Pyramidoptereae clades. Meum 
athamanticum Jacquin (1776: 2) was used as the outgroup based on the results of an earlier phylogenetic study of the 
subfamily Apioideae (Banasiak et al. 2013).
	 Maximum parsimony analysis was performed using PAUP* version 4.0a (Swofford 2003) with TBR branch 
swapping and equal weighing of characters; gaps were treated as missing data. 1000 heuristic searches with random 
sequence additions were performed and 1000 of the shortest trees were saved in each run. Bootstrap values were 
calculated using 2000 replicates with TBR branch swapping and random addition of taxa (Felsenstein 1985) and 1000 
most parsimonious trees from each replicate were saved.
	 Bayesian analysis of molecular data was performed using the program MrBayes version 3.2.6 (Ronquist et al. 
2012). The SYM+G model of substitutions with gamma rate categories was selected by AICc in PAUP* version 4.0a 
(Swofford 2003). The Bayesian analysis used four independent runs of 20 million generations and four chains in each 
run sampling every 1000th generation and discarding the first 1000 trees as burn-in, the number of discarded trees was 
determined by Höhna-Sahlin’s ESS-based estimator in VMCMC version 1.0.1 (Ali et al. 2017). The remaining trees 
were used to construct the 50% majority-rule consensus tree. We considered posterior probability (PP) > 0.90 as well 
supported, because PP in Bayesian analyses are not equivalent to BS and are generally much higher (Ericson et al. 
2003). In all analyses gaps (indels) were treated as missing data. Visualization of trees was made using TreeView (Page 
1996).
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Study of morphology

Images of the living material were taken with a digital camera. Geographical coordinates were recorded using a 
GPS device. According to the grid system used in the Flora of Turkey (Davis 1965), the locality where Pimpinella 
ibradiensis was found (Fig. 2) is within the C3 square. Methodology, specimen description, anatomical features and 
terminology were used as described by Kljuykov et al. (2004) and Metcalfe & Chalk (1979).

FIGURE 2. Distribution map of the genus Aegokeras (areas numbered 1 and 2) and Pimpinella sect. Reutera, subsect. Flabellifoliae (area 
number 3). Aegokeras gazipashensis (●), A. caespitosa (▲), Pimpinella ibradiensis (■), and subsect. Flabellifoliae species ().

Results

The aligned matrix nrITS data contained 55 sequences. The final data matrix included 586 characters and contained 
197 maximum parsimony informative sites. Trees generated by different methods (MP and BI) possessed congruent 
topology, so only the Bayesian tree is provided with indication of posterior probabilities and bootstrap support from 
maximum parsimony analysis (Fig. 3).
	 Species of Careae tribe form a clade with strong support (PP = 1, BS = 90). Species of the genus Aegokeras are 
a part of Careae clade with such genera as Carum Linnaeus (1753: 263), Grammosciadium Candolle (1829: 62), 
Rhabdosciadium Boissier (1844: 68), Aegopodium Linnaeus (1753: 265) etc. Sister clade to the Aegokeras includes 
two related monotypic genera—Falcaria Fabricius (1759: 34) and Gongylosciadium Rechinger (1987: 308). The 
genus Aegokeras also forms a clade with strong support (PP = 1, BS = 100). At the same time species of the genus 
Pimpinella, including species of subsect. Flabellifoliae (P. flabellifolia, P. paucidentata, and P. sintenisii), are attributed 
to Pimpinelleae clade and form a clade with strong support (PP = 1, BS = 100). Meanwhile, the specimen of Pimpinella 
ibradiensis is nested together with Aegokeras caespitosa and A. gazipashensis with strong support (PP = 1, BS = 100). 
Other genera of the Careae tribe pose more differences in the sequences of nrITS.
	 The main morphological characters of P. ibradiensis are as follows: nearly glabrous dwarf plant, bracts 1–2 
or rarely absent, bracteoles present, petals white, fruits oblong-cylindrical, 4–5.5 × 1–2 mm (Figs. 4–7). Field 
observations show that both individuals with simple leaves and those with trifoliolate leaves were observed together in 
the population of the P. ibradiensis. The ratio of individuals with trifoliolate leaves was approximately 25%. Species 
of subsect. Flabellifoliae bears following features: glabrous or puberulent dwarf plants, bracts and bracteoles absent, 
petals yellow, fruits oblong to ovoid, 2–2.5 × 0.6–1. All species of subsect. Flabellifoliae have simple leaves. Species 
of the genus Aegokeras can be characterized by the following features: glabrous dwarf plant, leaves unipinnate or 
pinnatisect, bracts and bracteoles present, petals white, fruits narrowly oblong, 4–5.5 × 1.5–2 mm (Figs. 5–8). The 
diagnostic characters of studied species are compared in Table 1.
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FIGURE 3. Fifty percent majority rule tree inferred by Bayesian analysis of nrITS nucleotide sequences. Posterior probability and 
bootstrap support values of maximum parsimony analysis are shown. Specimens attributed to type species are underlined.

TABLE 1. Comparison of diagnostic characters of Aegokeras species and Pimpinella ibradiensis.

Characters Aegokeras caespitosa A. gazipashensis P. ibradiensis

Growing habitat crevices of limestone cliffs semi-arid mountain steppes semi-arid mountain steppes

Plant habit caespitose non-caespitose non-caespitose

Base of stem with remains of old leaves bases without remains of old leaves bases without remains of old leaves bases

Roots
shapeless in cracks, in different 
positions

thick cylindrical-oblong, vertical thick cylindrical-oblong, vertical

Leaves
unipinnate or pinnatisect, with 
herbaceous and ±greenish, rarely 
±glaucous

unipinnate or pinnatisect, with 
distinctly coriaceous and glaucous

simple, trifoliolate or 2–3-lobed, 
with coriaceous and glaucous

Leaf margins
dentate or serrate, teeth apiculate, 
without cartilaginous teeth

acute-laciniate to dentate, with 
cartilaginous teeth

serrulate, with cartilaginous teeth

......continued on the next page
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TABLE 1 (Continued)

Characters Aegokeras caespitosa A. gazipashensis P. ibradiensis

Segments of leaves 2–5-paired 2–5-paired absent or trifoliolate

Petiole
with a scarcely dilated sheath, with 
greenish margin

with a well-developed sheath, 
clearly flattened, with whitish 
membranaceous margin

with a well-developed sheath, 
clearly flattened

Cauline leaves
decreasing size to umbels and 
similar to basal leaves
or sheath-like

only at base of lateral branches 
sheath-like form or rarely absent

rarely one and reduced, mostly 
only at base of lateral branches 
sheath-like form

Bracts
4–13, narrow-triangular to 1inear-
subulate

1–10 or rarely absent, lanceolate to 
linear, margins
membranous

1–2 or rarely absent, mostly 
sheath-like form and subulate, 
rarely narrowly lanceolate

Rim of stylopodium clearly dentate slightly undulate slightly undulate

Commissural vittae 2–4 2–4 5–7

FIGURE 4. The roots and leaves of Pimpinella ibradiensis: A—root and basal leaves, B—simple basal leaves, C—trifoliolate basal 
leaves, D and E—trifoliolate leaves, F—trifoliolate and simple leaves, G—different sizes of fruits.
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FIGURE 5. The leaf characteristics of the Pimpinella ibradiensis and Aegokeras species. P. ibradiensis: A1 and 2—simple leaves, A3 
and 4—leaves with lobes and clefts, A5–10—different trifoliolate leaves, D1–4—various sheath-like cauline leaves. A. gazipashensis: 
B—different basal leaves, D7–8—sheath-like cauline leaves. A. caespitosa: C—different basal leaves, D5–6—cauline leaves.

	 The fruit morphology and anatomy have been considered as essential for identification of the taxonomy of 
Apiaceae. Especially, the number of vittae has reliable diagnostic importance in the family (Abebe, 1992). Fruits of 
Pimpinella species have 2–10 vallecular vittae in each furrow, usually larger than vascular bundles, sometimes equal 
to them or rarely smaller than vascular bundles (Khajepiri et al. 2010). Solitary vallecular vittae were observed in 
each furrow of the fruits of the genus Aegokeras (Duran et al. 2023, Hedge & Lamond 1972, Kaya & Başer 2002). 
Similarly, the fruits of the Pimpinella ibradiensis exhibit solitary vallecular vittae in each furrow (Çinbilgel et al. 
2015). Additionally, fruit anatomy of Pimpinella ibradiensis species was studied within the scope of this research, and 
solitary vallecular vittae were observed in each furrow of its fruits (Fig. 7).
	 The species of subsect. Flabellifoliae are distributed in the southeastern Anatolia region of Turkey and its 
nearby surroundings (Fig. 2). However, species of the genus Aegokeras grow in the Western Black Sea and Western 
Mediterranean regions of Turkey. The simple-leaved species of Pimpinella (subsect. Flabellifoliae) and species of 
Aegokeras demonstrate allopatric distribution in Turkey (Fig. 2). At the same time Pimpinella ibradiensis also occurs 
in Antalya, Western Mediterranean regions of Turkey.
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FIGURE 6. The characteristics of umbels, umbellules, bracts, bracteoles, petals, and fruits of the Pimpinella ibradiensis and within the 
genus Aegokeras. A and B—P. ibradiensis. C and D—A. caespitosa. E and F—A. gazipashensis.
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FIGURE 7. Cross-sections of the mericarps and the mature fruits in the genus Aegokeras. A and B—Pimpinella ibradiensis. C and 
D—Aegokeras gazipashensis. E and F—A. caespitosa. A: a—exocarp, b—mesocarp, c—endocarp, d—layer of sclerenchymatous cells 
in mesocarp, e—vitta, f—inconspicuous mesocarpic vitta, g—vascular bundle, h—endosperm, i—funiculus.

Discussion

As it was shown in earlier molecular studies (Lyskov et al. 2017, Zakharova et al. 2022), the genus Aegokeras with two 
species is a part of Careae. At the same time species of the genus Pimpinella are attributed to the Pimpinelleae clade 
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and this result is in accordance with previous studies too (Banasiak et al. 2013). This clade includes both generic type 
P. saxifraga Linnaeus (1753: 263) and species of subsect. Flabellifoliae. In conformity with this results consideration 
of P. ibradiensis as a part of the genus Pimpinella makes the latter a polyphyletic taxon. Therefore, these results 
confirm requirement of taxonomic revision of this species.
	 The genus Pimpinella was subdivided into three sections on the basis of petal color, fruit and petal properties, and 
life form by Wolff (1927). According to characters remarked in Wolff’s revision, the species Pimpinella flabellifolia, 
P. sintenisii, P. neprophylla, P. paucidentata, and P. enguezekensis Yıldırım, Akalın & Yeşil (2016: 238) are attributed 
to Pimpinella sect. Reutera, subsect. Flabellifoliae. All above mentioned species have yellow flowers and entire leaves. 
However, the species P. ibradiensis differs from all species of subsect. Flabellifoliae by presence of trifoliolate leaves 
and white petals (Figs. 1, 4–5).
	 Pimpinella ibradiensis exhibits morphological similarity to certain Pimpinella species, with only some of its 
leaves being undivided. All other morphological and anatomical characteristics of this species (divided leaves, stems, 
branching, bracts, bracteoles, petal features, fruit morphology, and anatomy) correspond exactly to the features of the 
genus Aegokeras (Duran et al. 2023, Kaya & Başer 2002) (Figs. 4–7).
	 Pimpinella ibradiensis particularly shows close similarity to Aegokeras gazipashensis both in terms of habitus 
and habitat (Duran et al. 2023) (Figs. 4, 8–9, Tab. 1). However, Pimpinella ibradiensis differs by its leaves simple and/
or trifoliolate (not unipinnate or pinnatisect, leaflets 2–5-paired in Aegokeras gazipashensis), leaf margins serrulate 
(not acute-laciniate to dentate), commissural vittae 5–7 (not 2–4) (Figs. 4–5, 7–8).

FIGURE 8. The roots and basal leaves of species Aegokeras gazipashensis and A. caespitosa. A. gazipashensis: A—rosette form leaves, 
B—root and basal leaves. A. caespitosa: C—basal leaves, D—remains of old leaves at the base of stems (herb. K).

	 Pimpinella ibradiensis is also closely related to Aegokeras caespitosa. It mainly differs from A. caespitosa because 
it has non-caespitose habit (vs. caespitose habit in A. caespitosa), habitat semi-arid mountain steppe (not crevices of 
limestone cliffs), base of stem without remains of old leaf bases (not with remains of old leaf bases), leaves simple and/
or trifoliolate (not unipinnate or pinnatisect, leaflets 2–5-paired), leaflets margin serrulate, with cartilaginous teeth (not 
dentate or serrate, teeth apiculate, without cartilaginous teeth), commissural vittae 5–7 (not 2–4) (Figs. 4–5, 7–8).
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FIGURE 9. Pimpinella ibradiensis and A. gazipashensis grow in semi-arid mountain steppes. A—P. ibradiensis. B—A. gazipashensis.

	 The distinguishing characteristics of fruit anatomy have been specified for the Turkish species of Pimpinella by 
Akalın et al. (2016). The most important carpological characters are as follows: mericarp shape in transverse section, 
fruit indumentum, shape lateral and marginal ribs, number of vallecular and commissural vittae, and relative size of 
vittae and vascular bundles. The number and morphology of vittae on the dorsal and commissural surfaces are also 
considered as important diagnostic characters by Khajepiri et al. (2010). The mericarps of Pimpinella species usually 
have 5–10 vallecular vittae in each furrow (Khajepiri et al. 2010, Akalın et al. 2016). Meanwhile each mericarp of 
the genus Aegokeras has 4 solitary vittae on the dorsal surface (Hedge & Lamond 1972, Kaya & Başer 2002, Duran 
et al. 2023). In the species Pimpinella ibradiensis it has been reported that there are 4 vallecular vittae per mericarp 
on the dorsal surface (Çinbilgel et al. 2015), in other words vallecular vittae are solitary. Fruits of Pimpinella species 
are ovate, elliptic, ovate-oblong or subglobose. Mericarps are homomorphic, elliptic, half-round, pentagonal or almost 
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round in transverse section (Khajepiri et al. 2010, Akalın et al. 2016). Whereas, fruits of Aegokeras species are oblong, 
oblong-cylindrical or narrowly oblong to ovate (Çinbilgel et al. 2015, Duran et al. 2023, Hedge & Lamond 1972, Kaya 
& Başer 2002) (Figs. 4, 6–7).
	 The careful examinations showed significant similarity of Pimpinella ibradiensis and its close affinity, Aegokeras 
caespitosa and A. gazipashensis. At the same time, above mentioned species clearly distinguished between themselves 
in the set of obvious morphological features. In addition, these results were supported by molecular phylogenetic 
analysis using nrDNA ITS regions. Morphological, carpological, anatomical data and molecular study support that 
Pimpinella ibradiensis should be transferred to the genus Aegokeras. Thus, the number of species of the genus 
Aegokeras increased to three and all of them are endemic to Turkey.

Taxonomic novelties

Aegokeras ibradiensis (Çinbilgel, Eren, H.Duman & Gökceoğlu) A.Duran & Lyskov, comb. nov. ≡ Pimpinella 
ibradiensis Çinbilgel, Eren, H.Duman & Gökceoğlu (2015: 165)

Type:—Turkey. C3 Antalya: İbradı, Toka Yayla, in Trifolio-Polygonetalia community on flat or gently sloping stony 
places with plentiful fine soil and good water supply, limestone, 37°13′253′′ N, 31°22′503′′ E, 1527 m, 02 July 2011, 
Çinbilgel 7975 & Eren (holotype GAZI!, isotypes ANK!, AYDN, Herbarium of Akdeniz University, HUB! A.Duran’s 
private collection!).

Emended description: Perennial, polycarpic, hemicryptophytic herbaceous plants, ± rosulate, 9–30 cm tall. Rootstock 
fairly stout, 0.5–1(–1.5) cm Ø, cylindrical, rarely branched, with rarely remains a few papery old-leaf petioles at base 
of stem or without petiolar remains. Stems fairly slender, 1–2 mm Ø at base, erect, longitudinally striate, mostly arising 
as a single stem or in a pair from the base, divided above into 2–3 unequal branches, glabrous, terete, smooth, greenish. 
Leaves multiple, radical leaves variable, simple or trifoliolate, 2–3-lobed or 1–2-cleft, petiolate, petiole (7–)10–15(–20) 
mm long, distinctly 6–10 veined, glaucous, glabrous to greyish very sparsely puberulent especially on veins, margin of 
petiole membranous; lamina of simple leaves suborbicular to orbicular, (10–)12–16(–20) × (9–)12–15(–20) mm, dark 
green, coriaceous, serrulate with strongly cartilaginous teeth, veins reticulate, prominent on both surface, glabrous to 
greyish puberulent, base cordate; trifoliolate leaves sizes of petiole and lamina same as simple leaves, leaflets margin 
serrulate with cartilaginous teeth, the terminal segment larger or same size with lateral segments, petiolulate or sessile, 
ovate-elliptic to orbicular, base cordate or rounded, 6–15 × 4–11, lateral segments sessile, elliptic to broadly ovate, 5–9 
× 4–7 mm. Cauline leaves scanty, simplified, entire or reduced to sheaths, significantly smaller than radical, mostly at 
base of lateral branches; uppermost leaves reduced to sheaths, oblong to lanceolate, whitish-green ±membranaceous, 
10–20 mm long (incl. teeth), 1–3(–5) linear-subulate teeth, teeth 1.5–2.5 mm long. Synflorescence composed of 
compound, 3–5 rayed umbels. Rays unequal, 0.3–3.5 cm long, glabrous; bracts 1–2 or rarely absent, sheath-like 
form and subulate or narrowly lanceolate, unequal, 1–6 mm long, persistent. Umbellules with (4–)7–10(–13) perfect 
pedicellate flowers, pedicels unequal, 2–6 mm long; bracteoles 3–5, linear-lanceolate to filiform, 1–4 mm long. 
Flowers 1–2 mm Ø, petals white, ovate to suborbicular, 1 × 0.8 mm, inflexed, glabrous. Fruits oblong-cylindrical, 
4–6(–8) × 1.5–2 mm, glabrous, mericarps homomorphic, 5-ribbed, ± terete shape in transverse section; stylopodia 
± conical, rim slightly undulate; styles 1.5–2 mm long, ± ascending; stigma capitate, sepals minute, inconspicuous, 
± triangular. Thickness of cuticle with papilla 2.5–3 μm; epidermal surface not pubescent; ribs equal, prominent. 
Exocarp with 2–5 layers of hypodermal collenchyma; mesocarp consisting of 2–7 layers of lignified parenchymatous 
cells with thick wall. Vascular bundles small, numerous; vallecular vittae solitary, 4 in each mericarp, larger than 
vascular bundles; commissural vittae 5–7. Endocarp consisting of non-lignified parenchymatous cells.

Key to species of Aegokeras

1. 	 Leaves simple, trifoliolate or 1–2-lobed.........................................................................................................................A. ibradiensis
- 	 Leaves unipinnate or pinnatisect, leaflets 2–5-paired.........................................................................................................................2
2. 	 Non-caespitose; base of stem without remains of old leaf bases; leaves with distinctly coriaceous leaflets, margin acute-laciniate 

to dentate, cartilaginous............................................................................................................................................. A. gazipashensis
- 	 Caespitose; base of stem with remains of old leaf bases; leaves with herbaceous leaflets, margin dentate or serrate, teeth apiculate, 

not cartilaginous.............................................................................................................................................................. A. caespitosa
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Additional specimens examined:—Aegokeras caespitosa: Turkey. A4 Karabük: between Karaağaç village-
Keltepe, 41°04′57′′N, 32°28′55′′E, 1666 m, limestone rock crevices, 06 August 2014, A.Duran 9913 (KNYA); ibid., 
41°03′85′′N, 32°28′09′′E, 1510 m, 15 July 2004, A.Duran 6750 (ANK). B3 Isparta: Senirkent, Barla Dağı, 1647 m, 24 
August 2013, limestone rock crevices, 38°05′12′′N, 30°45′14′′E, A.Duran 9827 (KNYA).—A. gazipashensis: Type:—
Turkey. C4 Antalya: Gazipaşa, Çayıryaka Yaylası, 36°30′02′′N, 32°32′18′′E, 1730 m, mountain steppe, 12 June 2021, 
A.Duran 10795 (holotype: HUB, isotypes: ANK, GAZI, MW barcodes MW0595828–MW0595831); ibid., 27 May 
2021, A.Duran 10745 (HUB). Antalya: Gazipaşa, Çayıryaka Yayla, 1700 m, 14 July 1983, H.Sümbül 2336 (HUB).—
A. ibradiensis: Turkey. C3 Antalya: İbradı, Toka Yayla, semi-arid mountain steppe, 37°13′04′′N, 31°22′32′′E, 1518 m, 
19 July 2023, A.Duran 10909 & S.Uysal (GAZI, HUB, MW barcodes MW1046197–MW1046199).

Acknowledgements

We thank curators and staff of all mentioned herbaria for the opportunity to examine relevant material. We wish to 
thank teacher Süleyman Uysal for his help in the field studies. We would also like to thank Assoc. Prof. Dr. İlker 
Çinbilgel for the flowering photo of Pimpinella ibradiensis. DL worked within the state assignments of Lomonosov 
Moscow State University (theme 121032500084-6).

References

Abebe, D. (1992) Systematic studies in the genus Pimpinella L. (Umbelliferae) from tropical Africa. Botany Journal of Linnean Society 
110: 327–372. 	

	 https://doi.org/10.1111/j.1095-8339.1992.tb00298.x
Akalın, E., Yeşil, Y. & Akpulat, A. (2016) Fruit anatomy of the Turkish Pimpinella species. Flora 223: 62–73. 
	 https://doi.org/10.1016/j.flora.2016.04.004
Ali, R.H., Bark, M., Miró, J., Muhammad, S.A., Sjöstrand, J., Zubair, S.M., Abbas, R.M. & Arvestad, L. (2017) VMCMC: a graphical and 

statistical analysis tool for Markov chain Monte Carlo traces. BMC Bioinformatics 18: 1‒8. 
	 https://doi.org/10.1186/s12859-017-1505-3
Banasiak, Ł., Piwczyński, M., Uliński, T., Downie, S.R., Watson, M.F., Shakya, B. & Spalik, K. (2013) Dispersal patterns in space and 

time: a case study of Apiaceae subfamily Apioideae. Journal of Biogeography 40 (7): 1324–1335. 
	 https://doi.org/10.1111/jbi.12071
Behçet, L. & Cengiz, H. (2023) Pimpinella major (Apiaceae); a new record for the flora of Türkiye and contributions to its taxonomy. KSU 

Journal of Agriculture and Nature 26 (5): 1048–1055. 
	 https://doi.org/10.18016/ksutarimdoga.vi.1165944
Boissier, P.E. (1844) Plantae Aucherianae adjunctis nonnullis e regionibus Mediterraneis et Orientalibus aliis cum novarum specierum 

descriptione. Annales des Sciences Naturelles Botanique sér. 3 1: 120–151.
Candolle, A.P. de (1829) Mémoire sur la famille des Ombellifères. In: Candolle, A.P. de (Ed.) Collection de mémoires pour servir à 

l’histoire du règne végétal 5. Treuttel & Würtz, Paris, 84 pp.
Çinbilgel, İ., Eren, Ö., Duman, H. & Gökçeoğlu, M. (2015) Pimpinella ibradiensis (Apiaceae), an unusual new species from Turkey. 

Phytotaxa 217 (2): 164–172. 
	 https://doi.org/10.11646/phytotaxa.217.2.6
Davis, P.H. (1965) Flora of Turkey and the East Aegean Islands. vol. 1. Edinburgh University Press, Edinburgh, 567 pp.
Drude, O. (1898) Umbelliferae. In: Engler, A. & Prantl, K. (Eds.) Die natürlichen Pflanzenfamilien, vol. 3 (8). Wilhelm Engelmann, 

Leipzig, pp. 63–250. 
Duran, A., Samigullin, T. & Lyskov, D. (2023) Aegokeras gazipashensis (Apiaceae), a new species from South Anatolia, Turkey. Phytotaxa 

613 (3): 234–248. 
	 https://doi.org/10.11646/phytotaxa.613.3.3
Edgar, R.C. (2004) MUSCLE: multiple sequence alignment with high accuracy and high throughput. Nucleic Acids Research 32 (5): 

1792–1797. 
	 https://doi.org/10.1093/nar/gkh340
Ericson, P., Svennblad, B., Britton, T. & Oxelman, B. (2003) Reliability of Bayesian posterior probabilities and bootstrap frequencies in 

phylogenetics. Systematic Biology 52: 665–673. 



duran et al.50   •   Phytotaxa 662 (1) © 2024 Magnolia Press

	 https://doi.org/10.1080/10635150390235485
Ertekin, A.S. & Kaya, Ö.F. (2005) A new record species for the flora of Turkey, Pimpinella nephrophylla Rech. f. & H. Riedl. (Apiaceae). 

Ot Sistematik Botanik Dergisi 12: 13–18.
Fabricius, P.C. (1759) Enumeratio Methodica Plantarum ed. 1. Litteris Ioannis Drimbornii, Helmstedt, 239 pp.
Felsenstein, J. (1985) Confidence limits on phylogenetics: an approach using the bootstrap. Evolution 39: 783–791. 
	 https://doi.org/10.2307/2408678
Jacquin, N.J. (1776) Florae Austriacae, sive, Plantarum selectarum in Austriae archiducatu: sponte crescentium icones, ad vivum coloratae, 

et descriptionibus, ac synonymis illustratae, vol. 4. Typus Josephi Michaelis Gerold, Aulae Imperialis Typographi, 400 pp.
Hall, T.A. (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic 

Acids Symposium Series 41: 95–98.
Hedge, I.C. & Lamond, J.M. (1972) Olymposciadium Wolff. In: Davis, P.H. (Ed.) Flora of Turkey and the East Aegean Islands. vol. 4. 

Edinburgh University Press, Edinburgh, pp. 421‒422.
Kaya, A. & Başer, K.H.C. (2002) Olymposciadium caespitosum (Umbelliferae): A monotypic endemic species from Turkey. Flora 

Mediterranea 12: 371–387. 
	 https://doi.org/10.1016/j.flora.2009.12.030
Khajepiri, M., Ghahremaninejad, F. & Mozaffarian, V. (2010) Fruit anatomy of the genus Pimpinella L. (Apiaceae) in Iran. Flora 205: 

344–356.
Kljuykov, E.V., Liu, M., Ostroumova, T.A., Pimenov, M.G., Tilney, P.M. & van Wyk, B.E. (2004) Towards a standardized terminology for 

taxonomically important morphological characters in the Umbelliferae. South African Journal of Botany 70: 488–496. 
	 https://doi.org/10.1016/S0254-6299(15)30233-7
Linnaeus, C.V. (1753) Species Plantarum, vol. 1. Laurentii Salvii, Holmiae, 560 pp.
Lyskov, D., Kljuykov, E., Güner Doğan, E. & Samigullin, T. (2017) Molecular phylogeny of the genus Rhabdosciadium (Apiaceae) with 

description of a new species R. anatolyi from Hakkâri province, eastern Turkey. Phytotaxa 331 (2): 253‒262. 
	 https://doi.org/10.11646/phytotaxa.331.2.9
Magee, A.R., van Wyk, B.E., Tilney, P.M. & Downie, S.R. (2010) Phylogenetic position of African and Malagasy Pimpinella species and 

related genera (Apiaceae, Pimpinelleae). Plant Systematics and Evolution 288: 201–211. 
	 https://doi.org/10.1007/s00606-010-0325-y
Matthews, V.A. (1972) Pimpinella L. In: Davis, P.H. (Ed.) Flora of Turkey and the East Aegean Islands, vol. 4. Edinburgh University 

Press, Edinburgh, pp. 352–364.
Menemen, Y. (2012a) Pimpinella L. In: Güner, A., Aslan, S., Ekim, T., Vural, M. & Babaç, M.T. (Eds.) Türkiye Bitkileri Listesi (Damarlı 

Bitkiler). Nezahat Gökyiğit Botanik Bahçesi ve Flora Araştırmaları Derneği Yayını, İstanbul, pp. 73–75. [In Turkish] 
Menemen, Y. (2012b) Aegokeras Raf. In: Güner, A., Aslan, S., Ekim, T., Vural, M. & Babaç, M.T. (Eds.) A Checklist of the Flora of Turkey 

(Vascular Plants). Nezahat Gökyiğit Botanik Bahçesi ve Flora Araştırmaları Derneği, İstanbul, 48 pp. [In Turkish]
Metcalfe, C.R. & Chalk, L. (1979) Anatomy of the Dicotyledons. 1. Systematic anatomy of leaf and stem, with a brief history of the subject, 

2nd edition. Clarendon Press, Oxford, 276 pp.
Page, R.D.M. (1996) TREEVIEW: An application to display phylogenetic trees on personal computers. Computer applications in the 

biosciences 12: 357–358. 
	 https://doi.org/10.1093/bioinformatics/12.4.357
Pimenov, M.G. & Leonov, M.V. (1993) The genera of the Umbelliferae: a nomenclator. Royal Botanic Gardens, Kew, 164 pp.
Pimenov, M.G. & Leonov, M.V. (2004) The Asian Umbelliferae Biodiversity Database (ASIUM) with Particular Reference to South-West 

Asian Taxa. Turkish Journal of Botany 28: 139–145.
Rafinesque, C.S. (1840) The Good Book, and Amenities of Nature. vol. 1. Philadelphia, 84 pp.
Rechinger, K.H. (1961) Notizen zur Orient-Flora, 18–24. Anzeiger der Österreichische Akademie der Wissenschaften, Mathematisch-

Naturwissenschatliche Klasse 98: 222–227.
Rechinger, K.W. (Ed.) (1987) Flora Iranica. Vol. 162. Akademische Druck-u. Verlanglanstalt, Wien, 555 pp.
Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Höhna, S., Larget, B., Liu, L., Suchard, M.A. & Huelsenbeck, J.P. 

(2012) MrBayes 3.2: efficient Bayesian phylogenetic inference and model choice across a large model space. Systematic Biology 
61: 539–542. 

	 https://doi.org/10.1093/sysbio/sys029
Sibthorp, J. & Smith, J.E. (1806) Florae Graecae Prodromus. vol. 1. Typis Richardi Taylor, Londini, 442 pp.
Swofford, D.L. (2003) PAUP* Phylogenetic analysis using parsimony (* and other methods), version 4. Sinauer Associates, Sunderland, 

142 pp.
Thiers, B. (2018) Index Herbariorum: a global directory of public herbaria and associated staff. New York Botanical Garden’s Virtual 

Herbarium. Available from: http://sweetgum.nybg.org/ih (accessed 25 May 2023)

https://doi.org/10.1016/S0254-6299(15)30233-7


Aegokeras (Apiaceae) Turkey Phytotaxa 662 (1) © 2024 Magnolia Press   •   51

Valiejo-Roman, C.M., Terentieva, E.I., Samigullin, T.H. & Pimenov, M.G. (2002) Relationships among genera in Saniculoideae and 
selected Apioideae (Umbelliferae) inferred from nrITS sequences. Taxon 51: 91–101. 

	 https://doi.org/10.2307/1554966
Wolff, H. (1922) Olymposciadium gen. nov. Bithynicum. Repertorium Specierum Novarum Regni Vegetabilis 18: 132. 
	 https://doi.org/10.1002/fedr.4870183203
Wolff, H. (1927) Umbelliferae-Apioideae-Ammineae-Carinae, Ammineae novemjugatae et genuinae. In: Engler, A. (Ed.) Das Pflanzenreich 

90 (IV. 228). W. Engelmann, Berlin, pp. 219–319.
Yeşil, Y., Yıldırım, H., Akalın, E., Pirhan, A.F. & Altıoğlu, Y. (2016) Pimpinella enguezekensis (Apiaceae), a new species from East 

Anatolia Region (Turkey). Phytotaxa 289 (3): 237‒246. 
	 https://doi.org/10.11646/phytotaxa.289.3.3
Yıldırımlı, Ş. & Kılıç, Ö. (2019) Three new species of Apiaceae family from Turkey, Bunium sancakense, Pimpinella adiyamanensis, 

Trigonosciadium solhanense. OT Sistematik Botanik Dergisi 26 (1): 41–52.
Zakharova, E.A., Pimenov, M.G., Degtjareva, G.V. & Samigullin, T.H. (2022) Berberocarum (Apiaceae), a new genus from the High Atlas 

Mountains (Morocco), with notes on some other NW African Umbelliferae-Apioideae. Nordic Journal of Botany 2022 (1): e03206. 
	 https://doi.org/10.1111/njb.03206



duran et al.52   •   Phytotaxa 662 (1) © 2024 Magnolia Press

APPENDIX 1 List of plant material used in molecular part of the study. Newly obtained sequences are in bold.
Aegokeras caespitosa (Sm.) Raf.: JF807579, JF807559, U78379, U78439; A. gazipashensis A.Duran & Lyskov: 
OQ994634; Aegokeras ibradiensis: Turkey, Antalya, İbradı, 19 July 2023, A.Duran & S.Uysal 10909 (MW1046197) 
PP475323; Aegopodium decumbens (Thunb.) Pimenov & Zakharova: JQ792194; A. handelii H.Wolff: JQ792195; 
A. kashmiricum (R.R.Stewart ex Dunn) Pimenov: JQ792197; A. latifolium Turcz.: JQ792196; A. podagraria L.: 
JQ792200; A. tadshikorum Schischk.: JQ792201; Bunium fallax Freyn: DQ435217; B. ferulaceum Sm.: DQ435219; 
B. mauritanicum Batt.: DQ435226; Carum carvi L.: JQ792211; C. caucasicum Boiss.: JF510478, JQ792212; 
C. grossheimii Schischk.: JQ792216, JQ792217, JF510479; C. meifolium Boiss.: JQ792219, JQ792220, JF510480; 
Cnidium silaifolium Fiori & Paol.: AF008614; Crithmum maritimum L.: AH003474; Falcaria vulgaris Bernh.: 
KC995015, KF843820; Fuernrohria setifolia K.Koch: AF009112; Gongylosciadium falcarioides (Bornm. & H.Wolff) 
Rech.f.: EU169272; Grammosciadium daucoides DC.: AF073559; G. macrodon Boiss.: AF073553; G. platycarpum 
Boiss. & Hausskn. ex Boiss.: AH008896; G. scabridum Boiss.: AH008898, JF807577; Hladnikia pastinacifolia Rchb.: 
EU169287; Meum athamanticum Jacq.: AF077900; Pimpinella aromatica M.Bieb.: AY581784; P. aurea DC.: AY581785; 
P. diversifolia DC.: DQ516369; P. flabellifolia (Boiss.) Benth. & Hook.f. ex Drude: AY581791; P. kotschyana Boiss.: 
AY581793; P. nudicaulis Trautv.: AY581794; P. paucidentata V.A.Matthews: AY581796; P. peregrina L.: AY581797; 
P. saxifraga L.: AY581801; P. sintenisii H.Wollf: AY581802; Rhabdosciadium anatolyi Lyskov & Kljuykov: 
MF803734; R. aucheri Boiss.: MF803736; R. hizanense Fırat & Güzel: MH971221; R. microcalycinum Hand.-Mazz.: 
MF803738; R. oligocarpum (Post ex Boiss.) Hedge & Lamond: MF803739; R. petiolare Boiss. & Hausskn. ex Boiss.: 
MF803733; R. straussii Hasskn. ex Bornm.: MF803735; R. urusakii Akalın: MF803737; Schulzia albiflora (Kar. & 
Kir.) Popov: GQ379317; Selinum broteri Hoffmanns. & Link: AY179029.


