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The overall pattern of morphological variation and genetic diversity (allozyme analysis) was studied in the

 

Hieracium nigrescens

 

 group (

 

H. nigrescens s.l.

 

, 

 

H. alpinum

 

 

 

≥

 

 

 

H. murorum

 

) in the Sudety Mountains and the Western
Carpathians. A morphological analysis was performed on 180 plants from 12 populations belonging to six 

 

a priori

 

 dis-
tinguished taxa. Altogether, 25 characters were measured or scored. Morphometric (canonical discriminant analysis)
data separated five taxa, evaluated here at the species rank: 

 

H. chrysostyloides, H. decipiens, H. nigrescens

 

 (all from
the Sudety Mountains), 

 

H. jarzabczynum,

 

 and 

 

H. vapenicanum

 

 (the Western Carpathians). A distinct local popula-
tion from Mount Babia hora (the Western Carpathians) comprised a further possible taxon, given the preliminary
name ‘

 

H. babiagorense

 

’. Genetic diversity was studied in 17 populations of H. chrysostyloides, H. decipiens,

 

H. jarzabczynum

 

, 

 

H. nigrescens

 

, 

 

H. vapenicanum

 

 and ‘

 

H. babiagorense

 

’ using five enzyme systems. All 

 

a priori

 

recognized species were proved to be genetically homogeneous, each consisting of one unique multilocus allozyme
genotype, except ‘

 

H. babiagorense

 

’ which shared the same genotype with 

 

H. jarzabczynum

 

. For the first time,
a chromosome number is reported for 

 

H. vapenicanum

 

 (2

 

n

 

 

 

=

 

 3x 

 

=

 

 27) and previously published numbers were
confirmed for 

 

H. chrysostyloides

 

 (2

 

n

 

 

 

=

 

 5x 

 

=

 

 45), 

 

H. decipiens

 

 (2

 

n

 

 

 

=

 

 4x 

 

=

 

 36), 

 

H. jarzabczynum

 

 (2

 

n

 

 

 

=

 

 4x 

 

=

 

 36),

 

H. koprovanum

 

 (2

 

n

 

 

 

=

 

 4x 

 

=

 

 36), and 

 

H. nigrescens

 

 (2

 

n

 

 

 

=

 

 4x 

 

=

 

 36). All species have been shown to be endemic to either
the Sudety Mountains or the Western Carpathians. Except for the species studied, two further ones (

 

H. apiculatum,
H. nivimontis

 

) are recognized in the area, giving a total of seven species from the 

 

Hieracium nigrescens

 

 group in the
area studied. The morphologically slightly different local population from Mount Babia hora/Babia Góra
(‘

 

H. babiagorense

 

’) requires further study. Two new combinations are proposed: 

 

Hieracium jarzabczynum

 

 (Paw

 

l

 

. &
Zahn) Mráz & Chrtek f. and 

 

Hieracium vapenicanum

 

 (Lengyel & Zahn) Chrtek f. & Mráz. © 2007 The Linnean Soci-
ety of London, 

 

Botanical Journal of the Linnean Society

 

, 2007, 

 

153

 

, 287–300.

 

ADDITIONAL KEYWORDS:

 

 apomixis – Asteraceae – chromosome numbers – flow cytometry – polyploidy.
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INTRODUCTION

 

The genus 

 

Hieracium

 

 L. in the narrow sense
(

 

Hieracium

 

 subgen. 

 

Hieracium

 

; Sell, 1987) contains
herbs distributed mainly in the temperate regions of
the northern hemisphere (Zahn, 1921–23; Sell & West,
1976). It is well known as a genus with widespread

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/153/3/287/2420444 by guest on 24 April 2024



 

288

 

J. CHRTEK 

 

ET AL

 

.

 

© 2007 The Linnean Society of London, 

 

Botanical Journal of the Linnean Society, 

 

2007, 

 

153

 

, 287–300

 

agamospermy (seed apomixis), giving rise to a very
large number of variants that have been described as
species (narrow species concept) or subspecies (broad
species concept). Agamospermy is closely associated
with polyploidy; the great majority of taxa are either
triploids (2

 

n

 

 

 

=

 

 27) or tetraploids (2

 

n

 

 

 

=

 

 36) (Schuhwerk,
1996). Sexuality is rare and is confined to a few diploid
species (e.g. Merxmüller, 1975; Chrtek, Mráz & Sev-
era, 2004).

Two kinds of species in the broad sense (

 

=

 

 species
groups) are traditionally distinguished: (1) basic
species (‘species principales’, ‘Hauptarten’) with a
unique set of morphological characters; (2) inter-
mediate species (‘species intermediae’, ‘Nebenarten’,
‘Zwischenarten’) sharing morphologically intermedi-
ate position between two or more basic species (Nägeli
& Peter, 1885; Zahn, 1921–23). They are supposed to be
a result of past hybridization between two or more
basic species.

The 

 

Hieracium nigrescens

 

 group (

 

H. nigrescens s.l

 

.),
together with the 

 

H. atratum

 

 group, occupies an
intermediate position between the 

 

H. alpinum

 

 and

 

H. murorum

 

 groups (species in the broad sense).
Worldwide Zahn (1921–23) recognized 154 subspecies
within 

 

H. nigrescens

 

 (in the broad sense), primarily on
the basis of differences in leaf shape and dentation,
the indumentum of peduncles and phyllaries, the
number of stem leaves and the style colour. Since then,
many new taxa mostly at the species rank have been
described from the British Isles (e.g. Pugsley, 1948;
Sell, West & Tennant, 1995) and from north-west Rus-
sia (Üksip, 1960; Shlyakov, 1966, 1989). The total dis-
tribution area of the group includes Greenland,
Iceland, the British Isles, and through the Scandina-
vian mountains extending to north-west Russia. In
Central Europe the group has a discontinuous distri-
bution at high-altitude locations: the Alps, the highest
Sudety Mountains, the Carpathians, and an isolated
population in the Harz Mountains (Germany) (cf.
Hultén & Fries, 1986; map incomplete). Plants of this
group are typically found in high mountain grasslands
(usually open-canopy), rocky knolls and ledges in gul-
lies and on cliffs.

There have been relatively few chromosome studies
of the group. All previously examined plants were
polyploid. Tetraploids seem to prevail, while triploids
are less common; two pentaploid species are unique
within the genus 

 

Hieracium (s.s

 

.) (e.g. Chrtek, 1994;
Stace 

 

et al

 

., 1995; Chrtek, 1996). Agamospermy has
been reported for 

 

H. decipientiforme

 

 from the Ukrai-
nian Carpathians (Chrtek, 1997) and is supposed to be
a common mode of reproduction in the group. It is
widely supposed that the group includes hybridoge-
neous taxa originated from past crosses between

 

H. alpinum

 

 and 

 

H. murorum

 

 (or their hybrids). It is
unknown whether the group is monophyletic or

whether particular taxa of this group have originated
repeatedly through polytopic hybridization events
between different taxa of both putative parental
groups.

Both the Sudety Mountains and the Western Car-
pathians belong to genetic and diversity centres of the

 

Hieracium nigrescens

 

 group. In the Sudety Moun-
tains, members of the group occur in the Krkono

 

t

 

e
Mountains (the western Sudety), the Hrub

 

y

 

 Jeseník
Mountains and Mount Králick

 

y Sn |ník (both the
eastern Sudety). Results of long-term research (the
first studies in the Krkonote Mountains go back to sec-
ond half of the 19th century) of Hieracium are sum-
marized in Zahn’s monographs (Zahn, 1921–23; Zahn,
1936–38). Zahn (1936–38) recognized five subpecies of
H. nigrescens in the Krkonote Mountains, and four in
the eastern Sudety Mountains Later on, Zlatník
(1938, 1939) recognized in the Krkonote Mountains
four more or less sympatrically occurring species (in
the narrow sense) within the ‘group IV’; delimitation
of the group is nearly identical to that of the
Hieracium nigrescens group. Diversity of high moun-
tain Hieracium species in the eastern Sudety is lower;
recent revision of the H. nigrescens group revealed two
endemic taxa treated at the species level here (Chrtek,
1995). More recent taxonomic treatment of the
H. nigrescens group in the Western Carpathians is
still lacking. Zahn (1936–38) distinguished 11 subspe-
cies within the highest Western Carpathian mountain
ranges. Local diversity centres of Hieracium sect.
Alpina are situated mostly in the Tatra Mountains.
Considering the total distribution range, important
studies (apart from Zahn’s monographs) come from
the British Isles (e.g. Pugsley, 1948; Sell et al., 1995),
Scandinavia (e.g. Elfstrand, 1893, 1894; Norrlin, 1912;
Omang, 1928) and north-west Russia (e.g. Üksip,
1960; Shlyakov, 1966, 1989).

The Hieracium nigrescens group is considered here
to consist of eight a priori recognized species in the
Sudety Mountains and the Western Carpathians.
They are as follows: Hieracium apiculatum Tausch,
H. decipiens Tausch, H. nigrescens Tausch, H. chryso-
styloides (Zahn) Chrtek f., H. nivimontis (Oborny &
Zahn) Chrtek f. (all the Sudety Mountains),
H. jarzabczynum (Pawl. & Zahn) Mráz & Chrtek f.
(formerly placed by Zahn in H. pietroszense Degen &
Zahn) and H. vapenicanum (Lengyel & Zahn) Chrtek
f. & Mráz (both from the Western Carpathians). Mor-
phologically distinct plants from Mount Babia hora/
Babia Góra (the Oravské Beskydy Mountains, West-
ern Carpathians) are preliminarily treated as a sepa-
rate unit and named ‘H. babiagorense’. The a priori
concept proposed here is based on the revision of her-
barium specimens (including most of the original col-
lections of previously described taxa) and our own field
observations.
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Two recognized species, namely H. apiculatum and
H. nivimontis were excluded from our analyses. Both
of them are very rare and any sampling might seri-
ously influence their survival. Hieracium koprovanum
(Rech. f. & Zahn) Mráz & Chrtek f., ined., previously
treated by Zahn (1936–38) as a subspecies of
H. nigrescens, is considered here to belong to either
the H. rohacsense or H. pietroszense group (owing to
stellate hairs on phyllaries). It was therefore excluded
from our analyses, except for allozyme analysis (to
show its relationship with the H. nigrescens group)
and chromosome number counts (necessary for a
proper interpretation of the allozyme banding
patterns).

The aims of this paper are: (1) to examine the over-
all morphological variation of the H. nigrescens group
in the study area, (2) to assess genetic variation and
diversity using allozyme analysis, and (3) to deter-
mine chromosome numbers/ploidy levels, and mode of
reproduction.

MATERIAL AND METHODS

PLANTS

Plants for morphological studies
Altogether, 12 population samples, of 15 plants each,
were collected during 1995–2002. The populations
were selected according to previous studies in order to:
(1) include all a priori recognized taxa in the area,
except for those very rare and extremely endangered
(H. apiculatum, H. nivimontis), i.e. H. chrysostyloides,
H. decipiens, H. jarzabczynum, H. nigrescens, H. vap-
enicanum and ‘H. babiagorense’; and (2) to cover the
geographical range of the recognized taxa. A list of the
population samples is given in Table 1. The number of
populations collected per species ranged from one to
three, and reflects the geographical distribution and
population abundance. In most cases, only the above-
ground part of the plant was carefully removed to
allow the plant to survive at the locality. All morpho-
logical characters were measured (scored) on herbar-
ium specimens. Voucher specimens are deposited in
PRA (plants collected by JC) and in private herbarium
of P. Mráz (plants collected by PM).

Plants for allozyme analysis, and karyological and 
breeding system studies
Living plants from the same localities as above (ten
plants from each, except of H. koprovanum; see
Table 1) were collected, transferred to the experimen-
tal garden of the Institute of Botany, Pr honice, and
cultivated in pots under field conditions. Only leaves
were collected in the field for the endangered species
H. chrysostyloides and H. nigrescens. In contrast to
the morphometric studies, H. koprovanum was also

uo

included in the allozyme and karyological (chromo-
some counting) analysis.

PLOIDY LEVEL AND NUMBER OF CHROMOSOMES

Either the chromosome number or the ploidy level was
estimated for all the cultivated plants used for the
allozyme and breeding system studies (five plants per
population, a total of 65 plants). Chromosome counts
were made for at least two plants per population. Root
tip cuttings of mature plants were used. The material
was pretreated with a saturated solution of p-
dichlorobenzene, fixed in a mixture of ethanol and
acetic acid (3:1) and stored in 70% ethanol. The squash
method with staining by lacto-propionic orceine fol-
lowed Dyer (1963). Determination of ploidy level by
flow cytometry followed Krahulcová, Papoutková &
Krahulec (2004).

BREEDING SYSTEM

The mode of reproduction was tested in ten cultivated
plants per species; if more than one population per
species was collected, the plants studied originated
proportionally from all such populations. The top por-
tions of unopened flower buds containing anthers and
stigma were sliced off with a razor. Heads were than
bagged to prevent loss of achenes. Fully developed
achenes were considered to be the result of agamo-
spermous mode of reproduction. Differences in the
percentage of fully developed (viable) achenes were
assessed by one way ANOVA.

MORPHOLOGICAL ANALYSIS

Altogether 25 quantitative characters (Table 2) were
measured or scored on herbarium material from our
own collections. Two datasets were used in the analy-
ses: (1) a complete dataset that included all plants
and all variables (matrix A), and (2) a reduced
dataset that included plants attributed a priori to
H. chrysostyloides, H. decipiens and H. vapenicanum
and all variables (matrix B). Data analysis was per-
formed in the following steps:

1. The normality of the distribution of all characters
was tested using the Shapiro-Wilks test. Pearson
and nonparametric Spearman correlation coeffi-
cients were calculated on the matrix of the whole
material and on the individual matrices of taxa dis-
tinguished a priori.

2. Two canonical discriminant analyses (CaDA) were
performed based on individual plants and popula-
tions as groups. The first one was based on the full
dataset (matrix A) and the second one on the
reduced dataset (matrix B).
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Table 1. List of samples of the Hieracium nigrescens group studied. M, number of plants for morphometric analysis;
A, number of plants for allozyme analysis, CR, number of plants for chromosome counting (C, counted by J Chrtek;
M, counted by P Mráz, counts were originally published in Mráz, 2001); PL, determination of ploidy level by flow cytometry
(by A. Krahulcová)

Population code Origin and sampling data

No of individuals

M A CR/PL

H. jarzabczynum
1/1, Jarz 1 Sk: Západné Tatry Mts., Zuberec: Rohádske plesá mountain lakes, 10.5 km

south-east of village,1620 m a.s.l., 49°12′30′′N, 19°44′08′′E, 22.vii.1997 &
7.vii.2000, J. Chrtek & M. Odvodyová.

15 10 5/5 (C)

1/2, Jarz 2 Sk: Západné Tatry Mts., Zuberec: Mt. Lúdna, south-west slopes, 11.5 km 
east-south-east of village, 1400–1620 m a.s.l., 49°13′46′′N, 19°45′40′′E, 
23.vii.1997 & 8.vii.2000, J. Chrtek.

15 10 4/6 (C)

1/3, Jarz 3 Sk: Západné Tatry Mts., Pribylina: Mt. Hruby vrch, western slopes, 10.5 km
north of village, 1820 m a.s.l., 49°11′54′′N, 19°47′20′′E, 25.vii.1998 & 
27.vii.2001, J. Chrtek & D. Vaoková.

15 10 5/5 (C)

‘H. babiagorense’
2/1, Babiag 1 Sk: Oravské Beskydy Mts., Oravská Polhora: Mt. Babia hora, eastern slopes,

8 km north-west of village,1700 m a.s.l., 49°34′15′′N, 19°31′40′′E, 
23.vii.1998, J. Chrtek.

15 10 3/7 (C)

H. decipiens
3/1, Dec 1 Cz: Krkonote Mts., Pec pod Sn |kou: Mt. Sn |ka, western slopes, 5 km north

of village, 1390 m a.s.l., 50°44′15′′N, 15°43′45′′E, 24.vi.2000, J. Chrtek.
15 10 8/2 (C)

3/2, Dec 2 Cz: Krkonote Mts., Tpindler v Mlyn: Mt. Kotel, 5.5 km west-north-west of
village, 1420 m a.s.l., 50°45′05′′N, 15°31′45′′E, 15.vii.2001, J. Chrtek & 
M. Odvodyová.

15 10 5/5 (C)

3/3, Dec 3 Cz: Krkonote Mts., Tpindler v Mlyn: Mt. Vysoké kolo, south-east slopes, 
6 km south-west of village, 1460 m a.s.l., 50°46′32′′N, 15°33′20′′E, 
4.viii.2000, J. Chrtek.

15 10 5/5 (C)

H. chrysostyloides
4/1, Chrys 1 Cz: Hruby Jeseník Mts., Karlova Studánka: Petrovy kameny rocks, 5.5 km

west of village, 1430 m a.s.l., 50°03′57′′N, 17°14′40′′E, 4.viii.2000, J. Chrtek
& D. Vaoková.

15 10* 4/0 (C)

H. vapenicanum
5/1, Vapen 1 Sk: Nízke Tatry Mts., Hel’pa: Mt. Vel’ká Vápenica, 5.5 km north-east of 

village, 1690 m a.s.l., 48°54′30′′N, 19°59′00′′E, 17.vii.2001, J. Chrtek.
15 10 6/4 (C)

5/2, Vapen 2 Sk: Západné Tatry Mts., Roháde, Zuberec: mountain ridge between Mt. 
Osobitá and Mt. Lúdna, 8.5–11 km east-south-east of the village, 
1500–1550 m a.s.l., 49°15′12′′N, 19°43′50′′E−49°14′20′′N, 19°45′30′′E, 
15.vii.1995, 8.vii.2000 & 28.vii.2001, J. Chrtek.

15 10 6/4 (C)

5/3, Vapen 3 Sk: Západné Tatry Mts., Roháde, Zuberec: Zábrat’ saddle, 10.5 km 
east-south-east of village, 1650 m a.s.l., 49°13′15′′N, 19°44′58′′E, 
7.vii.2000 & 27.vii.2001, J. Chrtek.

15 10 5/5 (C)

H. nigrescens
6/1, Nigres 1 Cz: Krkonote Mts., Pec pod Sn |kou: Mt. Sn |ka, W slopes, 5 km north of 

village, 1390 m a.s.l., 50°44′15′′N, 15°43′45′′E, 17.vii.1997 & 24 June 2000,
J. Chrtek.

15 10* 5/0 (C)

H. koprovanum
7/1, Koprov 1 Sk: Západné Tatry Mts., Podbanské: Zadná Tichá dolina valley, 9 km north

east of village, 1550 m a.s.l., 49°12′30′′N, 19°59′10′′E, 24.viii.1997, P. Mráz 
(cult. nos. 491, 493, 494, 496).

– 4 –

Cz, Czech Republic; Po, Poland; Sk, Slovakia. *see Material and methods.
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3. principal component analysis (PCA; Sneath &
Sokal, 1973; Krzanowski, 1990) based on a correla-
tion matrix of characters and individual plants as
OTUs (operational taxonomic units) was conducted
(based on matrix A), to elucidate morphological
homogeneity of the taxa recognized a priori.

4. Exploratory data analysis (EDA) was performed on
the data matrices of the six recognized taxa. Within
each group, the mean, standard deviation, and
5% and 95% percentiles were computed for each
character.

The numerical analyses were computed using sta-
tistical packages SYN-TAX 2000 (Podani, 2001), SAS,
v.8 (SAS Institute, 2000) and STATISTICA (StatSoft,
1998).

ALLOZYME ANALYSIS

Young leaves of cultivated plants were used. Plant
material was ground in extraction buffer generally
according to Kato (1987) with some modifications:
0.1 M Tris-HCl (pH 8.0), 70 mM mercaptoethanol,
26 mM sodium metabisulfite, 11 mM L-ascorbic acid,
4% (w/v) soluble PVP-40, pH-adjusted after the addi-
tion of the ascorbate. Crude homogenates were centri-
fuged for 10 min at 15 000 r.p.m. Clear supernatant
was stored in a deep freeze at −75 °C. The PAGE was
carried out using separating gel (8.16%) with the
buffer 1.82 M Tris-HCl, pH 8.9; the stacking gel (4.0%)
with the buffer (0.069 M Tris-HCl, pH 6.9); the elec-
trode buffer was 0.02 M Tris, 0.24 M glycine, pH 8.3.
The following enzymes were analysed: AAT (Aspartate
aminotransferase, EC 2.6.1.1), LAP (Leucine ami-

nopeptidase, EC 3.4.11.1), PGM (Phosphoglucomu-
tase, EC 5.4.2.2), 6-PGDH (6-phosphogluconate
dehydrogenase, EC 1.1.1.44), and SKD (Shikimate
dehydrogenase, EC 1.1.1.25).

The staining procedures followed Vallejos (1983) to
visualize 6-PGDH and SKD, and Wendel & Weeden
(1989) for PGM and EST, with the following modi-
fications: 6-PGDH (0.1 M tris-HCl, pH 8.4, 30 mg
6-phosphogluconic acid), SKD (0.1 M tris-HCl, pH 8.4),
colorimetric EST (Na-phosphate buffer pH 6.45, 25 mg
β-naphthyl phosphate, 50 mg Fast Blue BB), PGM
(24 mg MgCl2, 50 mg glucose-1-phosphate, 10 mg
NADP). Visualization of LAP was performed using
buffer 0.2 M tris-maleate pH 6. The gel was rinsed with
the buffer and then incubated for 10 min in a solution
of 30 mL of the buffer, 40 mg L-leucyl-β-naphthyla-
mide, HCl (in 50% acetone) and 60 mg MgCl2. Then
25 mg Fast Black K Salt in 30 mL of the buffer was
added. The gel was incubated in the dark until bands
appeared. Two staining solutions were prepared for
AAT: A (20 mL 0.1 M tris-HCl, pH 8.4, 240 mg aspartic
acid, 40 mg α-ketoglutaric acid) and B (20 mL 0.1 M
tris-HCl, pH 8.4, 50 mg Fast Blue BB Salt, 50 mg Fast
Violet B, 25 mg pyridoxal-5-phosphate). Solution A
was prepared at least 15 min before application. The
gel was rinsed in water and then in buffer tris-HCl
pH 7. Solutions A and B were mixed and poured onto
gel. The gel was incubated in the dark at 32 °C until
bands appeared. It was then rinsed and fixed (1:1:3:5,
glycerine, acetic acid, H2O, methanol).

As a consequence of the complex ‘nonsegregating’
banding pattern in our agamospermous taxa, patterns
were compared with those produced by closely related

7/2, Koprov 2 Sk: Vysoké Tatry Mts., Stary Smokovec: Vel’ká Studená dolina valley, 4.5 km
north-north-west of village, 1550 m a.s.l., 49°10′32′′N, 20°11′50′′E, 
13.viii.1996, P. Mráz (cult. nos. 211, 213, 225).

– 10 + 3 4/6 (C)
2/0 (M)

7/3, Koprov 3 Sk: Vysoké Tatry Mts., Ttrbské Pleso: Va|ecká dolina valley (Zahandel), 1 km
south-east of Mt. Kriváo, 5.5 km north-west of village, 1720 m a.s.l., 
49°08′43′′N, 20°00′29′′E, 16.vii.1998, P. Mráz & V. Jurkovidová 
(cult. nos. 517, 519).

– 2 1/0 (M)

7/4, Koprov 4 Po: Tatry Wschodnie Mts., Lysa Polana: south-east slopes of Mt. Swistowa 
Czuba, 0.3 km south-east of Mt. Swistowa Czuba, 7.8 km south-west 
of village, 1840 m a.s.l., 49°12′50″Ν, 20°03′44″E, 23.vii.1997, P. Mráz 
(cult. nos. 462, 464).

– 2 2/0 (M)

7/5, Koprov 5 Sk: Nízke Tatry Mts., Myto pod umbierom: Demänovské sedlo saddle, 10 km
north of village, 1750 m a.s.l., 48°56′25″N, 19°37′21″E, 15.vii.1996, 
P Mráz (cult. no. 13).

– 1 2/0 (M)

Population code Origin and sampling data

No of individuals

M A CR/PL

Cz, Czech Republic; Po, Poland; Sk, Slovakia. *see Material and methods.

Ď

Table 1. Continued
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sexual Hieracium alpinum (Kirschner & Chrtek,
unpubl. data). We used an approach indicating no
increase in locus number for agamosperms; interpre-
tation was accomplished by assigning bands within a
prescribed ‘zone’ to a locus corresponding to ‘zones’
occupied by individual loci for sexual species. Accord-
ing to the migration distance, alleles at a particular
locus were marked by lowercase letters (a,b…), corre-
sponding to alleles identified in previous studies in
Hieracium sect. Alpina (Mráz, Chrtek & Kirschner,
2001; Ttorchová et al., 2002).

For each multilocus genotype (genotypes correspond
to taxa delimited a priori) the average number of alle-
les per locus (A) and observed heterozygosity (HO)
were calculated. Nei’s standard genetic distances
between all pairs of multilocus genotypes were calcu-
lated using the program FREETREE (Pavlídek, Hrdá
& Flégr, 1999). The distance matrix was subjected to

principal coordinate analysis (PCoA), using the
programs SYN-TAX 2000 (Podani, 2001) and
STATISTICA (StatSoft, 1998). Furthermore, Euclid-
ean distances between all pairs of genotypes were
calculated. Based on this matrix, UPGMA clustering
method was performed, using the STATISTICA
(StatSoft, 1998) program.

RESULTS

CHROMOSOMES AND MODE OF REPRODUCTION

We report here for the first time the chromosome num-
ber for H. vapenicanum (2n = 27, 17 plants from three
populations). In 13 other plants, the triploid ploidy
level was determined by flow cytometry. Previously
reported chromosome counts (Chrtek, 1994, 1996;
Mráz, 2001) were confirmed for H. decipiens (2n = 36),

Table 2. Variables used for morphometric analysis of Hieracium nigrescens group

Abbreviation Description

PH Plant height
NBL Number of basal leaves

Longest basal leaf (L1), primordial leaves were excluded
LL1 Length of L1
WL1 Width of L1
MWL1 Position of maximal width of L1 (distance between the widest part and the top)
TLL1 Length of longest tooth on L1
ATLL1 Mean length of three longest teeth on L1
MGL1 Total of teeth and mucronate glands on L1
HUL1 Number of simple eglandular hairs at 0.5 cm2 of upper leaf surface (L1) (scored in the middle part of the 

leaf, central vein and margins are not included)
HLL1 Number of simple eglandular hairs at 0.5 cm2 of lower leaf surface (L1) (scored in the middle part of the 

leaf, central vein and margins are not included)

Stem leaves
NSL Number of non bract-like stem leaves
BSL Number of bract-like stem leaves

Lowest stem leaf (L2)
LL2 Length of L2
WL2 Width of L2
TLL2 Length of longest tooth on L2
ATLL2 Mean length of three longest teeth on L2
MGL2 Total of teeth and mucronate glands on L2

Heads, akladium, peduncles
NH Number of heads
SEHP Number of simple eglandular hairs (SEH) on 0.5 cm-long part of peduncle
GHP Number of glandular hairs (GH) on 0.5 cm-long part of peduncle; microglands (gland usually shorter than 

0.1 mm) were not scored
LSEH Length of SEH on peduncle (mean of 10 consequently inserted SEH)
LGH Length of GH on peduncle (mean of 10 consequently inserted GH)
LI Length of involucrum
WB Width of middle involucral bract (measured in the middle of their length, mean of 3 bracts)
LL Length of outer ligules (mean of 3 ligules)
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H. nigrescens (2n = 36), H. chrysostyloides (2n = 45),
H. koprovanum (2n = 36) and H. jarzabczynum
(2n = 36; the count for ‘H. nigrescens s.l.’ in Mráz,
2001: 327 refers to this species as well).  We have
found no variation in chromosome number within a
species.

The percentage of fully developed achenes ranges
from 55.8 to 100 in H. chrysostyloides, 38.1–90.5 in
H. decipiens, 66.3–97.1 in H. jarzabczynum, 62.5–90.5
in H. nigrescens, 39.1–93.8 in H. vapenicanum and
74.8–91.4 in ‘H. babiagorense’ (Table 3). One-way
ANOVA did not show statistically significant differ-
ences among species at the P < 0.05 level.

MORPHOLOGICAL ANALYSES

Normality of the distribution of morphological 
characters and character correlations
All but two (PH and LL1) variables showed certain
deviations from the normal distribution in the
Shapiro-Wilks test. A very high correlation (exceeding
the value 0.95) was found between characters
TLL1 and ATLL1 (Spearman R = 0.98, Pearson
coefficient = 0.98) and TLL2 and ATLL2 (Spearman
R = 0.99, Pearson coefficient = 0.98). Therefore, char-
acters TLL1 and TLL2 were removed from further
analyses.

Discriminant analysis
In CaDA, based on individual plants and populations
as groups performed on matrix A (the complete
dataset), rather distinct separation of populations
attributed a priori to Hieracium jarzabczynum,
H. nigrescens and ‘H. babiagorense’ was achieved
(Fig. 1). The first canonical axis represents 55% of the
variation among the groups, with the variables
strongly contributing to the separation of plants along
this axis (in descending order): WB, WL1, LL, HUL1,
LSEH, GHP, BSL and MGL1. The second canonical
axis accounts for 16% of variation among the groups.
The variables highly correlated with this axis are:
SEHP, LGH, LI, GHP and Ll. Finally, the third axis

Table 3. Percentage of fully developed (black) achenes
after emasculation in Hieracium chrysostyloides, H. decip-
iens, H. jarzabczynum, H. nigrescens, H. vapenicanum and
‘H. babiagorense’

Taxon Mean ± SD Min. – max.

H. chrysostyloides 83.14 ± 15.86 55.8–100
H. decipiens 77.60 ± 15.48 33.1–93.5
H. jarzabczynum 84.94 ± 10.38 66.3–97.1
H. nigrescens 82.96 ± 11.55 62.5–90.5
H. vapenicanum 77.28 ± 16.88 39.1–93.8
‘H. babiagorense’ 81.86 ± 6.20 74.8–91.4

Figure 1. Canonical discriminant analysis based on 23 morphological characters of individuals of Hiercium
chrysostyloides ( , N = 15), H. decipiens ( , N = 45), H. jarzabczynum ( , N = 30), H. nigrescens ( , N = 15),
H. vapenicanum ( , N = 45), and ‘H. babiagorense’ ( , N = 15).
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represents 12% of variation, the highly correlated
variables with this axis are LSEH and LI (Table 4).

CaDA performed on matrix B (all populations
attributed a priori to Hieracium chrysostyloides,
H. decipiens and H. vapenicanum) showed a good
separation of populations attributed to the particular
species (Fig. 2). Hieracium vapenicanum is well
separated from Hieracium chrysostyloides and
H. decipiens along the first canonical axis (most
strongly correlated with LSEH, LGH, WB, LI, LL,
WL1 and BSL), which accounts for 61% of variation
among the groups. The population of H. chrysosty-
loides is separated along the second axis (most
strongly correlated with SEHP, MWL1 and NBL,
accounting for 18% of variation among the groups)
(Table 5).

Principal component analysis
Two groups corresponding to the a priori recognized
Carpathian species H. jarzabczynum and H.
vapenicanum were revealed. However, the remaining
samples did not show any clear structure, due to
within-population variation (not shown).

Exploratory data analysis
The results of the evaluation of the variation of all
characters in six taxa recognized on the basis of the
previous analyses are given in Table 6. The taxa can-
not be distinguished clearly by any single character:
the ranges of characters overlap at least among some
of the taxa studied. However, a combination of the
characters does allow separation. Hieracium vapeni-
canum can be separated from the other taxa (except
for a very small overlap with H. decipiens) by the
width of the involucral bracts, Hieracium nigrescens
by a very low number of simple eglandular leaves on
the peduncles (except for a very small overlap with
H. decipiens). Hieracium nigrescens and H. jarzybc-
zynum have deeply dentate basal leaves (TLL1) in
comparison with the shallowly dentate ones in
H. chrysostyloides, H. decipiens and ‘H. babiagorense’.

ALLOZYME ANALYSIS

Five enzyme systems with five allelically interpretable
loci (Skd, Lap-1, Pgm-1, 6Pgdh-2 and Aat-2) were
observed; allelic interpretation of the remaining loci

Table 4. Total canonical structure (correlation of the
characters with canonical axes) obtained in the canonical
discriminant analysis of plants H. chrysostyloides, H.
decipiens, H. jarzabczynum, H. nigrescens, H. vapenicanum
and ‘H. babiagorense’. Groups defined as populations

Character Axis 1 Axis 2 Axis 3

PH 0.313 0.284 −0.094
NBL −0.125 0.323 0.270
LL1 0.153 0.177 −0.163
WL1 0.766 0.207 0.098
MWL1 0.205 0.016 −0.108
ATLL1 0.439 0.241 0.455
MGL1 −0.504 0.359 0.431
HUL1 −0.652 0.201 −0.027
HLL1 −0.162 −0.088 0.191
NSL −0.222 −0.046 −0.060
BSL −0.526 −0.314 0.149
LL2 −0.128 0.020 −0.101
WL2 0.294 0.045 0.123
ATLL2 0.163 0.296 0.413
MGL2 −0.224 0.476 0.109
NH 0.229 0.039 0.074
SEHP 0.325 −0.701 −0.138
GHP −0.556 0.522 0.079
LSEH 0.651 0.191 −0.607
LGH 0.261 0.664 −0.466
LI 0.232 0.609 −0.536
WB 0.952 0.102 0.003
LL 0.701 0.500 −0.049

Table 5. Total canonical structure (correlation of the
characters with canonical axes) obtained in the canonical
discriminant analysis of plants H. chrysostyloides,
H. decipiens, and H. vapenicanum. Groups defined as
populations

Character Axis 1 Axis 2 Axis 3

PH 0.378 0.218 0.223
NBL −0.157 0.626 −0.382
LL1 0.356 −0.305 0.189
WL1 0.701 0.171 0.157
MWL1 0.275 −0.532 0.101
ATLL1 0.061 0.091 0.198
MGL1 −0.324 0.241 0.317
HUL1 −0.218 −0.155 0.009
HLL1 −0.272 −0.071 −0.170
NSL −0.053 −0.047 0.472
BSL −0.688 0.236 −0.088
LL2 0.113 −0.255 0.344
WL2 0.203 −0.192 0.374
ATLL2 0.128 −0.219 0.369
MGL2 0.273 0.103 0.541
NH 0.154 −0.098 0.511
SEHP −0.286 −0.688 0.053
GHP −0.005 0.493 −0.164
LSEH 0.866 −0.172 −0.101
LGH 0.850 0.252 0.106
LI 0.816 0.156 −0.007
WB 0.843 −0.322 −0.218
LL 0.810 −0.075 0.308
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was impossible due to either the complex banding pat-
tern or insufficient staining. Among the interpreted
loci, four were found to be polymorphic (Skd, Lap-1,
Pgm-1, 6Pgdh-2), while Aat-2 is monomorphic in all
populations studied (Table 7). Six multilocus allozyme
genotypes were detected corresponding to the taxa
defined a priori (taxa of the Hieracium nigrescens
group and H. koprovanum). Each taxon consists of a
unique genotype, except ‘H. babiagorense’ which
shares the same genotype with H. jarzabczynum.
Except for H. decipiens, each species has at least one
unique allele: H. nigrescens (Pgm-1d), H. chrysosty-
loides (Skd-1d), H. koprovanum (Lap-1b, Lap-1d),
H. jarzabczynum (6Pgdh-2b) and H. vapenicanum
(Lap-1a). Assuming a geographical pattern of the vari-
ation, two alleles (Skd-1d, Pgm-1d) were only found in
the Sudetic species, and four alleles (Lap-1a, Lap-1b,
Lap-1d, 6Pgdh-2b) in the Carpathian species. Mea-
sures of allelic variation (mean number of alleles per
locus, and frequency of observed heterozygotes) are
summarized in Table 8.

A dendrogram constructed from the  correspond-
ing Euclidean distances (Fig. 3) clearly separates
H. koprovanum. In the remaining major cluster, two
taxa from the Sudety Mountains (H. decipiens and
H. chrysostyloides) are grouped together, and simi-
larly also H. vapenicanum (the Carpathians) with
H. nigrescens (the Sudety Mountains). The PCoA scat-

terplot based on Nei’s standard distances (Fig. 4)
shows a group formed by H. nigrescens and H. vapen-
icanum, separated along the first coordinate.
Hieracium jarzabczynum is separated along the sec-
ond coordinate; the remaining species are only loosely
grouped.

DISCUSSION

CHROMOSOME NUMBERS, MODE OF REPRODUCTION

We confirmed the previously reported diversity of
ploidy levels in the H. nigrescens group. A similar pat-
tern of cytological diversity in the H. nigrescens group
has been detected in the British Isles (Stace et al.,
1995; further counts from the British Isles were pub-
lished by Mills & Stace, 1974 and Morton, 1974). Both
triploid and tetraploid counts were reported for
H. nigrescens (agg.) from the North Ural (Komi Auton-
omous Republic, north-west Russia; Lavrenko, Serdi-
tov & Ulle, 1988; 1990) and from Iceland (Löve, 1970).
Recently Schuhwerk & Lippert (1999) published
2n = 27 for H. nigrescens ssp. cochleare (Huter) Zahn
from the Bavarian Alps.

The percentage of fully developed achenes did not
vary substantially among the species. Similar percent-
ages have been reported by Ttorchová et al. (2002) in
several species of the Hieracium fritzei group. Empty

Figure 2. Canonical discriminant analysis based on 23 morphological characters of individuals of Hieracium chrysosty-
loides ( , N = 15), H. decipiens ( , N = 45), and H. vapenicanum ( , N = 45).
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Table 6. Summary statistics for characters of ‘Hieracium babiagorense’ (Babiag, n = 15), H. chrysostyloides (Chrys, n = 15),
H. decipiens (Dec, n = 45), H. jarzabczynum (Jarz, n = 60), H. nigrescens (Nigres, n = 15), and H. vapenicanum
(Vapen, n = 45). Upper line: mean ± SD, lower line 5% and 95% percentiles

Character

Taxon

Babiag Chrys Dec Jarz Nigres Vapen

PH (cm) 17.80 ± 3.63 20.03 ± 3.52 23.38 ± 4.43 23.91 ± 4.21 22.70 ± 3.13 18.93 ± 3.34
12–24 16–29 17–30 18.5–32.5 17.5–27.5 12.5–24

NBL 4.73 ± 1.28 2.73 ± 1.22 5.93 ± 1.64 5.51 ± 2.01 7.80 ± 2.31 6.11 ± 1.58
2–6 1–5 3–8 3–9 4–12 4–9

LL1 (cm) 7.65 ± 2.18 10.88 ± 2.30 9.22 ± 1.95 9.13 ± 2.03 9.80 ± 1.99 7.75 ± 2.14
5.3–11 7.5–15 6.5–12.0 6–12.5 5.8–13 3.5–10.8

WL1 (cm) 1.35 ± 0.29 1.27 ± 0.21 1.48 ± 0.24 2.18 ± 0.47 1.75 ± 0.38 1.01 ± 0.20
1–2 0.9–1.6 1–1.8 1.6–3 1.3–2.6 0.7–1.3

MWL1 (cm) 2.39 ± 0.58 3.43 ± 1.04 2.38 ± 0.55 2.62 ± 0.62 2.66 ± 0.79 2.16 ± 0.61
1.4–3.5 2–5 1.4–3.3 1.7–3.9 1.5–4.5 1.2–3.3

TLL1 (mm) 2.69 ± 1.27 1.47 ± 1.35 1.97 ± 1.43 4.68 ± 2.36 5.57 ± 2.93 1.55 ± 0.97
1–5.5 0–5 0–5 1.7–9 1.8–12 0–3

ATLL1 (mm) 2.09 ± 0.84 1.21 ± 1.18 1.50 ± 1.07 3.44 ± 1.81 4.35 ± 1.93 1.24 ± 0.78
0.9–3.8 0–4.4 0–3.5 0.9–6.3 1.2–8.3 0–2.3

MGL1 8.73 ± 2.12 6.33 ± 3.52 8.09 ± 2.54 5.31 ± 1.95 13.80 ± 2.08 9.16 ± 2.54
5–12 0–13 4–12 3–9 10–18 5–13

HUL1 4.93 ± 3.39 16.73 ± 4.99 13.42 ± 5.04 3.07 ± 4 20.07 ± 7.46 16.84 ± 7.65
0–13 11–28 6–22 0–10 10–34 8–35

HLL1 16.60 ± 6.37 15.47 ± 4.69 13.09 ± 5.49 13.93 ± 5.98 17.33 ± 7.67 17.91 ± 8.73
7–28 9–24 6–24 5–23 7–37 6–32

NSL 1.13 ± 0.35 1.73 ± 0.70 1.64 ± 0.77 1.27 ± 0.62 1.33 ± 0.49 1.51 ± 0.66
1–2 1–3 1–3 0–2 1–2 0–2

BSL 2.40 ± 0.63 2.00 ± 0.66 2.82 ± 0.91 2.47 ± 0.87 2.73 ± 0.70 4.49 ± 1.10
1–3 0–3 2–4 1–4 2–4 3–6

LL2 (cm) 4.47 ± 1.86 7.06 ± 3.36 5.28 ± 2.70 4.08 ± 2.51 4.99 ± 2.43 4.46 ± 2.17
1.5–8.3 2–13.5 2–11 0–8.3 2–10 0–7.2

WL2 (mm) 7.13 ± 3.18 8.20 ± 3.85 6.59 ± 3.54 9.05 ± 5.82 8.13 ± 5.60 4.90 ± 2.39
3–15 1.5–14 2–12 0–21 2–16 0–9

TLL2 (mm) 1.29 ± 1.25 1.09 ± 1.57 0.58 ± 0.97 1.71 ± 2.39 3.95 ± 3.48 0.29 ± 0.77
0–3.5 0–5.5 0–2.5 0–6.5 0–11 0–2

ATLL2 (mm) 1 ± 1.04 0.93 ± 1.32 0.46 ± 0.76 1.18 ± 1.75 3.14 ± 2.78 0.19 ± 0.50
0–3.3 0–4.4 0–2 0–5 0–8.2 0–1.3

MGL2 3.33 ± 3.09 3.87 ± 3.52 5.00 ± 3.13 1.67 ± 1.61 7.80 ± 4.40 2.22 ± 2.52
0–10 0–11 0–10 0–4 0–14 0–7

NH 1 ± 0 1.33 ± 0.49 1.22 ± 0.56 1.44 ± 0.87 1.20 ± 0.41 1
1–1 1–2 1–3 1–3 1–2 1

SEHP 42.07 ± 11.17 54.07 ± 13.10 21.29 ± 9.43 46.13 ± 13.87 4.47 ± 3.52 36.67 ± 16.08
19–56 31–72 9–37 24–66 0–12 15–61

GHP 138.40 ± 21.61 125.07 ± 22.58 191.80 ± 49.85 112.18 ± 24.83 247.47 ± 49.58 182.67 ± 33.10
103–171 93–166 117–271 79–156 183–365 133–231

LSEH (mm) 1.32 ± 0.18 2.41 ± 0.50 2.26 ± 0.44 2.49 ± 0.38 1.55 ± 0.18 1.34 ± 0.22
1.05–1.67 1.65–3.69 1.41–2.73 1.89–3.09 1.28–1.86 1.01–1.78

LGH (mm) 0.38 ± 0.05 0.44 ± 0.07 0.54 ± 0.07 0.44 ± 0.05 0.47 ± 0.05 0.34 ± 0.03
0.33–0.50 0.32–0.57 0.42–0.65 0.37–0.54 0.36–0.56 0.3–0.39

LI (mm) 13.27 ± 0.96 14.63 ± 1.01 15.98 ± 1.59 14.36 ± 1.03 14.80 ± 0.68 12.69 ± 1.13
12–15 13–16 13–18 13–16 14–16 11–15

WB (mm) 1.19 ± 0.16 1.23 ± 0.09 1.09 ± 0.17 1.65 ± 0.13 1.20 ± 0.12 0.82 ± 0.08
1–1.5 1.1–1.4 0.8–1.3 1.4–1.8 1–1.5 0.7–0.9

LL (mm) 15.97 ± 0.93 16.55 ± 1.01 16.69 ± 1.59 18.63 ± 1.91 18.73 ± 1.55 12.19 ± 1.77
15–18 14–18 14.7–19.3 16.3–22 16–20.7 9.7–15.7
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achenes can be explained in several ways. Besides the
possibility of meiotic development of the archesporial
cell and a lack of fertilization, the empty achenes are
much more likely explained by environmental condi-
tions or the improper cutting of the upper part of the
flowering buds.

GENETIC DIVERSITY

We have found no allozyme variation within species
distinguished a priori: each consists of one unique
allozyme genotype. ‘Hieracium babiagorense’ shares
the same allozyme genotype with H. jarzabczynum.
However, we are aware that more sensitive methods/
markers might reveal genetic differences. Thus, the
morphologically distinguishable taxa (treated here at
the species rank) represent single genotypes fixed
through agamospermy, which became rather wide-
spread or at least scattered in the Sudety Mountains
and Western Carpathians. Except for H. decipiens,
each species has at least one unique allele; two alleles

were found to be unique to the Sudety Mountains and
four to the Carpathians.

Genetic homogeneity seems to be a case of many
Hieracium species (in the narow sense), mostly of
those supposed to be of hybrid origin (Shi et al., 1996;
Stace, Gornall & Shi, 1997; Gornall, 1999; Mráz et al.,
2001; Ttorchová et al., 2002). On the other hand, con-
siderable genetic variation was found in nonhybrid
‘basic’ species Hieracium alpinum (triploid, agamo-
spermous) in the Carpathians (Ttorchová et al., 2002),
the Krkonote Mountains (the Sudety Mountains;
Chrtek & Pladková, 2005), the Alps and the British
Isles (Shi et al., 1996; Stace et al., 1997). Some level of
genetic variation has also been found in several hybrid
species of Hieracium sect. Alpina (Shi et al., 1996;
Mráz et al., 2001; Ttorchová et al., 2002) and in the
progeny of three endemic Hieracium microspecies
from Wales (Lledó & Rich, 2004).

Table 7. Allelic frequencies for all scored loci for Hieracium chrysostyloides, H. decipiens, H. jarzabczynum,
H. koprovanum, H. nigrescens and H. vapenicanum. Allelic frequencies for ‘H. babiagorense’ are the same as for
H. jarzabczynum

Species

Skd-1 Lap-1 Pgm-1 Aat-2 6-Pgdh-2 

a b c d a b c d b c d a c a b c

H. chrysostyloides 1 1 0 1 0 0 1 0 1 1 0 1 1 1 0 1
H. decipiens 1 0 0 0 0 0 1 0 1 1 0 1 1 1 0 1
H. jarzabczynum 1 0 1 0 0 0 1 0 1 1 0 1 1 0 1 1
H. koprovanum 1 1 1 0 0 1 1 1 1 1 0 1 1 1 0 1
H. nigrescens 1 0 1 0 0 0 1 0 1 0 1 1 1 1 0 1
H. vapenicanum 1 0 1 0 1 0 1 0 1 0 0 1 1 1 0 1

Table 8. Measures of allelic variation of Hieracium
chrysostyloides, H. decipiens, H. jarzabczynum, H. kopro-
vanum, H. nigrescens, H. vapenicanum and ‘H. babiago-
rense’ (each species consists of unique multilocus allozyme
genotype, ‘H. babiagorense’ shares the same one with
H. jarzabczynum). N, number of plants, A, mean number
of alleles per locus, Ho, observed frequency of heterozygotes

N A Ho

H. chrysostyloides 10 2.0 0.8
H. decipiens 30 1.6 0.6
H. jarzabczynum 40 1.8 0.8

+ ‘H. babiagorense’
H. koprovanum 22 2.2 1.0
H. nigrescens 10 1.8 0.8
H. vapenicanum 30 1.8 0.8

Figure 3. Cluster analysis, UPGMA method, of Euclidean
distances between Hieracium chrysostyloides (Chrys),
H. decipiens (Dec), H. jarzabczynum (Jarz), H. koprovanum
(Koprov), H. nigrescens (Nigres), H. vapenicanum (Vapen)
and ‘H. babiagorense’ (Babiag) using four polymorphic
allozyme loci (each species consists of one unique multilo-
cus allozyme genotype).

Nigres

Vapen

Dec

Chrys

Jarz + Babiag

Koprov

1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2
Linkage Distance
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MORPHOLOGICAL ANALYSIS

Based on the results of CaDA computed on a complete
dataset (matrix A), it is apparent that  morphologi-
cal differences between Hieracium jarzabczynum,
H. nigrescens and ‘H. babiagorense’ are sufficient to
justify their separation into distinct taxa. Hieracium
vapenicanum is also rather well separated along
the first canonical axis. A second, more detailed,
CaDA performed on a reduced dataset (matrix B,
H. chrysostyloides, H. decipiens, H. vapenicanum)
showed good separation of these taxa. Considering the
geographical distribution of the target taxa, all taxa
from the Western Carpathians (H. jarzabczynum,
H. vapenicanum and ‘H. babiagorense’) are well sepa-
rated from each other. However, ‘H. babiagorense’ fell
rather close to a couple of Sudeten taxa, i.e.
H. chrysostyloides and H. decipiens. Hieracium nigre-
scens, the third Sudeten taxon, seems to be well sep-
arated from both the Carpathian and remaining
Sudetic taxa.

In the PCA of individual plants, the a priori
recognized Carpathian taxa H. jarzabczynum and
H. vapenicanum are rather separated from each other.
The remaining samples belonging to H. chrysosty-
loides, H. decipiens, H. nigrescens and ‘H. babiago-

rense’ did not show a clear structure. Partly separated
along the second axis is H. nigrescens, which differs
from H. chrysostyloides, H. decipiens and ‘H. babiago-
rense’ first of all by the indumentum of the peduncles
(only a few simple eglandular hairs in H. nigrescens,
rather numerous in the remaining taxa; see Table 6),
and the base of basal leaves (more or less truncate in
H. nigrescens, cuneate in the remaining taxa). The
lack of separation of some taxa in the PCA analysis
reflects their overall similarity, while differences
appear only in a few characters.

Apart from the characters used in the present mor-
phometric studies, the colour of the styles and stigmas
can be used for the reliable determination of some spe-
cies. Yellow styles and stigmas were consistently
observed in H. chrysostyloides and H. vapenicanum.
In the rest of the species, brownish to dark styles and
stigmas were observed (Chrtek, unpubl. data).

TAXONOMIC IMPLICATIONS

The combined morphological and allozyme study
confirmed our preliminary concept of the six a
priori recognized taxa treated here (except from
‘H. babiagorense’, see below) at the species level. In
the Sudety Mountains, the present study more or less
confirmed the previously proposed taxonomic concepts
(Zlatník, 1938; Zahn, 1936–38). In contrast, the taxo-
nomic treatment of the group in the Western Car-
pathians deviates from previously proposed concepts
(Zahn, 1936–38).

The Sudety Mountains. The three species treated in
the present paper are recognized in this area, i.e.
Hieracium chrysostyloides, H. decipiens and H. nigre-
scens. Two other species H. apiculatum and H. nivi-
montis have previously been recognized in this area
(and are accepted by the present authors); thus, five
species of the Hieracium nigrescens group are recog-
nized in the Sudety Mountains.

The Western Carpathians. The two well-separated
species, Hieracium jarzabczynum and H. vapeni-
canum, with rather overlapping geographical areas
(the core of their distribution is in the Západné Tatry
Mountains) can be recognized. A morphologically dis-
tinct population from Mount Babia hora/Babia Góra
(named here ‘H. babiagorense’) needs further study:
we have refrained here from its formal taxonomic
recognition.

All but one (‘H. babiagorense’) taxa clearly differ
from each other in their multilocus allozyme geno-
types (each consisting of one genotype/clone only).
‘Hieracium babiagorense’ shares the same genotype
with H. jarzabczynum and thus the nature of the mor-
phological differences remains a puzzle that needs fur-

Figure 4. Principal coordinate analysis of allozyme data
of H. chrysostyloides (3), H. decipiens (2), H. jarzabczynum
and ‘H. babiagorense’ (4, they share the same multilocus
allozyme genotype), H. koprovanum (5), H. nigrescens (1)
and H. vapenicanum (6). The first three coordinates
explaining 43.42%, 29.65% and 12.50% of variation, respec-
tively. Each species consists of one unique multilocus alloz-
yme genotype, ‘H. babiagorense’ shares the same one with
H. jarzabczynum.

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/153/3/287/2420444 by guest on 24 April 2024



DIVERSITY IN THE HIERACIUM NIGRESCENS GROUP 299

© 2007 The Linnean Society of London, Botanical Journal of the Linnean Society, 2007, 153, 287–300

ther detailed examination. Based on the morphology,
it is more or less grouped with the Sudeten taxa
Hieracium decipiens and H. chrysostyloides (see
above), which is also reflected in Zahn’s monographs,
where the plants from Mount Babia hora/Babia Góra
refer to H. nigrescens ssp. decipiens. Geographically,
Mount Babia hora/Babia Góra is situated between the
highest parts of the Western Carpathians (where both
H. jarzabczynum and H. vapenicanum occur) and the
Sudety Mountains (with H. decipiens, H. chrysosty-
loides and H. nigrescens).

Differences in ploidy level support the separation
of H. chrysostyloides (2n = 45) and H. decipiens
(2n = 36). Generally, tetraploids are the most common
ploidy level within the Hieracium nigrescens group.
The chromosome number 2n = 3x = 27 found in
H. vapenicanum is rather rare in the group in Central
Europe and contributes to the separation of this taxon.

Further differences were detected in pollen produc-
tion and the size of pollen grains (J. Chrtek and P.
Mráz, unpubl. data). The high production of pollen
grains of a homogeneous size was found in
H. nigrescens and H. decipiens, while rather small
amounts of pollen of heterogeneous size were found in
H. chrysostyloides and H. jarzabczynum; H. vapeni-
canum lacks any pollen.

Based on our results, two new combinations are
proposed.

HIERACIUM JARZABCZYNUM (PAWL. & ZAHN) 
MRÁZ & CHRTEK F., COMB. & STAT. NOV.

≡Hieracium pietroszense ssp. jarzabczynum [ jarz bc-
zynum] Pawl. & Zahn in Zahn, Bul. Acad. Polon., Cl.
Sci. Math. Nat., Sér. B, Sci. Nat. (Botanique) 1928:
210, 1929.

HIERACIUM VAPENICANUM (LENGYEL & ZAHN) 
CHRTEK F. & MRÁZ, COMB. & STAT. NOV.

≡Hieracium nigrescens ssp. brachytrichellum var. [γ]
vapenicanum Lengyel & Zahn in Zahn, Magyar Bot.
Lapok, 25 (1926): 369, 1927.
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