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SINISA SKONDRICY, JELENA M. ALEKSIC? & DMITAR LAKUSIC?

Campanula cichoracea (Campanulaceae), a neglected species from the Balkan-Car-
pathian C. lingulata complex as inferred from molecular and morphological charac-
ters

Abstract

Skondri¢ S., Aleksi¢ J. M. & Lakusi¢ D.: Campanula cichoracea (Campanulaceae), a neglected species from the
Balkan-Carpathian C. lingulata complex as inferred from molecular and morphological characters. — Willdenowia
44:77-96. 19 March 2014. — Version of record published online ahead of inclusion in April 2014 issue; ISSN 1868-
6397; © 2014 BGBM Berlin-Dahlem.

DOI: http://dx.doi.org/10.3372/wi.44.44111

The taxonomically intricate Campanula lingulata complex confined to the Balkan Peninsula is reviewed using mo-
lecular and morphological data. An extensive sample of 62 individuals for phylogenetic analyses and 402 individuals
for morphometric analysis from 17 populations across the species range was used. The phylogenetic analyses based
on two chloroplast intergenic spacers (trnGY““-trnS°V and psbA-trnH) and morphological analysis based on 50 char-
acters revealed two allopatrically distributed lineages of the C. lingulata complex that comprise individuals from the
C and S Balkans, respectively. Both molecular and morphological data allowed us to re-establish C. cichoracea Sm.,
a species endemic to Thessaly in Greece. This species can easily be distinguished from C. lingulata s.str. by its calyx
appendages hairy on the margins and adaxial side, and ovary continuously downwards hairy all over the surface.
Molecular characters that can be used to distinguish these two species comprise four parsimony-informative substitu-
tions within trnGU¢C-trnS°Y, and a microsatellite with a dinucleotide (AT) motif present only within the psbA-trnH
region in C. lingulata. Further studies are required for resolving the taxonomic status of the remaining Macedonian
and Rhodopean sub-lineages from the S Balkans.

Additional key words: morphometry, phylogeny, chloroplast, taxonomy, DNA barcodes

Introduction

The bellflower genus Campanula L. is one of the most
prominent examples of a plant group with an exceptional
diversity of species in the N hemisphere. It comprises
some 420 species in its traditional circumscription (mor-
phological evidence, Lammers 2007), but up to 600 spe-
cies when including all lineages to which Campanula is
paraphyletic (molecular evidence, Roquet & al. 2008;
Borsch & al. 2009; Cellinese & al. 2009; Haberle & al.
2009; Mansion & al. 2012). However, given the high
plasticity of many morphological characters in this ge-

nus (Eddie & Ingrouille 1999; Roquet & al. 2008), its
taxonomic delimitation and infrageneric classification
are unclear, incomplete and somewhat controversial (Fe-
dorov 1957; Damboldt 1978; Oganesian 1995; Quézel
1953). Furthermore, available molecular phylogenies,
which generally supported the polyphyly of Campanula
and related taxa, failed to provide a comprehensive phy-
logenetic hypothesis for the genus because of a rather
limited taxon sampling (e.g. Eddie & al. 2003; Park & al.
2006; Roquet & al. 2008; Borsch & al. 2009; Cellinese
& al. 2009; Haberle & al. 2009). Recently, Mansion & al.
(2012) generated the most comprehensive phylogenetic
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inference for the genus Campanula including more than
70 % of the described Campanula species. They used a
short genomic region with a high phylogenetic signal and
overall recovered 17 well-supported and circumscribed
sub-lineages instrumental for developing more specific
evolutionary hypotheses.

The most recent phylogeny of Campanula (Mansion
& al. 2012), however, contained unresolved nodes at a
shallow phylogenetic level. It was particularly the case
for the clade “Cam17” comprising some 195 taxa occur-
ring predominantly throughout the E Mediterranean Ba-
sin and the Middle East, which are regions well-known
as biodiversity hot-spots (Myers & al. 2000) and centres
of speciation and diversification (Griffiths & al. 2004).
Mansion & al. (2012) further observed that within clade
“Cam17”, individuals from the same species from sev-
eral morphologically polymorphic complexes, such as C.
barbata L., C. lingulata Waldst. & Kit., C. sibirica L. or
C. spatulata Sm., were generally grouped as sisters. The
authors suggested the need for future phylogeographic
and/or speciation studies in these complexes.

The morphologically and genetically diverse Cam-
panula lingulata complex is sub-endemic to the Balkans.
The species ranges from costal to subalpine zones of this
region, i.e. at altitudes from sea level to 2000 m in the C
and S Dinaric, Scardo-Pindic, Rhodope-Rila and Balkan
mountain systems including the mountains of N Serbia,
referred to as the Carpatho-Balkanides (Stevanovi¢ & al.
2009). The northernmost sites of this complex are at the
S edge of the Pannonian Plain, at Fruska Gora and the
Vrsacke Mts (Serbia) and in Romanian Banat, while the
southernmost localities are found within mountain ranges
in S Peloponnese (Greece). Plants from the C. lingulata
complex grow mostly in open sites but also in canyons and
gorges. They occupy predominantly rocky habitats, crev-
ices and screes, as well as grasslands on limestone, dolo-
mite and serpentine bedrocks found within different phy-
togeographic regions and provinces such as the Carpathian
region and the C and S Balkan, Adriatic and Aegean prov-
inces (Meusel & Jager 1992; Jager & Welk 2003).

The described diversity of habitats in which Cam-
panula lingulata is present is indicative of a species with
high adaptability, plasticity and/or heterogeneity. Thus, it
is not surprising that a considerable morphological poly-
morphism has been observed throughout the range of the
species. That, however, has triggered delineation of sev-
eral taxa within this complex overall resulting in a pleth-
ora of “taxonomic” synonyms for C. lingulata (Greuter &
al. 1984; Conti & al. 2005; Lammers 2007). Campanula
tenuiflora Ten., described by Tenore (1824—-1829) based
on only one finding in Cilento (Italy), has been consid-
ered as a synonym of C. lingulata by Nyman (1879). The
former name has been suppressed from the floristic lit-
erature, and furthermore the record of C. lingulata in It-
aly, which would suggest an amphi-Adriatic distribution
of this species, has been considered doubtful (Pignatti
1982) or represents a finding of a species that became

extinct (Greuter & al. 1984) and is no longer present in
Ttaly (Conti & al. 2005). Schultes (in Roemer & Schultes
1819) and Candolle (1830) supported delineation of C.
cichoracea Sm., described initially by Smith (in Sibthorp
& Smith 1806, 1819), but they included C. capitata Sims
(Sims 1805) as a doubtful synonym. Nyman (1879),
however, recognized only one species, C. lingulata, and
considered both C. cichoracea and C. capitata as syno-
nyms of C. lingulata. The latter view remained valid until
the present day, and consequently the name C. cichora-
cea disappeared from modern floristic literature while C.
capitata has been mentioned in a few floristic papers only
regarding the flora of Dalmatia (de Visiani 1847; Degen
1938) and Montenegro (Panci¢ 1875). Infraspecific taxa
have also been described within C. lingulata s.l., com-
prising C. lingulata var. intybacea Griseb. (Grisebach
1846), C. lingulata f. gracilis K. Maly and C. lingulata f.
grandiflora K. Maly (Maly 1908).

Based on morphological grounds, Campanula lingu-
lata is placed into the large C. sect. Campanula, character-
ized by dehiscent capsules with basal pores, 3-locular ova-
ry and calyx with appendages between the lobes (Fedorov
& Kovanda 1976). Further, C. lingulata is positioned into
C. ser. Involucratae (Fomin) Kharadze (1949) (= C. [sect.
Medium) subsect. Involucratae (Fomin) Fedorov (1957)),
characterized by subsessile flowers, crowded in heads,
whorls or clusters subtended and enveloped by large bracts
(Damboldt 1978). The first, very short description of C.
cichoracea based on plants collected in Thessaly (Greece)
was published in Florae graecae prodromus (Sibthorp &
Smith 1806: 140), while a more detailed account and il-
lustration of this species can be found in Flora graeca
(Sibthorp & Smith 1819: 7, t. 209). The authors, however,
provided a diagnosis of this species but without explain-
ing why C. cichoracea should be distinguished from C.
lingulata. As already mentioned, recent floristic literature
does not recognize C. cichoracea as a distinct taxon, and
treats it as a synonym of C. lingulata (Greuter & al. 1984;
Euro+Med 2006+; Lammers 2007).

Molecular data, on the other hand, can successfully be
used not only for revealing organismic evolution but also
for taxonomic work (e.g. Filipowicz & al. 2012). Further-
more, homologous DNA sequences of one or several ge-
nomic regions can be used for identifying species (“DNA
barcoding”, CBOL Plant Working group 2009). Although
several markers have been recommended for barcoding
in plants (CBOL Plant Working group 2009), growing
evidence reveals that along with the standard barcoding
fragments, such as matK and rbcL, additional genomic re-
gions may be required to provide sufficient information to
distinguish closely related species in a taxonomic context
(e.g. Seberg & Petersen 2009; Ran & al. 2010; Korotkova
& al. 2011; Gonzalez-Gutiérrez & al. 2013).

Given the considerable morphological variability of
the Campanula lingulata complex throughout its range,
and the potential molecular polymorphism detected so far
in this complex, the aim of the present study is to eluci-
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date the controversy concerning the taxonomic status of C.
cichoracea. We utilize two chloroplast intergenic spacers
and 50 morphological characters to assess: (1) whether a
taxonomic separation of C. cichoracea initially suggested
by Sibthorp & Smith (1806, 1819) and supported by Roe-
mer & Schultes (1819) and Candolle (1830) based on mor-
phological data is supported by molecular data as well, and
(2) whether morphological characters provide a consistent
segregation of putative taxa within the C. lingulata com-
plex. We provide morphological and molecular characteri-
zation of C. cichoracea, a neglected species from the C.
lingulata complex confined to Thessaly (Greece).

Material and methods
Taxon sampling

Plant material from Campanula lingulata populations
covering the entire range of the species was sampled from
2007 to 2012 (Table 1; Fig. 1). The samples were collected
during summer, when plants were in full anthesis, and sam-
ples for both analyses (molecular and morphometric) were
collected from each population, with six exceptions when
populations could not provide sufficient material for both
analyses. In those six cases, we used samples from popu-
lations SR-Kokin Brod, SR-Studenica and GR-Leptokaria
for morphometric analyses, and samples from populations
SR-Panjica, SR-Vujan and GR-Koromilles for molecu-
lar analyses. Nonetheless, population pairs from Serbia:
SR-Kokin Brod/SR-Panjica and SR-Studenica/SR-Vujan,
and from Mt Olympus, Greece: GR-Leptokaria/GR-Ko-
romilles (henceforth referred to as GR-Olympus) represent
three pairs of spatially neighbouring populations, between
which significant morphological differences were not ob-
served (S. Skondri¢ pers. obs.). Thus, plant material from
11 populations was used for both molecular and morpho-
metric analyses, and each of these analyses was performed
utilizing material from three additional populations. The
number of populations analysed from both molecular and
morphological aspects was 14, while the total number of
sampled populations was 17 (Table 1).

For molecular analyses, leaves were collected from
two individuals per population (SR-Panjica), four indi-
viduals per population (BH-Stolac; BU-Rhodopes; CR-
Biokovo; GR-Ossa; MN-Herceg Novi) and five indi-
viduals per population (GR-Olympus; MA-Valandovo;
MN-Ostrog; MN-Valdanos; SR-Fruska Gora; MA-Sara;
SR-Stara; SR-Vujan) yielding a total sample of 62 (Ta-
ble 1). For morphological analyses, one stem leaf and
inflorescence per plant were collected at full anthesis
from c. 30 individuals per population yielding a total
sample of 402 (Table 1). Sampled individuals were
evenly distributed throughout populations and at least
20 m distant from each other. Plant material for mo-
lecular analyses was put in silica gel, dried for 7 days,
and kept in a dark and dry place prior to DNA isolation.
For morphological analyses, plant material was fixed in

96 % ethanol-glycerol solution (1:1) and kept at room
temperature prior to analyses.

The species with capitulate inflorescences, viz. Cam-
panula cervicaria L., C. foliosa Ten., C. moesiaca Velen.,
C. tymphaea Hausskn. and Edraianthus graminifolius L.,
belonging to the clade “Cam17* of Mansion & al. (2012),
were chosen as outgroups for molecular analyses. The
nomenclature used follows Flora europaea (Fedorov &
Kovanda 1976) and Med-Checklist (Greuter & al. 1984).
Voucher specimens from all populations were deposited
in the herbarium BEOU; herbarium codes follow Thiers
(2013+).

DNA extraction, amplification, and sequencing

Total genomic DNA was extracted from silica-gel-dried
leaves using a modified hexadecyltrimethylammonium
bromide (CTAB) technique from Doyle & Doyle (1987),
and modification according to Aleksi¢ & al. (2012). The
polymerase chain reaction (PCR) was used to obtain the
double-stranded DNA fragments of interest. Two plastid
intergenic spacers were amplified using the published
primers: trnGY¢“-trnSU (Hamilton 1999), and psbA-
trnH (Tate & Simpson 2003). For PCR amplification of
both regions, PCR reactions were carried out in 25 uL
volumes containing: 100 ng template DNA; 2.5 pl 10 x
Taq Buffer with (NH,),SO, (Invitrogen, Berlin, Germa-
ny); 2.5 mM MgClL; 0.2 mM dNTPs; 0.1 uM of each For-
ward (F) and Reverse (R) primer; 0.80 % BSA (Bovine
Serum Albumin, Promega, St Louis, U.S.A.); and 0.025
U/ul of Platinum Taq DNA polymerase (Invitrogen, Ber-
lin, Germany). PCR amplification profiles used for both
loci were as follows: denaturation at 94 °C for 10 min;
35 cycles of denaturation at 94 °C for 45s; annealing for
1 min at 60 °C and at 53 °C for trnGY¢C-trnS°cV and psbA-
trnH, respectively; extension at 72 °C for 1 min; and a
final extension of 10 min at 72 °C. The presence of a spe-
cific PCR product was confirmed by gel electrophoresis
on 2 % agarose gels, and PCR products were sequenced
with the Forward primer by Macrogen Europe, Am-
sterdam, Netherlands (http://dna.macrogen.com/eng/)
via Sanger sequencing using 96-capillary 3730xl DNA
Analyzer automated sequencer (Applied Biosystems,
Inc., U.S.A.). For psbA-trnH, sequencing with Reverse
primer was required as well, and consensus sequences for
each individual were assembled using sequences of both
DNA strands. Sequence chromatograms were proofed,
edited, assembled and aligned manually using Muscle
(Edgar 2004) in MEGA 5.04 (Tamura & al. 2011). All
sequences generated in this study are deposited in Gen-
Bank (KJ146622 to KJ146679).

Phylogenetic analyses

Sequences were readily alignable among all accessions
in both plastid matrices. Phylogenetic analyses were per-
formed using maximum likelihood (ML) and Bayesian
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Fig. 1. Natural range of Campanula lingulata s.1., sampled populations used for molecular analyses, and spatial distribution of chlo-
roplast haplotypes presented in different colours within pie charts. — The numbers within pie charts represent population identifiers
listed in Table 1. The size of the pie chart is indicative of the sample size, i.e. it corresponds to the number of individuals from a

particular population used for the molecular analyses.

inference (BI) algorithms applied to separate data sets
and a concatenated matrix of both plastid loci. Gaps in
the alignment were treated as missing data. The Akaike
information criterion calculated in MEGA 5.04 (Ta-
mura & al. 2011) used to evaluate models of evolution
for both loci revealed that the general time reversible
(GTR) model had the best fit to both plastid matrices.
Trees were rooted on Campanula cervicaria, C. foliosa,
C. moesiaca, C. tymphaea and Edraianthus graminifo-
lius, which all belong to clade “Cam17” of Mansion &
al. (2012).

The ML analyses were performed with RAXML
(Stamatakis 2006) with the raxmlGUI v. 1.1 (Silvestro
& Michalak 2011) using the default parameter settings
(-f a function). Statistical support for nodes was based
on 100 non-parametric bootstrap replicates (BS), with >
75 % considered good support. Trees were visualized and
edited using FigTree 1.0 (Rambaut 2006).

The BI analyses were performed with BEAST v1.7.2
(Drummond & al. 2012). In cases when intra-population
variability of concatenated plastid sequences (haplo-
types) was not observed, the BI analyses were performed
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with only one sequence as a representative of that popula-
tion in order to reduce the number of very short branches
that do not add information. The input file for the BEAST
analyses was constructed using the BEAUi interface of
the BEAST package and the file with parameter settings
was executed in BEAST. We used a GTR + I model with
four categories of rate heterogeneity for the final analy-
sis and a demographic model of constant population size
as a tree prior for modelling changes in population size
through time. Following a burn-in of 1 million steps, all
parameters were sampled once every 1000 steps from
5 million MCMC steps. TRACER v.1.4.1 (Rambaut &
Drummond 2007) was used to confirm acceptable mixing,
likelihood stationarity of the MCMC chain and adequate
effective sample sizes for each parameter (200). TreeAn-
notator 1.4.2 (part of the BEAST package) was used to
construct a majority-rule consensus tree using the trees
remaining after the burn-in, and also to summarize the
posterior distributions of nodes. For BI analyses, posterior
probabilities (PP) = 0.98 were considered good support.

Morphometric analysis

A total of 402 Campanula lingulata specimens from 14
populations covering the entire range of this species were
used for morphological analyses (Table 1; Fig. 1). Veg-
etative (leaves and bracts) and generative (inflorescence)
dissected organs from each plant were scanned at high
resolution using standard PC tools and adjusted transpar-
ency scale. We analysed a total of 50 morphological char-
acters using Digimizer Image Analysis Software Version
4.0.0.0. (MedCalc Software 2005-2011; http://www.
digimizer.com), and a Leica DMLS stereomicroscope.

Canonical discriminant analysis (CDA) was used
to test the hypothesis of morphological segregation of
groups of populations obtained from molecular analyses.
CDA was performed utilizing the reduced data matrix of
morphological characters after standardization to zero
mean and unit variance. Character reduction was envis-
aged by computing pairwise Spearman correlations and
retaining only one out of character pairs with absolute
values of correlation coefficients exceeding 0.8. Canoni-
cal scores for each case were calculated in order to esti-
mate the distances between individuals that were used to
visualize the relationship among a priori defined groups.

Discriminant function analysis was performed to es-
timate the contribution of individual characters to overall
discrimination.

Descriptive statistics of morphological characters
(i.e. mean, minimum and maximum values, standard
deviations, standard errors and coefficients of variation)
were computed for each out of 50 morphological char-
acters analysed in this study. They were calculated sepa-
rately for each out of two groups of populations obtained
in molecular analyses and were used for the delineation
of morphological diagnostic characters of Campanula
cichoracea.

All calculations were performed in Statistica 5.1
(StatSoft 1996).

Results
DNA regions and alignments

Sequences for two chloroplast regions were obtained
from all 62 accessions of the Campanula lingulata com-
plex as well as for five individuals used as outgroups.
They were straightforward to align within the ingroup as
well as between ingroup and outgroup taxa.

The characteristics of the sequenced regions with posi-
tions of variable sites are presented in Table 2. The aligned
sequence length of the rrnGY“-1rnS°V intergenic spacer
was 746 base pairs (bp) with 27 point mutations (18 tran-
sitions and nine transversions), three microsatellites and
eight insertions/deletions (indels) of variable length. The
aligned length of the psbA-trnH spacer was 461 bp with
33 point mutations (15 transitions and 18 transversions),
seven microsatellites and five indels. A hypervariable re-
gion within this spacer spanned from position 938 to po-
sition 996 and harboured five consecutive microsatellites
of which one harboured several additional transitions/
transversions (see Table 2). The length of the concatenated
matrix was 1207 bp with 60 point mutations (4.97 %).
However, only 16 out of 60 point mutations represent sub-
stitutions among ingroup sequences (1.33 %), which har-
boured also ten microsatellites and indels in 12 positions.

Intra-population variability of the trnGYC-trnS°v
intergenic spacer was not observed, as all individuals
belonging to the same population harboured identical se-
quences in this region. However, mutations (nucleotide
substitutions and/or indels) present in all individuals from
a single population, which apparently represent synapo-
morphic molecular characters of distinct populations,
were found in five populations (e.g. nucleotide charac-
ter state “T” at position 69 within the trnGY¢C-trnS°Y
region was present only in individuals from population
MA-Sara, see Table 2). The variability of the psbA-trnH
sequences within populations, which came from micro-
satellite length mutations, was observed in nine out of 14
studied populations.

In order to assemble chloroplast haplotypes of all indi-
viduals, we combined the trnGV¢c-trnS°cY and psbA-trnH
sequences of each individual, and provided the number
of individuals harbouring a particular haplotype in Table
2. In total, 23 distinct haplotypes were detected among
62 ingroup accessions, and only individuals from popula-
tions BH-Stolac and CR-Biokovo harboured an identical
haplotype 2. All five outgroup species were characterized
by distinct chloroplast types (haplotypes 24 to 28).

Phylogenetic analyses

The ML tree based on a combined plastid data set is
presented in Fig. 2. It revealed the monophyly of the
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Fig. 2. Maximum Likelihood tree based on 1207 nucleotides of the trnGY¢C-trnS°Y and psbA-trnH plastid DNA regions with 62

Campanula lingulata s.1. accessions and five outgroups. — Numbers at nodes refer to bootstrap values = 75 %.
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Campanula lingulata complex and the split of this com-
plex into two strongly supported clades (100 % BS).
The clade I comprised individuals from the C Balkans
(SR-Fruska Gora, SR-Vujan, SR-Panjica, MA-Sara,
SR-Stara, BH-Stolac, CR-Biokovo, MN-Valdanos, MN-
Ostrog and MN-Herceg Novi), while the clade II com-
prised individuals from the S Balkans (MA-Valandovo,
BU-Rhodopes, GR-Olympus and GR-Ossa). Within the
clade I, sub-clades Ia and Ib comprising individuals from
SR-Frugka Gora/SR-Vujan/SR-Panjica and MA-Sara, re-
spectively, were strongly supported. The relations among
the individuals from the remaining C Balkan populations,
however, were unresolved. Within the clade II, individu-
als from MA-Valandovo were first to diverge (sub-clade
ITa), and individuals from BU-Rhodopes (sub-clade IIb)
and GR-Olympus/GR-Ossa (sub-clade IIc) were sisters.
The support for all sub-clades within clade II was strong
(100 % BS).

Two molecular characters within the trnGY“-trnS°v
region, nucleotide character states “A” and “G” in posi-
tions 368 and 697, respectively, were synapomorphic for
the Campanula lingulata complex, while four molecular
characters within this region were synapomorphic either
for clade I or clade II. Nucleotide character states “A”
in position 182, “C” in position 413 and “G” in position
739 were synapomorphic for clade I, while nucleotide
character state “G” in position 224 was synapomorphic
for clade II (Table 2). The psbA-trnH intergenic spacer
also harboured molecular characters synapomorphic for
the C. lingulata complex: nucleotide character states “T”,
“A” and “G” in positions 863, 1027 and 1065, respec-
tively, but lacked mutations that could distinguish the two
clades described above. Nonetheless, an (AT) microsatel-
lite spanning from position 971 to 984 was present only
in individuals from the C Balkans and may be considered
as synapomorphic for this group of populations. How-
ever, since the majority of the variability of psbA-trnH
was associated with the microsatellite length mutations,
the resolution of this region for phylogenetic inference
was rather limited and the unfolding of the C. lingulata
complex based solely on the variability of this region was
grossly unresolved (Fig. 5). Concordantly, the ML tree
based on the trnGYC-trnSV region (Fig. 6) displayed a
topological similarity with the ML tree based on a com-
bined plastid data set.

Furthermore, the psbA-trnH intergenic spacer com-
prised one homoplastic site, a transversion in position
1140. In this position, nucleotide character state “A” was
present in sequences of three out five outgroup taxa (Cam-
panula cervicaria, C. moesiaca and Edraianthus gramini-
folius), in all individuals from MA-Valandovo and in one
individual from MN-Valdanos (MN-Valdanos_4), while
nucleotide character state “T”” was present in sequences
of the remaining individuals (Table 2). Interestingly, this
homoplastic mutation within the psbA-trnH region actual-
ly contributed towards the increased support of sub-clades
within clade II because, when this mutation was exclud-

ed, the relations within clade II remained unresolved in
the ML tree based on both regions (tree not shown).

A majority-rule consensus tree from Bayesian analy-
ses constructed utilizing 23 ingroup and five outgroup
haplotypes is presented in Fig. 3. It showed a topologi-
cal agreement with a combined ML tree with one ex-
ception only, because within clade II the first diverging
group comprised individuals from Thessaly in Greece
(GR-Olympus/GR-Ossa) and not from MA-Valandovo,
as obtained in the ML tree. In this analysis, the mono-
phyly of the Campanula lingulata complex and the di-
vergence into two strongly supported clades (clade I, 1
PP; clade 11, 0.99 PP) was also observed. The support for
sub-clades comprising individuals from MA-Valandovo,
BU-Rhodopes and GR-Olympus/GR-Ossa within clade
II (1 PP for all sub-clades), as well as for the sub-clade
comprising individuals from SR-FruSka Gora/SR-Vujan/
SR-Panjica within clade I (0.99 PP) was strong, similarly
as in the ML tree.

Morphometric analysis

The character reduction procedure, in which correlations
exceeding the threshold of 0.8 were not found, revealed
that the data matrix should be reduced to 30 characters.
These characters, which were used for CDA analysis,
are listed in Table 3. The number of a priori defined
groups inferred from molecular analyses was six (three
sub-clades within clade I and three sub-clades within
clade II). Thus, CDA was performed with six a priori
defined groups x 402 individuals x 30 characters. The
first three discriminant axes explained 88.04 % of vari-
ation between groups. For the graphical presentation of
CDA, the scores of all specimens were plotted within
a two-dimensional space defined by discriminant axis 1
(explaining 43.77 % of variation) and discriminant axis
2 (explaining 24.27 % of variation), and specimens be-
longing to each out of two groups of populations ob-
tained in phylogenetic analysis (i.e. clade I and clade
IT) were marked with different symbols (Fig. 4A). The
CDA largely supported the hypothesis of morphological
separation of two genetic groups identified by phyloge-
netic analysis. The scores of individuals from popula-
tions from the C Balkans (clade I) were continuous but
separated from scores of individuals from populations
from the S Balkans (clade II; Fig. 4A). Interestingly, in a
scatterplot defined by the second and the third discrimi-
nant axes (explaining 20 % of variation), further separa-
tion of individuals from the central Balkans was rather
limited revealing homogeneity of this group (Fig. 4B),
while S Balkans populations were more heterogeneous
because scores of individuals from Thessaly, Greece
(GR-Olympus and GR-Ossa), the river Vardar valley
(MA-Valandovo) and Bulgaria (BU-Rhodopes) were
separated (Fig. 4C).

Discriminant function analysis revealed that eight out
of 30 tested characters: stem height (Ca_H), outer involu-
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Fig. 3. Majority-rule consensus tree from Bayesian analysis with 23 Campanula lingulata s.1. accessions and five outgroups. —

Numbers at nodes refer to posterior probabilities > 98.
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cral bracts number (Bc_No), outer involucral bract 8
maximum width (Bc_Wm), calyx lobe total length
(CaD_H), calyx appendix total length (CaA_H), co- 4
rolla total length (Co_H), stamen total length (St_L)

and distance between filament base and widest point 2
(StB_h), had a dominant contribution to the overall
discrimination (Table 3). This would suggest that the
discrimination into two groups in CDA (Fig. 4) was
predominantly based on characteristics of inflores-
cence and flowers.

DAZ2 (24,27 %)

Discussion
The genus Campanula comprising up to 600 taxa ‘ * * D.l:\1 s %)2 ! ° !
(Roquet & al. 2008; Borsch & al. 2009; Cellinese & ‘
al. 2009; Haberle & al. 2009; Mansion & al. 2012) ‘ ) B
is represented in Europe by more than 250 species. 5
Flora europaea lists 93 Campanula species/subspe- P
cies from the Balkan Peninsula, among which 63 are
endemic to this region (Fedorov & Kovanda 1976).
A substantial morphological diversity observed in 2
many Campanula taxa from the Balkans, which may
be indicative of accelerated diversification and spe-
ciation expected in such refugial regions (Griffiths &
al. 2004; Stewart & al. 2010), has burdened tradition- A
al morphological circumscription of these taxa with 5
a considerable synonymy. Nonetheless, over the past
years, more light has been shed on some Campanula .
taxa from the Balkans (e.g. Lakusi¢ & Conti 2004; g ' ; s T 5 Fi .
Kovaci¢ 2006; Kovaci¢ & Nikoli¢ 2006; Park & al. DA 2 (24.27 %)
2006; Frajman & Schneeweis 2009; Stefanovi¢ &
Lakusi¢ 2009; Lakusi¢ & al. 2013). } (o}
Campanula lingulata represents another taxo- !
nomically intricate complex of bellflowers confined 4| Clade lic
to the Balkans. Although the monophyly of this com- N E éé%zgjéus %
plex has recently been supported by molecular data ' :
(Mansion & al. 2012), these authors also observed
a molecular diversity in this complex and suggested
further phylogeographic and/or speciation studies.
Our work, based on both molecular and morphologi-
cal data surveyed in an extensive sample of popula-
tions across the species range, provides new insights 2
. . . . Clade IIb
into the systematics, biogeography and evolution of al et
the C. lingulata complex. -
The phylogenetic analyses based on two chloro- % < 2 0 2 4 6
plast intergenic spacers (trnGY¢C-trnS°V and psbA- DAZ (26,27 %)

trnH) supported the monophyly of the Campanula ) L . .
. . g . . Fig. 4. Canonical discriminant analysis (CDA) of morphometric data
lingulata complex as indicated in Mansion & al. e o :
. performed with six a priori defined groups delineated from molecular
(2012). We further observed the divergence of an an-  apalyses. - Individuals of Campanula lingulata s.1. belonging to clade
cestral C. lingulata gene pool into two lineages whose I (C Balkans) are marked with a red circle (O) and those belonging
descendants are currently allopatrically distributed to clade II (S Balkans) are marked with a blue triangle (A). — A: the
and confined to the C Balkans (clade T) and the S Bal-  S¢ores of all specimens plotted within a two-dimensional space de-

. . . . fined by discriminant axes 1 and 2; B: the scores of specimens from
kans (clade II). Although the diversification of the lin- the C Balkans plotted within a two-dimensional space defined by dis-

eage from the S Balkans apparently occurred earlier  criminant axes 2 and 3; C: the scores of specimens from the S Balkans
than that from the C Balkans, further studies utiliz-  plotted within a two-dimensional space defined by discriminant axes

ing the phylogenetic signal from additional genomic 2 and 3.

DA 3 (20,00 %)

1 Clade lla
| Macedonia
| MA-Valandovo

DA 3 (20,00 %)
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Table 3. Characters used for morphometric analysis of Campanula lingulata s.1. and a summary of Discriminant function analysis.
— Wilks’s lambda is a multivariate generalization of the univariate F-distribution; F-remove represents a measure of the extent to
which a variable makes a unique contribution to the prediction of a group membership; p-level values < 0.05 are shown in boldface.

Character Abbreviation = Wilks’s lambda F-remove p-level
Stem
1 Height Ca_H mm 0.011 26.227 0.000
2 Number per plant Ca_No 0.009 3.330 0.006
3 Number of branches per 1 stem Ra_No 0.008 1.189 0.314
4 Length of longest branch Ra_H 0.009 3.236 0.007
Rosette leaves
5 Number Fr_No 0.008 0.336 0.891
6 Total length Fr L 0.008 1.213 0.302
7 Base width Fr_Wb 0.008 2.341 0.041
8 Maximum width Fr_Wm 0.008 1.318 0.255
Stem leaves
9 Number Fc_No 0.009 3.201 0.008
10 Total length Fc_ L 0.009 7.080 0.000
11 Base width Fc_Wb 0.008 2.367 0.039
12 Maximum width Fc_Wm 0.009 3.240 0.007
13 Distance between base and widest point Fc_h 0.008 1.061 0.382
Outer involucral bracts
14 Number Bc_No 0.009 10.257 0.000
15 Total length Bc L 0.009 6.936 0.003
16 Base width Bc_Wb 0.009 3.432 0.005
17 Maximum width Bc_Wm 0.010 19.537 0.000
Calyx
18 Calyx lobe total length CaD_H 0.011 29.550 0.000
19 Calyx lobe base width CaD_W 0.009 3.675 0.000
20 Distance between calyx lobe base and CaD_h 0.009 5.666 0.000
widest point
21 Calyx appendix total length CaA_H 0.010 17.846 0.000
Corolla
22 Corolla total length Co_H 0.010 20.086 0.000
23 Perimeter Co_Per 0.009 7.106 0.000
Stamens
24 Stamen total length St L 0.010 18.527 0.000
25 Filament length StF_L 0.009 7.127 0.000
26 Filament base total length StB_H 0.009 5.596 0.000
27 Filament base maximum width StB_W 0.009 4.607 0.000
28 Distance between filament base and StB_h 0.009 5.517 0.000
widest point
29 Filament base area StB_Ar 0.009 2.833 0.016
Style
30 Total length Pu_L 0.009 3.138 0.009

regions are required to enable inferences on the unfold-
ing and diversification of the two lineages obtained in the
present study. Nonetheless, a strong support for all three
sub-clades within clade II (S Balkans) and sub-clades Ia
and Ib comprising individuals from SR-Fruska Gora/SR-
Vujan/SR-Panjica and MA-Sara, respectively, suggests
that all these groups of populations are distinct entities.
Furthermore, the occurrence of synapomorphic molecular
characters in these populations is indicative of ancient di-
vergence of populations and genetic drift effects.

Our morphological analysis, based on 50 charac-
ters, largely corroborated molecular results. It is worth
noting that eight out of 50 surveyed characters had a
dominant contribution to the overall discrimination in
CDA analysis, which distinguished individuals from the
C Balkans (clade I) from those found in the S Balkans
(clade II). These characters were predominantly associ-
ated with the inflorescence and flowers. Furthermore,
morphological data revealed a significant heterogeneity
of clade II, which was divided into three sub-groups, the
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current ranges of which do not overlap (sub-group Ila
is found in Macedonia, sub-group IIb in Rhodopes and
sub-group Ilc in Thessaly, Greece). These sub-groups
were concordant with sub-clades obtained from mo-
lecular trees.

Altogether, our results have taxonomic implications
because they reveal a clear pattern within the Campanula
lingulata complex. As inferred from both molecular and
morphological data, four allopatric units, each with a clear-
ly delimited and rather restricted distribution range, can be
easily recognized. In accordance with our molecular and
morphological data and observations made on: (1) original
descriptions of C. lingulata and C. cichoracea (Waldstein
& Kitaibel 1801, Sibthorp & Smith 1806, 1819), (2) origi-
nal specimens of these taxa deposited in Waldstein’s col-
lection in PG and BP and (3) Smith’s collection in LINN-
HS, the name C. lingulata should refer to individuals from
the C Balkans and S Carpathians (clade I), while the name
C. cichoracea should be applied to the individuals from
Thessaly in Greece (sub-clade Ilc). Unfortunately, due to
the small amount and rather poor quality of C. cichoracea
material in Smith’s collection in LINN-HS (see Typifica-
tion under Taxonomic treatment, below), we were able to
observe only few morphological synapomorphies that sup-
port our extant material from Thessaly (sub-clade Ilc) as C.
cichoracea (calyx lobes ovate-lanceolate, hairy on adaxial
surface and margins). On the other hand, individuals from
Macedonia (Ila) and Rhodopes (IIb) require much more
detailed sampling and additional analysis, and until fine-
scale molecular and morphological data become available,
the question of the exact taxonomic status of Macedonian
and Rhodopean lineages remains open. This is the subject
of an ongoing phylogenetic and phylogeographic study of
the C. lingulata complex.

Recent work reveals that diagnosis and descrip-
tions of new species based on morphological characters
should be complemented by the DNA characters when-
ever possible (Gonzélez-Gutiérrez & al. 2013). Although
standard barcoding fragments, such as matK and rbcL,
have commonly been used for identification of plant spe-
cies (Chase & Fay 2009; CBOL Plant Working group
2009), growing evidence reveals that the resolution of
these markers may be insufficient and that additional
genomic regions may be required to provide sufficient
information to distinguish closely related species in a
taxonomic context (e.g. Seberg & Petersen 2009; Ran &
al. 2010; Korotkova & al. 2011; Gonzalez-Gutiérrez &
al. 2013). Although we did not used standard barcoding
fragments, both cpDNA regions used in this study have
the resolution not only to distinguish the Campanula
lingulata complex from related species, but also to dis-
tinguish closely related taxa within this complex. The
trnGYC-trnSCY region harbours four diagnostic charac-
ters that can distinguish C. lingulata and S Balkan taxa,
while within the psbA-trnH region a microsatellite with
a dinucleotide (AT) motif was present only in C. lingu-
lata. Gonzalez-Gutiérrez & al. (2013) argued that the

length variation of potentially homoplastic microsatel-
lites should be avoided in DNA barcoding. Our data sup-
port this view but imply that the presence/absence of a
particular microsatellite may be used for distinguishing
closely related taxa.

Taxonomic treatment

Campanula cichoracea Sm. in Sibthorp & Smith, Fl.
Graec. Prodr. 1: 140. 1806 — Lectotype (designated
here): [unpublished watercolour illustration by Ferdinand
Bauer]| “Campanula cichoracea”, MS Sherard 243: . 174
(OXF) [viewable online at http://www.bodley.ox.ac.uk/
users/millsr/isbes/FG/FGD3/ — later published in Sibthorp
& Smith, FI. Graeca 3: t. 209. 1819]. — Fig. 7.

Typification — In the protologue of Campanula cichora-
cea (Sibthorp & Smith 1806), Smith provided a validat-
ing diagnosis, a synonym cited with a question mark
(and therefore not relevant nomenclaturally), a statement
of provenance (“In Thessalia”, i.e. Thessaly, Greece),
the citation “Icon. Fl. Grac. t. 209.” (see below) and
the symbol “G” meaning biennial. No specimens were
cited. In the herbarium of Sir James Edward Smith held
at the Linnean Society of London (LINN) we found
one specimen under the number LINN-HS 309.56 that
appears relevant to C. cichoracea (see http://linnean-
online.org/30768/). This sheet, consisting of a stem
bearing three branches, is annotated in Smith’s hand-
writing: “cichoracea. Pr. Fl. Gr. 55%” and above: “Fl.
Graec. t. 209.”. Another annotation written on the sheet
by Smith: “Mr. Evans’s garden at Stepney [in London,
U.K.] June 29. 1806.” indicates that the specimen origi-
nated in cultivation in the same year as the publication
of the protologue. It seems very unlikely that a specimen
that was collected (or received) by Smith on 29 June
1806 could have been material on which was based the
validating diagnosis in the protologue published in Oc-
tober—November of the same year. Therefore, it is very
doubtful that this specimen is original material for the
name, according to Art. 9.3 of the ICN (McNeill & al.
2012). Because we could trace no other specimens of
C. cichoracea in the Sibthorpian Herbarium in Oxford
(OXF) or in the herbarium of Sir James Edward Smith
in Liverpool (LIV), we conclude that any specimen upon
which the name was based, if it ever existed, is no longer
extant. This leaves as the only extant original material,
and therefore the obligate lectotype, an unpublished il-
lustration: the watercolour by Ferdinand Bauer cited by
Smith in the protologue. This watercolour is now con-
served as MS Sherard 243: f. 174 in the Sherardian Li-
brary of Plant Taxonomy at the Oxford University Her-
baria (OXF). It was available to Smith when he wrote the
protologue and was annotated by him with “Campanula
cichoracea” and “209”, the latter being the relevant plate
number for the subsequently published Flora graeca
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Fig. 7. Campanula cichoracea — A: flowering plant in habitat; B: close-up of an
inflorescence. — Greece, Mt Olympus, population ID 15 (see Table 1), 15 Jun
2011, photographs by S. Skondri¢.

(Sibthorp & Smith 1819); see Lack (1999). We here des-
ignate Bauer’s unpublished watercolour as the lectotype
of the name C. cichoracea.

Morphological diagnostic characters — Calyx lobes
ovate-lanceolate, hairy on adaxial surface and margins.
Calyx appendages ovate-lanceolate to cordate, hairy on
adaxial surface and margins. Ovary with downwards ap-
pressed hairs along ribs.

Molecular diagnostic characters — Nucle-
otide character state “G” in position 182,
“G” in position 224, “A” in position 413,
and “A” in position 739 of trnGY¢C-trnS,
and the lack of a microsatellite with a dinu-
cleotide motif (AT) downstream of three
consecutive mononucleotide microsatel-
lites spanning from position 938 to 970
and upstream of two mononucleotide mi-
crosatellites spanning from position 985 to
996 of psbA-trnH characterize individuals
of the Campanula lingulata complex from
the S Balkans, i.e. C. cichoracea s.l. An
insertion of a single character (nucleotide
character state “A”) in position 396 and
nucleotide character states “A”, “C” and
“T” in positions 465, 814 and 1116, re-
spectively, characterize C. cichoracea from
Thessaly (Greece). Sequences that describe
individuals of C. cichoracea from Thessaly
are available in GenBank under accession
numbers KJ146639 to KJ146643 (trnGY¢¢-
trnS%°Y) and KJ 146668 to KJ146672 (psbA-
trnH). It is worth noting that although the
length variation of potentially homoplas-
tic microsatellites should be avoided in
DNA barcoding (Gonzalez-Gutiérrez &
al. 2013), the number of repeats in a mi-
crosatellite with a mononucleotide motif (T)
spanning from position 985 to 991 may be
used to characterize individuals from differ-
ent populations from Thessaly, because indi-
viduals from GR-Olympus are characterized
by three repeats, whereas individuals from
GR-Ossa are characterized by five repeats of
a microsatellite repeat motif in this position.
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