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Endemicity is a key consideration for conservation, and taxa that are endemic to a single country are vaulable
conservation targets. In this study, we investigate endemic species of the genus Campanula in northern Iberian
Peninsula based on sequences of ntDNA (internal transcribed spacer, ITS) and plastid regions (rbcL, trnL-F and trnS-G)
and additionally the secondary structure of ITS2. The main aim of this work was to evaluate the evolutionary history
of Campanula gr. arvatica from the Cantabrian Range (northern Iberian Peninsula) and establish phylogeographical
patterns. Our results showed that molecular data from nuclear DNA and plastid regions should be applied for
management and conservation strategies to monitor this endemic group from northern Spain. Furthermore, molecular
evidence indicates significant differences among the three taxa analysed and shows the importance of the Cantabrian
Mountains as a refuge for endemic Iberian flora in which processes of neo-speciation and/or crypto-speciation

are under way.

Key words: Campanula, Cantabrian Range, endemism, Iberian Peninsula, molecular systematics, secondary structure

Introduction present within the Cantabrian territory, or also present
in the Pyrenees and neighbouring mountains). Indeed,
around 300 plants from this territory are threatened and/
or included in catalogs of current protection, due to their
regionality or scarcity (Alvarez Garcia et al., 2007;
Fernandez Prieto et al., 2014, 2017).

The Cantabrian Range is the most south-westerly range
with a temperate climate in Europe, extending 700 km
between the Pyrenees and the Galician mountains, with
a broad diversity of landforms and landscapes. Located

in the north of the Iberian Peninsula, between the . .. .
Today a central challenge in conservation is to iden-

Atlantic coast and the inner Mediterranean upland of the i 1; \iversity rich areas. In this regard, Myers (1988)
Duero Basin, the mountains were occupied by ice fields i1 . )

1 Ini d ci aci duri h defined the concept of a ‘biodiversity hotspot’.
as well as alpine and cirque gaciers during the Currently, there are 35 biodiversity hotspots formally

Pleistoce?ne (Serranp et al.., 2(,)13)' This ?efuge of p!ants defined with new criteria as biogeographic regions with
located in Cantabrian territories has a high plant diver- more than 1500 endemic vascular plant species inhabit-

sity and especially endemic plant life (plants exclusively ing less than 30% of their original primary habitat (e.g.

Mediterranean Basin; see Myers et al., 2000; Marchese,

C di to: Eduard Cires. E-mail: .

ci(r)gzzlil(:;d(e)n@czmail c :m uardo res mal 2015). However, a successful conservation strategy
tIn memoriam: José Antonio Ferndndez Prieto (Mieres, should not be based merely on the number of taxa pre-
August 1950 — Oviedo, November 2019). sent in an ecosystem. On the contrary, there is a need to
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2 J. A. F. Prieto et al.

identify conservation priorities at finer scales in order to
maximize the effectiveness of conservation investment
(Brooks et al., 2006; Marchese, 2015; Schierenbeck,
2017). According to Canadas et al. (2014), endemic taxa
constitute a central group for conservation, since nar-
rowly endemic species are frequently threatened and
because endemic-rich areas are also likely to be species-
rich. Within this context, the Cantabrian Range is a
region that merits attention to carry out studies on the
diversity of endemic taxa.

The Campanulaceae Juss. is a nearly cosmopolitan
family, chiefly of temperate regions, with a remarkable
range of variation in morphology, ecology, pollen and
seed morphology. The family includes more than eighty
genera divided among five subfamilies, of which sub-
family Campanuloideae Burnett, that includes the genus
Campanula L., is the largest and most widespread
(Lammers, 2007; Deyuan et al., 2011). The large clade
consisting of Campanula and its close relatives contains
ca. 600 species (referred to as Campanula s.l. in
Mansion et al.,, 2012). The numerous Campanula taxa
occupy mainly mountainous habitats in temperate and
subtropical zones of the Northern Hemisphere, although
they extend to east and southern Africa (Lammers,
2007), with their greatest diversity between the
Mediterranean and the Caucasus (Deyuan et al., 2011).
Many authors have tried to develop a suitable classifica-
tion of the genus; however, there has been no consensus
on interspecific and/or infraspecific ranks, due in part to
low taxonomic sampling, geographic biases and a lim-
ited number of characters being incorporated into analy-
ses (see Wendling et al., 2011). Recent phylogenetic
studies have provided considerable insights, combining
classical taxonomic methods with molecular and biogeo-
graphical approaches (e.g. Cano-Maqueda & Talavera,
2011; Lakusi¢ et al., 2013), and defining the genus as
broadly paraphyletic (Jones et al., 2017). In spite of the
number of studies undertaken on inter- and intraspecific
diversity in these campanuloids (Losa & Montserrat,
1953; Damboldt, 1966), a solid foundation for their sys-
tematics is still lacking.

According to Saez & Aldasoro (2001), the Iberian
flora is represented by twenty-six Campanula species,
seven of them endemic to the Iberian Peninsula and the
Pyrenees; including plants that grow in calcareous rock
fissures from the Campanula arvatica group (i.e. C.
arvatica Lag., C. adsurgens Leresche & Levier and the
recently described C. mariae-ceballosiae Fern.Prieto,
Arjona, Sanna & Cires). It is important to emphasize
this last taxon is not included in the international data-
bases (such as Euro+ Med PlantBase, http://www.
emplantbase.org; The Plant List, http://www.theplantlist.

org/; International Plant Names Index (IPNI), https:/
www.ipni.org/), likely due to its restricted distribution.

Campanula arvatica is a hairless or sparsely downy
tufted perennial with a thick stock; it presents stems
that are woody at the base to 20 cm and that have leaf
scars and are usually topped by a single flower. The
main morphological difference between Campanula
adsurgens and C. arvatica relates to the calyx: the
flowers from C. adsurgens exhibit a hairy calyx (pap-
illate occasionally), while the calyx of C. arvatica is
smoothly glabrous (Sdez & Aldasoro, 2001). The new
endemic species within the group, C. mariae-ceballo-
siae, is characterized by a lla tube longer than its
teeth, while in C. adsurgens C. arvatica it is of equal
length or less (Arjona Rodriguez 2012, 2013). Campanula
arvatica is distributed through the Cantabrian Mountains
-from ‘“Puerto de Piedrasluengas” (boundary between
Palencia and Cantabria) to “Teverga” (Asturias) and “La
Babia” (Ledn)-, C. adsurgens can be located from “Penalba
de Santiago” (Ledn) to “Sierra do Caurel” (Lugo), reaching
“As Nogais”, in the foothills of the “Ancares Lucenses”. In
the case of C. mariae-ceballosiae, its distribution is limited
to the east of “Somiedo” (Asturias) (Fig. 1).

The main aim of this work was to evaluate the evolu-
tionary history of endemic species of the genus
Campanula in northern Iberian Peninsula. In particular,
in order to better assess the floristic richness and the
conservation priorities of this territory, we study the
diversification of the complex Campanula gr. arvatica
using a molecular approach that includes ntDNA ITS
and plastid regions (rbcL, trnL-F and trnS-G). Within
this framework, we addressed the following goals: (1)
perform for the first time a molecular evaluation to test
species delimitation and their phylogenetic relationships
of these endemic species, and (2) the search for phylo-
geographical patterns within this endemic group of
plants in the Cantabrian Range.

Materials and methods

Plant material and sampling

In the present study, 41 specimens representing the
ingroup members of the complex Campanula arvatica
were sampled (Fig. 1). A total of 164 new molecular
sequences were generated. A complete list of specimens
sampled, along with their sources, voucher information
and corresponding GenBank accession numbers are pro-
vided in Table S1 (Supplementary material). Sampling
for the C. arvatica complex included 17 individuals of
C. adsurgens, 5 individuals of C. mariae-ceballosiae
and 18 individuals of C. arvatica, broadly covering the
geographic distribution and morphological diversity of
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Campanula adsurgens

Campanula mariae-ceballosiae |

Campanula arvatica
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Fig. 1. Distribution of the endemic group Campanula gr. arvatica in the northwest of the Iberian Peninsula. Orange labels (i.e. 11,
18, 32) denote the classic localities of each species (C. adsurgens, C. mariae-ceballosiae and C. arvatica, respectively).

Table 1. Summary of the nucleotide site variation of the endemic complex Campanula gr. arvatica (i.e. C. adsurgens, C. arvatica
and C. mariae-ceballosiae) from DNA sequences. Results from ITS and plastid regions (rbcL, trnL-F, trnS-G, cpDNA) and

combined data (ITS 4 cpDNA).

ITS rbcL trnL-F trnS-G cpDNA Combined
Length range (bp) 698-701 619 834-836 680-845 2135-2300 2834-2999
Aligned length (bp) 702 619 836 846 2301 3003
Polymorphic sites 50 1 13 169 183 233
Mean G + C content (%) 52.4% 43.1% 34.6% 27.9% 31.7% 46.3%

these three closely related species. In addition, a sample
of Campanula rotundifolia L. from Cantabria (Spain)
was used as an outgroup (see CAMI12 referred to Clade
12 in Mansion et al., 2012).

DNA extraction, amplification
and sequencing

Total genomic DNA was extracted from dried leaves
using the Plant DNeasy Extraction Kit (Qiagen).
Published primers that have been successfully
employed in other studies of Campanulaceae (e.g.
Roquet, 2008; Roquet et al., 2008, Garcia Aloy, 2017),
were used for the amplification and sequencing of the
ITS (Sun et al., 1994; andez Prieto et al., 2013),
rbcL (Mclntosh et al., 0; Fernandez Prieto et al.,
2013), trnL-F (Taberlet et al., 1991) and #nS-G
(Hamilton, 1999). For all regions, a standard

polymerase chain reaction (PCR) was used for the
amplification of double-stranded DNA on a GenAmp
PCR System 9700 (Applied Biosystems). The PCR
parameters were as follows: 5Smin pre-treatment at
94°C; linked to 40 cycles of 1min at 94°C, 1 min at
the annealing temperature specific to each primer,
Imin at 72°C plus a final extension of 10min at
72°C. PCR products were run on a 1.5% agarose gel
stained with ethidium bromide in order to evaluate the
quality and quantity of the amplified templates prior
sequencing. PCR products were sequenced at the
Macrogen DNA Synthesis and Sequencing Facility
(Madrid, Spain). The sequences of all samples were
aligned with ClustalW ver. 2.0.10 (Larkin et al., 2007)
and the alignment was subsequently corrected manu-
ally. The limits of the regions were determined by the
positions of flanking primers. I[UPAC symbols were
used to represent nucleotide ambiguities.
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Data analyses

Phylogenetic trees were reconstructed setely for
ITS and plastid regions based on maximum-parsi-
mony (MP) and maximum-likelihood (ML) imple-
mented in MEGA 7.0 (K et al., 2016). MP trees
were performed using -Bisection-Reconnection
(TBR) with the search level setting at 3. ML trees
were reconstructed using the nearest neighbor-inter-
change (NNI) method using all sites and Kimura 2-
parameter model (K2P) (Kimura, 1980). Clade sup-
ports was calculated based on 1000 bootstrap resam-
plings (parsimony bootstrap, PB; likelihood bootstrap,
LB). A congruence index for testing topological simi-
larity between trees (de Vienne et al., 2007) was cal-
culated to determine whether the two datasets (ITS
and cpDNA) differed significantly. To further exam-
ine the relationships of chloroplast haplotypes and
ITS ribotypes, a median joining network was con-
structed with Network 5 (Fluxus Technology Ltd.).
Polymorphims at variable sites were identified as
superimposed nucleotides (additive patterns) by read-
ing the sequence chromatogram in both directions.
The analyses were performed assigning a weight 10
for substitutions, 5 for several-nucleotide indels and 1
for differences in number of repeats within microsa-
tellites (e.g. Naciri & Gaudeul, 2007; Cires &
Fernandez Prieto, 2012). The parameter epsilon was
set to its default value (e =0) in all the analyses. A
maximum parsimony (MP) calculation was finally
performed to eliminate non-parsimonious links
and median vectors (putative haplotypes/ribotypes)
from the resulting network, as recommended in
the Network’s manual.

ITS2 sequences were subjected to secondary structure
prediction using tools from the ITS2 database
(Koetschan et al., 2012; Ankenbrand et al., 2015). The
ITS2 region was identified and delimited based on the
Genbank annotation or Hidden Markov Models
(HMMs) which was performed through the web server
(http://its2.bioapps.biozentrum.uni-wuerzburg.de/). After
trimming the 3’ and 5° termini of the ribosomal 5.8S
and 26S rRNA, the complete ITS2 sequences were
aligned with Clustal X (Thompson et al., 1997) and
adjusted manually using Geneious v.7.1.3 (www.genei-
ous.com/). ITS2 secondary structures were reconstructed
using the ‘predict’ function of the ITS2 database apply-
ing a 75% threshold level for helix transfer. Consensus
sequences of C. adsurgens, C. arvatica and C. mariae-
ceballosiae were used for the analyses, as well as the
type of the genus Campanula (i.e. C. latifolia L.). In
addition, the sequences and structures were also auto-
matically and synchronously aligned with 4SALE 1.7.1
(Seibel et al., 2006, 2008).

Results

The characteristics of nuclear (ITS), plastid regions
(rbcL, trnL-F and trnS-G) and combined data are sum-
marized in Table 1. The length of the aligned ITS
sequences was 702 bp, with 50 polymorphic sites (7.1%)
and a mean GC content of 52.4%. The number of addi-
tivities (accessions displaying double peaks of similar
height) varied from 1 to 10 (Table S1, Supplementary
material). In the case of the combined plastid regions,
the length of aligned sequences was 2,363 bp, with a
mean GC content of 33.5%, and 486 (20.6%) poly-
morphic sites within the Campanula samples assayed.
Calculation of the congruency index (Icong) to assess
the existence of topological congruence between nuclear
and plastid datasets provides a P-value (P <0.01) for
the null hypothesis, i.e. two given trees are not more
similar than expected by chance (lcong=1.2502). If
cpDNA and nrDNA data do indeed reflect different evo-
lutionary histories, their data sets may result in different
topologies, and a phylogenetic tree estimated from the
simple combined data set would produce an incorrect
estimate of the phylogeny or may sometimes represent
an oversimplified version of the genetic history. To
more accurately reconstruct the phylogeny and evolu-
tionary history of plant groups, the combined analysis of
cpDNA and nrDNA data sets should be done with cau-
tion, and if incongruence between the data sets exists, it
is possible causes should be addressed in detail. Due to
the overall phylogenetic incongruence and heterogeneity
of the two sequenced datasets, we decided to analyze
the data separately but we also provide a combined ana-
lysis to get an overview as other previous studies have
done within the genus (e.g. Cano-Maqueda et al., 2008).
Phylogenetic trees of sequences of nuclear (ITS) and
plastid regions (rbcL, trnl-F and trnS-G) built by MP
and ML analyses (Fig. 2) placed Campanula mariae-
ceballosiae as an independent lineage within the com-
plex Campanula arvatica s.I. with high bootstrap values.
This is one of the most significant result in our work,
because it confirms that these three taxa (i.e. C. adsur-
gens, C. arvatica and C. mariae-ceballosiae) are differ-
entiated at both nuclear and chloroplast level. This is
especially important because C. mariae-ceballosiae is
not recognized as a species in global databases (also, C.
adsurgens is often traced as a synonym of C. arvatica).
It should be noted that in the case of ITS analysis, 5
samples from the core area of the C. adsurgens distribu-
tion (i.e. “C. ads 8-12”) constitute an independent clade.
Phylogenetic  trees of  concatenated  sequences
(ITS + cpDNA) built by MP and ML analyses produced
similar results (Fig. S1), distinguishing the three taxa
studied on a molecular level. On the other hand, the
ribotype/haplotype frequencies are given in Table 1.
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Fig. 2. Maximum parsimony (MP) and maximum-likelihood (ML) analysis of ntDNA (ITS) and plastid DNA (rbcL, trnL-F and
trnS-G) regions in Campanula gr. arvatica. Bootstrap values > 50% are shown above/below the branches. Cads = C. adsurgens;
Cmar = C. mariae-ceballosiae; Carv = C. arvatica; Crot = C. rotundifolia.

Geographical and network distribution of both datasets
are shown in Figs. 3 and 4. Five major groups (A-E)
are inferred from the nuclear DNA analysis, including
13 ribotypes, while in the haplotype network three
major haplotype groups (formed by two or more haplo-
types) are found and related to species assignation. It
should be noted that haplotypes from C. arvartica are
the most diverse and show models of specific geograph-
ical distribution.

To identify the effect of the primary sequence diver-
gences, secondary structures of ITS2 were constructed
(Fig. 5). All the secondary structures of ITS2 in these
species contained a central ring (primary ring) and four
similar helices (I, II, III, and IV). The 4SALE alignment
resulted in a 51% consensus sequence where the conser-
vation of single base pairs created a robust structure.
Single nucleotide polymorphisms (SNPs) occurred in
specific helices depending on the species (helices I and
II for C. arvatica; helix III for C. mariae-ceballosiae;
helices III and IV for C. adsurgens) (Fig. 6). However,
ITS2 secondary structures among the different taxa of
the complex Campanula gr. arvatica with respect to the

type species (C. latifolia) differed significantly in the
four helical regions in stem loop number, size, position,
and screw angle (Fig. 6).

Discussion

The Iberian flora comprises more than 7000 taxa,
approximately 54% of European plant species
(Castroviejo, 1986-2018), and the areas with the highest
observed species richness (number of species higher
than 1600) are located in the Pyrenees and Cantabrian
mountains (northern region), and in the Sierra Nevada
(southern region). Although richness estimations of the
Cantabrian Range showed that regional databases are
incomplete (Jiménez-Alfaro, 2009), they permit the esti-
mation of the total floristic richness of the Cantabrian
region and 3590 species and subspecies are estimated to
occur in this area. According to Aedo et al. (2017), the
number of endemic species in the Iberian flora has been
estimated at 1258, which is 22.7% of the total native
species number. One of the best indicators for
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Fig. 3. Geographical distribution and lineage network of 13 ribotypes of Campanula gr. arvatica. Ribotypes are connected
with lines, indicating number of mutations. Colours correspond with the different species analysed and nucleotide additivities
(accessions displayed double peaks of similar height). Circles are proportional to the frequency of each ribotype.
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Campanula adsurgens
Campanula mariae-ceballosiae '

Campanula arvatica

|v‘ C

-;jj; Cantabria

@ cumpanula adsurgens @ Campanula mariae-ceballosiae @) Campanula arvatica

Fig. 4. Geographical distribution and lineage network of 10 haplotypes (plastid data) of Campanula gr. arvatica. Haplotypes
are connected with lines, indicating number of mutations. Colours correspond with the different species analysed. Circles are

proportional to the frequency of each haplotype.

In terms of biodiversity in the north of the Iberian
Peninsula, one of the most significant contributions of
the present study, is the demonstration that within the
complex Campanula arvatica s.I. there are clearly

differentiated groups, supported by robust molecular
evidence with pronounced phylogeographical patterns
that provide strong support for treatment as different
species. Some authors (e.g. Sdez & Aldasoro, 2001)
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Fig. 5. Secondary structure of different ITS2 types found in Campanula gr. arvatica compared to the type species (C. latifolia).

consider these taxa as separate species: Campanula
arvatica, distributed in Cantabrian territories such as
Palencia, abria and the centre and east of
Asturias an on, and C. adsurgens, growing in ter-
ritories of Bierzo (Ledn) and its surroundings (north-
west of Ledn and southeast of Galicia (Lugo and
Orense)). However, other authors (Damboldt, 1966;
Fedorov & Kovanda, 1976; Nieto Feliner, 1985)
claim they should be treated as two geographical sub-
species: C. arvatica subsp. arvatica and C. arvatica
subsp. adsurgens (Levier & Leresche) Damboldt.
Additionally, Leresche & Levier (1879) described
another species from the Picos de Europa within the

group: Campanula acutangula. Most authors (e.g.
Fedorov & Kovanda, 1976; Saez & Aldasoro, 2001)
consider this species as conspecific of C. arvatica.
However, recent studies (Arjona Rodriguez et al.,
2014) have proposed to recognise these populations
from the eastern end of the Cantabrian Mountains and
the Picos de Europa as C. arvatica var. acutangula
Arjona & Fern.Prieto [incl.: C. arvatica fma. minori-
folia Losa & P.Monts. and fma. longisepala Losa &
P.Monts.]. From a molecular point of view, the more
eastern populations of C. arvatica show some exclu-
sive genetic diversity in the var. acutangula variety
(samples Carv35-40).
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For accurately reconstructing the evolutionary history
of plant groups, correct treatment of phylogenetic incon-
gruence is a vital step in the proper analysis of data.
The incongruent phylogenetic signal between nuclear
and chloroplast markers could be attributed to hybridiza-
tion events, a common evolutionary force in plants,
which can produce disagreement among gene trees
based on independent loci (Wendling et al., 2011). With
respect to the recently described species, C. mariae-
ceballosiae, its distribution is limited to the east of
Somiedo (Asturias) and inbetween the other two species
(i.e. C. arvatica and C. adsurgens). This taxon was pre-
viously identified, as Campanula arvatica (Lainz, 1963)
or, in other cases, as C. adsurgens (Serra & Bueno,
2011). The conflictive placements found for C. mariae-
ceballosiae in the nuclear and plastid trees (Figs. 2)
could indicates a hybrid origin for this member
of restricted distribution of the Campanula gr. arvatica
lineage. Therefore, in addition to its intermediate geo-
graphical and phylogenetic position, C. mariae-ceballo-
siae also has a morphologically intermediate position
which points to its possible hybridogenic origin,
a common egin Campanulacea@ reflected in the
literature (e.g—Pamboldt, 1965; uet et al., 2008;
Wendling et al. 2011; Roper et al. 2015). Nowadays
a central issue in conservation biology is the
identification of biodiversity rich areas. In this regard,

phylogeographic studies can be very useful in defining
evolutionarily significant units for conservation purposes
(Moritz, 1994), or even identifying cryptic taxa. The
general long-term goal of conservation genetics is to
conserve historical genetic variation that may be critical
to the long-term evolutionary survival of a species.
Therefore, our molecular data from nuclear DNA and
plastid regions can be informative for management and
should be utilized to maintain the biological diversity
of this endemic group from northern Spain.

In recent years, the phylogenetic use of the ITS2
secondary structure has received increasing attention,
and many analytical methods and related tools have
been proposed (e.g. Feng et al., 2016; Yu et al., 2017;
Zhu et al., 2018). Our results confirmed that the ITS2
region can be used as a universal barcode (Han et al.,
2013) to distinguish plants from the C. arvatica com-
plex. Close inspection of the distribution of mutations in
the structure of ITS2 could facilitate the discrimination
of true and artefactual polymorphisms. ITS2 structural
states contain additional phylogenetic information not
found in the primary sequence, so including this
information can significantly improve phylogenetic
estimates (Keller et al., 2010). For example, ITS2
secondary structure improves discrimination between
species when using DNA barcoding (e.g. Zhang et al.,
2015). Taking all this information into account, we
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recommend including both sequence and secondary
structure information together for future studies investi-
gating lower level evolution and infraspecific genetic
diversity in plant complexes.

The use of phylogenies in conservation has recently
been developed as an effective strategy to maximize
diversity in areas of interest (Rolland et al.,, 2012).
According to Faith (1992), phylogenetic diversity is
arguably one of the best measures of biodiversity, even
better than species richness, and it can be targeted dir-
ectly in conservation planning (Rodrigues & Gaston,
2002). The evolutionary origins of Campanula gr. arva-
tica is an interesting case study to investigate plant evo-
lutionary dynamics in the northwest of the Iberian
Peninsula. Although biogeographical and phylogenetic
data alone do not provide enough information to fully
elucidate the processes driving speciation in the endemic
Campanula gr. arvatica, they allow us to make hypothe-
ses regarding possible drivers of speciation. Considered
together, our results make robust inferences about the
main mode of speciation in Campanula adsurgens and
C. arvatica as a consequence of allopatric speciation.
Our results support the conclusion that geographical sep-
aration played a key role in the diversification of these
groups. Allopatric speciation does not require divergent
selection to act on the ecological characteristics of
incipient species, and genetic drift alone can drive speci-
ation (Boucher et al., 2016). A similar scenario has been
suggested for many other groups of plants (e.g. Vargas,
2003; Gehrke & Linder, 2011). However, genetic drift
need not be the sole driver of speciation and divergent
selection on ecological attributes might also be involved
in the building of reproductive isolation between incipi-
ent species. For example, interactions with pollinators,
micro-habitat, or finer characteristics of the substrate
used by each species, might have been involved in spe-
ciation. Cryptospecies are frequently recognized and
described based on DNA sequence data (Bickford et al.,
2007), and can also provide valuable information help-
ing to disentangle taxonomically critical groups with
potential implications for their conservation (e.g.
Molina-Venegas et al., 2017; Roma-Marzio et al.,
2017). Genetic distances within traditionally recognized
species, often in combination with morphological, geo-
graphical and other subtle differences, have revealed
cryptic species in most types of organisms and habitats
(Bickford et al., 2007), and this seems to be the case for
the neoendemic (areas of recent local speciation) C.
mariae-ceballosiae.

Biodiversity scenarios for the 21st century predict a
significant reduction in mountain habitats and the loss
of many high mountain plants due to climate change
and the impact of human activity. The EU Biodiversity

Strategy 2020 aims to halt the loss of biodiversity and
ecosystem services in the EU and help stop global bio-
diversity loss. In this sense, the Cantabrian Range con-
stitutes the principal geomorphological feature of the
north of the Iberian Peninsula and presents a series of
singularities that make this area an excellent place of
refuge for plant biodiversity. For example, the
Cantabrian Mountains include areas of high botanical
value as a refuge for alpine or Mediterranean species,
which represent excellent models to evaluate the effect
of climate changes on populations and communities of
plants (Barquin Ortiz et al., 2018). There are several
causes connected to the presence of high number of
endemic species in the Cantabrian Mountains (e.g.
Campanula mariae-ceballosiae; Centaurium somedanum
M.Lainz; Cytisus dieckii (Lange) Fern.Prieto, Nava,
Fern.Casado, M.Herrera, Bueno Sanchez, Sanna &
Cires; Rivasmartinezia vazquezii Fern.Prieto & Cires;
Saxifraga babiana T.E.Diaz & Fern.Prieto): (i) the alti-
tudinal range that exceeds 2000 meters, (ii) the annual
average rainfall ranging from 1000 to 2000 L/m?, (iii)
the lithology in its western sector corresponds to
Palaeozoic siliceous and Precambrian rocks from the
former Hercynian range, co-existing with carboniferous
calcareous rocks in the central range and pure calcar-
eous rocks scattered in the centre and the eastern part
(Picos de Europa), and (iv) this area is the boundary
with the Mediterranean region. Given that climatic
change has been recognised as the most pervasive threat
to biodiversity (Malcolm et al., 2006; Bellard et al.,
2014), conservation planners should pay particular atten-
tion to preserve areas retaining relatively older/endemic
phylogenetic lineages in the Cantabrian Mountains.
Therefore, to determine future priorities and strategies
for floristic conservation in the north of the Iberian
Peninsula it is necessary to incorporate current know-
ledge about Cantabrian flora. Molecular evidence indi-
cates significant differences among the three taxa
analysed and shows the importance of the Cantabrian
Mountains as a refuge for endemic Iberian flora in
which processes of neo-speciation and/or crypto-speci-
ation are under way.
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