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Summary 

 

  Several case studies at different  levels (population, regional, comparative etc.) were 

carried  out  to  evaluate  the  importance  of  different  sources  of  variation  and  to  follow 

microevolutionary  traits  in  Pilosella  (Asteraceae).  The  gradient  of  different  spatial  levels 

and comparative studies of closely related taxa group (characterised by partly different type 

of ongoing microevolution  ‐  genus  Picris)  revealed  some  common  processes while  at  the 

same  time highlighted  the uniqueness of genus Pilosella. Microevolutionary potential was 

studied  at  the  population  level  using  morphometric  approach  (hybridization  tendencies 

of highly  complex  hybrid  swarm  in  Prague  ‐  Praha  Vysočany).  Cytogeography  of  Pilosella 

officinarum was then investigated at the regional scale (Central Europe). Tetraploid cytotype 

was  detected  almost  exclusively  in  Bohemia  region  and  further  to  the  west  whereas 

pentaploid and hexaploid cytotypes prevailed in Moravia and Slovakia and further to south‐

east.  Cytogeography was  followed  by morphometric  evaluation  of  three most  abundant 

ploidy  levels  (4x, 5x and 6x) of P. officinarum combined with  the analyses of  reproduction 

mode.  Results confirmed the possibility to distinguish the particular cytotypes (intermediate 

pentaploids partly overlapping with the tetra‐ and hexaploids). Different morphological traits 

of sexual vs. apomictic hexaploids were uncovered. Finally the microevolutionary processes 

of Pilosella were compared to those observed  in Picris hieracioides group. The existence of 

two distinct morphological groups of P. hieracioides was  confirmed by differences  in  their 

absolute genome size. Genome size and morphology of Balkan endemic Picris hispidissima 

were  found  to  be  significantly  different  compared  to  the  closely  related  taxon  to 

P. hieracioides.  The  comparative  case  studies  of  Picris  revealed  highly  distinct 

microevolutionary pattern compared to genus Pilosella. 
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General introduction 

 

  The  tribe  Cichorieae  Lam.  &  DC.  (syn.  Lactuceae  Cass.)  represents  one  the most 

studied groups of Asteraceae  family especially  thanks  to  several genera  such as Crepis  L., 

Hieracium  L.,  Pilosella  Hill.  or  Taraxacum  Wigg.  and  economically  important  genera  as 

Lactuca L. Cichoriaea  is well morphologically and anatomically defined (occurrence of milky 

latex  and  homogamous  capitula  with  5‐dentate,  lingulate  flowers  have  been  constantly 

respected characters since the time of its description; Tournefort 1964). Taxonomic situation 

inside of the tribe is more complicated, i.e. that the majority of above mentioned genera are 

generally well known because of polyploidy, hybridization and apomixis frequently resulting 

in highly intricated taxonomic classifications. The aim of a taxonomic treatment is to mirror 

real  situation  in  nature  usually  expressed  by  numerous  "microspecies"  representing 

particular apomictic lineages1. Nevertheless, system of these complex taxonomic treatments 

can hardly be natural as hybridization (even an ancient one) results in reticulate evolution.  

 

Hieracium s.l. 

   Formal genus Hieracium sensu lato has recently been more frequently treated as two 

distinct  genera  (Hieracium  and  Pilosella;  Sell  & West  1975,  Bräutigam  &  Greuter  2007), 

which is why genus ranks Hieracium and Pilosella are used separately in further text. Genera 

Hieracium  and  Pilosella  comprise  perennial  herbs with  1  to  numerous  stems  (foliaged  or 

leafless)  terminated by  1  to numerous  capitula.  Leaves  are  shaped  from  entire  to deeply 

dentate or  lobed.  Involucres are  formed by  several  irregularly  imbricate  rows of  linear  to 

lanceolate bracts.  Individual  ligules are usually yellow  (sometimes with a red stripe on  the 

outer face or rarely orange, reddish, green or white). Achenes are covered in 10 to 13 ribs of 

narrowly  obconical  shape  (never  beaked)  carrying  1  or  2‐rowed  pappus  (e.g.  Zahn  1921, 

1930, Sell & West 1976, Bräutigam & Schuhwerk 2002, Chrtek 2002, 2004). 

 

Pilosella 

  Genus  Pilosella  differs  from  Hieracium  in  several  important  characters.  Cypselas 

length is up to 2.5 mm (genus Hieracium 2.5 ‐ 5mm) and they are covered in ca 10 denticular 

ribs.  Pappus  hair  forms  mainly  1  row  (in  case  of  Hieracium  2  rows).  Apart  from  the 

mentioned  characters  genus  Pilosella  may  be  discriminated  by  several  morphological 

tendencies  such  as  presence  of  stolons  or  red  veins  on  the  abaxial  ligule  surface. Genus 

Pilosella significantly differs also at the level of other biosystematical characters. Monoploid 

                                                 
1The highest number of taxa was described in Hieracium s.l. compared to any other genus in the European flora 
(Sell & West 1976).  
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genome  size  (Cx‐value)  is  approximately  twice  lower  in  Pilosella  than  in  Hieracium 

(Bräutigam  &  Bräutigam  1999,  Vladimirov  &  Greilhuber  2003,  Chrtek  et  al.  2009).  Also 

apomixis  type  is  essentially  different  (Pilosella  ‐  apospory  vs.  Hieracium  ‐  diplospory; 

Rosenberg 1906, 1907, Pogan & Wcisło 1989, 1995). Molecular markers  (nuclear  ‐  ITS and 

chloroplast  haplotypes;  Fehrer  et  al.  2007a)  brought  better  understanding  of  the whole 

group. Molecular  study  based  on  the  analyses  of  the  internal  transcribed  spacer  of  the 

nuclear  ribosomal DNA  (nrDNA  ITS) and  trnT‐trnL  intergenic  spacer and matK gene of  the 

chloroplast DNA  (Fehrer et al. 2007) had great  impact  for  the understanding of  the whole 

group.  All  markers  confirmed  the  monophyly  of  the  clade  composed  of  Hieracium 

s.l. Andryala  L.  and  Hispidella  Lam.  However  incongruence  among  the  results  based  on 

chloroplast and nuclear data was observed in respect of the evolutionary history of Pilosella. 

Whereas  the  nuclear  data  (ITS)  mainly  confirm  the  hitherto  taxonomical  concepts  with 

Pilosella/Hispidella  being  a  sister  group  to  Hieracium  s.str./Chionoracium  and  Andryala 

clades, Pilosella was split into two major lineages according to the cpDNA. Moreover neither 

of  them was  composed  of  Pilosella  accessions  solely.  In  the  first  one  Andryala  clustered 

together with part of the Pilosella species, the other clade comprised Hispidella in addition. 

These  data  suggest  ancient  hybridization  events  among  these  genera.  However,  higher 

number of representative  individuals should be added to potential consequent analyses as 

recent  biosystematical  studies  at  region  scale  clearly  confirm  highly  different 

microevolutionary patterns (hybridization direction, ploidy levels, breeding modes etc.) even 

from very close mountain ranges (Krahulec et al., unpublished). 

  Generally accepted taxonomic concept of the genus Pilosella is structured into group 

of basic  (Hauptarten) and  intermediate species  (Nebenarten or  later called Zwischenarten; 

Nägeli & Peter 1885). Basic  species  comprise  taxa  characterized by unique morphological 

traits,  whereas  intermediate  ones  combine  basic  species  features  indicating  their 

hybridogenous nature. The concept is supported by numerous hybridization experiments of 

Nägeli and Peter (1885) and its robustness has been corroborated by many studies (i. e. Suda 

et  al.  2007,  Fehrer  et  al.  2007a  etc.).  The  basic  vs.  intermediate  species  distinction  also 

corresponds well with the patterns of ploidy  level and breeding mode differentiation (basic 

species  being  frequently  sexual  diploids  vs.  predominantly  polyploid  apomictic 

intermediates;  Krahulcová  et  al.  2000).  However,  problems  of  particular  hybridogenous 

species  age  cannot  be  sufficiently  determined  either  by  molecular  markers  or  by 

paleobotanical  research  (most  of  Asteraceae  taxa  do  not  differ  in  pollen  morphology, 

phytolites or any other known paleobotanical marker; e.g. Beug 2004, Petr & Urfus unpub.). 

Nevertheless,  the majority  of  hybridogenous  intermediate  species  do  evolve  so  they  are 

already distinguishable  (e.g. by progeny structure)  from recent hybrids (e.g. Krahulec et al. 

2004, 2008). Number of basic species varies depending on the species rank concept between 

20 ‐ 30 (i.e. 20 with numerous taxa treated at subspecific level; Bräutigam & Greuter 2007). 

On the contrary, number of described intermediate species reaches place value of hundreds 

to thousands. Detailed taxonomic concept probably reflects the real situation more naturally 

(especially  in case of application of biological species concept; e.g. Juxip 2002, Tyler 2005). 
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On  the other hand, morphological delimitation of  the microspecies  is often doubtful. Vast 

number of previously described  intermediate  taxa represents apomictic  lineages artificially 

separated  from  partly  sexually  and  apomicticaly  breeding  populations  which  hybridize 

occasionally. Thus a high number of taxa described  for example a hundred years ago does 

not even exist  (they vanished via  recurrent hybridization events; e.g. Krahulec et al. 2004, 

20082).  The  situation,  obviously  irresolvable  by  traditional  taxonomic  approaches,  has 

therefore resulted in resignation on detailed taxonomic concept [i.e. Bräutigam and Greuter 

(2007) mention 122 intermediate species]. 

  Most of the Pilosella species distribution areas does not spread far over the European 

geographic borders  (Bräutigam 1992, Fehrer et al. 2007b), but  in many cases their eastern 

distribution  borders  are  simply  unknown.  Several  species  distribution  areas  reach  South 

Siberia  (i.  e.  Pilosella  echioides  (Lumn.)  F.  W.  Schultz  &  Sch.  Bip.,  P.  onegensis  Norrl.; 

Schischin 2002) or middle Asian mountains (Pilosella aurantiaca (L.) F. W. Schultz & Sch. Bip.; 

Krahulec unpubl.). The majority of genus Pilosella species are mainly stress tolerant plants. 

Basic  species  tend  to occur mostly  in primary mainly  forest‐free habitats  (rocky outcrops, 

steppes, sandy habitats, various transition mires margins etc.), whereas intermediate species 

mainly  occur  in  secondary  habitats  (e.g.  Zahn  1921,  1930,  Sell & West  1976,  Bräutigam 

& Schuhwerk 2002, Chrtek 2002, 2004). 

The  vast  number  of  described  taxa,  various  taxonomic  concepts  and  frequent 

resignation  on  detailed  plant  determination  evidently  imply  question  of  the  variation 

sources.  There  are  several main  sources  of  enormous  variation  of  the  Pilosella  species: 

hybridization accompained by polyploidisation (detected cytotypes: 2x, 3x, 4x, 5x, 6x, 7x, 8x; 

x= 9), variation  in  reproductive mode  (apomixis  combined with  sexual  reproductive mode 

often within  the  same  capitulum)  as well  as  vegetative  reproduction  via  stolons  (Gadella 

1987, 1991, Krahulcová et al. 2000). These sources are accompanied by production of fertile 

pollen  (even  in  case  of  apomicts  and  completely  sterile  plants  such  as  F1  triploids)  and 

occurrence  of  haploid  parthenogenesis  or  autogamy  via mentor  effect  (Krahulcová  et  al. 

1999,  Krahulcová  et  al.  2000,  Krahulcová  &  Krahulec  2000).  Moreover,  all  the  above 

mentioned  phenomena  are  usually  combined  in  an  intricate way.  Apomictic  lineages  are 

facultative  thus  they  subsequently  hybridize  with  other  cytotypes  or  taxa  resulting 

in enormous  number  of  different  morphological  lineages  and  cytotypes  (Krahulcová 

& Krahulec 2000).  In addition, several other  important variation sources have not yet been 

sufficiently  studied and,  for example,  the  frequency of unreduced gametes  formation has 

not yet been assessed. Nothing is known about the importance of further genom duplication 

of polyhaploids frequently resulting in highly distinct lineages (Krahulec et al. 2011). 

 

 

                                                 
2Detailed  study  of  Pilosella  species  in  Krkonoše  mountains  illustrates  intricacy  of  microspecies  concept 
(e.g. number of described taxa is some cases higher than number of clones; Krahulec et al. 2004). 
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Polyploidy 

  Polyploidy  represents one of  the  fundamental  evolutionary phenomena  frequently 

causing single step speciation, so called saltation (Grant 1981). Polyploidisation is supposed 

to be more frequent in plants than in animals (Mable 2004). Essential role of polyploidisation 

may  be  illustrated  by  the  fact  that  ancient  polyploidisation was  confirmed  for  all  plants 

(except  for  the  Amborella;  Soltis  et  al.  2009).  Although  polyploidy was  for  the  first  time 

detected  at  the  beginning  of  the  twentieth  century  (e.g.  Strasburger  1910),  it  has  been 

extensively  studied only during  last  several decades  (in connection with developing  flow  ‐ 

cytometry and molecular methods).  

  Depending on polyploid genome composition two polyploidy types are distinguished: 

autopolyploidy and allopolyploidy. Autopolyploidy is a result of a single genome duplication 

or of unreduced gamete participation  (including polyploidisation within  individuals of one 

population of a particular species; Ramsey & Schemske 1998). Surprisingly, autopolyploids 

seem to be not so common and not many examples have been properly proven (for details 

see  Soltis  et  al.  2007).  Fusion  of  two  more  differentiated  genomes,  which  is  typically 

a product of interspecific hybridization results in allopolyploidy. Besides the simple genome 

duplication polyploidisation via unreduced gametes is considereded to be the most common 

mechanism. Higher  production  of  unreduced  gametes was  especially  detected  in  case  of 

hybrids,  thus  polyploidy  is  evidently  closely  connected  with  hybridization  (Ramsey 

& Schemske  1998).  Polyploidisation  via  unreduced  gametes  raises  either  by  combination 

of two  unreduced  gametes  or  by  participation  of  one  unreduced  and  reduced  gamete 

followed by  complicated passing of  triploid block  (e.g. Ramsey &  Schemske  1998, Burton 

& Husband  2000,  Bretagnolle  2001,  Husband  2004,  Köhler  et  al.  2010).  Process  of 

polyploidisation  is apparently limited either by simple selection against higher polyploids or 

by  more  complex  mechanisms  (i.e.  polyhaploidisation  ‐  high  polyploids  are  generating 

haploid  progeny,  Pilosella;  Krahulec  et  al.  2011).  Polyploidy  is  obviously  accompanied  by 

numerous selection predispositions. Many restrictions or potential advantages are  induced 

by bigger  cell  size  (proportions of whole organism  are bigger)  followed by  lower  growing 

speed (due to more complex mitosis; Leitch & Bennett 2007). Polyploid species also tend to 

form  specific  geographical  patterns.  Obvious  geographical  pattern  is  represented  in 

deglaciated holoarctic regions where polyploids markedly prevail (Stebbins 1957, also in case 

of Pilosella, Krahulcová et al. 2004, 2008). 

  Genus  Pilosella  is  deeply  influenced  by  polyploidisation.  Broad  spectrum  of  ploidy 

levels was recorded within the species (2x, 3x, 4x ,5x, 6x, 7x, 8x ‐ basic chromosome number 

x=9;  Schuhwerk  1996,  Schuhwerk  &  Lippert  1997,  1998,  Krahulcová  &  Krahulec  1999, 

Krahulcová et al. 2000, Rotreklová et al. 2002, 2005 etc.). During experimental hybridization 

even higher ploidy levels were detected (up to 12x; Skalińska 1976). Almost half of Pilosella 

taxa are supposed to consist of more ploidy levels (even within one population; Schuhwerk 

1996, Schuhwerk & Lippert 1997, 1998, Krahulcová & Krahulec 1999, Rotreklová et al. 2002, 
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2005  etc.). Diploid  level  is  characteristic mostly  for  basic  species  (even  though  e.g.  basic 

species  P.  aurantiaca  does  not  have  any  diploid  cytotype,  only  dihaploid  plants  were 

recorded  as  a  result  of  parthenogenesis  during  experimental  crossing;  Skalińska  1971). 

Polyploidisation  in  the genus  is probably  induced via unreduced gametes, which  fuse with 

usually reduced gametes (rarely unreduced gametes) resulting in addition hybrids. According 

to results of experimental crossing addition hybrids represent the first step for subsequent 

polyploidisation  (Skalińska  1973,  1976,  Gadella  1988,  Krahulcová  &  Krahulec  2000, 

Krahulcová et al. 2004, 2011). The  importance of addition hybrids as a source of variation 

and  as  a  basic  step  for  generation  higher  polyploids  is  probably  still  not  valued 

enough (i.e. P. rubra  in Krkonoše mountains was proved  to be an addition hybrid between 

P. aurantiaca  ‐  2n  and P.  officinarum Vaill.  ‐ n; Krahulcová  et  al.  2004,  Suda et  al.  2007). 

Moreover, species of genus Pilosella differ  in absolute DNA content at the monoploid  level 

and  intermediate  contents  of  intermediate  species  are  confirming  the  hybridogenous 

character (Suda et al. 2007). 

  Problems  of  aneuploidy  (abnormal  number  of  chromosomes)  are  obviously 

connected with plolyploidisation  (and hybridization).  In  case of genus Pilosella aneuploidy 

was  recorded  several  times:  P.  aurantiaca  (2n=30;  Pashuk  1987),  5  individuals  of 

P. piloselliflora (Nägeli & Peter) Soják (2n=48; Krahulcová & Krahulec 1999, Krahulcová et al. 

2000), or in hybrid swarm between P. officinarum and P. piloselloides subsp. bauhini (Schult.) 

S. Bräut. & Greuter  (Krahulcová  et  al.  2009)  etc.  Even  in  cases  of  experimental  crossings 

aneuploidy is quite a rare phenomenon known either as a triploid progeny of tertraploid and 

diploid crosssing  (P. officinarum, P. aurantiaca; Skalińska 1971, Gadella 1991) or  relatively 

frequently  as  a  result  of  pentaploid  (pollen  donor)  and  diploid  or  tetraploid  crossing 

(Krahulcová & Krahulec 2000). 

 

Reproduction modes 

  Apomixis  (=  apomixis  s.str.,  i.e.  agamospermy  ‐  asexual  reproduction  via  seeds) 

is considered  to be  closely  correlated with polyploidy  (only diploid exception  seems  to be 

Boechera A. Löve & D. Löve, Brassicaceae; Kantama et al. 2007) and hybridization. Apomixis 

clearly prevails  in certain families (Poaceae, Rosaceae and Asteraceae; Bicknell & Koltunow 

1993, Koltunow et al. 2000, Richards 2003). At the taxonomic level apomixis is the reason for 

discussions regarding species definition  (high number of apomictic microspecies as a more 

natural  solution,  but many  botanists  could  hardly  use  it;  Dickinson  1998,  Hörandl  1998, 

Kirschner 1998, Stace 1998). Apomixis has been reported in 126 angiosperm genera (divided 

into  ten‐thousands  of  described  taxa;  Carman  1997).  The  mechanism  of  apomixis 

is extensively studied due to potential economic utilization. If apomixis could be  induced  in 

agricultural  crop‐plants  to  fix  characters  of  the  most  productive  F1  hybrids  (mostly 

heterozygous), the increase of the yields would start a true agricultural revolution (Koltunow 

1993,  Ramulu  et  al.  1999,  Koltunow  et  al.  2000).  Nevertheless,  control  mechanisms 
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of apomixis are probably more  complex because despite being  studied  for many years by 

several teams, the apomixis control has not yet been figured out. The apomixis mechanism 

involves  three  elementary  steps:  embryo  sac  formation  without  meiotic  reduction, 

spontaneous (fertilisation  independent) development of embryo and endosperm formation 

(Koltunow 1993). Apomixis occurs in many specific types but principally is divided according 

to  embryo  sac  origin.  Diplosporic  type  is  less  derived  from  sexual  process  because 

the megaspore  mother  cell  still  gives  rise  to  the  embryo  sac.  On  the  other  hand,  in 

aposporous type the embryo sac is formed out of somatic cell of nucleus (e.g. Richards 1997, 

Koltunow et al. 2000). Although the embryo development  is autonomous the pollination  is 

frequently needed to form endosperm via fertilizing the central cell by a male gamete. Such 

apomixis type  is called pseudogamy (Asker & Jerling 1992, Koltunow 1993, Richards 1997). 

Apomixis  represents absolutely prevailing mode of breeding  (obligatory apomixis)  in some 

cases,  but  more  frequently  apomixis  is  combined  with  sexual  reproduction  (facultative 

apomixis).  Even  in  case  of  obligatory  apomicts  residual  sexuality  still might  be  expected 

and several studies already proved  incomplete genetic uniformity of apomictic populations 

(Bayer  1989,  Noyes  &  Soltis  1996,  Hörandl  et  al.  2001,  Kashin  et  al.  2005).  Therefore 

apomictic  taxa  comprise  either  lineages  consisting  of  several  up  to  many  genotypes 

or uniclonal cases  (Richards 2003, Krahulec et al. 2004 etc.). Majority of agamic complexes 

tend  to  occur  in  similar  geographic  pattern  ‐  geographical  parthenogenesis. Geographical 

parthenogenesis  is a pattern comprising sexual  lower (usual diploid) ploidy  levels occurring 

in the centre of distribution area and higher apomictic cytotypes several times exceeding the 

distribution  of  their  sexual  relatives.  Geographical  parthenogenesis  mirrors  obvious 

advantage  of  clonal  species  during  colonising  new  areas  (e.g.  deglaciated; Hörandl  2006, 

Hörandl et al. 2006).  

  Apomixis  in  genus  Pilosella  is,  as mentioned  above,  of  aposporous  type  (i.e.  type 

Antenaria  L.;  Rosenberg  1907,  Pogan  &  Wcisło  1995).  Essential  role  of  genus  Pilosella 

in apomixis  research  is  underlined  by  the  first  detection  of  aposporous  type  directly 

in the genus  (Pogan  & Wcisło  1989).  Unreduced  embryo  sacs  are  frequently mixed with 

the standard reduced ones resulting in mixed progeny (facultative apomixis, e.g. Krahulcová 

et al. 2000, 2004, 2011, Krahulec et al. 2004). Both types of embryo sacs are competing until 

one of  them prevails  (but only  little  is  so  far  known  about  factors  influencing one of  the 

embryo sacs final dominance). 

  The essential source of genus enormous variation is not apomixis itself, but especially 

the  combination  of  various  reproductive  modes  (frequently  within  single  capitulum; 

Krahulcová et al. 2000, 2004). Breeding modes are partly  fixed  to particular ploidy  levels. 

The higher ploidy level is, the higher is the probability of apomixis (diploids are sexual). Odd 

ploidy levels are usually characterized by apomictic breeding (or sterile; Gadella 1987, 1991, 

Krahulec & Krahulcová 1999, Krahulcová et al. 2000, Krahulcová et al. 2001, Rotreklová et al. 

2002,  2005).  Nevertheless,  many  exceptions  occur  (e.g.  rare  sexual  triploids,  apomictic 

tetraploids  and  sexual  pentaploids  or  large  groups  of  sexual  hexaploids;  Pogan & Wcisło 
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1995,  Rotreklová  et  al.  2002,  Peckert  2005,  Peckert  &  Chrtek  2006,  etc.).  But  at  least 

the diploid cytotypes were proved to be sexual (P. lactucella ‐ Skalińska 1967, Gadella 1984, 

Krahulcová  &  Krahulec  1999;  P.  peleteriana  (Mérat)  F.  W.  Schultz  &  Sch.  Bip. 

and P. hoppeana  (Schult.) F. W. Schultz & Sch. Bip.  ‐ Gadella 1984, P. officinarum  ‐ Gadella 

1984; P. onegensis ‐ Skalińska 1967, Skalińska & Kubień 1972, Krahulcová & Krahulec 1999; 

P. echioides ‐ Kašin & Černiškova 1997, Peckert 2001, Rotreklová et al. 2002). Despite that, 

the  apomixis was  confirmed  in  case of dihaploid  individuals  (Bicknell 1997, Bicknell et  al. 

2000, Krahulec et al. 2011). 

  Sexual  forms  were  proved  to  be  allogamous  (Gadella  1988,  1991,  Krahulcová 

& Krahulec 1999). However,  self‐compatibility  is  still possible  via  stimulation of  stigma by 

foreign  pollen  ‐  mentor  effect  (Krahulcová  et  al.  1999,  subsequently  confirmed  in  case 

of Hieracium s.str.; Mráz 2003). Such process is probably common in the field, as more than 

one species usually grow together; thus self‐pollination probably occurs quite frequently. 

  Indispensable  source of genus Pilosella variation  is clonal growth  (Krahulcová et al. 

2000)  via stolons  (above or below  ground). Due  to  clonal  growth  a particular  genotype  is 

able to spread at  local scale even  in case of otherwise sterile plants. Long‐time persistence 

takes the sterile genotype back to microevolutionary process because even sterile plants of 

genus Pilosella species were proved to produce viable pollen. The ability to produce viable 

pollen  (of  probably  all  cytotypes)  is  in  contrast  to  Hieracium  s.str.  because  some  of  its 

cytotypes produce aborted pollen grains (Gadella 1987, Krahulcová & Krahulec 2000). 

 

Hybridization 

  Last,  but  not  least,  an  essential  source  of  genus  Pilosella  variation  is hybridization 

(Krahulcová et al. 2000). Hybridization is supposed to be the fundamental process of whole 

genus speciation  (Skalińska 1967, Turesson 1972, Krahulcová et al. 2000). For a  long  time, 

hybridization was not considered to be an important and frequent phenomenon which could 

markedly  influence evolution.  The process was  regarded  as  an evolutionary error  (Arnold 

1997),  yet  clearly  hybridization  is  very  common  and  its  evolutionary  impact  is  obviously 

substantial. Its frequency at the level of individuals is usually very low (often less than 0.1% 

individuals per generation) but at  the  level of  species  the  impact  increases because  single 

individual  can  provide  sufficient  interspecific  gene  flow  (e.g.  Rieseberg  1997,  Seehausen 

2004, Mallet 2007). Abundance of hybridization may be illustrated with an example of British 

flora, in which hybridization was detected in 25% of species (Mallet 2005). Real hybridization 

rate can hardly be assessed because many hybrids are for instance indistinguishable in their 

morphology  (only  modern  biosystematic  methods  are  helpful;  Mallet  2008).  During 

hybridization  already  stabilised  genomes  are  combined  and  restructured.  Thus  a  fitness 

of hybrid may be either  lower or higher  than  that of  the parental  taxa  (Arnold & Hodges 

1995).  Hybrids  are  often  less  fertile  (frequently  sterile  due  to  incompatibility 

10



 

at chromosomal  level)  than  parental  individuals  and  that  is  why  they  were  considered 

to have very low evolutionary impact (Grant 1981). 

  In  some  cases,  hybrids  back  cross  with  the  parental  species  (introgressive 

hybridization  or introgression).  Gene  flow  influences  the  parental  species  differently, 

frequently in positive way due to the increase of their adaptability (Arnold 1997) although it 

can also diminish  the genome of one of  the parental species. Thus  introgression endanger 

many species and even lead to their extinction (especially if they occur in small area; Wolf et 

al.  2000,  Seehausen  2004).  Introgression  is  frequently  abundant  in  zones  of  sympatry 

and it sometimes interconnects the parental taxa by phenotypic continuum (clinal variation; 

Zimmerman 1964).  

  Hybridization  is  very  common  in  genus  Pilosella  and  the whole  group  represents 

a typical example of hybrid  speciation  in many  respects.  Solitary hybrids, or at  least  signs 

of introgression  occur  in majority of  populations  and  even  large  hybrid  swarms  are  quite 

frequent, because  the most  sympatric  taxa  are  able  to hybridize  (almost no hybridization 

barriers  are  established;  Gadella  1987).  Introgression  is  obviously  a  widespread 

phenomenon  in  the  genus  Pilosella  species  and  even  triple  hybrids  production  happens 

(Gadella  1988,  1992).  Hybridization  also  knocks  down  barriers  between  different  ploidy 

levels or breeding modes. Hybridization between different ploidy level species was reported 

many  times  (e.g.  Skalińska  1967,  Gadella  1987).  Even  apomictic  individuals  frequently 

participate  in  crossing  either  as  pollen  donors  (e.g.  Skalińska  1976,  Gadella  1982,  1987) 

or surprisingly often  as mother plants  (naturally  apomicts are  facultative  in  case of  genus 

Pilosella; e.g. Skalińska, Krahulec et al. 2004, 2008).  

  Current  high  rate  of  genus  Pilosella  hybridization  is  substantially  increased  due 

to human  activities.  Artificially  preserved  forest‐free  areas  (anthropic  steppe)  markedly 

contribute  to  genus  Pilosella  species  spreading.  Broad‐spectrum  of  variously  disturbed 

secondary habitats frequently combines species whose niches would not otherwise connect, 

resulting  in  an  antropohybridization  (Wójcicki  1991).  Montane  meadows  are  a  classic 

example  of  long  time  established  anthropic  habitat  type, which  is  regularly  disturbed  by 

cutting  for hay and many  less competitive species occur  there. Species  from alpine  forest‐

free habitats and lower altitudes grow there together, forming hybrid swarms and resulting 

in  many  well  established  hybridogenous  taxa  (Krahulcová  &  Krahulec  1999,  Krahulec 

et al. 2004). 

 

Pilosella officinarum and P. piloselloides subsp. bauhini under investigation 

  Pilosella  officinarum  is  probably  the  most  abundant  species  of  the  whole  genus 

Pilosella. Together with several mostly diploid species  it forms a section Piloselina, which  is 

distinctly defined by one headed  (single capitulum) stem and dense cover of stellate hairs 

at abaxial  side of  leaf  (e.g. Zahn 1923, Sell & West 1976). Pilosella officinarum  is  the only 
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abundant  polyploid  of  the  section  (except  for  a  rare  tetraploid  P.  saussuroides);  it  is 

an extremely variable species. The complexity of  its variation may  illustrate 624 subspecies 

mentioned or directly described by the monograph of genus Hieracium s.l. K. H. Zahn (Zahn 

1923).  

  Sources  of  P.  officinarum  variation  are  identical  to  the  ones  in  the  whole  genus 

(polyploidy,  different  reproductive  modes,  hybridization  and  clonal  growth;  Krahulcová 

et al. 2000).  According  to  high  number  of  ploidy  levels  (2x,  4x,  5x,  6x,  7x),  various 

combinations  of  reproductive  modes  to  different  cytotypes  and  extensive  tendency  to 

hybridize (the most frequent participant of all hybridization events and also most frequent 

parental species of hybridogenous species; e.g. Zahn 1923) Pilosella officinarum represents 

a model  species  crucial  for  understanding  the  problems  of  the  entire  genus  Pilosella 

and even  for possible  reconstructing  the ancient history of many other agamic complexes, 

where  apomixis  absolutely  prevails  (such  as  Alchemilla).  Different  ploidy  levels  relate  to 

particular  reproductive modes.  Tetraploids  tend  to  be mostly  sexual  (only  rarely  a  partly 

apomictic exceptions were detected  too; e.g. Gadella 1984). Pentaploids, on  the contrary, 

tend  to be  apomictic  (e.g. Gadella  1984), but  partly  sexual  individuals have been  already 

proven  (Turesson &  Turesson  1960,  Tureson  1972,  Pogan & Wcisło  1995)  and  even  fully 

sexual ones (Krahulcová et al. 2000, Rotreklová et al. 2002). Hexaploids form both apomictic 

and sexual lineages. Sexual plants were documented from mountainous habitats (especially 

the Alps; Gadella 1984) and recently also from Central European regions from river canyons 

(Urfus 2006). Rare heptaploid individuals are either apomictic or sterile (Gadella 1984, 1991). 

Pilosella  officinarum  diploid  cytotype  (described  by  Delcourt  1972  and  Gadella  1984) 

requires perhaps further studies as its status seems to be obscure. 

  Pilosella piloselloides subsp. bauhini  (further  in text P. *bauhini) does not belong to 

such  markedly  morphologically  distinct  group  compared  to  P.  officinarum  ‐  section 

Praealtina  (e.g.  related  P. piloselloides  subsp.  piloselloides  differs  only  in  the  absence  of 

stolons;  e.g. Gottschlich  1987).  As  well  as  P.  officinarum,  P.  *bauhini  consists  of  many 

intraspecific taxa (e.g. Zahn 1923, 1930). Pilosella *bauhini is also not as diversified in ploidy 

levels  (four were  detected  ‐  4x,  5x,  6x  and  7x;  Rotreklová  2004,  Krahulcová  et  al.  2009). 

Cytotypes  of  P.  *bauhini  are  negatively  distributed  in Central  Europe  compared  to 

P. officinarum  (Roteklová  2004).  Tetraploid  cytotype  breeds  mainly  sexually,  but  some 

apomictic tetraploid populations were also documented (Rotreklová 2004, Krahulcová et al. 

2009).  Only  apomictic  pentaploids  and  hexaploids were  detected.  Pilosella  *bauhini  also 

frequently  participates  in  hybridization.  The  species  forms  huge  hybrid  swarms  especially 

with P. officinarum [resulting in broad spectrum of morphological lineages more or less close 

to P. brachiata (DC.) F. W. Schultz & Sch. Bip. and P.  leptophyton (Nägeli & Peter) S. Bräut. 

& Greuter  ‐  intermediate  species  between  both  parental  species;  e.g.  Krahulcová  et  al. 

2009].  
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   To understand the problematics of genus Pilosella, a comparison with a related group 

characterised by evolution at the diploid level might by helpful. Picris hieracioides L. and very 

close  P.  hispidissima  (Bartl.)  Koch  represent  species  group  of  closely  related  and  almost 

exclusively diploid  taxa  (Sell 1975, 1976, Bolòs & Vigo 1990, Slovák et al. 2007). According 

to recent  phylogenetic  studies  (Klilian  et  al.  2009)  Pilosella  and  Picris  rank  among  genera 

forming sister clades (clade 4 and 5). Picris hieracioides group may be characterised by high 

morphological variation despite being strictly diploid and allogamous sexual (Sell 1976). High 

number of  intraspecific  taxa  confirms  the  real  variation  (currently  recognised  at  the base 

of peduncle length, involucrum proportions, colour and hair characteristics ‐ very similar set 

of characters is also crucial in entire genus Hieracium and Pilosella determination; Sell 1975, 

1976). Different and incompatible taxonomic concepts of Picris hieracioides were established 

(analogous  to different  taxonomic  treatments  in genus Hieracium and Pilosella; Sell 1975, 

1976, Bolòs & Vigo 1990, Haeupler & Muer 2007). Generally Picris hieracioides  (according 

to study in the Western Carpathians; Slovák & Marhold 2007) occurs either in mountaineous 

primary  habitats  ("higher  altitude  type")  or  in  widespread  secondary  habitats  ("lower 

altitude type"). 
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Aims of the thesis 
 

I. The  detection  of  processes  within  hybrid  swarm  by  morphometric  comparisson 
of maternal and filial generation 

II. Ploidy levels distribution pattern on different scales 

III. Morphometric evaluation of cytotypes defined by ploidy level and reproductive mode 

IV. Comparison of different variation patterns in related taxa  
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Abstract Hybridisation processes  that occur within  the population of Pilosella piloselloides 

subsp. bauhini and P. officinarum were detected by means of a morphometric analysis. We 

analysed a  set of maternal plants  that occurred  in  the  field and  set of  their progeny  that 

originated in the field. The analysis showed common hybridisation of both parents as well as 

of  their  hybrids  (P.  brachiata  and  P.  leptophyton).  All  of  the  plants  with  different 

reproductive  modes  (sexual,  facultative  apomictic  and  variable)  participated  in  these 

hybridisations. 

 

 

Introduction 

One  of  the  key  features  of  the  genus  Pilosella  (Hieracium  subgen.  Pilosella)  is  common 

hybridisation, which  is mentioned  in many books and papers (Zahn 1921‐1923, 1922‐1930, 

Sell & West 1975, 1976, Krahulcová et al. 2000, Tyler 2001, Fehrer et al. 2007). The studies of 

Pilosella  led  to  the descriptions of basic and hybridogenous species;  these are  formed not 

only between basic species but also between  individual hybridogenous species. Therefore, 

new types are formed by both one‐step and multi‐step hybridisation processes. This finding 

results  in  a  rather  complicated  system within  particular  taxa  (e.g.,  Nägeli &  Peter  1885, 

Schuhwerk  &  Fischer  2003,  and  a  contrasting  approach  in  Tyler  2001).  The  studies  of 

Pilosella hybrids were performed at the beginning of modern genetics (Mendel 1869) and at 

the beginning of  the discovery of  apomixis  (Ostenfeld & Raunkier  1903, Ostenfeld  1906). 

Surprisingly, there are very few studies  in the field regarding topics such as the population 

level, analyses of hybridisation and  its related processes  including  introgression or progeny 
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analyses (Krahulcová et al. 2009, 2011). Evidently, the possibility of the detection of hybrids 

and/or their description led to a uniform scientific approach. In geographically limited areas, 

the use of molecular markers, such as chloroplast haplotypes, revealed which species were 

the mother  plants.  Surprisingly,  apomictic  plants were  found  to  be  the mother  plants  of 

about  half  of  the  hybrids  and  hybridogenous  species  (Krahulec  et  al.  2004,  2008).  In 

a detailed study of two model populations, Krahulcová et al. (2009) showed that apomictic 

maternal  plants  produced  more  variation  with  respect  to  the  ploidy  level  than  sexual 

maternal  plants. However, we  did  not  consider  different morphological  types  of  hybrids. 

In the present paper, we studied one of these populations to demonstrate the directions of 

hybridisation by examining the morphological characters, which are used for the description 

and  the determination of particular  taxa. These processes are  related  to  the  reproductive 

mode of maternal plants that produce seed progeny in the field. 

 

The studied population 

The  studied  population  consisted  of  two  basic  species,  Pilosella  officinarum  and 

P. piloselloides subsp. bauhini  (subsequently referred to as P.*bauhini). These species have 

contrasting morphology; P. officinarum has one large capitulum and a dense cover of stellate 

hairs  underleaf, while  Pilosella  *bauhini  is  a  tall  plant  and  has many  small  capitula  in  its 

cymose inflorescence, but its leaves do not contain any stellate hairs. These characters allow 

for the easy identification of their hybrids. Both species hybridise freely and often. Based on 

the morphology, they form two types of hybrids. P. brachiata (P. *bauhini < P. officinarum) is 

characterised by its range of scattered to abundant stellate hairs underleaf, its relatively few 

capitula  and  its  deeply  branched  short  stem  (e.g.,  Chrtek  2004).  It  corresponds  to  the 

primary n+n hybrids or  to different products of back  crosses with P. officinarum. Pilosella 

leptophyton  (P. *bauhini > P. officinarum) has more  abundant but  smaller  capitula  in  the 

cymose inflorescence and scattered stellate hairs underleaf.  

At  the  studied  locality  (Krahulcová  et  al.  2009),  P.  officinarum was mostly  tetraploid  and 

sexual, although several plants were  found  to be pentaploid and sexual. Pilosella *bauhini 

was determined to be tetra‐, penta‐, hexa‐ and heptaploid at this  locality, and plants of all 

ploidy  levels  were  apomictic.  The  ploidy  and  reproductive  mode  of  the  hybrids  were 

complex,  with  many  aneuploids  and  combinations  that  displayed  different  reproductive 

modes;  this  finding  was  especially  apparent  for  P.  brachiata.  In  addition  to  sexual 
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and apomictic reproduction, we distinguished a variable mode, which combines both modes. 

The apomictic plants usually retain a level of residual sexuality of up to 10%. The specimens 

with a variable mode, which were usually the 2n + n hybrids that resulted from an apomictic 

and a  sexual parent,  retain up  to 80% of  their  sexuality. Therefore,  such hybrids produce 

more  variation  when  compared  to  their  apomictic  parent  because  they  form  a  low 

proportion of progeny  that are  identical  to  the mother plant, and  they often  form a high 

proportion of polyhaploid and/or hybrid progeny. 

 

Material and methods 

We used herbarium specimens (deposited in the Herbarium PRA), which originated from the 

hybrid population in Prague (Praha‐Vysočany; Krahulcová et al. 2009), both as mature plants 

that  were  established  at  the  locality  and  for  their  seed  progeny.  These  progeny  were 

cultivated  from  seeds,  and  their morphological  characters were  evaluated  together with 

their  maternal  parent.  The  population  was  formed  by  Pilosella  officinarum,  P.  bauhini 

and various  morphotypes  of  their  hybrids  (P.  brachiata  =  P.  bauhini  <  P.  officinarum, 

P. leptophyton  =  P.  bauhini  >  P.  officinarum).  The  following  two  sets  of  plants,  which 

corresponded  to  the  material  that  was  sampled  and  processed  in  the  previous  study 

(Krahulcová et al. 2009, locality 1 in Fig. 1), were used in this analysis: 

(i) Maternal  data  set.  Seventy‐nine  plants  that  were  collected  in  the  field  were 

chosen for subsequent cultivation  in the experimental garden of the  Institute of 

Botany, ASCR Průhonice. The  chromosomes of all 79 plants were  counted. The 

DNA ploidy levels of the progeny were determined using flow cytometry, and the 

chromosomes of the progeny class representatives were counted to confirm the 

accuracy of the flow cytometry. The reproductive mode (parthenogenetic versus 

sexual)  of  all  plants was  confirmed  using  a  routine  emasculation  test  (Gadella 

1987, Krahulcová and Krahulec 1999). Consequently, the karyological analysis of 

the  progeny  (the  detection  of  ploidy  and  the  chromosome  number  variation) 

distinguished  between  a  variable  and  an  apomictic  reproductive mode within 

those plants that produced some parthenogenetic seeds in the emasculation test. 

(ii) Filial data set. Seeds from the maternal plants, which were collected  in the field 

or during a period of 10 days after transplantation (which definitely originated in 

the  field) were  sown,  and  the  seedlings were  cultivated  to  the  rosette  stage. 
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The ploidy (or chromosome number) was determined to distinguish between an 

apomictic  and  a  variable  reproductive  mode  of  the  corresponding  maternal 

plants.  In  total,  223  plants  were  cultivated  to maturity  and  collected  for  the 

herbarium.  These plants were  characterised by  the  taxonomic  identity of  their 

maternal plant, its reproductive mode and its chromosome number. 

 

In  total, 21 morphological characters  (quantitative or binary) of 302 herbarium  specimens 

were measured  or  scored  (see  Table  1).  The  characters  that  were measured  or  scored 

included  traits  widely  used  for  the  species  group  determination.  The  characters  of  the 

vegetative  portions  of  the  plants  comprised  the  leaf  length  (LL),  the  leaf  width  (LW), 

the length from maximum  leaf width to the tip (WT), the shape of  leaf tip (acuteness, TA), 

the stem height (up to the highest capitulum, SH or to the first branch of the inflorescence, 

SB), and  the  length of  the peduncle of  the  terminal capitulum  (PH). The characters of  the 

generative  organs  were  the  involucral  bract  length  (BL)  and  width  (BW),  which  were 

determined  by  the  average  of  5  measurements;  the  terminal  capitulum  diameter  (CD); 

and the  rate  of  dark  trichome  density  (TD).  Several  characters  dealt with  either  the  hair 

density of the leaves, which were the presence of single hairs covering the adaxial side (SL) 

and  stellate  hairs  on  the  adaxial  side  (SA);  the  hair  density  on  the  stem, which  included 

simple hairs (SS), stellate (STS) and glandulate (ES); or the hair on the involucrum, which was 

single (SI), stellate (STI) or glandulate (EI). The occurrence of stolons (SO) and flagellae (FO) 

were also determined. 

 

The basic statistical parameters, such as the mean value, standard deviation, and the 1, 5, 95 

and 99 percentiles, were computed for each of the characters. The correlative relationship 

among the characters was  investigated using Pearson's correlation and the non‐parametric 

Spearman's rank coefficients  to detect a high correlation  (>0.95)  to avoid  the distortion of 

the multivariate analysis. 

The principal component analysis  (PCA, Krzanowski 1990), which  is based on a correlation 

matrix,  was  applied  to  reduce  the multidimensional  nature  of  the  character  space.  The 

variation  pattern  was  then  expressed  by  the  first  three  components.  To  compute  the 

distance matrix, the Euclidean distance was applied.  
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Consequently,  discriminant  analyses  (canonical  discriminant  analyses  (CDA)  and 

classificatory discriminant analyses; Klecka 1980) were performed. We used the taxonomic 

identity and the reproductive mode of the maternal plants as a discrimination character. The 

discriminant function that was computed from the maternal individuals’ dataset was applied 

to the progeny dataset to determine the identity of the progeny. Finally, the non‐parametric 

k‐nearest  neighbour  classificatory  discriminant  analysis  was  used  to  determine  the 

percentage of progeny individuals from particular taxonomic groups.  

The multivariate analyses of the morphometric data set were performed with the SAS 9.1.3 

(SAS Institute 2000) and PAST software (Hammer et al. 2001). 

 

 

Results 

PCA:  The  analysis  of  the maternal  data  set  was  rather  clear  (Fig.  1):  the  first  axis  was 

identical  to  the  gradient  between  P.  *bauhinii  (and  its morphologically  closer  hybrid  P. 

leptophyton) on one  side and P. officinarum on  the other  side. The most common hybrid, 

which was  P.  brachiata,  occupied most  of  space  and  overlapped  on  both  sides with  the 

parental taxa. No overlap between the parental taxa occurred  in the plane of the first two 

axes. The same analysis that was performed with the progeny of maternal specimens (Fig. 2) 

showed  some  differences.  The  progeny  of  both  of  the maternal  species  in  the  reciprocal 

hybridisations,  P.  *bauhini  and  P.  officinarum,  overlapped  to  a  greater  degree  with  the 

progeny of P. brachiata. This  finding  indicates the presence of two processes, which could 

occur  simultaneously.  At  least  a  portion  of  the  progeny  of  the maternal  species was  of 

a hybrid origin, and Pilosella brachiata was pollinated by both parental species, i.e., a portion 

of  its  progeny  are  backcrosses.  It  seems  that  P.  brachiata,  which  displays  a  sexual  and 

variable  system, produced hybrids  that were  closer  to P.  officinarum, but  the plants  that 

displayed apomictic reproduction produced plants that were closer to P. bauhini. This result 

is  even more  significant when  the  progeny  of  P.  brachiata were  treated  separately with 

respect  to  the  reproductive mode of  the mother plant  (Fig. 3).  The primary  gradient was 

correlated with the sexual and apomictic parents, while the progeny of the specimens with 

a variable reproductive system were scattered between the two, and they showed a greater 

overlap with the progeny of the sexual maternal plants. 
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Discriminant analysis. A discriminant analysis (Fig. 4) of the maternal data set revealed the 

clear  separation of particular  taxa. The  first  canonical axis  separated both of  the parental 

species (P. *bauhini and P. officinarum), and the second axis separated both of the species of 

hybrid origin (P. leptophyton and P. brachiata) in addition to P. officinarum and P. brachiata. 

These results are not surprising because these characters were chosen based on their ability 

to differentiate between these species. The filial data set that was based on the discriminant 

function  of  the  maternal  specimens  (Fig.  5)  showed  a  complete  overlap  between  the 

progeny  of  P.  *bauhini  and  P.  leptophyton  and  the  penetration  of  the  progeny  of 

P. brachiata to the progeny of P. officinarum and also partially to P. *bauhini.  

The percentage of  the determination of  the progeny of  individual maternal plants by  the 

discriminant  function  that  was  based  on  the  parents  revealed  the  processes  within  the 

population  (Table  2).  Pilosella  officinarum  produced  a  high  percentage  of  officinarum 

progeny, and  it was followed by brachiata, which corresponds to n+n hybrids. Surprisingly, 

some progeny were of the  leptophyton type. The apomictic P. *bauhini primarily produced 

bauhini, but  it also produced both  types of  the hybrids. Most of  the P. brachiata progeny 

were  classified  as  P.  officinarum;  this  result  suggests  that  common  backcrosses  and 

introgression occurred with  this parent. Some progeny were also of  the P.  leptophyton or 

P. *bauhini  type, which  also  suggests  that  backcrosses with  the  second  parent  occurred. 

Most of the P. leptophyton progeny were determined to be P. *bauhini.  

The filial generation displayed different proportions with respect to  its origin. The numbers 

(not percentages) are evident in the columns of the Table 2. 

The most diverse  reproductive mode of  the maternal generation was  that of P. brachiata, 

which displayed all three types, the sexual, apomictic, and variable modes. The progeny of 

the mother plants with  respect  to  the  reproductive mode differed  (Table 3).  Surprisingly, 

a greater proportion of the progeny that were classified as identical to the mother plant was 

found from the plants with variable a reproduction mode than from those of the apomictic 

plants.  The  plants with  a  variable mode  produced more  progeny  that were  classified  as 

P. officinarum  than  the  apomictic  plants;  the  latter  produced  a  high  proportion  that was 

classified as P. *bauhini. 

Evaluation  of  characters:  Table  4  presents  the  data  regarding  the  correlations  of  the 

characters with a particular axis  in the PCA and a canonical axis  in the CDA. The characters 

that  significantly  correlated  with  the  first  axis  of  the  PCA  were  leaf  length  (positively 
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correlated with P. *bauhinia) and the density of stellate trichomes underleaf (a character of 

P. officinarum). The  second axis  correlated with  the  leaf width and  the number of  simple 

trichomes  on  the  involucrum.  The  best  combination  of  character  that  could  be  used  to 

discriminate  the parental species and  the hybrids within  the maternal data set were again 

leaf length, the length of the leaf from the widest point to the tip, the stem height and the 

height  to  the  first branch  (all of  the characters positively correlated with P. *bauhini). The 

characters  that  positively  correlated  with  P.  officinarum  were  the  length  of  terminal 

capitulum peduncle (in P. officinarum it was identical with the stem height), the length and 

width of  the  involucral bracts and  the diameter of  the  terminal  capitulum. The density of 

stellate hairs underleaf and the shape of leaf tip were correlated with the second canonical 

axis, and these characters can, in fact, discriminate between both of the hybrid types. 
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Discussion 

 

The PCA of the maternal data set revealed that there is a morphology gradient; both of the 

parental  species are on  the ends, and both of  the hybrid  taxa are  located between  them. 

The only overlaps that were present were small. The PCA of the filial data set revealed the 

same  gradient,  but  there  were  greater  overlaps  between  the  progeny  of  the  individual 

maternal specimens. This finding is understandable because of the formation of new hybrids 

by the parental species and due to the backcrosses and the segregation of hybrids. 

A  more  detailed  discriminant  analysis  was  used  to  determine  which  plants  from  the 

maternal  set  form  the  discriminant  function  and  the  best  combination  of  characters  to 

distinguish between them. Four individual groups were well defined even in the plane of the 

first and second axis; this result is in agreement with the data from the hybrids between the 

two species. When we used the discriminant function that was obtained from the analysis of 

the maternal set for the filial data set, the same phenomenon that was observed in the PCA 

was clearly visible. This result showed that there was greater overlap between the groups. 

The percentage of misidentifications was high and it suggests that there were hybridisations 

and/or segregation within the progeny of the hybrids. 

The progeny of the sexual P. officinarum was of primarily of the officinarum type; although 

both  types  of  hybrids  occurred,  the  brachiata  type,  which  corresponds  to  n+n  hybrids, 

prevailed. This  result suggests  that about one‐third of  the progeny were derived  from  the 

hybridisation with P. *bauhini or one of the interspecific hybrids. 

The P. brachiata progeny were diverse. Surprisingly, the greatest portion of these progeny 

was  determined  to  be  P.  officinarum.  This  result  suggests  the  common  presence  of 

backcrosses and  introgression  to P. officinarum. This hybridisation may be a source of  the 

pentaploid sexual type of P. officinarum, which was observed at this  locality (Krahulcová et 

al. 2000, 2009). A small proportion of the progeny was also determined to be P. *bauhini, 

which also suggests the possibility of introgression with P. *bauhini, but it occurred at a ten‐

fold  lower frequency. It seems that the rare hybrids that were produced by the plants with 

an apomictic reproduction mode were more similar to P. *bauhini  (Figs. 2 and 3, Table 3). 

However, the progeny of the plants with a sexual reproduction mode were more similar to 

P. officinarum. With  respect  to  the  space  occupied  along  the  first  PCA  axis  (Fig.  2),  the 
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progeny of  the plants with an apomictic  reproduction mode were more variable  than  the 

progeny of the sexual plants; this result was also found in our previous study with respect to 

ploidy  levels.  However, we  are  aware  that  the  number  of  the  progeny  of  the  apomictic 

plants was rather low due to their low residual sexuality. 

The  composition  of  the  progeny  of  the  second  hybrid,  P.  leptophyton,  also  suggests 

introgression with  a  closely  related  parental  species,  P.  *bauhini,  but  the  low  number  of 

analysed plants weakens this conclusion.  

The progeny of  the apomictic maternal P. *bauhini showed a  relatively high proportion of 

hybrids, at more than 20%.  

All of the results show that interspecific hybridisation is very common and involves both the 

parental taxa and their hybrids.  

The  only morphotype  that  displayed  all  three  types  of  reproductive modes,  i.e.,  sexual, 

apomictic, and variable, was P. brachiata. The explanation of  the progeny  composition of 

individual plants with their various reproductive modes is not easy; evidently, it is necessary 

to  analyse  a  greater  number  of  mother  plants  to  suggest  a  definite  conclusion.  The 

frequency  of  the  hybrids  and  the  high  variation  in  their  chromosome  numbers,  including 

aneuploids  (Krahulcová  et  al.  2009),  showed  that  at  least  at  studied  locality,  the 

hybridisation  and  subsequent  introgression  to  the  sexual  parent  are  common.  The  data 

presented in this paper showed that hybridisation is present in almost all directions despite 

the fact that one parental species (P. *bauhini) and a portion of the hybrids have apomictic 

reproduction modes. The high proportion of both hybrids and aneuploids was not detected 

only in seeds, but it was also found directly in the locality. This result confirms that the rates 

of both hybridisation and establishment are  rather high. This  finding  is  in agreement with 

our field observations, where the open soil surface consisting of fine gravel and sand allowed 

the common growth of seedlings. 

Several of the characters that were important for differentiating the species, and especially 

the size parameters, are usually not used  in keys; however,  in this specific case, they were 

efficient. Characters as the shape of the leaf tip and the position where the leaf is widest are 

easily observable and could be used directly in the field.  
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Tab. 1. List of morphological characters used. 

 

Continuous quantitative characters 

leaf length   LL 

leaf width   LW 

distance between the widest point of leaf to the tip   WT 

rate of leaf tip acuteness  
(1‐sharp, 2‐obtuse, 3‐rounded)  TA 

density rate of stellate trichomes at adaxial side of 5 leaves 
(1‐glabrate, 2‐single trichomes, 3‐dense hairs)  SA 

density rate of single trichomes at upper surface of 5 leaves 
(1‐glabrate, 2‐single trichomes, 3‐dense hairs)  SL  

stem height (up to terminal capitulum)  SH 

stem height (up to the first branching)  SB 

lenght of terminal capitulum peduncle  PH 

density rate of single trichomes at stem 
(1‐glabrate, 2‐single trichomes, 3‐dense hairs)  SS 

density rate of stellate trichomes at stem 
(1‐glabrate, 2‐single trichomes, 3‐dense hairs)  STS 

density rate of eglandulate trichomes at stem 
(1‐glabrate, 2‐single trichomes, 3‐dense hairs)  ES 

average of 5 involucral bracts lenght   BL 

average of 5 involucral bracts width   BW 

terminal capitulum diameter   CD 

rate of dark trichomes density at involucrum 
(1‐bright, 2‐dark bases, 3‐dark trichomes)  TD 

density rate of simple trichomes at involucrum   SI 

density rate of stellate trichomes at involucrum   STI 

density rate of eglandulate trichomes at involucrum   EI 

binary characters 

stolon occurrence  SO 

flagella occurrence  FO 
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Tab.  2.  Number  of  filial  generation  specimens with  respect  to  determination  of mother 

plants. 

 

Progeny of                                  Determined as 

  P. officinarum P. brachiata P. leptophyton  P. *bauhini  sum

P. officinarum  45 (62,5%)  22 (30.6%)  5 (6.9%)  0  72 

P. brachiata  42 (48,3%)  36 (41.4%)  2 (2.3%)  7 (8%)  87 

P. leptophyton  0  1 (14.3)  0  6 (85.7%)  7 

P. *bauhini  0  2 (3.5)  10 (17.5%)  45 (78.9%)  57 

 

 

Tab. 3. Composition of filial generation with respect to reproductive mode of mother plants. 

 

                  Progeny determined as  SumMother 

plant  P. officinarum P. brachiata P. leptophyton P. *bauhini   

P. officinarum     

‐ sexual  44 (62%)  22 (31%)  5 (7%)  0  71 

‐ apomictic  1 (100%)  0  0  0  1 

P. brachiata     

‐ sexual  33 (57.9)  22 (38.6%)  1 (1.75%)  1 (1.75%)  57 

‐ apomictic  2 (14.3%)  5 (35.7%)  1 (7.1%)  6 (42.9%)  14 

‐ variable  7(43.75%)  9 (56.25%)    0  16 

P. leptophyton     

‐ apomictic  0  1 (14.3%)  0  6 (85.7)  7 

P. *bauhini     

‐ apomictic  0  2 (3.5%)  10 (17.5%)  45 (79%)  57 

          223 
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Tab. 4. Correlations of particular axis  in PCA and CDA, both maternal data  set. Significant 

values (p  ) are given in bold.  

 

                  PCA  CDA – maternal data set

Character  Prin 1  Prin 2   Prin 3  Can 1  Can 2 

LL  ‐0,293  0,274  0,235  ‐0,730  0,112 

LW  ‐0,097  0,485  0,344  ‐0,102  0,170 

WT  ‐0,270  0,255  0,298  ‐0,568  0,041 

TA  0,235  0,063  0,047  0,368  0,547 

SA  0,315  ‐0,095  0,103  0,783  0,116 

SL   0,165  0,135  ‐0,146 0,357  0,230 

SH  ‐0,322  0,154  0,096  ‐0,827  0,004 

SB  ‐0,304  ‐0,044  0,117  ‐0,774  ‐0,009 

PH  0,233  0,171  0,280  0,592  0,294 

SS  ‐0,002  0,223  ‐0,417 ‐0,077  ‐0,103 

STS  0,186  ‐0,083  0,076  0,391  0,355 

ES  0,170  0,126  0,007  0,479  0,242 

BL  0,293  0,233  0,198  0,698  0,309 

BW  0,271  0,229  0,006  0,711  0,171 

CD  0,271  0,235  0,119  0,714  0,399 

TD  ‐0,035  0,037  ‐0,055 ‐0,255  ‐0,084 

SI  0,006  0,363  ‐0,447 0,105  ‐0,251 

STI  0,237  ‐0,052  0,187  0,374  0,561 

EI  0,123  ‐0,205  0,272  0,209  ‐0,237 

SO  0,172  0,212  ‐0,169 0,351  0,065 

FO  ‐0,049  0,286  ‐0,171 ‐0,078  ‐0,130 
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List of Figures 

 

Fig.  1  Principal  component  analysis  (PCA)  ordination  diagram  (maternal  dataset  of  114 

Pilosella officinarum, P. bauhinii, P. brachiata and P. leptophyton individuals based on 21 

characters) illustrating the partial separation of particular taxa (the first component axis 

expresses  33.5%  of  the  total  variation,  and  the  second  expresses  12.3%  of  the  total 

variation) 

29



 

 

Fig. 2 Principal component analysis  (PCA) ordination diagram  (filial dataset of 223 progeny 

plants of Pilosella officinarum, P. bauhinii, P. brachiata and P.  leptophyton based on 21 

characters) illustrating only the partial separation of individuals and progeny of particular 

taxa  (the  first  component  axis expresses 36.4% of  the  total  variation,  and  the  second 

expresses 10% of the total variation) 
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Fig.  3  Principal  component  analysis  (PCA)  ordination  diagram  (the  progeny  of  the 

P. brachiata  dataset  contained  104  individuals  and  was  based  on  21  characters) 

illustrating  the partial separation of particular  taxa  (the  first component axis expresses 

27.1% of the total variation, and the second expresses 14.6% of the total variation) 
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Fig.  4  Canonical  discriminant  analysis  (CDA)  diagram  (a maternal  dataset  of  114  Pilosella 

officinarum,  P.  bauhinii,  P.  brachiata  and  P.  leptophyton  individuals  based  on  21 

characters; the first canonical axis expresses 62.3% of the total variation, and the second 

expresses 30.7% of the total variation) 
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Fig.  5  Canonical  discriminant  analysis  (CDA)  diagram  (the  filial  dataset  of  114  individuals 

contained  the  progeny  of  Pilosella  officinarum,  P.  bauhinii,  P.  brachiata  and 

P. leptophyton and was based on 21 characters; the first canonical axis expresses 80.7% 

of the total variation, and the second expresses 14.8% of the total variation) 
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Cytogeography of Pilosella officinarum (Compositae): Altitudinal
and Longitudinal Differences in Ploidy Level Distribution in the
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†Background and Aims Pilosella officinarum (syn. Hieracium pilosella) is a highly structured species with respect
to the ploidy level, with obvious cytogeographic trends. Previous non-collated data indicated a possible differen-
tiation in the frequency of particular ploidy levels in the Czech Republic and Slovakia. Therefore, detailed sampling
and ploidy level analyses were assessed to reveal a boundary of common occurrence of tetraploids on one hand and
higher ploids on the other. For a better understanding of cytogeographic differentiation of P. officinarum in central
Europe, a search was made for a general cytogeographic pattern in Europe based on published data.
†Methods DNA-ploidy level and/or chromosome number were identified for 1059 plants using flow cytometry
and/or chromosome counting on root meristem preparations. Samples were collected from 336 localities in the
Czech Republic, Slovakia and north-eastern Hungary. In addition, ploidy levels were determined for plants from
18 localities in Bulgaria, Georgia, Ireland, Italy, Romania and Ukraine.
†Key Results Four ploidy levels were found in the studied area with a contrasting pattern of distribution. The most
widespread cytotype in the western part of the Czech Republic is tetraploid (4x) reproducing sexually, while the
apomictic pentaploids and mostly apomictic hexaploids (5x and 6x, respectively) clearly prevail in Slovakia and
the eastern part of the Czech Republic. The boundary between common occurrence of tetraploids and higher
ploids is very obvious and represents the geomorphologic boundary between the Bohemian Massif and the
Western Carpathians with the adjacent part of Pannonia. Mixed populations consisting of two different ploidy
levels were recorded in nearly 11% of localities. A statistically significant difference in a vertical distribution of
penta- and hexaploids was observed in the Western Carpathians and the adjacent Pannonian Plain. Hexaploid popu-
lations tend to occur at lower elevations (usually below 500 m), while the pentaploid level is more or less evenly
distributed up to 1000 m a.s.l. For the first time the heptaploid level (7x) was found on one site in Slovakia. In
Europe, the sexual tetraploid level has clearly a sub-Atlantic character of distribution. The plants of higher
ploidy level (penta- and hexa-) with mostly apomictic reproduction prevail in the northern part of Scandinavia
and the British Isles, the Alps and the Western Carpathians with the adjacent part of Pannonia. A detailed overview
of published data shows that extremely rare records on existence of diploid populations in the south-west Alps are
with high probability erroneous and most probably refer to the closely related diploid species P. peleteriana.
†Conclusions The recent distribution of P. officinarum in Europe is complex and probably reflects the climatic
changes during the Pleistocene and consequent postglacial migrations. Probably both penta- and hexaploids arose
independently in central Europe (Alps and Carpathian Mountains) and in northern Europe (Scandinavia, Great
Britain, Ireland), where the apomictic plants colonized deglaciated areas. We suggest that P. officinarum is in
fact an amphidiploid species with a basic tetraploid level, which probably originated from hybridizations of
diploid taxa from the section Pilosellina.

Key words: Amphidiploidy, apomixis, Asteraceae, flow cytometry, geographical parthenogenesis, Hieracium, postglacial
migration, polyploidy.

INTRODUCTION

The genus Pilosella Hill., often treated as a subgenus of
Hieracium L. [syn. Hieracium subgen. Pilosella (Hill)
Gray], is one of the taxonomically most intricate vascular
plant groups of the temperate flora. The reticulate pattern
of morphological variation reflected in several thousands
of taxa described from the species level to the form
(Zahn, 1921–1923) complicates taxonomic treatement.

Widespread polyploidy, various modes of reproduction
(sexuality, obligate and facultative apomixis of aposporous
type, haploid parthenogenesis, vegetative propagation),
inter- and intraspecific hybridization within the same and
across different ploidy levels are the most important pro-
cesses involved in microevolution of the genus
(Krahulcová et al., 2000). The ploidy level occurring in
natural populations varies from diploid (2n ¼ 2x ¼ 18) to
octoploid (2n ¼ 8x ¼ 72). The most frequent cytotypes
are tetraploids, pentaploids and hexaploids. Diploids are
less frequent, and triploids, heptaploids, octoploids and
aneuploids are rather rare (Schuhwerk and Lippert, 1997;
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Krahulcová et al., 2000). Higher ploidy levels up to
dodecaploid (2n ¼ 12x ¼ 108) were found in plants
obtained by experimental hybridization (Skalińska, 1976).
In approximately half of the taxa of the genus Pilosella ana-
lysed more than one ploidy level was found, even in plants
growing together in one locality (Schuhwerk, 1996 and
references therein).
Sell and West (1976) recognize 63 ‘numbered’ species

(including nothospecies) of Pilosella (treated as subgenus
of Hieracium) in Europe. Six species having only one capi-
tulum per stem (with the exception of hybrids) are members
of the section Pilosellina Zahn. All but one are diploids
occurring mainly in western, southern and central parts of
Europe: P. argyrocoma (Fries) (southern and central
Spain), P. castellana (Boiss. & Reuter) F. W. Schultz &
Sch. Bip. (Spain and northern Portugal), P. hoppeana
(Schult.) F. W. Schultz & Sch. Bip. (central and eastern
Alps), P. pseudopilosella (Ten.) F. W. Schultz &
Sch. Bip. (southern Europe, from Portugal and Spain to
Bulgaria, Turkey and Romania), P. peleteriana (Mérat)
F. W. Schultz & Sch. Bip. (northern and western Europe
and the western part of central Europe). In addition, some
authors distinguish a lowland form of P. hoppeana as a dis-
tinct diploid taxon – P. macrantha (Ten.) F. W. Schultz &
Sch. Bip. (central and southern Europe) (e.g. Holub, 1986;
Chrtek, 1998, 2002; Gottschlich, 1998; Schuhwerk and
Fischer, 2003). The only almost exclusively polyploid
species of section Pilosellina is Pilosella officinarum
F. W. Schultz & Sch. Bip. (syn. Hieracium pilosella L.).
It is distributed much wider than the diploid taxa mentioned
above (cf. Hultén and Fries, 1986; Bräutigam, 1992). It
extends from the British Isles across the whole of Europe,
except the Arctic parts, to western Asia and north-western
Siberia. Moreover, it has been introduced into New
Zealand, North America and Patagonia, and has become
an invasive and troublesome weed (Hultén and Fries,
1986; Chapman et al., 2000; Cárdenas Vergara, 2005;
Wilson et al., 2006). Pillosella officinarum usually grows
on dry, permeable and nutrient-poor soils from sea level
to the sub-Alpine belt. The obligate heliofilous species
occurs in tussock grassland communities usually with
regular disturbance (grazing, mowing). Due to its low com-
petitive ability, it tends to establish itself on open, sparsely
vegetated, sites (roadside dykes, eroded slopes, landslides,
etc.). Morphologically, P. officinarum may be distinguished
from other representatives of Pilosellina section by long
and slender stolons bearing small distant leaves decreasing
in size towards the apex, involucral bracts (0.5–)1–2 mm
wide, covered by stellate, glandular and eglandular tri-
chomes (Sell and West, 1976). Despite its more or less
easy identification in the field, a great phenotypic plasticity
has been recorded within the species (Turesson and
Turesson, 1960; Gadella, 1987, 1991). A high level of mor-
phological variation is reflected in numerous infraspecific
taxa described from the entire distribution range (Nägeli
and Peter, 1885; Zahn, 1921–1923). The correlation
between some phenotypic characters on one hand (e.g.
rosette size, the number and length of stolons) and ploidy
level on the other was revealed by Gadella (1991). In
total, five cytotypes (2x, 4x, 5x, 6x and 7x) have been

recorded in natural populations of P. officinarum (cf.
Table 1). The mode of seed reproduction of each particular
cytotype depends on the ploidy level. Diploids are sexual.
Tetraploid plants reproduce sexually, but several apomictic
populations deviate from this general rule (Gadella, 1984,
1987). Pentaploid P. officinarum is almost exclusively

TABLE 1. Ploidy levels found in Pilosella officinarum in

Europe according to the literature and present records

Country
Ploidy
level References

Armenia 4x Nazarova and Ghukasyan, 2004
Austria 4x, 5x, 6x Turesson and Turesson, 1960; Gadella,

1972, 1984; Schuhwerk and Lippert, 1997
Belarus 4x, 5x Dmitrieva, 1987; Parfenov and Dmitrieva,

1988
Belgium 4x Gadella, 1972, 1984
Bulgaria 4x, 5x, 6x Mráz et al., this study
Croatia 6x Gadella, 1984
Czech
Republic

4x, 5x, 6x,
7x

Měsı́ček and Jarolı́mová, 1992;
Krahulcová and Krahulec, 1999;
Krahulcová et al., 2001; Rotreklová et al.,
2002, 2005; Košt’álová, 2004; Mráz et al.,
this study

Denmark 4x Turesson and Turesson, 1960; Gadella,
1972, 1984

Finland 4x, 5x Turesson and Turesson, 1960; Jalas and
Pellinen, 1985

France 2x, 4x, 5x,
6x

Delcourt, 1972; Auquier and Renard,
1979; Natarajan, 1981, 1988; Gadella,
1972, 1984

Georgia 4x, 5x Mráz et al., this study
Germany 4x Turesson and Turesson, 1960; Gadella,

1972; Bräutigam and Bräutigam, 1996;
Schuhwerk and Lippert, 1997, 2002;
Albers and Pröbsting, 1998; Rotreklová
et al., 2005

Hungary 5x, 6x Mráz et al., this study
Ireland 4x, 5x, 6x Gadella, 1972, 1984; Finch, 2005; Watson,

2005; Mráz et al., this study
Italy 2x, 4x, 5x,

6x
Gadella, 1972, 1984; Mráz et al., this
study

Luxembourg 4x Gadella, 1972, 1984
Macedonia 6x Gadella, 1972
Netherlands 4x, 5x, 7x Gadella and Kliphuis, 1963; Gadella,

1972, 1984
Norway 4x, 5x Gadella, 1972
Poland 4x, 5x, 6x Skalińska, 1967; Skalińska et al., 1971;

Gadella, 1972; Pogan et al., 1987; Pogan
and Wcisło, 1989; Rotreklová et al., 2005

Portugal 4x Fernades and Queirós, 1971; Gadella, 1972
Romania 5x, 6x Gadella, 1972; Mráz et al., this study
Russia 6x Lavrenko and Sereditov, 1991
Slovakia 4x, 5x, 6x,

7x
Májovský et al., 1970; Uhrı́ková and
Feráková, 1977; Mičieta, 1982; Murı́n,
1986; Pı́št’anský and Mičieta, 2000;
Rotreklová et al., 2002, 2005; Mráz et al.,
this study

Spain 4x Gadella, 1984
Sweden 4x, 5x, 6x,

7x
Turesson and Turesson, 1960; Turesson,
1972; Lövkvist and Hultgård, 1999

Switzerland 4x, 5x, 6x Gadella, 1972, 1984
United
Kingdom

4x, 5x, 6x Turesson and Turesson, 1960; Gadella,
1972, 1984; Morton, 1974; Moore, 1982;
Edmonds et al., 2005; Finch, 2005; Grime
et al., 2005; Watson, 2005

Ukraine 4x, 6x Pashuk, 1987; Mráz et al., this study
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apomictic, although a rare sexual seed production was also
reported (Turesson and Turesson, 1960; Turesson, 1972;
Gadella, 1984). Facultative apomixis in pentaploids was
later confirmed embryologically by Pogan and Wcisło
(1995). Recently, two accessions of fully sexual pentaploids
have been found in the Czech Republic (Krahulcová et al.,
2000; Rotreklová et al., 2002). Hexaploids are either sexual
or apomictic, while very rare heptaploids are either apomic-
tic or sterile (Gadella, 1984, 1991). Vegetative reproduction
by means of over-ground stolons is common for all cyto-
types and, together with apomixis, it might contribute to
the uniclonal structure of populations.
Diploid plants of P. officinarum are rare and their distri-

bution is considered to be of a relict character (e.g. Gadella,
1984). They were reported from the Valley of Aosta (Italy)
(Gadella, 1972) and south-eastern France (Delcourt, 1972),
respectively (but see the Discussion below). In most of
Europe, the tetraploid and pentaploid populations of
P. officinarum are by far the most common cytotypes
(Gadella, 1984). Tetraploids are widespread in the lowlands
of west and central Europe (e.g. Turesson and Turesson,
1960; Gadella, 1972, 1984; Pogan and Wcisło, 1989;
Schuhwerk and Lippert, 1997, 2002; Krahulcová and
Krahulec, 1999), while the pentaploids occur chiefly in
regions that were covered by the Pleistocene glaciation –
Scandinavia, the British Isles (Turesson and Turesson,
1960; Gadella, 1972, 1984, 1987; Finch, 2005; Watson,
2005). Several hexaploid populations of P. officinarum
were found mainly in the Alps, Scandinavia, Balkan
Peninsula (e.g. Turesson and Turesson, 1960, Gadella,
1972, 1984, 1991; Lavrenko and Sereditov, 1991;
Schuhwerk and Lippert, 1997) and the Western
Carpathians (see below). The rare occurrence of heptaploids
was reported from only three localities in Sweden (Turesson
and Turesson, 1960), one site in the Netherlands (Gadella,
1984) and one population in the Czech Republic
(Košt’álová, 2004).
Four ploidy levels (tetra-, penta-, hexa- and heptaploid)

have been recorded in the Czech Republic and Slovakia
(Májovský et al., 1970; Uhrı́ková and Feráková, 1977;
Mičieta, 1982; Murı́n, 1986; Měsı́ček and Jarolı́mová,
1992; Krahulcová and Krahulec, 1999; Pı́št’anský and
Mičieta, 2000; Krahulcová et al., 2001; Rotreklová et al.,
2002, 2005; Košt’álová, 2004). Recently, Pı́št’anský and
Mičieta (2000) recorded tetraploids in approx. 30 localities
mainly in southern and western Slovakia, while other
authors reported pentaploid and hexaploid plants mostly
from eastern, northern and central Slovakia. Most of the
chromosome counts coming from the Czech Republic that
had been published indicated that the plants analysed
were tetraploids.
Almost all published data on ploidy level of

P. officinarum are based on classical chromosome counting.
This precise method is, however, considerably time-
consuming. Since routine introduction of the flow cytome-
try in plant science in the nineties of the last century
(Doležal, 1991), this approach has rapidly became
popular for estimating DNA-ploidy level (Doležel, 1991).
This is mainly due to the very easy sample preparation
and the possibility of screening large numbers of

individuals in a very short time. Here, the search which
was carried out for a boundary between the area of distri-
bution of the tetraploid cytotype and the range of penta-
and hexaploids of P. officinarum in the territory of
Slovakia and the Czech Republic, using mostly a flow cyto-
metric approach, is reported. Moreover, an attempt was
made to find out if there was a correlation between the
distribution of particular ploidy levels on one hand and
the altitude on the other. To understand better the cytogeo-
graphic differentiation of P. officinarum in central Europe, a
search, based on published data, was made for a general
cytogeographic pattern in Europe.

The area studied

Research has been carried out in the area of the Czech
and Slovak Republics with an adjacent part of north-eastern
Hungary. The area studied belongs to two different biogeo-
graphic regions, the mountain range of the Western
Carpathians and the Bohemian Massif. The border
between both regions is situated in the eastern part of the
Czech Republic, lying north-north-east to south-south
west. These two regions differ in a variety of environmental
and historical parameters. In this respect, differences in the
cytotype distribution cannot be explained in any easy way.
On the other hand, this area covering their border can show
that the pattern in cytotype distribution can be very con-
trasting even across a very narrow zone.
The Bohemian Massif has an old Paleogenic relief,

younger areas being only canyons, those areas with
Tertiary volcanism in the northern part of Bohemia, and
glacial cirques in the Sudetes and the Šumava Mountains.
The highest point is Mt Sněžka (1602 m), the lowest is
the valley of the River Elbe on the German border at
115 m. Mostly acid Varisian parts were later covered with
Permian-Carboniferous or Mesozoic sediments. Base-rich
bedrocks are concentrated at lower altitudes. Vegetation
cover has a coarser grain (homogeneous on a larger scale)
in comparison with the Carpathian Mountains.
The Western Carpathians, including the Intra-Carpathian

(Pannonian) Basin, represent the north-west part of the
Carpathian arc extending from north-east Austria and south-
east Czech Republic to north-east Slovakia and south-east
Poland. The relief is young, of Tertiary age, similar to the
Alps. The highest point is Gerlach Peak (2655 m). The
bedrock is more complicated, mostly of Mesozoic and
Tertiary ages. Calcium-rich substrates occur from lowland
to the high mountains; e.g. in central Slovakia almost con-
sistant limestone substrates can be found from the xerother-
mic Slovak Karst to the highest altitudes of the Belaer Tatra
with altitudes above 2000 m. Some areas are very continen-
tal, with climatic conditions which do not allow the growth
of Fagus sylvatica as in the area between the High and Low
Tatra Mountains. On the other hand, some not distant areas
are more oceanic, as in north-west Slovakia. For all these
reasons, the vegetation cover is fine-grained (homogeneous
in small areas but, on a larger scale, heterogeneous). Large
regions with homogeneous vegetation are rare.
The area of the Czech Republic has a rather uniform

climate; the warmest month is July and it is also the
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month of highest rainfall. This contrasts with Slovakia,
where the same condition applies only at higher altitudes.
At lower altitudes, the warmest month is also July, but
the highest rainfall is distributed from May to September,
depending on the exact geographic position (Vesecký,
1961). In this way, the same area is rather oceanic in
May–June and more continental in September and vice
versa. Slovakia (the Carpathian Mountains with the
Pannonian Plain) is therefore fine-grained and more
diverse with respect to relief, bedrock and climate.

MATERIALS AND METHODS

Material collection

Plants of Pilosella officinarum F. W. Schultz & Sch. Bip.
(syn. Hieracium pilosella L.) for the present study were col-
lected in 2003–2006 in their natural habitats throughout
Slovakia and the Czech Republic, to a lesser extent also
in the north-eastern part of Hungary to cover all geographic
regions. They were cultivated in pots in the Botanical
Garden of P. J. Šafárik University, Košice and in the exper-
imental field of the Institute of Botany, Academy of
Sciences of the Czech Republic, Průhonice. For the com-
plete list of localities see Supplementary Information 1
(available online). Besides the plants from the region
above mentioned, some plants from a further 18 localities
from different parts of Europe have also been analysed
(Supplementary Information 4, available online).
As a rule, three or five plants from each population were

sampled, three from the pure populations, five in the case of
co-occurrence of other potentially hybridizing species of
the genus Pilosella. Efforts were made to avoid collecting
samples originating from one clone. If it was apparent
that plants at the collecting site did originate from one
plant, they belonged to one clone (usually plants growing
very close together in a very small area of several square
cm), only one individual plant per locality (population)
was dug up. In some cases however, several cultivated
plants died before analysis. For both these reasons, some
populations are represented by only one plant. To determine
the proportion of mixed cytotypes in populations, only
those populations with two and more plants analysed
were involved. Despite the fact that the ploidy level of
only one plant had been estimated by us, some localities
(marked in Supplementary Information 1, available
online) can be considered as collecting sites with two or
more analysed plants because the chromosome number of
other plant/plants from the same locality was published
earlier (see Supplementary Information 2, available
online). Therefore, in addition to the data collected for
this research, a few previous accounts from the literature
(Rotreklová et al., 2005) were used to search for some
localities consisting of two different ploidy levels. These
plants were not included in the total number of plants ana-
lysed in this present study. The voucher specimens have
been deposited recently in the herbarium of Patrik Mráz,
at the Institute of Biology and Ecology, P. J. Šafárik
University, Košice and in the herbarium of the Institute of
Botany, Průhonice (PRA).

Chromosome counts

The chromosome counts are based on the somatic mitosis
in the root-tip cuttings of pot-cultivated plants. The material
was pre-treated at room temperature with a 0.5% solution of
colchicine for 1.5–3 h and then fixed in a cold mixture of
ethanol and acetic acid (3 : 1) for at least 1 h. The fixed
material was stored in 70 % ethanol at 4 8C until processed.
The root tips were macerated in 1 N HCl at 60 8C for 7–
10 min. The squash and smear method with cellophane
replacing the glass covers (Murı́n, 1960) and with Giemsa
solution in a phosphate buffer was used. Selected perma-
nent slides are deposited at the Institute of Biology and
Ecology, P. J. Šafárik University in Košice.

Estimation of ploidy level

Flow cytometry was used to detect the DNA-ploidy level
(Suda et al., 2006) for most of the plants. An analysis of
relative DNA content was performed with a PA II ploidy
analyser (Partec GmbH, Münster, Germany) equipped
with an HBO-100 mercury arc lamp in the Flow
Cytometry Laboratory, Institute of Botany, Academy of
Sciences, Průhonice, Czech Republic and FACSCalibur
instrument (Becton Dickinson, USA) equipped with an
argon-ion laser excitation at 488 nm in the Flow
Cytometry Laboratory, Institute of Biology and Ecology,
P. J. Šafárik University, Košice. Sample preparations were
carried out in a two-step procedure (Otto, 1990; Doležel
and Göhde, 1995). Approximately 1 cm2 of leaf tissues
from both the sample and the reference internal standard
were ground together for about 30 s in a Petri dish contain-
ing 1 ml of ice-cold Otto I buffer (4.2 g citric acid
monohydrate þ 1 mL 0.5 % Tween 20 adjusted to 200 mL
and filtered through a 42-mm filter). Filtration through a
42-mm nylon mesh was followed by centrifugation at
150 g for 5 min. The supernatant was removed and
100 mL of fresh Otto I buffer was added. The nuclei in
the pellet were resuspended and stored for 30 min at room
temperature for incubation. For DNA staining 1 mL of
Otto II buffer (0.4 M disodium hydrogenphosphate dodeka-
hydrate) including 50 mL of propidium iodide, 50 mL ribo-
nuclease, 2 mL mercaptoethanol (FACSCalibur, Becton
Dickinson) or DAPI (40,6-diamidino-2-phenylindole) at a
concentration of 4 mg ml21 (PA II flow cytometer, Partec
GmbH) was used. The clones of previously cytologically
studied diploid (2n ¼ 2x ¼ 18) plants of Pilosella lactu-
cella (Wallr.) P. D. Sell & C. West (Rotreklová et al.,
2002, 2005) were used as an internal reference standard
for the relative DNA content measurements. Moreover,
one tetraploid and several pentaploid and hexaploid
plants of P. officinarum with known chromosome
numbers were used in separate and mixed flow cytometry
analysis to determine the exact position of peaks of
known polyploids in relation to the diploid standard peak
(Fig. 1). Histograms were accumulated at a flow rate of
about 20–50 particles per second for a total count of
3000–5000 nuclei. The resulting values were expressed
as a peak ratio, which is a ratio of the mean position of
the G0/G1 peak in the DNA histogram of the tested plant
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to the mean position of the G0/G1 peak in the histogram of
the reference plant.

Maps

The distribution maps of cytotypes/ploidy levels in the
Czech Republic and Slovakia are based on the co-ordinates
determined by a GPS receiver, or found ex post facto from
the tourist maps at a scale of 1 : 50 000 (usually old litera-
ture data). For most references from Europe for which the
appropriate geographical co-ordinates were not given in
original sources, the geographical position of collecting
sites was estimated using Microsoft Encarta World Atlas
(1998 Edition) and GeoNet Name Server (http://gnswww.
nga.mil/geonames/GNS/index.jsp; accessed in December
2005). However, for approx. 10 % of references, estimation
of co-ordinates failed (marked by an asterisk in
Supplementary Information 3, available online) usually
due to the absence of the name of the nearest village/
town, or the existence of two or more villages/towns with
the same name. Most of the chromosome numbers of the
plants from the British Isles were obtained from the
online version of Cytological database of the Botanical
Society of the British Isles (accessed in February 2005).
Distributional maps were prepared using distribution
mapping software DMAP (Morton, 2004).

Statistical analysis

One-way analysis of variance (ANOVA) and Tukey’s
pairwise comparison (using Minitab for Windows Release
11) were applied to determine the significance (P, 0.05)
of the difference in the altitudinal distribution between pen-
taploid, hexaploid and mixed populations in the West
Carpathians and adjacent Pannonia (Slovakia and the
eastern part of the Czech Republic).

RESULTS

Ploidy level distribution in the Czech Republic and Slovakia

The DNA-ploidy levels and/or chromosome numbers were
detected for 1059 plants sampled at 336 localities through-
out the Czech Republic and Slovakia. Some plants were
sampled also in north-eastern Hungary, along the
Slovak–Hungarian state border. In total, 1055 plants were
analysed by flow cytometric analysis. For eight plants the
ploidy level was found using two approaches – by classical
counting and by flow cytometry – while another four plants
were counted only (cf. Supplementary Information 1, avail-
able online).
Altogether, four ploidy levels, tetra-, penta-, hexa- and

heptaploid, were revealed in the area on which the study
focused. The tetraploid level (4x; altogether 426 plants
which represent 40.2 % of all plants analysed) was found
to be the most common, followed by pentaploid (5x; 389
plants, 36.7 %) and hexaploid (6x; 241 plants, 22.8 %).
Three heptaploid plants (7x) were discovered in a mixed
population with one pentaploid plant at only one site in
western Slovakia (Fig. 2). The record of heptaploid ploidy
level is the first for P. officinarum in the territory of the
Western Carpathians. The effort made to determine the
chromosome number of heptaploid plants was not success-
ful (the plants died), thus the new ploidy level should be
considered merely as a DNA-ploidy level, i.e. not based
on an exact chromosome count. Estimations of ploidy
levels given for the plants from the Hungarian part of the
Western Carpathians are the first records of ploidy level
for P. officinarum for this area. In 32 localities out of 302
(10.6 %), from which at least two plants were analysed,
mixed populations consisting of two different ploidies
were found.
The distribution of ploidy levels in the Czech Republic

is not proportional to that in Slovakia. While tetraploids
are the most widespread in the Czech Republic, specifi-
cally in its western part, penta- and hexaploids predomi-
nated in Slovakia and in the eastern part of the Czech
Republic (Fig. 2). The boundary between a common
occurrence of the tetraploid cytotype and higher ploids
is very conspicuous and corresponds well with the
natural geological and geomorphological boundary
between the Bohemian Massif and the Western
Carpathians with the adjacent Pannonian Plain (Král,
1999). If the proportion of the particular ploidy level for
each geographic region is taken into account separately,
i.e. the Bohemian Massif on one hand and the Western
Carpathians with Pannonia on the other, then the differ-
ences are very striking (Fig. 3).
Apart from latitudinal differentiation in ploidy level dis-

tribution in the Czech Republic and Slovakia, a statistically
significant difference was also found between the pro-
portion of pentaploids and hexaploids across the altitudes
in the territory of the Western Carpathians and adjacent
Pannonia (Slovakia, north-east Hungary and the eastern
part of the Czech Republic) (Table 2). Generally, pure
hexaploid populations tend to occur at lower elevations
(usually below 500 m), while the pentaploids are very
common above 500 m a.s.l. Mixed populations consisting

F IG . 1 . Histogram of relative DNA content of DAPI-stained nuclei from a
diploid plant of Pilosella lactucella (2x) used as a reference plant, with tet-
raploid (4x), pentaploid (5x) and hexaploid (6x) plants of Pilosella

officinarum.
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F IG . 2. Distribution of ploidy levels of Pilosella officinarum in the Czech Republic, Slovakia and north-east part of Hungary based on present data.
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of two different ploidy levels were found relatively evenly
along the altitudinal gradient up to 1000 m (Fig. 4).

General pattern of ploidy level distribution in Europe

Pilosella officinarum is the European taxon most exam-
ined by karyology. Chromosome numbers were counted
in plants originating from 655 localities, excluding
present data, across the whole continent (refer to
Supplementary Information 3, available online, and
Table 1). It was possible to localize geographically nearly
600 sites (Fig. 5). The most common cytotype, tetraploid
(without present data), was reported in 284 localities
(43 %), followed by pentaploid found at 257 collecting
sites (40 %). The hexaploid ploidy level is obviously
rarer, i.e. detected in 74 cases (11 %). Mixed populations
consisting of two or more different cytotypes were found
on 40 sites (6 %). However, in most publications the
number of plants analysed per population was not given
and therefore the proportion of mixed populations would

be probably higher if only populations with at least two
or more analysed plants per locality were taken in consider-
ation. Tetraploids are distributed mostly in western Europe
and the western part of central Europe, being the only cyto-
type detected in Denmark and Germany. It prevails con-
siderably in the Netherlands (82 %), Poland (71 %) and
France (65 %). The pentaploids have two main centres of
distribution: at high latitudes in northern Europe (Sweden,
70 %; the British Isles, 64 %) and in major orophytic
systems in Europe – the Alps (30 %) and the Carpathian
Mountains with the adjacent part of Pannonia (present
data for the Western Carpathians indicate 66 % of penta-
ploids). The predominant ploidy level in the Alps is hexa-
ploid (59 %, in Switzerland even 84 %). The records on
diploids and heptaploids are extremely scarce. The former

F IG . 3 . Proportions of the ploidy level of Pilosella officinarum in the Czech Republic, north-east Hungary and Slovakia based on present data, expressed
as a portion of plants of a particular ploidy level compared with the total plants analysed. The proportions over the whole area studied are given (total),
together with the proportions found in two different geomorphological regions – the Bohemian Massif and the Western Carpathians with the adjacent part

of Pannonia.

TABLE 2. Means and standard deviations of altitudes of pure

pentaploid (5x), pure hexaploid (6x) and mixed populations

(5x þ 6x) of Pilosella officinarum in the Western Carpathians

and adjacent part of Pannonia

Ploidy level N X+ s.d.

5x 86 546+292a

6x 40 370+189b

5x þ 6x 21 513+253ab

Only populations with two or more analysed plants were included. The
tetraploids and heptaploids were, according to their comparatively low
abundance, excluded from this analysis. Altitudinal ranges and means are
given in metres above sea level. N, Total number of populations;
X, mean; s.d., standard deviation. Means in columns sharing the same
superscript letters are not significantly different (Tukey’s pairwaise
comparisions, P ¼ 0.003, F ¼ 6.19).

F IG . 4. Proportions of pure pentaploid (5x), pure hexaploid (6x) and
mixed populations (5x þ 6x) of Pilosella officinarum found at different
altitudinal ranges in the Western Carpathians and the adjacent part of
Pannonia, expressed as a number of populations of the particular ploidy
level compared with the total number of populations analysed in the

particular altitudinal range.
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were found only in the south-west Alps (but see
Discussion), the latter mostly in northern and central
Europe (Sweden, Netherlands and the Czech Republic; hep-
taploids are not included in Fig. 5). The new data from 18
European localities confirm this general pattern: Bulgaria
4x, 5x and 6x; Georgia 4x and 5x; Ireland 5x and 6x; Italy
6x; Romania 5x, 6x and mixed 5x þ 6x; Ukraine 6x (cf.
Table 1 and Supplementary Information 4, available
online).

DISCUSSION

Ploidy level distribution in the Czech Republic and Slovakia

According to the results of the present research, the tetra-
ploids strongly prevail in the western part of the Czech
Republic, while the pentaploids and hexaploids represent
two main cytotypes in Slovakia and the eastern part of
the Czech Republic. This corresponds well with scattered
data published in previous studies, with the exception of
the tetraploids. Our results contradict the data published
by Pı́št’anský and Mičieta (2000), who reported a signifi-
cant predominance of tetraploid populations in the
Western Carpathians, but only a rare occurrence of penta-
and hexaploid plants (cf. Supplementary Information 2,
available online). As preliminary results did not confirm
any common occurrence of tetraploids in Slovakia

(Šingliarová and Mráz, 2004), in 2004 five localities were
visited from which the tetraploids were published by
Pı́št’anský and Mičieta (2000). However, no tetraploid
was detected in any of them. Based on these observations,
all data of Pı́št’anský and Mičieta (2000) were considered
as dubious.
The present study revealed a new heptaploid ploidy level

in P. officinarum in the territory of the Western Carpathians.
So far, the heptaploids had been detected only in three
localities in Sweden (Turesson and Turesson, 1960), in
one site in the Netherlands (Gadella, 1984) and one plant
in a population of hexaploid plants near Prague in the
Czech Republic (Košt’álová, 2004). In the Western
Carpathians locality, from four analysed plants three were
heptaploid and only one pentaploid. Although pentaploids
reproduce the most often via aposporic apomixis, there
are some data on facultative apomixis (Turesson and
Turesson, 1960; Turesson, 1972) or even full sexuality
(Krahulcová et al., 2000; Rotreklová et al., 2002).
Moreover, apomictic pentaploids usually produce 2x to 3x
pollen grains (Gadella, 1987; Krahulcová and Krahulec,
2000). A possible explanation of an increased ploidy level
may be the fusion of reduced and unreduced gametes, as
was suggested in the case of a large Dutch heptaploid popu-
lation situated between two localities – the first occupied
by tetra- and the second by pentaploid plants (Gadella,
1988).

F IG . 5. Cytotype distribution of Pilosella officinarum in Europe (based on data from Supplementary Information 2–4, available online; present data from
the Czech Republic, Slovakia and Hungary are not included). The rare heptaploid level and rare mixed cytotype combinations are not given in the map.

The bold black line indicates the boundary of Last Glacial Maximum in northern Europe according to Adams (1997).
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A sympatry of two ploidy levels within one population
was confirmed in nearly 11 % of populations. The presence
of cytotype mixtures is pronounced especially in the
Western Carpathians (16.4 %), whereas in the Bohemian
Massif a co-occurrence of different ploidy levels is rarer
(5.9 %) and confined only to the warmest regions in relict
river valleys or in the zone adjacent to the Western
Carpathians and the Pannonian Plain. Higher numbers of
mixed populations in the Western Carpathians might be
explained by a high presence of two different ploidy
levels (5x and 6x) in this territory. However, this is not
the case for the Bohemian Massif which has only one com-
pletely dominating tetraploid cytotype. Whether the pre-
sence of mixted cytotypes is mainly due to the more or
less stochastic co-existence of different clones with differ-
ent ploidy levels or to the local formation from one
dominant ploidy level is yet unknown. Undoubtedly, the
production of fully or partially reduced or unreduced
gametes and gene flow between plants in the locality
may contribute to the presence of a cytotype mixture in
populations (cf. Krahulcová et al., 2000). Mixed cytotype
populations were found previously also in other parts of
Europe in 37 localities (cf. Supplementary Information 3,
available online), as well as in the Western Carpathians
(Skalińska, 1967).
Surprisingly, the boundary between a common occurrence

of tetraploids and higher ploids of P. officinaum is rather
sharp and corresponds well to the natural boundary of two
geomorphological units: the Western Carpathians with the
adjacent Pannonian Plain and the Bohemian Massif. From
the cytological point of view, a similar boundary between
two cytotypes of P. bauhini was recorded by Rotreklová
(2004), albeit, with the reverse pattern in comparison with
P. officinarum. The tetraploids of P. bauhini are more fre-
quent in Slovakia and Hungary and rare in the Czech
Republic, Poland or Germany. On the other hand, pentaploid
populations prevail in the Czech Republic and Germany. The
border between Hercynian (including the Bohemian Massif )
and Carpathian regions seems to be an important biogeo-
graphic boundary in central Europe as is also seen in the
distribution patterns of many plant species. There is a
whole set of species reaching this border from the east,
from the Carpathian Mountains, e.g. Cardamine glandulosa,
Dianthus latifolius, Euphorbia serrulata, Galium rivale,
Luzula luzulina, Salvia glutinosa etc. (Hendrych, 1987).
On the contrary, some species have migrated eastwards but
did not enter, or only rarely, the Carpathian Mountains,
like Campanula rotundifolia s.str. (Kovanda, 1977) and
Cirsium heterophyllum. Such strong cytological and choro-
logical differentiation between neighbouring geomorpholo-
gical regions is difficult to explain. Differences in floristic
composition suggest that historical processes, such as
migration and expansion from different refugial areas using
various migration corridors, might have played an important
role (see also below).Moreover, themountainous areas of the
Bohemian Massif and the Western Carpathians are separated
from each other by the north-west part of the Pannonian Plain
(the Intra-Carpathian Basin) and so-called rather narrow
Moravia gate, connecting the Pannonian lowland with low-
lands of Silesia, Poland. This natural geographic and climatic

barrier might have contributed to the different floristic and
cytological patterns of these regions.
A significant difference in the proportion of penta- and

hexaploid populations across altitude was found within
the Western Carpathians and adjacent Pannonia. While
pentaploids are more or less evenly present up to 1000 m,
the hexaploids usually grow in regions with a warmer
climate, usually below 500 m a.s.l. However, there are
several regional deviations. Prevailing populations of the
pentaploid level are present in the Zemplı́nske vrchy
Mountains (south-east Slovakia) belonging to the warmest
region of the Western Carpathians situated in the neigh-
bouring zone with the Pannonian Plain. On the other
hand, several hexaploid populations were recorded at a
high elevation with a cold and humid climate in the
Oravská Magura Mountains. In the Bohemian Massif, rare
penta- and hexaploids or mixed populations are confined
mostly to the warm, low-elevated, regions, such as river
valleys, or to the adjacent zone with the Pannonian Plain
(Fig. 2). One hexaploid population was found on the top
of the Hrubý Jesenı́k Mountains (eastern part of the
Sudetes range, Czech Republic). It seems that there are at
least two hexaploid types in the area studied, differing in
distribution and breeding systems (T. Urfus, unpubl. res.).
The first one is confined mostly to thermophilous vegetation
in the Carpathian Mountains and has an apomictic breeding
system; it is probably related to apomictic hexaploids occur-
ring throughout the Carpathian Mountains to the Balkan.
The second hexaploid type is confined to relict river
valleys in the Bohemian Massif and is sexual; this type is
probably related to sexual hexaploids of the Alps
(Gadella, 1984).

Amphidiploid origin of Pilosella officinarum?

Diploids of P. officinarum that are considered to have a
relict distribution were found by Delcourt (1972) and by
Gadella (1972) only in the south-western Alps. However,
16 records of data from the French Alps published by the
former author were doubted later due to mis-identification
as a closely related but different diploid species from the
section Pilosellina – P. peleteriana (Gadella, 1984).
Nevertheless, two diploid plants of P. officinarum counted
by Gadella might belong to this species, as it is obvious
from the photograph of these plants (Gadella, 1972: 362).
These diploids originating from a very widely defined
locality ‘the valley of Aosta’ (north-west Italy) have long
stolons with decreasing leaf size towards the stolon apex.
On the other hand, these plants could also represent the
hybrids between true P. officinarum and some diploid
taxon from P. section Pilosellina. These questionable
data on existence of diploids of P. officinarum may
suggest that a well-established diploid cytotype within
P. officinarum does not really exist in nature. Another fact
supports this hypothesis: most of the diploid species of
Pilosella that had been counted up to the present, including
the closely related taxa from the section Pilosellina, have
been found usually in several if not many localities and
occupied much wider ranges (e.g. Zahn, 1921–1923;
Bräutigam, 1992; Schuhwerk, 1996). Moreover, polyploidy
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in diploid taxa of section Pilosellina is either unknown or
very scattered records of polyploids might be regarded as
mis-identifications with P. officinarum or interspecific
hybrids. The almost exclusive presence of polyploid popu-
lations with the tetraploid ones being the commonest leads
to the hypothesis that P. officinarum is likely to be an
amphidiploid species originated from one or more crosses
between diploid members of section Pilosellina. Both
place and time of this hybridization are difficult to estimate.
Analysis of ITS sequences showed low differentiation
between diploid taxa (Fehrer et al., 2007a), which suggests
a relatively low age of the particular members of this
group. With respect to chloroplast haplotypes, diploid
members of the section Pilosellina share both main types.
Pilosella hoppeana, P. macrantha and P. peleteriana
share the haplotype typical of steppe and mountain
species such as P. onegensis, P. alpicola, P. glacialis,
P. echioides, etc., i.e. those species, which occurred
together during the Glacial Period in steppic and tundra-like
habitats in the area of central Europe. The other
diploids confined to southern Europe (P. castellana,
P. argyrocoma and P. pseudopilosella) share the haplotype
with P. lactucella, P. vahlii and P. breviscapa (Fehrer et al.,
2007a). Central European populations of P. officinarum
exhibit the same haplotype as P. hoppeana and
P. macrantha (Krahulec et al., 2004, Fehrer et al.,
2007a, b). The close relationship of diploid P. peleteriana
and P. officinarum has been proven by an allozyme
pattern observed in the plants originating from
Scandinavia (Tyler, 2005). The possible polyphyletic and
polytopic origin of polyploid populations of
P. officinarum is supported by its enormous morphological
variation. Zahn, a monographer of the genus, distinguished
about 600 subspecies (Zahn, 1921–1923, 1922–1930).
Morphologically, the tetraploid plants of P. officinarum
found recently in Bulgaria resemble hybrids between hexa-
ploid P. officinarum and diploid P. macrantha. To under-
stand the origin of P. officinarum it is necessary to know
more about the detailed distribution of haplotypes in the
whole distribution area of P. officinarum and its diploid
relatives. Recently Trewick et al. (2004) included several
plants from their natural European range of distribution in
their study on the origin of the introduction of
P. officinarum into New Zealand. They found a mixed dis-
tribution of two common chloroplast haplotypes with no
clear geographic pattern. However, three rare haplotypes
were distributed mainly in the Alps, Sudeten Mountains,
the Carpathian Mountains and Finland.

General pattern of ploidy level distribution in Europe and its

relationship with polyploidy and apomixis

Gadella (1984, 1987, 1991) studied the distribution of
particular cytotypes of P. officinarum in Europe and tried
to explain its pattern. The revision presented in this paper
(Fig. 5) showed that this pattern is more complex and fine
grained (as was shown in the area of the Slovak and
Czech Republics) than that suggested by Gadella. Despite
the fact that P. officinarum is the most karyologically
studied vascular plant species, it is realized that the

published data cover only some parts of its natural distri-
bution range sufficiently (western, central and northern
Europe). Large areas in southern, south-eastern and
eastern Europe have scarce or almost no data.
In total, four different cytotypes of P. officinarum were

found in Europe (see Table 1 and Fig. 5). The records on
diploids are highly questionable (see above). The most
common ploidy levels are 4x, 5x and 6x. The range of
sexual tetraploid cytotypes clearly separates the higher
ploidy levels (5x and 6x) into two groups occurring in geo-
graphically different regions – into northern Europe and the
mountains of central and south-east Europe (the Alps and
the Carpathian Mountains, mountains in Bulgaria). Such a
pattern of ploidy level distribution suggests an independent
origin of penta- and hexaploids. Concerning the results
from the Czech Republic and Slovakia, it seems that they
match the general pattern in central Europe. While the pre-
vailing tetraploid cytotype in the Bohemian Massif shows
linkage to the tetraploid populations in the western part of
central Europe, penta- and hexaploid populations in the
Western Carpathians and the Pannonian Plain are likely to
be related to the high ploids found in the Alps and in the
Balkans (cf. Fig. 5).
It was hypothesized that the prevailing occurrence of

high ploids (5x and 6x) correlates with either high latitudes
or high altitudes and that their common distribution in
northern Europe and in the Alps may be the result of the
last Pleistocene glaciation (Gadella, 1984, 1987, 1991).
The detailed map given in Fig. 5 shows that the tetraploid
level is confined to western Europe and the western part
of central Europe and that it has a sub-Atlantic distribution
character. Northwards, sexual tetraploids are rare or com-
pletely missing and they are replaced by apomictically
reproducing penta- and hexaploids (cf. Turesson and
Turesson, 1960). The boundary of tetraploids and high
ploids matches well with the border of the ice-sheet
during the Last Glacial Maximum (cf. Adams, 1997) in
the British Isles and it is very close to this geographic
position in Scandinavia. Interestingly, the same pattern of
cytotype distribution was found in Parnassia palustris
L. (Parnassiaceae), where the boundary between diploids
and tetraploids more or less correlates with the limit of
Last Glacial Maximum (Gornall and Wentworth, 1993;
Borgen and Hultgård, 2003). It therefore seems that the
relationship between the presence of high ploid apomictic
plants (5x and 6x) in northern Europe and glaciations
might have a real basis and suggests evolutionary advan-
tages of polyploidy associated with apomixis in the coloni-
zation of deglaciated areas in Scandinavia (cf. Asker and
Jerling 1992). Merxmüller (1975) pointed out that diploid,
sexually reproducing taxa of the closely related genera
Hieracium and Pilosella are mostly confined to the southern
latitudes, while there was a tendency for polyploids, mostly
apomictic species, to prevail in northerly situated regions.
Such geographically limited parthenogenesis is known
also in other sexual–apomictic genera and was summarized
by Bierzychudek (1985) (for thorough recent revision on
complex causality of geographical parthenogenesis, see
Hörandl, 2006). The diploid members of section
Pilosellina have a more restrained range of distribution in
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comparison with polyploid P. officinarum and are confined
mostly to southern and central Europe (see Introduction).
This recalls the situation of several other groups of
polyploid vascular plants associated with apomixis, e.g.
Antennaria L. (Bayer and Stebbins 1987), Ranunculus
auricomus group (Hörandl, 2006) and Taraxacum (den
Nijs et al. 1990), where polyploid apomicts tend to have
larger ranges than sexuals. In the present case, the coloniz-
ing success of P. officinarum might be attributed to the
combinations of different factors, such as its probable allo-
polyploid origin (see above), increased heterozygosity and
the existence of a high number of genetically different
clones, the presence of an apomictic mode of reproduction
in high ploids (5x and 6x) with the occurrence of residual
sexuality, vegetative reproduction via above-ground
stolons, the possibility of long-distance dispersal via
achenes with a pappus, and the opportunity of recurrent
formation of novel genotypes via hybridization. It is
possible that all these factors have played an important
role in shaping the present cytogeographic patterns of
P. officinarum.

SUPPLEMENTARY INFORMATION

Supplementary information is available online at www.aob.
oxfordjournals.org and contains the lists of Pilosella
officinarum localities accompanied by geographical
co-ordinates, ploidy levels and/or chromosome numbers
(and references) for data (1) presented in this study for
the areas of the Czech Republic, Slovakia and Hungary;
(2) for previously reported data from the Czech Republic
and Slovakia; (3) for previously published data from the
rest of European area; and (4) for new data from Europe
outside of Slovakia, Czech Republic and Hungary.
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Abstract 

Pilosella  officinarum  is  represented mainly  by  tetraploid  (2n  =  36),  pentaploid  (2n  =  45) 

and hexaploid  (2n = 54) cytotypes  that are  further combined by different breeding modes 

(4x  ‐ sexual, 5x  ‐ apomictic and 6x  ‐ sexual + apomictic).  Its current  intraspecific taxonomic 

treatment  is  based  mainly  on  selected  apomictic  lineages,  which  is  confusing  and  not 

generally  applicable.  Morphometrical  analyses  were  performed  to  determine  a  set 

of characters  that  distinguishes  particular  lineages  that  are  characterised  by  ploidy  level 

and breeding mode. The results confirmed the morphological differences among the ploidy 

levels and the different breeding lineages of the hexaploid cytotype. 

 

Introduction 

The  genus,  Pilosella  (sometimes  considered  as  subgenus  Hieracium  subgen.  Pilosella), 

is a member  of  the  tribus  Lactuceae  of  the  Asteraceae  family.  Together with  Hieracium, 

it belongs to the most complicated groups of European flora. In spite of its close relationship 

to Hieracium, the pattern of variation and the underlying mechanisms are different. These 

two groups differ  in morphology, absolute genome size, apomixis (agamospermy) type,  ITS 

sequences,  and  chloroplast  markers  (Bräutigam  &  Bräutigam  1999,  Suda  et  al.  2007, 

Rosenberg  1907,  Pogan  &  Wcisło  1995,  Fehrer  et  al.  2007).  It  is  mainly  a  common 

hybridisation  and  polyploidy  that  influences  the  complexity  of  Pilosella  and  differentiates 

it from Hieracium.  
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The  Pilosella  genus  taxonomic  concept  is  structured  into  groups  of  basic  (Hauptarten) 

and intermediate species (Zwischenarten; Nägeli & Peter 1885). The basic species comprise 

taxa  characterised  by  unique  morphological  traits,  whereas  the  intermediate  species 

combine  basic  species  features,  indicating  their  hybridogenous  nature.  The  basic 

vs. intermediate  species  distinction  also  corresponds well  to  the  patterns  of  ploidy  level 

and breeding  mode  differentiation  (basic  species  are  frequently  diploid  sexual  vs. 

the intermediate that are predominantly polyploid apomictic; Krahulcová et al. 2000). 

 

The mechanisms  causing  the  complexity  of  Pilosella were  reviewed  twice  in  recent  years 

(Krahulcová  et  al.  2000,  Fehrer  et  al.  2007)  and  include  the  following:  hybridisation, 

facultative apomixis (apomixis combined with a sexual reproductive mode, often within the 

same  capitulum),  polyploidisation  (cytotypes  detected  in  the  field:  2x,  3x,  4x,  5x,  6x,  7x, 

and 8x; x= 9) and vegetative reproduction via stolons (Gadella 1987, 1991, Krahulcová et al. 

2000). These  sources were  found  to be accompanied with  the production of  fertile pollen 

(even  in  cases  of  completely  sterile  plants,  such  as  F1  triploids)  and  the  occurrence 

of haploid  parthenogenesis  or  autogamy  via  a  mentor  effect  (Krahulcová  et  al.  1999, 

Krahulcová et al. 2000, Krahulcová & Krahulec 2000). Moreover, all of the abovementioned 

features are usually combined  in an  intricate way. Apomictic  lineages are  facultative; thus, 

they hybridise with other cytotypes or  taxa,  resulting  in an enormous number of different 

morphological forms and cytotypes. For these reasons, the entire Pilosella genus represents 

an extremely reticulate group, and  its species‐level taxonomy cannot be treated as  is usual 

for the other apomictic groups (i.e., each apomictic  lineage is evaluated as a microspecies). 

Several  substantially  different  taxonomic  approaches  (i.e.,  hundreds  or  thousands  of 

described taxa; i.a., Zahn 1921, 1922, 1923, Sell & West 1976, Juxip 2002, Tyler 2001) mirror 

the  real  variation. The  situation, which  is  clearly  irresolvable by  the  traditional  taxonomic 

approaches,  has  resulted  in  a  current  resignation  on  the  detailed  taxonomic  concept 

(Bräutigam & Greuter 2007). 

 

Pilosella officinarum  F. W.  Schultz et  Sch. Bip.  (Hieracium pilosella  L., Asteraceae) may be 

considered as a typical species that represents the complexity of the entire genus. It belongs 
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to  section  Pilosellina,  which  is  characterised  by  a  single  capitulum  per  stem  and  dense 

stellate  hairs  covering  the  abaxial  side  of  the  leaf  (Zahn  1923).  This  section  is  distinctly 

defined within the genus and comprises several species with rather limited variation, mostly 

diploids and tetraploid P. saussuroides and one extremely variable polyploidy, P. officinarum. 

Pilosella  officinarum  is  the most  frequently  occurring  species  of  the  genus  Pilosella;  it  is 

variable with respect to ploidy level (4x, 5x, 6x, and 7x; Gadella 1984, 1991) and reproductive 

mode  (both  apomictic  and  sexual)  and  is  accompanied  by  a  huge  phenotypic  plasticity. 

Tetraploid  cytotypes  occur  in  Western  and  Central  Europe  and  the  Iberian  Peninsula, 

whereas the pentaploids and hexaploids prevail in deglaciated areas (including the Alps and 

the Carpathians) and in the Mediterranean (Gadella 1984, Mráz et al. 2008). The tetraploids 

are almost exclusively sexual  in Europe, and apomictic tetraploids are known to have been 

introduced  to  New  Zealand  (Houliston  &  Chapman  2001).  The  pentaploids  are  mostly 

apomictic, with  rare  sexual  individuals, whereas  the hexaploid  cytotype  consists of  sexual 

and  apomictic  lineages  (Gadella  1984).  The  heptaploid  cytotype  is  extremely  rare,  sterile 

or apomictic  (only  recorded  a  few  times;  Turesson &  Turesson  1960, Gadella  1984, Mráz 

et al. 2008). Even higher ploidy levels, such as nonaploids and decaploids, were produced in 

experimental  crosses  (Gadella 1987); however,  these have never been  found  in  the  field. 

The diploid  cytotype  from  the  Alps  (the  Aosta  Valley)  was  described  by  Gadella  (1972) 

and from Hautes‐Alpes  by Delcourt  (1972);  however,  the  identity  of  these  plants  has  not 

been studied recently. It seems that, at  least  in Central Europe, P. officinarum has a crucial 

role in the evolution of the whole genus because it participates in many hybridisation events 

across Pilosella (Krahulec et al. 2004, Křišťálová et al. 2010). 

 

Numerous  morphological  forms  of  P.  officinarum  were  commonly  classified  at  the 

subspecies  level (i.e., the genus monographer, K. H. Zahn, mentioned 624 subspecies; Zahn 

1923).  Although  such  a  vast  number  often  precludes  any  intraspecific  evaluation, 

the correlation of some phenotypic characters (e.g., rosette size and the number and length 

of  stolons)  and  ploidy  level  has  been  indicated  by  Gadella  (1991).  Nevertheless,  such 

indications were never subjected to any rigorous statistical evaluation. During a study on the 

cytotype distribution within the Czech Republic  (see Mráz et al. 2008), we obtained rather 

representative material  with  determined  ploidy  levels.  In  the  study  presented  here,  we 
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employed  multivariate  morphometrics  to  analyse  whether  the  morphological  variation 

correlated with  any of  the particular ploidy  levels  and  reproductive mode within Pilosella 

officinarum. 

 

 

We aimed to answer the following questions: 

(1) Does the variation in the morphology of P. officinarum correlate with the ploidy level? 

(2) Could  the particular reproductive modes be used additively  to discriminate  the species 
further? 

(3) Are there any group‐specific morphological characters separating the studied cytotypes? 

 

 

Material and methods 

 

Material 

We used a portion of the same plants that were used in a previous publication (see Mráz et 

al.  2008).  The  herbarium  specimens  (deposited  in  Herbarium  PRA)  had  originated  from 

154 populations  (384  individuals  in  total,  mostly  from  Central  European  regions)  were 

supplemented by plant material from several localities in Scandinavia, the Iberian Peninsula, 

the Alps, and the Carpathians. To exclude the influence of specific environmental conditions, 

all  of  the  plants were  cultivated  under  the  conditions  of  an  experimental  garden  of  the 

Institute of Botany, Průhonice, Czech Republic (for one to three years).  

 

The DNA  ploidy  level  of  all  of  the  samples was  determined  using  flow  cytometry  (Partec 

Ploidy  Analyser  PA‐II  and/or  Partec  CyFlow).  Glycine max  cv.  Polanka  (absolute  genome 

size=2.50 pg; Doležel et al. 1992),  tetraploid P. officinarum and diploid P.  lactucella plants 

with verified chromosome counts were used as  the  internal controls. A standard  two‐step 

procedure  (Suda et al. 2003) without centrifugation was used  for  the  sample preparation. 

Fresh leaves of both the samples and the standards were chopped using a sharp razor blade 
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in 0.5 ml of ice‐cold Otto I buffer (0.1 M citric acid and 0.5% Tween 20; Otto 1990), filtered 

through  a 42‐μm nylon mesh  and  incubated  at  room  temperature  for 20 min. An  aliquot 

(1 ml)  of  staining  solution  (Otto  II  buffer  [0.4 M  Na2HPO4•12H2O],  50  μl/ml  propidium 

iodide, 50 μl/ml RNase  IIA, and 2 μl/ml 2‐mercaptoethanol) was added  (in  the case of  the 

PA‐II  instrument,  the  staining  solution  consisted  of  Otto  II  buffer,  2‐mercaptoethanol 

(2 μl/ml)  and DAPI  [4  μg/ml])  and  the mixture was  shaken  gently.  The mixture was  then 

analysed  after  10 min.  Symmetric  peaks were  analysed  using  Partec  FlowMax Operating 

and Analysing  Software  (version  2.4d;  Partec  GmbH,  Münster,  Germany).  For  each 

measurement, the coefficient of variation (CV) for both an internal standard and the sample 

was  calculated.  To  calibrate  the  flow  cytometric  analyses  for  each  ploidy  level, 

the chromosome numbers of 8 plants were counted. 

 

The  reproductive modes  of  35  tetraploid  plants,  all  of  the  pentaploid  and  the  hexaploid 

plants  were  checked  using  a  routine  emasculation  test,  as  described  in  Krahulcová 

& Krahulec  1999.  The  upper  parts  of  the  unopened  capitula  (containing  the  anthers 

and stigma) were sliced off with a razor, and the heads were bagged. Thus, fully developed 

achenes were  considered  to be  the  result of an apomictic mode of  reproduction  (Gadella 

1987, Krahulcová & Krahulec 1999). 

 

In  total, 27 morphological  characters of 384 herbarium  specimens  (from 154 populations) 

were measured or scored (see Table 1). The characters measured or scored  included traits 

used  for  the  subspecies  determination.  Several  measured  characters  focused  on  the 

proportions and shape of the vegetative and generative parts as follows: the leaf length (LL) 

and width (LW); the distance between the widest point of the leaf to the tip (WT); the rate of 

leaf  tip  acuteness  (TA);  the  average  length  (LS)  and  width  (SW)  of  3  stolon  leaves; 

the average diameters of 3 stolons (SD); the rate of the stolon curve shape (SC); the average 

length (BL) and width (BW) of 5 involucral bracts; and the capitulum diameter (CD). Another 

group of characters measured or scored the characteristic hair density rate of the following: 

single trichomes on the upper surface of 5 leaves (in the centre [SL] and margins [SM]), stem 

(SS), involucrum (SI) and stolon (STS); glandular trichomes on the stem (ES), involucrum (EI) 

98



and  stones  (EST);  stellate  trichomes  on  the  adaxial  side  of  5  leaves  (SEL),  stem  (SES), 

involucrum  (SEI)  and  stolons  (SEST). We  also measured  the  average  lengths  of  10  single 

trichomes at the centre of 5 leaf surfaces (SLC) and margins (SLM) and the lengths of 5 single 

trichomes on the stem  (SLS). The rate of dark trichomes  (all types) was scored  in terms of 

the darkness character of the involucrum (ID). 
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Table 1 All of  the measured characters. Except  for  the  SEST  two‐state character, all of  the 
characters are of the three‐state continuous quantitative type. 
 

LS  the longest leaf shape ‐ (1‐oblanceolate to 3‐ovate)  

LL   leaf length  

LW  leaf width  

WT  distance between the widest point of leaf to the tip  

TA  rate of leaf tip acuteness (1‐round, 2‐obtuse, 3‐acute) 

SL  
density rate of single trichomes in the centre of the upper surface of 5 leaves             
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

SLC  average length of 10 single trichomes at the centres of 5 leaf surfaces 

SM  
density rate of single trichomes at the margins of the upper surface of 5 leaves          
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

SLM  average length of 10 single trichomes at the margins of 5 leaf surfaces 

SEL 
density rate of stellate trichomes on the adaxial side of 5 leaves                                     
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

ES 
density rate of glandular trichomes on the stem                                                                 
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

SS 
density rate of single trichomes on the stem                                                                        
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

BL  average length of 5 involucral bracts 

BW  average width of 5 involucral bracts 

ID 
rate of dark trichome density on the involucrum                                                                 
(1‐bright, 2‐dark trichomes)  

EI 
density rate of glandular trichomes on the involucrum                                                      
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

EC  glandular trichome colour ‐ translucent to black 

SI 
density rate of single trichomes on the involucrum                                                             
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

SEI 
density rate of stellate trichomes on the involucrum                                                          
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

CD  capitulum diameter 

STS 
density rate of single trichomes on the stolons                                                                   
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

SEST 
density rate of stellate trichomes on the stolons                                                                 
(1‐glabrate, 2‐single trichomes, 3‐dense hairs) 

SE  stolon leaves (1‐diminishing, 2‐same‐sized, 3‐enlarging) 

100



SL  average length of 3 stolon leaves 

SW  average width of 3 stolon leaves 

SD  average diameter of 3 stolon 

SC  rate of stolon curve shape (1‐linear, 2‐curved shape) 

 

 

Statistical evaluation 

The basic  statistical parameters,  such as  the mean value,  standard deviation, and  the 1st, 

5th, 95th and 99th percentiles, were computed  for each of the characters. The correlation 

structure  among  the  characters  was  evaluated  using  Pearson's  correlation  and  non‐

parametric  Spearman's  rank  coefficients  to  avoid  very  high  correlations  (>  0.95)  and 

distortion of the multivariate analysis. 

Principal  component  analysis  (PCA;  Krzanowski  1990)  based  on  a  correlation matrix was 

applied to reduce the multidimensional nature of the character space. The variation pattern 

was then expressed by the first three components.  

Consequently, discriminant analyses (canonical discriminant analyses, CDA, and classificatory 

discriminant analyses; Klecka 1980) were performed. As a discrimination character, the DNA 

ploidy  level  and  breeding  mode  (in  the  case  of  the  hexaploids)  was  set.  Finally,  non‐

parametric  k‐nearest  neighbours  classificatory  discriminant  analyses were  used  to  display 

the percentage of correctly assessed individuals to the predetermined groups.  

The multivariate analyses of the morphometric data set were performed with SAS 9.1.3. (SAS 

Institute 2000) and PAST software (Hammer et al. 2001). 
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Results  

 

Ploidy  level  analysis.  The  DNA  ploidy  level  of  384  plants  from  154  populations  gave 

the following  results:  in  the  case  of  ploidy  uniform  populations,  the  tetraploid  cytotype 

prevailed (79 populations), followed by the hexaploid (32) and pentaploid cytotype (26).  In 

total, 159 tetraploid, 83 pentaploid and 142 hexaploid plants were analysed. Fifteen mixed 

ploidy populations were detected: 4x+5x – 3 populations, 4x + 6x ‐ 3 pops and 5x + 6x – 10 

pops. The histograms peaks  coefficient of  the  variation  (CV)  ranged  from 1.67%  to 3.21% 

(2.52% on average, a standard deviation of 0.46). 

 

All of the analysed tetraploid plants were sexual, whereas the pentaploids were apomictic, 

in accordance with  the previous  results  from  the  studied areas.  In  contrast,  the hexaploid 

individuals  form  apomictic  (50  individuals)  and  sexual  groups  (92  individuals)  of  highly 

distinct geographical distribution patterns. The apomictic hexaploid plants occurred in many 

types of habitat  in  large areas  (the West Carpathians), and  the  sexual hexaploid  cytotype 

was strictly connected to the steep river canyons of the Czech Massif. 

 

Morphometry. All of the included variables showed deviations from the normal distribution 

in  the  Shapiro‐Wilks  test  (thus,  non‐parametrical  methods  were  used).  The  correlation 

between  the  two characters exceeding a value 0.95 of  the Spearman’s coefficient was not 

observed.  

The principal  component analysis  indicated  three partly overlapping groups of  individuals. 

The  tetraploid  and  hexaploid  plants  were  separated  along  the  first  component  axis 

(explaining  21.9%  of  the  variation),  whereas  the  second  axis  (explaining  8.23%  of  the 

variation) partly distinguished the pentaploid group (Fig. 1).  

The  canonical  discriminant  analysis  further  underlined  that  the  tetraploid  and  hexaploid 

individuals were morphologically well separated, whereas despite being quite well defined, 

the pentaploids were still  interconnected with  two  remaining groups  (see Fig. 2). The  first 
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canonical  axis  separated  the  group  of  tetraploids  and  hexaploids,  whereas  the  second 

canonical axis was responsible for the partial separation of the pentaploid individuals. Thus, 

the discriminant analysis confirmed the  intermediary character of the pentaploid cytotype. 

The  first  canonical  axis  expressed  92.4%  of  the  intergroup  variation,  and  the  second  axis 

expressed 7.86% of the intergroup variation.  

The  stolon  curve  shape  (SC),  stellate  hair  density  on  the  stem  (SES),  average  of  3  stolon 

diameters  (SD)  and  average  lengths  of  5  involucral  bracts  (BL)  were  the  most  strongly 

correlated with the first canonical axis, whereas the characters based on glandular trichomes 

(the glandular  trichome density  rate on  the  stem, ES, and  the  rate of  the darkness of  the 

involucrum, ID) were the best correlates of the second canonical axis (Table 2). 
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Table 2 Results of the morphometric analyses  

PCA  (principal  component  analysis)  ‐  eigenvectors  expressing  the  value  of  the  characters 
correlated  with  the  principal  component  axes  (Prin)  based  on  the  entire  dataset                
CDA  (canonical discriminant analysis)  ‐  total canonical  structure expressing  the correlation 
of particular characters with the total canonical structure axes based on the entire dataset 
with  the DNA ploidy  level as  the discriminatory character  (1. CDA) and  the dataset of  the 
hexaploid individuals with the breeding mode as the discriminatory character (2. CDA; values 
marked in bold are the most correlated with the particular axis). 

  PCA  1. CDA  2. CDA 

   Prin 1  Prin 2  Prin 3  Can 1  Can 2  Can 1 

LS  ‐0,013 ‐0,016  0,175 ‐0,402 ‐0,035 0,081

LL   0,308 0,013  0,299 0,561 ‐0,104 0,038

LW  0,180 ‐0,009  0,388 0,115 0,052 0,270

WT  0,316 0,044  0,253 0,587 ‐0,061 0,113

TA  0,207 0,186  ‐0,025 0,708 0,122 ‐0,139

SL   0,003 0,275  ‐0,028 0,144 ‐0,242 0,332

SLC  0,137 0,431  0,213 0,398 ‐0,236 0,117

SM   0,033 0,256  ‐0,029 0,184 ‐0,228 0,373

SLM  0,169 0,418  0,140 0,561 ‐0,152 0,069

SEL  0,190 ‐0,023  ‐0,012 0,277 0,209 0,241

ES  0,162 ‐0,016  ‐0,010 0,242 0,817 0,351

SS  0,247 0,065  ‐0,024 0,552 ‐0,012 0,347

BL  0,301 ‐0,008  ‐0,007 0,644 0,446 0,325

BW  0,204 ‐0,015  ‐0,015 0,404 0,218 0,087

ID  0,107 ‐0,026  ‐0,022 0,174 0,433 0,649

EI  ‐0,004 ‐0,019  0,107 ‐0,189 0,227 0,435

EC  ‐0,002 ‐0,002  0,031 ‐0,046 0,061 ‐0,219

SI  0,258 0,071  ‐0,013 0,591 ‐0,031 0,404

SEI  0,011 0,211  0,105 0,060 ‐0,201 0,176

CD  0,145 ‐0,013  0,007 0,310 0,213 0,122

STS  0,087 ‐0,004  0,236 ‐0,023 ‐0,086 0,398

SEST  ‐0,007 0,123  0,245 ‐0,110 ‐0,248 ‐0,148

SE  ‐0,008 ‐0,004  0,242 ‐0,259 0,152 0,156

SL  0,314 ‐0,015  ‐0,002 0,527 0,044 0,175

SW  0,236 ‐0,022  0,074 0,225 0,037 0,315

SD  0,314 ‐0,004  0,037 0,678 0,110 0,055

SC  0,189 0,236  ‐0,004 0,714 ‐0,191 ‐0,456
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Classification  discriminant  analysis  resulted  in  the  correct  classification  of  84%  of  the 

individuals,  and  a  correct  classification  was  very  unequal  for  particular  cytotypes. 

The tetraploids  and  hexaploids  were,  for  the  most  part,  correctly  classified  (91.9%, 

and 90.3%  of  correct  classifications  for  the  tetraploids  and  hexaploids,  respectively), 

whereas the classification of the pentaploids failed in almost half of the cases (55.8% of the 

correct classifications).  

The reproductive mode was included to distinguish those plants belonging to the sexual and 

apomictic hexaploid cytotype. The canonical discriminant analysis of all  four of  the groups 

indicated  a  slightly  different  pattern  of  sexual  vs.  apomictic  hexaploids.  Therefore, 

the separated CDA was performed with the dataset reduced to the hexaploids only. Both of 

the groups were notably separated, with minimum overlap. Characters ID, SEI and SC were 

most closely correlated with the first canonical axis. Subsequently, classificatory discriminant 

analysis indicated the correct classification of 80.7% of individuals. 

 

Discussion 

Our morphometric analysis showed a distinct morphological differentiation of P. officinarum 

cytotypes  and  reproductive mode  types  in  Europe.  The  cytotype morphological  pattern 

demonstrates  a  different  approach  for  the  investigation  of  P.  officinarum  intraspecific 

variation.  Previously,  the  taxonomic  concept  for  this  species  used  combinations 

of characters  (e.g.,  long  hairs  and  stellate  hairs)  but  did  not  take  into  account  the 

reproductive mode  and  ploidy  level.  The  results  of  the morphometric  analyses,  in  fact, 

confirmed  that  these more natural units  can be distinguished by  their morphology. Thus, 

a more  natural  classification  seems  to  be  possible.  However,  the  knowledge  of  the 

reproductive mode  is necessary because the evaluation of variation should be different for 

sexual  types  than  for  apomictic  types.  Such  analysis  has  not  yet  been  performed;  it  is 

impossible to give these more natural units names, as hundreds of them were used  in the 

past. 
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The multivariate statistic analyses indicated that a combination of characters might be used 

for  the  determination  of  P.  officinarum  plants:  it  is  relatively  feasible  for  the  tetraploid 

and hexaploid plants but not for the pentaploids. 

In  particular,  the  morphology  of  the  sexual  types  could  be  influenced  by  the  common 

hybridisation  with  some  other  Pilosella  species  than  what  might  be  further  followed 

by introgression.  This  has  been  shown,  for  example,  in  the  hybrid  swarm  between 

P. aurantiaca and P. officinarum  in Westphalia  (Krahulcová et al. 2011). The movement of 

genetic material  is  in  the  direction  towards  sexual  species  because  they  hybridise more 

freely:  althought  in  the  abovementioned  hybrid  swarm,  P.  officinarum  had  obtained  the 

plastids  of  P.  aurantiaca.  For  this  reason,  it  seems  impractical  to  distinguish  local  sexual 

types,  as  they  could  be  influenced  by  hybridisation, which  could  have  occurred  recently 

and/or in the past.  

The fact that it was possible to distinguish between the sexual and apomictic hexaploid types 

shows they represent different entities. In addition, they have a different distribution (Mráz 

et al. 2008) and different habitats. The apomictic type  is distributed  in  low altitudes  in the 

Carpathians  and  in  a  broad  spectrum  of  habitats  in  Pannonia.  Conversely,  the  sexual 

hexaploid type  is strictly confined to canyons of rivers  in Southern Moravia and to canyons 

of the Vltava River in Central Bohemia. These canyons are typical relict habitats, which host 

many  light‐requiring  species  of  different migration  groups.  Some  of  them  are  evidently 

relicts of a glacial time (e.g., Allium strictum, Saxifraga paniculata, S. rosacea, and Biscutella 

laevigata, i.a.: Reisch et al. 2003, Parisod & Besnard 2007), whereas many others came later, 

probably  during  the  early  periods  of  the  Holocene.  Therefore,  it  is  difficult  to  speculate 

about the origin of these hexaploid types without a deeper knowledge of the P. officinarum 

populations in broader geographic areas. 

Several morphological  characters  capable  of  discriminating  between  particular  cytotypes 

were  identified  in  the morphometric analysis. The  tetraploid and hexaploid plants differed 

in the  leaf  shape  (the  leaves  of  hexaploids were more  acute  and  longer  in  the  distance 

between the point where is leaf the widest, and the leaf tip was longer). The involucral bract 

length was also markedly  longer  in case of  the hexaploids. The most  important characters 

were on the stolons (the hexaploid plant stolons were of a  larger diameter, and the stolon 
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shape tended to curve). However, the determination of the pentaploid cytotype seems to be 

more  difficult,  as  they  differed  in  hair  characters  (a  higher  density  rate  of  glandular 

trichomes on the stem).  

The discernment of the groups (i.e., tetraploid/pentaploid vs. hexaploid/pentaploid) may be 

effective  in practice. Thus,  for certainty,  it would be better to determine a particular plant 

negatively  (i.e.,  not  hexaploid  vs.  not  tetraploid),  followed  by  a  subsequent  approximate 

pentaploid determination. 

Remarkably, the apomictic vs. sexual groups of the hexaploid cytotype were distinguishable 

according to the rate of dark hairs on the  involucrum (the apomictic plants tended to have 

a higher  rate  of  dark  trichomes  on  the  involucrum)  and  the  density  of  single  trichomes 

(apomictics  were  more  dense).  The  apomictic  hexaploid  individuals  seemed  to  be  less 

characterised by a curved stolon shape than the sexual ones.  

Several  circumstances  did  not  allow  us  to  solve  the  taxonomic  consequences  sufficiently 

according  to  the  above‐presented  results.  In  particular,  the  enormously  high  number 

of described  subspecies was  problematic,  and  they  should  be  typified  and,  subsequently, 

classified to newly distinguished entities. However, we did not evaluate all of them; this  is 

a task for detailed research in the future. Our data are valid for a relatively small area within 

Central Europe.  
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Fig.  1  Principal  component  analysis  (PCA)  ordination  diagram  (the  entire  dataset  of  384 

Pilosella officinarum individuals based on 31 characters) illustrating the partial separation of 

particular P. officinarum cytotypes (4x, 5x and 6x; the first component axis expresses 21,9%, 

and the second expresses 8,23%) 

 

Fig. 2 Canonical discriminant analysis diagram (the entire dataset of 384 Pilosella officinarum 

individuals based on 31 characters; the first canonical axis expresses 92,4% of the intergroup 

variation, and the second axis expresses 7,86% of the intergroup variation) 
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Fig.  3  Canonical  discriminant  analysis  histogram  (dataset  of  92  sexual  and  50  apomictic 

hexaploid Pilosella officinarum individuals based on 31 characters) 
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ORIGINAL
ARTICLE

Complex pattern of genome size

variation in a polymorphic member

of the Asteraceae

Marek Slovák1*, Petr Vı́t2,3, Tomáš Urfus2,3 and Jan Suda2,3

INTRODUCTION

The last decade has seen significant advances in our under-

standing of the causes and consequences of variation in

genome size in plants (e.g. Leitch & Bennett, 2007). Currently,

genome sizes are known for about 5000 angiosperm species,

with 1C-values ranging from 0.065 picograms (pg) of DNA in

Genlisea margaretae Hutch. (Lentibulariaceae) to 127.4 pg in

Fritillaria assyriaca Baker (Liliaceae). The interest in genome

size data has been fuelled by the fact that nuclear DNA content

can affect various characteristics at the cellular, tissue and

organismal levels (i.e. the ‘nucleotype theory’; Bennett, 1972).

In addition, nuclear DNA content can have important

ecological and evolutionary consequences. For example, it

has been documented that the developmental lifestyle and life

strategy (i.e. whether annual or perennial, herbaceous or
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ABSTRACT

Aim Although divergences in nuclear DNA content among different species

within a genus are widely acknowledged, intraspecific variation is still a somewhat

controversial issue. The aim of this study was to assess genome size variation in

the polymorphic species Picris hieracioides L. (Asteraceae) and to search for

potential interpretations of the size heterogeneity.

Location Europe.

Methods The genome sizes of 179 plants of P. hieracioides collected from 54

populations distributed across 10 European countries were determined by

propidium iodide flow cytometry. Differences in nuclear DNA content were

confirmed in simultaneous analyses.

Results 2C-values (population means) at the diploid level varied from 2.26 to

3.11 pg, spanning a 1.37-fold range. The variation persisted even after splitting

the whole data set into two recently distinguished morphotypes (i.e. the ‘Lower

altitude’ type and the ‘Higher altitude’ type) that possess significantly different

nuclear DNA contents. Cluster analysis revealed the presence of three major

groups according to genome size, which exhibited a particular geographical

pattern. Generally, the genome size of both morphotypes increased significantly

from south-west to north-east. A new cytotype, DNA triploid, was found for the

first time.

Main conclusions High intraspecific variation in the amount of nuclear DNA

in P. hieracioides correlates with the extensive morphological variation found

within the taxon. Despite the complex pattern that was presented, genome size

variants were non-randomly distributed and reflected palaeovegetation history.

We suggest that the complex evolutionary history of P. hieracioides (e.g. the

existence of several cryptic lineages with different levels of cross-interactions) is

the most plausible explanation for the observed heterogeneity in genome size.

Keywords

Asteraceae, C-value, distribution, DNA ploidy, Europe, flow cytometry, genome

size variation, Picris hieracioides, propidium iodide, triploid.
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woody), and the range of ecological environments that an

organism can occupy may all be related to genome size (e.g.

Knight et al., 2005). Genome size has also attracted an ever-

increasing amount of attention from plant taxonomists. In this

field, nuclear DNA content may often facilitate the delimita-

tion of taxa at various taxonomic ranks and may therefore

influence taxonomic decisions (Kron et al., 2007).

The existence and amount of variation in genome size below

the species level has been debated for nearly two decades and is

still somewhat controversial. The debate surrounding these

topics was driven by numerous early reports of intraspecific

variation that were dismissed by subsequent investigations

using best-practice methodology (Greilhuber, 2005). For

example, about 1.1- and 1.15-fold differences in genome size

were reported in the legumes Glycine max Merr. (Rayburn

et al., 1997) and Arachis hypogaea L. (Singh et al., 1996),

respectively, but later attempts to confirm such results were

largely unsuccessful (Obermayer & Greilhuber, 1999; Temsch

& Greilhuber, 2000). The most striking (and very likely

erroneous) case of intraspecific variation in DNA content

concerns Collinsia verna Nutt. (Scrophulariaceae), which was

reported to exhibit up to 288% divergence among individual

accessions (Greenlee et al., 1984). Over time, the concept of

stable genome size within species gained increasing support.

However, in recent years there has been an increase in the

number of studies reporting genome size variation, using

meticulous methodology (Schmuths et al., 2004; Obermayer &

Greilhuber, 2005; Leong-Škorničková et al., 2007; Suda et al.,

2007a). Interestingly, intrapopulational variability in nuclear

DNA content has also been documented (Šmarda & Bureš,

2006; Šmarda et al., 2007). Species adapted to various climates,

long-term-isolated populations, crops under long-lasting

human selection, and allopolyploids with multiple origins are

some of the candidate groups for which variation in genome

size could potentially be detected. From a taxonomic stand-

point, variation in nuclear DNA content may be used to

indicate incipient speciation or taxonomic heterogeneity

(Greilhuber & Speta, 1985).

One of the more taxonomically challenging plant groups of

the European flora is hawkweed oxtongue (Picris hieracioides L.,

Asteraceae). This species grows in almost all of Europe,

extending from the Iberian Peninsula, Italy and the Balkan

Peninsula in the south to the Scandinavian countries in the

north. The area of distribution continues to the Near East and

Russia (Lack, 1974; Sell, 1975, 1976). The large morphological

variation observed across this range has triggered a continuous

dispute concerning the number of intraspecific taxa and their

boundaries. Up to five distinct subspecies are currently

recognized, based on peduncle length, size and colour of

involucre, and characteristics of the involucral indumentum

(e.g. Sell, 1975, 1976). However, the lack of any distinct

phenotypic discontinuities (the size of the floral parts and the

density of the indumentum, for example, vary tremendously)

hinders unambiguous recognition of taxa. Several taxonomic

concepts have therefore been adopted for recent treatments of

the group (see Sell, 1975, 1976; Bolòs & Vigo, 1990; Haeupler &

Muer, 2007). Targetted investigation of variation in P. hiera-

cioides in the Western Carpathians and adjacent Pannonia

revealed two morphological groups (the so-called ‘Lower

altitude’ type and the ‘Higher altitude’ type), which were, at

least partially, supported by ecological preferences and life-

form (Slovák & Marhold, 2007). Whereas the former morpho-

type is usually annual to biennial and occupies dry, sunny, often

man-made habitats in lowlands (or at lower altitudes in

mountains), the latter is often a short-lived perennial, occur-

ring predominantly in mesic, semi-natural or natural habitats

(such as tall herb meadows) at higher altitudes. The most

conspicuous, discriminating characteristics are the distribution

of capitula along stem branches, the colour of the involucral

indumentum, the length of ligules, the size of inner bracts and

the presence/absence of red stripes on the outermost ligules

(Slovák & Marhold, 2007).

Previous attempts to elucidate the taxonomy of P. hieracio-

ides using conventional karyological counts were in vain,

because all individuals examined exclusively contained a

diploid number of somatic chromosomes (2n = 2x = 10;

Slovák et al., 2007). Another cytogenetic character, genome

size, has not been widely studied; the Plant DNA C-values

database (Bennett & Leitch, 2005) harbours the only estimate

(1C = 1.58 pg), as determined by Feulgen microdensitometry.

Because nuclear DNA content is often a taxonomically

informative marker, and its value in resolving complex

homoploid groups has been acknowledged repeatedly (e.g.

Dimitrova et al., 1999; Mishiba et al., 2000; Mahelka et al.,

2005), we initiated a large-scale survey of genome size variation

in a representative set of P. hieracioides plants. Five main

questions were addressed, as follows. (1) What are the levels of

intra- and inter-population variation in genome size? (2) Are

there any historical or ecogeographical factors that may explain

the divergence? (3) Does genome size correlate with recently

distinguished morphotypes? (4) Can genome size be used as a

supportive marker for taxonomic decision-making? (5) Is

P. hieracioides uniform across its geographic range with respect

to ploidy level?

MATERIALS AND METHODS

Plant material

Samples of P. hieracioides were collected in the field during

2004–07. The area sampled covered Andorra, Austria, Croatia,

France, Germany, Italy, Romania, Slovakia, Spain and Ukraine,

spanning the geographic range 36°58¢–49°17¢ N and

03°21¢ W–27°14¢ E, and the elevational range 5–2065 m a.s.l.

(Fig. 1; Table 1). Altogether, 179 individuals from 54 popu-

lations were included in the study. Multiple accessions (i.e. two

to six plants per locality) were available for 46 populations, and

eight populations were represented by one accession only.

Considering the results of previous morphometric studies

(Slovák & Marhold, 2007; M. Slovák et al., in preparation),

samples were divided into two subsets, corresponding to

‘Higher altitude’ (H; 93 individuals from 27 populations;

Intraspecific genome size variation in a polymorphic plant
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altitude usually above 500 m a.s.l.) and ‘Lower altitude’ (L; 70

individuals from 23 populations; altitude usually below 500 m

a.s.l.) types. Four populations harboured plants that could not

be reliably determined, and were therefore regarded as of

uncertain taxonomic status. Mature plants were transferred to

the experimental field garden of the Institute of Botany of the

Slovak Academy of Sciences in Bratislava, Slovakia

(48°10¢15¢¢ N, 17°04¢15¢¢ E; 180 m a.s.l.) and grown under

uniform conditions. In addition, achenes collected in the field

were germinated on wet paper tissues in Petri dishes and

grown in the same way as mature plants. Well-developed

individuals were subjected to flow cytometric analyses in

April–September 2007. Voucher specimens were deposited in

the herbarium of the Slovak Academy of Sciences (SAV).

Genome size estimation

Genome sizes (C-values sensu Greilhuber et al., 2005) and

DNA ploidy levels (Suda et al., 2006) of the analysed plants

were estimated by flow cytometry (FCM). Measurements were

taken on a CyFlow SL cytometer (Partec GmbH, Münster,

Germany) equipped with a green solid-state laser (Cobolt

Samba 532 nm, 100 mW; Cobolt, Stockholm, Sweden) as an

excitation source. Fresh intact leaf tissues from the analysed

sample and internal reference standard were chopped together

(in a sandwich-like fashion) in 0.5 mL of ice-cold Otto I buffer

(0.1 m citric acid, 0.5% Tween 20; Otto, 1990). The crude

suspension was filtered through a 42-lm nylon mesh and

incubated at room temperature for 20 min. Nuclei were

stained with 1 mL of Otto II buffer (0.4 m Na2HPO4.12H2O),

supplemented with propidium iodide (PI) + RNase IIA (both

at final concentrations of 50 lg mL)1) and 2-mercaptoethanol

(2 lg mL)1). After 10 min incubation at room temperature,

samples were run on a flow cytometer and the fluorescence

intensity of 5000 particles was recorded. Flow histograms were

evaluated using the FloMax software (ver. 2.4d; Partec GmbH,

Münster, Germany). At least three independent measurements

on different days were performed for each sample. Only

histograms with symmetrical peaks and with a coefficient of

variation (CV) of the sample G1 peak below 3% were

considered. Glycine max Merr. ‘Polanka’ (2C = 2.50 pg;

Doležel et al., 1992) was selected as the appropriate primary

Figure 1 Geographical distribution of the populations of Picris hieracioides studied. The plants were separated into two morphotypes (the

‘Lower altitude’ type and the ‘Higher altitude’ type), in addition to a group of uncertain systematic position, following the results of

our previous studies (Slovák & Marhold, 2007; M. Slovák et al., in preparation). Genome size categories (2C-values) were determined on the

basis of a cluster analysis (see Results).
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aş

47
°
16
.1
29
¢
N

22
°
13
.6
58
¢
E

18
0

2x
3.
00

±
0.
01

B
C
D
E

2.
99
–
3.
01

0.
7

2.
03
–
2.
72

3
G

Intraspecific genome size variation in a polymorphic plant

Journal of Biogeography 36, 372–384 377
ª 2008 The Authors. Journal compilation ª 2008 Blackwell Publishing Ltd

119



reference standard. To avoid overlap between sample and

standard peaks, a secondary reference standard (Solanum

esculentum L. ‘Stupické polnı́ rané’) was employed in some

analyses (see Table 1). The genome size of the secondary

standard (2C = 2.05 pg) was calibrated against the primary

standard, based on 12 replicates performed on different days.

Counted diploid plants of P. hieracioides (2n = 2x = 10;

Slovák et al., 2007) were used as reference material for DNA

ploidy inference. To confirm the reliability of the estimated

C-values, simultaneous analyses of P. hieracioides samples

differing by more than 4.5% in genome size were performed.

In addition, numerous accessions were subjected to FCM

analyses using 4¢,6-diamidino-2-phenylindole (DAPI), which

binds selectively to adenine and thymine (AT) sites (see Suda

et al., 2007a; for protocol details). DAPI is less sensitive to the

chromatin state than is PI and shows a high DNA selectivity

and a higher increase in quantum efficiency after bind-

ing (Shapiro, 2003); it is therefore particularly suitable for

the detection of small differences in the amount of nuclear

DNA.

Statistical analyses

Genome size data were analysed with the sas 8.1 statistical

package (SAS Institute, 2000) using corr, glm and npar1way

procedures. Differences among populations were tested by the

general linear model, and Tukey’s grouping was applied to

compare mean values. The Spearman rank correlation coeffi-

cient was used to test whether mean genome sizes were related

to the geographic location of populations. Differences in

genome size between H and L morphotypes were analysed with

the Kruskal–Wallis test. syn-tax 2000 module hierclus

(Podani, 2001) was used in cluster analyses [squared Euclidean

distance being chosen as the dissimilarity coefficient and

UPGMA (unweighted pair group method with arithmetic

mean) being chosen as the clustering algorithm].

RESULTS

Flow cytometric analyses of genome size resulted in high-

resolution histograms with mean CVs of G1 peaks of

P. hieracioides samples and internal reference standards of

2.13% (range 1.30–2.98) and 2.33% (range 1.37–3.20),

respectively. Between-day variation caused by random instru-

ment drift and/or non-identical sample preparation was very

low, and the max./min. values of three repetitions of the same

sample did not exceed a two-percent threshold. The data

regarding the ploidy levels/DNA ploidy levels and 2C nuclear

DNA contents (means and ranges) for 54 P. hieracioides

populations are shown in Table 1. All but one population

(number 38) were uniform in ploidy level and consisted of

diploid plants only. A new cytotype (DNA triploid with

2C = 4.72 pg) was revealed in the mixed ploidy population

from Slovakia, Ondavská vrchovina.

The mean 2C-values for diploid populations ranged from

2.26 pg (population number 18) to 3.11 pg (nos 38, 41),T
a
b
le
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giving an overall variation above 37%. This variation was

genuine, as it was repeatedly confirmed in simultaneous

analyses of two or three individuals with different fluorescence

intensities (Fig. 2). In addition, distinct peaks were also always

obtained for DAPI-stained samples (results not shown). Intra-

population variation in genome size was usually low (< 3%),

with exceptions being population numbers 12, 44, 46 and 47,

in which a between-plant divergence of up to 4.3% was

detected.

To obtain insights into the relationships among popula-

tions characterized by average genome sizes, a cluster analysis

was performed. Populations clustered into two non-overlap-

ping groups (differing by nearly 10% in genome size between

their closest members), one group of which was further

differentiated at a lower dissimilarity level (Fig. 3). With the

exception of population number 23 (from the Mula, Italy),

the small-genome group consisted solely of plants that

matched well the ‘Lower altitude’ (L) morphotype. The

large-genome group consisted only of the ‘Higher altitude’

(H) morphotype, along with three populations of uncertain

taxonomic position (nos 12, 44, and 51). Both the L and the

H morphotypes were present in the cluster that consisted of

populations with an intermediate genome size. Nevertheless,

their distribution was non-random, and L plants generally

occurred in the lower half of the range. Overall, the genome

size (population means) for L and H morphotypes ranged

from 2.26 to 2.79 pg (1.23-fold variation), and from 2.73 to

3.11 pg (1.14-fold variation), respectively. The differences

between the two groups were highly significant (P < 0.001),

either at the level of individual plants (n = 161), or

population means (n = 50).

Figure 2 Differences in genome size among Picris hieracioides

plants originating from three different populations. The

nuclei from all individuals were isolated, stained with propidium

iodide and analysed simultaneously. The peak ratios were

1 : 1.166 : 1.344. The mean 2C-values estimated for the popula-

tions were 2.30 pg (population number 19), 2.70 pg (number 49)

and 3.11 pg (number 41). See Table 1 for population details.

Figure 3 Cluster analysis (UPGMA: unweighted pair group method with arithmetic mean) of genome size data (population means)

for 54 diploid populations of Picris hieracioides. Plant morphotypes (H, ‘Higher altitude’; L, ‘Lower altitude’; U, uncertain), together with

population numbers (see Table 1) are given. Three major clusters are delimited. Triploid plants were omitted from the analysis.
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The geographical distribution of plant morphotypes/gen-

ome size variants is shown in Fig. 1. Although the general

pattern is quite complex, it is clear that, within each

morphotype, plants with larger genomes predominate in the

north-eastern part of the area studied. The genome size of the

H plants increased significantly both from west to east

(r = 0.825, P < 0.0001, n = 27) and from south to north

(r = 0.732, P < 0.0001, n = 27). The same was true for L

morphotypes (longitudinal change of genome size: r = 0.655,

P = 0.0007, n = 23; latitudinal change: r = 0.753, P < 0.0001,

n = 23).

DISCUSSION

Ploidy-level variation

Apparently, genome duplication has not played a major role in

the evolutionary history of the genus Picris. The majority of

species, including P. hieracioides, are known to have only

diploid chromosome numbers, based on x = 5 (Slovák et al.,

2007). The exceptions are P. hispanica (Willd.) P. D. Sell,

which has 2x, 4x and 6x cytotypes (Humphries et al., 1978;

Galland, 1988; Oberprieler & Vogt, 1993), and P. aculeata

Vahl, which has 2x and 4x cytotypes (Brullo et al., 1977;

Guittonneau, 1978). In addition, one tetraploid count was

reported for the closely related P. japonica Thunb. (Stepanov,

1994); however, this result may require confirmation, as other

authors have observed only diploids (see Slovák et al., 2007;

for a review). Fluorescence intensities indicating a diploid level

were also prevalent in our study (i.e. 177 out of 179 analysed

plants). However, one mixed population (number 38) of the H

morphotype was found in Slovakia and harboured two

individuals differing by about 1.5-fold in genome size. Despite

the fact that these FCM results are not accompanied by exact

chromosome counts, we are convinced that the plants with

distinct genome size (mean 2C-value = 4.72 pg) correspond to

triploids. The most plausible mechanism for triploid genesis is

a fusion of unreduced and reduced gametes. Our report

contains the first evidence for ploidy differentiation in

P. hieracioides, as well as the first incidence of triploidy in

the whole genus. In general, this observation clearly indicates

that large population samples are required for representative

cytotype screening, and, in this respect, FCM has changed the

perception of the magnitude of ploidy variation in wild species

(Kron et al., 2007; Suda et al., 2007b).

Intraspecific genome size variation

Although divergences in genome size among different species

within a genus are widely acknowledged (see the Plant DNA

C-values database; Bennett & Leitch, 2005), our knowledge of

variation in the frequency and range of DNA content below

the species level is still fragmentary. Early reports of

intraspecific variation in genome size in numerous gymno-

sperms and angiosperms (see Ohri, 1998; for a review) led to

the theory of a ‘plastic genome’, which became popular

around the 1990s (e.g. Cremonini et al., 1994). The propo-

nents assumed that certain fluid domains exist in the genome

that may undergo rapid, programmed and reversible changes

in copy number from one generation to the next, thus

substantially altering nuclear DNA content (e.g. in the range

of hundreds of mega-base pairs (Mbp) per haploid genome)

(note that fluid domains should not be confused with

transposable elements, whose role for genome inflation is

being increasingly better understood; Bennetzen et al., 2005).

Greilhuber and his co-workers steadily criticized this concept,

however, and, after a set of meticulous experiments, showed

that methodological inaccuracies were largely responsible for

the observed variation in genome size (Greilhuber, 1998,

2005). In addition to instrumental and methodological errors,

several other sources of artefactual variation have been

identified, such as the disturbing effects of secondary metab-

olites with potential seasonal fluctuations (e.g. Walker et al.,

2006), differences in measurements among different labora-

tories (Doležel et al., 1998), and taxonomic heterogeneity of

the material under investigation (Murray, 2005). As a result,

genuine intraspecific variation in genome size is considered to

be rather rare (but see Schmuths et al., 2004; Obermayer &

Greilhuber, 2005; Šmarda & Bureš, 2006; Leong-Škorničková

et al., 2007; Suda et al., 2007a).

In our study, about 1.37-fold variation in 2C-values was

found among 54 European populations of P. hieracioides. The

variation in this polymorphic species persisted even after

splitting the whole data set into two phenetic groups (Slovák &

Marhold, 2007), namely the ‘Lower altitude’ type (divergence

23.3%) and the ‘Higher altitude’ type (divergence 13.8%).

Although genome size variation in the latter group was more

or less continuous, two very different genome types could be

distinguished in the former (see Fig. 3). Considering the

maximum genome size heterogeneity reported in other species

[e.g. 7.4% in Hieracium piloselliflorum Nägeli & Peter,

Asteraceae (Suda et al., 2007a), c. 11% in Dasypyrum villosum

(L.) P. Candargy, Poaceae (Obermayer & Greilhuber, 2005)

and 16.6% in Festuca pallens Host, Poaceae (Šmarda & Bureš,

2006)], the variation revealed in P. hieracioides is rather large.

We are convinced that the observed genome size divergence

in P. hieracioides was not caused by methodological short-

comings or differences in the number of somatic chromo-

somes. First, low CVs (2.13% on average), together with

symmetrical G1 peaks are not compatible with the presence of

disturbing secondary metabolites (Loureiro et al., 2006). In

addition, repeated measurements of the same sample resulted

in highly similar nuclear DNA content values. More impor-

tantly, simultaneous measurements of individuals with diver-

gent genome sizes (> 4.5%) always gave histograms with two

or more distinct peaks (see Fig. 2), which is regarded as robust

proof of genuine genome size variation (Greilhuber et al.,

2007). Karyological heterogeneity should also be excluded as a

potential source of variation, because chromosome counts

(exclusively 2n = 10) were available for 20 populations and

covered virtually the whole range of fluorescence intensities

(Table 1; Slovák et al., 2007).
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Perhaps the most precarious issue concerns the taxonomic

identity of the plant material that was investigated in this

study. Our intention was to obtain groups that were as

homogenous as possible, based on the results of our previous

study (Slovák & Marhold, 2007) and on further unpublished

morphometric analyses (M. Slovák et al., in preparation).

However, it should be noted that, despite the fact that

phenotypic discontinuities are still, for practical reasons, the

most common markers used for taxonomic decision-making,

they may not accurately reflect the evolutionary history of a

particular taxon/lineage. This may also be true for P. hiera-

cioides. We hypothesize that the complex evolutionary history

of this polymorphic taxon may be responsible for the observed

heterogeneity in genome size. Molecular data are required to

elucidate exact evolutionary relationships; however, one sce-

nario may involve the separate evolution of H morphotypes in

major European mountain ranges, possibly including differ-

entiation in genome size by means of processes such as the

activity of retrotransposons. Vegetation changes triggered by

Quaternary climate oscillations (Frenzel et al., 1992; Lang,

1994) brought different H populations and/or H and L

morphotypes into contact (the latter having evolved indepen-

dently in lowlands). Subsequent hybridization among different

lineages of this strictly allogamous species, coupled with

further shifts in geographical distribution (e.g. range expansion

after glaciation), gave rise to phenotypic complexities and

blurred the pattern of genome size. Long-distance dispersal

(Nathan et al., 2002), both in the past and as a consequence of

anthropogenic activities over the last few centuries, may have

complicated the overall picture even more.

Geographic and life-history correlates of genome size

Despite presenting a complex geographic pattern, the distri-

bution of particular genome size variants of P. hieracioides is

far from random (Fig. 1). In general, within each morphotype,

plants with lower DNA amounts are confined to the south-

western part of the area studied, whereas their larger-genome

counterparts predominate in the north-east. More precisely, all

but one small-genome (2C = 2.26–2.41 pg) population of the

L morphotype (i.e. the most distinct genome size variant)

occur in Mediterranean countries, namely France, Italy and

Croatia. The only exception applies to population number 47

from Slovakia, which probably represents a casual introduction

from southern Europe. L morphotypes possessing larger

genome sizes (2C = 2.70–2.79 pg; intermediate group in the

cluster analysis) are from Austria, Slovakia, Ukraine and

Romania. The same trend, although more shallow, is mirrored

by the H morphotype. Although populations with a large

nuclear DNA content (2C = 2.88–3.11 pg) are distributed

throughout the area (i.e. from the Sierra Nevada in Spain,

population number 1, to the Bukovské vrchy in Slovakia,

number 37), those with a lower genome size (2C = 2.73–

2.84 pg; intermediate group in the cluster analysis) were

recorded only in south-west Europe (the Pyrenees, Jura and

the Savoie Alps).

It would be tempting to attribute the observed variation to

the different ecological conditions that predominate in partic-

ular areas (i.e. the south–north gradient and/or in oceanic vs.

continental climate). Several studies have found associations

between genome size and environmental parameters, including

temperature and precipitation (summarized by Knight et al.,

2005). Although we do not reject the theory that changes in

genome size in P. hieracioides may have been, at least partly,

driven by the multifaceted effect of the environment, we are

more inclined to the opinion that the taxon encompasses

several independent lineages with unique evolutionary histories

that evolved under different conditions. In fact, noteworthy

relationships can be observed when the distribution of genome

size variants is superimposed onto a map of palaeovegetation

cover during the Last Glacial Maximum (about 20,000 years

ago). Although the small-genome variants of the L morphotype

occur in regions that were formerly covered with typical dry

steppes, their counterparts with a larger genome size grow

mainly in areas where tundra-steppes or transient communities

were mapped in the Last Glacial Maximum (Frenzel et al.,

1992; Lang, 1994). An identical ecological pattern of genome

size variants according to palaeovegetation types was found in

Festuca pallens (Šmarda & Bureš, 2006). Despite a clear

divergence in the amount of nuclear DNA between southern

and Central European L morphotypes, the amount of pheno-

typic differentiation is negligible, if indeed any exists at all,

between these morphotypes (M. Slovák et al., in preparation).

Whether these genome size variants should be formally

recognized, and whether existing intraspecific names can be

used for this purpose [e.g. subsp. spinulosa (Bertol.) Arcang. for

southern populations], remains to be determined. The search

for historical interpretations of genome size heterogeneity in

H morphotypes is more challenging because there is more

continuous variation in this taxon. Plants with smaller genomes

appear to be confined to the Pyrenees and the western Alps,

whereas those with slightly larger amounts of nuclear DNA are

distributed throughout the area of investigation. This pattern

may be influenced by the level of maintenance vs. disruption of

gene exchange between different mountain regions during the

Quaternary period (see Kropf et al., 2006).

Variation in nuclear DNA content in P. hieracioides (in

particular, the significant differences between the H and L

morphotypes) provides us with the opportunity to search for

relationships between genome size and life-history traits.

Whereas L morphotypes are mostly annual or biennial, H

plants have a longer life span, which may be best described as

short-lived perennial. In addition, the former morphotype

generally prefers various man-made habitats, and in some

localities it shows a tendency towards invasive behaviour (M.

Slovák, personal observations). All of these observations are in

agreement with previous studies that documented a correla-

tion between small genome size and a short developmental

lifestyle (see Leitch & Bennett, 2007; for a review) and

‘weediness’ (Bennett et al., 1998).

In summary, our targetted survey of genome size variation

in the polymorphic species P. hieracioides revealed a complex
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pattern of variation, which, however, showed certain associ-

ations with phenotypic differentiation and geographic distri-

bution. Genome size data provide some support for the two

main morphotypes that were previously recognized (i.e. the

‘Lower altitude’ and the ‘Higher altitude’ types, which possess

significantly different amounts of nuclear DNA). However,

interpretation of the within-group variation is still a challenge

(e.g. the two non-overlapping genome size variants in L vs. the

rather continuous pattern of variation in H morphotypes). It is

possible that several different evolutionary lineages may be

hidden within each morphological group. Therefore, a multi-

method approach, with an emphasis on molecular analyses,

will be necessary in order to gain deeper insights into the

evolutionary history of P. hieracioides and to elucidate its

taxonomy. In addition, the causes and dynamics of genome

size variation deserve further targetted study using a set of

cytogenetic tools (e.g. analysis of heterochromatin blocks;

Laurie & Bennett, 1985).
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hold (Bratislava), Nicodemo Passalacqau (Cosenza), Marián
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Lang, G. (1994) Quartäre Vegetationsgeschichte Europas. Gustav

Fischer Verlag, Jena, Germany.

Laurie, D.A. & Bennett, M.D. (1985) Nuclear DNA content in

the genera Zea and Sorghum. Intergeneric, interspecific, and

intraspecific variation. Heredity, 55, 307–313.

Leitch, I.J. & Bennett, M.D. (2007) Genome size and its use:

the impact of flow cytometry. Flow cytometry with plant cells:

analysis of genes, chromosomes and genomes (ed. by J. Do-
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Abstract The only Balkan endemic of the genus Picris,

Picris hispidissima, was studied in detail using morpho-

logical and karyological methods. The species was shown to

be morphologically distinct from the closest taxon, Picris

hieracioides, by the pectinate–ciliate indumentum of invo-

lucral bracts, dilatation of the peduncle, length of the outer

and inner bracts, and indumentum colour. Nomorphological

variation that would require taxonomic classification was

found within this species. Despite the diploid chromosome

number (2n = 2x = 10) being confirmed for P. hispidiss-

ima, variation of up to 9.5% in genome size was found. The

likely explanation for this variation is hybridization and

introgression with closely related P. hieracioides. The most

convincing evidence for this hypothesis is the detection of

plants with two clearly different DNA contents arising from

a single capitulum found in the location where P. hispi-

dissima and P. hieracioides co-occur.

Keywords Balkan Peninsula � Genome size �

Multivariate morphometrics � Picris hispidissima �

Picris hieracioides � Ploidy level

Introduction

The Balkan Peninsula represents one of the most signifi-

cant biodiversity hotspots in Europe (Turrill 1929; Griffiths

et al. 2004), and is sometimes considered to be the most

important hotspot (Kryštufek and Reed 2004). This is due

to its long-term environmental stability, topographic and

climatic diversity, and by the fact that it acted as a glacial

refugium for at least ca. 1.8 million years in the Quaternary

period (Tzedakis 2004). Despite this richness, knowledge

of the flora of the Peninsula remains inadequate. In par-

ticular, there is a lack of studies that use cross-border

sampling (challenging because of limited access in the past

years due to armed conflict) and that apply modern kar-

yological and/or molecular methods to elucidate the

patterns and dynamics of plant biodiversity (however, see

Mugnier and Siljak Yakovlev 1987; Bogunic et al. 2003;

Siljak-Yakovlev et al. 2005; Park et al. 2006; Kryštufek

et al. 2007; Frajman and Oxelman 2007).

Our study focuses on the western Balkan endemic spe-

cies Picris hispidissima (Bartl.) W. D. J. Koch, which is

among the less known species of the genus and is mor-

phologically similar to the widespread and polymorphic

species Picris hieracioides L. In fact, the entire Mediter-

ranean represents one of the main centres of diversity of

Picris, and is considered to be a plausible phylogenetic

centre (Lack 1974, 1979; Holzapfel and Lack 1993). The

genus comprises about 50 species (Chaudhary 2000), of

which approximately 24 occur in the Mediterranean

(Greuter 2005–2007). Four species, namely P. hieracioides,
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P. rhagadioloides (L.) Desf., P. pauciflora Willd. and

P. hispidissima occur on the Balkan Peninsula [members of

the closely related genus Helminthoteca Vaill. ex Juss.

(Samuel et al. 2006) that were previously included in the

genus Picris are not taken into account here], but only the

last of these is endemic (Greuter 2005–2007).

Picris hispidissima inhabits xerothermous calcareous

coastal areas along the seaside of Slovenia, Croatia, Bosnia

and Herzegovina, and Montenegro; in the south it reaches

Albania (Hayek 1931; Sell 1976; Nikolić 1997; Martinčič

et al. 1999). Unlike P. hieracioides, which is annual to

short-lived perennial, P. hispidissima is either biennial or

monocarpic taxon (Lack 1974; M. Slovák, personal

observation). Interestingly, contrary to most Picris species,

which usually inhabit open grasslands, steppes and ruderal

areas, P. hispidissima prefers rock crevices on calcareous

cliffs and gorges.

In the 1930s, Degen (1938) studied intraspecific vari-

ation in P. hispidissima and recognized three intraspecific

taxa at the level of variety: P. hispidissima var. typica,

P. hispidissima var. reichardioides, and P. hispidissima

var. velebitica. According to Degen, they differ in the

density and quality of indument, the size of the floral

parts and the size of the achenes. Lack (1974) in his

monograph of the genus Picris in the eastern Mediterra-

nean did not comment on Degen’s taxonomic concept and

regarded P. hispidissima as a taxon without any con-

spicuous intraspecific variation. No data on chromosome

number, ploidy level or nuclear DNA content are cur-

rently available for P. hispidissima. The same holds true

for other biological characteristics (mating systems,

longevity, etc.).

Morphologically, Picris hispidissima is closely related

to the widespread and highly variable P. hieracioides.

Both species co-occur in the western part of the Balkan

Peninsula. Conspicuous morphological variation in P. hi-

eracioides throughout its range led to several contradicting

concepts of its classification (Sell 1975, 1976; Pignatti

1982; Dostál and Červenka 1992; Bolòs and Vigo 1995;

Haeupler and Muer 2000; Aeschimann et al. 2004;

Rothmaler 2005; Greuter 2005–2007). Currently, two

morphological types are recognized in the western Carpa-

thians and adjacent Pannonia: the ‘‘lower altitude type’’

and ‘‘higher altitude type’’ (Slovák and Marhold 2007).

They differ, at least partially, with respect to their eco-

logical requirements and life forms: the ‘‘lower altitude

type’’ is mostly annual to biennial, occupying dry, sunny,

often man-made habitats at lower altitudes, whereas the

‘‘higher altitude type’’ is mostly short-lived perennial and

occurs in mesic, natural or semi-natural habitats at higher

altitudes (typically in tall herb meadows). This concept

seems to be applicable to a much wider area (Slovák et al.

in preparation). Strict self-incompatibility and a diploid

ploidy level of 2n = 2x = 10 were confirmed for P. hi-

eracioides (Slovák et al. 2007) with the exceptional

occurrence of triploid plants (Slovák et al. 2009). Nuclear

DNA content varies considerably within European popu-

lations of P. hieracioides (Slovák et al. 2009): 2C values

for individuals range 1.37-fold from 2.26 to 3.11 pg. This

variation persists even after splitting the dataset into the

‘‘lower altitude’’ and ‘‘higher altitude’’ types that possess

significantly different nuclear DNA contents. Generally,

the genome sizes of both morphotypes increase signifi-

cantly from southwest to northeast (Slovák et al. 2009).

As mentioned above, besides P. hieracioides and P. hi-

spidissima, two other southern European Picris species,

namely P. pauciflora and P. rhagadioloides, also occur in

the Balkan Peninsula (Lack 1974; Sell 1976). Both are

clearly distinguishable from P. hieracioides and P. hispi-

dissima by their life forms, being strict annuals.

Furthermore, P. rhagadioloides is the sole Picris species in

the Balkans that possess 2-, 3-, and 4-furcate and anchor-

shaped hairs. A lower number of conspicuously smaller

capitula, thickened peduncles after anthesis and short-

beaked curved achenes are the unique determining char-

acteristics of P. pauciflora (Lack 1974; Sell 1976).

According to Lack (1974) and Sell (1976), Picris hi-

spidissima differs morphologically from P. hieracioides by

the presence of laciniate (pinnatisect) leaves, dilated and

slightly thickened peduncles below capitulum, pectinate–

ciliate margins on the outer involucral bracts and larger

capitulum. However, preliminary investigation of herbar-

ium material revealed that specimens of these taxa were

sometimes misidentified, most probably due to the low

reliability of some diagnostic characters. A mixed popu-

lation of both species, together with morphologically

intermediate individuals, was found in Croatia. However,

the origin of atypical individuals is unclear and remains to

be resolved. Despite the sympatric occurrence and pre-

sumed close relationship between both taxa, no hybrids

have been reported in the literature until now (e.g., Hayek

1931).

This study aimed to gather data concerning karyological

and phenotypic variation in P. hispidissima and to use these

data for taxonomic classification. The key questions are as

follows:

(1) What is the extent of variation in morphology, ploidy

level, chromosome number and nuclear DNA content

in P. hispidissima over the main part of its distribu-

tion area?

(2) What are the species-specific morphological charac-

ters separating P. hispidissima and P. hieracioides?

(3) What it the most plausible source of variation

within the mixed population of P. hispidissima and

P. hieracioides?
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Materials and methods

Material

To evaluate morphological variation in P. hispidissima,

211 individuals (12 population samples; see Table 1;

Fig. 1) from Croatia and Montenegro were collected.

These included population samples from the localities (or

wider areas) from where P. hispidissima and all three of

Degen’s varieties (Degen 1938; see ‘‘Introduction’’) were

described. To identify species-specific morphological

characters for P. hispidissima and P. hieracioides, repre-

sentative population samples (22 population samples, 421

individuals in total) of P. hieracioides from central and

southwestern Europe were included in the morphometric

analyses (Table 1). In addition, an intermingled population

of both species from the village of Zaton Doli in Croatia

(ZAD, 29 individuals) was analysed.

Material was collected at localities from where P. hispi-

dissima and one of the Degen’s varieties were described

[KRK—referred to in the description of P. hispidissima

(Bartling and Wendland 1825) as ‘‘in insulae Vegliae (Krk)

litore depresso arenoso prope oppidum Castel Muschio

(Omišalj)’’; PAK—referred to in the description of P. hispi-

dissima var. velebitica (Degen 1938) as ‘‘in Felsspalten

tiefer. Schluchten, 150–700 m, S. Velika Paklenica’’, for

details of localities see Table 1]. No material corresponding

to P. hispidissima was found at the localities of P. hispi-

dissima var. reichardioides (Degen 1938) mentioned in the

manuscript as ‘‘Zwischen Senj und Sveti Juraj, Vranjak, …

im Liburnischen Karst zwischen Bunica, Sv. Ilja und Čup-

ina’’. Nevertheless, our localities BAK and KAR are located

close to the first two of these localities.

To detect ploidy level and chromosome number in

P. hispidissima, 13 individuals from four populations

(Table 2) were analysed. In addition, 28 individuals orig-

inating from nine populations (Table 2) were screened for

DNA ploidy level (Suda et al. 2006) and absolute DNA

content. Voucher specimens of all analysed individuals are

deposited in the herbarium of the Institute of Botany,

Slovak Academy of Sciences, Bratislava (SAV).

Morphometric analyses

Twenty-four morphological characters were measured or

scored for morphological evaluation (see Table 3). These

included (1) characters referred to in guides and identifi-

cation keys as important for distinguishing P. hispidissima

and P. hieracioides, (2) characters recognized by Degen

(1938), and (3) those that appeared to be useful during the

evaluation of the material during our study. All morpho-

logical characters were measured on dried specimens

collected in field with the exception of floral characters

(ligules and involucral bracts). In the field, these floral parts

were attached by adhesive tape to a paper sheet, dried,

scanned on a Microtek 9800XL scanner, and subsequently

measured using the program Carnoy (Schols et al. 2002).

P. hispidissima leaf shape (deeply toothed to laciniate) has

in the past been treated as an important differential char-

acter for this species (Lack 1974; Sell 1976). However, on

the base of our preliminary observations and analyses of

herbarium specimens and collected plant material, leaf

shape shows considerable variation in P. hispidissima,

ranging from almost entire to deeply laciniate leaves

(Fig. 2). In addition, there is a conspicuous overlap in leaf

shape between P. hispidissima and P. hieracioides. There-

fore, this character was omitted from the present study.

Similarly, we did not study variation in achenes because our

previous investigations showed no differences in this

character between morphotypes of P. hieracioides (see

Slovák and Marhold 2007 for values from P. hieracioides).

Several data matrices were used for morphometric

analyses (some characters were excluded from certain

matrices due to a lack of variation; for details see Table 3).

Matrix A comprised population samples tentatively

identified as both P. hispidissima and P. hieracioides

characterized by mean values of characters; the putatively

mixed population, ZAD, was excluded (24 population

samples 9 21 characters). Matrix B included all indi-

viduals tentatively identified as P. hispidissima and

P. hieracioides, including population ZAD (661 indi-

viduals 9 21 characters). All individuals tentatively

identified as P. hispidissima and P. hieracioides with the

exception of population ZAD (632 individuals 9 21

characters) comprised Matrix C. The last data set, Matrix

D, was composed of individual plants from all populations

of P. hispidissima (211 individuals 9 19 characters). The

composition of matrix D resulted from the previous steps

of the analyses, where the differences between P. hispi-

dissima and P. hieracioides were established.

The following analyses were performed to reveal pat-

terns of morphological variation within P. hispidissima and

differences between this taxon and P. hieracioides. First,

Spearman correlation coefficients (Legendre and Legendre

1998) were computed from the matrix of all plants studied

to eliminate pairs of highly correlated characters from

further analyses. Spearman correlation coefficients were

used because the distribution of characters mostly deviated

from normality. As a second step, principal component

analyses (PCA) based on the correlation matrices between

morphological characters were used (Krzanowski 1990).

This method enables the reduction of the original character

space into three coordinates representing the major part of

variation included in the original data set, which can be

visually controlled. PCA was applied to matrix A and

subsequently to matrix B.
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Table 1 List of localities of Picris hispidissima and P. hieracioides analysed in this study

ABB Co. Locality Latitude, longitude Altitude

(m a.s.l.)

N/M N/GS

Picris hispidissima

PLO HR Istarska county, village of Plomin 45°07.3880N 14°12.1450E 225 19 2

BAC HR Primorsko-Goranska county, village of Bakarac 45°16.8280N 14°34.3410E 12 15 –

BAS HR Island Krk, village of Baška near the Jurani Dvor settlement 45°01.6820N 14°40.4480E 280 15 5

KRK HR Island Krk, near the village of Omišalj 45°14.3550N 14°33.5620E 53 19 5

PAK HR Lika and Senj county, Velika Paklenica valley [44°17.0000N 15°27.0000E] [30] 21 3

KAR HR Lika and Senj county, village of Karlobag 44°31.7220N 15°7.5290E 695 21 2

GRA HR Karlovac county, village of Gračac 44°15.8680N 16°0.5290E 756 22 –

ZAD HR Dubrovacko-Neretvanska county, near the village of Zaton-Doli 42°48.9890N 17°6.6830E 124 29 4

DUB HR Dubrovacko-Neretvanska county, town of Dubrovnik 42°38.5590N 18°7.2960E 145 19 3

STS ME Budva county, village of Sveti Stefan 42°18.6010N 18°3.6210E 757 19 –

CET ME Cetinje county, village of Cetinje 42°22.9610N 18°6.8700E 641 4 –

KLO ME Podgorica county, village of Klopot 42°24.1420N 19°3.5260E 682 20 1

BUK ME Bar county, village of Bukovik 42°13.2600N 18°7.9730E 614 16 3

Picris hieracioides

CAP ES Sierra Nevada Mts., village of Capileira 36857.7030N 0381.4570W 1,606 20 4

VIE ES Pyrenees Mts., town of Vielha 42841.1900N 00847.2410W 1,230 20 4

MON ES Montseny Mts., between villages of Montseny and el Brull 41846.7020N 02823.7800E 740 – 5

BAL ES Pyrenees Mts., village of Bańos di Panticosa 42845.0290N 00814.5570W 1,576 – 5

ESP ES Pyrenees Mts., village of Espot 42833.5470N 01805.4160E 1,576 – 5

SOL AN Pyrenees Mts., the town of Soldeu 42834.1700N 01840.6910E 1,900 20 5

LLV FR Pyrenees Mts., village of Llı́via 42826.6330N 01856.5310E 1,170 20 4

EST FR Pyrenees Mts., village of Estavar 42829.9150N 02800.8150E 1,640 – 4

TUL FR Haute-Garonne, city of Toulouse, near the Canal du Midi [43835.0000N 01827.0000E] 150 – 4

VAL FR Savoie Alps Mts., between villages of Valloire and la Rivine 45°10.0000N 06°25.6000E 1,556 – 1

CDL FR Hautes-Alpes Mts., mountain pass Col du Lautaret 45°02.0920N 06°24.2390E 2,067 22 1

BRI FR Hautes-Alpes Mts., town of Briançon 44°55.1840N 06°37.2610E 1,308 – 3

FIN FR Doubs, Jura Mts., village of Les Fins 47°05.1810N 06°38.3560E 911 16 5

BDA FR Doubs, Jura Mts., village of Pont-de-Roide 47°22.6120N 06°46.0150E 384 – 3

MUN FR Alsace, Vosges Mts., town of Munster 47°54.5370N 08°09.7000E 853 – 3

SAMT IT Sicily, city of Palermo, Monte Cuccio 38806.9380N 13814.5430E 611 20 3

PIZ IT Sicily, national park Madoniae, Piano Zucchi [37854.0000N 13859.3000E] [1,100] – 1

VSR IT Abruzzi, Majella Mt., Valle di Selva Romana 42807.6320N 14807.3810W 1,575 29 –

PES IT Abruzzi, town of Pescara 42827.4890N 14812.5960E 6 – 1

AQU IT Abruzzi, town of L’Aquila 42812.1030N 13824.2560E 421 20 3

FRA IT Calabria, village of Frascineto 39°49.8990N 16°5.3050E 453 15 3

NAP IT Campania, city of Neapol [40°49.1730N 14°11.3610E] [20] – 2

VES IT Campania, Mt. Vesuv [40°49.2870N 14°25.2210E] [1,098] – 4

MUL IT Calabria, Mt. Mula [39845.0000N 16801.0000E] [1,900] – 4

BRE IT Piemonte, Verceli, village of Breia 45°45.8970N 08°18.3000E 799 – 3

GAT IT Piemonte, Verceli, village of Gatinara 45°36.5200N 08°19.4340E 289 – 3

SGD IT Trento, Veneto, village of San Giacomo - Brentonico 45°47.9630N 10°54.8310E 1,162 – 2

GRA DE Bavaria, Bavarian Alps Mts., town of Grassach 47°28.2170N 11°07.1140E 768 16 1

KIT AT Tirolia, Tirolian Alps Mts., town of Kitzbühel 47°28.2000N 12°23.8070E 930 20 3

ANN AT Lower Austria, village of Annaberg 47°54.9840N 15°26.3990E 519 – 5

SCH AT Lower Austria, Mt. Schneeberg 47°44.2250N 15°44.0860E 543 20 5

HAK AT Lower Austria, parking place Heiligen Kreuz 46°59.2100N 16°15.3900E 761 – 5
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The third step involved canonical discriminant analysis

(CDA) and k nearest neighbour non-parametric classifica-

tory discriminant analyses, performed using matrix C; the

definition of the groups, namely P. hispidissima and

P. hieracioides, was based on the results of the second step

of this analysis. CDA based on individual plants was applied

to find the most important characters for identification of

these two taxa, allowing for the best classification of indi-

viduals into the predicted groups (Klecka 1980; Krzanowski

1990). Then, matrix D was subjected to PCA with the aim of

determining whether there is any morphological variation

within P. hispidissima, especially with respect to the vari-

eties described by Degen, but also with respect to the

potential geographical differentiation between populations

from Croatia and Montenegro, which seemed to be slightly

different in the field. As a last step, basic statistical

parameters (mean values, standard deviations, medians, 5

and 95% percentiles) were calculated for the recognized

taxonomic units. Calculations of multivariate analyses were

run using SAS 9.1.3 software (SAS Institute 2007).

Karyological analyses

Chromosome number was determined from mitotic meta-

phases in root tips of germinated seeds obtained from

natural populations (for details see Slovák et al. 2007). The

permanent slides are deposited at the Institute of Botany of

the Slovak Academy of Sciences in Bratislava. To assess

genome size and DNA ploidy level of analysed taxa, flow

cytometry was used. Absolute DNA content was estimated

Table 1 continued

ABB Co. Locality Latitude, longitude Altitude

(m a.s.l.)

N/M N/GS

PIR HR Zadar county, town of Pirovac 43°49.3400N 15°40.1400E 24 20 3

PLM HR Dubrovacko-Neretvanska county, village of Ploce 43°00.9370N 17°330830E 17 15 1

LEP HR Istarska county, near the village of Lupoglav 45°19.3050N 14°09.420E 386 14 4

KRA HR Krapinsko-Zagorska county, village of Krapina 46°09.3900N 15°52.4400E 224 – 4

VRD SK Malá Fatra Mts., Vrátna dolina valley [49°12.5630N 19°02.1590E] [700] – 6

NOS SK Bukovské vrchy Mts., village of Nová Sedlica 49°03.0100N 22°30.4800E 413 – 5

ADI SK Ondavská Vrchovina hills, village of Adidovce 49°01.2900N 22°03.1000E 219 – 2

KRI SK Veľká Fatra Mts., Mt. Krı́žna 48°52.3500N 19°04.2600E 1,522 – 3

POD SK Západné Beskydy Mts., village of Podbiel 49°17.0500N 19°32.2300E 621 – 2

ZDI SK Belianske Tatry Mts., Ždiarska dolina valley 49°16.0990N 20°14.9910E 890 – 3

JAN SK Nı́zke Tatry Mts., Jánska dolina valley 49°05.4800N 19°40.5050E 771 – 1

DOB SK Slovenský raj Mts., Dobšı́nsky kopec hill 48°50.9200N 20°22.5700E 870 – 2

CEK SK Pieniny Mts., village of Červený Kláštor 49°23.3410N 20°25.3250E 468 20 –

ZAH SK Malé Karpaty Mts., village of Záhorská Bystrica 48°14.0860N 17°03.2310E 220 – 6

MOD SK Považský Inovec Mts., village of Modrová 48°39.4600N 17°58.1400E 525 – 3

KOZ SK Štiavnické vrchy Mts., village of Kozelnı́k 48°33.4300N 19°00.3000E 273 – 3

LPT SK Popradská kotlina basin, village of Liptovský Trnovec 49°06.9260N 20°20.9320E 588 – 4

DOM SK Slovenský kras karst, near the Domica cave 48°28.6500N 20°28.1300E 345 – 5

UZP SK Šarišská vrchovina Mts., village of Uzlovské Pekľany 48°05.6500N 20°59.1800E 538 – 4

SOR SK Slovenský kras karst, on the top of Soroška pass 48°37.0530N 20°37.8050E 544 20

FAG RO Braşov province, village of Fagaraş 45849.9350N 2581.9510E 415 – 1

ORA RO Bihor province, between the town of Oradea and village of Chilaş 47816.1290N 22813.6580E 180 – 3

DEV RO Hunedoara province, town of Deva 45850.0120N 22856.3410E 220 – 3

TIM RO Braşov province, city of Braşov 45839.5160N 25834.6360E 600 19 –

SMO UA Khmel’nyts’ka oblast’, village of Smotrych 48°39.0300N 26°5.050E 180 – 4

CHR UA Khmel’nyts’ka oblast’, village of Chrebtyev 48°37.5500N 27°4.4200E 260 – 3

Localities are arranged from west to east. GS values of P. hieracioides are taken from a previous study (Slovák et al. 2009). Coordinates and

altitudes in square brackets were estimated from maps

ABB, Abbreviations of population samples under which samples are collected, cultivated and specimens stored; Co., country of an origin of

population sample; AN, Andorra; AT, Austria; HR, Croatia; DE, Germany; FR, France; IT, Italy; ME, Montenegro; RO, Romania; SK, Slovakia;

ES, Spain; UA, Ukraine; N/M, number of plants per population analysed by multivariate morphometrics; N/GS, number of plants (per

population) in which genome size (GS) was estimated

The Balkan endemic Picris hispidissima (Compositae) 191

123

131



by a Partec CyFlow flow cytometer (Partec GmbH, Mün-

ster, Germany) with a green solid state laser (Cobolt Samba

532 nm, 100 mW, Cobolt, Stockholm, Sweden) as the

excitation source. Symmetric peaks were analysed using

Partec FlowMax Operating and Analysing Software (ver-

sion 2.4d; Partec GmbH, Münster, Germany). Glycine max

cv. ‘Polanka’ (2C = 2.50 pg; Doležel et al. 1992) was used

as an internal standard due to its possessing a genome size

close to that of analysed plants to minimize potential

instrument non-linearity. Young fresh leaf tissue was

extracted from the cultivated plants for sample preparation.

A standard two-step procedure (Suda et al. 2003) without

centrifugation was used for sample preparation. Fresh

leaves of both samples and the standard were chopped using

a sharp razor blade in 0.5 ml of ice-cold Otto I buffer

(0.1 M citric acid, 0.5% Tween 20; Otto 1990), then filtered

through a 42-lm nylon mesh and incubated at room tem-

perature for 20 min. One ml of staining solution [Otto II

buffer (0.4 M Na2HPO4�12H2O), 50 ll/ml propidium

iodide, 50 ll/ml RNase IIA, and 2 ll/ml 2-mercap-

toethanol] was added, the mixture was shaken gently, and

after 10 min the mixture was analysed. For each population,

one to five individuals were analysed. To confirm the pre-

cision of measured DNA content, three independent

measurements on different days were performed for each

individual. For each measurement, the coefficient of vari-

ation (CV) for both an internal standard and the sample was

calculated. In addition, genome size data for P. hieracioides

Fig. 1 Distribution map of

populations of P. hieracioides

and P. hispidissima analysed in

this study. Circles populations

of P. hieracioides, full circles

populations used for genome

size analyses, open circles

populations used for

morphometric analyses, semi-

full circles populations used for

both types of analyses.

Triangles populations of

P. hispidissima, semi-full

triangles populations used for

both types of analyses, open

triangles populations used for

morphometric analyses. Asterisk

mixed population ZAD

Table 2 List of absolute DNA content (propidium iodide) analysed populations of Picris hispidissima

Locality code PL/DPL* Max. BPV (%) Range GS (pg) Max. IPV (%) CvSa min./max. CvSt min./max.

(2n = 10) 2C (pg) ± SD

PLO 3/2* 3.03 ± 0.023 2.4 3.03–3.04 0.3 1.74–2.43 1.04–2.78

BAS 0/5* 2.96 ± 0.068 – 2.90–3.06 5.5 2.19–2.98 2.39–2.93

KRK 0/5* 3.12 ± 0.060 5.4 3.03–3.20 5.6 1.48–2.56 1.71–2.90

PAK 2/3* 3.08 ± 0.023 4.1 3.07–3.10 0.1 1.53–2.48 1.08–2.79

KAR 3/2* 3.07 ± 0.017 3.7 3.05–3.08 0.1 1.79–2.80 1.79–2.74

ZAD 0/4* 3.19, 3.21, 2.31, 2.80** 8.1 2.30–3.22 *** 1.87–2.80 2.05–2.93

DUB 2/3* 3.24 ± 0.020 9.5 3.22–3.25 0.9 1.88–2.47 1.96–2.79

KLO 0/1* 3.12 5.4 – – 1.73–2.19 2.07–2.55

SVS 3/0* – – – – – –

BUK 0/3* 3.14 ± 0.026 6.1 3.12–3.17 1.6 1.69–2.45 1.74–2.92

First column: locality code; second column: number of analysed individuals; PL, ploidy level explored by chromosome counting; DPL*, ploidy

level estimated by flow cytometry; third column: 2C ± SD (pg), 2C nuclear DNA content in picograms (mean value ± standard deviation; **,

individual measurements are presented for the mixed population ZAD); fourth column: Max. BPV, maximum between population variability, all

population means are compared to population with lowest GS, BAS fifth column: Range GS, range of minimum and maximum 2C nuclear DNA

content within analysed populations; sixth column: Max. IPV, intrapopulation variability (*** not counted for mixed population ZAD); seventh

column: CvSa min./max., minimum and maximum coefficient of variation of samples; eighth column: CvSt min./max., minimum and maximum

coefficient of variation of internal standard (Glycine max cv. ‘Polanka’, 2C = 2.50 pg; Doležel et al. 1992)
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recently reported by Slovák et al. (2009) from southwestern

and central Europe were used for comparison.

Mean values and standard deviations of absolute DNA

content were calculated for both individuals and popula-

tions. To show different patterns of genome size in

P. hieracioides and P. hispidissima, box-plots and histo-

gram were prepared. Box-plots show the median, inter-

quartile ranges, and extreme data points (stars). Common

descriptive statistics were calculated using Excel (Micro-

soft). To explore differences among populations, the

Tukey–Kramer test was used (Tukey test for unequal

sample sizes; Sokal and Rohlf 1998, calculated with SAS

9.1.3 software, SAS Institute 2007).

Results

Morphometric analyses

Morphological differentiation between P. hispidissima

and P. hieracioides s.l

Principal component analysis based on 34 population

samples of P. hispidissima (12 populations) and P. hiera-

cioides (22 populations), characterized by mean values of

21 morphological characters (matrix A), resulted in two

well-separated groups of populations visible on the two-

dimensional ordination diagram. The groupings restricted

Table 3 List of 24 morphological characters measured or scored in morphometric analyses for each herbarium specimen

Morphological character 1 2

1. NBr: number of stem branches ? ?

2. NL: number of stem leaves ? ?

3. LP: length of the longest peduncle (cm) ? -

4. DP: presence or absence of dilatation of peduncles below capitulum (0, absent; 1, present) ? ?

5. NBP: maximum number of bracts per peduncle ? ?

6. DHP: distribution of hairs on peduncle (1, no hairs; 2, sparse hairs; 3, dense hairs) - ?

7. DHI: distribution of hairs on involucre (1, no hairs; 2, sparse hairs; 3, dense hairs) ? ?

8. PCM: presence or absence of pectinate-ciliate margins of outer involucral bracts (0, absent; 1, present) ? ?

9. DH: darkc hairs on involucre and peduncle (0, absent; 1, present) - ?

10. PH: paled hairs on involucre and peduncle (0, absent; 1, present) - ?

11. IH: colour-intermediatee hairs on involucre and peduncle (0, absent; 1, present) - ?

12. DC: distribution of capitula on stem branches (0, along the whole stem branch; 1, only in upper 1/2 to 1/3 of stem branch) ? ?

13. NoB: average number of outer involucral bractsb ? -

14. NiB: average number of inner involucral bractsb ? -

15. LoB: length of outer involucral bractsa (mm) ? ?

16. WoB: width of outer involucral bractsa (mm) ? ?

17. LiB: length of inner involucral bractsa (mm) ? ?

18. WiB: width of inner involucral bractsa (mm) ? ?

19. LL: length of ligulesa (mm) ? ?

20. LCT: length of corolla tubes1 (mm) ? ?

21. WL: width of ligules1 (mm) ? ?

22. LTL: length of the longest teeth on ligule1 (mm) - ?

23. RSL: red longitudinal strip on outer ligules (0, absent; 1, present) ? ?

24. BML: brown marks on upper part of ligules (0, absent; 1, present) ? ?

1: Characters used in analysis of pure P. hispidissima populations; characters 6, 9, 10, 11, 22 were omitted due to lack of variation in analysed set

(matrix D); 2: for comparative analyses of both P. hispidissima and P. hieracioides 21 characters were used; characters 3, 13, 14 were excluded

due to low variation (matrices A, B, and C)
a Mean values of three measurements of ligules or involucral bracts on one randomly chosen capitulum are given
b Counted from three randomly chosen capitula
c Brown-black, red-black or black hairs
d White or pale coloured hairs
e Green-brown, light brown, bi- or multi-coloured hairs. If DHP and DHI were recorded as 1 (i.e. absence of hairs), the characters DH, PH, IH

recording the hair colour were given the value of 0
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to the bottom right portion of the diagram (Fig. 3)

correspond to populations traditionally classified as

P. hispidissima. Populations of strongly polymorphic

P. hieracioides appeared on the diagonal and were loosely

divided into two sub-groupings more or less corresponding

to the ‘‘lower altitude’’ morphological type (bottom left

part of the diagram) and the ‘‘higher altitude’’ type (upper

part of the diagram) recognized by Slovák and Marhold

(2007) and Slovák et al. (in preparation). Therefore,

populations of P. hispidissima were separated from

P. hieracioides along both the first and second component

axes. The following characters were tightly correlated with

the first axis (mostly separating P. hispidissima and the

‘‘lower altitude morphotype’’ of P. hieracioides): length of

inner and outer bracts, presence/absence of pale and col-

our-intermediate hairs on the involucrum, number of stem

leaves, dilatation of peduncles below the capitulum, pres-

ence/absence of pectinate–ciliate margins on outer

involucral bracts, distribution of capitula on stem branches,

number of stem branches, and ligule length (Table 4). The

second axis (mostly separating P. hispidissima and the

‘‘higher altitude’’ morphotype of P. hieracioides) corre-

lated strongly with the presence/absence of dark hairs on

the involucrum, maximum number of bracts on peduncle,

presence/absence of brown marks on the upper part of

ligules, dilatation of peduncles below the capitulum, pres-

ence/absence of pectinate–ciliate margins on outer

involucral bracts, and distribution of hairs on the peduncle

(Table 4).

Fig. 2 Variation in leaf shape

in P. hispidissima from Croatia.

1, PAK; 2, BAK; 3, DUB; 4,

PLO; 5, KAR; 6, KRK; 7, GRA.

For locality details, see Table 1
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Fig. 3 Ordination diagram of principal component analyses based on

34 populations (OTUs). Twelve populations of P. hispidissima

(triangles) and 22 populations of P. hieracioides (circles) were

included in this analysis. Twenty-one morphological characters were

measured and scored. The first two ordination axes expressed 38 and

19.3% of the overall variation
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Principal component analyses based on individual plants

(matrix B) showed a very similar pattern (Fig. 4). Once

again, plants corresponding to P. hispidissima were located

in the lower right part of the diagram, while plants corre-

sponding to P. hieracioides appeared on the diagonal. Only

a few plants were intermingled between the groups. The

plants from the mixed population ZAD appeared in both

the P. hispidissima and P. hieracioides groupings, as well

as in between them. Characters with the highest correlation

with the first two component axes are identical to those of

the PCA analysis based on population means.

The results of CDA based on matrix C (all individual

plants except those from population ZAD) and groupings

corresponding to the results of PCA confirmed the clear

differentiation of P. hispidissima and P. hieracioides. Only

negligible overlap between the groups can be observed on

the histogram (Fig. 5). Dilatation of peduncles below

capitulum and presence/absence of pectinate–ciliate mar-

gins of outer involucral bracts showed the highest

correlation with the canonical axis (Table 4). In non-

parametric k nearest neighbours classificatory discriminant

analyses (k = 6) more than 99% of individuals (100% for

P. hispidissima and 99.52% for P. hieracioides) from both

tested groups were classified correctly.

Table 4 Principal component analysis (PCA) based on 12 popula-

tions (OTU’s) of Picris hispidissima and 22 populations (OTU’s) of

P. hieracioides (A), PCA based on 211 individuals of P. hispidissima

as OTU’s (B); Canonical discriminant analysis (CDA) of the indi-

viduals of Picris hispidissima and P. hieracioides

Morphological

character

A B

PCA CDA PCA

Axis 1 Axis 2 Axis 1 Axis 1 Axis 2

NBr 0.596 -0.267 0.283 0.342 -0.393

NL 0.673 -0.250 0.357 0.429 -0.532

LP – – – -0.158 0.013

DP -0.667 -0.580 -0.952 0.100 -0.441

NBP 0.081 0.625 0.440 0.102 0.162

DHI 0.271 0.224 0.421 0.049 -0.037

DHP -0.252 -0.513 -0.488 – –

PCM -0.671 -0.586 -0.930 0.238 -0.243

DH 0.062 0.651 0.332 – –

PH 0.741 -0.233 0.455 – –

IH -0.715 -0.309 -0.678 – –

DC -0.587 0.406 -0.194 0.223 0.048

NoB – – – 0.411 -0.461

NiB – – – 0.301 -0.238

LoB -0.732 -0.144 -0.573 0.828 -0.055

WoB -0.399 0.063 -0.182 0.798 -0.064

LiB -0.742 0.255 -0.319 0.840 0.116

WiB -0.131 0.461 0.210 0.637 -0.108

LL -0.641 0.320 -0.245 0.741 0.504

LCT -0.486 0.077 -0.267 0.718 0.399

WL -0.560 0.179 -0.296 0.329 0.692

LTL -0.242 0.394 0.064 – –

RSL 0.411 -0.248 0.162 -0.421 0.337

BML 0.323 0.514 0.534 -0.360 -0.072

For PCA, eigenvectors show correlation of the characters with the

components (axis 1, axis 2). For CDA, correlations of characters with

canonical axis are given. Values higher than 0.5 are set in bold

Fig. 4 Ordination diagram of principal component analyses (PCA)

based on 661 individuals (OTUs), including 211 individuals of

P. hispidissima (triangles), 421 individuals of P. hieracioides

(circles) and 29 individuals from the mixed population ZAD (hearts).

Twenty-one morphological characters were measured and scored

Fig. 5 Result of canonical discriminant analysis of 632 plants

(OTUs), involving 211 individuals of P. hispidissima (white) from

Croatia and Montenegro and 421 individuals of P. hieracioides

(black) from central and southwestern Europe. Twenty-one morpho-

logical characters were measured and scored
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Intraspecific phenotypic variation in P. hispidissima

Principal component analyses of P. hispidissima individu-

als (matrix D) did not reveal any clear differentiation

among population samples (Fig. 6). Neither material from

the localities of P. hispidissima var. hispidissima, nor from

those of P. hispidissima var. velebitica, formed any distinct

grouping. Similarly, plants from populations from P. hi-

spidissima var. reichardioides localities collected in

Croatian coast did not group together. The only slight shift

in morphological characters observed was among the

populations from Croatia and Montenegro. This is corre-

lated with floral characters, particularly ligule length,

perianth tubes, and outer and inner involucral bracts, as

well as the width of outer and inner involucral bracts.

Karyological analyses

Chromosome numbers

A diploid chromosome number of 2n = 2x = 10 was

determined for all 13 individuals of P. hispidissima ana-

lysed (Table 2). These data represent the first published

records of chromosome numbers for this species.

Flow cytometry

Flow cytometric analyses resulted in histograms with mean

CV values (±SD) of 2.46 ± 0.30 (range 1.71–2.93) and

2.24 ± 0.32 (range 1.48–2.98) in the internal reference

standard (Glycine max cv. ‘Polanka’) and P. hispidissima,

respectively, indicating high-quality measurements

(Table 2). Between-day variation related to random

instrument drift and/or non-identical preparation of sam-

ples was low, and max/min values of the three repetitions

of the same sample did not vary more than 2%; in 97.5% of

cases, they did not vary more than 1%.

Intraspecific genome size variation of P. hispidissima

Mean DNA content (2C values) in populations of P. hi-

spidissima (except population ZAD) ranged from 2.96 to

3.24 pg, resulting in 9.5% variation (between populations

BAS and DUB; Table 2; Figs. 7, 8). Intrapopulational

variation did not exceed 5.6%, which, taking into account

the above-mentioned CV values and the approximately 2%

error in the equipment, falls within the measuring error.

Results of Tukey–Kramer tests at the population level

revealed significant differences only between populations

with extreme 2C values, particularly populations BAS

(mean 2C value = 2.96 pg) and DUB (mean 2C

value = 3.24 pg). To confirm the differences, simulta-

neous analysis of the two samples with the highest and

lowest DNA content was performed (Fig. 9), resulting in

two clearly separated peaks. Other populations differed

from 2 to 8% from the population with the smallest genome

size (BAS), but these differences are not statistically sig-

nificant and were not confirmed by simultaneous analyses.

Nevertheless, they are slightly above the measuring error.

Genome size variation between P. hispidissima

and P. hieracioides

Data for the genome size of P. hispidissima can be related to

those for P. hieracioides recently acquired by Slovák et al.

(2009). The range of intraspecific variation in individual

plants of P. hispidissima (2C = 2.90–3.25 pg) was much

lower than the corresponding values of P. hieracioides from

central and southwestern Europe (2C = 2.26–3.11 pg, rep-

resenting 1.37-fold variation; Slovák et al. 2009, Fig. 8).

Nevertheless, P. hieracioides plants from the area of Croatia

(where the distribution of both species overlaps) showed

much more uniform genome sizes (2C = 2.30–2.37 pg).

Thus, the genome size of P. hieracioides from Croatia is

much lower and significantly different from that of P. hi-

spidissima. Population ZAD, which comprises both

P. hispidissima and P. hieracioides, was represented by four

samples in the flow cytometric analyses (Table 2; Figs. 7,

8). The first two individuals fit within the upper limit of the

genome size of P. hispidissima, having mean 2C values of

3.21 and 3.19 pg (ZAD3 and ZAD4). Two other individuals,

the progeny of one plant (i.e., plants from seeds arising from

Fig. 6 Ordination diagram of principal component analyses (PCA)

based on 211 individuals (OTUs) of P. hispidissima, using 19

morphological characters. The first two axes expressed 24.5 and

10.5% of the overall variation. The following groups are displayed

and marked with different symbols: squares type locality of Picris

hispidissima (KRK), circles area close to the type locality of Picris

hispidissima var. reicharioides (BAK, KAR), asterisks type locality

of Picris hispidissima var. velebitica (PAK), clubs another individuals

from coastal areas of Croatia (BAS, DUB, GRA, PLO) and crosses

plants from Montenegro (BUK, CET, KLO and SVS). For locality

details, see Table 1. The mixed population (ZAD) was omitted from

this analysis

196 M. Slovák et al.

123

136



the same capitulum), had mean 2C values of 2.31 (ZAD1)

and 2.80 pg (ZAD2). Whereas the first value fits into the

range of Croatian P. hieracioides, the genome size of

2.80 pg seems to be intermediate between P. hieracioides

and P. hispidissima.

Discussion

Phenotypic relationships

Multivariate morphometric studies were successfully

applied in numerous genera of the Compositae family with

complicated patterns of morphological variation, based

Fig. 7 Genome size variation

(DNA pg) in individuals of the

mixed population ZAD (light

grey columns) and putative

parental taxa. Only plant

samples originating from

Croatia were considered—

Picris hispidissima (dark grey

columns) and P. hieracioides

(white columns). Genome size

values of P. hieracioides are

taken from our previous study

(Slovák et al. 2009)

Fig. 8 Absolute DNA content variation of individuals of Picris

hispidissima and P. hieracioides. Genome size values of P. hieracio-

ides are from a previous study (Slovák et al. 2009). 1, P. hispidissima;

2, P. hieracioides (from central and southwestern Europe); 3,

P. hieracioides (Croatia) and 4, individuals from the mixed population

ZAD

Fig. 9 Differences in genome size between the two most different

Picris hispidissima samples from Croatia. Nuclei of all individuals

were isolated, stained with propidium iodide and analysed simulta-

neously. Peak ratios are 1:1.114. Mean 2C values estimated for the

populations were 2.90 (BAS) and 3.23 pg (DUB). See Table 1 for

population details
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especially on quantitative characters. Within the aggregate

of Senecio nemorensis in Central Europe, morphological

entities and their hybrids were successfully separated

(Hodálová and Marhold 1996, 1998; Hodálová 1999). On

the contrary, in the same genus, no clear morphological

differentiation of tetraploid and octoploid individuals of

S. jacobaea was detected (Hodálová et al. 2007).

Morphology of the genus Picris was extensively studied

by Holzapfel and Lack (1993) and Holzapfel (1994) in

Australia, by Smalla (2000) in the Arabian Peninsula and

Socotra, and by Slovák and Marhold (2007) in the West

Carpathians, but only the latter two studies used multi-

variate approaches. Smalla (2000) concluded that Picris

species occurring in the Near East can be reliably identi-

fied only in the fertile stages using achene morphology.

Based on morphometric analyses, he also detected putative

hybrids. Slovák and Marhold (2007) distinguished two

morphotypes within the polymorphic P. hieracioides in

the West Carpathians.

In the present study, multivariate morphometric analy-

ses elucidated the degree of differentiation between the

Balkan endemic P. hispidissima and the widespread

P. hieracioides (see ‘‘Results’’, Tables 4, 5). The former

species is clearly separated from all morphotypes of

P. hieracioides by a number of characters (Table 4). The

traditional ones involve the pectinate–ciliate indumentum

of involucral bracts and the dilatation of the peduncle

(Lack 1974; Sell 1976). In addition, several new charac-

ters with high discriminatory power were detected,

including outer and inner bract length and indumentum

colour. On the other hand, the shape of leaves of P. hi-

spidissima considered to be laciniate (Lack 1974) as

opposed to more or less toothed or entire in P. hieracio-

ides was not particularly useful for the identification of

these taxa. Leaf shape in P. hispidissima varies from

pinnatisect to almost entire (Fig. 2) and overlaps consid-

erably with that of P. hieracioides. Similarly, capitula size

(expressed by ligule length, corolla tube length and by the

length and width of inner and outer bracts) in P. hispi-

dissima, considered by Lack (1974) to be the largest

within the genus Picris, apparently overlaps with that of

mountain populations of P. hieracioides. Surprisingly,

individuals of P. hispidissima resemble the ‘‘higher alti-

tude type’’ of P. hieracioides distributed in major

European mountain ranges more than the ‘‘lower altitude

type’’ that occurs in the studied area.

We found only one mixed population of P. hispidissima

and P. hieracioides (locality ZAD). Plants matching the

parental species were found together with morphologically

intermediate individuals. We suppose that at least some of

them are of hybrid origin. This hypothesis is partly sup-

ported by the discovery of achenes with two different

Table 5 Summary of the main differences between P. hispidissima and P. hieracioides

Taxon

P. hieracioides P. hispidissima

Morphological charactersa

Dilatation of peduncles

below the capitulum

Absent Mostly present

Pectinate–ciliate margins on

outer involucral bracts

Absent Mostly present

Colour of hairs on

involucrum and peduncle

Pale to dark colour Colour-intermediate

Length of outer involucral

bracts (mm)

3.1–7.9 3.5–11.5

Karyological characters

Genome size (pg) (2C

values, min–max values

between individuals)b

2.26–3.11 2.90–3.25

Life formc Annual to short lived perennial Biennial to monocarpic

Ecologyc Open grasslands, steppes and xerothermous ruderal

areas to mesophylous subalpine grasslands,

usually not in coastal areas

Xerothermous rocky slopes, ruderal rocky biotopes, rock

crevices on calcareous cliffs and gorges, mountain and

coastal areas near Adriatic sea

Distribution Europe, Asia Western part of Balkan peninsula

a Only most important morphological characters separating P. hispidissima and P. hieracioides (both morphotypes included) are listed here. For

character explanation see Table 3
b Genome size data for P. hieracioides follow Slovák et al. (2009)
c Life form and ecological data for P. hieracioides were partly taken from Slovák and Marhold (2007). Data on intermingled population ZAD are

not included
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genome sizes in one capitulum at the same locality.

Nevertheless, further studies are needed to confirm

hybridization between these two taxa and its extent.

There is no clear morphological diversification among

populations of P. hispidissima, but slight morphological

shifts between plants from Montenegro and Croatia were

detected. We have not confirmed either the existence of the

three different varieties recognized by Degen (1938) or

other distinct morphological entities within this species. In

populations from the Velebit Mountains (PAK, GRA),

individuals without pectinate–ciliate indumenta of involu-

cral bracts and/or dilatation of the peduncle were found, in

addition to the typical plants. However, such plants were

not separated from other individuals of P. hispidissima on

the ordination diagrams. It should be emphasized that they

merely represent individual variation within otherwise

typical populations of P. hispidissima, and their hybri-

dogenous origin is highly improbable.

Chromosome number

As expected, no variation in chromosome number

(2n = 2x = 10) or ploidy level was found within P. hi-

spidissima in the present study (Table 2). Similarly, the

same chromosome number and ploidy level were detected

in P. hieracioides in central and southwestern Europe

(Slovák et al. 2007). These results are also congruent with

other karyological studies of the genus Picris. Almost all

representatives of the genus were found to be diploid

(Lack 1974, 1979; Sell 1976; Holzapfel and Lack 1993;

Holzapfel 1994; Smalla 2000). The only exceptions within

the genus Picris are tetraploids and hexaploids recorded

besides of diploid individuals in P. hispanica (Willd.) P. D.

Sell (Humphries et al. 1978; Galland 1988; Oberprieler and

Vogt 1993).

Absolute DNA content

Variation in absolute DNA content in progeny of P. hispi-

dissima suggests possible diversification of genome size

within this species. However, only two populations with

extreme genome sizes (9.5% difference) were significantly

different (Table 2). There are at least two plausible

hypotheses to explain this divergence. First, intraspecific

variation might have evolved under pressure from envi-

ronmental conditions. Fragmentation of formerly

continuous distribution areas might have led to microevo-

lutionary events resulting in genome size variation among

populations. However, narrow ecological amplitude,

restricted distribution area, low intraspecific morphological

variation, anemochory facilitating long distance dispersal

and a tendency toward synanthropic behaviour do not

support this hypothesis.

Another potential explanation for the genome size pattern

found in P. hispidissima invokes interspecific hybridization

with another species with a different genome size. The

closely related P. hieracioides is perhaps the most plausible

candidate. The ZAD locality harbouring mixed population

of P. hieracioides and P. hispidissima supports hybridiza-

tion hypothesis. The most convincing evidence is the

detection of plants with two clearly different DNA contents

arising from a single capitulum. Another population that

might have undergone introgressive hybridization is BAS,

which contained individuals with genome sizes on the lower

edge of the P. hispidissima range. Nevertheless, plants of

P. hieracioides were not found there. Similar hybridization

(or introgression) scenarios could also plausibly explain

other detected interpopulation genome size differences (up

to 8%) within P. hispidissima (see ‘‘Results’’, Table 2).

Identical ploidy levels, strict allogamy (Slovák et al. 2007,

M. Slovák, unpublished data), sympatric occurrence, and

the similar ecological niches of P. hispidissima and P. hi-

eracioides also favour the hybridization hypothesis. Despite

the above-mentioned pieces of evidence, hybridization

requires further study using molecular markers (e.g., AFLP

or chloroplast sequences).

Several studies have recently reported genuine intra-

specific genome size variation. For example, variation up

to 11% was reported in Dasypyrum villosum (Obermayer

and Greilhuber 2005), 7.4% in Hieracium piloselliflorum

(Suda et al. 2007), and 16.6% in Festuca pallens (Šmarda

and Bureš 2006). In addition, hybridization events between

closely related taxa were also successfully detected by flow

cytometry [e.g., in Central European species of Cirsium

(Bureš et al. 2004) and Artemisia arborescens complex

(Garcia et al. 2006)]. The complex relationships of three

Helianthus species and their natural and synthetic hybrids

were at least partially resolved by flow cytometry analyses

(Baack et al. 2005).

Genome size variation in P. hispidissima (whether or not

it is caused by the hybridization) is lower than in P. hi-

eracioides (Tables 2, 5). This fact agrees with the theory

that genomes of plants inhabiting wide distribution areas

and possessing larger ecological amplitude evolve and

diversify more rapidly than those of species with limited

distribution and ecological requirements (Vinogradov

2003). The larger genome of P. hispidissima, together with

its restricted distribution and uniform, often relict, biotopes

(e.g., the gorge of Velka Paklenica) also fit with the ‘‘large

genome constraint hypothesis’’ (Knight et al. 2005). In

other words, plants with larger genomes are less competi-

tive in terms of ecology and evolve and diversify more

slowly than those with smaller genome sizes. These trends

are apparent within P. hieracioides, where the ‘‘higher

altitude type’’ populations restricted to the higher mountain

ranges have larger genomes than the ‘‘lower altitude type’’,
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which inhabits a wider range of biotopes and shows strong

ruderal and synanthropic tendencies (Slovák et al.,

unpublished data).

Nomenclature

The first record possibly referring to P. hispidissima dates

back to the beginning of the nineteenth century when

Schkuhr (1803) described a new species, P. laciniata, on

the basis of plants cultivated in his garden in Wittenberg.

Later, in 1825, Bartling described Crepis hispidissima from

Croatia (island Krk), a species later placed by Koch (1837)

in the genus Picris. Finally, Visiani (1829) reported and

described P. laciniata from Dalmatia, which he himself

considered to be very similar or identical to the species

described by Schkuhr (1803). Whereas, none of the spec-

imens used by Schkuhr to describe P. laciniata are known

to exist (Lack 1974), and there are some doubts as to the

accuracy of the illustration, which is part of the protologue

of this name (Schkuhr 1803, pp 14–15); the name Picris

hispidissima (Bartl.) W. D. J. Koch has been generally

accepted for this species (Lack 1974; Sell 1976). The name

P. hispidissima was typified by Lack (1974, 1993) by

specimen 1076 deposited in GOET and Visiani’s P. la-

ciniata was rendered as a synonym of this name.

Nevertheless, the validly published name P. laciniata

Schkuhr was never formally rejected. This nomenclatural

problem should be dealt with in the future, most likely via

the rejection of the name P. laciniata.
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Kryštufek B, Buzan EV, Hutchinson WF, Hänfling B (2007)

Phylogeography of the rare Balkan endemic Martino’s vole,

Dinaromys bogdanovi, reveals strong differentiation within the

western Balkan Peninsula. Molec Ecol 16:1221–1232

200 M. Slovák et al.

123

140



Koch WDJ (1837) Synopsis Florae Germanicae et Helveticae.

Sumptibus Frederici Wilmans, Frankfurt am Main

Krzanowski WJ (1990) Principles of multivariate analysis. Clarendon

Press, Oxford

Lack HW (1974) Die Gattung Picris L. sensu lato im ostmediterran-

westasiatischen Raum. Dissertationen der Universität Wien 116,

Verband der wissenschaftlichen Gesellschaften Österreichs,
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Conclusions 

  To assess the importance of various sources of variation within genus Pilosella and to follow 

microevolutionary  trends,  several  case  studies  at  different  levels  were  performed  (population, 

regional, comparative etc.). The gradient of different spatial levels and comparative studies of closely 

related groups  (characterised by partly different  type of ongoing microevolution)  clearly  indicated 

common processes and at the same time underlined the uniqueness of genus Pilosella.  

  Microevolutionary potential was studied at the population level (hybridization tendencies of 

highly  complex hybridization  swarm  in Prague  ‐ Praha Vysočany). Basic  species P. officinarum and 

P. piloselloides subsp. bauhini (further in text P. *bauhini) hybridize there resulting in wide spectrum 

of various lineages (according to ploidy level, reproductive mode etc.). Aim of the above mentioned 

study was to focus on morphological manifestation of highly complex microevolutionary phenomena 

(especially hybridization accompanied by polyploidy, reproductive mode variation, parthenogenesis 

etc.). 

  The  study was  focused  on  two  related  datasets: maternal  plants  and  their  progeny.  Both 

datasets were further structured to biosystematically characterised groups based on ploidy level and 

reproductive mode. Results of multivariate morphometric  study  confirmed morphological gradient 

in the hybrid swarm between P. officinarum and P. *bauhini which exists in maternal plants. Crossing 

resulted  in  the most  frequent hybrid P. brachiata  (and  rare P.  leptophyton). Analysis of  filial plants 

showed shifts within the progeny: they indicate several microevolutionary traits such as formation of 

new hybrid combination, introgressive hybridization and hybrids segregation or most probably their 

combination.  Hybridization  was  present  in  almost  all  directions  despite  the  fact  of  apomictic 

reproductive  mode  presence  (one  of  the  parental  species  as  well  as  part  of  hybrids) 

and P. officinarum was indicated to play dominant role in backcrossing (especially with P. brachiata), 

which may be considered to be the crucial result of the analyses.  

  Population  level  was  followed  by  studies  at  regional  scale  (focused  on  Central  Europe 

overlapping  to whole distribution  range). Pilosella officinarum was chosen as a model species. The 

taxon  is characterised by enormous variation  (in ploidy  levels and  reproductive modes) and at  the 

same  time  it  is  the  most  frequent  species  of  Pilosella  in  Europe.  Further  extrapolation  of 

P. officinarum studies to the rest of genus Pilosella  is adequate, because P. officinarum  is the most 

frequent participant of hybridization events  in  the entire genus. Pilosella officinarum was  sampled 

from the area of Central Europe (especially the Czech and Slovak Republic). DNA ploidy level analyses 

confirmed  highly  discrete  pattern  of  cytotype  (DNA  ploidy  level)  group  distribution  including 

accurately determined cytotype distribution borders. Whole Europe cytotype distribution map was 

created out of published data and the Central European distribution maps were finally interpreted in 

whole European context.  

  Cytotype  distribution  pattern  in  Central  Europe  corresponds  to  geomorphologic/geologic 

regions. Tetraploid cytotype almost exclusively occurs in Bohemia and further to the West and North 

whereas pentaploid and hexaploid cytotypes prevail  in Moravia and Slovakia and  further  to south‐

east.  The distribution  areas  correspond  to  geomorphologic  units  of  Czech Massif  (≈Hercynicum) 

and Western  Carpathians,  probably  reflecting  different  history  (florogenesis),  geological 

constitution and climatic gradient towards continental type. Tetraploid cytotype area has distribution 

centre in Central and Western Europe (incl. Baltic region) and Iberian Peninsula, whereas pentaploid 
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and  hexaploid  cytotypes  occur  in  surrounding  areas  (deglaciated  regions  of  British  Isles  and 

Scandinavia,  Central  and  Eastern  Mediterranean  and  the  Balkan  Peninsula).  Overall  distribution 

pattern  probably  mirrors  different  processes  in  history,  partially  of  postglacial  recolonisation 

(geographic parthenogenesis).  

  When we included results of reproductive mode analysis the cytotypes were further divided. 

Tetraploid  cytotype  was  confirmed  to  be  sexual,  whereas  apomixis  almost  absolutely  prevailed 

among  pentaploids.  Hexaploid  plants  formed  two  distinct  groups  in  Central  Europe.  Apomictic 

hexaploids occur frequently in Moravia and Slovakia regions (Western Carpathians) and in Pannonia. 

On the other hand, sexual hexaploid cytotype is almost exclusively restricted to several steep slopes 

and rocky outcrops of river canyons  in Southern Moravia and Central Bohemia (relic primary forest 

free habitats).  

  Morphological  characters  of  most  of  the  plants  were  then  analysed  using  multivariate 

morphometrics. Results confirmed possibility  to distinguish particular cytotypes  (pentaploids partly 

overlapping with  the  tetra‐  and  hexaploids).  Different morphologic  traits  of  sexual  vs.  apomictic 

hexaploids  were  indicated  too.  Nevertheless,  the  confirmed  distinct  groups  could  hardly  be 

taxonomically  treated  for  several  reasons  (over 600 already described  subspecies, difficulties with 

their typifications, additional biosystematic data which would be needed for original types etc). 

  Comparative  studies  of  related  group  were  then  performed.  As  microevolutionary 

comparable  taxa  Picris  hieracioides  group was  chosen  (less  complex  pattern, no  apomixis,  almost 

exclusively diploid). Variation is still evidently mirrored at the level of absolute genome size. Detailed 

absolute  genome  size  study  revealed  two  distinct  groups with  no  overlaps.  Each  group  occurs  in 

different  habitat  according  to  altitude  and  rate  of  anthropic  impact  ("higher  altitude  type"  ‐ 

mountains, primary habitats vs. "lower altitude  type"  ‐  lowland, secondary habitats) and  therefore 

they  are  probably  lineages with  unique  evolutionary  history. Generally,  the  genome  size  of  both 

morphotypes  increased  significantly  from  south‐west  to north‐east. During genome  size  screening 

also a mixed population with two triploid plants was  found  (the  first report of triploid  incidence  in 

the whole  genus).  Picris  hieracioides was  supposed  to  be  exclusively  diploid;  thus  triploid  plants 

existence (probable via unreduced gamete participation) confirmed a theoretical polyploid potential 

even in this group.    

  Final comparative study was focused on Picris hispidissima ‐ a Balkan taxon, which seemed to 

be  already  distinctly  derived  from  the  P.  hieracioides  group  (probably  due  to  isolation).  Stability 

and discreetness  of  P. hispidissima  as  taxon was  supported  by much  lower  range  of  intraspecific 

genome  size  variation.  Absolute  genome  size  also  separates  P.  hispidissima  from  P.  hieracioides 

(significantly higher content of DNA). Multivariate morphometric studies finally confirmed markedly 

specific morphology compared to P. hieracioides.  

  The  Picris  comparative  case  studies  revealed  highly  distinct  microevolutionary  pattern 

compared  to genus  Pilosella.  Some  crucial  sources  of  genus  Pilosella  variation  are  evidently  not 

presented here and therefore less reticulate and complex pattern is formed. Especially apomixis has 

not ever been recorded  in Picris. Thus formation of discrete  lineages  (≈genotypes) characteristic of 

apomicts  is not present. At the same time almost no polyploidy was recorded. Results also  indicate 

relatively  low  rate of hybridization  (especially  compared  to  genus Pilosella).  In addition, no  clonal 

growth occurs and such rarity as long‐time persistence of triploids is not possible. Microevolution in 
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genus Picris seems to be rapidly ongoing but there still exist natural, partly discrete taxonomic units. 

On the contrary, during extremely rapid and reticulate microevolution within genus Pilosella natural 

taxonomic units merge together and the whole genus is evidently coming through deep changes.  
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Appendix 1 
 
Primary morphometric data used in the paper no. 1 (Hybridization within Pilosella 
population: a morphometric analysis). Following chracters are included in the table below:    
v1 ‐ field number  
v2 ‐ internal number 
v3 ‐ plant group (filial: 1 officinarum, 2 bauhini, 3 brachiata, 4 leptophyton;                            
  paternal: 5 officinarum, 6 bauhini, 7 brachiata, 8 leptophyton; paternal) 
v4 ‐ leaf lenght ‐ LL 
v5 ‐ leaf width ‐ LW 
v6 ‐ distance between the widest point of leaf to the tip ‐ WT 
v7 ‐ rate of leaf tip acuteness (1‐sharp, 2‐obtuse, 3‐rounded) ‐ TA 
v8 ‐ density rate of stellate trichomes at adaxial side of 5 leaves       
   (1‐glabrate, 2‐single  trichomes, 3‐dense hairs) ‐ SA 
v9 ‐ density rate of single trichomes at upper surface of 5 leaves        
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SL  
v10 ‐ stem height (up to terminal capitulum) ‐ SH 
v11 ‐ stem height (up to the first branching) ‐ SB 
v12 ‐ enght of terminal capitulum peduncle ‐ PH 
v13 ‐ density rate of single trichomes at stem            
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SS 
v14 ‐ density rate of stellate trichomes at stem           
   (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ STS 
v15 ‐ density rate of eglandulate trichomes at stem          
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ ES 
v16 ‐ average of 5 involucral bracts lenght ‐ BL 
v17 ‐ average of 5 involucral bracts width ‐ BW 
v18 ‐ terminal capitulum diameter ‐ CD 
v19 ‐ rate of dark trichomes density at involucrum           
  (1‐bright, 2‐dark bases, 3‐dark trichomes) ‐ TD 
v20 ‐ density rate of simple trichomes at involucrum ‐ SI 
v21 ‐ density rate of stellate trichomes at involucrum ‐ STI 
v22 ‐ density rate of eglandulate trichomes at involucrum ‐ EI 
v23 ‐ stolon occurrence ‐ SO 
v24 ‐ flagella occurrence ‐ FO 
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24

651BRAkastr/2 1 7 46 6 14 2 2 3 262 59 35 2 2 2 7,0 0,7 16 2 2 2 3 1 0

513BRAkastr/4 2 7 44 6 12 1 2 2 172 104 14 2 3 1 5,3 0,7 11 1 2 2 2 1 0

651BRAvsp/8 3 7 83 8 14 1 1 1 189 135 16 2 2 1 7,0 0,9 11 1 3 2 1 1 1

651BRAkastr/1 4 7 52 12 21 2 2 1 287 39 11 1 3 2 5,7 0,6 9 1 1 3 2 1 0

513BRAvsp/19 5 7 115 14 42 2 2 1 294 36 8 1 3 2 7,9 1,3 10 2 1 3 3 1 1

507BRAkastr/3 6 7 89 6 38 1 2 1 265 65 26 1 2 1 5,6 0,7 15 1 2 2 1 1 0

513BRAkastr/5 7 7 69 6 25 2 2 1 381 230 5 1 3 1 4,9 0,7 11 1 2 2 1 1 0

513BRAkastr/6 8 7 59 17 16 2 2 1 227 75 12 1 2 1 6,3 0,8 10 1 2 2 1 0 0

295Br1/6 9 7 41 5 11 1 3 1 114 34 34 1 3 1 8,8 1,0 20 1 2 2 1 1 1

295Br2/2 10 7 69 15 19 2 3 1 194 4 190 1 2 1 8,5 1,2 21 1 2 2 1 1 0

295Br1/9 11 7 99 12 22 2 2 2 447 105 185 1 3 1 9,2 1,1 15 1 3 2 1 1 1

295Br2/1 12 7 103 21 26 2 3 1 298 4 140 2 3 1 10,0 1,4 19 1 2 2 1 1 1

295Br1/7 13 7 50 10 12 2 2 2 190 0 190 2 2 2 7,3 0,9 12 1 2 2 1 1 1

295Br1/1 14 7 51 8 13 1 2 1 256 21 176 2 2 2 6,6 1,1 14 1 2 2 2 1 1

295Br2/5 15 7 74 13 21 2 2 2 283 44 238 2 3 2 9,3 1,0 16 1 3 2 1 1 1

295Br1/10 16 7 44 10 11 1 2 2 92 0 92 2 3 2 8,8 1,1 17 2 3 3 1 0 0

295Br2/3 17 7 61 9 10 1 3 3 183 0 183 2 3 1 10,5 1,0 24 1 2 3 1 1 1

295Br1/2 18 7 44 11 14 3 3 3 249 50 198 1 2 3 7,5 1,1 12 2 3 3 2 1 0

295Br1/5 19 7 33 5 14 2 2 2 100 0 100 2 3 2 9,9 1,1 12 1 3 3 1 1 1

295Br1/4 20 7 25 9 10 3 2 1 127 0 127 1 2 2 9,9 1,1 13 1 3 3 1 1 0

295Br2/6 21 7 100 11 24 2 2 2 235 0 235 2 2 1 7,8 1,3 14 1 2 3 1 1 0

295Br2/4 22 7 54 7 10 2 3 3 85 0 85 2 3 3 8,7 1,1 11 2 2 2 2 1 1

295Br2/2 23 7 48 8 15 1 3 1 186 0 186 2 3 2 8,3 1,0 10 2 2 3 1 1 1

295Br1/8 24 7 56 12 17 2 2 2 116 0 116 2 3 1 10,1 1,4 16 1 3 3 1 1 1

295Br1/3 25 7 43 10 13 1 2 2 71 36 35 2 3 3 9,5 1,2 16 2 3 3 2 1 1

295Br1/11 26 7 53 12 21 2 2 3 166 0 166 2 2 2 10,0 1,2 18 1 2 2 1 1 1

661-BRA/14 27 7 75 11 23 1 1 1 358 0 6 1 1 1 4,3 0,8 9 2 2 2 1 1 0

660BRA/16 28 7 38 7 11 1 3 2 162 0 162 1 2 2 6,5 0,7 11 1 1 3 2 1 0

660BRA/13 29 7 96 11 25 1 2 2 226 0 226 1 2 2 9,1 1,1 12 2 2 2 2 1 1

660BRA/9 30 7 87 16 25 1 2 1 241 54 187 1 2 2 9,9 1,1 12 1 3 2 1 1 1

660BRA/4 31 7 76 16 17 2 2 2 392 0 392 1 2 1 9,2 1,1 12 1 3 2 1 1 1

660BRA/11 32 7 89 20 29 2 2 2 260 0 260 2 3 1 9,8 1,1 13 1 3 3 1 1 0

660BRA/17 33 7 65 12 24 1 2 3 157 91 65 2 3 2 9,0 1,1 6 1 3 2 1 1 1

660BRA/21 34 7 71 14 22 2 3 2 107 67 40 1 3 2 8,8 1,0 13 1 2 2 2 1 1

660BRA/9 35 7 36 7 13 1 3 2 149 105 43 1 2 2 9,2 1,0 12 1 2 2 2 1 0

660BRA/18 36 7 68 11 13 2 3 3 216 0 216 2 3 1 10,1 0,9 16 2 3 2 1 1 1

660BRA/20 37 7 69 16 19 2 2 1 260 49 211 1 2 1 9,3 0,9 9 1 2 2 3 1 0

660BRA/23 38 7 65 14 19 1 2 2 214 71 143 1 3 1 8,3 0,9 10 1 2 3 3 1 1

660BRA/6 39 7 68 18 22 2 3 2 337 110 227 1 2 1 7,9 0,6 11 2 2 2 1 1 1

660BRA/3 40 7 85 23 28 2 3 1 253 56 170 2 3 1 8,3 1,0 14 1 3 2 1 1 0

648BRA/5 41 7 85 16 32 1 3 1 142 10 132 2 3 2 10,0 1,3 14 1 1 2 3 1 0

648BRA/9 42 7 40 8 19 2 3 2 115 0 115 1 3 2 8,9 1,0 15 2 1 3 3 1 0

648BRA/13 43 7 71 8 18 1 2 1 243 0 243 1 2 1 7,5 1,2 11 2 3 3 1 1 0

648BRA/10 44 7 27 8 12 1 2 2 56 0 56 1 3 1 7,3 1,1 9 2 1 3 2 0 0

648BRA/1 45 7 39 8 10 2 3 3 110 0 110 1 3 3 8,2 1,0 14 1 1 3 3 1 0

297Br/1-1,F2/3 46 7 53 14 21 1 1 3 244 92 10 1 3 2 5,2 0,6 6 2 1 2 1 1 1

297Br/1-1 47 7 58 8 20 1 2 3 228 98 6 2 3 1 5,5 0,9 8 2 2 2 1 1 1

297Br/1-2 48 7 67 4 15 1 2 2 351 53 9 1 2 1 6,7 0,7 8 1 2 2 1 1 1

297Br/1-4 49 7 114 19 36 1 1 2 473 409 20 1 3 1 8,4 1,0 9 2 2 2 2 1 1

515BRA/10 50 7 79 18 23 2 2 2 155 78 77 2 2 2 9,8 1,1 13 1 3 2 2 0 1

515BRA/1 51 7 78 10 16 2 3 3 162 40 42 1 2 3 7,5 1,1 11 1 2 2 2 1 1

515BRA/15 52 7 60 13 21 1 3 3 252 10 48 1 2 2 9,4 1,2 15 1 3 2 2 1 0

515BRA/13 53 7 48 11 16 2 3 3 123 0 123 1 3 3 8,5 1,0 16 2 1 3 3 1 0

515BRA/8 54 7 105 14 28 1 1 1 278 170 108 3 2 3 10,7 1,2 14 2 3 3 1 0 0

515BRA/4 55 7 36 8 16 1 2 3 148 49 52 1 2 1 7,3 0,8 9 1 1 2 2 0 1

515BRA/4 56 7 46 5 9 1 2 2 144 0 144 1 2 2 7,0 0,6 9 1 1 2 3 1 1

515BRA/10 57 7 36 5 12 2 3 3 216 0 216 1 2 3 8,3 1,0 11 1 1 3 3 1 0

515BRA/10 58 7 36 6 12 2 3 3 209 0 209 1 2 2 9,5 1,0 11 1 2 3 2 1 0
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24

515BRA/6 59 7 88 14 29 1 1 1 315 27 9 1 3 3 8,1 1,2 14 2 2 3 2 1 1

513BRA/1 60 7 42 10 15 2 3 3 137 33 7 1 3 3 8,4 1,0 13 1 2 2 3 1 0

513BRA/3 61 7 37 5 9 2 1 1 138 74 5 3 2 3 4,7 0,8 7 1 3 2 3 1 0

513BRA/2 62 7 46 7 13 1 2 1 84 29 55 1 3 2 8,0 1,0 10 1 1 3 2 1 1

647LEP/8 63 8 130 14 22 2 1 2 594 239 11 1 1 1 5,1 0,6 6 1 2 1 1 1 1

647LEP/3 64 8 80 11 27 1 1 2 434 207 6 1 1 1 6,2 0,6 7 1 1 1 2 1 1

647LEP/4 65 8 109 15 24 1 1 1 508 74 15 1 1 2 6,2 0,6 7 1 2 1 2 1 1

647LEP/7 66 8 100 15 27 1 1 1 616 100 12 2 1 1 6,0 0,5 6 1 2 2 1 1 1

647LEP/5 67 8 93 13 34 1 1 2 553 488 23 1 1 2 5,4 0,5 6 1 2 1 2 1 1

647LEP/1 68 8 108 10 36 1 1 1 565 425 12 2 2 2 7,0 0,8 7 2 1 2 2 1 0

647LEP/2 69 8 118 19 31 2 1 1 601 35 9 1 2 2 6,0 0,6 6 1 2 1 1 1 1

643BRA/4 70 7 75 16 27 2 2 3 215 60 98 1 2 3 8,2 0,9 11 2 3 2 3 1 1

643BRA/5 71 7 67 13 31 2 3 3 277 65 149 1 2 1 9,3 0,9 14 2 1 3 2 1 1

643BRA/1 72 7 30 6 12 3 3 3 85 0 85 1 3 3 8,7 1,1 11 1 2 3 3 1 0

643BRA/2 73 7 53 6 13 2 2 3 301 84 217 1 2 2 9,0 0,8 13 1 1 2 2 1 0

651BRA/5 74 7 57 14 18 2 3 3 160 101 59 1 2 1 8,5 1,1 14 1 3 3 1 1 0

651BRA/1 75 7 64 15 20 2 1 3 323 83 102 3 2 2 7,6 1,0 11 2 2 1 1 1 0

651BRA/4 76 7 39 8 11 1 2 3 211 0 211 2 2 3 8,4 1,0 14 1 3 3 1 1 0

641BRA/7 77 7 68 17 22 2 3 2 189 19 170 1 2 2 9,8 0,9 13 1 1 3 3 1 1

641BRA/5 78 7 80 22 24 3 3 3 145 0 145 1 3 3 11,1 1,1 18 1 3 3 2 1 0

641BRA/3 79 7 90 22 22 2 3 3 193 46 147 1 3 2 9,8 1,2 16 1 1 3 3 1 1

653BRA/3 80 7 52 17 18 1 3 3 228 61 37 1 2 2 9,4 1,1 14 1 1 2 1 1 1

653BRA/12 81 7 70 14 21 1 1 2 280 223 11 3 2 2 7,4 0,9 8 2 3 2 2 1 0

653BRA/2 82 7 101 12 21 1 1 2 505 12 6 2 1 1 7,2 0,9 8 2 3 1 1 1 1

653BRA/6 83 7 105 14 26 2 1 2 555 60 11 2 1 2 6,1 0,9 9 1 2 2 1 1 1

653BRA/12 84 7 86 13 25 1 1 3 459 336 11 2 1 1 6,3 0,8 9 1 3 1 1 1 1

653BRA/4 85 7 84 11 20 1 1 3 605 203 8 1 1 1 6,3 0,8 10 2 1 1 1 1 1

653BRA/7 86 7 107 15 27 1 1 2 651 388 52 1 1 2 5,7 0,6 7 1 3 1 1 1 1

653BRA/10 87 7 122 17 21 1 1 1 687 252 8 1 1 2 6,5 0,7 8 2 2 1 1 1 1

653BRA/8 88 7 121 17 38 2 1 1 698 590 6 2 1 1 6,5 0,6 6 1 2 1 1 1 1

644BA/5 89 6 33 7 11 3 3 1 119 6 113 2 3 2 8,7 1,1 12 1 1 3 2 1 0

644BA/20 90 6 77 11 22 1 1 3 605 419 7 1 1 1 7,1 0,8 7 1 3 1 1 1 1

644BA/18 91 6 101 12 31 1 1 2 579 8 6 1 1 2 5,0 0,7 7 1 3 1 1 1 1

644BA/2 92 6 105 18 28 1 1 2 638 192 5 1 1 2 5,4 0,7 6 2 2 1 1 1 1

644BA/4 93 6 91 15 28 2 1 3 550 170 11 1 1 1 6,3 0,9 8 1 1 2 1 1 1

644BA/7 94 6 93 16 32 1 1 2 527 26 15 1 2 1 6,2 0,8 7 1 2 2 2 1 1

644BA/19 95 6 96 13 25 1 1 2 628 250 7 1 1 1 6,8 0,9 7 1 2 1 1 1 1

644BA/14 96 6 81 13 32 1 1 3 613 75 6 1 1 2 5,6 0,7 6 1 3 2 2 0 1

644BA/10 97 6 93 11 18 1 1 1 665 68 6 1 1 1 6,2 0,7 6 2 3 2 2 0 1

644BA/8 98 6 111 12 33 1 1 3 650 176 9 1 1 1 6,4 0,7 6 1 2 1 2 1 1

644BA/11 99 6 114 16 24 1 1 3 544 290 5 2 2 2 5,7 0,7 6 2 3 2 1 1 1

644BA/15 100 6 96 11 27 1 1 2 693 331 8 1 1 2 5,7 0,6 5 1 2 2 1 1 1

644BA/21 101 6 55 6 21 1 1 1 397 238 11 3 2 1 5,8 0,8 6 2 2 1 2 1 0

644BA/6 102 6 80 9 28 2 1 3 560 335 18 2 2 2 6,5 0,7 7 2 2 2 1 1 1

644BA/13 103 6 57 11 20 2 1 3 428 378 5 1 2 3 6,0 0,7 5 2 2 2 3 1 1

644BA/12 104 6 66 13 21 2 1 2 583 116 4 2 2 2 6,5 0,9 6 1 2 1 1 1 1

655BA/2 105 6 57 15 18 2 3 3 317 8 55 1 3 1 8,4 1,0 13 1 3 3 1 1 1

655BA/1 106 6 116 16 35 2 1 2 545 96 7 2 2 3 7,3 0,9 6 1 3 2 1 1 0

655BA/5 107 6 81 13 24 1 1 1 438 101 6 1 3 2 5,8 0,7 5 1 2 2 1 1 1

655BA/6 108 6 95 16 26 2 1 1 501 79 7 1 2 2 6,2 0,8 7 1 3 3 2 0 1

655BA/3 109 6 96 14 30 1 1 2 456 431 8 1 2 1 6,6 0,9 9 1 3 1 1 1 0

641BRA/14 110 7 74 12 24 1 1 1 473 405 13 1 2 1 7,2 0,9 6 2 3 1 2 0 0

641BRA/11 111 7 56 17 16 3 3 2 221 0 221 1 3 3 10,7 1,2 17 2 3 3 3 1 0

641BRA/12 112 7 57 15 15 3 3 3 164 0 164 1 3 3 11,2 1,0 14 2 2 3 3 1 0

641BRA/4 113 7 62 22 23 2 3 3 285 71 214 1 3 3 8,3 1,2 13 1 2 3 1 1 1

641BRA/6 114 7 67 15 19 2 3 3 209 0 209 1 1 3 9,8 0,9 11 2 1 3 3 1 1

641BRA/9 115 7 103 26 35 2 2 2 272 30 242 1 1 3 10,3 0,9 12 2 1 3 3 0 1
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641BRA/8 116 7 67 17 18 2 3 3 125 15 110 2 3 3 9,2 1,1 12 1 1 3 3 1 0

641BRA/13 117 7 62 16 20 2 3 3 349 30 319 1 2 2 11,2 1,3 17 1 1 3 3 1 0

641BRA/11 118 7 64 12 19 2 3 3 411 0 411 1 3 3 10,8 1,0 11 1 1 3 3 1 0

641BRA/15 119 7 68 17 18 2 3 3 311 145 166 1 2 1 9,0 0,9 18 1 1 3 2 1 0

656BA/17 120 6 121 11 42 1 1 1 610 591 6 1 3 1 6,2 0,7 6 1 2 2 1 0 0

656BA/15 121 6 117 13 35 1 1 1 677 625 8 1 3 1 6,7 0,8 9 1 2 1 1 0 0

656BA/20 122 6 118 15 35 1 1 1 548 0 548 1 1 1 6,2 0,7 5 1 1 2 1 0 0

656BA/21 123 6 129 10 28 1 1 2 607 207 7 1 2 1 5,7 0,6 6 1 2 1 1 0 0

656BA/13 124 6 143 14 37 1 1 1 664 442 8 2 3 1 5,8 0,6 7 1 2 2 1 0 0

656BA/23 125 6 85 10 29 1 1 2 506 401 4 1 3 2 6,8 0,6 6 2 3 1 2 0 0

656BA/4 126 6 98 15 33 1 1 1 733 627 5 1 3 1 5,2 0,5 6 2 1 2 2 0 0

656BA/14 127 6 110 12 40 1 1 1 528 265 4 1 3 1 6,3 0,5 7 1 2 2 1 0 0

656BA/1 128 6 92 15 33 1 1 1 526 444 5 1 2 1 5,8 0,7 6 2 1 2 2 0 0

656BA/2 129 6 92 9 26 1 1 1 626 523 8 1 2 1 6,0 0,5 6 1 1 1 2 0 0

656BA/3 130 6 110 14 45 1 1 1 345 336 4 1 1 1 5,9 0,5 8 2 1 2 1 0 0

656BA/9 131 6 90 11 26 1 1 1 680 527 5 1 2 1 6,3 0,6 7 1 1 1 2 0 0

656BA/19 132 6 133 15 50 1 1 1 692 557 4 1 3 1 6,2 0,5 6 1 1 2 1 0 0

656BA/18 133 6 131 15 43 1 1 1 741 558 3 1 3 1 5,1 0,4 5 1 2 2 2 0 0

656BA/16 134 6 131 13 38 1 1 1 713 576 5 1 3 1 6,1 0,5 6 1 1 2 1 0 0

656BA/12 135 6 100 16 36 1 1 1 652 575 6 1 2 1 6,5 0,5 6 1 1 2 1 0 0

656BA/11 136 6 102 14 39 1 1 1 612 444 5 1 2 1 6,1 0,5 5 1 1 2 1 0 0

656BA/6 137 6 103 11 30 1 1 1 395 355 4 1 3 1 5,9 0,5 7 1 1 3 1 0 0

656BA/5 138 6 90 16 31 1 1 1 603 497 5 1 2 1 6,2 0,7 8 1 1 2 1 0 0

656BA/22 139 6 105 11 34 1 1 1 722 675 7 1 3 1 5,9 0,6 4 1 1 2 2 0 0

656BA/8 140 6 90 12 32 1 1 1 305 295 3 1 3 1 6,3 0,5 8 1 2 3 1 0 0

656BA/7 141 6 114 15 43 1 1 1 637 562 10 1 3 1 5,5 0,7 6 1 1 2 1 0 0

652BA/5 142 6 71 14 25 1 1 3 188 75 11 2 2 1 9,6 1,2 12 1 3 2 1 0 0

652BA/17 143 6 107 12 32 1 1 2 533 488 5 1 2 2 7,0 0,8 6 1 3 2 1 1 1

652BA/2 144 6 113 18 31 2 1 3 540 260 4 1 2 3 6,5 0,9 6 1 2 2 1 1 1

652BA/10 145 6 100 17 25 2 1 3 555 75 4 3 2 3 6,9 0,9 8 1 3 2 1 1 1

652BA/8 146 6 80 13 27 2 1 3 536 336 9 2 2 2 8,2 1,0 7 1 3 2 1 1 1

652BA/15 147 6 93 13 18 1 1 3 450 423 8 2 2 1 6,3 0,9 6 1 3 2 1 0 0

652BA/13 148 6 81 13 19 1 1 2 569 79 6 1 1 1 5,8 0,7 6 1 2 2 1 1 1

652BA/7 149 6 106 13 21 1 1 3 587 145 19 1 1 1 5,7 0,7 7 1 1 1 1 1 1

652BA/6 150 6 86 14 21 2 1 3 521 157 8 2 2 2 6,0 0,9 9 1 3 2 1 1 1

652BA/1 151 6 95 15 24 2 1 3 453 423 4 2 2 2 5,8 0,8 7 1 3 2 1 1 0

652BA/9 152 6 102 17 25 2 1 3 539 45 3 3 2 3 7,0 0,9 8 1 2 2 1 1 1

649BA/6 153 6 74 14 18 2 1 3 521 278 8 1 2 3 6,3 0,7 6 1 2 2 2 1 1

649BA/3 154 6 99 19 23 1 1 2 574 96 6 1 2 2 6,5 0,8 8 1 2 2 1 1 1

649BA/7 155 6 109 10 33 1 1 1 590 533 10 3 2 3 6,7 0,8 8 2 3 2 1 1 0

649BA/4 156 6 69 12 32 2 1 3 517 24 15 3 3 2 8,1 1,1 10 1 3 2 2 1 1

642BRA/3 157 7 57 18 22 2 3 3 194 25 169 1 3 1 9,4 1,1 15 1 3 3 1 1 1

661BRA/3 158 7 40 8 12 2 3 3 127 81 46 3 3 2 7,5 0,9 9 1 3 3 1 0 0

661BRA/2 159 7 68 11 24 1 1 2 235 21 10 2 3 2 8,0 1,0 12 1 3 3 3 1 1

292BA2a/3 160 6 84 7 28 1 1 2 519 172 7 1 2 1 6,3 0,8 6 1 2 2 1 1 0

643BRA/3 161 7 34 8 10 3 3 3 136 0 136 2 3 3 10,1 1,1 14 2 3 3 3 1 0

515BRA/12 162 7 52 8 15 2 3 2 184 11 77 2 3 3 8,7 1,1 9 2 1 3 3 1 1

653BRA/5 163 7 48 13 18 2 2 3 254 219 21 1 2 3 8,1 1,0 10 1 1 3 3 0 0

651BRA/2 164 7 41 7 12 2 2 3 143 12 57 1 2 3 6,3 0,7 10 2 2 3 3 0 0

515BRA/3 165 7 41 5 12 1 3 3 118 32 86 1 2 2 7,6 0,9 9 2 1 2 3 1 1

648BRA/7 166 7 44 11 17 2 3 1 216 16 200 1 2 3 8,1 0,9 11 1 1 3 3 1 0

646PI/11 167 5 55 8 22 2 3 3 142 0 142 1 3 3 8,8 1,0 12 2 2 3 3 1 0

654PI/5 168 5 20 7 7 3 3 3 91 0 91 1 3 1 8,4 0,9 8 1 3 3 1 1 0

654PI/13 169 5 30 6 10 3 3 2 114 0 114 3 3 2 9,4 1,2 9 1 3 3 1 1 0

660BRA/5 170 7 40 8 15 2 3 3 202 0 202 2 3 3 8,7 1,1 11 1 3 3 2 1 0

506PI/17 171 5 42 8 14 2 3 3 107 0 107 1 3 3 9,9 0,9 13 1 3 3 2 1 0

648BRA/17 172 7 49 7 17 1 2 1 156 21 135 1 3 3 8,0 1,1 12 2 1 2 3 1 0

648BRA/2 173 7 37 8 11 2 3 2 119 16 103 1 3 3 8,1 1,0 9 1 1 3 3 1 0

506PI/23 174 5 31 6 12 2 2 3 71 44 27 2 3 2 7,4 1,2 10 2 2 2 3 1 0
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654PI/18 175 5 48 9 16 2 3 3 83 0 83 1 3 1 7,0 0,9 9 1 1 3 1 1 0

296PI/1 176 5 20 8 7 3 3 2 84 0 84 1 3 1 8,3 1,1 9 1 1 3 2 1 0

515BRA/14 177 7 26 7 11 2 3 3 70 0 70 3 3 2 7,3 0,9 9 1 3 3 2 0 0

505PI/24 178 5 32 7 12 1 3 2 129 0 129 1 2 1 8,9 1,2 9 1 1 3 1 1 0

505PI/18 179 5 42 9 12 2 3 2 99 0 99 1 3 2 8,6 1,0 13 1 3 3 1 1 0

505PI/19 180 5 19 6 5 1 3 1 122 0 122 1 2 1 6,9 0,8 8 1 1 3 3 1 0

505PI/2 181 5 28 7 8 2 3 2 110 0 110 1 3 2 9,4 1,3 13 1 1 3 2 1 0

505PI/7 182 5 27 8 9 2 3 3 87 0 87 1 3 3 8,3 1,0 10 1 3 3 3 1 0

505PI/6 183 5 36 7 11 2 3 3 173 0 173 1 3 3 9,4 0,9 11 1 3 2 3 1 0

505PI/23 184 5 26 9 11 2 3 3 81 0 81 1 3 1 8,1 0,8 8 1 3 3 3 1 0

505PI/9 185 5 40 8 12 2 3 3 61 0 61 1 3 1 6,5 1,0 10 1 1 3 2 1 0

505PI/10 186 5 45 12 15 2 3 3 281 0 281 1 2 1 10,0 1,0 11 1 1 3 3 1 0

505PI/10 187 5 37 12 16 2 3 2 135 107 28 1 3 2 7,3 0,8 10 1 1 3 3 1 0

505PI/18 188 5 62 10 15 2 3 2 175 0 175 1 3 3 7,9 1,1 13 1 2 3 3 1 0

505PI/20 189 5 49 9 19 2 3 2 221 0 221 1 3 2 9,8 0,9 12 1 3 3 3 1 0

505PI/1 190 5 59 10 14 2 3 3 129 0 129 1 2 3 10,0 0,9 13 1 1 2 3 1 0

505PI/8 191 5 53 9 14 2 3 2 166 0 166 1 2 1 10,1 0,9 14 1 1 3 2 1 0

505PI/22 192 5 29 8 10 2 3 3 82 0 82 1 3 3 10,0 1,2 13 1 1 2 2 1 0

505PI/21 193 5 32 10 9 2 2 2 144 0 144 1 3 3 9,7 1,1 14 2 1 3 2 1 1

505PI/11 194 5 74 12 23 1 3 3 246 66 8 1 3 2 7,0 1,0 8 1 2 2 2 1 0

506PI/18 195 5 43 10 17 1 3 2 166 0 166 1 3 1 9,4 1,2 13 1 1 3 1 1 0

506PI/25 196 5 65 11 20 1 3 3 151 61 90 1 3 1 9,4 1,0 12 2 3 3 1 1 1

506PI/12 197 5 52 10 17 2 3 2 206 0 206 1 2 1 8,4 1,2 11 1 3 3 1 1 0

506PI/21 198 5 79 15 22 2 3 3 250 0 250 1 2 2 9,7 1,1 13 1 2 2 1 1 0

506PI/6 199 5 30 9 11 2 3 3 70 0 70 1 3 2 8,6 1,1 12 1 1 3 2 1 0

506PI/7 200 5 85 7 13 1 3 2 179 0 179 1 2 3 10,2 1,2 10 1 3 3 2 1 0

506PI/28 201 5 84 15 26 2 2 2 374 0 374 2 2 2 10,7 1,4 15 1 3 3 1 1 0

506PI/5 202 5 68 11 20 2 3 2 123 0 123 1 2 1 7,8 1,1 6 1 1 3 1 1 0

506PI/20 203 5 39 7 13 1 3 2 140 0 140 1 3 3 9,0 1,1 14 1 3 3 1 1 0

506PI/24 204 5 32 9 10 3 3 2 77 0 77 1 3 1 8,0 1,1 10 1 1 3 1 1 0

511PI/7 205 5 29 7 7 3 3 2 141 0 141 1 3 3 9,1 1,3 11 1 1 3 2 1 1

511PI/12 206 5 19 4 6 3 3 3 88 0 88 1 2 1 8,3 0,9 9 1 3 3 2 1 0

511PI/12 207 5 40 8 13 2 3 3 232 0 232 1 2 2 9,9 1,1 12 1 1 2 2 1 0

511PI/1 208 5 48 13 17 3 3 3 160 0 160 1 2 3 8,3 1,1 13 1 2 3 3 1 0

511PI/4 209 5 58 10 18 2 3 2 208 0 208 1 2 3 10,0 1,0 11 1 3 2 2 1 1

511PI/7 210 5 27 5 8 2 3 3 162 0 162 1 3 3 9,0 1,1 13 1 1 3 2 1 1

511PI/18 211 5 46 7 10 2 3 3 192 0 192 2 2 2 9,5 1,1 13 1 3 2 1 1 0

511PI/19 212 5 47 8 10 2 2 2 241 0 241 1 2 3 10,0 1,1 14 1 1 2 3 1 1

511PI/11 213 5 46 15 11 3 2 1 98 0 98 1 2 1 9,5 1,1 14 1 1 3 2 1 0

511PI/14 214 5 34 6 11 2 3 3 167 0 167 1 3 3 10,4 1,2 16 2 1 3 3 1 0

511PI/5 215 5 39 7 11 2 2 3 117 0 117 1 2 3 9,1 1,1 14 2 1 2 3 1 0

511PI/8 216 5 55 11 17 1 3 3 157 0 157 1 2 2 10,3 1,2 16 1 3 2 1 1 0

511PI/1 217 5 57 10 16 2 2 3 201 0 201 2 2 3 9,3 1,3 15 1 3 2 1 1 0

511PI/20 218 5 65 8 15 2 2 2 203 0 203 1 2 3 8,2 1,1 16 1 3 1 1 1 0

511PI/13 219 5 61 10 18 1 3 3 139 0 139 1 2 3 10,2 1,3 13 1 2 2 2 1 0

646PI/2 220 5 18 6 6 2 3 3 109 0 109 1 3 1 8,6 0,9 12 1 1 3 1 0 0

646PI/13 221 5 20 7 6 3 3 1 116 0 116 1 3 1 8,2 0,9 12 1 1 2 1 1 0

646PI/12 222 5 33 6 8 3 3 3 146 0 146 1 3 3 9,2 1,1 11 1 2 2 1 1 0

646PI/22 223 5 27 8 7 2 3 3 108 0 108 1 2 1 8,8 1,1 11 1 1 2 3 1 0

646PI/15 224 5 47 11 15 3 3 2 263 0 263 1 3 2 9,6 1,0 15 1 1 2 1 1 1

646PI/13 225 5 38 9 10 2 3 2 126 0 126 1 3 1 8,0 0,9 13 1 1 2 2 1 0

646PI/3 226 5 45 10 12 2 3 2 161 69 92 1 3 1 8,4 1,2 10 1 1 2 1 1 0

646PI/7 227 5 31 5 6 2 3 2 104 0 104 1 3 3 8,4 0,9 10 1 1 2 2 1 0

646PI/20 228 5 21 5 5 2 3 2 100 0 100 1 3 2 9,4 0,9 10 1 1 2 3 1 1

646PI/1 229 5 69 14 21 2 2 1 375 68 307 1 1 3 8,7 0,8 12 2 1 2 3 1 1

646PI/5 230 5 73 13 17 2 0 0 242 0 242 1 2 3 9,8 0,9 12 2 1 2 3 1 0

646PI/18 231 5 27 4 5 2 3 2 225 40 185 1 1 1 7,1 0,7 10 2 1 2 1 1 0

646PI/10 232 5 31 6 8 2 3 2 160 0 160 1 1 1 9,3 0,9 11 1 1 3 2 1 0
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646PI/9 233 5 45 8 11 2 3 3 149 0 149 1 2 1 9,3 1,0 13 1 1 2 2 1 0

646PI/14 234 5 40 7 10 2 3 1 141 0 141 1 2 1 9,3 1,0 13 1 1 3 1 1 0

646PI/19 235 5 49 11 11 2 3 3 136 0 136 1 2 3 8,1 0,8 10 1 1 2 1 1 0

646PI/2 236 5 25 6 11 2 3 1 140 0 140 1 3 3 8,6 1,1 9 1 1 2 1 1 0

654PI/7 237 5 30 7 10 2 3 3 62 0 62 1 3 2 8,0 0,9 10 1 3 2 1 1 0

654PI/12 238 5 25 6 6 2 3 3 105 0 105 1 2 2 7,5 0,7 8 1 2 3 1 1 0

654PI/19 239 5 48 15 18 3 3 2 228 0 228 1 1 1 8,4 1,1 12 1 2 2 1 1 0

654PI/8 240 5 50 15 16 2 3 3 262 0 262 1 2 1 7,9 1,1 10 2 3 2 1 1 0

654PI/3 241 5 54 21 16 3 3 2 189 0 189 1 2 2 10,1 1,2 15 2 3 3 2 1 1

654PI/17 242 5 52 9 16 2 3 3 221 45 176 1 2 1 7,9 0,8 9 1 1 3 2 1 1

654PI/14 243 5 57 20 20 3 3 3 332 33 276 1 2 1 9,5 1,0 13 2 2 3 1 1 0

654PI/29 244 5 37 9 12 2 3 3 137 0 137 1 1 3 8,9 1,2 12 1 3 2 2 1 0

654PI/26 245 5 21 6 6 3 3 2 77 0 77 1 2 2 7,4 1,1 11 1 2 2 1 1 0

654PI/27 246 5 33 8 9 2 2 1 91 0 91 1 2 2 8,7 1,0 10 2 2 2 2 1 0

656LE 247 4 124 7 36 1 1 1 466 433 20 1 1 1 5,9 1,0 6 2 1 2 1 0 0

649BA 248 2 67 9 17 1 1 1 489 319 9 1 1 2 6,1 0,9 6 2 2 2 1 1 0

492BA 249 2 153 35 39 1 1 2 695 420 15 1 2 1 6,9 0,9 9 1 2 2 1 1 0

662BA 250 2 112 10 24 1 1 1 485 396 6 1 1 1 5,3 0,8 8 1 2 1 1 1 0

652BA 251 2 60 7 19 1 1 2 239 0 5 1 3 1 5,6 0,8 6 1 3 2 1 1 0

659BA 252 2 62 7 13 2 1 1 456 302 7 1 3 1 6,6 0,7 6 2 3 1 2 1 0

491BA 253 2 106 6 25 1 1 1 438 0 5 1 2 1 5,3 0,8 9 2 1 1 1 0 0

494BA 254 2 72 10 23 1 2 1 454 351 4 1 2 1 5,8 0,6 7 1 1 3 2 0 0

494BA 255 2 94 15 26 1 2 2 788 662 6 1 1 1 6,4 0,5 6 1 1 1 1 0 1

492BA 256 2 142 9 26 1 1 1 761 651 8 1 1 1 6,2 0,5 7 1 1 1 2 0 0

VysočanyBA 257 2 92 12 27 2 1 1 485 395 5 1 2 1 6,2 0,7 10 1 3 2 1 0 0

292BA 258 2 140 14 41 1 1 1 497 272 5 1 2 1 7,1 0,7 6 2 2 1 1 0 0

BA 259 9 135 10 35 1 1 1 654 604 3 1 1 1 5,6 0,6 6 1 1 3 1 1 1

491BA 260 2 172 8 27 1 1 1 755 575 8 1 2 1 6,5 0,6 10 1 1 2 2 1 0

494BA 261 2 145 10 37 1 1 1 710 580 13 1 1 1 7,0 0,9 10 1 3 2 1 0 0

BA 262 9 128 9 26 1 1 1 567 523 6 1 1 1 6,3 0,8 6 1 1 2 2 1 0

659BA 263 2 117 8 38 1 1 2 404 351 11 3 2 1 6,2 0,7 9 2 1 2 2 1 0

656LE 264 4 129 12 41 1 1 1 504 473 11 2 1 1 6,5 0,7 6 1 1 3 2 0 0

1028BA 265 2 110 15 33 1 1 3 350 328 4 1 2 1 6,8 0,9 10 1 3 1 1 0 0

1017BA 267 2 77 8 27 1 1 1 424 389 7 1 2 1 6,7 1,0 6 2 1 2 2 0 0

VYS2005no.11 BA 268 9 122 12 29 1 1 2 543 329 8 1 1 1 7,1 0,9 11 3 1 2 2 1 0

VYS2005no.7 BA 269 9 68 8 19 1 2 1 355 18 3 1 3 1 6,2 0,6 6 1 1 2 1 0 0

VYS2005no.32 BA 270 9 108 15 35 2 1 1 313 188 8 1 1 1 6,4 0,7 8 1 3 1 1 1 0

1029LEP 271 4 55 6 15 2 2 1 172 5 21 1 3 1 7,4 0,8 11 2 3 3 1 1 0

VYS2005no.2 272 9 91 10 21 2 1 1 325 303 2 2 2 1 5,2 0,5 5 1 2 2 1 0 0

1015BRA-LEP 273 4 56 12 22 2 2 3 290 262 11 1 2 1 8,4 1,1 10 2 2 2 1 1 0

VYS05no.24 LEP 275 9 58 10 16 2 3 2 178 25 12 1 3 2 7,8 0,9 8 1 0 3 3 1 0

1022LEP 276 4 98 18 31 2 3 3 200 158 6 1 3 1 8,3 1,0 10 1 3 2 1 1 0

1022LEP 277 4 100 21 23 2 2 3 479 141 206 2 2 1 9,9 1,2 15 2 3 2 1 1 0

657LEP 278 4 156 12 30 2 1 1 568 260 13 1 1 1 5,7 0,7 5 1 1 1 1 0 1

647BA 279 2 121 11 26 1 1 1 572 302 5 1 1 1 6,3 0,8 6 2 2 1 1 0 0

657LE 280 4 142 13 35 1 1 1 644 574 4 1 2 1 6,1 0,6 6 1 1 2 1 0 0

657LE 281 4 140 15 49 1 1 1 586 555 8 1 2 1 6,6 0,7 7 1 1 2 1 0 0

302PI 282 1 46 13 19 2 3 3 108 0 108 1 3 3 10,0 1,2 18 1 3 3 1 1 0

303PI 283 1 61 13 20 2 3 3 103 0 103 1 3 2 10,2 1,1 17 1 3 3 1 1 0

1019PI-BRA 284 1 96 18 19 2 3 3 240 0 240 1 3 3 10,7 1,2 14 1 3 3 1 1 0

VYS2005no.1 285 9 45 7 15 2 2 1 191 0 191 1 3 1 7,8 0,9 8 1 1 2 2 0 0

1032PI 286 1 19 3 6 2 3 1 57 0 57 1 3 3 9,0 1,0 12 1 1 3 3 0 0

VYS2005no.27 287 9 43 6 13 2 3 2 44 0 44 1 3 2 7,1 1,1 9 1 1 3 2 0 0

500PI 288 1 57 12 15 2 3 1 185 0 185 1 2 1 7,9 0,8 11 1 1 3 1 1 0

301PI 289 1 49 10 15 2 3 3 182 0 182 1 3 2 9,4 1,2 13 1 2 3 1 1 0

503PI 290 1 53 10 15 1 3 1 131 0 131 1 2 3 10,2 1,1 14 1 1 3 3 1 0

646PI 291 1 23 5 7 2 3 3 88 0 88 1 3 1 8,9 1,1 13 1 1 3 2 1 0

497PI 292 1 36 7 11 2 3 3 90 0 90 1 3 1 8,3 1,1 13 1 1 3 1 1 0
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305PI 293 1 47 9 15 2 3 3 107 0 107 1 3 2 9,3 1,3 15 1 1 3 2 1 0

300PI 294 1 54 14 19 2 2 1 173 0 173 1 2 2 8,8 1,2 15 1 3 3 1 1 0

654PI 295 1 41 10 9 3 3 3 71 0 71 1 3 1 8,5 1,3 14 2 3 3 1 1 0

516PI 296 1 98 16 25 2 3 2 128 0 128 1 3 3 9,0 1,2 13 1 2 3 1 1 0

509PI 297 1 65 13 21 2 3 2 162 0 162 1 3 1 9,8 1,4 16 1 1 3 1 1 0

496PI 298 1 90 21 37 2 3 3 210 0 210 1 3 3 12,1 1,4 15 1 2 2 2 1 0

497PI 299 1 56 12 17 2 3 3 101 86 15 1 3 1 7,5 1,0 13 1 1 3 2 1 0

1016BRA 300 3 81 10 29 1 2 2 201 42 159 1 2 1 7,1 1,0 10 1 1 1 2 1 0

1021BRA 301 3 80 18 32 1 1 1 236 54 17 1 2 1 9,0 1,1 11 1 3 2 1 1 0

1013BRA 302 3 64 12 20 1 1 1 246 132 7 1 1 1 7,5 1,2 7 2 1 1 3 1 0

1025BRA 303 3 78 12 30 1 2 1 262 119 8 1 2 1 6,6 0,8 10 2 2 2 1 1 0

1027BRA 304 3 57 11 23 1 2 2 98 28 47 1 3 1 8,0 1,0 11 1 1 2 2 1 0

295BRA 305 3 83 11 36 1 3 1 374 89 16 3 3 3 8,8 1,2 14 1 3 3 1 1 0

508BRA 306 3 90 11 28 1 2 1 361 111 15 1 1 2 7,1 0,8 9 1 2 2 2 1 1

493BRA 307 3 88 9 24 1 2 1 366 312 54 2 3 2 7,8 1,1 11 1 3 2 3 0 0

495BRA 308 3 134 11 35 1 2 2 314 259 55 1 3 2 7,3 0,9 9 1 1 2 3 1 0

498BRA 309 3 90 15 36 1 2 2 261 195 5 1 3 1 6,8 1,0 9 1 2 2 1 0 0

660BRA 310 3 64 12 22 2 2 2 250 129 120 1 3 1 9,0 1,1 13 1 3 2 1 1 0

501BRA 311 3 53 9 16 2 3 1 170 0 170 1 1 2 9,2 1,1 10 2 1 1 3 1 0

658BRA 312 3 123 7 18 1 1 1 617 457 9 1 1 1 6,8 0,9 8 2 1 1 1 1 0

517BRA 313 3 59 8 18 1 2 1 131 32 50 1 2 1 7,4 1,1 10 1 2 2 1 1 1

643BRA 314 3 79 9 24 1 3 1 149 7 47 1 3 1 9,2 0,9 11 1 3 2 1 1 0

650BRA 315 3 114 10 23 1 1 1 450 177 8 1 1 1 7,2 1,0 9 2 3 1 1 1 1

648BRA 316 3 72 10 22 1 2 1 273 0 273 1 2 1 8,7 1,2 9 1 2 3 2 1 0

514BRA 317 3 51 6 21 1 2 1 298 159 18 1 2 1 7,1 1,2 11 2 2 2 1 1 0

513BRA 318 3 72 11 21 1 2 1 225 171 20 1 2 1 7,6 0,9 8 2 2 2 2 1 0

508BRA 319 3 94 18 28 1 1 2 323 220 13 1 1 1 6,7 0,8 9 2 2 1 3 1 0

653BRA 320 3 44 5 16 1 1 1 403 365 5 1 1 1 6,0 0,8 7 1 2 1 1 1 0

515BRA 321 3 57 9 17 1 2 1 229 185 44 1 2 1 7,7 1,2 10 1 3 2 1 1 0

1024BRA 322 3 62 12 30 1 2 1 267 99 43 1 2 1 6,5 0,9 10 2 2 1 2 1 0

VYS2005no.4 323 9 41 9 16 2 3 1 98 0 98 1 2 1 6,8 0,9 10 1 2 1 1 0 0

VYS2005no.8 324 9 50 8 14 1 2 1 97 0 97 1 3 1 8,1 0,7 8 1 1 3 2 1 0

VYS2005no.10 325 9 42 7 11 2 2 1 102 96 6 1 2 1 7,9 0,9 9 1 3 3 2 1 0

VYS2005no.6 326 9 52 8 15 2 3 1 66 0 66 1 3 2 7,0 1,1 7 1 1 3 3 1 0

VYS2005no.20 327 9 45 8 14 1 3 3 46 32 14 2 3 1 7,8 1,0 8 1 1 3 2 0 0

VYS2005no.30 328 9 51 8 16 1 3 1 175 150 25 1 2 1 8,6 1,0 9 1 3 3 1 1 0

VYS2005no.5 329 9 58 9 23 1 1 1 310 293 17 1 2 1 8,3 0,9 10 1 3 2 1 1 0

VYS2005no.13 330 9 38 5 11 1 3 2 172 119 13 1 2 1 6,9 0,8 8 2 1 2 3 0 1

1023BRA 331 3 72 13 26 2 3 3 135 57 78 1 3 1 10,8 1,3 17 1 2 2 2 1 1

661/1BRA 332 3 60 9 15 2 1 2 442 398 9 1 1 1 6,4 0,8 8 1 1 1 1 0 0

651BRA 333 3 52 11 19 1 2 3 283 260 10 2 2 1 7,1 0,9 7 1 2 2 2 0 0

512BRA 334 3 46 8 15 1 3 3 131 120 11 1 2 1 6,8 0,9 10 1 3 3 1 1 0

295BRA 335 3 72 16 17 2 3 3 172 62 10 3 2 1 9,0 1,2 13 1 3 2 1 1 0

493BRA 336 3 91 17 29 1 2 3 256 50 64 1 2 2 8,4 1,0 10 2 3 1 2 1 0

641BRA 337 3 48 14 20 2 3 2 134 0 134 1 2 2 10,0 1,2 14 1 1 3 3 1 0

642BRA 338 3 100 11 33 2 2 3 199 0 199 1 1 1 9,4 1,1 12 1 3 2 1 1 0

514BRA 339 3 45 7 19 1 2 1 211 181 14 1 2 1 8,2 1,1 13 2 3 2 1 1 0

517BRA 340 3 59 10 18 2 2 2 137 67 36 1 2 2 7,0 1,1 11 1 2 2 1 1 0

504BRA 341 3 54 5 20 1 3 3 133 120 13 2 3 2 7,2 0,8 10 1 1 2 3 0 0

502BRA 342 3 20 6 14 2 3 1 107 41 66 1 2 2 8,6 0,9 10 1 3 3 2 1 0

512BRA 343 3 47 9 17 2 3 1 148 98 50 1 2 1 7,1 0,9 9 2 2 1 1 1 0

499BRA 344 3 66 12 21 2 3 1 165 40 125 1 3 2 8,5 1,1 15 1 3 3 1 1 0

495BRA 345 3 68 7 16 2 3 3 307 190 74 1 2 1 7,4 1,0 10 1 1 2 3 1 0

501BRA 347 3 39 8 11 2 3 2 89 39 50 1 3 3 7,1 0,9 8 1 1 2 3 0 0

645BRA 348 3 34 8 13 2 3 3 99 53 22 1 2 1 5,6 0,7 9 1 1 2 2 0 0

643BRA 349 3 32 5 7 1 3 2 115 85 30 1 3 1 7,5 0,9 10 1 3 1 1 0 0

508BRA 350 3 71 15 21 1 1 1 299 83 42 1 1 2 7,0 0,9 12 1 3 1 1 1 0

507BRA 351 3 77 12 29 1 2 1 224 145 32 1 1 1 6,8 1,0 9 1 3 1 1 1 0
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24

513BRA 352 3 71 8 18 1 2 1 275 234 10 2 1 1 7,8 1,1 9 1 3 2 2 0 0

513BRA 353 3 102 10 19 1 3 3 456 263 31 1 1 1 7,0 0,9 8 1 1 1 3 0 0

507BRA 354 3 81 16 22 1 2 3 378 45 29 1 1 1 6,3 0,6 8 1 2 1 2 0 0

BRA 355 9 109 16 32 2 2 1 484 185 7 2 1 2 6,6 0,9 8 2 3 1 3 1 0

BRA 356 9 89 12 31 1 3 1 350 244 16 1 1 2 7,3 0,9 10 1 2 1 2 1 0

515BRA 357 3 102 16 20 1 2 3 546 12 16 1 1 1 8,4 0,9 11 1 3 1 1 0 1

515BRA 358 3 71 10 20 1 2 2 431 258 34 1 1 2 7,6 0,9 7 2 3 1 1 0 0

658BRA 359 3 72 10 21 1 1 3 498 477 19 1 2 1 5,0 0,6 6 2 2 2 2 0 0

BRA 360 9 60 11 16 1 1 1 285 258 5 1 1 1 5,1 0,5 4 1 1 2 1 1 0
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Appendix 2 
 
Primary morphometric data used in the paper no. 3 (Morphological variation of Pilosella 
officinarum). Following chracters are included in the table below:    
v1 ‐ ploidy level (1‐4x,2‐5x,3‐6x sex, 4‐6x apo) 
v2 ‐ locality number  
v3 ‐ plant number 
v4 ‐ the longest leaf shape ‐ (1‐oblanceolate to 3‐ovate) ‐ LS 
v5 ‐ leaf length ‐ LL  
v6 ‐ leaf width ‐ LW 
v7 ‐ distance between the widest point of leaf to the tip  ‐ WT 
v8 ‐ rate of leaf tip acuteness (1‐round, 2‐obtuse, 3‐acute) ‐ TA 
v9 ‐ density rate of single trichomes in the centre of the upper surface of 5 leaves 
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SL  
v10 ‐ average length of 10 single trichomes at the centres of 5 leaf surfaces ‐ SLC 
v11 ‐ density rate of single trichomes at the margins of the upper surface of 5 leaves  
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SM  
v12 ‐ average length of 10 single trichomes at the margins of 5 leaf surfaces ‐ SLM 
v13 ‐ density rate of stellate trichomes on the adaxial side of 5 leaves     
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SEL 
v14 ‐ density rate of glandular trichomes on the stem         
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ ES 
v15 ‐ density rate of single trichomes on the stem           
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SS 
v16 ‐ average length of 5 involucral bracts ‐ BL 
v17 ‐ average width of 5 involucral bracts ‐ BW 
v18 ‐ rate of dark trichome density on the involucrum         
  (1‐bright, 2‐dark trichomes) ‐ ID 
v19 ‐ density rate of glandular trichomes on the involucrum       
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ EI 
v20 ‐ glandular trichome colour ‐ translucent to black ‐ EC 
v21 ‐ density rate of single trichomes on the involucrum          
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SI 
v22 ‐ density rate of stellate trichomes on the involucrum        
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SEI 
v23 ‐ capitulum diameter ‐ CD 
v24 ‐ density rate of single trichomes on the stolons          
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ STS 
v25 ‐ density rate of stellate trichomes on the stolons         
  (1‐glabrate, 2‐single trichomes, 3‐dense hairs) ‐ SEST 
v26 ‐ stolon leaves (1‐diminishing, 2‐same‐sized, 3‐enlarging) ‐ SE 
v27 ‐ average length of 3 stolon leaves ‐ SL 
v28 ‐ average width of 3 stolon leaves ‐ SW 
v29 ‐ average diameter of 3 stolon ‐ SD 
v30 ‐ rate of stolon curve shape (1‐linear, 2‐curved shape) ‐ SC 
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24 v25 v26 v27 v28 v29 v30 v31

1 1 2 1 1 67 13 17 2 1 4,6 1 3,4 1 3 2 9,2 1,1 2 2 3 3 1 14 2 2 3 19,0 5,7 1,0 1

1 1 3 1 1 75 16 20 2 2 5,9 2 4,2 1 3 2 8,1 1,1 2 2 3 3 0 16 3 2 3 21,3 6,3 1,4 1

1 2 1 1 1 35 8 12 3 2 4,3 2 3,9 1 2 2 8,5 1,2 1 2 3 2 1 22 3 2 3 12,7 3,3 1,1 1

1 3 1 1 1 33 7 10 2 2 3,8 2 2,2 1 2 1 7,1 1,0 3 3 1 3 1 21 2 2 3 7,7 2,0 0,6 1

1 7 2 1 1 42 13 8 1 1 4,2 1 2,8 1 2 1 8,2 1,1 2 2 3 3 1 25 2 2 2 22,0 5,0 0,7 1

1 8 1 1 1 51 14 11 2 2 4,3 2 3,4 2 2 1 7,8 0,9 1 2 3 1 0 16 3 2 2 28,3 7,3 1,1 1

1 8 2 1 2 67 17 19 1 2 3,3 2 3,0 1 2 1 8,5 1,3 2 2 3 1 0 27 3 2 3 26,0 8,3 0,9 1

1 9 2 1 1 55 12 18 3 2 4,1 2 3,5 1 3 2 7,4 1,1 3 2 1 3 0 16 3 2 2 24,3 5,7 1,5 1

1 11 1 1 1 57 14 16 2 3 5,2 3 4,3 1 2 1 7,9 1,0 2 1 3 1 1 21 3 3 3 22,3 5,0 1,3 1

1 11 2 1 1 41 9 12 2 1 4,2 2 3,2 1 2 1 7,6 1,1 2 2 3 1 1 22 3 2 3 16,7 3,7 0,6 1

1 11 3 1 1 40 7 10 3 2 3,3 2 2,3 1 3 1 7,7 1,1 2 1 3 1 0 26 2 2 3 18,0 3,7 0,6 1

1 11 4 1 2 51 12 17 2 2 5,2 2 4,9 1 2 2 7,1 1,1 1 1 1 3 1 13 2 2 3 17,3 3,3 0,9 1

1 12 2 1 3 41 15 15 2 3 4,9 3 4,2 1 2 1 6,3 1,2 2 1 3 2 1 18 2 2 2 13,7 2,3 0,3 1

1 13 1 1 2 48 12 12 2 1 4,2 1 3,6 1 2 2 7,5 1,1 2 1 3 2 1 23 2 2 2 16,0 2,3 0,5 1

1 14 1 I. 1 2 61 12 17 1 1 3,0 1 2,3 1 2 1 7,8 1,1 2 1 3 2 1 15 2 3 3 22,3 5,7 1,3 1

1 14 2 1 2 52 13 11 1 1 5,0 1 3,2 1 2 1 7,7 1,1 2 2 3 2 1 12 2 2 2 18,3 5,7 1,4 1

1 17 1 I. 1 1 92 9 13 2 1 2,8 2 2,0 2 3 1 7,7 0,9 2 2 3 1 0 23 2 2 2 22,3 5,0 1,1 2

1 21 1 1 1 25 6 7 3 2 3,7 2 2,5 1 2 1 7,3 1,1 2 2 1 1 1 11 2 2 2 16,7 6,0 0,3 1

1 22 1 1 1 31 7 12 3 2 2,9 2 2,6 1 2 1 6,1 1,0 1 1 3 2 1 18 2 2 2 14,3 4,3 0,4 1

1 23 1 1 3 40 12 14 1 1 3,4 2 2,5 1 2 1 7,2 1,2 2 2 3 1 1 16 3 2 2 22,7 7,0 1,0 1

1 23 3 1 1 28 7 7 2 3 3,6 3 3,4 1 2 1 6,8 1,1 2 2 3 1 1 20 2 3 2 16,0 6,0 0,8 1

1 24 1 1 1 46 14 15 2 1 2,5 1 2,2 2 3 1 8,9 1,2 3 2 1 1 0 25 3 2 2 24,0 6,0 1,2 1

1 24 3 1 1 44 10 13 2 2 4,6 2 3,9 1 3 1 7,6 1,1 3 2 1 1 0 15 2 3 2 16,0 4,7 1,1 1

1 26 2 1 1 30 11 10 3 1 3,2 1 2,7 2 2 2 7,5 1,2 2 1 1 2 0 26 2 2 2 12,0 3,3 0,7 1

1 27 2 1 1 41 11 13 3 3 4,3 3 3,8 1 2 2 7,3 1,1 2 2 3 2 1 15 3 2 2 21,7 6,0 0,8 1

1 29 3 1 4 58 17 18 1 1 4,6 1 3,8 2 2 2 8,6 1,2 2 2 3 3 1 27 3 2 2 37,0 11,0 1,3 1

1 31 2 1 2 62 12 13 1 2 5,9 2 3,9 1 2 2 8,0 1,0 1 1 3 2 1 24 3 3 2 43,0 13,7 1,3 1

1 31 3 II. 1 2 64 16 20 1 1 4,8 1 3,3 1 2 2 8,6 1,1 2 2 3 2 1 23 3 3 3 28,0 8,7 1,3 1

1 35 1 1 1 32 9 10 3 1 5,2 1 3,7 1 2 2 7,8 1,1 1 1 3 2 1 15 2 2 2 15,7 6,0 1,0 1

1 35 3 1 1 51 16 18 3 1 5,4 1 4,1 1 2 2 8,2 1,3 1 2 3 3 1 22 3 3 2 26,7 9,0 1,2 1

1 36 2 1 1 49 13 16 3 3 6,3 3 5,0 1 2 1 8,5 1,3 2 2 1 1 1 27 3 2 2 31,0 6,3 1,2 1

1 37 1 1 1 28 7 7 2 2 2,7 2 2,2 1 2 1 7,5 1,0 2 2 1 1 1 23 2 3 2 7,7 2,3 0,8 1

1 37 2 1 1 23 7 9 2 2 4,6 2 3,6 1 2 1 7,8 1,1 2 2 3 1 1 29 2 2 2 10,0 3,7 0,0 1

1 41 2 1 1 52 12 12 2 2 4,9 2 4,2 1 2 1 7,6 1,1 2 2 1 1 1 21 2 2 2 23,7 6,0 1,2 2

1 44 1 1 1 27 8 7 2 3 4,6 3 3,6 1 2 1 7,0 1,0 2 2 3 1 1 9 2 2 1 18,3 5,7 0,3 1

1 44 2 1 1 37 10 8 2 1 5,1 1 2,9 1 2 1 8,0 1,2 2 2 3 1 1 20 2 2 3 10,0 3,3 0,5 1

1 44 3 II. 1 3 38 11 12 2 1 3,7 1 3,1 1 3 1 7,1 1,3 2 2 1 1 1 19 3 2 2 17,7 5,3 1,1 1

1 45 2 1 4 24 8 8 3 3 3,7 3 2,8 1 2 2 8,8 1,1 2 2 1 2 1 18 2 2 2 13,3 4,0 0,6 1

1 46 1 1 4 21 7 7 1 3 3,9 3 2,3 1 2 1 7,4 1,0 2 1 1 2 0 13 2 3 2 13,7 5,3 0,4 1

1 46 2 1 2 52 14 14 2 2 5,0 2 4,1 1 3 1 8,7 1,1 2 1 3 1 1 21 3 2 3 15,7 5,0 1,1 1

1 46 3 1 1 46 12 14 2 2 3,6 2 2,6 1 3 1 8,6 1,0 2 2 3 2 1 25 3 2 3 16,0 4,7 1,1 1

1 46 4 1 2 55 13 12 1 1 3,5 1 2,6 1 2 1 8,3 1,0 1 2 3 1 1 18 2 3 2 23,3 5,7 1,1 1

1 46 5 II. 1 1 47 14 16 2 2 4,5 2 2,8 1 3 1 8,9 1,1 2 1 1 1 1 24 2 2 3 20,0 6,0 1,2 1

1 47 2 1 1 44 13 15 3 2 4,5 2 3,6 1 1 1 8,5 1,1 2 1 3 2 1 10 2 2 3 10,3 2,3 1,1 1

1 48 1 1 3 52 18 16 1 2 4,8 2 4,0 1 2 1 8,4 1,1 1 1 3 1 1 25 3 2 2 16,7 5,0 1,1 1

1 48 2 II. 1 1 56 10 15 2 1 3,3 1 2,5 1 2 1 7,8 1,1 1 1 3 1 1 23 3 2 3 28,0 6,7 0,7 1

1 48 3 1 1 60 15 16 2 2 4,6 2 3,2 1 3 2 9,2 1,1 2 2 3 2 1 26 3 3 3 17,7 5,7 1,1 1

1 49 3 1 1 61 14 19 2 1 4,7 2 3,3 1 2 2 10,3 1,1 3 2 3 2 1 22 2 2 3 15,0 2,7 1,6 1

1 54 1 1 1 87 14 22 3 2 4,1 2 3,1 2 2 1 7,3 0,9 1 2 1 1 1 18 2 2 2 26,0 6,7 0,9 1

1 55 2 1 1 41 9 14 3 2 4,0 2 3,1 1 2 1 8,4 1,1 2 2 3 2 0 12 2 3 2 26,0 5,3 1,1 1

1 56 1 1 1 57 12 16 3 1 3,7 1 2,2 2 3 2 6,7 0,9 1 2 3 2 1 14 2 2 2 28,7 6,7 0,7 1

1 63 1 1 1 43 11 11 2 2 4,8 2 2,6 2 3 1 7,6 1,1 2 2 3 1 0 16 2 2 3 29,7 7,7 0,8 1

1 64 3 1 2 39 10 11 1 2 4,9 2 4,2 2 3 1 8,1 0,8 2 2 3 1 0 15 3 2 2 25,3 9,3 1,2 1

1 65 1 1 1 38 7 10 3 2 2,9 2 2,3 1 3 2 7,5 1,0 2 2 3 1 1 14 2 2 2 21,7 5,3 1,1 1
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24 v25 v26 v27 v28 v29 v30 v31

1 65 2 1 3 26 9 8 1 2 3,7 2 3,2 1 2 1 8,5 1,2 1 1 3 1 0 14 2 3 2 11,0 3,0 1,1 1

1 66 2 1 1 39 11 13 2 1 4,9 2 2,8 1 2 2 8,9 1,0 2 1 3 2 1 17 2 3 2 13,7 3,3 1,2 1

1 69 2 1 1 61 16 17 2 1 3,5 1 2,3 2 3 1 8,0 1,2 2 2 1 2 0 15 3 2 2 28,7 7,7 1,2 1

1 71 1 1 3 44 18 16 2 1 3,6 2 2,5 1 3 2 8,9 1,1 3 1 3 3 1 18 3 2 2 32,0 10,3 1,3 1

1 71 2 II. 1 2 83 18 15 2 1 5,1 2 3,5 1 3 2 8,9 1,0 2 2 1 3 1 20 3 2 3 39,7 11,3 1,4 1

1 71 3 I. 1 1 46 14 15 2 1 3,9 2 2,4 1 3 1 8,5 1,0 2 2 3 2 0 12 3 3 2 38,0 11,7 1,9 1

1 101 2 1 3 44 14 14 1 2 3,5 2 2,2 1 2 1 8,7 1,1 2 2 1 2 1 26 2 2 2 16,7 5,3 1,0 1

1 103 1 1 1 37 9 11 2 2 3,1 2 2,9 1 2 1 9,6 1,1 2 1 3 1 0 28 3 2 2 28,3 6,7 1,2 1

1 117 1 1 1 44 10 12 2 2 3,4 2 2,3 1 3 1 8,7 1,1 2 2 1 1 1 24 2 2 2 38,0 10,3 1,2 1

1 115 2 1 1 72 20 22 2 1 3,9 1 2,5 1 3 1 8,3 1,1 2 2 3 2 1 31 3 2 2 33,3 8,3 1,6 1

1 103 2 1 1 28 7 8 3 2 3,0 2 1,9 1 2 2 9,0 1,0 2 1 3 3 1 28 2 3 2 26,0 6,7 1,1 1

1 83 3 1 3 31 12 13 2 2 3,8 2 2,4 1 3 2 8,3 1,0 2 2 3 2 0 19 3 2 2 29,7 10,0 0,7 1

1 83 2 I. 1 3 41 15 16 1 2 4,7 2 3,1 2 3 1 8,2 0,9 2 2 3 3 0 24 3 2 2 25,7 8,7 0,8 2

1 81 3 1 1 82 13 15 2 2 5,4 2 2,7 1 2 1 7,5 1,0 2 2 3 1 1 17 2 2 2 10,3 3,7 0,7 1

1 81 1 1 1 43 8 12 3 1 3,2 1 2,9 1 2 1 8,1 1,0 2 2 3 1 1 21 3 2 3 10,7 3,3 1,2 1

1 72 1 1 2 41 14 11 2 2 5,0 3 3,2 1 3 1 9,1 1,1 2 2 3 1 0 20 3 2 3 18,0 4,0 1,3 1

1 60 3 1 4 33 10 16 3 1 3,6 1 2,7 1 2 1 5,6 0,9 2 1 3 1 0 17 2 2 2 22,7 5,3 0,4 1

1 60 2 II. 1 1 59 13 23 3 2 4,8 2 3,4 1 2 1 7,7 1,0 1 1 3 1 0 16 3 2 3 22,7 6,3 1,9 1

1 60 1 1 1 31 7 10 3 2 2,8 2 1,9 1 2 1 7,6 0,9 1 1 3 1 1 18 3 2 2 22,3 4,3 0,7 1

1 58 8 1 2 29 9 7 1 1 4,1 1 2,6 1 3 1 8,0 1,0 2 2 3 1 1 27 3 3 2 15,3 5,3 0,7 1

1 56 2 1 1 63 12 16 2 1 3,3 1 2,2 2 2 2 8,0 1,1 2 2 3 3 0 19 3 2 2 23,0 4,3 0,8 1

1 54 3 1 1 31 9 8 2 3 3,1 3 2,5 1 2 1 6,5 1,0 3 2 1 1 0 17 2 2 2 19,3 3,7 0,9 1

1 19 2 1 1 64 12 11 3 3 3,5 3 2,1 1 3 1 7,7 1,1 1 1 3 1 1 16 3 2 2 8,7 2,3 1,0 1

1 101 2 1 2 68 18 14 2 1 3,0 2 2,2 1 2 2 8,9 1,0 2 1 3 2 1 22 3 3 3 24,0 7,7 1,4 1

1 101 1 1 2 62 16 14 1 2 2,8 2 2,0 1 2 2 8,1 1,0 1 1 3 2 1 29 2 2 2 32,3 6,7 0,9 1

1 99 3 1 1 65 15 20 2 2 3,3 2 2,9 1 3 1 9,3 1,1 2 2 3 2 1 27 3 2 3 26,0 6,0 1,7 1

1 103 2 1 2 53 16 15 2 2 3,4 3 2,4 1 2 2 9,0 1,0 1 1 3 2 1 37 3 2 2 17,7 4,0 1,2 1

1 103 1 1 1 69 14 12 2 1 2,3 1 1,6 2 3 1 9,9 1,3 2 1 3 1 0 35 2 2 3 26,7 5,3 1,7 1

1 102 3 1 1 72 14 17 2 1 2,9 2 1,9 1 2 1 9,6 1,1 2 2 3 2 1 34 2 2 3 17,3 3,0 1,7 1

1 101 3 1 2 59 18 17 2 1 3,2 1 1,9 1 2 2 9,2 1,2 2 2 3 3 1 35 3 3 2 22,3 4,3 1,0 1

1 117 2 1 1 58 14 11 1 1 2,9 1 2,5 1 2 1 8,5 1,3 2 1 3 1 1 24 2 2 3 19,7 4,7 1,7 1

1 43 1 1 1 39 10 16 3 2 3,7 2 2,8 1 2 1 8,4 1,1 2 1 3 2 1 14 2 3 3 17,7 4,7 1,7 1

1 31 3 1 2 55 15 13 2 2 5,1 2 2,8 1 3 2 9,1 1,0 2 2 3 2 1 15 3 3 2 27,0 8,3 1,0 1

1 32 3 1 1 43 11 12 3 2 3,3 2 2,3 1 3 1 7,6 1,1 3 2 1 3 1 11 2 2 3 16,0 3,3 0,5 1

1 36 3 1 1 41 13 12 2 3 4,3 3 2,5 1 2 2 9,1 1,5 2 2 3 3 0 19 2 2 2 17,3 5,0 1,1 1

1 54 1 1 1 46 10 13 2 2 3,6 2 2,3 1 2 1 7,8 1,1 3 2 1 1 1 15 2 2 3 19,0 4,0 1,1 1

1 66 1 1 1 64 14 15 3 1 2,8 1 2,2 1 3 2 9,1 1,1 2 2 3 3 0 16 3 3 3 23,0 5,0 1,5 1

1 72 1 1 2 101 21 22 2 2 5,5 2 4,1 2 2 1 7,7 1,1 1 1 3 2 1 16 3 2 2 30,0 7,0 1,5 1

1 119 2 1 1 48 11 16 3 2 4,2 2 3,0 1 2 2 8,1 1,2 2 2 3 2 1 15 2 2 3 16,7 3,7 1,1 2

1 122 2 1 1 54 16 19 3 2 2,9 2 2,2 1 2 1 7,6 1,3 1 1 3 1 0 14 2 2 2 34,7 8,7 1,3 1

1 129 3 1 1 56 13 18 2 3 4,1 3 2,9 1 3 1 8,8 1,2 1 2 3 1 0 18 2 2 3 22,3 4,3 1,5 1

1 17 1 1 1 33 9 11 2 2 2,4 2 2,2 1 2 1 7,2 0,9 2 2 3 1 1 8 2 3 3 11,3 3,0 0,8 1

1 46 4 1 1 56 17 16 2 1 2,9 1 2,3 1 2 1 7,1 1,0 1 1 2 1 1 19 2 2 3 16,7 4,3 1,1 1

1 132 2 1 1 45 10 12 2 3 3,8 3 2,7 1 3 1 8,9 1,2 2 2 3 1 0 16 3 3 3 20,3 5,3 0,8 1

1 158 3 1 2 85 22 18 2 1 3,5 2 2,7 1 2 1 8,3 1,3 1 2 3 1 1 15 3 3 2 18,3 7,7 1,6 1

1 7 1 1 1 49 12 15 3 2 3,4 2 2,4 1 2 1 7,6 0,9 2 2 3 1 1 9 2 2 3 16,0 3,7 1,2 1

1 31 1 1 3 37 13 11 1 3 4,6 3 3,3 1 2 2 8,0 1,1 2 1 3 3 0 8 3 3 2 10,3 4,0 0,7 1

1 122 3 1 2 55 14 11 1 2 3,9 2 2,3 2 1 1 6,1 1,1 1 1 3 1 1 11 2 2 2 14,0 5,3 1,2 1

1 136 1 1 2 40 13 10 1 1 2,6 2 2,2 1 2 1 7,2 1,0 2 1 1 4 1 11 3 3 2 26,0 6,7 1,4 1

1 132 1 1 2 64 17 19 1 2 2,8 2 2,7 1 3 1 7,6 1,1 2 2 1 1 0 8 3 3 2 22,7 5,7 1,6 1

1 131 2 1 1 51 14 17 3 2 3,9 2 2,7 1 3 2 8,8 1,1 2 1 1 2 1 10 3 2 2 24,3 6,0 1,4 1

1 112 1 1 1 63 18 23 2 1 3,2 1 2,5 1 2 2 9,1 1,4 2 1 3 2 1 13 3 3 2 24,0 7,3 1,5 1

1 81 2 1 1 67 13 24 3 2 4,6 2 2,6 1 3 1 8,4 1,2 2 2 3 1 0 14 3 3 3 28,3 5,7 1,5 1

1 48 3 1 2 47 15 15 2 2 2,5 2 1,9 1 3 1 9,4 1,1 2 2 1 1 0 10 3 3 2 38,0 10,0 1,0 1

1 17 2 1 1 48 14 15 2 2 4,0 2 2,3 1 2 1 8,8 1,0 2 2 3 1 1 12 3 3 3 33,0 7,7 1,2 1
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24 v25 v26 v27 v28 v29 v30 v31

1 21 3 1 1 46 11 15 3 1 3,0 1 1,9 1 3 1 7,5 1,1 2 2 3 1 1 10 2 3 2 12,3 2,7 0,8 2

1 29 1 1 1 40 10 14 2 2 2,5 2 1,9 2 2 2 9,0 1,1 3 2 1 3 1 12 3 2 2 36,3 10,3 1,2 1

1 27 2 1 2 47 8 11 2 2 2,4 2 2,6 2 2 1 10,3 1,1 3 2 3 1 0 13 3 3 3 32,7 7,0 1,2 1

1 32 1 1 1 31 9 9 2 2 2,2 2 2,0 1 2 1 7,8 1,1 2 2 3 1 0 7 2 3 3 24,7 6,3 0,4 1

1 112 4 1 1 71 11 17 3 2 4,4 2 3,2 1 3 2 8,3 1,2 3 1 3 3 0 19 3 3 2 20,0 5,0 1,2 1

1 81 1 1 1 79 14 20 3 1 4,2 2 2,5 1 3 1 8,9 1,1 2 2 3 1 0 22 3 2 2 28,3 6,0 1,4 1

1 64 2 1 2 44 9 11 1 2 2,4 1 1,4 1 2 1 6,3 1,0 2 2 3 1 0 9 2 2 3 18,0 5,0 0,5 1

1 123 2 1 1 62 15 18 3 1 4,1 1 2,4 1 2 1 8,0 1,1 2 2 3 1 1 13 3 3 3 28,0 7,3 1,3 1

1 48 3 1 3 57 22 26 1 2 3,5 2 2,5 1 3 1 10,3 1,1 3 2 1 2 1 14 3 3 3 32,7 10,3 1,6 1

1 20 3 1 1 52 10 17 2 1 3,0 2 2,2 1 2 1 6,9 1,1 2 2 3 1 0 22 3 3 2 17,3 4,0 0,9 1

1 17 3 1 2 56 11 16 1 2 5,3 2 2,6 1 2 1 7,8 1,1 2 2 3 2 1 20 3 3 3 22,0 6,3 1,2 1

1 136 3 1 1 55 13 15 2 2 4,4 2 2,2 1 2 1 9,1 1,1 2 1 3 3 0 13 3 3 3 31,3 7,0 1,2 1

1 134 3 1 3 47 17 21 2 3 4,4 3 2,7 1 3 2 8,3 1,1 2 2 3 2 1 17 3 3 3 21,3 4,3 1,1 1

1 135 1 1 2 44 13 14 1 2 4,1 2 2,8 1 3 2 8,5 1,2 2 2 3 2 0 14 2 2 3 15,7 4,0 1,1 1

1 130 2 1 1 62 20 21 2 2 5,1 2 3,2 1 2 1 9,0 1,1 1 2 3 1 1 21 2 3 3 14,3 4,7 1,5 1

1 120 1 1 1 26 3 10 2 2 1,7 2 1,1 1 2 1 6,7 1,2 2 2 3 2 0 19 3 3 3 17,3 5,0 0,4 1

1 65 1 1 1 35 9 11 2 2 2,9 2 2,3 1 2 1 7,4 1,0 2 2 3 1 0 19 2 2 3 12,0 3,7 0,7 1

1 14 1 1 2 43 11 11 1 2 3,7 2 1,8 1 2 1 7,7 1,2 2 1 3 1 0 22 2 3 3 12,7 3,3 0,7 1

1 49 2 1 1 74 15 19 3 1 2,6 1 1,9 2 3 2 8,6 1,2 2 2 3 2 1 17 3 2 3 25,3 4,7 1,3 1

1 160 1 1 2 81 21 17 1 2 3,9 2 2,9 1 2 1 7,4 1,0 1 2 3 1 1 11 3 3 2 17,0 5,7 1,0 2

1 78 3 1 1 48 11 16 3 2 3,7 2 2,9 1 2 1 8,0 1,1 1 2 3 1 1 13 3 3 2 19,7 4,7 0,6 1

1 128 1 1 1 107 18 18 3 1 3,3 1 2,0 1 3 1 7,0 1,0 2 2 3 1 0 12 3 2 3 18,7 4,7 1,3 1

1 43 3 1 1 56 16 16 3 2 3,3 2 2,1 1 3 2 7,9 1,1 2 2 3 2 1 26 3 2 3 25,3 4,7 1,0 1

1 25 2 1 1 33 8 12 2 1 2,9 1 1,9 1 2 1 8,8 1,1 2 1 3 1 0 22 2 3 3 13,7 3,3 1,0 1

1 83 1 1 3 26 11 10 2 2 3,8 2 2,4 1 2 1 7,7 1,0 2 1 3 2 0 17 2 2 3 13,0 4,3 0,9 1

1 139 2 1 3 46 16 15 1 1 4,1 2 2,6 1 2 1 8,0 1,0 2 2 3 1 1 19 2 2 3 22,0 7,7 1,4 1

1 158 2 1 1 35 10 11 2 1 1,7 2 1,4 1 2 1 7,9 1,1 2 1 3 1 0 14 2 2 3 12,3 3,0 1,2 1

1 3 2 1 1 38 8 13 2 2 3,3 2 2,4 2 2 2 7,3 1,1 2 2 2 1 1 11 3 2 3 21,7 5,0 1,1 1

1 3 4 1 1 26 6 10 3 2 2,7 2 2,0 2 2 2 7,1 0,9 2 2 3 1 1 15 3 2 1 15,0 3,3 1,1 1

1 3 3 1 1 37 8 11 3 2 3,0 2 2,2 1 2 3 7,1 1,0 2 2 2 2 1 11 2 2 3 11,3 3,0 1,2 1

1 6 1 1 2 54 11 12 2 3 3,9 3 3,0 2 3 2 6,9 1,0 2 2 2 1 1 9 3 2 3 33,3 9,0 1,0 1

1 7 4 1 2 26 7 6 1 3 4,1 3 3,4 1 2 2 6,7 0,8 1 2 2 2 1 9 2 3 1 10,7 3,0 1,0 1

1 10 3 1 1 35 12 11 2 2 4,3 2 2,6 1 2 2 8,6 1,1 2 1 3 1 1 10 2 3 1 25,0 6,0 1,2 1

1 12 1 1 2 69 16 24 1 1 3,5 1 2,3 2 2 2 6,8 1,1 2 1 3 1 0 9 2 2 3 30,3 9,7 1,4 1

1 12 3 1 1 35 8 10 3 3 4,1 3 2,3 1 2 2 6,8 1,0 1 1 2 1 0 17 3 3 1 16,0 3,3 1,2 1

1 15 3 1 1 34 9 9 3 2 3,7 2 2,6 1 2 2 7,2 1,1 2 1 3 2 1 12 2 3 3 10,0 3,0 1,3 1

1 18 3 1 2 65 18 9 2 1 3,2 1 2,3 1 2 2 7,2 1,0 2 1 3 1 0 21 2 3 3 25,3 8,0 1,3 1

1 19 1 1 2 22 7 7 2 3 3,7 3 2,1 1 2 2 7,0 1,0 1 1 2 1 0 16 2 3 3 7,7 1,7 0,8 1

1 20 1 1 2 44 13 17 1 3 3,2 3 2,0 1 2 3 7,9 1,2 1 1 2 2 1 15 2 3 1 20,0 5,3 1,2 1

1 20 2 1 2 51 12 12 1 2 3,6 3 2,4 2 3 2 8,4 1,1 3 2 3 1 1 15 3 3 1 18,0 4,7 1,6 1

1 22 3 1 1 30 8 10 2 2 2,8 2 2,0 1 2 3 6,2 1,0 2 1 2 2 1 14 3 3 3 22,3 6,3 1,1 2

1 23 2 1 3 54 20 13 1 2 3,0 3 2,4 1 3 3 7,9 1,0 2 1 2 1 1 17 3 2 3 16,3 5,0 1,4 1

1 24 2 1 2 25 8 7 1 3 4,0 3 2,9 1 2 2 8,8 1,3 2 1 2 1 1 13 3 3 3 20,3 6,3 1,2 1

1 28 1 1 2 35 11 11 1 3 3,8 3 2,3 1 2 3 8,5 1,2 3 1 3 2 1 17 2 2 3 10,7 3,3 1,0 1

1 28 3 1 2 37 9 10 1 1 3,9 1 2,8 1 2 3 8,6 0,9 1 1 2 3 1 23 2 2 3 21,7 5,0 1,4 1

1 33 3 1 2 41 14 15 2 1 3,7 2 2,2 2 2 3 8,8 1,3 3 1 3 2 1 29 3 2 1 31,3 7,0 1,2 1

1 6 3 1 3 31 10 7 2 2 3,3 2 2,1 1 3 2 9,1 1,4 2 1 2 2 0 23 3 3 3 31,7 8,7 1,3 1

1 178 2 1 2 54 16 12 1 1 3,5 1 2,9 1 2 3 8,6 1,2 2 1 3 3 1 17 3 2 1 35,3 9,3 1,2 1

1 34 3 1 2 43 10 10 1 2 4,0 2 2,6 1 2 3 8,2 1,4 1 1 2 2 1 18 2 2 3 21,3 6,3 1,4 1

1 113 4 1 3 32 12 11 1 2 4,2 2 3,9 1 2 3 8,5 1,1 2 1 2 2 0 13 3 3 3 13,0 4,7 1,1 1

2 38 3 2 2 59 14 13 2 1 3,1 2 2,2 2 3 2 9,4 0,9 2 2 3 3 1 11 3 3 3 27,7 6,0 1,2 1

2 38 4 II. 2 1 58 18 18 2 2 5,2 2 4,2 2 3 2 9,4 1,1 2 2 3 3 1 25 3 3 2 24,7 7,3 1,2 1

2 39 1 2 1 84 18 21 2 2 5,5 2 5,0 2 3 3 9,5 1,1 2 1 3 3 1 22 2 2 3 21,7 6,0 1,5 1

2 42 1 2 3 39 13 14 2 2 5,0 2 3,3 1 3 1 9,4 1,0 3 2 3 1 1 24 2 2 2 14,3 4,7 1,1 1

2 42 2 2 3 40 15 14 1 2 5,7 2 3,1 1 3 2 9,4 1,2 2 2 3 1 1 28 2 3 2 13,0 4,3 0,7 1
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24 v25 v26 v27 v28 v29 v30 v31

2 53 3 2 1 52 16 17 3 1 4,0 2 2,9 1 3 2 9,4 0,9 3 2 3 3 0 24 3 2 3 31,0 8,3 1,4 1

2 61 2 2 1 48 11 13 2 2 4,7 2 4,1 1 3 2 6,6 1,0 1 2 3 2 1 17 3 3 2 14,3 4,3 0,5 1

2 73 1 2 1 72 13 20 3 2 5,0 2 4,3 2 2 3 9,9 1,0 2 1 1 2 0 10 2 2 3 38,3 5,7 1,2 2

2 76 2 2 1 37 11 14 2 2 4,3 2 2,5 1 3 2 11,0 1,2 3 2 3 3 0 34 2 2 2 20,3 5,3 1,4 1

2 91 1 2 1 53 13 15 3 2 3,5 2 3,2 1 3 2 8,3 1,1 2 2 3 2 1 24 3 2 2 33,0 8,7 0,4 1

2 92 2 2 1 65 11 18 3 1 5,6 1 5,2 2 3 1 8,9 0,9 1 2 3 3 1 13 3 3 2 17,7 3,0 1,3 1

2 96 1 I. 2 1 91 18 33 2 1 5,7 1 4,8 2 3 2 8,9 1,1 3 2 3 3 0 13 3 2 3 41,7 7,0 1,4 1

2 111 3 2 1 36 11 11 3 2 4,3 2 3,5 1 3 2 8,8 1,1 2 2 1 2 1 23 3 3 1 47,7 11,3 0,5 1

2 108 2 2 1 70 12 24 3 1 3,6 1 2,6 1 3 2 10,8 1,2 3 2 1 2 1 22 3 2 2 46,7 8,7 1,7 2

2 109 2 2 2 61 12 16 2 1 2,9 2 2,3 1 3 2 9,3 1,3 3 2 1 2 0 28 3 2 1 34,3 6,3 2,2 1

2 110 2 2 1 55 11 18 3 1 2,6 1 1,9 1 3 2 9,3 1,2 2 1 3 2 1 26 2 3 3 25,3 3,3 1,5 2

2 110 4 2 1 81 20 25 2 2 3,2 2 2,4 2 3 2 10,1 1,3 2 2 3 2 0 25 3 2 2 43,0 7,7 1,1 1

2 111 2 2 1 51 16 21 3 2 3,8 2 2,9 2 3 2 9,5 1,1 2 2 3 2 0 20 3 2 2 37,3 9,3 2,1 1

2 148 3 2 1 85 15 19 3 1 3,4 1 2,7 2 3 3 11,0 1,1 3 2 3 3 1 24 3 2 2 52,0 7,3 1,7 2

2 92 3 2 1 42 12 17 3 1 3,4 2 2,8 1 3 2 9,6 1,1 2 2 3 2 0 33 3 2 2 31,3 5,7 1,4 1

2 96 3 2 1 41 12 10 2 1 0,8 1 1,7 2 3 2 9,1 1,0 3 2 1 3 0 16 2 2 2 22,0 4,3 1,5 1

2 91 3 2 1 82 18 25 2 2 3,2 2 3,2 1 3 1 11,0 1,5 2 2 3 1 0 34 3 3 3 34,3 6,7 1,8 1

2 96 2 2 1 56 11 15 3 1 1,3 1 1,2 2 3 1 9,2 1,2 2 2 3 1 0 30 2 2 3 31,0 7,0 0,9 1

2 107 1 2 2 84 21 20 2 1 4,7 2 3,0 2 3 1 11,8 1,5 3 2 3 1 0 29 3 2 3 27,7 6,7 2,0 2

2 108 1 2 3 58 12 11 1 1 2,0 1 2,6 1 3 1 10,6 1,2 3 2 3 1 1 35 2 2 3 22,3 4,3 1,5 1

2 109 1 2 2 40 11 10 3 2 2,5 2 2,0 1 3 2 9,3 1,2 3 2 1 2 0 34 3 3 3 23,0 5,3 1,6 1

2 109 3 2 2 48 7 11 2 2 2,4 2 1,8 1 3 1 9,7 1,3 3 2 1 1 1 26 3 3 3 21,0 3,7 2,2 1

2 61 3 2 1 61 11 15 2 2 2,6 2 1,8 2 2 1 10,0 1,3 1 1 1 1 1 30 2 2 2 21,7 4,7 1,2 2

2 76 2 2 1 62 16 26 2 2 4,6 2 2,1 1 3 3 10,9 1,2 3 2 3 2 1 39 2 2 2 26,3 6,0 1,1 1

2 76 3 2 3 55 17 16 2 1 2,0 1 1,1 1 3 2 9,7 1,3 3 2 3 3 1 35 2 2 2 22,3 6,0 1,6 1

2 93 3 2 1 65 15 18 2 2 3,3 2 2,5 2 3 1 9,9 1,2 3 2 3 1 0 35 2 2 3 25,7 5,7 1,6 1

2 93 4 2 1 58 11 14 2 1 3,6 1 2,7 1 3 2 9,6 1,1 3 2 3 2 0 32 3 2 3 21,7 4,0 1,2 1

2 108 3 2 1 48 13 13 3 1 3,4 1 3,0 1 3 1 10,1 1,0 3 2 1 1 1 24 2 2 3 18,7 5,0 1,4 2

2 111 1 2 1 57 14 17 3 2 5,1 2 3,2 2 3 2 10,6 1,1 2 2 3 2 0 25 2 2 3 31,3 9,0 1,0 1

2 112 2 2 1 72 17 20 3 1 3,5 1 2,9 2 3 1 8,9 1,1 2 2 3 1 1 24 3 2 3 29,0 6,7 1,6 1

2 145 3 2 1 51 11 12 2 1 2,4 1 2,4 1 3 1 9,9 1,4 3 2 1 2 0 23 2 2 3 23,7 5,7 1,8 1

2 107 3 2 2 71 13 21 2 1 4,6 2 2,5 1 3 1 10,8 1,2 3 2 1 1 1 29 3 2 3 21,0 5,7 1,7 1

2 93 1 2 3 54 15 16 2 1 2,9 1 2,1 2 3 1 9,4 1,5 2 2 3 2 0 29 3 2 3 27,0 5,7 2,2 1

2 53 2 2 1 38 11 14 3 2 2,5 2 2,5 1 3 3 10,7 1,2 2 2 3 3 1 25 3 2 2 25,3 5,7 0,8 1

2 76 1 2 4 71 20 30 2 1 3,6 2 2,6 2 3 2 10,8 1,2 3 2 3 2 1 27 2 2 3 22,3 5,3 1,5 1

2 76 5 2 3 42 12 13 2 2 2,9 2 2,4 1 3 2 10,6 1,4 3 2 3 2 1 35 2 2 3 17,3 5,3 1,5 1

2 107 4 2 1 72 16 27 2 2 4,8 2 3,0 2 3 1 9,8 1,1 3 2 1 1 1 24 3 2 3 25,0 6,0 2,0 1

2 76 4 2 1 40 8 11 2 1 3,1 1 2,6 1 2 1 7,8 1,2 2 2 3 2 1 14 2 2 1 27,7 7,0 0,7 2

2 73 2 2 1 51 10 12 3 2 3,4 2 2,7 2 2 3 9,2 1,2 2 1 3 2 1 11 3 2 3 28,7 4,7 0,7 1

2 53 1 2 1 33 11 11 3 2 3,2 2 2,2 1 2 2 9,4 1,1 2 2 3 2 0 19 3 3 3 11,7 3,7 0,8 1

2 111 4 2 1 31 10 9 3 2 4,3 2 3,2 1 2 1 7,6 0,9 2 2 3 1 1 10 2 2 3 17,3 4,7 0,4 1

2 155 2 2 1 76 20 24 2 2 5,0 2 3,6 1 2 1 7,5 1,0 2 2 3 2 1 12 3 3 3 24,7 7,3 1,1 1

2 156 3 2 2 58 14 12 2 2 3,0 2 2,2 1 2 1 9,1 1,2 2 2 3 2 1 17 3 3 3 16,7 4,0 1,2 1

2 166 1 2 1 93 21 23 2 2 3,4 2 2,2 2 2 2 7,1 1,0 1 1 2 2 1 21 3 2 3 19,7 3,7 1,2 1

2 73 3 2 1 61 15 18 3 2 4,5 2 2,7 1 3 2 8,8 1,1 2 1 3 3 1 13 3 3 3 31,0 5,3 1,2 1

2 39 4 2 2 60 20 17 2 2 5,8 2 3,5 2 3 2 10,0 1,3 2 2 3 2 0 17 3 2 3 22,7 7,0 2,0 1

2 148 2 2 1 60 10 17 3 2 3,5 2 2,6 1 3 1 8,0 1,2 2 2 3 1 0 26 2 2 2 35,3 7,0 1,5 1

2 157 3 2 1 32 9 9 3 2 5,2 2 5,1 1 4 1 9,2 1,1 3 1 3 1 0 13 3 3 3 8,7 3,0 1,0 1

2 85 3 2 1 47 10 20 3 2 3,3 2 2,3 2 3 2 8,6 1,2 2 1 3 2 0 18 3 2 3 37,3 10,0 1,3 2

2 85 1 2 1 52 11 19 3 2 3,3 2 2,7 2 3 2 8,6 1,4 2 1 2 2 1 28 2 2 3 49,0 10,3 2,0 2

2 76 6 2 1 62 14 17 2 1 3,4 2 2,5 1 4 3 11,2 1,3 3 1 3 2 0 21 2 2 1 22,0 6,0 1,7 1

2 92 4 2 1 32 7 8 3 2 3,3 2 2,5 1 3 2 9,4 1,1 3 1 3 2 0 20 3 2 3 20,3 5,3 1,1 1

2 76 6 2 1 62 14 17 2 1 3,4 2 2,5 1 4 3 11,2 1,3 3 1 3 2 0 21 2 2 1 22,0 6,0 1,7 1

2 85 3 2 1 47 10 20 3 2 3,3 2 2,3 2 3 2 8,6 1,2 2 1 3 2 0 18 3 2 3 37,3 10,0 1,3 2

2 85 1 2 1 52 11 19 3 2 3,3 2 2,7 2 3 2 8,6 1,4 2 1 2 2 1 28 2 2 3 49,0 10,3 2,0 2
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24 v25 v26 v27 v28 v29 v30 v31

2 92 4 2 1 32 7 8 3 2 3,3 2 2,5 1 3 2 9,4 1,1 3 1 3 2 0 20 3 2 3 20,3 5,3 1,1 1

2 85 3 2 1 24 8 16 3 1 4,8 1 4,3 1 3 1 8,3 1,3 2 1 3 1 1 14 2 3 3 16,0 4,7 1,4 2

2 85 1 2 1 86 8 11 3 2 4,5 2 3,4 1 3 1 7,3 1,2 2 1 2 2 1 13 2 2 3 17,3 5,7 1,2 1

2 39 2 2 2 58 13 14 2 1 5,0 2 3,6 1 4 3 9,9 1,2 3 1 3 3 1 18 3 2 3 44,0 10,0 1,4 1

2 5 1 2 1 39 8 14 3 2 2,4 2 2,1 2 3 2 7,9 1,2 2 2 2 2 0 19 3 2 1 37,3 6,3 1,5 2

2 184 1 2 1 38 11 11 3 2 4,1 2 3,4 1 4 2 10,1 1,3 3 1 3 3 0 20 3 2 1 24,3 5,3 1,5 1

2 184 3 2 1 65 18 21 3 2 4,2 3 3,3 2 4 3 10,2 1,3 3 1 3 3 0 18 3 2 1 41,7 10,0 1,7 1

2 145 1 2 2 96 18 15 2 1 3,3 1 3,0 2 4 2 9,8 1,4 3 1 3 3 0 21 3 2 3 62,3 10,3 2,4 1

2 106 3 2 1 49 13 19 2 3 6,1 3 4,4 1 4 1 10,2 1,3 2 2 3 2 1 29 2 3 3 31,3 7,0 1,0 1

2 156 2 2 1 43 8 10 3 2 2,6 2 2,2 1 4 2 10,1 1,2 2 2 3 2 1 11 3 2 1 20,0 5,0 1,4 1

2 186 2 2 1 50 12 17 3 3 6,2 3 6,4 1 4 1 9,3 1,3 2 1 3 1 0 16 3 3 3 18,3 6,3 1,5 2

2 148 1 2 1 76 6 19 3 2 3,5 2 3,0 2 4 2 10,6 1,3 2 2 3 2 1 16 3 2 3 77,7 8,0 1,7 1

2 165 2 2 1 26 8 8 3 2 4,0 3 3,9 1 3 1 6,9 1,1 2 1 2 1 0 9 1 1 3 11,0 4,0 1,0 1

2 185 2 2 1 43 13 12 3 1 5,0 2 4,2 1 4 2 9,5 1,2 2 2 3 2 1 17 2 2 1 18,3 5,7 1,3 1

2 185 1 2 1 50 18 19 3 2 4,3 2 3,7 2 4 2 11,9 1,4 2 2 3 3 0 15 1 1 1 27,0 6,3 1,9 1

2 92 1 2 1 46 7 10 3 1 3,2 1 3,2 2 3 2 10,0 1,1 2 2 3 2 1 15 1 1 1 27,0 5,7 1,3 1

2 93 2 2 1 47 12 11 3 2 4,3 2 3,9 1 4 2 8,7 1,0 2 2 2 2 0 15 1 2 3 14,0 3,0 1,0 1

2 171 1 2 1 60 17 18 2 2 4,3 2 2,8 1 4 2 9,4 1,1 3 2 3 2 1 12 1 1 1 25,3 7,0 2,0 1

2 171 3 2 1 37 9 7 3 3 4,3 3 3,7 1 3 1 8,8 1,1 2 2 2 1 1 11 1 1 3 13,3 3,3 1,2 1

2 180 2 2 1 69 16 19 3 1 4,3 1 3,9 1 4 3 10,1 1,1 2 2 3 3 0 14 1 1 3 33,3 5,7 2,0 2

2 180 3 2 1 51 14 12 3 1 3,4 1 3,1 1 4 2 11,0 1,3 2 2 2 3 1 24 1 1 1 35,7 8,7 2,3 1

2 180 4 2 1 52 10 16 3 1 3,7 2 2,7 2 3 2 10,7 1,3 2 2 2 3 1 23 2 2 1 18,3 4,7 1,7 1

2 180 5 2 2 50 13 11 3 2 3,2 2 2,4 2 3 1 8,8 1,3 3 1 3 2 0 24 2 2 3 20,0 5,3 1,6 1

3 5 3 3 1 48 10 18 3 1 6,0 1 5,4 1 2 1 8,3 1,0 1 1 1 2 1 26 2 3 3 13,7 3,0 1,5 2

4 40 2 4 1 121 31 32 3 2 4,5 2 2,4 3 3 3 9,8 1,1 2 2 3 3 1 26 2 2 3 49,0 10,3 1,2 1

4 40 5 4 1 67 16 19 3 3 4,7 3 3,3 2 3 3 10,1 1,2 3 2 3 3 1 19 3 2 2 25,7 5,0 1,4 1

4 52 3 II. 4 1 108 21 27 3 2 5,6 2 4,3 1 2 2 9,5 1,1 1 1 3 3 1 22 3 2 2 51,0 9,0 1,6 2

3 70 1 3 1 34 13 15 3 3 6,6 3 6,5 1 2 2 8,2 1,1 1 1 3 3 1 20 3 3 2 15,3 3,7 1,2 2

3 70 2 3 1 102 16 23 3 3 6,4 3 5,4 1 3 3 9,8 1,1 1 1 1 3 1 19 3 3 3 27,3 4,3 1,5 2

3 75 3 3 1 70 17 20 3 3 8,4 3 7,0 1 3 3 9,5 1,1 1 1 3 3 1 35 3 2 2 24,3 4,3 1,7 2

3 77 1 3 1 79 12 17 3 1 6,7 2 6,1 1 2 2 7,7 1,0 1 1 3 2 1 26 2 3 2 16,3 4,0 1,3 2

3 77 2 II. 3 1 49 12 12 3 1 6,4 2 5,1 1 3 2 10,4 1,1 2 2 3 3 1 31 3 3 2 26,3 6,0 1,6 2

3 77 5 3 1 103 13 17 3 2 6,6 2 5,3 1 2 2 8,1 1,1 1 1 1 3 1 15 2 3 2 21,0 4,0 1,4 2

3 79 2 3 1 70 12 19 3 2 6,1 2 4,3 1 3 3 9,1 1,2 2 2 3 3 1 16 3 2 2 38,0 7,0 1,5 2

3 79 4 3 1 48 9 14 3 1 5,4 2 4,8 1 2 3 9,8 1,0 2 2 1 2 1 27 3 2 3 19,7 3,7 1,4 2

3 87 1 3 1 72 12 22 3 2 5,6 2 4,0 2 3 1 9,3 1,0 2 2 3 1 1 29 3 3 2 21,0 5,0 1,3 1

3 87 5 3 1 87 10 21 3 1 3,6 1 3,5 1 3 2 8,7 1,0 1 2 3 2 1 31 3 3 3 29,0 5,7 2,0 2

4 114 5 I. 4 1 78 13 23 3 2 6,8 2 5,9 1 3 2 9,2 1,1 2 1 3 3 1 15 2 2 2 35,3 7,0 1,4 2

4 97 1 4 1 65 20 21 3 3 5,4 3 3,5 2 3 3 8,9 1,1 3 2 1 3 1 23 3 2 2 36,0 11,0 1,8 1

3 57 4 3 1 62 11 22 3 1 5,0 2 3,9 1 3 3 10,6 1,2 3 2 1 3 1 18 3 3 3 39,0 6,7 1,8 2

3 77 4 3 1 102 21 43 3 2 5,8 2 5,0 1 3 3 13,6 1,1 2 2 3 3 0 21 3 3 2 47,3 9,7 2,0 2

3 79 1 3 1 70 11 23 3 1 4,1 2 3,7 2 3 3 10,0 1,1 2 1 1 3 0 18 2 2 3 36,0 6,7 1,6 2

3 70 3 3 1 58 10 18 3 2 4,9 2 4,3 1 2 3 8,9 1,2 2 1 3 3 1 13 3 2 3 32,3 5,0 1,6 2

3 70 4 3 1 50 8 20 3 2 4,2 2 3,8 1 3 3 10,4 1,1 2 1 3 3 1 23 3 3 3 26,7 3,7 1,6 2

3 70 5 3 1 53 12 19 3 2 3,9 2 3,2 1 3 3 10,6 1,1 3 1 3 3 0 28 3 3 3 25,0 4,7 1,7 2

3 75 1 3 1 92 10 27 3 3 5,1 3 3,9 2 3 3 10,5 1,1 1 1 1 3 1 29 3 2 3 47,3 8,0 1,9 2

3 75 2 3 1 73 9 23 3 3 5,7 3 5,0 1 3 3 10,8 1,3 2 1 1 3 1 30 3 2 2 49,7 9,3 1,9 2

4 40 1 4 1 81 18 25 3 3 5,1 3 3,9 2 3 3 11,1 1,3 2 2 3 3 1 19 3 2 3 29,7 8,7 2,5 2

3 57 1 3 1 109 11 34 3 1 3,2 1 2,9 2 3 3 10,0 1,0 2 1 3 3 1 16 3 3 3 36,0 7,7 1,6 2

3 77 3 3 1 68 15 25 3 1 4,1 1 3,8 2 3 2 11,0 1,2 2 1 1 2 0 20 3 3 2 30,0 5,7 1,9 1

4 108 4 4 1 57 8 16 3 2 3,0 2 2,5 2 3 3 10,0 1,1 3 2 3 3 0 17 3 2 2 42,7 6,7 2,1 2

4 114 4 4 1 84 12 26 3 1 6,3 2 5,7 1 3 3 10,8 1,3 2 2 3 3 1 22 3 3 3 36,7 6,7 1,6 2

4 142 3 4 1 111 14 34 3 2 5,0 2 4,6 1 3 3 10,1 1,3 3 1 3 3 1 16 3 2 2 58,0 9,0 2,2 2

4 143 2 4 1 70 9 19 3 2 5,1 2 5,0 1 3 2 10,9 1,2 2 2 3 3 1 18 3 2 2 57,7 7,0 2,1 2

4 150 1 4 1 113 13 35 3 1 5,1 1 5,0 1 3 2 10,6 1,2 2 2 1 2 0 22 3 3 3 63,7 9,0 2,1 2
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24 v25 v26 v27 v28 v29 v30 v31

4 150 2 4 1 84 11 26 3 1 4,9 1 3,9 1 2 2 10,1 1,3 2 2 1 2 0 15 3 3 2 43,0 6,3 1,6 2

3 79 3 3 1 60 12 21 3 2 4,1 2 3,8 2 3 3 10,1 1,2 2 2 3 3 1 19 3 3 3 21,0 5,7 1,6 2

3 79 5 3 1 77 12 17 3 2 3,6 2 3,1 2 3 2 10,1 1,3 2 2 1 3 0 17 3 2 3 43,3 8,0 1,9 2

3 86 5 3 1 85 17 27 3 2 4,9 2 3,9 1 2 3 10,6 1,2 1 1 3 3 1 32 2 2 2 46,0 9,7 2,4 1

4 88 3 4 1 54 8 18 3 1 4,6 1 3,9 1 3 3 11,2 1,2 2 1 3 3 1 23 3 2 2 29,3 5,3 1,7 2

4 88 4 4 1 66 12 19 3 2 4,9 3 4,6 1 3 3 10,8 1,1 2 1 1 3 1 23 3 3 3 36,7 6,7 2,2 2

4 97 5 4 1 81 19 19 3 3 4,2 2 3,1 3 3 3 11,5 1,0 3 2 3 3 0 22 3 2 3 50,7 9,7 1,8 1

4 97 6 4 1 116 23 22 3 1 4,7 2 3,9 3 3 3 10,6 1,2 3 2 1 3 0 20 3 2 1 57,0 12,3 2,1 1

4 52 2 4 1 64 14 19 3 2 3,9 2 3,4 2 3 2 10,3 1,2 3 2 1 3 1 24 3 3 2 59,7 13,7 1,6 2

3 4 1 3 1 41 10 12 3 1 3,8 2 3,5 1 2 2 8,9 1,2 2 1 1 2 1 24 2 2 2 32,7 8,0 1,7 2

3 87 2 3 1 47 9 17 3 3 4,8 3 3,8 1 2 3 9,1 1,1 1 2 1 3 1 37 2 2 3 14,3 3,3 1,5 2

4 88 1 4 1 63 10 21 3 3 4,8 3 4,5 1 3 3 11,7 1,1 3 2 1 3 1 34 3 3 3 31,0 6,0 1,6 2

4 89 1 4 1 71 10 19 3 1 5,4 2 4,3 1 3 3 10,5 1,2 2 2 1 3 1 35 2 2 3 39,7 8,3 2,3 2

4 89 2 4 1 115 14 32 3 2 5,3 2 4,1 2 3 3 9,6 1,2 3 2 1 3 0 27 3 2 2 60,3 11,7 2,3 2

4 89 3 4 1 64 11 19 3 2 4,4 2 3,9 2 3 3 11,2 1,2 3 2 1 3 1 30 3 2 3 34,7 7,3 1,6 1

4 89 4 4 1 53 10 18 3 2 4,4 2 3,9 2 3 3 10,3 1,1 3 2 1 3 1 31 3 2 3 29,3 5,7 1,5 2

4 110 1 4 1 41 11 12 3 3 5,2 3 3,9 1 3 2 9,5 1,6 2 2 3 2 1 32 3 3 3 19,0 4,3 1,6 2

3 140 2 3 1 92 15 27 3 1 3,9 1 3,7 2 3 2 10,5 1,3 3 1 3 3 1 41 3 2 3 40,3 7,3 2,1 2

3 140 3 3 1 58 13 16 3 2 3,4 2 3,1 2 2 2 9,5 1,7 2 2 1 2 0 38 2 2 2 25,0 5,3 1,8 2

3 141 2 3 1 42 8 15 3 2 2,7 2 2,8 2 3 3 9,3 1,1 2 1 3 3 0 30 3 2 2 30,3 7,0 2,6 2

4 144 2 4 2 50 11 10 2 1 2,6 1 3,4 1 3 2 10,3 1,2 3 2 1 2 1 35 3 3 2 21,0 5,3 1,8 1

4 97 2 4 1 123 22 30 3 2 4,5 2 4,8 2 3 3 9,0 1,2 3 1 1 3 1 30 3 1 3 54,7 10,7 2,1 2

4 97 3 4 1 61 15 24 3 3 4,6 3 4,1 2 3 3 9,7 1,2 3 2 1 3 1 32 3 2 2 25,7 6,7 1,3 2

4 97 4 4 1 69 20 23 3 3 3,6 3 2,8 2 3 3 10,3 1,2 2 1 3 3 1 31 3 2 3 35,7 7,7 1,3 1

4 114 2 4 1 65 14 24 3 3 3,4 3 2,8 1 3 1 9,4 1,2 3 2 3 3 0 30 3 2 3 29,0 6,3 1,6 2

3 57 3 3 1 39 7 9 3 2 3,5 2 3,1 2 2 1 9,2 1,2 2 1 3 3 0 36 2 2 3 21,0 5,3 1,7 1

4 40 4 4 1 84 26 24 3 3 5,4 3 3,6 2 3 2 9,6 1,1 2 1 3 3 1 18 3 3 2 11,0 3,0 1,8 1

3 141 1 3 1 53 10 15 3 2 3,3 2 2,5 1 2 1 8,4 1,2 1 1 2 2 0 12 3 3 3 33,7 7,7 2,3 2

4 88 2 4 1 112 19 30 3 2 6,9 2 4,7 1 3 1 11,4 1,2 2 2 1 2 1 22 3 2 3 27,0 6,7 2,7 2

4 162 1 4 1 109 21 31 3 2 6,7 2 6,1 1 2 1 8,5 1,1 2 2 3 2 0 27 3 3 3 23,7 5,0 2,3 2

3 209 3 3 1 82 15 21 3 2 3,6 2 2,8 1 3 1 9,2 1,3 2 2 2 1 0 20 3 3 1 35,3 7,7 1,5 1

4 170 2 4 1 51 11 15 3 3 5,7 3 3,7 1 3 2 8,4 1,1 1 1 2 2 1 21 3 3 3 33,7 6,3 2,4 2

3 201 2 3 1 57 9 21 3 2 4,0 2 3,0 1 3 1 8,5 1,3 3 2 3 1 0 15 2 2 1 15,0 3,0 1,3 1

3 86 4 3 1 112 20 26 3 3 3,3 3 2,3 3 3 3 10,1 1,7 3 1 3 3 0 26 2 2 1 85,0 15,7 2,0 1

3 86 1 3 1 119 20 26 3 2 3,3 2 2,2 2 2 3 10,2 1,5 2 1 3 3 1 27 3 2 1 55,0 14,3 2,3 1

3 199 4 3 1 63 10 15 3 1 4,6 1 4,2 1 3 2 9,6 1,2 2 1 3 3 0 12 2 2 3 48,0 8,0 1,9 2

3 197 5 3 1 99 15 23 3 2 5,8 2 4,8 1 2 2 9,5 1,0 2 1 2 3 1 21 3 2 1 29,0 4,7 1,7 2

3 199 4 3 1 93 17 22 3 2 5,2 2 3,0 1 3 1 9,0 1,4 2 2 3 2 1 17 3 3 3 16,7 4,0 1,6 2

3 198 4 3 1 57 11 20 3 3 5,7 3 4,5 1 2 2 9,0 1,1 2 1 3 2 1 10 2 2 1 20,7 3,7 1,3 2

3 199 1 3 1 72 16 21 3 2 4,9 2 4,6 1 2 1 9,6 1,1 2 1 3 2 1 18 2 2 1 28,3 5,0 1,7 2

3 195 2 3 1 74 12 18 3 2 3,5 2 2,9 2 2 3 8,7 1,4 2 1 3 3 1 17 3 2 1 34,7 5,0 2,1 2

3 195 1 3 1 49 7 14 3 2 2,2 2 2,2 2 2 2 9,5 1,1 2 1 3 2 0 24 3 3 1 38,3 6,3 1,5 2

3 195 6 3 2 93 10 25 3 2 3,1 3 2,7 2 3 3 9,3 1,2 2 2 3 2 0 22 3 3 1 54,3 8,3 1,7 2

3 196 7 3 1 107 14 27 3 2 5,1 2 4,5 2 3 2 10,9 1,2 2 2 3 2 0 24 2 2 1 47,7 6,7 2,0 2

3 195 5 3 1 65 8 28 3 2 3,3 2 2,4 2 2 3 10,1 1,3 2 1 3 3 1 21 2 2 1 46,7 7,0 1,6 2

4 143 1 4 1 71 9 20 3 2 5,0 3 3,1 2 3 3 12,0 1,4 3 1 3 3 1 21 3 2 1 64,7 9,0 1,8 1

4 142 2 4 1 90 11 24 3 3 4,5 3 3,3 2 2 3 8,8 1,2 2 1 3 3 1 17 3 3 1 45,0 7,0 1,4 1

4 142 1 4 1 51 7 16 3 3 4,7 3 3,8 1 2 3 9,1 1,4 3 1 3 3 1 16 3 3 1 34,0 6,7 1,8 1

3 197 1 3 1 45 10 13 3 2 6,6 2 4,4 1 2 2 10,6 1,2 2 1 3 2 1 16 2 3 1 18,7 3,7 1,3 2

3 5 2 3 1 45 8 14 3 1 5,1 1 5,1 1 2 2 9,8 1,1 2 1 3 2 1 15 2 3 1 25,7 4,3 1,7 2

3 196 6 3 1 98 19 24 3 1 6,9 2 5,4 1 3 1 8,9 1,3 2 2 3 2 1 20 3 3 3 22,7 4,3 1,6 2

3 199 4 3 1 63 10 15 3 1 4,6 1 4,2 1 3 2 9,6 1,2 2 1 3 3 0 12 2 2 3 48,0 8,0 1,9 2

3 197 5 3 1 99 15 23 3 2 5,8 2 4,8 1 2 2 9,5 1,0 2 1 2 3 1 21 3 2 1 29,0 4,7 1,7 2

3 86 4 3 1 112 20 26 3 3 3,3 3 2,3 3 3 3 10,1 1,7 3 1 3 3 0 26 2 2 1 85,0 15,7 2,0 1

3 86 1 3 1 119 20 26 3 2 3,3 2 2,2 2 2 3 10,2 1,5 2 1 3 3 1 27 3 2 1 55,0 14,3 2,3 1
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v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20 v21 v22 v23 v24 v25 v26 v27 v28 v29 v30 v31

3 199 4 3 1 93 17 22 3 2 5,2 2 3,0 1 3 1 9,0 1,4 2 2 3 2 1 17 3 3 3 16,7 4,0 1,6 2

3 198 4 3 1 57 11 20 3 3 5,7 3 4,5 1 2 2 9,0 1,1 2 1 3 2 1 10 2 2 1 20,7 3,7 1,3 2

3 199 1 3 1 72 16 21 3 2 4,9 2 4,6 1 2 1 9,6 1,1 2 1 3 2 1 18 2 2 1 28,3 5,0 1,7 2

3 195 2 3 1 74 12 18 3 2 3,5 2 2,9 2 2 3 8,7 1,4 2 1 3 3 1 17 3 2 1 34,7 5,0 2,1 2

3 195 1 3 1 49 7 14 3 2 2,2 2 2,2 2 2 2 9,5 1,1 2 1 3 2 0 24 3 3 1 38,3 6,3 1,5 2

3 195 6 3 2 93 10 25 3 2 3,1 3 2,7 2 3 3 9,3 1,2 2 2 3 2 0 22 3 3 1 54,3 8,3 1,7 2

3 196 7 3 1 107 14 27 3 2 5,1 2 4,5 2 3 2 10,9 1,2 2 2 3 2 0 24 2 2 1 47,7 6,7 2,0 2

3 195 5 3 1 65 8 28 3 2 3,3 2 2,4 2 2 3 10,1 1,3 2 1 3 3 1 21 2 2 1 46,7 7,0 1,6 2

4 143 1 4 1 71 9 20 3 2 5,0 3 3,1 2 3 3 12,0 1,4 3 1 3 3 1 21 3 2 1 64,7 9,0 1,8 1

4 142 2 4 1 90 11 24 3 3 4,5 3 3,3 2 2 3 8,8 1,2 2 1 3 3 1 17 3 3 1 45,0 7,0 1,4 1

4 142 1 4 1 51 7 16 3 3 4,7 3 3,8 1 2 3 9,1 1,4 3 1 3 3 1 16 3 3 1 34,0 6,7 1,8 1

3 197 1 3 1 45 10 13 3 2 6,6 2 4,4 1 2 2 10,6 1,2 2 1 3 2 1 16 2 3 1 18,7 3,7 1,3 2

3 196 6 3 1 98 19 24 3 1 6,9 2 5,4 1 3 1 8,9 1,3 2 2 3 2 1 20 3 3 3 22,7 4,3 1,6 2

3 209 3 3 1 82 15 21 3 2 3,6 2 2,8 1 2 1 9,2 1,3 2 2 2 1 0 20 3 3 1 35,3 7,7 1,5 1

3 175 1 3 1 53 8 15 3 1 3,1 1 2,1 2 2 2 10,5 0,9 2 1 3 3 0 21 2 2 1 24,3 2,0 1,1 2

3 201 1 3 1 80 10 22 3 2 5,0 2 4,0 1 3 2 10,9 1,1 2 1 3 3 1 16 3 3 1 32,7 5,7 1,5 2

3 197 3 3 1 68 11 18 3 2 6,3 2 5,5 1 2 2 9,0 1,1 2 1 3 3 1 26 3 3 3 41,3 6,7 1,7 2

3 205 2 3 1 69 13 13 3 1 6,7 1 7,2 1 3 3 11,0 1,3 1 1 2 3 1 29 2 2 1 32,3 7,7 2,0 1

4 X 2 4 1 44 9 16 3 2 5,7 2 4,7 1 2 2 8,7 1,1 3 1 2 3 1 11 2 2 3 30,3 5,7 1,3 1

3 198 1 3 1 46 10 17 3 1 4,4 2 3,4 1 3 2 8,8 1,1 2 1 2 3 0 20 2 3 1 25,0 6,3 1,6 2

3 199 5 3 1 54 9 12 3 1 3,6 1 5,9 1 3 2 9,2 1,2 2 2 3 2 0 25 2 2 3 30,0 6,3 1,4 2

3 194 2 3 1 89 11 22 3 1 3,8 1 2,8 2 2 2 10,0 1,4 3 2 3 3 1 33 2 2 3 71,0 9,0 2,1 2

3 195 5 3 1 114 15 33 3 2 4,9 2 4,3 2 2 2 10,3 1,3 1 1 2 3 1 20 3 3 1 62,0 8,7 1,7 1

3 201 1 3 1 85 19 23 3 3 5,8 3 4,1 1 2 1 10,4 1,2 2 2 3 2 1 18 2 2 3 44,3 8,7 1,6 2

3 209 2 3 1 67 13 20 3 2 3,5 2 2,9 1 2 1 8,3 1,3 2 1 3 1 1 21 2 2 3 49,7 11,0 1,6 1

3 207 3 3 1 50 13 15 3 2 2,8 2 2,5 2 3 1 9,1 1,4 2 2 3 1 0 17 2 2 3 37,0 6,7 1,3 2

3 197 5 3 1 106 12 27 3 2 6,3 2 5,7 1 2 2 9,0 1,1 2 1 2 2 0 19 3 3 1 38,3 4,3 1,9 2

3 198 2 3 1 61 13 16 3 1 5,0 1 4,0 1 2 2 9,2 1,1 3 1 3 3 0 22 2 2 3 34,3 8,0 1,8 2

3 193 2 3 1 97 17 32 3 2 5,2 3 3,9 1 2 2 12,0 1,2 3 1 3 3 1 31 3 2 1 44,3 7,0 1,9 1

4 149 1 4 1 42 12 12 3 2 3,8 2 2,6 2 2 2 9,7 1,3 3 2 3 3 1 14 3 2 1 35,3 8,3 1,3 1

4 149 2 4 1 76 12 21 3 1 4,3 2 4,0 3 3 3 10,4 1,8 3 1 3 3 1 30 2 1 3 41,3 10,0 1,9 1

3 207 1 3 1 52 13 18 3 3 4,3 3 3,3 1 3 2 7,5 1,2 2 1 3 2 0 19 1 1 1 13,7 4,3 1,2 2

3 208 2 3 1 109 18 30 3 1 4,9 1 4,1 1 3 3 9,2 1,2 2 2 2 3 1 22 2 2 3 24,7 5,3 2,4 2

3 196 2 3 1 49 10 14 3 2 2,3 2 2,1 1 3 2 10,0 1,3 2 1 3 2 1 29 2 2 3 20,0 3,3 1,7 2

3 207 2 3 2 48 9 14 2 2 4,0 2 2,6 1 3 2 7,5 1,2 2 1 3 2 0 19 1 1 1 13,7 4,3 1,2 2

4 151 3 4 1 52 21 20 3 2 3,7 2 3,5 1 3 2 7,9 1,2 2 2 2 3 1 25 2 1 3 32,0 10,0 1,1 1

4 211 2 4 3 65 15 11 2 3 3,9 3 2,5 1 3 2 7,7 1,2 2 2 3 2 1 26 2 1 1 20,7 6,3 1,3 1

3 205 4 3 1 43 6 14 3 1 3,4 2 2,8 1 3 3 10,1 1,5 1 2 3 3 1 23 2 2 1 31,0 6,0 1,8 2

3 206 1 3 1 46 15 14 3 1 3,4 2 2,7 1 3 3 8,0 1,3 2 2 3 3 1 18 2 2 1 18,3 4,7 1,5 2

4 162 2 4 1 54 11 14 3 3 4,2 3 3,3 1 3 3 10,0 1,2 3 2 3 3 1 28 2 2 1 28,3 5,7 1,6 2

4 183 2 4 1 91 25 28 3 3 4,3 3 4,2 2 3 3 11,6 1,4 3 2 2 3 1 26 2 1 1 37,3 8,0 1,8 2

4 182 3 4 1 57 19 20 3 3 4,6 3 4,1 2 3 2 10,7 1,3 3 2 3 3 0 14 2 1 3 20,7 6,3 1,3 1

4 214 1 4 1 57 15 24 3 1 4,2 2 4,0 2 2 3 12,2 1,5 3 2 3 3 1 20 2 1 1 26,0 6,7 1,5 1

4 52 1 4 1 49 10 15 3 1 3,6 2 3,8 1 3 2 10,4 1,2 2 2 3 2 0 14 2 2 1 29,0 8,3 1,9 1

3 210 3 3 1 93 17 21 3 1 3,2 2 2,5 2 3 2 10,5 1,5 2 1 3 3 1 25 1 1 1 51,0 8,3 2,0 2

3 209 1 3 1 63 15 19 3 2 3,4 2 2,8 1 2 2 8,5 1,3 1 1 3 2 0 16 1 1 3 40,3 7,3 1,7 2

3 57 2 3 1 91 13 25 3 2 4,9 2 4,1 1 2 2 7,8 1,2 1 1 2 2 1 17 1 1 3 35,7 8,0 2,0 2

3 57 7 3 1 64 14 19 3 1 3,2 1 2,9 1 3 2 9,0 1,1 2 1 3 3 1 22 1 2 1 30,7 5,3 1,7 1

3 140 1 3 1 82 18 24 3 2 6,1 2 4,8 1 3 1 8,6 1,3 1 1 3 1 1 17 1 1 3 19,7 4,0 1,4 2

3 157 2 3 1 53 13 14 3 2 4,2 3 3,4 1 2 2 7,8 1,0 2 1 2 2 1 12 1 2 3 15,0 5,0 1,3 1

3 165 1 3 1 46 14 11 3 3 4,2 3 3,7 2 3 3 7,9 1,1 3 1 3 3 1 23 2 2 1 26,0 5,7 1,7 1

4 170 1 4 1 77 19 20 3 2 6,7 2 5,5 1 3 3 9,9 1,1 2 1 3 3 1 25 2 2 1 19,0 4,3 1,5 1

3 175 3 3 1 39 7 15 3 2 3,4 2 2,8 1 3 2 9,2 0,8 2 2 3 2 1 16 1 1 1 24,0 2,0 1,5 2

3 195 4 3 1 66 12 18 3 3 5,7 2 4,6 1 2 2 9,0 1,1 1 1 2 2 1 19 1 2 3 11,7 3,3 1,4 2

4 162 4 4 1 30 8 9 3 3 5,3 3 4,3 1 2 1 7,5 1,0 3 2 3 2 0 28 2 2 3 10,0 2,7 0,4 1
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