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Chromosome counts/DNA ploidy level (DNA-PL) and modes of reproduction of the following spe-
cies, hybridogenous species and hybrids of Pilosella from the Krkonose Mts (Czech Republic) are
reported: P. aurantiaca (2n =36, 2n =45, DNA-PL tetraploid, pentaploid, all apomictic); P. bauhini
subsp. bauhini (2n = 45, with a long hemizygous marker chromosome — MC, apomictic);
P. caespitosa (2n =36, 2n =45, apomictic, both cytotypes MC); P. cymosa subsp. vaillantii (2n =45,
MC); P. lactucella (2n = 18, DNA-PL diploid); P. officinarum (2n = 36, sexual); P. blyttiana (2n =
36); P. floribunda (2n = 36, MC); P. glomerata (DNA-PL tetraploid, 2n = 45, MC, apomictic, 2n =
46, MC); P. iserana (2n = 35 + fragment, MC, 2n = 36, MC, DNA-PL tetraploid,, apomictic);
P. piloselliflora (2n = 36, DNA-PL pentaploid); P. rubra (2n = 54); P. schultesii (2n = 36);
P. rothiana (2n = 36, apomictic); P. scandinavica (2n = 36, MC, apomictic). In addition,
a heptaploid plant (2n = 63, apomictic), probably a hybrid between P. rubra (2n = 54, reduced
gamete) and P. aurantiaca (2n = 36, unreduced gamete) and a rare hybrid corresponding morpho-
logically to P. fusca (2n = 36, apomictic), which is probably a hybrid between P. aurantiaca and
P. blyttiana, were found. The latter hybrid has not been previously reported from the KrkonoSe Mts
or the Czech Republic. New data for P. cymosa subsp. vaillantii, P. fusca, P. rothiana and
P. scandinavica for this mountain range are presented. It is shown that tetraploid and pentaploid
P. aurantiaca differ in the number and shape of their stem leaves, which makes it easier to identify
them in the field.

Keywords: chromosome numbers, DNA ploidy level, Hieracium, hybridization, Pilosella,
reproductive systems

Introduction

From 1999 to 2001 we published papers on the chromosome numbers and modes of repro-
duction of Hieracium subgen. Pilosella from the Krkonose Mts (Krahulcova & Krahulec
1999, Krahulec et al. 2000, Krahulcova et al. 2001). Later on, we summarized our knowl-
edge of the chromosome numbers, breeding systems, clonal structure and chloroplast
haplotypes of representatives of the subgenus Pilosella from this mountain range (Krahulec
et al. 2004, Fehrer et al. 2005). Some data presented in this study were previously published
(Krahulec et al. 2004, Kfistalova et al. 2010), but without specifying the localities of the
respective plants (P. cymosa, P. scandinavica, P. rothiana). The present paper includes new
data on 15 species of Pilosella from the KrkonoSe Mts. In addition, two rare hybrids are
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recorded as occurring there. Certain hybridogenous species and several rare recent hybrids
are discussed with respect to their origin in the KrkonoSe Mts and their occurrence outside
this mountain range.

Material and methods

We followed the procedures used in previous papers on this topic, which were summarized by
Kiistalova et al. (2010). For several taxa we give only the DNA ploidy level determined by
flow cytometry. All plants studied are documented by herbarium specimens deposited in the
herbarium of the Institute of Botany, Prihonice (PRA). Taxonomy and nomenclature follow
Bréutigam (2011) and for subspecies of P. cymosa Brautigam & Greuter (2007).

Results and brief discussion of selected taxa

All the data are given in Table 1. Most of this data accords with that published previously
for this mountain range; the respective plants/cytotypes were recorded at additional locali-
ties. Here we only give some comments and discussion of the taxa that were either not
studied previously or when there is some additional information.

Pilosella aurantiaca (L.) F. W. Schultz et Sch. Bip.

(syn.: H. aurantiacum L.)

In addition to the common tetraploid clone, several localities of the rarer pentaploid cytotype
were found. It seems to occur at high altitudes. A plant from the Rychory range belongs to
the same genotype (isozyme phenotype) as those from the Zadni Rennerovky settlement and
Velka Upa (Krahulcova et al. 2001: 205). Both cytotypes can be distinguished in the field
(see also Figs 1 and 2, Electronic Appendix 1: Figs 1, 2) as they show the same specific char-
acters when growing in the same grassland, e.g. at the locality Zadni Renerovky. Pentaploid
plants differ from tetraploids in the presence and shape of stem leaves and type of stolons:
pentaploids have 2-3 stem leaves; the upper one is lanceolate and rather big, stolons are
mostly underground, thin and with small scales. Tetraploids have (0—)1-2 stem leaves, the
upper one usually being a small scale, stolons are above ground with green leaves.
Pentaploid plants usually lack a leaf rosette at flowering time, but this character depends also
on the density of surrounding vegetation, in dense vegetation the rosette is lost earlier. We
realize that these results are based solely on the comparison of one pentaploid and one
tetraploid clone and their validity need to be tested in regions where there are more clones.

Pilosella bauhini (Schult.) Arv.-Touv. subsp. bauhini
[syn.: P. piloselloides subsp. bauhini (Schult.) Braut. & Greuter, Hieracium bauhini Schult.]

This species is rather common at low altitudes in the Czech Republic; it was collected at the
margin of a limestone quarry near Cerny D, situated in the southern foothills of the Krkonose
Mts. This plant belongs to the most common (in Bohemia) subspecies and most common
apomictic pentaploid cytotype and was previously recorded at Dolni Mal4 Upa, another local-
ity in the KrkonoSe Mts (Krahulec et al. 2000: 236, 241). Three other cytotypes are reported
from the Czech Republic, namely tetraploid, hexaploid and heptaploid (Chrtek 2004,
Rotreklova 2004, Kfistalova et al. 2010). All data reported for plants from the Czech Republic
cover P. bauhini subsp. bauhini.
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Fig. 1. — Pilosella aurantiaca, tetraploid (2n = 36).

Hieracium aurantiacum L.

Locality: Czech Republic, Krkonose Mts, Pec pod
Snézkou: the lower part of the meadow on the Hnédy
wrch, 1.5 km SW of the centre of Pec, near the chalet
+Banka®, 910 m a.s.l., 50°41°20"'N, 15°43°10"E.
Habitat: originally mountain grassland, this voucher
from garden cultivation (collected 9. 6. 1999)
Collector: F. Krahulec and A. Krahulcovi
Date: 16. 7, 1997
Number: 111 AU

Motes: 2n = 36, apomictic
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Fig. 2. — Pilosella aurantiaca, pentaploid (2n = 45).

; : s
Hieracium aurantiacum L. !

Locality: Krkonode, Rychory: meadows on ,Snéiné
domky” alt. ca 980 m, 50°50°30"N,
15°52°10"E

Habitat: oligotrophic grassland B
Collector: F. Krahulec Date: 20. 6, 1995

Notes: from the same place as cultivated plant No.
355 AU
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- HERBARIUM OF OF BOTANY
- ACADEMY OF SCIENCES, CZECH REPUBLIC / PRA
No.
Hieracium aurantizcum L.

Krkonode Mis, Pec pod
Snézkou: the settlement Zadni Rennerovky®, ca.
0.75 km SW of the chalet Na Rozcesti’, 1240 m
a.5.1., 50°42°00""N, 15°40"00"'E.

Habitat: mountain grassland

Collector: F. Krahulee, A. Krahulcovd and H.
(Chapman

Date: 12. 7. 2002

MNumsber:
Notes: the pentaploid apomictic plamt 774 AU
LS Al
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Fig. 3. — Pilosella scandinavica.

HERBARIUM OF INSTITUTE OF BOTANY
ACADEMY OF SCIENCES, CZECH REFUBLIC / PRA
Mo
Hicracium scandinavicum Dahlst.

Lo Czech Republic, Krkonode Mis, Pec pod
Snétkou: on the E slope of the Javol dil valley,
Javorské Boudy settlement, above Dakota chalet, 360
m as.l.. 50°40°557N, 15%44°50"E.

Habitat: this voucher comes from garden cultivation
in Prithonice (collected 19. 5. 2002).

Colletor: F. Krahulee
Date: 9. 6. 2001
Number: 520 FL. < Gl

Motes: 2n = 36 with a long marker chromosome,

apomictic.
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Fig. 4. — Pilosella aurantiaca x P. blyttiana (P. fusca).
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HERBARIUM OF INSTITUTE OF BOTANY
'ACADEMY OF SCIENCES, CZECH REPUBLIC / PRA
No.
L.xH i Fries

Locality: Czech Republic, Krkonode Mts, Homi
Mali Upa: Pomezni Boudy, meadow below the road

at the bus stop U lesa™ near the ski lift  Hybnerka®,

1000 m a.s.l., 50°44°20°'N, 15°48°30"E.
originally a mountain  grassland, this
from garden cultivation in Prihonice

ollecied 8, 6. 2003)
Collector: F. Krahulee, A. Krahulcovd and H.
(Chapman
Date: 11, 7. 2002

Number: 777 AU x BLY

Mataa: Tn= dx = 1A anomictic.
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Pilosella cymosa subsp. vaillantii (Tausch) S. Briut. et Greuter
(syn.: Hieracium cymosum subsp. cymigerum Peter)

There is no previous report of a chromosome number for this taxon from the KrkonoSe
Mts. We found it only once, in the southern foothills (Electronic Appendix 1: Fig. 3). The
pentaploid chromosome number (2n = 45) is different from the tetraploid one given by
Fehrer et al. (2005).

Pilosella glomerata (Froel.) Fr.
(P. caespitosa — P. cymosa; syn.: Hieracium glomeratum Froel.)

In the new material it is represented by two cytotypes, tetraploid and pentaploid, the latter
being more common. However, we also found one aneuploid (hyperpentaploid) plant.
Additionally, a pentaploid/aneuploid somatic mosaic (2n = 44/45) was recorded in one
plant (sample 567 in Table 1).

Pilosella scandinavica (Dahlst.) Schljakov
(P. floribunda — P. glomerata; syn.: H. scandinavicum Dahlst.)

Only one population of this hybridogenous species was found. At this locality the cytotype
of Pilosella glomerata is pentaploid and that of P. floribunda and P. scandinavica
tetraploid (Fig. 3). With respect to parental and hybrid cytotypes, the situation is the same
as in the Sumava Mts but these two mountain ranges differ in the frequency of occurrence
of P. scandinavica, which is rather common in the Sumava Mts, where there are several
clones (three different isozyme phenotypes represented in the ten plants studied — cf.
Krahulec et al. 2008: 8, their Table 1). This fact suggests that at least some of the plants in
the Sumava Mts are recent hybrids.

It is surprising that in the recent edition of the Red List of vascular plants (Grulich
2012) this species is placed in category A2, Missing taxa (?EX), in spite of the fact that
Chrtek (2004) cites its occurrence in several regions and we have recorded it in the
Krkonose Mts (Krahulec et al. 2004) and at several localities in the Sumava Mts (Krahulec
et al. 2008).

Pilosella rubra (Peter) Sojak x P. aurantiaca

The heptaploid (2n = 63) plant of P. aurantiaca described by Krahulec at al. (2004) is cur-
rently thought to be of hybrid origin. Considering only the ploidy level and haplotype
found (rubra subtype) there are only two possible alternative origins of this heptaploid
plant. The first is a combination of an unreduced female gamete of a pentaploid cytotype
with a reduced male gamete of tetraploid cytotype of P. aurantiaca. The second is that of
a reduced female gamete of a hexaploid cytotype of P. rubra with an unreduced male
gamete of tetraploid cytotype of P. aurantiaca (cf. Krahulec et al. 2004). Because it has
a rather high density of stellate hairs on the under surface of its leaves and a deeply
branched stem (Electronic Appendix 1: Fig. 4) we consider that the second alternative is
the most likely (P. rubra is a stabilized hybridogenous type including P. officinarum and
for this reason it has many stellate hairs on the under surface of its leaves). No pentaploid
cytotype of P. aurantiaca or P. rubra was found by us at this locality or in the surrounding
area.
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Pilosella fusca (Vill.) Arv.-Touv.
[syn.: P. aurantiaca x P. blyttiana (Fr.) F. W. Schultz et Sch. Bip., Hieracium fuscum Vill.]

In the complex of wet meadows at Mokré jamy by Pomezni Boudy we found a type mor-
phologically close to P. aurantiaca, which corresponds to P. fusca: some of the rosette
leaves are acute, with few stellate hairs; involucral bracts densely hairy; inflorescence with
many capitula (Fig. 4). It has dark green and rigid leaves. Because this is the richest local-
ity for P. blyttiana we think it is a hybrid of these two species (in fact, the product of back-
crossing P. blyttiana with one of its parents, P. aurantiaca). There are no plants corre-
sponding to P. fusca in the Czech Republic (Chrtek 2004, Zahn 1922-1930).

Pilosella rothiana (Wallr.) F. W. Schultz et Sch. Bip.

(P. echioides > P. officinarum; syn.: Hieracium rothianum Wallr.)

This hybridogenous species is rather thermophilous occurring in the Czech Republic
mostly in central and northern Bohemia and southwestern Moravia (Peckert 2002, Chrtek
2004). It occurs in xerothermic grasslands and currently is also spreading along highways
in central Bohemia (Kfisfalova et al. 2010) and probably also in other areas. It was a great
surprise to find a well developed population of this hybridogenous species at Modry dul, at
an altitude of above 1000 m. It has the same genotype (isozyme phenotype) as plants
occurring along new roads in Prague (Kfistalova et al. 2010). It is highly probable that this
species was introduced by cars, because there is an unofficial parking place close by (Elec-

tronic Appendix 1: Fig. 5).

Discussion

This paper presents some new data on basic and hybridogenous species in the KrkonoSe
Mts. Most surprising is the new data on the distribution of some taxa: the occurrence of
P. rothiana at high altitudes is probably the most interesting. It is evident that this
hybridogenous species can grow at least for several seasons at an altitude of about 1000 m.
Because it is an apomictic species it can easily spread to other localities.

Rare occurrence of P. scandinavica in the KrkonoSe Mts is strange, especially as the
parental taxa, P. floribunda and P. glomerata, are common there and in the Sumava Mts
these species frequently hybridize. The population at Javoii ddl is rather rich and its ploidy
level corresponds to that of plants found in the Sumava Mts.

In this paper we report the rare occurrence in populations of individual plants of hybrid
origin: heptaploid plants very close to P. aurantiaca or plants corresponding to P. fusca.
They are the result of rare crosses and previously recorded in this mountain range:
pentaploid plants, which probably originated from hybridization between P. officinarum and
P. rubra (pentaploid P. stoloniflora, cf. Krahulcova et al. 2001), diploid hybrid between
extremely rare P. onegensis and P. lactucella (Krahulcova et al. 2001) and plants corre-
sponding to P. tubulascens (P. glomerata — P. lactucella, Krahulcova et al. 2001). It is likely
that these rare hybrids occur rather regularly within populations and therefore the recording
of their occurrence is dependent on their being found and identified. The origin and tempo-
rary occurrence of most polyploid and hybridogenous species is assured because they are
facultatively apomictic and produce a large number of progeny. This could explain the
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occurrence of many of the types reported earlier, such as, P. rubripilosella described from
these mountains but found only once (Schneider 1888-1895). Similar red flowering plants
with one capitulum were recorded among the pentaploid progeny of hexaploid P. rubra and
tetraploid P. officinarum (our unpublished results). Plants with a single capitulum were also
found in an hybrid swarm of P. aurantiaca and P. officinarum in Westphalia (Gottschlich &
Raabe 1992, Krahulcova et al. 2012). The other examples of such rarities reported in this
area more than one century ago are given by Schneider (1888-1895), Zahn (1922-1930)
and summarized in Krahulec et al. (2004: Table 2).

The hyperpentaploid P. glomerata is in fact the second finding of an aneuploid plant in
the Krkonose Mts. The first was hypopentaploid (2n = 44) P. piloselliflora (Krahulcova &
Krahulec 1999). Aneuploid plants are very rare in the KrkonoSe Mts and only detected
twice among more than four hundred plants, so the frequency is lower than 0.5%. The
same order of occurrence was recorded in the Sumava Mts, one aneuploid among 34
plants (ploidy level of the other plants was determined using flow cytometry and no irregu-
lar peaks corresponding to aneuploidy were observed). It seems that the selection against
aneuploids is rather strong because hybridization between plants with even and odd ploidy
levels is common. On the other hand, we recorded more than 15% aneuploids in a hybrid
swarm between Pilosella officinarum and P. bauhini at a locality where seedling survival
was high (Krahulcova et al. 2009).

The data on the difference in the morphology of tetraploid and pentaploid P. aurantiaca
is limited because both ploidy levels are represented by a single clone. However, a similar
difference was recorded in the Sumava Mts, but the tetraploid clone there is the same as
that in the KrkonoSe Mts. Evidently, more representative material from regions with more
clones should be compared.

See www.preslia.cz for Electronic Appendix 1.
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Souhrn

Tato prace je tietim pokraovanim tidaji o poétech chromozomu ¢i ploidii (pfesnéji DNA ploidni arovné — DNA
PL) a reproduktivnich systémech (RS) druht, hybridogennich druht a kiiZzenct rodu Pilosella z Krkonos. Jde
o tyto taxony: P. aurantiaca (2n = 36, 2n = 45, DNA-PL tetraploidni, pentaploidni, RS apomikticky); P. bauhini
(2n =45, s dlouhym hemizygotnim markerovym chromozomem — MC, RS apomikticky); P. caespitosa (2n = 36,
2n =45, RS apomikticky, oba cytotypy MC); P. cymosa subsp. vaillantii (2n = 45, MC); P. lactucella (2n = 18,
DNA-PL diploidni); P. officinarum (2n = 36, RS sexuélni); P. blyttiana (2n = 36); P. floribunda (2n = 36, MC);
P. glomerata (DNA-PL tetraploidni, 2n =45 MC, RS apomikticky, 2n = 46); P. iserana (2n = 35 + fragment, MC,
2n =36, MC, DNA-PL tetraploidni, RS apomikticky); P. piloselliflora (2n = 36, DNA-PL pentaploidni); P. rubra
(2n =54); P. schultesii (2n = 36); P. rothiana (2n = 36, RS apomikticky); P. scandinavica (2n =36, MC, RS apo-
mikticky). Déle byly zjistény jednotlivé rostliny pravdépodobné hybridniho piivodu: heptaploid (2n = 63, RS apo-
mikticky), pravdépodobny hybrid mezi P. rubra (2n = 54, redukovana gameta) a P. aurantiaca (2n = 36, neredu-
kovana gameta). Dalsi hybrid morfologicky odpovida P. fusca (2n = 36, RS apomikticky); pravdépodobné jde
o hybrid mezi P. aurantiaca and P. blyttiana. V§skyt P. fusca dosud nebyl udavén z Krkonos ani z Ceské republi-
ky. Data o P. cymosa subsp. vaillantii, P. rothiana and P. scandinavica jsou nova pro Krkonose. V praci je dile
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ukdzano, Ze tetraploidni a pentaploidni rostliny P. aurantiaca je mozno odlisit podle poctu a tvaru listd na lodyze
a typu vybézka.
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