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Tephroseris longifolia agg. is an intricate complex of perennial outcrossing herbaceous plants.
Recently, five subspecies with rather separate distributions and different geographic patterns
were assigned to the aggregate: T. longifolia subsp. longifolia, subsp. pseudocrispa and subsp.
gaudinii predominate in the Eastern Alps; the distribution of subsp. brachychaeta is confined to
the northern and central Apennines and subsp. moravica is endemic in the Western Carpathians.
Carpathian taxon 7. [. subsp. moravica is known only from nine localities in Slovakia and the
Czech Republic and is treated as an endangered taxon of European importance (according to
Natura 2000 network). As the taxonomy of this aggregate is not comprehensively elaborated the
aim of this study was to detect variability within the Tephroseris longifolia agg. using methods of
plant systematics (multivariate morphometrics of 525 individuals/33 populations based on 49
characters, DAPI flow cytometry of 98 individuals/33 populations). The relative DNA content at
the homoploid level (2n ~ 6x ~ 48) varied by 25.8% and significant taxa-specific differences were
confirmed among plants of 7. [. subsp. pseudocrispa, subsp. gaudinii, subsp. brachychaeta and
a group consisting of T. I. subsp. moravica and subsp. longifolia. The morphometric study indi-
cated six morphotypes roughly corresponding to the previously distinguished subspecies. The
exceptions were populations traditionally assigned to 7. [. subsp. longifolia, for which two dis-
tinct morphotypes with different geographic origins were identified: Alpine morphotype and
Pannonian morphotype. In general, the differences in DNA content and morphology argue for
a classification at the species level for plants of 7. [. subsp. brachychaeta, while differences
among other morphotypes fit a subspecific level. Surprisingly, Pannonian populations of 7. /.
subsp. longifolia are morphologically closer to populations of the Western-Carpathian endemic
subsp. moravica than to Alpine populations of nominate subspecies. Based on this, the taxonomic
position of Pannonian morphotype and subsequently the endemic status of 7. /. subsp. moravica
require further study. A key for identifying the taxa and morphotypes of Tephroseris longifolia
agg. in central Europe is presented.

Keywords: Alps, Asteraceae, Compositae, endemics, flow cytometry, multivariate morpho-
metrics, taxonomy, Tephroseris, Western Carpathians

Introduction

The genus Tephroseris (Rchb.) Rchb. of the sunflower family (Asteraceae) comprises 15
(Cufodontis 1933) to 50 (Nordenstam 2007) species with Eurasian and North American
distributions. Most species occur in the temperate and boreal zone of Europe and Asia,
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with a few species in the north-western part of North America (Golden et al. 2001, Wang
etal. 2009, Nordestam & Pelser 2011). Previously, the preference of some authors was to
include all the species in the genus Senecio L. [also as Senecio sect. Tephroseris (Rchb.)
Hallier & Wohlf.] because they are morphologically similar (e.g. Cufodontis 1933,
Chater & Walters 1976, Wagenitz 1987, Meusel & Jiger 1992). Recently, the concept of
two separate genera taking into account different basic chromosome numbers (Holub
1973, 1979) and phylogenetic relationships (Bremer 1994, Pelser et al. 2007, Wang et al.
2009) has become widely accepted. Molecular markers support the recognition of
Tephroseris as a separate genus in the subtribe Tussilagininae (Cass.) Dumort., while
Senecio s.s. is nested within the subtribe Senecioninae (Cass.) Dumort. As the taxonomy
of the genus Tephroseris is yet to be fully established, we follow the taxonomical concept
of the Euro+Med PlantBase Checklist (Euro+Med 2006-2014) in this study.

Tephroseris longifolia agg. is an intricate complex distributed throughout central
Europe. Main area of its distribution extends from the Central and Eastern Alps to the
Pannonian Basin and the Western Carpathians, and also reaches the Apennines and
Dinarides (Meusel & Jager 1992, Euro+Med 2006-2014). Members of this aggregate are
short-lived perennials with presumably an outcrossing breeding system (JaniSova et al.
2012b). To differentiate them from related genera/groups, the following combination of
morphological characters can be used: dark-coloured rhizome; unbranched stem; exclu-
sively yellow flowers; petioles of basal leaves of the same size or longer than the leaf
blade; blade of basal leaves lanceolate, ovate-lanceolate or ovate, with narrowed or
rounded, less commonly cordate base, dentate margins to blades; stem and leaves hairy to
arachnoid especially in the young stages; pappus up to double the length of an achene
(Chater & Walters 1976, Pignatti 1982, Aeschimann et al. 2004, Fischer et al. 2008).

The taxonomy of the 7. longifolia agg. has not been comprehensively elaborated other
than in the old monograph on the genus Tephroseris (Cufodontis 1933), which is based on
descriptive and comparative morphology (Chater & Walters 1976). Scattered information
can be found in national determination keys (e.g. Hess et al. 1972, Pignatti 1982, Adler et
al. 1994, Kochjarova & Hrouda 2004, Fischer et al. 2008) and several publications devoted
to selected subspecies (e.g. Kochjarova 1997). In summary, there are no studies using
biosystematic methods on the T. longifolia agg. Recently, five subspecies were assigned to
this aggregate (Euro+Med 2006-2014): Tephroseris longifolia (Jacq.) Griseb. et Schenk
subsp. longifolia, T. I. subsp. moravica Holub, T. . subsp. gaudinii (Gremli) Kerguélen,
T. I. subsp. pseudocrispa (Fiori) Greuter, and 7. L. subsp. brachychaeta Greuter. These taxa
were described mainly based on characters of the indumentum of the achenes, stem and
leaves. In addition, 7. [. subsp. moravica and subsp. pseudocrispa are supposed to differ in
the shapes of their basal leaves and blade bases (Electronic Appendix 1; Fiori 1925-1929,
Holub 1979, Kochjarova 1995, 1997, 1998). Great morphological variation and minute
morphological differences within the 7. longifolia agg., however, complicate the clear
delimitation of particular subspecies.

Taxa of the T. longifolia agg. occur from colline to subalpine regions (300-2000 m a. s. 1.;
Wagenitz 1987) and populations of this aggregate grow in open semi-dry and mesic
grasslands, light broad-leaved forests, forest margins and tall-herbaceous subalpine plant
communities. They are also frequently present in man-influenced and disturbed second-
ary habitats. The ecological requirements, altitudinal range of occurrence and preference
for specific plant communities is rather specific for particular subspecies (Pignatti 1982,
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Fig. 1. — Geographical distribution of the Tephroseris integrifolia (B) and T. longifolia agg. populations ana-
lysed in the present study: 7. longifolia subsp. moravica (Tlm, ¥), T. I. subsp. longifolia — Pannonian
morphotype (Tllh, ®), T. . subsp. longifolia — Alpine morphotype (Tlla, @), T. . subsp. gaudinii (Tlg, &), T. I.
subsp. pseudocrispa (Tlp, &) and T. L. subsp. brachychaeta (Tlb, %). For details of the sample sites see Table
1. General distribution of 7. longifolia subspecies is marked by lines (modified from Pignatti 1982, Welten &
Sutter 1982, Rakonczay 1989, Hartl et al. 1992, Martin¢i¢ et al. 1999, Wohlgemuth et al. 1999-2001,
Forenbacher 2001, Jogan 2001, Flora Croatica Database 2009, Niklfeld 2009, Hegediisova et al. 2013).

Wagenitz 1987, Aeschimann et al. 2004, HegediiSova et al. 2013). Similarly, the subspe-
cies of T. longifolia have more or less separate distributions and different geographic
ranges. On the one hand, there are three predominantly Alpine species: 7. L subsp.
longifolia and subsp. gaudinii with wide distributions (subsp. gaudinii predominates in
the eastern part of the Eastern Alps, subsp. longifolia in western part of the Eastern Alps
occurring also in the Hrvatsko Zagorie region and Velebit Mts and in the western part of
the Pannonian Basin) and subsp. pseudocrispa restricted to a small area on the borders of
Italy, Austria and Slovenia (Southern limestone Alps) (Fig. 1) (Pignatti 1982, Welten &
Sutter 1982, Rakonczay 1989, Hartl et al. 1992, Martincic et al. 1999, Wohlgemuth et al.
1999-2001, Forenbacher 2001, Jogan 2001, Flora Croatica Database 2009, Niklfeld
2009). On the other hand, the distribution of 7. I. subsp. brachychaeta is confined to the
northern and central Apennines (Tondi & Plini 1995, Alessandrini et al. 2010, Viciani et
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al. 2010) and subsp. moravica is a stenoendemic taxon in the Western Carpathians
(Kliment 1999, HegediiSova et al. 2013). Within the aggregate, 7. I. subsp. moravica has
the narrowest range and is currently known from only nine localities in Slovakia and the
Czech Republic (Holub 1999, Mereda & Hodalova 2011, JaniSova et al. 2012a). It is
legally protected in both countries (Decree of the Ministry of the Environment of the
Czech Republic Nr. 395/1992; Decree of the Ministry of the Environment of the Slovak
Republic Nr. 24/2003) and is an endangered taxon of national (Ferdkovi et al. 2001,
Grulich 2012) and European importance (Natura 2000 network, Directive 92/43/EEC
Anex II; Bilz et al. 2011). This taxon is vulnerable because of its restriction to secondary,
man-made habitats that are currently endangered by changes in land use. Therefore, these
populations are under long-term monitoring (JaniSova et al. 2005, Chmelova 2007, Gbel-
cova 2010) and various aspects of their ecology, sociology and demography (Kochjarova
1995, 1998, JanisSova et al. 2005, 2012a, b, HegedtiSova et al. 2013) are being studied in
order to determine the optimal management of the communities in which this taxon
occurs. In addition, T. I subsp. longifolia and subsp. gaudinii are endangered in Switzer-
land (Moser et al. 2002), Austria (Niklfeld & Schratt-Ehrendorfer 1999) and Hungary
(Kiraly 2007). Hungarian populations of T. L. subsp. longifolia are also legally protected
(Decree of the Ministry of the Environment and Water of Hungary Nr. 23/2005).

Currently there are many studies that document the importance of taxonomical clarifi-
cation for identifying conservation priorities such as legal protection and restoration of
local endemics and/or endangered populations (e.g. Kolar¢ik et al. 2010, Spaniel et al.
2011a, b, Kucera et al. 2013, Petrova et al. 2014). In spite of considerable efforts to con-
serve members of the T. longifolia agg., their taxonomic delimitations and relationships
within the aggregate remain controversial. Because of this, our study aims to detect vari-
ability within the T longifolia agg. using multivariate morphometrics and flow cytometry
to reveal the evolutionary relationships within the aggregate.

Three major questions were addressed in this study: (i) Is the variation in morphology
and DNA content within the aggregate supportive of the traditional taxonomic concept?
(i) What are the relationships within the 7. longifolia agg. based on morphological and
karyological data? (iii) Does the variation in the morphology and DNA content in the
aggregate support the endemic status of 7. . subsp. moravica?

Material and methods
Plant material

Plants for the morphometric study were collected from natural habitats during 2011-2012
(May/June) throughout the Alpine, Pannonian and Western Carpathian distribution of the
aggregate. In addition, material from one population of 7. I. subsp. brachychaeta in the
central Apennines was collected. Altogether 33 populations were sampled (Table 1, Fig. 1).
If possible, samples from known type localities or adjacent areas (Electronic Appendix 1)
of traditionally recognized taxa were also included in our study. Population samples
ranged from 2 to 20 individuals (altogether 525 plants). The number of individuals col-
lected depended on the population size at a particular locality. In the case of small or highly
protected populations the characters of flowers and stems were measured or scored directly
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Table 1. — Details of the localities studied, including geographical coordinates, altitude, date and collectors of
the plants of Tephroseris longifolia agg. and T. integrifolia from Europe investigated for their morphological
variation in stem, stem leaves, synflorescences (MORF) and seeds (SEED) and/or with DAPI-stained flow
cytometry (FCM). Collector abbreviations: KH — K. HegediiSov4, MJ — M. JaniSova, JK — J. Kochjarova, BS —
B. Singliarové, IS - I. Skodov4, KO — K. Olgavskd, AC — A. Carni, NJ - N. Juvan, KD - K. Devanova, ZL —

Z. Labdikova, LB — L. Borsukiewicz.

Taxon Population Locality details

code

SEED

MORF/

FCM

T. longifolia subsp. CAV
moravica Holub
(Tlm)

RAD

HOD

LYS

OMS

STR

Slovakia; StraZovské vrchy Mts, Cavoj village; 20/10
48°52'56.6" N, 18°2925.8" E; 560-585 m; 20.5.2011;

KH, MJ, JK & IS

Slovakia; Tribe¢ Mts, Radobica village; 48°3427.2" 20/10
N, 18°29'54.6" E; 480-560 m; 18.5.2011, KH, M1J,

JK, IS & KO

Czech Republic; Bilé Karpaty Mts, Hodnov village; 20/0
49°04'57.0" N, 18°03'24.3" E; 480-560 m; 26.5.2011,

KH, MJ, JK & IS

Slovakia; Biele Karpaty Mts, VrSatecké Podhradie 12/10
village, Lysa meadow; 49°04'17.0" N, 18°08'41.4" E;
740-780 m; 8.6.2012, MJ, KD, JK, IS & ZL

Slovakia; Strazovské vrchy Mts, OmSenie village; 7/10
48°54'52.4" N, 18°14'36.4" E; 570-670 m; 7.6.2012;

MJ, KD, JK, IS & ZL

Slovakia; Vta¢nik Mts, Mt. Straz; 48°32'53.6" N, 5/10
18°32'40.4" E; 770-780 m; 6.6.2012; MJ, KD, JK,

1S & ZL

3

T. longifolia (Jacq.) GOS
Griseb. et Schenk
subsp. longifolia —
Pannonian HUS
morphotype (T1lh)

ZAL

Hungaria; Veszprém, Gosfa village, Mt. Goshegy; 16/10
46°58'08.0" N, 16°52'13.0" E; 210-230 m; 3.5.2011;

KH, MJ, JK, BS, IS & KO

Hungaria; Zala, Huszonya village; 46°55'57.0" N, 2/0
17°07'33.0" E; 160-170 m; 3.5.2011; KH, MJ, JK,

BS, IS & KO

Hungaria; Zala, Zalabér village, Bagovolgy valley; 10/10
46°58'05.0" N, 17°02'49.0" E; 210-220 m; 3.5.2011;

KH, MJ, JK, BS, IS & KO

T. longifolia (Jacq.) EBE
Griseb. et Schenk

subsp. longifolia —

Alpine morphotype FAL
(Tla)

FUR

HIR

JAK

LOI

Austria; Lavantater Alpen Mts, Kédrnten, Eberstein 20/10
village; 46°47'51.0" N, 14°33'07.0" E; 570-622 m;

14.5.2012, KH, MJ, JK & IS

Austria; Kédrnten, Ebene Reichenau village, Falkersee  21/10
Lake; 46°51'45.4" N, 13°49'36.8" E; 1855-1890 m;
21.6.2012, MJ, KD, LB & IS

Austria; Niederostereich, Furth an der Triesting 0/0
village; 47°57'35.2" N, 15°57'49.8" E; 413 m;
29.5.2011;29.5.2012, MJ, KD & IS

Austria; Karawanken Mts, Ebriach village, part 20/10
Hirskeuche; 46°28'14.0" N, 14°29'25.0" E; 740-775

m; 14.5.2012, KH, MJ, JK & IS

Slovenia; Polhov Gradec town, Mt. Sv. Jakob; 19/10
46°06'19.0" N, 14°22'11.0" E; 780-790 m; 15.5.2012,

KH, MJ, JK, IS & AC

Austria; Karawanken Mts, Loiblpass saddle; 21/5
46°26'41.0" N, 14°1528.0" E; 990-1005 m;

29.5.2012, MJ, KD & IS
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Taxon Population Locality details MORF/  FCM
code SEED
LOR Slovenia; Polhov Gradec town, Mt. Sv. Lorenz; 20/0 3

46°04'18.0" N, 14°17'59.0" E; 780-790 m; 15.5.2012,
KH, MJ, JK, IS & AC

MAR Austria; Niederostereich, Ramsau bei Hainfeld 4/0 3
village, Mariental valley; 47°59'04.9" N, 15°49'49.4"
E; 510-525 m; 29.5.2012, MJ, KD & IS

PIT Austria; Niederostereich, Rosalien Gebirge Mts, 20/10 3
Pitten village; 47°42'28.0" N, 16°10'53.0" E; 320-340
m; 4.5.2011, KH, MJ, JK, BS, IS & KO

POD Slovenia; Kozje, Podsreda village; 46°01'34.0" N, 9/9 2
15°35'11.0" E; 470-480 m; 18.5.2012, KH, MJ, JK & IS

TRD Slovenia; Gorjanci Mts, Mt. Trdinov vrh; 45°45'35.0"  15/0 0
N, 15°19'22.4" E; 1135-1185 m; 3.6.2012, KO

VRE Slovenia; SenoZece village, Mt. Vremscica; 15/0 2

45°41'15.5" N, 14°03'52.3" E; 1004 m; 30.5.2012,
MIJ, KD, AC & IS

T. longifolia subsp. GNI Italy; Julian Alps, Gniviza village; 46°19'55.8" N, 13/10 3
pseudocrispa (Fiori) 13°19'32.6" E; 1066-1075 m; 31.5.2012, MJ, KD &
Greuter (Tlp) IS
KAM Italy; Julian Alps, Kamno village; 46°12'36.7" N, 20/10 3
13°37'49.2" E; 194-210 m; 17.5.2012, KH, MJ, JK,
IS & NJ
KOL Italy; Julian Alps, Kolovrat saddle; 46°1121.7" N, 20/10 3
13°38'34.0" E; 1062—1115 m; 31.5.2012, MJ, KD & IS
LAG Italy; Julian Alps, Valle del Lago valley; 46°27'00.0"  20/10 3
N, 13°34'31.0" E; 880-907 m; 16.5.2012, KH, M1J,
JK, & I8
PON Italy; Julian Alps, Pontebba village; 46°30'28.0" N, 20/10 3
13°18'04.0" E; 615-625 m; 16.5.2012, KH, MJ, JK,
& IS
TAN Italy; Julian Alps, Passo Tanemea saddle; 46°18'06.8"  19/10 3
N, 13°20'17.1" E; 793-828 m; 31.5.2012, MJ, KD & IS
ZAG Slovenia; Julian Alps, Zaga village; 46°17'48.9" N, 20/10 3
13°29'25.5" E; 325-340 m; 17.5.2012, KH, MJ, JK,
IS & NJ

T. longifolia subsp. BAL Italy; Rhaetian Alps, Monte Baldo Mts; Mt. 20/10 3
gaudinii (Gremli) Altissimo; 45°48'12.6" N, 10°53'26.3" E; 18001850
Kerguélen (Tlg) m; 20.6.2012, MJ, KD, LB & I
BAZ Italy; Rhaetian Alps, Breno town; Bazena saddle; 20/10 3
45°55'10.5" N, 10°23'52.9" E; 1869-1923 m;
19.6.2012, MJ, KD, LB & IS

CHAS Switzerland; Rhaetian Alps, loco dicto Alp Trupchun; 10/10 0
46°35'35.5" N, 10°04'52.0" E; 2098 m; 1.7.2012, BS
DOS Italy; Rhaetian Alps, Darfo-Boario; Dosso village; 0/0 3

45°57'52.1" N, 10°06'59.7" E; 1020-1050 m;
18.6.2012, MJ, KD, LB & IS

FED Italy; Rhaetian Alps, Val Federia valley; 46°32'57" N, 0/0 3
10°05'39" E; 2030 m; 2.7.2012, BS
FEN Italy; Rhaetian Alps, Trento town; Mt. Fenner Joch; 0/0 3

46°1729.1" N, 11°09'20.1" E; 1650-1680 m;
11.7.2011; MJ, IS, KD & KH
GAV Italy; Rhaetian Alps, Bagolino village; Siltar de 19/10 3
Gaver valley; 45°55'19.0" N, 10°27'34.7" E;
14001563 m; 19.6.2012, MJ, KD, LB & IS
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Taxon Population Locality details MORF/  FCM
code SEED
MIS Italy; Dolomity Mts, Auronzo Di Cadore; Missurina 13/10 3

Lake; 46°3524.0" N, 12°15'30.0" E; 1750-1770 m;
20.6.2012, MJ, KD, LB & IS

T. longifolia subsp. VAL Italy; Secciata Mts, Mt. Vallombrosa; 43°4422.2" N, 15/10 5
brachychaeta 11°34'29.2" E; 1230-1325 m; 17.6.2011, KO

Greuter (Tlb)

T. integrifolia (L.) INT Austria; Wiener Wald Mts, Perchtoldsdorfer Heide; 3
Holub 48°08'00.0" N, 16°15'00.0" E; 315 m; 31.5.2012, MJ

on living individuals and only the lower and middle leaves, terminal and three lateral
capitula with pedicels were collected for further measurements. In order to minimize the
effect of phenological plasticity, plant material was collected during the short period of
flowering, when the terminal and at least three lateral capitula were flowering. Mature
achenes (usually 10 per population, altogether 264) were collected only from selected
populations (27, Table 1) at repeated visits after flowering. Achenes were collected ran-
domly from several plants in each of the populations sampled. Voucher herbarium speci-
mens were deposited in the herbarium of the Slovak Academy of Sciences (SAV).

Plant material for measuring the relative DNA content originated from the same popu-
lations as that used in the morphometric analyses. From 2 to 5 plants per population were
subjected to flow cytometry. Plants were either transferred from natural populations or
grown from collected seeds (in the case of highly protected populations). Plants were
afterwards cultivated for 1-3 years under uniform conditions in an experimental garden
in Banska Bystrica (48°45'08.9"N, 19°09'29.0"E, 390 m a.s.l., central Slovakia).

Karyological analyses

The relative nuclear DNA content was determined for 98 individuals from 33 populations
of the T. longifolia agg. (Table 2) using DAPI flow cytometry. Moreover, 3 plants from
a population of the closely related species T. integrifolia (L.) Holub were included. DAPI
flow cytometry was chosen because absolute DNA content, estimated by intercalating PI,
and the relative DNA content, estimated using AT-selective DAPI dye, is highly corre-
lated and DAPI flow cytometry is more accurate and particularly useful for detecting
rather small differences in genome size (Marhold et al. 2010, Suda et al. 2010, Olsavska
et al. 2012). To ensure the accuracy of the estimates of relative DNA content, we used
fresh leaf material and each plant was analysed separately. Further, fluorescence of at
least 5000 particles was recorded and only histograms with a symetrical peak and a coef-
ficient of variance (CV) of the standard and sample G1 peaks below 3% were considered.

Flow cytometric analyses were done in November 2012 at the Institute of Botany, Slo-
vak Academy of Sciences, Bratislava, using a Partec Cyflow ML instrument (Partec
GmbH, Miinster, Germany) equipped with an HBO-100 mercury arc lamp as an excitation
source. An AT-specific 4',6-diamidino-2-phenylindole (DAPI) was used as a flourochrome
and Bellis perennis L. (2C = 3.38 pg; Schonswetter et al. 2007) as an internal standard in
flow cytometric analyses.
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Table 2. — Relative DNA content expressed as the ratio of G1 peak of standard (Bellis perennis L.; 2C = 3.38 pg;
Schonswetter et al. 2007) and G1 peak of the sample (RSS of investigated taxa and populations of Tephroseris
longifolia and T. integrifolia); N — number of investigated plants; SD — standard deviation. Populations for
which chromosome counts 2n = 48 have been published by Kochjarova (1997) are marked by asterisk. See
Table 1 for abbreviations of taxon codes.

Taxon Intrataxonomic variation of RSS Intrapopulation variation of RSS
Taxon code  Mean+SD  Variation Population Mean+SD  Variation
(N) (p2) (%) code (N) (pg) (%)
Tephroseris longifolia TIm (15) 2.8+0.06 0.34 CAV (3) 2.82+0.04 0.13
agg. RAD* (3)  2.80+0.06 0.38

LYS (3) 2.86+0.06 0.31
OMS (3) 2.78+0.01 0.01
STR* (3)  2.73x0.02 0.03

Tllh (6) 2.74+0.02 0.03 GOS (3)  2.74+0.02 0.04
ZAL (3)  2.74+0.02 0.02
Tlla (31) 2.79+0.04 0.14 EBE (3)  2.82+0.01 0.01

FAL (3)  2.86+0.02 0.05

FUR (3)  2.74+0.04 0.12

HIR (3) 2.80+0.02 0.05

JAK (3) 2.77+0.04 0.16

LOI (3) 2.81+0.04 0.16

LOR (3)  2.79+0.02 0.05

MAR (3)  2.76+0.02 0.03

PIT (3) 2.78 +0.01 0.02

POD (2)  2.79+0.01 0.02

VRE (2)  2.78+0.01 0.01

Tlp (20) 2.92+0.04 0.13 GNI(3)  2.92+0.06 0.35
KAM (3)  2.92+0.02 0.04

KOL (3)  2.93+0.05 0.22

LAG (3) 2.91+0.02 0.03

PON (3)  2.91x0.01 0.01

TAN (3)  2.91+0.01 0.02

ZAG (3)  2.93+0.07 0.49

Tlg (21) 3.07+0.04 0.14 BAL (3)  3.10+0.06 0.35
BAZ (3)  3.05+0.02 0.06

DOS (3)  3.05+0.01 0.01

FED (3)  3.05+0.02 0.05

FEN (3)  3.10+0.02 0.05

GAV (3)  3.09+0.00 0.00

MIS (3) 3.04+0.04 0.19

Tlb VAL (5)  3.36+0.03 0.07
Tephroseris integrifolia INT (3) 2.33+0.03 0.09

Nuclei isolation and staining procedure followed the two-step protocol (DoleZel et al.
2007) with some modifications. Intact leaf tissue of the plant analysed was chopped
together with an internal standard in 1 ml of ice-cold Otto I buffer (0.1 M citric acid, 0.5%
Tween 20). The crude nuclear suspension was filtered through 42-um nylon mesh. For
staining, 1 ml of a solution containing Otto II buffer (0.4 M Na,HPO,-12H,0), 2-
mercaptoethanol (2 pul/ml) and DAPI (4 ug/ml) was added to the flow-through fraction.
Samples were analysed after 10 min incubation at room temperature. Flow cytometric
histograms were evaluated using Partec FloMax software (v. 2.7d; Partec GmbH Miinster,
Germany). Simultaneous analyses of samples from the 7. longifolia agg. differing by
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more than 5% in DNA content were done to confirm the reliability of the estimated val-
ues. Relationship between chromosome number and relative DNA content was verified
using previously published chromosome counts (Table 2; Kochjarova 1997). Relative
DNA content was calculated as the ratio of G1 peak of standard and G1 peak of sample
(RSS).

The Tukey-Kramer test for unequal sample sizes was used to test for differences in rel-
ative DNA content (RSS values) among the taxa studied [7. longifolia subsp. moravica
(TIm), T. I. subsp. longifolia — Pannonian morphotype (TIlh), T. [. subsp. longifolia —
Alpine morphotype (Tlla), T. I. subsp. pseudocrispa (Tlp), T. I. subsp. gaudinii (Tlg), T. L
subsp. brachychaeta (TIb); see results of morphological analyses]. The Spearman rank
correlation coefficient was used to test whether relative DNA content of populations is
related to their geographic origin (longitude, latitude and altitude). All analyses, includ-
ing box-and-whiskers plots, were carried out using Statistica 7.0 (StatSoft Inc. 2006).

Morphological analyses

Morphological variability was studied using multivariate morphometric analyses based
on 525 individuals originating from 33 populations of the 7. longifolia agg. (Fig. 1). The
characters of achenes were scored or measured on smaller samples (27 populations and
264 seeds, Table 1) and as they did not come from the same individuals as those used in
the morphometric study, achene characters were analysed separately.

Altogether 31 quantitative and nine qualitative characters were measured or scored on
fresh and/or herbarium material (Fig. 2). Subsequently nine ratios were computed (Table
3). Characters of synflorescences were measured only on fresh material; separate mea-
surements were made for terminal and three different lateral capitula of the same
synflorescence, and only mean values of three measurements of the lateral capitula were
used in all morphometric analyses. Qualitative characters were scored as two (LUSB,
LLSB) or three (SLI, SUI, BI, LLUSI, LLLSI, LMLSI, AI) binary characters/stages,
from which only one or two stages were included in the analyses.

Several datasets were used in the morphometric analyses. Foremost, Pearson (para-
metric) and Spearman (non-parametric) correlation coefficients were computed for all
data matrices in order to determine the relationships between particular variables. Some
pairs of characters were strongly correlated, which potentially distorted further computa-
tions (more than 0.97) and therefore one character from a pair was always excluded
(matrix 2: SIU1, BI1, SLUB, LLD, CLD; matrix 3-5: SLUB, see below).

Five datasets were used in further analyses: (i) a dataset consisting of 27 populations
of the T. longifolia agg. (Table 1) characterized by mean values of four characters mea-
sured or scored on achenes (matrix 1); (ii) a dataset with 33 population samples of the
T. longifolia agg. from the whole distribution area (Table 1) characterized by mean values
of all 46 characters measured or scored on stem, leaves and synflorescences as OTUs
(operational taxonomic units) (matrix 2); (iii) a complete, pooled dataset including 525
individual plants from 33 populations of the 7. longifolia agg. and 50 characters mea-
sured as OTUs (matrix 3); (iv) a dataset including 398 individuals from Austria, Italy
(excluding population VAL) and Slovenia and 50 characters measured (matrix 4); (v)
a dataset of 296 individuals from Austria, Czech Republic, Hungary, Slovakia and
Slovenia (except ZAG) and 50 characters measured (matrix 5).
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Fig. 2. — Illustrations of selected morphological characters of the Tephroseris longifolia agg. For character
abbreviations see Table 3.

We performed both a hierarchical and non-hierarchical multivariate evaluation of the
morphological data in the following steps: (i) Cluster analysis (Everitt 1986), UPGMA
(unweighted pair-group method using arithmetic averages), was carried out on matrix 1
in order to infer potential morphological differentiation of achenes within the 7. longi-
folia agg. (ii) To obtain an insight into the phenetic relationships among all the popula-
tions of the T. longifolia agg. studied a principal coordinate analysis (PCoA) was under-
taken, using a Gower’s coefficient for mixed data (Legendre & Legendre 2012) because
the number of OTUs exceeded the number of characters, based on matrix 2.
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Table 3. — List of characters scored or measured for the morphometric analyses of the Tephroseris longifolia
agg. Characters marked with an asterisk are represented by mean values of three measurements from three dif-
ferent lateral capitula of the same synflorescence; characters marked with a circle were used only for calculat-

ing ratios and were not included in the morphometric analyses.

Plant part  Character  Description

Character explanation/measurement unit

Stem NL number of leaves
SLI indument of lower part of stem
SUI indument of upper part of stem
PH plant height (stem and synflorescence

rachis length)
SLUB® stem length up to branching
ratio: SLUB/PH

0 — glabrous/glabrescent

1 — sparsely to moderately hairy (SLI 1)
2 — densely hairy to arachnoid (SLI 2)

0 — glabrous/glabrescent

1 — sparsely to moderately hairy (SUI 1)
2 — densely hairy to arachnoid (SUI 2)
mm

mm

Syn- BI indument of involucral bracts
florescence
NPC number of primary capitula
NSC number of secondary capitula
CTD terminal capitulum diameter
CTDD terminal capitulum disc diameter
CTIL terminal capitulum involucre length
CTIW® terminal capitulum involucre width
PTL length of pedicel of terminal capitulum
CLD* lateral capitulum diameter
CLDD* lateral capitulum disc diameter
CLIL* lateral capitulum involucre length
CLIW* lateral capitulum involucre width
PLL* length of pedicel of lateral capitulum

ratios: CTIL/CTIW, CLIL/CLIW

0 — glabrous/glabrescent
1 — sparsely to moderately hairy (BI 1)
2 — densely hairy to arachnoid (BI 2)

Stem LLUSI indument of upper surface of lower
leaves stem leaf
LLLSI indument of lower surface of lower
stem leaf

LMLSI indument of lower surface of middle

stem leaf
LUSB presence of persistent hair’s bases
on upper surface of leaves
LLSB presence of persistent hair’s bases
on lower surface of leaves
LLNT number of teeth of lower stem leaf
LMNT number of teeth of middle stem leaf
LLL length of blade of lower stem leaf
LLW* width of blade of lower stem leaf
LLD distance of widest part of blade of
lower stem leaf (from leaf base)
LLPL length of petiole of lower stem leaf

LLBA angle of base of blade of lower stem
leaf

0 — glabrous/glabrescent

1 — sparsely to moderately hairy (LLUSI 1)
2 — densely hairy to arachnoid (LLUSI 2)

0 — glabrous/glabrescent

1 — sparsely to moderately hairy (LLLSI 1)
2 — densely hairy to arachnoid (LLLSI 2)

0 — glabrous/glabrescent

1 — sparsely to moderately hairy (LMLSI 1)
2 — densely hairy to arachnoid (LMLSI 2)
0 — no persistent base of hairs

1 — persistent base of hairs presented

0 — no persistent base of hairs

1 — persistent base of hairs presented

173
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Plant part  Character  Description Character explanation/measurement unit
LLTD depth of maximum tooth of lower stem mm
leaf
LML® length of blade of middle stem leaf mm
LMW width of blade of middle stem leaf mm
LMD distance of middle part of blade of mm

lower stem leaf (from leaf base)
LMBA angle of base of blade of middle stem °

leaf

LMTW width of maximum tooth of middle mm
stem leaf

LMTD depth of maximum tooth of middle mm
stem leaf

ratios: LLW/LLL, LLD/LLL, LLPL/LLL, LMW/LML, LMD/LML

Achenes Al indument of achenes 0 — glabrous/glabrescent
1 — hairy in the lower part (Al 1)
2 — hairy (AI 2)
AL achenes length mm
AW achenes width mm
ratio: AW/AL

In order to test the morphological differentiation indicated by PCoA and UPGMA and
identify the characters most responsible for the differentiation among taxa we ran several
canonical discriminate analyses (CDA). In addition to the PCoA and UPGMA results,
also variation in DNA content, geographic origin and traditional taxonomic designation
of particular populations was taken into account as criteria for the predefinition of groups
(see Results). The following CDA analyses were performed: (iii) CDA1 based on matrix 3
[six groups predefined: T. longifolia subsp. moravica (Tlm), T. I. subsp. longifolia —
Pannonian morphotype (Tllh), 7. I. subsp. longifolia - Alpine morphotype (Tlla), T. L
subsp. pseudocrispa (Tlp), T. I. subsp. gaudinii (Tlg), T. I. subsp. brachychaeta (TIb)],
(iv) CDA2 based on matrix 4 (three groups predefined: Tlla, Tlp, Tlg) and (v) CDA3
based on matrix 5 (three groups predefined: Tlm, Tllh, Tlla). (vi) Parametric and non-
parametric (with k = 12) classificatory discriminate analyses (Klecka 1980, Krzanowski
1990) based on matrix 3 were used to assess the percentage of plants correctly assigned to
the predetermined groups. (vii) Descriptive data analysis (univariate statistics) was used
to obtain basic statistics of quantitative characters and ratios (minimum, mean, percentile
5%, 10%, 90% and 95%, maximum and standard deviation) for each taxon revealed. For
semi-quantitative and binary characters the frequencies of particular states are presented.
For illustrating the variation in the characters selected box-and-whiskers plots were used.

PCoA analysis was performed using Canoco 5.0 (ter Braak & Smilauer 2012), CDA
analyses were carried out using SAS v.9.3 (SAS Institute Inc. 2011); cluster analysis was
computed in SYN-TAX 2000 (Podani 2001) and box-and-whiskers plots were con-
structed in Statistica 7.0 (StatSoft Inc. 2006).
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Results
Karyological analyses

Flow cytometric analyses of relative DNA content resulted in high-resolution histograms
with mean CVs of G1 peaks from 1.08 to 2.91% (mean 1.58%) and from 1.37 to 2.97%
(mean 1.75%) for samples of the T. longifolia agg. and internal reference standard,
respectively (Table 2).

The relative DNA content (RSS values) within the T. longifolia agg. varied by 25.8%
from 2.71 (for population FUR) to 3.36 (for population VAL). Itis highly likely that these
estimates correspond to a hexaploid ploidy level 2n = 6x = 48 (Kochjarova 1997 for T. L
subsp. moravica from populations RAD and STR). The RSS value (2.33+0.03) obtained
for one of the populations of T. integrifolia studied indicate a lower relative DNA content
than recorded for the 7. longifolia agg. Results indicate only low intrapopulation varia-
tion in relative DNA content (RSS varied up to 0.49%).

Box-and-whisker plots (Fig. 3) of relative DNA content (depicted as RSS values) indi-
cated differences among the groups defined based on traditional assignment as well as the
morphotypes revealed by multivariate morphometrics (see below). Results of the Tukey-
Kramer test confirmed significant differences (at P < 0.001) among 7. I subsp.
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Fig. 3. — Relative DNA content represented by the ratio of G1 peak of standard (Bellis perennis L.; 2C = 3.38
pg; Schonswetter et al. 2007) and G1 peak of sample (RSS) of particular taxa of Tephroseris longifolia agg. (N
= number of individuals). Boxes define 25th and 75th percentiles, squares show median values, whiskers
extend from the minimum to the maximum. Same letters indicate groups of taxa that are not significantly dif-
ferent at P < 0.001 (Tukey-Kramer test).
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Fig. 4. — Flow cytometric histogram of the relative DNA content of DAPI-stained nuclei in a simultaneous anal-
ysis of individuals belonging to Tephroseris longifolia subsp. longifolia — Alpine morphotype (Tlla), 7. I.
subsp. gaudinii (T1g) and T. . subsp. brachychaeta (T1b). Nuclei of plants were isolated, stained with DAPI and
analysed simultaneously.

pseudocrispa (Tlp), T. I. subsp. gaudinii (Tlg), T. I. subsp. brachychaeta (Tlb) and
a group consisting of 7. [. subsp. moravica and T. I. subsp. longifolia (Tlm+TIlh+Tlla),
this indicates that DNA content may be used as a supportive taxonomic marker within the
aggregate (Fig. 3). The differences in DNA content among taxa were confirmed in simul-
taneous flow cytometric analyses (Fig. 4). Variation in DNA content within groups was
rather low (RSS varied up to 0.34%).

The relative DNA content (RSS) recorded for the populations studied was positively
correlated with altitude (sr = 0.65, P < 0.0001), and negatively correlated with longitude
(sr =-0.84, P < 0.0001) and latitude (sr =-0.57, P < 0.0001).

Morphological analyses

Cluster analyses (UPGMA) based on achene characters resulted in the division of the
populations of the T. longifolia agg. into two main clusters (Fig. 5). The populations orig-
inally assigned to 7. [. subsp. pseudocrispa (Tlp), T. . subsp. gaudinii (Tlg) and T. L
subsp. brachychaeta (Tlb) form the left cluster, while those assigned to 7. . subsp.
longifolia and T. I. subsp. moravica (Tlm) form the right cluster. The only exception was
population LOI of T. I subsp. longifolia, which is included in the left cluster.

PCoA of 33 populations of the T. longifolia agg. based on characters of the stem,
leaves and synflorescences showed clear separation of the VAL population (Tlb) along
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Fig. 5. — Cluster analysis (UPGMA) based on four characters measured or scored on achenes from 27 popula-
tions of Tephroseris longifolia agg.: T. I. subsp. moravica (Tlm), T. . subsp. longifolia — Pannonian
morphotype (Tllh), 7. I. subsp. longifolia — Alpine morphotype (Tlla), 7. I. subsp. gaudinii (Tlg), T. . subsp.
pseudocrispa (Tlp) and T. . subsp. brachychaeta (TIb). For population codes see Table 1.
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Fig. 6. — Principal coordinate analysis based on 46 morphological characters and 33 populations of Tephroseris
longifolia agg.: T. I. subsp. moravica (Tlm, ), T. [. subsp. longifolia — Pannonian morphotype (Tllh, @), T. [.
subsp. longifolia — Alpine morphotype (Tlla, @), 7. L. subsp. gaudinii (Tlg, =), T. I. subsp. pseudocrispa (Tlp, O0)
and 7. L. subsp. brachychaeta (Tlb, A).
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the third axis (diagram not shown). Remaining populations formed five groups (Fig. 6),
three of them corresponding broadly to previously recognized subspecies: Tlm, Tlp and
Tlg. Populations traditionally assigned to T. longifolia subsp. longifolia formed two sepa-
rate groups according to their geographic origin with Alpine populations (Alpine
morphotype; Tlla) situated in the centre of the lower part of the diagram and Pannonian
populations (Pannonian morphotype; Tllh) forming a group in the centre of the upper part
close to the population of Tlm.

To test the plausibility of dividing the 7. longifolia agg. into the six groups predicted
by PCoA and UPGMA analyses (TIm, Tllh, Tlla, Tlg, Tlp and Tlb) and at the same time
identify the morphological characters suitable for distinguishing the groups, several
CDA analyses and a DA analysis based on individuals and 50 characters were performed.

CDALI indicated that individuals of TIb tend to separate mainly along the third axis
correlated with plant height (PH), shape of involucrum (CLIL, CLIL/CLIW) and length
of middle stem leaf (LML) (Electronic Appendix 2B, Table 4). Almost all the leaf characters
measured contributed equally to the separation of Tlp, Tlla, Tlm, Tllh and Tlg along the first
axis of the CDA1 (Electronic Appendix 2b, Table 4). On the other hand, characteristics of
the indumentum of the stem (SUI), involucral bracts (BI) and leaves (LLLSI, LMLSI)
were strongly associated with the second axis along which groups Tlp+Tlm+TIlh and
Tlla+Tlg were differentiated (Electronic Appendix 2A, Table 4).

In order to obtain a better picture of the position of samples, in further analyses well-
separated samples of Tlb were omitted and remainders were reanalysed in two subsets of
the results of morphological analyses (UPGMA, PCoA, CDA1), geographic origin and
differences in DNA content. In the CDA2 all Alpine samples (Tlla, Tlp, Tlg) were
included whereas in the CDA3 samples of Tlla and two morphologicaly similar and geo-
graphically neighbouring Tllh and Tlm populations were included. Tlla samples were
included in both analyses as it occupies a somewhat central position in the PCoA and
CDAI diagrams (Fig. 6, Electronic Appendix 2A).

CDAZ2 indicates a clear separation of Tlla, Tlp and Tlg with minor overlaps (Fig. 7A,
Table 4). Characters such as the indumentum on the stem (SLI), involucral bracts (BI)
and leaves (LLLSI, LMLSI) and characters related to shape of the lower leaves (LLL,
LLD, LLPL/LLL) predominantly contributed to their separation along the first axis while
characters of the capitulum (CTD, CLD, PTD) contributed to their separation along the
second axis.

CDA3 indicates separation of three groups corresponding to Tlla, Tllh and Tlm. Char-
acters related to plant height (NL, PH), shape of involucrum (CLIL, CLIL/CLIW) and
lower leaves (LLW/LLL) as well as the indumentum on the leaves (LLLSI, LUSB)
played role in their separation along the first axis. Characteristics of their synflorescences
(PLL, CTIL/CTIW, CLIL/CLIW) largely contributed to the separation along the second
axis (Fig. 7B, Table 4).

Parametric and non-parametric discriminant analyses of six morphotypes identified
by the ordination analyses, Tlm, Tllh, Tlla, Tlp, Tlg and Tlb, revealed that more than 78%
of the individuals could be correctly classified. The largest morphological overlap was
between the groups Tlla and Tlg (13.6% misclassified individuals; Table 5).

In accordance with the CDA1, univariate statistics (Electronic Appendix 3) and box-and-
whisker plots (Fig. 8) of quantitative characters of all six morphotypes revealed by the multi-
variate morphometric analysis the plants of Tlb differ in the majority of the characters
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Table 4. — Total canonical structure expressing correlations of characters with canonical axes (CDA1, CDA2,
CDA3; the values exceeding the level of 0.4 are in bold). The values were retrieved from CDA analyses based on 50
morphological characters and individuals as OTUs: CDAI based on 525 individuals with six groups predefined:
Tephroseris longifolia subsp. moravica (Tlm), T. I. subsp. longifolia, Pannonian morphotype (TIlh), 7. I subsp.
longifolia, Alpine morphotype (Tlla), T. I. subsp. pseudocrispa (Tlp), T. I. subsp. gaudinii (Tlg) and T. . subsp.
brachychaeta (Tlb); CDA2 based on 398 individuals with three groups predefined: Tlla, Tlp and Tlg; CDA3 based
on 296 individuals with three groups predefined: Tlm, Tllh and Tlla. For character explanations see Table 3.

Character CDA1 CDA2 CDA3
Axisl Axis 2 Axis 3 Axis 1 Axis 2 Axis 1 Axis 2

NL -0.207 0.236 0.152 -0.041 -0.283 -0.442 -0.060
SLI1 0.246 0.342 0.107 0.398 -0.211 -0.211 -0.019
SLI2 -0.271 —-0.548 -0.060 -0.568 0.297 0.363 0.331
SUIl 0.178 0.397 0.153 0.407 -0.138 -0.300 0.092
SUI2 -0.177 -0.405 -0.149 -0.413 0.144 0.307 -0.076
PH -0.006 0.378 0.509 0.128 -0.138 -0.519 -0.082
SLUB/PH -0.064 0.034 0.072 -0.079 -0.321 -0.157 -0.297
BI1 0.234 0.502 -0.159 0.598 -0.058 -0.224 -0.100
BI2 -0.251 -0.586 0.188 -0.677 0.097 0.285 0.083
NPC -0.110 0.150 0.205 -0.036 -0.008 -0.254 -0.047
NSC -0.126 0.283 0.287 0.068 0.083 -0.331 0.044
CTD 0.273 0.240 0.252 0.345 0.508 0.071 -0.045
CTDD -0.182 0.164 0.065 -0.018 0.180 -0.222 -0.058
CTIL -0.071 -0.032 0.527 -0.263 -0.247 -0.323 0.220
CTIW 0.103 -0.145 0.061 -0.091 -0.351 0.086 -0.358
PTL -0.070 0.188 -0.062 0.155 0.441 -0.064 0.249
CLD 0.234 0.261 0.267 0.323 0.444 -0.001 -0.031
CLDD -0.097 0.310 0.142 0.123 -0.007 -0.365 -0.034
CLIL -0.190 0.063 0.532 -0.272 -0.065 -0.425 0.044
CLIW 0.012 -0.100 -0.027 -0.079 -0.100 0.081 -0.387
PLL 0.099 0.301 0.148 0.295 0.253 -0.164 0.437
CTIL/CTIW -0.168 0.101 0.482 -0.190 0.042 -0.331 0.486
CLIL/CLIW -0.224 0.162 0.572 -0.233 0.018 -0.489 0.405
LLUSI1 0.245 0.173 0.085 0.275 -0.118 -0.033 -0.024
LLUSI2 -0.271 -0.399 -0.013 -0.474 0.282 0.227 0.122
LLLSI1 -0.039 -0.028 -0.203 0.021 0.116 0.088 -0.058
LLLSI2 -0.014 -0.551 0.410 -0.521 0.261 0.402 0.250
LMLSI1 0.172 0.139 -0.029 0.253 0.212 0.077 -0.042
LMLSI2 -0.241 -0.550 0.172 -0.617 0.047 0.249 0.280
LUSB -0.092 0.376 -0.015 0.216 -0.174 -0.418 -0.125
LLSB 0.105 0.404 0.022 0.327 -0.121 -0.297 -0.204
LLNT 0.314 -0.096 -0.148 0.219 0.146 0.364 -0.144
LMNT 0.488 0.025 -0.044 0.387 -0.002 0.335 -0.213
LLL -0.518 -0.070 0.204 -0.515 0.227 -0.283 -0.217
LLW 0.538 0.125 0.303 0.412 0.059 0.251 -0.083
LLD -0.587 -0.048 0.128 -0.533 0.283 -0.319 -0.221
LLPL 0.400 0.111 0.247 0.275 -0.335 0.024 -0.150
LLBA 0.147 -0.127 —-0.060 0.054 0.342 0.317 0.082
LLTD 0.539 0.051 0.121 0.395 -0.097 0.314 -0.095
LML 0.181 -0.064 0.424 -0.068 -0.091 0.046 -0.202
LMW 0.556 0.085 0.387 0.373 0.025 0.283 -0.066
LMD 0.218 -0.088 0.226 0.012 0.014 0.180 -0.281
LMBA -0.039 0.122 0.084 0.044 0.086 -0.112 -0.142
LMTW 0.415 -0.068 0.162 0.205 0.054 0.317 -0.143
LMTD 0.518 -0.003 0.251 0.320 -0.035 0.356 -0.053
LLW/LLL 0.806 0.226 -0.017 0.763 -0.204 0.425 0.079
LLD/LLL -0.594 -0.073 0.048 -0.494 0.321 -0.306 -0.132
LLPL/LLL 0.562 0.164 0.037 0.486 -0.336 0.163 -0.069
LMW/LML 0.595 0.164 0.075 0.536 0.123 0.326 0.021
LMD/LML 0.151 -0.051 -0.126 0.131 0.191 0.216 -0.239
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Fig. 7. — Canonical discriminant analyses based on 50 morphological characters of individuals from
Tephroseris longifolia agg. (A) CDA2 based on 398 individuals with three groups predefined: 7. [. subsp.
longifolia — Alpine morphotype (Tlla, @), T. L. subsp. gaudinii (Tlg, =) and T. I. subsp. pseudocrispa (Tlp, O).
(B) CDA3 based on 296 individuals with three groups predefined: 7. I. subsp. moravica (Tlm, O), T. L. subsp.
longifolia — Pannonian morphotype (T1lh, ®) and T. [. subsp. longifolia — Alpine morphotype (Tlla, @).
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Fig. 8. — Box-and-whisker plots displaying the variation in selected morphological characters among six
groups within Tephroseris longifolia agg.; T. . subsp. moravica (Tlm, N = 84), T. . subsp. longifolia —
Pannonian morphotype (Tllh, N = 28), T. . subsp. longifolia — Alpine morphotype (Tlla, N = 184), 7. [. subsp.
gaudinii (Tlg, N = 132), T. I. subsp. pseudocrispa (Tlp, N = 82) and T. . subsp. brachychaeta (Tlb, N = 15).
Boxes define the 25th and 75th percentiles, squares show the median, whiskers extend from the Sth to 95th per-
centiles and circles show outliers.
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Table 5. — Results of parametric (P) and non-parametric (N; k = 12) discriminant analysis of individuals of
Tephroseris longifolia agg. with the following six predefined groups: 7. I. subsp. moravica (Tlm), T. . subsp.
longifolia — Pannonian morphotype (Tllh), 7. I. subsp. longifolia — Alpine morphotype (Tlla), 7. . subsp.
pseudocrispa (Tlp), T. I. subsp. gaudinii (T1g) and T. I. subsp. brachychaeta (TIb).

Group membership predicted
(number of observations and percentage classified into groups)

Tlm Tllh Tlla Tlp Tlg Tlb

Actual group

Tlm P 69 (82.1%) 5 (6.0%) 3 (3.6%) 3 (3.6%) 4 (4.8%) 0 (0%)
N 66 (78.6%) 2 (2.4%) 3 (3.6%) 4 (4.8%) 8 (9.5%) 0 (0%)
Tllh P 3(10.7%) 25(89.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
N 4(143%) 23(82.1%) 0(0%) 0 (0%) 0 (0%) 0 (0%)
Tlla P 9 (4.9%) 2(1.1%) 148 (80.4%) 17 (9.2%) 8 (4.4%) 0 (0%)
N 6 (3.3%) 1(0.5%) 156 (84.8%) 8 (4.4%) 11 (6.0%) 0 (0%)
Tlg P 1(0.8%) 0 (0%) 12 (9.1%) 116 (87.9%) 2 (1.5%) 1 (0.8%)
N 2 (1.5%) 0 (0%) 18 (13.6%) 108 (81.8%) 3 (2.3%) 1 (0.8%)
Tlp P 1(1.2%) 0 (0%) 3 (3.7%) 0(0%) 78(951%) 0 (0%)
N 1(1.2%) 1(1.2%) 3 (3.7%) 00%) 77093.9%) 0 (0%)
Tlb P 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15 (100%)
N 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15 (100%)

investigated: its plants were the tallest (PH, Fig. 8B) with the widest capitula (CTD,
CLD) and widest stem leaves (LLW, LMW) (Electronic Appendix 3). The lower stem
leaves of Tlb always had a petiole (LLPL, Fig. 8G), which was approximately of the same
length as the blade (LLPL/LLL, Fig. 8H).

The plants of Tlm and Tllh were taller (PH, Fig. 8B) and had more leaves (NL, Elec-
tronic Appendix 3) than Tlla, Tlp and Tlg. The middle leaves of Tllh were wider (LMW)
with the widest part closer to the base (LMD) than in other groups of the T. longifolia agg.
(Electronic Appendix 3). Plants of Tllh differed from Tlm, Tlla, Tlp and TIg also in hav-
ing a taller and narrower terminal and lateral involucres (CLIW, Fig. 8D; CLIL/CLIW,
Fig. 8E; CTIL, CTIW, CLIL, CLIWCTIL/CTIW, CLILCLIW, Electronic Appendix 3).
Synflorescences of Tlla, Tlp and Tlg were only rarely secondarily branched (NSC, Fig.
8A). Tlp differed from Tlm, Tllh, Tlla and Tlg mainly in having broader lower leaves
(widest part close to blade base) with a long petiole usually of the same length as the leaf
blade (LLW/LLL, Fig. 8I; LLD, LLD/LLL, Electronic Appendix 3; LLPL, Fig. 8G;
LLPL/LLL, Fig. 8H). Plants of Tlg differed from Tlm, Tllh, Tlla and Tlp in that the diam-
eter of its capitula is smaller (CTD, CLD, Electronic Appendix 3) and pedicels of the lat-
eral capitula shorter (PLL, Fig. 8C; PTL, Electronic Appendix 3).

Frequencies of qualitative characters (Electronic Appendix 4) revealed that the plants
investigated could be divided based on the indumentum on the achenes: Tlp, Tlg and Tlb
always had hairy achenes, while those of Tllh were glabrescent and those of Tlm and Tlla
were predominantly glabrescent. Persistent bases of hairs were present mainly on the
upper leaf surface of Tlla and Tlg (more than 70% of plants), absent on the lower leaf sur-
face of Tlm and TIb or were only rarely present on the lower leaf surfaces of Tllh and Tlp
(less than 7% of the plants). Differences in the indumentum on the stem, leaves and
involucral bract among the groups investigated were indistinct. In general, the most hairy
were plants of Tlg and Tlb, while the lower surface of the leaves of Tlm and Tlp were
predominantly glabrescent.
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Discussion
Karyological variation

The relative DNA content data presented are the first published records for the 7. longi-
folia agg. and T. integrifolia. Previously, genome size data were available for only four
plants of T. helenitis s.l. from the Untersberg region (Salzburg, Austria) (Schistek,
unpubl. data in Pflugbeil 2012).

As all the chromosomal records for the 7. longifolia agg. are the same (2n = 6x = 48;
Kochjarova 1997 for T. . subsp. moravica; Afzelius 1949, Krihenbiihl & Kiipfer 1992,
Druskovic & Lovka 1995 for T. I. subsp. longifolia) the accessions analysed for relative
DNA content in this study are also hexaploids. The chromosome number 2n = 6x = 48,
recorded for the T. longifolia agg., is also reported for other European members of the
genus, e.g. T. crispa (Jacq.) Schur. (Skalifiska et al. 1974, Krahulcova 1990, Kochjarova
1997), T. helenitis (L.) B. Nord. (Afzelius 1949), T. integrifolia subsp. integrifolia (Krach
1988, Kochjarova 1997, 2006), T. papposa (Rchb.) Schur (Kochjarova 1997, 2005, Mraz
2005) and T. palustris (L.) Rchb. (Lovkvist & Hultgard 1999). However, the exceptions
are high polyploids with 2n = 8x = 64: T. integrifolia subsp. capitata (Wahlenb.) B. Nord.
(Vachova 1970, Kochjarova 2006) and 2n = 12x = 96: T. integrifolia subsp. capitata
(Favarger 1965, Kochjarova 2006), T. integrifolia subsp. vindelicorum Krach (Krach
1988) and T. integrifolia subsp. aurantiaca (Willd.) B. Nord. (Uhrikova & Méjovsky
1980, Kochjarova 2006).

Differences in the DNA content among related taxa with the same chromosome num-
ber are nowadays widely accepted as one of the attributes of taxa (Smarda & Bures 2006).
Thus DNA content can be used as a supporting characteristic for circumscribing taxa at
various taxonomic levels and for resolving complex low-level taxonomies (reviewed in
Loureiro et al. 2010, Smarda & Bure§ 2010) even at the intraspecific level (Moscone et al.
2003, Pecinka et al. 2006, Schonswetter et al. 2007, Slovak et al. 2009, Suda et al. 2010,
Olsavska et al. 2012). In the present study, the significant taxa-specific differences in rel-
ative DNA content detected can be used as a supportive taxonomic marker for distin-
guishing morphotypes/taxa within the T. longifolia agg. (Fig. 3).

In some plant groups nuclear DNA content and environmental conditions and/or geo-
graphical distribution are correlated (Pecinka et al. 2006, Duskové et al. 2010). In the
case of the T. longifolia agg. the variation in DNA content is correlated with environmen-
tal variables such as altitude and geographic location, as populations with the smallest
genomes belonging to 7. [. subsp. moravica, and subsp. longifolia are predominantly dis-
tributed at lower altitudes in the north-eastern part of the distribution of the 7. longifolia
agg., while populations with bigger genomes belonging to 7. [. subsp. gaudinii grow at
high altitudes in the southeastern part of the Eastern Alps. Our analyses revealed very lit-
tle DNA-content variation in Alpine populations of T. I. subsp. longifolia in spite of their
broad distribution (Fig. 1), altitudinal range (300-1800 m a.s.l.; Table 1) and wide eco-
logical niche (M. JaniSova et al., unpubl. results). Close phylogenetic relationships could
account for the overlap in RSS values of relative DNA content of populations of 7. L
subsp. moravica and subsp. longifolia, which are, however, distinct from the three
remaining taxa. In the case of T. I. subsp. gaudinii their large genome correlates with high
altitudes and a high number of frost days (M. JaniSové et al., unpubl. results). This finding
is contrary to the common observation of a predominance of taxa with small genomes at
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high altitudes (Smarda & Bure§ 2010) and might be accounted for by greater tolerance of
freezing of taxa with large cells and therefore large genomes (MacGillivray & Grime
1995). For plants growing at high altitudes, such tolerance of freezing would circumvent
the limitation of low spring temperatures on mitosis and enable rapid early growth
(Grime et al. 1985). A positive correlation of genome size with altitude is recorded in
other plant genera in central Europe (Albach & Greilhuber 2004, Olsavska et al. 2012).

Morphological variation

While the taxonomy, ecology and population biology of some of the related taxa in the
genus Tephroseris have been studied (7. integrifolia: Widén 1987, 1993, Widén &
Anderson 1993, Isaksson 2009, Meindl 2011; T. crispa: Czarnecka 1995, 2006, 2008;
T. helenitis: Brunerye 1969, Pflugbeil 2012), our study is the very first morphometric
investigation of the 7. longifolia agg. The results underlined morphological complexity
and variability of this group previously suggested (Chater & Walters 1976).

Validity of several characters traditionally considered as useful for discriminating
between taxa was not confirmed. On the other hand, some other characters seem to be rel-
evant (see Electronic Appendix 1 for comparison of discriminate characters of subspe-
cies/morphotypes cited in the most important floras and those revealed by our study).
More specifically, the cordate base of the basal leaves is cited as the typical character of
T. L. subsp. pseudocrispa (Fiori 1903, Pignati 1982, Martin¢ic¢ et al. 1999). Our results
indicated only small differences in the angle of blade bases of lower stem leaves, but on
the other hand the shape of these leaves (longer petiole, broader blade) appeared to be
important for its delimitating. In accordance with previous authors (Chater & Walters
1976, Pignatti 1982, Kochjarova & Hrouda 2004, Fischer et al. 2008), we confirmed that
the character of achene indumentum can be used to discriminate between 7. . subsp.
moravica and subsp. longifolia (glabrescent or only sparsely hairy) and other subspecies
in the aggregate (densely hairy). Pflugbeil (2012) reports that genetic differentiation
(AFLP markers) within 7. helenitis is correlated with the type of indumentum on the
achenes: two genetic clusters were identified at the northern fringe of the Alps, the west-
ern populations assigned to the first cluster had mainly glabrous or sparsely hairy achenes
typical of T. helenitis subsp. salisburgensis (Cufod.) B. Nord. while plants of the eastern
populations assigned to the second cluster had only pubescent achenes typical of the
nominate subspecies.

Type of indumentum (density and distribution of hairiness) on stem, leaves and
involucral bracts is often used in identification keys as discriminant characters (Chater &
Walters 1976, Pignatti 1982), but our result indicate that differences among the groups
investigated were not large enough and only some trends were recorded (Electronic
Appendix 1, 2). Another character of indumentum frequently used in 7. longifolia taxa
discrimination is presence/absence of persistent hair’s bases (Chater & Walters 1976,
Holub 1979, Kochjarova & Hrouda 2004). This character is often misinterpreted by some
authors as presence of glandular hairs (Chater & Walters 1976, Fischer et al. 2008). For
example, T. I subsp. moravica was described based on absence of persistent hair’s bases
(Holub 1979), while the upper surface of leaves of subsp. brachychaeta is reported as
rough because of their presence. Our study indicated that hair’s bases persist on upper
surface of leaves of 7. I subsp. pseudocrispa, subsp. gaudinii, subsp. brachychaeta and
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Alpine morphotype of subsp. longifolia, while they are present only rarely on leaves of
T. I. subsp. moravica and Pannonian morphotype of subsp. longifolia.

Our preliminary investigation indicated that coloration of involucral bracts was highly
variable (green and reddish) in all the populations sampled, including 7. L subsp.
pseudocrispa and subsp. gaudinii, in which exclusively green involucral bracts were pre-
viously reported (Pignatti 1982, Wagenitz 1987, Fischer et al. 2008). Therefore, we
decided not to include this character in the morphometric analyses. Because the number
of involucral bracts was not counted in this study, we could not confirm or disprove a dif-
ference in the number is a useful character for distinguishing between 7. I subsp.
longifolia and subsp. gaudinii (21 involucral bracts indicated for subsp. longifolia and 13
for subsp. gaudinii; Pignatti 1982, Wagenitz 1987, Adler et al. 1994, Fischer et al. 2008).
But contrary to expectation, the data presented revealed a narrower involucrum for
Pannonian and Alpine morphotypes of 7. I subsp. longifolia [3.0-9.6 mm for terminal
(CTIW) and 3.7-7.1 mm for lateral (CLIW) capitula] than for subsp. gaudinii [4.9-10.0 mm
for terminal (CTIW) and 4.8—8.3 mm for lateral (CLIW) capitula] (Electronic Appendix 1;
for CLIW see also Fig. 8D).

It has to be stressed that many morphological characters of T. longifolia are
phenologically variable (e.g. elongation of stems and pedicels, decreasing density of
overall indumentum) and this should be taken into consideration when identifying taxa.
Therefore, we made an effort to collect plant material at the same phenological stage
(time when the terminal and at least three lateral capitula are flowering, which occurs
over a short period of 3-5 days) in order to eliminate this effect on the pattern of
morphological variation.

Taxonomic level and endemic status of the taxa investigated

Unstable taxonomic position of 7. longifolia agg. taxa (for example 7. I subsp.
pseudocrispa is assigned to T. crispa and T. . subsp. brachychaeta included in T. [. subsp.
gaudinii by some authors; Hayek 1929, Chater & Walters 1976, Adler et al. 1994) and the
relatively late circumscription of the Carpathian taxon 7. /. subsp. moravica (Holub
1979) is most probably due to only slight differences in morphology and high variability
in this aggregate, as is also confirmed by this study.

Based on our results, the most different, in terms of morphology and DNA content, are
samples of 7. L. subsp. brachychaeta. Degree of detected differentiation argues for their
recognition at the species level. Unfortunately only one population of this rather rare Italian
taxon was studied. Therefore, whether this is a result of long-term isolation of Apennine
populations or a genetic relation of other Tephroseris lineages should be verified by includ-
ing more populations of this taxon as well as related species and using molecular markers.

In accordance with the recent concept (Euro+Med 2006-2014), the taxonomic rank of
“subspecies” is justifiable for 7. [. subsp. moravica, subsp. longifolia, subsp. pseudo-
crispa, and subsp. gaudinii as their distributions in general do not overlap (or only to
a minor degree), they have different ecological requirements (JaniSova et al. 2013) and dis-
play taxon-specific DNA content as illustrated by this study. However, these subspecies
can only be distinguished morphologically based on a few characters that often differ only
slightly. Moreover, these taxa are not reproductively isolated, which implies recent diver-
gence (Singliarova et al. 2013).
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Interestingly, two morphologically distinct groups of populations were identified
within the nominate subspecies, which are associated with their geographic origin:
Pannonian morphotype and Alpine morphotype. Analyses showed that Pannonian popu-
lations are morphologically closer to populations of the Western-Carpathian endemic
T. I. subsp. moravica than to Alpine populations of nominate subspecies. In addition, to
their morphology, populations from the Carpathians and Pannonia are similar also in
terms of ecological requirements and habitat preferences (HegediiSova et al. 2013,
JaniSové et al. 2013). Our data suggest that Pannonian morphotype does not belong to the
nominate subspecies. Whether it is distinct subspecies within the 7. longifolia agg. and
their morphological similarity is a result of parallel evolution in similar habitats or it is
a part of the variation within 7. [. subsp. moravica, requires further study using genetic
analyses. Such a study will also conclusively clarify the status of 7. I subsp. moravica
because although its separation from all Alpine populations was confirmed by this study
other morphological similarities with the Panonnian morphotype of 7. I. subsp. longifolia
question its geographic restriction to the Western Carpathians. Several studies have
revealed the endemic status of rare species thanks to comprehensive taxonomic investiga-
tions including the use of molecular markers (e.g. Schénswetter et al. 2004, Spaniel et al.
2011a, b, Kucera et al. 2013). On the other hand, there are several examples of taxa, pre-
viously thought to be endemic, that were proven to represent only part of the continual
variation (often peripheral populations) of a more widespread species (KolarCik et al.
2010, §paniel et al. 2011a, Petrova et al. 2014).

Protection status

Whether the endemic status of 7. I. subsp. moravica is confirmed or not, we would like to
stress that the habitats of T. longifolia populations deserve protection and regular man-
agement as in the last few decades all types of grassland and semi-natural habitats have
become rarer and increasingly more fragmented due to changes in land use practices or
abandonment of traditionally used areas (Hillier et al. 1990, Gustavsson et al. 2007,
Meindl 2011). Restriction to such specific and vulnerable habitats most probably under-
lies the decline in abundance recorded over the last 30 years for Carpathian populations of
T. I. subsp. moravica (still present at nine localities, it is considered to be extinct at seven
localities; Grulich 2012, HegediiSova et al. 2013) and Pannonian populations of 7. /. subsp.
longifolia (present at 19 microlocalities in Zala region, it is considered to be extinct at 12
microlocalities; So6 1970, Karolyi et al. 1975, Farkas 1999, G. Kiraly, pers. comm.).
Detailed studies of 7. L. subsp. moravica (Kochjarova 1998, Chmelova 2007, JaniSova
et al. 2012b) report massive seed production: average percentage of well-developed
achenes per flowering shoot in particular populations varied from 54% to 85%, mean
numbers of well-developed achenes per capitulum ranged from 80 to 128 and percentage
germination was also relatively high, about 70%. However, the granivorous butterfly
Phycitodes albatella Ragonot causes a severe reduction in total seed set and the emer-
gence of seedlings represents a critical stage in the plant’s population demography
(JaniSova et al. 2012b). In situ, number of seedlings of 7. I. subsp. moravica emerging
was very low (0.9-2.1%) because their recruitment from seeds is very dependent on the
availability of microsites (disturbances, gaps with little competition) suitable for germi-
nation (JaniSova et al. 2012b). Thus potential genetic depletion due to small population
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size and isolation, which often results in reduced seed set (Aguilar et al. 2012, Morgan et
al. 2013), does not seem to play a role in populations of 7. /. subsp. moravica. Above data
indicates that reduced fitness of seedlings (including competitive ability) is more likely to
hamper establishment and persistence of new individuals and populations.

Remarks on speciation and potential biogeography of the Tephroseris longifolia agg.

Weak morphological differentiation among subspecies of the 7. longifolia agg. might be
due to recent divergence and thus a short time for speciation. Even if plants of different
subspecies grow close by and there is apparently no reproductive barrier, identification of
intermediate forms indicating gene flow could be difficult because of the minute morpho-
logical differences between taxa. No hybrids are reported so far either within the 7. longi-
folia agg. or between T. longifolia agg. taxa and other closely related species. The only
record of the existence of hybrids between T. longifolia subsp. gaudinii and T. integri-
folia subsp. capitata in the surroundings of lake Como is mentioned by Hess et al. (1972).
In addition, one population with intermediate morphology between T. longifolia subsp.
moravica and T. crispa, which is regarded as a putative hybrid, is recorded in the Western
Carpathians (J. Kochjarova, unpubl. results).

Experimental hybridization revealed no reproductive isolation among the subspecies
of T. longifolia (JaniSova et al. 2012b, Singliarova et al. 2013) and thus divergences
among these taxa have been most likely maintained mainly by geographical isolation.
Distinct differences in DNA content, morphological differences (this study) coupled with
different environmental requirements and habitat preferences recorded for members of
the T. longifolia agg. (HegediiSova et al. 2013, JaniSova et al. 2013) indicate that the cur-
rent pattern is a result of allopatric speciation.

Because extensive parts of the current distribution range of the T. longifolia agg. in the
Alps were glaciated during the Wuermian (Pleistocene, last glacial maximum, about 18,000
years ago) it is likely that Alpine populations of T. longifolia (re)colonized this area
postglacially from refugia in the vicinity of the glaciers. Similarly, there is molecular evi-
dence indicating that the related species T. helenitis survived the Pleistocene glaciations
in an Alpine refugium close to its current distribution at the northern fringe of the Alps
(Pflugbeil 2012). Thus processes of allopatric diversification should be connected with
the separation of populations of a common ancestor of the 7. longifolia agg. into different
refugia situated at the southern and northern fringes of the Alps, as proposed by
Schonswetter et al. (2005). The current distributions of 7. I subsp. pseudocrispa and
subsp. gaudinii is in accord with the subdivisions between the two major areas of glacial
survival identified in the Eastern Alps as suggested by molecular data (Schonswetter et
al. 2005). Outside the Alps, the refugium identified in the Alpe Apuane Mts (Médail &
Diadema 2009) could account for persistence of 7. [. subsp. brachychaeta and a long
period of isolation from the remaining subspecies might have resulted in its morphologi-
cal and karyological peculiarities. Pannonian and Carpathian population could have sur-
vived the Ice Ages in local refugia close to their current distributions as the important role
of the Western Carpathians for the survival of plants during Pleistocene glaciations is
repeatedly emphasized (Fér et al. 2007, Mraz et al. 2007, Olsavska et al. 2011, Kucera et
al. 2013). Survival and recolonization from different refugia might trigger morphological
and karyological differentiation in parallel with ecological specialization.
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Because Pannonian and Alpine morphotypes of T. I. subsp. longifolia and Carpathian
populations of subsp. moravica are closely related (same DNA content and morphologi-
cally similar as well as similar ecological requirements) another scenario needs to be con-
sidered. They might have diverged recently (in a postglacial period) and their population
might consist of either more recent immigrants or remnants of a once more widely dis-
tributed common ancestor. A similar distribution connecting the Alpine, Carpathian and
western-Pannonian area in central Europe is documented for other subalpine or montane
taxa, e.g. T. integrifolia subsp. aurantiaca, Arnica montana L., Globularia cordifolia L.,
Alnus viridis (Chaix) DC., Buphthalmum salicifolium L., Gentiana asclepiadea L. and
Crocus vernus subsp. albiflorus (Kit. ex Schult.) Ces. (Pallag 2000, Bartha et al. 2005).
Peripheral populations of the T. longifolia agg. might have experienced strong selection
pressures and the effect of genetic drift (because of reduced gene flow, small effective
population size) (Barrett & Husband 1990, Eckert et al. 2008). In order to reveal the pat-
tern of genetic variation and understand past processes, further genetic analyses of the
T. longifolia agg. and closely related species are required.

Key for identifying the subspecies/morphotypes of the Tephroseris longifolia agg. in cen-
tral Europe

For confident identification it is necessary to use a combination of characters because of
the morphological overlap between some taxa in some characters. The values of the char-
acters given in the key are rounded 10-90 percentiles (5-95 percentiles are given in
brackets).

1a Stem length up to the first synflorescence branching 67-89 (-91) cm; length of middle stem leaf (100-)
102-158 (=170) mm, width of lower stem leaves (38—) 42—-62 (—64) mm; petioles of lower stem leaves
always present, (89—) 90-123 mm long; terminal capitulum diameter (35.3—-) 38.3—-48.9 (—49) mm, lateral
capitulum diameter (35-) 3641 (—43) mm (Apennines) ..........c.cccceceeveenenne. T. L. subsp. brachychaeta (Tlb)

1b Stem length up to the first synflorescence branching max. 72 (-76) cm; length of middle stem leaf max. 118
(=129) mm, width of lower stem leaves up to 43 (-50) mm; petioles of lower stem leaves present (up to 93
(=100 mm) or absent; terminal capitulum diameter max. 41 (—44) mm, lateral capitulum diameter max 38

(—40) mm (Alps, Carpathians, PANNONIA) .........cceriiriiiiriiiinieieiie e 2
22 ACRENES ZIADIESCOIL .....eiuiiiiiiieiiet ettt ettt ettt et e sa et ettt e et eeeeanen 3
2D ACRENES NAITY ..eoeiiiiiiiiiiii ettt st ettt 5

3a Stem length up to the first synflorescence branching (31-) 34-58 (—61) cm; lower surface of stem leaves
moderate hairy to arachnoid; persistent hair’s bases on upper surface of leaves usually present;
synflorescence only rarely secondarily branched with 1-3 secondary capitula (Alps)
.......................................................................... T. L. subsp. subsp. longifolia — Alpine morphotype (Tlla)
3b Stem length up to the first synflorescence branching (35-) 43—72 (=76) cm; lower surface of stem leaves
glabrescent to moderately hairy; persistent hair's bases on upper surface of leaves usually absent;
synflorescence only often secondarily branched with 1-13 secondary capitula (Carpathians, Pannonia) .. 4
4a Middle stem leaf width (6.5-) 9-22 (-24.5) mm, involucrum of terminal capitulum width (6.1-) 6.4-8.5
(-9.3) mm, involucrum of lateral capitulum width (5.1-) 5.2-7.0 (=7.4) mm (Carpathians)
......................................................................................................................... T. 1. subsp. moravica (Tlm)
4b Middle stem leaf width (5-) 614 (—17) mm, involucrum of terminal capitulum width (5.4-) 5.5-7.3 (-7.5) mm,
involucrum of lateral capitulum width 4.9-6.1 (—6.5) mm (Pannonia)
.................................................................. T. L. subsp. subsp. longifolia - Pannonian morphotype (T1lh)
S5a Lamina of lower stem leaves length (36—) 39—77 (—=87) mm and width (17-) 18—43 (=50) mm; lower surface
of stem leaves glabrescent to moderately hairy .........cc.ccccvcveeiniiininicneennne T. I. subsp. pseudocrispa (Tlp)
5b Lamina of lower stem leaves length (43—) 48—128 (~144) mm and width (8—) 9-37 (—43) mm; lower surface
of stem leaves moderately hairy to arachnoid ..............coieviiiiiiiiiiiiiie e 6
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6a Length of pedicels of lateral capitula (23—) 25-64 (=77) mm; terminal capitulum diameter (26—) 2741
(—44) mm, lateral capitulum diameter (24—) 25-38 (-40) mm
.......................................................................... T. L. subsp. subsp. longifolia — Alpine morphotype (Tlla)

6b Length of pedicels of lateral capitula (13—) 16-46 (-51) mm mm); terminal capitulum diameter 21-33
(=35) mm, lateral capitulum diameter 20-31 (=32) MM ......cccceevervvinierienreicnnenne T. I. subsp. gaudinii (T1g)

See www.preslia.cz for Electronic Appendices 1-4
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Sdhrn

Tephroseris longifolia agg. je taxonomicky spletity komplex trvacich cudzoopelivych rastlin z ¢elade Astera-
ceae. V agregéte sa v sti¢asnosti rozozniva 5 poddruhov s takmer neprekryvajicimi sa aredlmi a odliSnou geo-
grafickou distribuciou: T. longifolia subsp. longifolia (TI1), subsp. pseudocrispa (Tlp) a subsp. gaudinii (T1g)
mayja fazisko rozsirenia vo vychodnych Alpéch; subsp. brachychaeta (TIb) sa vyskytuje roztrasene na severe
a v centrdlnej Casti Apeninského polostrova. Jediny karpatsky taxon, 7. longifolia subsp. moravica, je znamy
len z 9 lokalit na Slovensku a v Ceskej republike a je vedeny ako ohrozeny taxon eurdpskeho vyznamu (Natura
2000). Napriek mnohym $tadidm venovanym ochrane 7. I. subsp. moravica, neexistuji Ziadne poznatky o jeho
taxonomickom postaveni v rdmci agregétu a jeho vzfahoch s najbliZsie pribuznymi taxénmi/poddruhmi.
V predkladanej Stadii sme vyuZili zdkladné biosystematické metddy (multivariatnd morfometrika 525 jedin-
cov z 33 populdcii zaloZend na 50 znakoch, DAPI prietokova cytometria 98 jedincov z 33 populécii) na zodpo-
vedanie troch otazok: (1) Zodpoveda morfologicka variabilita a variabilita relativneho obsahu DNA v ramci 7.
longifolia agg. st¢asnému taxonomickému konceptu? (2) Aké st evoluéné vzfahy v ramci 7. longifolia agg. na
zéaklade morfologickych a karyologickych dat? (3) Podporuja ziskané data endemické postavenie 7. /. subsp.
moravica? Pomocou prietokovej cytometrie bola na homoploidnej Grovni (2n ~ 6x ~ 48) zaznamenana zna¢na
variabilita (25,8%) v relativnom obsahu DNA, ked pomer vzorky voci Standardu sa pohyboval od 2.71 do 3.36.
Zistené rozdiely boli poddruhovo $pecifické. Ukazalo sa, Ze obsah DNA mdZe byf pouZity ako podporny taxo-
nomicky znak v ramci agregétu. Variabilita v relativnom obsahu DNA korelovala pozitivne s nadmorskou vys-
kou lokalit, a naopak negativne korelovala s ich zemepisnou dizkou aj Sirkou. Na zéklade vysledkov morfomet-
rickej $tadie bolo odliSenych Sest morfotypov, ktoré zhruba zodpovedaja v stcasnosti rozli§ovanym poddru-
hom. Vynimku predstavuji populdcie tradi¢ne priradované k nominatnemu poddruhu, v ramci ktorych boli
identifikované dva odli$né morfotypy zodpovedajtce ich zemepisnému povodu: alpsky a panénsky morfotyp.
Celkovo, zistena morfologick4 a karyologicka diferencidcia rastlin 7. [. subsp. brachychaeta podporuje ich kla-
sifikaciu na Grovni samostatného druhu. Morfologické a karyologické rozdiely medzi ostatnymi morfotypmi
zodpovedaji poddruhovej rovni. Prekvapivym vysledkom je, Ze karpatskym populdciam 7. I. subsp. moravica
st morfologicky najpodobnejsie pandnske populécie 7. I. subsp. longifolia. To, ¢i tieto populécie predstavuji
samostatny poddruh v rdmci T. longifolia agg. a morfologicka podobnost s 7. L. subsp. moravica je vysledkom
paralelnej evoldcie na podobnych, Elovekom ovplyvnenych biotopoch alebo st stcastou variability T. I. subsp.
moravica, vyZaduje dalSie Stadium vyuZivajice aj genetické analyzy.



190 Preslia 87: 163—194, 2015

References

Adler W., Oswald K. & Fischer R. (1994): Exkursionsflora von Osterreich. Ed.1. —E. Ulmer, Stuttgart & Wien.

Aeschimann D., Lauber K., Moser D. M. & Theurillat J.-P. (2004): Flora Alpina. — Haupt Verlag, Bern,
Stuttgart & Wien.

Aguilar R., Lorena Ashwortha L., Calvinoa A. & Quesadab M. (2012): What is left after sex in fragmented hab-
itats? Assessing the quantity and quality of progeny in the endemic tree Prosopis caldenia (Fabaceae). —
Biol. Conserv. 152: 81-89.

Afzelius K. (1949): On chromosome numbers in Senecio and some allied genera. — Acta Horti Berg. 15: 65-77.

Albach D. C. & Greilhuber J. (2004): Genome size variation and evolution in Veronica. — Ann. Bot. 94:
897-911.

Alessandrini A., Delfini L., Ferrari P., Fiandri F., Gualmini M., Lodesani U. & Santini C. (2010): Flora del
Modenese. Censimento, analisi, tutela. — Istituto Beni Culturali della Regione Emilia Romagna, Modena.

Barrett S. C. H. & Husband B. C. (1990): The genetics of plant migration and colonization. — Sinauer Associ-
ates, Sunderland, MA.

Bartha D., Kiraly G., Vidéki R. & Nagy A. (2005): Occurrence of rare tree and shrub species in Hungary. —
Acta Silv. Lign. Hung. 1: 9-23.

Bilz M., Kell S. P., Maxted N. & Lansdown R. V. (2011): European Red List of vascular plants. — Publications
Office of the European Union, Luxembourg.

Bremer K. (1994): Asteraceae: cladistics and classification. — Timber Press, Portland, Oregon.

Brunerye M. L. (1969): Les senecons du groupe Helenitis. — Sedes, Paris.

Chater A. O. & Walters S. M. (1976): Senecio L. —In: Tutin T. G., Heywood V. H., Burges N. A., Moore D. M.,
Valentine D. H., Walters S. M. & Webb D. A. (eds), Flora Europaea, Vol. 4, p. 191-205, Cambridge Uni-
versity Press, Cambridge.

Chmelova M. (2007): Soucasny stav populace endemického Tephroseris longifolia subsp. moravica v Bilych
Karpatech [Current state of the population of endemic Tephroseris longifolia subsp. moravica in Bile
Karpaty Mts]. — Ms. [depon. in: Charles University, Prague].

Cufodontis G. (1933): Kritische Revision von Senecio sectio Tephroseris. — Feddes Repert. Beih. 70: 1-266.

Czarnecka B. (1995): Biologia i ekologia izolowanych populacji Senecio rivularis (Waldst. et Kit.) DC.
i Senecio umbrosus Waldst. et Kit. [Biology and ecology of isolated populations of Senecio rivularis
(Waldst. et Kit.) DC. and Senecio umbrosus Waldst. et Kit.]. — Wydaw. Uniw. Marii Curie-Sktodowskiej,
Lublin.

Czarnecka B. (2006): The status of an individual within a changing plant population and community: an exam-
ple of Senecio rivularis (Waldst. et Kt.) DC. (Asteraceae). — Polish Bot. Stud. 22: 155-164.

Czarnecka B. (2008): Spatiotemporal patterns of genets and ramets in a population of clonal perennial Senecio
rivularis: plant features and habitat effects. — Ann. Bot. Fenn. 45: 19-32.

Dolezel J., Greilhuber J. & Suda J. (2007): Estimation of nuclear DNA content in plants using flow cytometry.
— Nature Protocols 2: 2233-2244.

Druskovic B. & Lovka M. (1995): [Report]. — In: Urbanska K. M., Crawford D. I. & Stace C. A. (eds), IOPB
Chromosome Data 9, Int. Org. PI. Biosyst. Newslett. 24: 15-19.

Duskova E., Kolaf F., Sklenaf P., Rauchova J., KubeSova M., Fér T., Suda J. & Marhold K. (2010): Genome
size correlates with growth form, habitat and phylogeny in the Andean genus Lasiocephalus (Asteraceae).
— Preslia 82: 127-148.

Eckert C. G., Samis K. E. & Lougheed S. C. (2008): Genetic variation across species’ geographical ranges: the
central-marginal hypothesis and beyond. — Mol. Ecol. 17: 1170-1188.

Euro+Med (2006-2014): Euro+Med PlantBase: the information resource for Euro-Mediterranean plant diver-
sity. — URL: http://ww2.bgbm.org/EuroPlusMed (accessed on 1 March 2014).

Everitt B. S. (1986): Cluster analysis. Ed. 2. — Halsted Press, New York.

Farkas S. (ed.) (1999): Magyarorszag védett novényei [Protected plants of Hungary]. — Mezdgazda Kiadd,
Budapest.

Favarger C. (1965): Notes de caryologie alpine IV. — Bull. Soc. Neuchateloise Sci. Nat. 88: 5-60.

Fér T., Vasak P., Vojta J. & Marhold K. (2007): Out of the Alps or Carpathians? Origin of Central European
populations of Rosa pendulina. — Preslia 79: 367-376.

Ferikova V., Maglocky S. & Marhold K. (2001): Cerveny zoznam papradorastov a semennych rastlin
Slovenska [Red List of ferns and vascular plants of Slovakia]. — In: BalaZ D., Marhold K. & Urban P. (eds),
Cerveny zoznam rastlin a Zivo¢ichov Slovenska [Red List of plants and animals of Slovakia], Ochr. Prir.
20/Suppl. 1: 44-77.



Olgavska et al.: Karyology and morphology of Tephroseris longifolia 191

Fiori A. (1903): Senecio (Tourn.) L. — In: Fiori A. & Béguinot A. (eds), Flora analitica d’Italia, Vol. 3, p.
208-221, Tipografia del Seminario, Padova.

Fiori A. (1925-1929): Nuova flora analitica d’Italia, Vol. 2. — Tipografia di M. Ricci, Firenze.

Fischer M. A., Oswald K. & Adler W. (2008): Exkursionsflora fiir Osterreich, Liechtenstein und Siidtirol. Ed.
3. — Biologiezentrum der Oberdsterreichischen Landesmuseen, Linz.

Flora Croatica Database (2009): Vascular plants taxonomy and bibliography of Croatian flora. — Department of
Botany, University of Zagreb, Zagreb, URL: http://hirc.botanic.hr/fcd.

Forenbacher S. (2001): Velebit i njegov biljni svijet [Velebit and its flora]. — Skolska knjiga, Zagreb.

Gbelcova A. (2010): Tephroseris longifolia subsp. moravica v Ceské republice — populaéni a ekobiologické
studie [Tephroseris longifolia subsp. moravica in Czech republic: population and ecology study]. — Ms.
[depon. in: University of Palacky, Olomouc].

Golden J. L., Kim Y. D. & Bain J. F. (2001): A re-evaluation of North American Tephroseris and Sinosenecio
(Asteraceae: Senecioneae) based on molecular and micromorphological data. — Can. J. Bot. 79:
1195-1201.

Grime J. P., Shacklock J. M. L. & Band S. R. (1985): Nuclear DNA amounts, shoot phenology and species
coexistence in a limestone grassland community. — New Phytol. 100: 435-445.

Grulich V. (2012): Red List of vascular plants of the Czech Republic: 3rd edition. — Preslia 84: 631-645.

Gustavsson E., Lennartsson T. & Emanuelsson M. (2007): Land use more than 200 years ago explains current
grassland plant diversity in a Swedish agricultural landscape. — Biol. Conserv. 138: 47-59.

Hartl L., Kniely G., Leute H. G., Niklfeld H. & Perko M. (1992): Verbreitungsatlas der Farn und Bliiten-
pflanzen Kirntens. — Naturwissenschaftlicher Verein Kérnten, Klagenfurt.

Hayek A. (1929): Compositae. — In: Hegi G. (ed.), Illustrierte Flora von Mitteleuropa 6/2, p. 1210-1211, J. F.
LehmannVerlag, Miinchen.

Hegediisova K., Skodova I., JaniSovad M. & Kochjarova J. (2013): Phytosociological affiliation of Annex II spe-
cies Tephroseris longifolia subsp. moravica in comparison with two related Tephroseris species with over-
lapping distribution. — Biologia 68: 861-871.

Hess H. E., Landolt E. & Hirzel R. (1972): Flora der Schweiz und Angrenzender Gebiete, Band 3,
Plumbaginaceae bis Compositae. — Birkhduser, Basel.

Hillier S. H., Walton D. W. H. & Wells D. A. (1990): Calcareous grasslands. Ecology and management. —
Bluntisham Books, Bluntisham.

Holub J. (1973): New names in Phanerogamae 2. — Folia Geobot. Phytotax. 8: 55-179.

Holub J. (1979): Some novelties of the Czechoslovak flora. — Preslia 51: 281-282.

Holub J. (1999): Tephroseris longifolia (Jacq.) Griseb. et Schenk subsp. moravica Holub. — In: Cefovsk;’/ J.,
Ferdkova V., Holub J., Maglocky S. & Prochazka F. (eds), Cervena kniha ohroZenych a vzacnych druhti
rostlin a Zivogichti CR a SR, Vol. 5. Vy&§i rostliny [Red Data Book of endangered and rare plant and animal
species of Czech Republic and Slovak Republic, Vol. 5. Vascular plants], p. 371, Priroda, Bratislava.

Isaksson K. (2009): Investigating genetic factors behind the decline of a threatened plant species: Tephroseris
integrifolia (Asteraceae). — Ms. [depon. in: University of Lund, Lund].

Janiova M., Hegedii¥ovéa K., Kral P. & Skodova I. (2012a): Ecology and distribution of Tephroseris longifolia
subsp. moravica in relation to environmental variation at a micro-scale. — Biologia 67: 97-109.

JaniSova M., Skodové I. & Hegediisova K. (2012b): Reproductive biology of Tephroseris longifolia subsp.
moravica, an endemic taxon of European importance. — Seed Sci. Res. 22: 113-122.

JaniSova M., Skodova I. & HegediiSova K. (2013): Niche differentiation in Tephroseris longifolia agg. — Acta
Biol. Cracov., ser. bot., 55/Suppl. 1: 48.

Janiova M., Skodova I., Smatanova J., Jongepierové 1. & Kochjarova J. (2005): Tephroseris longifolia subsp.
Moravica: population size evaluation and possibilities of its conservation. — In: Franc V. (ed.), StraZovské
vrchy Mts: research and conservation of nature, p. 29-38, Bratia Sabovci, Zvolen.

Jogan N. (ed.) (2001): Gradivo za Atlas flore Slovenije [Materials for the atlas of flora of Slovenia]. — Center za
kartografijo favne in flore, MiklavZ na Dravskem polju.

Kairolyi A., Pocs T. & Balogh M. (1975): Délnyugat-Dunéntal floraja VII [Flora of southwestern Transdanubia
VII]. — Acta Acad. Paedagog. Agriensis, ser. n., 13: 395-415.

Kiréaly G. (ed.) (2007): Voros Lista. A magyarorszagi edényes flora veszélyeztetett fajai [Red list of the vascu-
lar flora of Hungary]. — Sajat kiadas, Sopron.

Klecka W. R. (1980): Discriminant analysis. — Sage University Papers, Quantitative Applications in the Social
Sciences 19, Beverly Hills.



192 Preslia 87: 163-194, 2015

Kliment J. (1999): Komentovany prehlad vysSich rastlin flory Slovenska, uvadzanych v literatire ako
endemické taxony [A commented checklist of vascular plants of the Slovak flora reported as endemic taxa
in literature]. — Bull. Slov. Bot. Spolo¢. 32, Suppl. 2: 1-446.

Kochjarova J. (1995): Rozsirenie zastupcov rodu Tephroseris (Rchb.) Rchb. na Slovensku a poznamky k ich
rozliSovaniu [Distribution of members of the genus Tephroseris (Rchb.) Rchb. in Slovakia and notes on
their discrimination]. — Bull. Slov. Bot. Spolo¢. 17: 44-64.

Kochjarova J. (1997): Nacrt taxonomickej problematiky rodu Tephroseris v Zapadnych Karpatoch [Outline of
taxonomic problems in the genus Tephroseris in the West Carpathians]. — Preslia 69: 71-93.

Kochjarova J. (1998): Poznamky k rozsireniu, cenoldgii a ohrozenosti populacii zastupcov rodu Tephroseris
(Rchb.) Rchb. na Slovensku. II: T longifolia subsp. moravica v Zapadnych Karpatoch [Notes on distribu-
tion, cenology and threat of populations of Tephroseris (Rchb.) Rchb. in Slovakia. II: T longifolia subsp.
moravica in the West Carpathians]. — Bull. Slov. Bot. Spolo¢. 20: 69-77.

Kochjarova J. (2005): Reports (2-3). — In: Mraz P. (ed.), Chromosome number and DNA ploidy level reports
from Central Europe 1, Biologia 60: 100-101.

Kochjarova J. (2006): Reports (12—14). — In: Mraz P. (ed.), Chromosome number and DNA ploidy level reports
from Central Europe 2, Biologia 61: 115-116.

Kochjarova J. & Hrouda L. (2004): Tephroseris (Reichenb.) Reichenb. — In: Slavik B., §tépénk0vé J. &
Stépanek J. (eds), Kvétena Ceské republiky [Flora of the Czech Republic] 7: 300-306, Academia, Praha.

Kolar¢ik V., Zozomova-Lihovd J. & Mairtonfi P. (2010): Systematics and evolutionary history of the
Asterotricha group of the genus Onosma (Boraginaceae) in central and southern Europe inferred from
AFLP and nrDNA ITS data. — P1. Syst. Evol. 290: 21-45.

Krach B. (1988): Tephroseris integrifolia subsp. Vindelicorum: eine neue Sippe vom Augsburger Lechfeld. —
Mitt. Bot. Staatssamml. Miinchen 27: 73-86.

Krahulcova A. (1990): Selected chromosome counts of the Czechoslovak flora II. — Folia Geobot. Phytotax.
25:381-388.

Kréhenbiihl M. & Kiipfer P. (1992): Reports (92-97). — In: Kamari G., Felber F. & Garbari F. (eds), Mediterra-
nean chromosome number reports 2, F1. Medit. 2: 255-258.

Krzanowski W. J. (1990): Principles of multivariate analysis. — Oxford University Press, Oxford.

Kucera J., Turis P., Zozomova-Lihova J. & Slovdk M. (2013): Cyclamen fatrense, myth or true Western
Carpathian endemic? Genetic and morphological evidence. — Preslia 85: 133-158.

Legendre P. & Legendre L. (2012): Numerical ecology. Ed. 3. — Elsevier, Amsterdam.

Loureiro J., Travnicek P., Rauchova J., Urfus T., Vit P., Stech M., Castro S. & Suda J. (2010): The use of flow
cytometry in the biosystematics, ecology and population biology of homoploid plants. — Preslia 82: 3-21.

Lovkvist B. & Hultgard U.-M. (1999): Chromosome numbers in south Swedish vascular plants. — Opera Bot.
137: 1-42.

MacGillivray C. W. & Grime J. P. (1995): Genome size predicts frost resistance in British herbaceous plants:
implications for rates of vegetation response to global warming. — Funct. Ecol. 9: 320-325.

Marhold K., Kudoh H., Pak J. H., Watanabe K., Spaniel S. & Lihova JI. (2010): Cytotype diversity and genome
size variation in eastern Asian polyploid Cardamine (Brassicaceae) species. — Ann. Bot. 105: 249-264.

Martinc¢i¢ A., Wraber T., Jogan N., Ravnik V., Podobnik A., Turk B. & Vre§ B. (1999): Mala flora Slovenije
[Flora of Slovenia]. — TehniSka zaloZba Slovenije, Ljubljana.

Médail F. & Diadema K. (2009): Glacial refugia influence plant diversity patterns in the Mediteraneaen Basin.
—J. Biogeogr. 36: 1333—-1345.

Meindl C. (2011): New aspects in plant conservation. Phylogeography, population dynamics, genetics and
management of steppe plants in Bavaria. — Ms. [depon in: University of Regensburg, Regensburg].

Mereda P. jun. & Hodalova I. (2011): Cievnaté rastliny [Vascular plants]. — In: Ambréz L. (ed.), Atlas druhov
eur6pskeho vyznamu pre Gzemia NATURA 2000 na Slovensku [Atlas of species of European interest for
NATURA 2000 sites in Slovakia], p. 36—-136, Slovenské mizeum ochrany prirody a jaskyniarstva,
Liptovsky Mikul4s.

Meusel H. & Jédger E. (1992): Vergleichende Chorologie der zentraleuropdischen Flora. Ed. III. — Gustav
Fischer Verlag, Jena.

MorganJ. W., MichaelaJ. M. & Andrew G. Y. (2013) Severe habitat fragmentation leads to declines in genetic
variation, mate availability, and reproductive success in small populations of a once-common Australian
grassland daisy. — Int. J. P1. Sci. 174: 1209-1218.

Moscone E. A., Baranyi M., Ebert I., Greilhuber J., Ehrendorfer F. & Hunziker A. T. (2003): Analysis of
nuclear DNA content in Capsicum (Solanaceae) by flow cytometry and Feulgen densitometry. — Ann. Bot.
92:21-29.



Olgavska et al.: Karyology and morphology of Tephroseris longifolia 193

Moser D., Gygax A., Biaumler B., Wyler N. & Palese R. (2002): Rote Liste der gefdhrdeten Farn- und
Bliitenpflanzen der Schweiz. - BUWAL, Bern.

Mréz P. (2005): Report (11). —In: Mraz P. (ed.), Chromosome number and DNA ploidy level reports from Cen-
tral Europe 1, Biologia 60: 102.

Mréz P., Gaudeul M., Rioux D., Gielly L., Choler P., Taberlet P. & the IntraBioDiv Consortium (2007): Genetic
structure of Hypochaeris uniflora (Asteraceae) suggests vicariance in the Carpathians and rapid post-gla-
cial colonization of the Alps from an eastern Alpine refugium. — J. Biogeogr. 34: 2100-2114.

Niklfeld H. (2009): Data from the database Floristische Kartierung Osterreichs — Mapping the Flora of Austria
(unpublished). — Institute for Botany, University of Vienna, Vienna.

Niklfeld H. & Schratt-Ehrendorfer L. (1999): Farnund Bliitenpflanzen. — In: Niklfeld H. (ed.), Rote Listen
gefidhrdeter Pflanzen Osterreichs, Ed. 2, Griine Reihe des Bundesministeriums fiir Umwelt, J ugend und
Familie 10: 33-152.

Nordenstam B. (2007): Tribe Senecioneae. — In: Kadereit J. W. & Jeffrey C. (eds), The families and genera of
vascular plants, Vol. 8, Flowering plants, Eudicots, Asterales, p. 208-241, Springer-Verlag, Heidelberg,
Berlin.

Nordestam B. & Pelser P. B. (2011): Notes on the generic limits of Sinosenecio and Tephroseris
(Compositae—Senecioneae). — Compositae Newslett. 49: 1-7.

OlSavska K., Perny M., KuceraJ. & Hodélova 1. (2011): Biosystematics study of the Cyanus triumfetti group in
Central Europe. — Preslia 83: 59-98.

Olgavska K., Perny M., Spaniel S. & Singliarova B. (2012): Nuclear DNA content variation among perennial
taxa of the genus Cyanus (Asteraceae) in Central Europe and adjacent areas. — Pl. Syst. Evol. 298:
1463-1482.

Pallag O. (ed.) (2000): COST 341. The effect of linear infrastructures on habitat fragmentation. — Technical and
Information Services on National Roads (AKMI), Budapest.

Pecinka A., Suchidnkové P., Lysdk M. A., Travnicek B. & DoleZel J. (2006): Nuclear DNA content variation
among Central European Koeleria taxa. — Ann. Bot. 98: 117-122.

Pelser P. B., Nordenstam B., Kadereit J. W. & Watson L. E. (2007): An ITS phylogeny of tribe Senecioneae
(Asteraceae) and a new delimitation of Senecio L. — Taxon 56: 1077-1104.

Petrova G., Dzhambazova T., Moyankova D., Georgieva D., Michova A., Djilianov D. & Méller M. (2014):
Morphological variation, genetic diversity and genome size of critically endangered Haberlea
(Gesneriaceae) populations in Bulgaria do not support the recognition of two different species. — P1. Syst.
Evol. 300: 29-41.

Pflugbeil G. (2012): Population genetic and morphological studies in a hybrid zone between two subspecies of
Tephroseris helenitis (L.) B. Nord. (Asteraceae) at the northern fringe of the Alps. — Ms. [depon. in: Uni-
versity of Salzburg, Salzburg].

Pignatti S. (1982): Flora d’Italia. Vol. 3. — Edagricole, Bologna.

Podani J. (2001): SYN-TAX 2000: Computer program for data analysis in ecology and systematics for Win-
dows 95, 98 & NT. User’s manual. — Scientia Publishing, Budapest.

Rakonczay Z. (ed.) (1989): Voros konyv. A Magyarorszagon Kipusztult és veszélyeztetett allat-és novényfajok
[Red Data Book: extinct and threatened animal and plant species of Hungary]. — Akadémiai Kiado,
Budapest.

SAS Institute Inc. (2011): SAS®9.3 product documentation. — SAS Institute, Cary, NC, URL: http://sup-
port.sas.com/documentation/93/index.html (accessed 1 March 2014).

Schonswetter P., Stehlik I., Holderegger R. & Tribsch A. (2005): Molecular evidence for glacial refugia of
mountain plants in the European Alps. — Mol. Ecol. 14: 3547-3555.

Schonswetter P., Suda J., Popp M., Weiss-Schneeweiss H. & Brochmann C. (2007): Circumpolar phylogeo-
graphy of Juncus biglumis (Juncaceae) inferred from AFLP fingerprints, cpDNA sequences, nuclear DNA
content and chromosome numbers. — Mol. Phylogen. Evol. 42: 92—103.

Schonswetter P., Tribsch A. & Niklfeld H. (2004): Amplified Fragment Length Polymorphism (AFLP) reveals
no genetic divergence of the Eastern Alpine endemic Oxytropis campestris subsp. tiroliensis (Fabaceae)
from widespread subsp. campestris. — P1. Syst. Evol. 244: 245-255.

Singliarova B., OlSavsk4 K., Kochjarové J., Labdikova Z. & JaniSova M. (2013): Exploring patterns of varia-
tion within Tephroseris longifolia agg. (Asteraceae). — Acta Biol. Cracov., ser. bot, 55/Suppl. 1: 68.

Skalifiska M., Matecka J. & Izmailow R. (1974): Further studies in chromosome numbers of Polish Angio-
sperms. Tenth contribution. — Acta Biol. Cracov., ser. bot. 17: 133-163.

Slovak M., Vit P., Urfus T. & Suda J. (2009): Complex pattern of genome size variation in a polymorphic mem-
ber of the Asteraceae. —J. Biogeogr. 36: 372-384.



194 Preslia 87: 163-194, 2015

Smarda P. & Bures P. (2006): Intraspecific DNA content variability in Festuca pallens on different geograph-
ical scales and ploidy levels. — Ann. Bot. 98: 665-678.

Smarda P. & Bure§ P. (2010): Understanding intraspecific variation in genome size in plants. — Preslia 82:
41-61.

So6 R. (1970): A magyar flora és vegetacid rendszertani-novényfoldrajzi kézikonyve IV [Taxonomic-
geobotanical handbook of the Hungarian flora and vegetation IV]. — Akadémiai Kiad6, Budapest.

Spaniel S., Marhold K., Filova B. & Zozomova-Lihova J. (201 1a): Genetic and morphological variation in the
diploid-polyploid Alyssum montanum in Central Europe: taxonomic and evolutionary considerations. — PI.
Syst. Evol. 294: 1-25.

Spaniel S., Marhold K., Passalacqua N. G. & Zozomova-Lihové J. (2011b): Intricate variation patterns in the
diploid-polyploid complex of Alyssum montanum-A. repens (Brassicaceae) in the Apennine peninsula:
evidence for long-term persistence and diversification. — Am. J. Bot. 98: 1887-1904.

StatSoft Inc. (2006): Electronic statistics textbook. — Statsoft, Tulsa, URL: http://www.statsoft.com/text-
book/stahme.html.

Sudal., Travnicek P., Manddk B. & Berchova-Bimové K. (2010): Genome size as a marker for identifying the
invasive alien taxa in Fallopia section Reynoutria. — Preslia 82: 97-106.

ter Braak C. J. F. & Smilauer P. (2012): Canoco reference manual and user’s guide: software for ordination,
version 5.0. — Microcomputer Power, Ithaca.

Tondi G. C. & Plini P. (1995): Prodromo della Flora dei Monti della Laga (Appennino centrale, versante
laziale). — Acli Anni Verdi, Roma.

Uhrikovd A. & Méjovsky J. (1980): Report. — In: Léve A. (ed.), Chromosome number reports LXIX, Taxon 29:
725-726.

Véchova M. (1970): Numerical and morphological data on some species and subspecies from Slovak localities
of not yet available chromosome numbers. — Acta Fac. Rer. Nat. Univ. Comenianae, Bot. 18: 69-75.

Viciani D., Gonnelli V., Sirotti M. & Agostini N. (2010): An annotated check-list of the vascular flora of the
“Parco Nazionale delle Foreste Casentinesi, Monte Falterona e Campigna” (Northern Apennines Central
Italy). — Webbia 65: 3—131.

Wagenitz G. (1987): Senecio L. —In: Conert J. A. et al. (eds), Hegi G., Illustrierte Flora von Mitteleuropa VI/2.
Nachtrige, Berichtigungen und Ergidnzungen zum Nachdruck der 1. Auflage, p. 1353-1452, Paul Parey,
Berlin.

Wang L.-Y., Pelser P. B, Nordenstam B. & Liu J.-Q. (2009): Strong incongruence between the ITS phylogeny
and generic delimitation in the Nemosenecio-Sinosenecio-Tephroseris assemblage (Asteraceae:
Senecioneae). — Bot. Stud. (Taipei) 50: 435-442.

Welten M. & Sutter R. (1982): Verbreitungsatlas der Farn- und Bliitenpflanzen der Schweiz, Band II. —
Birkhiuser, Basel.

Widén B. (1987): Population biology of Senecio integrifolius (Compositae), arare plant in Sweden. — Nordic J.
Bot. 7: 686-704.

Widén B. (1993): Demographic and genetic effects on reproduction as related to population size in a rare,
perennial herb, Senecio integrifolius (Asteraceae). — Biol. J. Linn. Soc. 50: 179-195.

Widén B. & Anderson S. (1993): Quantitative genetics of life-history and morphology in a rare plant, Senecio
integrifolius. — Heredity 70: 503-514.

Wohlgemuth T., Boschi K. & Longatti P. (1999-2001): Swiss web flora. — Swiss Federal Research Institute
WSL, Birmensdorf, URL: http://www.wsl.ch/land/products/webflora.

Received 22 August 2014
Revision received 5 January 2015
Accepted 27 March 2015





