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Abstract

This study is based on micro- and macro-morphological features of Campanula lyrata subsp. icarica and
Erysimum aureum taxa that have recently been reported in the flora of Tirkiye. Campanula lyrata subsp. icarica
is distributed mainly in the Eastern Aegean Islands, as well as in izmir and Mugla provinces. Erysimum aureum
is native to Central European Russia, Iran, North Caucasus, Northwest European Russia, South European Russia,
Transcaucasus, and Ukraine, and is also distributed in Tiirkiye. Diagnostic characteristics, detailed descriptions,
micro-morphological features (seeds and pollen grains) as well as differences between closely related species,
diagnostic keys, locality information, and distribution maps of these taxa are provided in the present study.
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Tiirkiye'den Yakin Zamanda Yeni Kayit Olarak Verilen Campanula lyrata
subsp. icarica (Campanulaceae) ve Erysimum aureum (Brassicaceae)
Uzerine Makro- ve Mikro-morfolojik Calismalar

Ozet

Bu ¢aligma, Tirkiye'deki varligi yakin zamanda belirlenen Campanula lyrata subsp. icarica ve Erysimum
aureum taksonlarnin mikro- ve makro-morfolojik ozelliklerine dayanmaktadir. Campanula lyrata subsp.
icarica, baslica Dogu Ege adalarinda, ayrica Izmir ve Mugla illerinde yayilis gdstermektedir. Erysimum aureum,
Orta Avrupa Rusya, Iran, Kuzey Kafkasya, Kuzeybati Avrupa Rusya, Giiney Avrupa Rusya, Transkafkasya ile
Ukrayna’ya ozgiidiir ve ayrica Tirkiye’de de yayilis gostermektedir. Bu calismada taksonlarin ayirt edici
ozellikleri, detayli betimlemeleri, mikro-morfolojik 6zellikleri (tohum ve polen) yani sira yakin akraba tiirler
arasindaki farklari, teshis anahtarlari, lokalite bilgileri ve yayilig haritalar1 verilmistir.

Anahtar kelimeler: Campanula, Campanulaceae, Erysimum, Brassicaceae, mikro-morfoloji, makro-morfoloji

INTRODUCTION

Campanula L., the largest genus in the family Campanulaceae Juss., contains about 420 species
worldwide. The distribution of Campanula covers primarily temperate and subtropical areas of the
Northern Hemisphere and also South Asia and Northern Mexico (Lammers 2007a; 2007b; Algitepe
2011; Yudirim 2018). One of the temperate zone countries of the Mediterranean basin including
Tirkiye has the richest diversity of Campanula. The genus is represented in Tiirkiye by
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approximately 140 taxa, about 53% of which are endemic (Damboldt 1978; Davis et al. 1988a;
Giiner 2000; Akcicek et al. 2005; Ikinci 2012; Yildrim 2013; 2018; Mutlu & Karakus 2015;
Yildirim et al. 2019; Yildirim & Ozd612019; Ozdél et al. 2022a; 2022b; 2022¢). Campanula lyrata
subsp. icarica Runemark ex Phitos is one of the taxa of Campanula subgen. Campanula sect.
Quinqueloculares (Boiss.) Phitos. This taxon was first described by Phitos from the Icaria Island of
the Aegean Sea (Damboldt 1976). Campanula lyrata subsp. icarica is distributed mainly in the East
Aegean Islands (Figure 1) (GBIF 2022; POWO 2022). According to Ozddl et al. (2022c),
Campanula lyrata subsp. icarica is distributed in izmir and Mugla provinces in Tiirkiye (Figure 2).
Several specimens of C. lyrata subsp. icarica were collected during fieldwork from izmir provinces
in 2019.

The genus Erysimum L. (Brassicaceae) contains about 180 species worldwide (Al-Shehbaz
1988; 2010; 2012; Polatschek & Snogerup 2002). The distribution area of the genus Erysimum is all
over the Northern hemisphere and it is concentrated in Eastern Europe and the Middle East
(Polatschek 1986; Warwick et al. 2006; Koch & Al-Shehbaz 2002). It has a major center of
diversity stretching from the Mediterranean Basin to Central Asia (Moazzeni et al. 2014). Erysimum
is represented by 66 taxa in Tiirkiye, 34 of which are endemic, giving it an endemism ratio of
51.5%. Marschall Bieberstein first described Erysimum aureum M.Bieb. from the forests along the
Terek River in Russia, between Mozdok and Kizlyar in 1808 (Bieberstein 1808). Erysimum aureum
is distributed mainly in Central European Russia, Iran, North Caucasus, Northwest European
Russia, South European Russia, Transcaucasia and Ukraine (Figure 1) (GBIF 2022; POWO 2022).
According to Ozdd] et al. (2022c), Erysimum aureum is distributed in Bayburt province in Tiirkiye
(Figure 2).

Figure 1. Worldwide distribution map of Campanula lyrata subsp. icarica
(triangle) and Erysimum aureum (square) (map is obtained from GBIF 2022,
data is obtained from GBIF 2022 and POWO 2022).
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There are some macro-morphological (Damboldt 1976; 1978; Algitepe 2011) and micro-
morphological studies on Campanula lyrata subsp. icarica (Liveri et al. 2020), but this study is the
first macro- and micro-morphological study on Tiirkiye populations of C. lyrata subsp. icarica.
Also, there are some macro-morphological studies on Erysimum aureum (Vasilchenko 1939; Ball
1964; Polatschek 2010) and there are some micro-morphological studies of species related to E.
aureum (Maciejewska-Rutkowska et al. 2007; Halbritter 2016; Song et al. 2018), but there are no
detailed micro-morphological studies on Erysimum aureum. As a result, this study is the first
detailed micro-morphological study on Erysimum aureum.

MATERIAL AND METHOD

The materials used in this study are herbarium specimens of Campanula lyrata subsp. icarica and
Erysimum aureum collected from natural populations during field studies in 2018-2020. Specimens
of C. lyrata subsp. icarica were collected in 2019 from Karacadag, Izmir during field studies for the
MSc “Flora of the region between Menderes, Seferihisar and Ozdere in Izmir province” (0zddl
2020) (Figure 2). Specimens of Erysimum aureum were collected in different areas in Bayburt
between 2018 and 2020 (Figure 2). According to the latest research, both taxa are mentioned as a
new record for the flora of Tiirkiye (Ozdé] et al. 2022c).

Figure 2. Distribution map of Campanula lyrata subsp. icarica (triangle) and Erysimum
aureum (square) in Tirkiye (Map is obtained from “CografyaHarita 2022, location
data of species just added to the map according to herbarium specimens examined).

Macro-morphological Methods

Morphological characters were measured by a millimetric ruler under stereo binocular microscope.
Photographs of plant specimens and their parts were taken at herbaria and in their natural habitats
(Appendix 1). During the field studies, photographs of living material of the species and its related
taxa were taken with a Nikon D300 digital camera. Photographs of plant parts were taken from
herbarium specimens with Samsung NX Mini digital camera. In addition, relevant literature
(Boissier 1879; Polatschek & Rechinger 1968; Vasilchenko 1939; Fedorov 1957; Phitos 1963a;
1963b; 1964a; 1964b; 2016; Ball 1964; Rechinger & Schiman-Czeika 1965; Papatsou & Phitos



Ozdol et al. / Tiirler ve Habitatlar (2022) 3(2): 119-136 122

1975; Fedorov & Kovanda 1976; Damboldt 1976; 1978; Davis et al. 1988a; 1988b; Runemark &
Phitos 1996; Giiner 2000; Lammers 2007b; Yildirimli 2008; Mutlu 2010; 2012; 2018; Polatschek
2010; Giiner et al. 2012; ikinci 2012; Giiner & Ekim 2014; Giiner et al. 2018, IPNI 2022) was
evaluated. Plant materials for this study were compared with specimens stored in national (EGE and
GAZI) and international (AMD, B, MW, L, LD, U and UPA) herbaria (acronyms according to
Thiers 2022).

Micro-morphological Methods

At least 50 pollen grains and 30 mature seeds were measured per taxa using a light microscope and
a scanning electron microscope (SEM). For SEM observations, seed and pollen grains were placed
on aluminium stubs with double-sided adhesive tape, sputter coated with gold using a Emiteck
K550 and then examined using an FEI Quanta 250 FEG SEM. In addition, relevant literature
(Maciejewska-Rutkowska et al. 2007; Algitepe 2011; Halbritter 2016; Song et al. 2018; Liveri et al.
2020) was evaluated.

RESULTS

Macro-morphological Results

Campanula lyrata subsp. icarica Runemark ex Phitos in Notes R.B.G. Edinb. 35: 44 (1976) /
ikaryamemegi (Ozdol et al. 2022c¢) (Figures 3 and 4).

Type: GREECE. Ikaria: 1-1-5 km W. of Petropoulis cliffs, ¢. 250 m, Runemark & Snogerup 7049
(holo. LD, LD1213441!). For this record see also: http://herbarium.emg.umu.se/record.php?
Genus=Campanula&Species=lyrata&SspVarForm=subsp.+icarica&Page=33&AaccNr=1213441&
Ainst=LD&AcollI=&Aid=94087311&nrRecords=33.

Description: Perennial herbs. Stem 25-45 cm long, erect or ascending, branched from above,
pubescent to tomentose. Leaves pubescent-tomentose on both side. Rosette leaves 4-11 (including
petiole) x 0.8-2.5 cm, lyrate, terminal lobe cordate, acute at apex, midvein winged, lateral segments
2-4 mostly absent. Cauline leaves 1-4.5 x 0.3-1.5 cm, sessile to 2.5 cm long petiolate, pubescent-
tomentose on both surface; lower cauline leaves similar to rosette leaves, lyrate, terminal lobe
ovate, dentate acute at apex; upper cauline leaves ovate, linear-lanceolate, lanceolate, acute, dentate
to serrate. Inflorescence spike, panicle, sometimes raceme, rarely compound heads on axils,
sometimes dense fascicles, 5-40 flowered per each stem. Pedicel to 1.7 cm long mostly sessile.
Bract 4-15 x 1.5-5 mm pubescent-tomentose. Calyx 3—13 x 1-5 mm, as long as or shorter than 1/2
corolla length, triangular, triangular-ovate, ovate-lanceolate, acuminate, acute, subhispid on margins
and midvein. Appendage 1-7 x 1-4 mm, ovate to elliptical, obtuse at apex, sparsely subhispid,
enclosing capsule. Corolla cylindrical to narrowly infundibular, 1.3-3 x 5-2.5 cm, violet-blue to
pinkish-mauve, pubescent outside, glabrous inside; lobes 1-8 x 2.5-10 mm, triangular, pubescent
on margins; tube 0.3-1 cm on diam. Ovary ca. 5 x 3 mm, cylindrical, completely hidden by
enlarged calyx appendages, densely pubescent-tomentose. Style 1-2 cm long, light yellow to
brownish yellow. Stigma distinctly 5 lobed, curved. Stamen 5.5-10 mm long; filament 1.5-3 mm
long, with triangular to lanceolate at base; base of filament 1.5-2 x 1-2.5 cm and ciliate to
pubescent on margins, creamy white; anthers 4-7 mm long, creamy to bright yellow. Capsule ca. 2
x 1.5 cm, semi-spherical, conical, densely pubescent-tomentose, opening by 5 basal pores; usually
hidden by enlarged calyx appendages.
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Figure 3. Campanula lyrata subsp. icarica from Izmir province [T.Ozdél 1923
(EGE); T.0zddl 2104 & H.Yildirim (EGE), T.0zdol 2199 & H.Yildirim
(EGE)]. Habitat and habitus (A), rosette leaves (B), flower and stem (C), and
flower (D, microscope view).

Additional Specimens Examined: TURKIYE. Izmir: Menderes, Karacadag, peak, E, 828 m,
10.05.2019, T.0zdsl 1923 (EGE!); ibid., E, 805 m, 24.05.2019, T.0zd61 2104, H.Y1ldirim (EGE!);
ibid. around the fire watchtower, 840 m, 17.07.2019, T.0zd61 2199, H.Yildirim (EGE!). Mugla:
Koycegiz, Kaunos ruins, on the walls and rocks, 25 m, 06.04.2019, O.Giiner 3100 (GAZI!).
GREECE. Ikaria: in ditione pagi Hagios Kirykos, 23.05.1975, D.Tzanoudak 1608 (UPA 2860!);
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ibid. Therma, 23.04.1975, D.Tzanoudak 1609 (UPA 2861!, UPA 2862!); in ditione pagi Hagios
Kirykos, 23.04.1975, D.Tzanoudak (UPA 2865!, UPA 2866!, UPA 2867!); mons Atheras, ca. 600
m, in saxosis, 23.04.1975, D.Tzanoudak 1610 (UPA 2864!).

Phenology: Flowering and fruiting from April to July.

Ecology and Distribution (in Tiirkiye): Campanula lyrata subsp. icarica is distributed in
Koycegiz / Mugla and Menderes / Izmir. These two localities are close to the islands of Icara and
Samos in the Eastern Aegean, the main distribution area of C. lyrata subsp. icarica. It grows mostly
on limestone cliffs and rock crevices, and it belongs to the east Mediterranean element.

Identification key for infraspecific taxa of the species Campanula lyrata
1. Plant subhispid, scabrid; terminal lobes of basal leaves oblong-ovate ........................ subsp. lyrata
—. Plant pubescent to pubescent-tomentose; terminal lobes of basal leaves cordate .... subsp. icarica
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Figure 4. Herbarium specimens of Campanula lyrata subsp.

icarica) from UPA Herbarium [D.Tzanoudak 1609 (UPA 2861!,
UPA 2862!)]. Herbarium samples (A and B, general review) and
rosette leaves (C, close review).
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Erysimum aureum M.Bieb. in Fl. Taur.-Caucas. 2: 117 (1808) / bayburtzarifesi (Ozdol et al.
2022c) (Figures 5 and 6).

Type: Lectotype (designated by V.L.Dorofeyev in Dorofeyev (1986)): RUSSIA. habitat in
dumentis promontorii caucafici, inter Mofdok et Kifljar, ad fluuium Terek; etiam ad Kumam riuum
minime rarum, Ex Caucaso rutheno, Herb. M.Bieberstein (LE; Isolectoype W19287).

Description: Biennial herbs. Stems erect, often branched, 60-170 cm long; trichomes 2-3 rayed.
Rosette leaves of sterile individuals elliptic to oblong, 5-3 x 0.8-2 cm, petiolate; petiole 1-4 cm
long; trichomes dense, 2—4 rayed. Cauline leaves oblong-lanceolate, 1.5-12 x 0.4-3.5 cm, base
cuneate, margins usually subentire or small denticulate, rarely sinuate-dentate, apex acute, shortly
petiolate or sessile; trichomes 2—4 rayed. Racemes considerably elongated in fruit. Fruiting pedicels
divaricate or ascending, 1-2 cm long, slender, much narrower than fruit. Sepals oblong-lanceolate
to oblong, 4-5 x 1.5-2 mm, hairy on outer surface; lateral pair not saccate basally. Petals yellow,
widely spathulate, 8-11 mm long, with linear base, slightly hairy on outside; claw 3-5 x 3—4 mm,
apex rounded. Filaments 6—7 x 0.8—1 mm; anthers oblong, 1-2 mm; anther and pollen bright
yellow. Fruits suberect or divaricate-ascending, linear, straight, 3-4 cm x 1.5-2 mm, 4-angled;
valves with prominent midvein, 2-3-fid hairy outside, densely 3—4-rayed stellate hairy inside;
trichomes 2—4 rayed, densely pubescent inside; ovules 18-40 per ovary; style cylindrical, slender,
1.5-2 mm long; stigma entire or slightly 2-lobed, lobes as long as wide.

Figure 5. Erysimum aureum from Bayburt province [A.Sefali1 421, 619 (EGE)]. Cauline leaves (A),
habitat and habitus (B), and inflorescence (C).

Additional Specimens Examined: TURKIYE. Bayburt: provincial border Giimiishane, between
Sadak Lake and Camur village, under the Elaeagnus rhamnoides, streamside, 18.06.2018, 390 E,
1700 m, A.Sefali 421 (EGE!); Kopus Bridge, under the Elaeagnus rhamnoides, streamside,
20.07.2020, 1588 m, A.Sefali 619 (EGE!). RUSSIA. Habitat in dumentis promontorii caucafici,
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inter Mofdok et Kifljar, ad fluuium Terek; etiam ad Kumam riuum minime rarum;
F.A.M.Bieberstein 1808 (MW, MW0592630!); Kaukasus, Teberda, Grober Chatipara, Mischwald
bis subalpine, 1700 m, 09.07.1974, Ch.Beck (B, B100068571!); Steiermark: eingebiirgert am
Schloberg in Graz, Belverde-Wien, 02.06.1997, H.Melzer (B, B100068577!).
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Figure 6. Illustration of Erysimum aureum. Stem, cauline leaves and
inflorescence (A), cauline leave (B, b-l: cauline leave, b-1l: section view of
cauline leave and indumentum), periant segments (C), stem, pedicel and siliqua
(D, d-I: stem section and indumentum, d-1I and d-1V: siliqgua section and
indumentum, d-111; pedicel section and indumentum), rosette leaves (E), and root,
stem and lower cauline leaves (F).
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Phenology: Flowering and fruiting from May to June.

Ecology and Distribution (in Tiirkiye): Erysimum aureum is distributed in two localities in
Bayburt provinces in Tiirkiye. The species grows in forest openings, shady areas near rivers, shrubs,
undergrowths, shady forest margins, streamsides in Northern Anatolia. It is an element belonging to
the European-Siberian floristic region.

Identification key for Erysimum aureum within the Erysimum genus

1. Plant annual; petals up to 5 mm long; outer surface hairs of siliqua 34 fid ......... cheiranthoides
1. Plant biennial; petals longer than 5 mm; outer surface hairs of siliqua 2-3 fid ...................... 2
2. Petal 8-11 mm long; inner surface hairs of siliqua3—4 fid ..............c.ooiiiiin. aureum
2. Petal 13-16 mm long; inner surface hairs of siliqua mostly 2 fid ............................ odoratum

Micro-morphological Results

Campanula lyrata subsp. icarica: Pollen creamy white to bright yellow; pollen grain triporate,
spheroidal, diameter 22.3+1.76 pum, spinulate, spinule length 0.1-0.4 um. Seeds ca. 0.5 x 0.2 mm,
oblong-oval to oblong-elliptic, shiny brown to light brown, strongly striate (Figures 7 and 9).

Erysimum aureum: Pollen creamy to yellow, pollen grain tri-zonocolpate, spheroidal to prolate
spheroidal, polar axis 19.3-23.1, equatorial axis 17.2—20.1, reticulate. Seeds golden yellow, oblong,
1.5-2 x 0.8-1 mm; unwinged; glabrous, micropitted (Figure 8).
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Flgure 7 Seed and poIIen micromorphology of Campanula lyrata subsp icarica. Seed
micromorphology (A: general review, B: close review) and pollen micromorphology (C:
general review with measurements, D: close review].
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Flgure 8. PoIIen and seed mlcromorphology of Erysimum aureum. Pollen mlcromorphology (A
general review, B: close review) and seed micromorphology (C: general review, D: close review).

DISCUSSION
Taxonomical Notes
Specimens of Campanula lyrata subsp. icarica, which grows on calcareous rock cliffs, were
collected during flowering and fruiting phases at Karacadag in the Menderes district of Izmir
province and in the Kdycegiz district of Mugla province in Tiirkiye. Campanula lyrata subsp.
icarica is treated under subgen. Campanula sect. Quinqueloculares. According to Dambolt, C.
lyrata is a very variable species with a wide range of distribution and is closely related to C.
hagielia Boiss. Some forms of Campanula lyrata Lam. may be considered intermediates between
C. lyrata and C. hagielia (Damboldt 1978). The two subspecies of Campanula lyrata are not clearly
separated geographically, but C. lyrata subsp. icarica can easily be distinguished from C. lyrata
subsp. lyrata by its cordate rosette leaves and pubescent and pubescent-tomentose indumentum
(Table 1). It can be distinguished from Campanula hagielia by its more cylindrical flowers and
more robust stem (Table 1). In 2022, Campanula lyrata subsp. icarica was mentioned as a new
record for the flora of Tiirkiye (Ozdél et al. 2022¢). In addition, there are some morphological
studies (Algitepe 2011) about C. lyrata subsp. icarica but there is no detailed study since it was first
published. However, in this study, especially information about flower features characteristics was
expanded.

The genus Erysimum shows considerable morphological variability. Most Erysimum species
are biennial or perennial herbs with yellow flowers. Rarely, they have a shrubby habit and white,
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pink, purple or orange flowers. The fruits are dehiscent siliques with many uniseriate or biseriate
(rarely) seeds which generally become mucilaginous when wet. The fruit indumentum consists of
medifixed bifid and/or three- to five-rayed, sessile stellate trichomes. Erysimum aureum grows in
shady habitats in forests and forest margins, near rivers, shrubs and undergrowths. It is primarily
distributed in Russia, as well as in the west of the Caspian Sea, in the northeast of the Black Sea and
in Western Europe. The specimens of Erysimum aureum collected in Tiirkiye were obtained from
natural populations discovered in Bayburt province during flowering and fruiting periods.
Erysimum aureum is closely related to E. cheiranthoides L. and E. odoratum Baumg. worldwide.
Erysimum cheiranthoides is distributed in mostly temperate regions of Northern hemisphere. E.
odoratum’s native range is from Central Europe to Ukraine (POWO 2022). It can be easily
distinguished from Erysimum cheiranthoides with its biennial life cycle, longer style and bigger
petals (Table 2) and from E. odoratum by its much shorter elliptic or oblong leaves and mostly 3- to
4-fid inner siliqua hairs. In 2022, Erysimum aureum was mentioned as a new record for the flora of
Tiirkiye (Ozddl et al. 2022c). Additionally, in this study, especially information on siliqua
indumentum and flower characteristics was expanded compared to other studies (Vasilchenko 1939;
Ball 1964; Polatschek 2010), and the stem length was upgraded 130 cm to 170 cm.

Table 1. Morphological comparison of Campanula lyrata subsp. icarica, C. lyrata subsp. lyrata
and C. hagielia.

C. lyrata subsp. icarica C. lyrata subsp. lyrata | C. hagielia

Stem erect or slightly ascending, | erect erect or flexuous
robust
Rosette terminal lobe cordate terminal lobe oblong- terminal lobe cordate or
leaves ovate ovate-cordate
Indumentum | pubescent to pubescent- subhispid, scabrid softly hirsute or
tomentose pubescent
Inflorescence | spike, panicle, sometimes | pedicellate or terminal and axillary,

raceme, rarely compound | subsessile, in racemes pedicellate
heads on axil, sometimes | or panicles.

dense facile
Corolla cylindrical to narrowly cylindrical to narrowly | large, broadly cylindrical
infundibular infundibular to infundibular

Table 2. Morphological comparison of Erysimum aureum, E. odoratum and E. cheiranthoides.
E. aureum E. odoratum E. cheiranthoides
Life form biennial (rarely annual) | biennial annual

leaves oblong-

Rosette leaves elliptic to oblong elliptical to obovate
lanceolate or lanceolate
Petal 8-11 mm long 13-16 mm long up to 5mm
Style 1-2 mm long 1-2 mm long 0.8-1 mm
Siliqua hairs (outer) | 2-3 fid mostly 2 fid 3-4 fid

Siliqua hairs (inner) | 34 fid mostly 2 fid 3-5 fid
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Flgure 9 PoIIen and seed mlcromorphology comparlson between Campanula Iyrata
subsp. icarica and C. lyrata subsp. lyrata. Pollen micro morphology of C. lyrata
subsp. icarica (A: general review, B: close review), pollen micromorphology of C.
lyrata subsp. lyrata (C: general review, D: close review), seed micromorphology of
C. lyrata subsp. icarica (E: general review, FD: close review), and seed
micromorphology of C. lyrata subsp. lyrata (G: general review, H: close review).
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Micro-morphological Notes

Between the seed surfaces of Campanula lyrata subsp. icarica and C. lyrata subsp. lyrata have no
considerable differences but pollen surfaces show some differences. Spinules of Campanula lyrata
subsp. lyrata pollens surfaces are more dens and longer than C. lyrata subsp. icarica (Figures 7 and
9). When this study was compared with the previous study on seed micromorphology of
Campanula lyrata subsp. icarica, there were differences. According to Liveri et al. (2020), the seed
size is about “0.65 x 0.3, but in this study, seeds were measured as “0.5 x 0.2”. As a result of this
study, it was observed that the seed sizes could be smaller. Additionally, this is the first study on
pollen micromorphology of Campanula lyrata subsp. icarica.

There are some morphological differences between pollen grains of Erysimum aureum and E.
odoratum. Although Erysimum aureum pollen grain shape is spheroidal to prolate-spheroidal and
polar axis length is 19.3-23.1 um, E. odoratum shape is prolate and polar axis length is 26-50 pm
(Halbritter 2016). On the other hand, the seed surface of Erysimum aureum is micropitted but E.
cheiranthoides seed surface is reticulate-tuberculate (Song et al. 2018). Also, this study is the first
detailed micro-morphological study on Erysimum aureum.

ACKNOWLEDGEMENTS

The author is grateful to Prof. Dr. Dimitrios Phitos and Prof. Dr. Georgia Kamari (experts in the
genus Campanula) for taxonomical comments on Campanula lyrata subsp. icarica; Dr. Ozal Giiner
for the information on the Mugla location of C. lyrata subsp. icarica; Prof. Dr. Birol Mutlu, Assoc.
Prof. Dr. Baris Oziidogru and Dr. Dimitry A. German (experts in the family Brassicaceae) for their
useful taxonomical comments on Erysimum aureum. We appreciate the approval and help provided
by the curators of AMD, B, EGE, GAZI, MW, L, LD, U and UPA. In addition, we would like to
thank Ege University Scientific Research Projects Coordination Unit, which provided financial
support to the FYL-2018-20184 MSc Thesis project named “Flora of the region between Menderes,
Ozdere and Seferihisar”.

AUTHOR CONTRIBUTION STATEMENT
In this study; study idea and design, data collection, analysis and interpretation of results, writing
the article draft were done jointly by the authors.

REFERENCES

Akgicek, E., Vural, M., Acik, L. & Celebi, A. (2005). Notes on Campanula argaea group
(Campanulaceae) in Turkey and related species. Ann Bot Fennici 42(6): 405—-410.

Algitepe, E. (2011). New Combinations in Campanula sect. Quinqueloculares from Turkey.
Pakistan J Bot 43(5): 2243-2254.

Al-Shehbaz, 1.A. (1988). The genera of Anchonieae (Hesperideae) (Cruciferae; Brassicaceae) in the
southeastern United States. J Arnold Arboretum 69(3): 193-212.

Al-Shehbaz, 1.A. (2010). [Erysimum L.] In: Flora of North America Editorial Committee (Eds.).
Flora of North America North of Mexico. Vol. 7. Oxford University Press, New York, pp.
534-545.

Al-Shehbaz, I.A. (2012). A generic and tribal synopsis of the Brassicaceae (Cruciferae). Taxon
61(5): 931-954. DOI: https://doi.org/10.1002/tax.615002.



Ozdol et al. / Tiirler ve Habitatlar (2022) 3(2): 119-136 132

Ball, P.W. (1964). [Erysimum L.] In: Tutin, G., Heywood, V.H., Burges, N.A., Valentine, D.H.,
Walters, S.M. & Webb, D.A. (Eds.). Flora Europaea. Vol. 1. Cambridge University Press,
Cambridge, pp. 24-42.

Bieberstein, M. (1808). Flora Taurico-Caucasica Exhibens Stirpes Phaenogamas. Vol 1.
Chersoneso Taurica et regionibus caucasicis sponte crescents, pp. 115-118.

Boissier, P.E. (1879). Flora Orientalis. Vol. 4. H. Georg, Geneva & Basel, 1276 pp.

CografyaHarita (2022). Cografya Harita. Tiirkiye Dilsiz Haritas1. http://cografyaharita.com/turkiye-
dilsiz-haritalari.ntml. [15.10.2022].

Damboldt, J. (1976). Materials for a flora of Turkey 32: Campanulaceae. Notes from the Royal
Botanic Garden, Edinburgh 35: 39-52.

Damboldt, J. (1978). [Campanula L.] In: Davis, P.H. (Ed.). Flora of Turkey and the East Aegean
Islands. VVol. 6. Edinburgh University Press, Edinburgh, pp. 2-64.

Davis, P.H., Mill, R.R. & Tan, K. (1988a). [Campanula L.] In: Davis, P.H., Mill, R.R. & Tan, K.
(Eds.). Flora of Turkey and the East Aegean Islands. Vol. 10 (Suppl. 1). Edinburgh
University Press, Edinburgh, pp. 177-180.

Davis, P.H., Mill, R.R. & Tan, K. (1988b). [Erysimum L.] In: Davis, P.H., Mill, R.R. & Tan, K.
(Eds.). Flora of Turkey and the East Aegean Islands. Vol. 10 (Suppl. 1). Edinburgh
University Press, Edinburgh, pp. 54-58.

Dorofeyev, V.L. (1986). Conspectus generis Erysimum L. (Brassicaceae) in Europaeae URSS.
Novitates Systematicae Plantarum Vascularium 23: 61-67.

Fedorov, A. (1957). [Campanula L.] In: Komarov, V.L. (Ed.) Flora of the USSR. Vol. 24.
Académie des Sciences de I’'URSS, Moscow & Leningrad, pp. 126-501.

Fedorov, A.A. & Kovanda, M. (1976). [Campanula L.] In: Tutin, T.G., Heywood, V.H., Burges,
N.A. & Valentine, D.H. (Eds.). Flora Europaea. Vol. 4. Cambridge University Press,
Cambridge, pp. 74-93.

GBIF (2022). Global Biodiversity Information Facility. https://www.gbif.org/. [01.10.2022].

Giiner, A. (2000). [Campanula L.] In: Giiner, A., Ozhatay, N., Ekim, T. & Baser, K.H.C. (Eds.).
Flora of Turkey and the East Aegean Islands. Vol. 11 (Suppl. 2). Edinburgh University Press,
Edinburgh, pp. 171-175.

Giiner, A. & Ekim, T. (Eds.). (2014). Resimli Tiirkiye Florasi. Vol. 1. Is Bankas1 Kiiltiir Yaymlari,
[stanbul, 794 s.

Giiner, A., Aslan, S., Ekim, T., Vural, M. & Babag, M.T. (Eds.). (2012). Tiirkiye Bitkileri Listesi
(Damarl Bitkiler). Nezahat Gokyigit Botanik Bahgesi & Flora Arastirmalar1 Dernegi Yayini,
Istanbul, 1290 s.

Giiner, A., Kandemir, A., Menemen, Y., Yildirim, H., Aslan, S., Eksi, G., Giiner, I. & Cimen, A.O.
(Eds.). (2018). Resimli Tiirkiye Florasi. Vol. 2. ANG Vakfi Nezahat Gokyigit Botanik
Bahgesi Yayinlari, istanbul, 1048 s.

Halbritter, H. (2016). [Erysimum odoratum] In: PalDat - A palynological database. https://
www.paldat.org/pub/Erysimum_odoratum/301041. [01.10.2022].

Ikinci, N. (2012). [Campanula L.] In: Giiner, A., Aslan, S., Ekim, T., Vural, M. & Babag¢, M.T.
(Eds.). Tiirkiye Bitkileri Listesi (Damarl Bitkiler). Nezahat Gokyigit Botanik Bahgesi & Flora
Arastirmalar1 Dernegi Yaymnu, istanbul, pp. 303-311.

IPNI (2022). International Plant Names Index. http://www.ipni.org/. [01.10.2022].


http://www.ipni.org/

Ozdol et al. / Tiirler ve Habitatlar (2022) 3(2): 119-136 133

Koch, M. & Al-Shehbaz, 1.A. (2002). Molecular data indicate complex intra- and intercontinental
differentiation of American Draba (Brassicaceae). Annals of the Missouri Botanical Garden
89(1): 88-109. DOI: https://doi.org/10.2307/3298659.

Lammers, T.G. (2007a). [Campanulaceae Jussieu] In: Kadereit, JW. & Jeffrey, C. (Eds.). The
Families and Genera of Vascular Plants. VVol. 8. Springer, Berlin & Heidelberg, pp. 26-57.

Lammers, T.G. (2007b). World checklist and bibliography of Campanulaceae. The Board of
Trustees of the Royal Botanic Gardens, Kew, 675 pp.

Liveri, E., Kalachanis, D., Bareka, P., Grammatikopoulos, G. & Kamari, G. (2020). Contribution to
the seed morphology of some Greek Campanula species of sect. Quinqueloculares
(Campanulaceae). Flora Mediterranea 30: 347-363. DOI: https://doi.org/10.7320/
FIMedit30.347.

Maciejewska-Rutkowska, I., Bednorz, L. & Fujiki, T. (2007). SEM observations of pollen grains,
fruits and seeds of the Pieniny Mountains (South Poland) endemic species Erysimum
pieninicum (Zapal.) Pawl. (Brassicaceae). Acta Societatis Botanicorum Poloniae 76(2): 127—
132.

Moazzeni, H., Zarre, S., Pfiel, B.E., Bertrand, Y.J.K., German, D.A., Al-Shehbaz, I|.A,
Mummenhoff, K. & Oxelman, B. (2014). Phylogenetic perspectives on diversification and
character evolution in the species-rich genus Erysimum (Erysimeae, Brassicaceae) based on a
densely sampled ITS approach. Bot J Linn 175: 497-522. DOI: https://doi.org/10.1111/
boj.12184

Mutlu, B. (2010). New Morphological Characters for some Erysimum (Brassicaceae) species. Turk
J Bot 34(2): 115-121. DOI: https://doi.org/10.3906/bot-0906-6

Mutlu, B. (2012). [Erysimum L.] In: Giiner, A., Aslan, S., Ekim, T., Vural, M. & Babag, M.T.
(Eds.). Tiirkiye Bitkileri Listesi (Damarl Bitkiler). Nezahat Gokyigit Botanik Bahgesi & Flora
Arastirmalar1 Dernegi Yaym, Istanbul, pp.273-277.

Mutlu, B. (2018). A new perennial Erysimum species from Turkey, E. nemrutdaghense
(Brassicaceae). Phytotaxa 336(3): 239—251. DOI: https://doi.org/10.11646/phytotaxa.336.3.2.

Mutlu, B. & Karakus, S. (2015). A new species of Campanula (Campanulaceae) from Turkey.
Phytotaxa 234(3): 287-293. DOI: https://doi.org/10.11646/phytotaxa.234.3.10.

0zdsl, T. (2020). Izmir Ili, Menderes, Seferihisar ve Ozdere Arasinda Kalan Bélgenin Florasi
(Yiiksek Lisans Tezi). Ege Universitesi, Fen Bilimleri Enstitiisii, [zmir.

Ozdél, T., Altioglu, Y. & Yildirim, H. (2022a). Tiirkiye’den Campanula (Campanulaceae) i¢in
Yeni Bir Varyete. Tiirler ve Habitatlar 3(1): 7-16. DOI: https://doi.org/10.53803/turvehab.
1102036.

0zdél, T., Altioglu, Y., Deniz, I.G. & Yildirim, H. (2022b). A new variety of Campanula myrtifolia
(Campanulaceae) from South Anatolia, Tirkiye. Herbarium Turcicum 1(1): 37-43. DOI:
https://doi.org/10.26650/HT.2022.1204.

0zdsl, T., Giiner, O., Sefali, A., Akgicek, E., Dirmenci, T. & Yildirim, H. (2022c). Three new
records for the flora of Turkey: Campanula lyrata subsp. icarica (Campanulaceae), Erysimum
aureum (Brassicaceae) and Stachys benthamiana (Lamiaceae). Phytotaxa 531(2): 147-150.
DOI: https://doi.org/10.11646/phytotaxa.531.2.8

Papatsou, S. & Phitos, D. (1975). Two new taxa from eastern Aegean. Notes from the Royal
Botanic Garden, Edinburgh 34: 203-204.


https://doi.org/10.26650/HT.2022.1204

Ozdol et al. / Tiirler ve Habitatlar (2022) 3(2): 119-136 134

Phitos, D. (1963a). Beitrdge zur Kenntnis der Campanula rupestris-Gruppe. Phyton (Horn) 10:
124-127.

Phitos, D. (1963b). Eine neue Art der Gattung Campanula aus der Agiis. Mitteilungen aus der
Botanischen Staatssammlung Miinchen 5: 121-124.

Phitos, D. (1964a). Trilokulire Campanula-Arten der Agiis. Oesterreichische Botanische
Zeitschrift 111: 208-230. DOI: https://doi.org/10.1007/BF01373765.

Phitos, D. (1964b). Beitrage zur Kenntnis der siiddgdischen Campanula-Arten. Berichte der
Deutschen Botanischen Gesellschaft 77: 49-54.

Phitos, D. (2016). The section Quinqueloculares of the genus Campanula (Campanulaceae) and its
polymorphism. Taxonomic review of the last decades. Botanika Chronika 21: 91-102.

Polatschek, A. & Rechinger, K.H. (1968). [Erysimum L.] In: Hedge, J. & Rechinger, K.H. (Eds.).
Flora Iranica. Vol. 57. Akademishe Druck- u. Verlagsantalt, Graz-Austria, pp. 285-306.

Polatschek, A. & Snogerup, S. (2002). [Erysimum L.] In: Strid, A. & Tan, K. (Eds.). Flora
Hellenica. Vol. 2. Ganter Verlag, Lichtenstein, pp. 130-152.

Polatschek, A. (1986). [Erysimum L.] In: Greuter, W., Burdeth, H. & Long, G. (Eds.). Med-
Checklist 3. Willdenowia 16: 107-116.

Polatschek, A. (2010). Revision der Gattung Erysimum (Cruciferae): Teil 1: Russland, die
Nachfolgestaaten der USSR (excl. Georgien, Armenien, Azerbaidzan), China, Indien,
Pakistan, Japan und Korea. Annalen des Naturhistorischen Museums in Wien — Serie B 111.:
181-275.

POWO (2022). Plants of the World Online. Facilitated by the Royal Botanic Gardens, Kew.
http://www. plantsoftheworldonline.org/. [01.10.2022].

Rechinger, K.H. & Schiman-Czeika, H. (1965). [Campanula L.] In: Rechinger, K.H. & Schiman
Czeika, H. (Eds.). Flora Iranica. Vol. 13. Akademishe Druck- u. Verlagsantalt, Graz-Austria,
pp. 7-38.

Runemark, H. & Phitos, D. (1996). A contribution to the distribution of the genus Campanula
section Quinqueloculares in Greece. Botanika Chronika 12: 5-8.

Thiers, B. (2022). Index Herbariorum: A global directory of public herbaria and associated staff.
New York Botanical Garden’s Virtual Herbarium. http://sweetgum.nybg.org/. [01.10.2022].

Vasilchenko, I.T. (1939). [Cruciferae Juss.] In: Komarov, V.I. & Bush, N.A. (Eds.). Flora of the
USSR. Vol. 8. Capparidaceae, Cruciferae and Resedaceae. Izdatelstvo Akademii Nauk SSSR,
Moskova & Leningrad, pp. 13-453.

Warwick, S.1., Francis, A. & Al-Shehbaz, 1.A. (2006). Brassicaceae: species checklist and database
on CD-Rom. Plant Systematics and Evolution 259(2): 249-258. DOI: https://doi.org/
10.1007/s00606-006-0422-0.

Yildirim, H. & Ozdél, T. (2019). A new suggestion IUCN threat category for Campanula peshmenii
Giiner (Campanulaceae). Acta Biologica Turcica 32(3): 168-173.

Yildirim, H. (2013). Campanula mugeana sp. nov. (Campanulaceae) from western Anatolia,
Turkey. Nord J Bot 31(4): 419-425. DOI: https://doi.org/10.1111/].1756-1051.2012.01566.X.

Yildirim, H. (2018). Campanula leblebicii (Campanulaceae), a new chasmophyte species from
western  Turkey. Phytotaxa 376(2): 114-122. DOI: https://doi.org/10.11646/
phytotaxa.376.2.5.



Ozdol et al. / Tiirler ve Habitatlar (2022) 3(2): 119-136 135

Yildirmm, H., Sentiitk, O., Ozdsl, T. & Pirhan, A.F. (2019). A new bellflower, Campanula
phitosiana sp. nov. (Campanulaceae) from Western Anatolia, Turkey. Phytotaxa 399(1):
25-36. DOI: https://doi.org/10.11646/phytotaxa.399.1.3.

Yidirimly, S. (2008). The genus Erysimum L. (Brassicaceae) in Turkey, some new taxa, records a
synopsis and a key. Ot Sistematik Botanik Dergisi 15(2): 1-80.

Appendix 1. Informations of comprised specimens of related taxa.

Campanula hagielia. TURKIYE. Aydin: Kusadasi, Samsundagi, Tekcam, c. 600 m, 29.05.1969,
N.Basaran & M.Cetindag (EGE 16855!); Izmir: Kemalpasa, 04.05.1962, C.Regel 37 (EGE
16854!); Kemalpasa, Nifdagi, on Ovacik peak road, c. 610 m, 08.05.1972, O.Se¢men, Tekesoglu &
E. Leblebici (EGE 9966!); Mugla: Fethiye, Hisaronii, Belcegiz, ¢. 1450 m, 11.05.1967, H.Pesmen,
G.Oguz & E.Leblebici (EGE 4903!); Marmaris, Dat¢a road, 23.04.1969, K.Walther (EGE 16853!);
Cine road, rocky place, O.Se¢men 1804, E.Leblebici & L.Bekat (EGE 17463!). GREECE. Rhodos:
Lindos, Acropolis, tegen de rotsen aankleve; Nomos Dodekanisou, Eparchia, Rodou, Embonas-
Siana, verkrautete, gediingte Weinkultur auf N-exp, mittel saurer, Shiefer-Ranker-Braunerde,
361253 N, 274934 E, 380 m, 08.05.1999, N.Bohling 9879¢ (B, B100151116!).

Campanula lyrata subsp. lyrata. TURKIYE. Bursa: Along the road Uludag, c. 8 km S. of Bursa,
waste, calcareous roadside, 800 m, 21.06.1989, W.J.M.Vader & W.J.J.0.De Wilde (L, L102760!);
Denizli: Babadag, Babadag villige, Roadside, c. 1400 m, 08.05.1996, O.Se¢men, Y.Gemici &
S.Oluk (EGE 35374!); Babadag, Siizek, c. 1250 m, 02.07.1985, Y.Gemici (EGE 32365!); Saraykoy,
Babadag, Hisarkdy to Tekgam, c. 950 m, 22.05.1972, O.Se¢cmen, G.Oguz, E.Leblebici & S.Oflas
(EGE 16862!); Eskisehir: Gokc¢ekaya dam, rocky places, 330 m, 27.04.1989, A.Ocak (EGE
33809!); izmir: Menderes, Degirmendere, Karacadag road, 38 06.313 N, 027 06.105 E, 250 m,
30.05.2018, T.Ozdol 1138 (EGE!); Bergama, between Kozak and Kiranlh village, roadside,
22.05.1986, O.Se¢men 3337 (EGE 19745!); Bornova, calcerous places, 100-600 m, ?2.05.1932,
O.Schwarz (EGE!); Bergama, between Kozak-Nebiler-Kaplan, ¢. 400 m, 03.06.1987, C.Y1ilmazer
482 (EGE 19744!); Karagdl, c. 800 m, 04.05.1996, O.Se¢cmen 4634 (EGE 18771!); Odemis,
Bozdag, 23.05.2001, S.Kirmizigdl & S.G.Senol (EGE 35859!); Odemis, Bozdag, Bozdag-
Herseroluk, c. 1350 m, 16.06.1972, O.Se¢men, Ahmet & E.Leblebici (EGE 10059!); Kozak, Kiranli
villagei Mardan watercourse, 15.05.1966, H.Pesmen 537 (EGE 2881!); Giimiildiir, Kaplan,
22.03.1979, O.Se¢men & E.Leblebici (EGE 21227!); Dikili-Caglayan village, 24.06.1965,
H.Pesmen 39 (EGE 8653!); Selcuk-Belevi, 23.04.1970, S.Oflas 12 (EGE 5516!); Kemalpasa,
Nifdagy, c. 1300 m, 16.07.1975, O.Se¢men 382a (EGE 23942!); N. of Bornova, 16.04.1969, K.Pitz
(EGE 7875!"); Kemalpasa, Nifdagi, c. 900 m, 06.06.1973, O.Se¢men 454 (EGE 23506!); Selcuk,
Ayasuluk hill, c. 40 m, A.Nasuhoglu (EGE 41736!); Kiitahya: Emet, between Giiltepe and Tahtali
hill, 1350 m, 09.06.1981, Y.Gemici & G.Gork (EGE 37852!); Emet, Yenice village, 700 m,
20.06.1980, O.Se¢gmen, G.Gork & E.Leblebici (EGE 18452!); Yagcik villige to Egrigdz villige, 840
m, 17.05.1978, O.Se¢men, A.Yaymtas & G.Gork (EGE 18168!); Emet, Asarlik, Samrik stream,
1240 m, 10.10.1978, G.Gork 220 (EGE 18260!); between Simav and Sindir, Pinmurt, ¢. 400 m,
05.06.1972, O.Se¢men, G.Oguz, S.Oflas & E.Leblebici (EGE 16885!); Gediz, Murat Dag1, 21 km
to Karaagac village, c. 800 m, 03.06.1972, S.Oflas, G.Oguz, O.Se¢men & E.Leblebici (EGE
10205"); Isparta: Garip village, Cedrus forest, c. 1250 m, 09.06.1983, L.Bekat (EGE 35992!);
Egirder vil., c. 940 m, 20.05.1966, C.Regel & H.Pesmen (EGE 177!); Gelendost vil., 22.05.1966,
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C.Regel, H.Pesmen & G.Oguz (EGE 185!); Manisa, Spil Dag, StraBenrand, offener, P.Hein (B,
B100089290!); Manisa: Ilica, 27.04.1975, O.Se¢men 158 (EGE 23940!); Soma, coal business, 2
km to Danis village, c. 460 m, 13.05.1977, O.Se¢men 1057 (EGE 23638!); Soma, roadside, c. 600
m, 12.05.1977, O.Se¢men, E.Leblebici & G.Gork (EGE 17151!); Salihli, Bozdag road, c. 900 m,
10.05.1975, O.Segmen, M.Oztiirk & T.Kesercioglu (EGE 23941!); 90 km from Manisa to Demirci,
roadside, 16.05.1978, O.Se¢men, E.Leblebici & G.Gork (EGE 17148!); Salihli, Camurbayan,
Pinus, Quercus forest, 17.06.1965, H.Pesmen 38 (EGE 8651!): Akhisar-Golmarmara, 29.04.1966,
H.Pesmen 691 (EGE 5422!); Yenikdy-Demirci, Pinus nigra forest, 18.06.1965, H.Pesmen 37 (EGE
8656!); Mugla: Sandras Dagi, above Agla, eastern slope of Altinsivrisi, Pinus brutia, P. nigra
subsp. pallasiana forests, 1900 m, 20.06.1999, M.Déring, G.Parolly & D.Tolimir (B,
B100274522").

Erysimum cheiranthoides. Polona septentrionalis, Torun-Bielany, in graminoso prope Institutum
Boilogiae, 30.07.1974, W.Gugnacka (AMD 38402!); Amersfoort, de Uithof braafliggend terrain,
27.07.1971, (L, L3246764!).

Erysimum odoratum. C. Europa tot N. Italie, N. Griekenland en W. Rusland, 28.06.1972, (U,
U1159212").



