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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 Vysocany). 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.



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 lineages®. 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, Brdutigam & 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, Brautigam & 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

The highest number of taxa was described in Hieracium s.|. compared to any other genus in the European flora
(Sell & West 1976).



genome size (Cx-value) is approximately twice lower in Pilosella than in Hieracium
(Brautigam & Brautigam 1999, Vladimirov & Greilhuber 2003, Chrtek et al. 2009). Also
apomixis type is essentially different (Pilosella - apospory vs. Hieracium - diplospory;
Rosenberg 1906, 1907, Pogan & Wcisto 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 coDNA. 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;
Nageli & 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
Nageli 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; Krahulcovd 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; Brautigam & 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).



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,
2008%). The situation, obviously irresolvable by traditional taxonomic approaches, has
therefore resulted in resignation on detailed taxonomic concept [i.e. Brautigam and Greuter
(2007) mention 122 intermediate species].

Most of the Pilosella species distribution areas does not spread far over the European
geographic borders (Brautigam 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, Brautigam
& 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, Krahulcova 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 (Krahulcova et al.
1999, Krahulcova et al. 2000, Krahulcovd & 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 (Krahulcova
& 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).

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



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, Kohler 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, Krahulcova 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, Krahulcovd & Krahulec 1999,
Krahulcova et al. 2000, Rotreklova et al. 2002, 2005 etc.). During experimental hybridization
even higher ploidy levels were detected (up to 12x; Skalinska 1976). Almost half of Pilosella
taxa are supposed to consist of more ploidy levels (even within one population; Schuhwerk
1996, Schuhwerk & Lippert 1997, 1998, Krahulcova & Krahulec 1999, Rotreklova et al. 2002,



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; Skalinska 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 (Skalinska 1973, 1976, Gadella 1988, Krahulcovd & Krahulec 2000,
Krahulcova 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 KrkonoSe mountains was proved to be an addition hybrid between
P. aurantiaca - 2n and P. officinarum Vaill. - n; Krahulcova 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 (Nageli & Peter) Sojak (2n=48; Krahulcova & Krahulec 1999, Krahulcova et al.
2000), or in hybrid swarm between P. officinarum and P. piloselloides subsp. bauhini (Schult.)
S. Braut. & Greuter (Krahulcova 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; Skalinska 1971, Gadella 1991) or relatively
frequently as a result of pentaploid (pollen donor) and diploid or tetraploid crossing
(Krahulcova & 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. Love & D. Love, 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, Hoérandl 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



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, Horandl 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; Hoérandl 2006,
Horandl et al. 2006).

Apomixis in genus Pilosella is, as mentioned above, of aposporous type (i.e. type
Antenaria L.; Rosenberg 1907, Pogan & Wcisto 1995). Essential role of genus Pilosella
in apomixis research is underlined by the first detection of aposporous type directly
in the genus (Pogan & Wocisto 1989). Unreduced embryo sacs are frequently mixed with
the standard reduced ones resulting in mixed progeny (facultative apomixis, e.g. Krahulcova
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;
Krahulcova 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 & Krahulcovd 1999, Krahulcova et al. 2000, Krahulcova et al. 2001, Rotreklova 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 & Wcisto



1995, Rotreklova et al. 2002, Peckert 2005, Peckert & Chrtek 2006, etc.). But at least
the diploid cytotypes were proved to be sexual (P. lactucella - Skalinska 1967, Gadella 1984,
Krahulcovda & 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 - Skalinska 1967, Skalinska & Kubien 1972, Krahulcova & Krahulec 1999;
P. echioides - Kasin & Cerniskova 1997, Peckert 2001, Rotreklova 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, Krahulcova
& Krahulec 1999). However, self-compatibility is still possible via stimulation of stigma by
foreign pollen - mentor effect (Krahulcova et al. 1999, subsequently confirmed in case
of Hieracium s.str.; Mraz 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 (Krahulcova 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, Krahulcova & Krahulec 2000).

Hybridization

Last, but not least, an essential source of genus Pilosella variation is hybridization
(Krahulcova et al. 2000). Hybridization is supposed to be the fundamental process of whole
genus speciation (Skalinska 1967, Turesson 1972, Krahulcova 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
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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 orintrogression). 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. Skalinska 1967, Gadella 1987). Even apomictic individuals frequently
participate in crossing either as pollen donors (e.g. Skalinska 1976, Gadella 1982, 1987)
or surprisingly often as mother plants (naturally apomicts are facultative in case of genus
Pilosella; e.g. Skalinska, 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 (Wéjcicki 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 (Krahulcova & 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.I. 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; Krahulcova
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 & Wocisto 1995) and even fully
sexual ones (Krahulcova et al. 2000, Rotreklova 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; Rotreklovd 2004, Krahulcova et al. 2009).
Cytotypes of P. *bauhini are negatively distributed in Central Europe compared to
P. officinarum (Roteklovd 2004). Tetraploid cytotype breeds mainly sexually, but some
apomictic tetraploid populations were also documented (Rotreklovd 2004, Krahulcova 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 (Nageli & Peter) S. Braut.
& Greuter - intermediate species between both parental species; e.g. Krahulcova 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, Bolos & Vigo 1990, Slovak 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, Bolos & Vigo 1990, Haeupler & Muer 2007). Generally Picris hieracioides (according
to study in the Western Carpathians; Slovdk & 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

Il. Ploidy levels distribution pattern on different scales

lll. 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, Krahulcova 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., Nageli & 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 (Krahulcova 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, Krahulcova 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 (Krahulcova 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-Vysocany; Krahulcova 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
(Krahulcova 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 Prihonice. 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, Krahulcova 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 (El). 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 (Krahulcova 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 (Krahulcova 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 Sl
density rate of stellate trichomes at involucrum STI
density rate of eglandulate trichomes at involucrum El
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 | O 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.

Mother Progeny determined as Sum

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 | Prin1 | Prin2 | Prin3 | Can1l 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 | 0,226 | 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
S| 0,006 | 0,363 | -0,447 | 0,105 -0,251
STI 0,237 | -0,052 | 0,187 | 0,374 0,561
El 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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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)
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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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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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® 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.

e 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.

e 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.

e 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.

* For correspondence. Present address: Laboratoire d’Ecologie Alpine,
Université Joseph Fourier, UMR UJF-CNRS 5553, PO Box 53, FR-380 41
Grenoble Cedex 9, France. E-mail patrik.mraz @upjs.sk

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
(Krahulcova et al., 2000). The ploidy level occurring in
natural populations varies from diploid (2n = 2x = 18) to
octoploid (2n = 8x = 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;

© The Author 2007. Published by Oxford University Press on behalf of the Annals of Botany Company. All rights reserved.
For Permissions, please email: journals.permissions @oxfordjournals.org
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Krahulcova et al., 2000). Higher ploidy levels up to
dodecaploid (2n = 12x=108) were found in plants
obtained by experimental hybridization (Skalifiska, 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; Briautigam, 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; Cardenas Vergara, 2005;
Wilson et al., 20006). 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 (Négeli
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
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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

Ploidy
Country 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 Mraz et al., this study
Croatia 6x Gadella, 1984
Czech 4x, 5x, 6x, Mésicek and Jarolimova, 1992;
Republic Tx Krahulcova and Krahulec, 1999;
Krahulcovi er al., 2001; Rotreklova et al.,
2002, 2005; Kost’alova, 2004; Mraz 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, Sx, Delcourt, 1972; Auquier and Renard,
6x 1979; Natarajan, 1981, 1988; Gadella,
1972, 1984
Georgia 4x, 5x Mriz et al., this study
Germany 4x Turesson and Turesson, 1960; Gadella,
1972; Briutigam and Briutigam, 1996;
Schuhwerk and Lippert, 1997, 2002;
Albers and Probsting, 1998; Rotreklova
et al., 2005
Hungary Sx, 6x Mraéz et al., this study
Ireland 4x, 5x, 6x  Gadella, 1972, 1984; Finch, 2005; Watson,
2005; Mraz et al., this study
Italy 2x, 4x, 5x, Gadella, 1972, 1984; Mraz et al., this
6x study
Luxembourg 4x Gadella, 1972, 1984
Macedonia 6x Gadella, 1972
Netherlands 4x, 5x, 7x  Gadella and Kliphuis, 1963; Gadella,
1972, 1984
Norway 4x, Sx Gadella, 1972
Poland 4x, 5x, 6x  Skalinska, 1967; Skalifiska et al., 1971;
Gadella, 1972; Pogan et al., 1987; Pogan
and Wcisto, 1989; Rotreklova et al., 2005
Portugal 4x Fernades and Queirds, 1971; Gadella, 1972
Romania 5x, 6x Gadella, 1972; Mraz et al., this study
Russia 6x Lavrenko and Sereditov, 1991
Slovakia 4x, 5x, 6x, Majovsky et al., 1970; Uhrikova and
Tx Ferdkova, 1977; Micieta, 1982; Murin,
1986; Pist’ansky and Micieta, 2000;
Rotreklova et al., 2002, 2005; Mraz et al.,
this study
Spain 4x Gadella, 1984
Sweden 4x, 5x, 6x, Turesson and Turesson, 1960; Turesson,
Ix 1972; Lovkvist and Hultgéard, 1999
Switzerland 4x, 5x, 6x  Gadella, 1972, 1984
United 4x, 5x, 6x  Turesson and Turesson, 1960; Gadella,
Kingdom 1972, 1984; Morton, 1974; Moore, 1982;
Edmonds et al., 2005; Finch, 2005; Grime
et al., 2005; Watson, 2005
Ukraine 4x, 6x Pashuk, 1987; Mraz 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 Wcisto
(1995). Recently, two accessions of fully sexual pentaploids
have been found in the Czech Republic (Krahulcova et al.,
2000; Rotreklova 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 Wcisto, 1989;
Schuhwerk and Lippert, 1997, 2002; Krahulcova 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
(Kost’alova, 2004).

Four ploidy levels (tetra-, penta-, hexa- and heptaploid)
have been recorded in the Czech Republic and Slovakia
(Majovsky et al., 1970; Uhrikova and Ferakova, 1977,
Micieta, 1982; Murin, 1986; M¢ésicek and Jarolimova,
1992; Krahulcova and Krahulec, 1999; Pist’ansky and
Micieta, 2000; Krahulcova et al., 2001; Rotreklova et al.,
2002, 2005; Kost’alovd, 2004). Recently, Pist’ansky and
Micieta (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
(Dolezal, 1991), this approach has rapidly became
popular for estimating DNA-ploidy level (Dolezel, 1991).
This is mainly due to the very easy sample preparation
and the possibility of screening large numbers of
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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 Sumava Mountains.
The highest point is Mt Snézka (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 (Vesecky,
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. Safarik University, KoSice and in the exper-
imental field of the Institute of Botany, Academy of
Sciences of the Czech Republic, Prihonice. 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
(Rotreklova 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 Mraz,
at the Institute of Biology and Ecology, P. J. Safarik
University, Kosice and in the herbarium of the Institute of
Botany, Prihonice (PRA).

Mraz et al. — Cytogeography of Pilosella officinarum

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 °C until processed.
The root tips were macerated in 1 N HCI at 60 °C for 7—
10 min. The squash and smear method with cellophane
replacing the glass covers (Murin, 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. Safarik University in KoSice.

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, Miinster, Germany) equipped
with an HBO-100 mercury arc lamp in the Flow
Cytometry Laboratory, Institute of Botany, Academy of
Sciences, Prahonice, 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. Safarik University, Kosice. Sample preparations were
carried out in a two-step procedure (Otto, 1990; Dolezel
and Goéhde, 1995). Approximately 1cm? 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 1ml of ice-cold Otto I buffer (4-2 g citric acid
monohydrate + 1 mL 0-5 % Tween 20 adjusted to 200 mL
and filtered through a 42-pm filter). Filtration through a
42-pm nylon mesh was followed by centrifugation at
150 g for 5min. The supernatant was removed and
100 pL 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 p.L of propidium iodide, 50 nL ribo-
nuclease, 2 wL. mercaptoethanol (FACSCalibur, Becton
Dickinson) or DAPI (4',6-diamidino-2-phenylindole) at a
concentration of 4 pg ml~' (PA II flow cytometer, Partec
GmbH) was used. The clones of previously cytologically
studied diploid (2n = 2x = 18) plants of Pilosella lactu-
cella (Wallr.) P. D. Sell & C. West (Rotreklova 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 G¢/G; peak in the DNA histogram of the tested plant
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Fi1G. 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.

to the mean position of the G¢/G; 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).
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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 (Kral,
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
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Fic. 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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Fi:6. 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.

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

TABLE 2. Means and standard deviations of altitudes of pure

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

(5x + 6x) of Pilosella officinarum in the Western Carpathians
and adjacent part of Pannonia

Ploidy level N X + s.d.

5x 86 546 + 292°
6x 40 370 + 189°
5x + 6x 21 513 + 253

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 = 0-003, F = 6:19).

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
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Fi1G. 4. Proportions of pure pentaploid (5x), pure hexaploid (6x) and

mixed populations (5x + 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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F1G. 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).

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 + 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 Pist’ansky and Micieta (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

(§ingliarové and Mraz, 2004), in 2004 five localities were
visited from which the tetraploids were published by
Pist’ansky and Micieta (2000). However, no tetraploid
was detected in any of them. Based on these observations,
all data of Pist’ansky and Micieta (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 (Kost’dlova, 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
(Krahulcova et al., 2000; Rotreklova et al., 2002).
Moreover, apomictic pentaploids usually produce 2x to 3x
pollen grains (Gadella, 1987; Krahulcova 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).
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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. Krahulcova 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
(Skalinska, 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 Rotreklova
(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, the mountainous 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
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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 Zemplinske 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
Oravska 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 Hruby Jesenik 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
systemy; 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;
Briutigam, 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 er 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
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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 Hultgard, 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). Merxmiiller (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
Horandl, 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 (Horandl, 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.

ACKNOWLEDGEMENTS

We thank D. Blandr, K. Cihdkovd, M. Duddek and
V. Mréazova for their kind help in sampling living plants,
and S. and A. Kewish and C. A. Stace for the English revi-
sion. This study was financially supported by projects from
the Grant Agency of Ministry of the Education of the
Slovak Republic and Slovak Academy of Sciences
(VEGA 2/6054/26), Slovak Research and Development
Agency (APVT-51-006002), Grant Agency of the
Academy of Sciences of the Czech Republic (grant no.
TIAA6005203 to F.K.), Institutional Research Concept no.
AV0Z6005908 and Institutional research support MSM
0021620828 from the Ministry of Education, Youth and
Sports of the Czech Republic.

LITERATURE CITED

Adams JM. 1997. Global land environments since the last interglacial.
Oak Ridge National Laboratory, TN, USA. http:/www.esd.ornl.gov/
projects/gen/nerc.html. Accessed in February 2006.

Albers F, Probsting W. 1998. [Report on Hieracium pilosella]. In:
Wisskirchen R., Haeupler H., eds. Standardliste der Farn-und
Bliitenpflanzen Deutschlands, Stuttgart: Verlag Eugen Ulmer, 603.

Asker SE, Jerling L. 1992. Apomixis in plants. Boca Raton, FL: CRC
Press.

Page 11 of 13

Auquier P, Renard R. 1979. Dénombrements chromosomiques chez quel-
ques Hieracium d’Europe moyenne et méridionale. Societé pour
Z’Echunge des Plantes Vasculaires de I’Europe Occidentale et du
bassin Méditerrannéen, Liége 17: 73-79.

Bayer RJ, Stebbins GL. 1987. Chromosome numbers, patterns of
distribution, and apomixis in Antennaria (Asteraceae: Inuleae).
Systematic Botany 12: 305-319.

Bierzychudek P. 1985. Pattern in plant parthenogenesis. Experientia 41:
1255-1264.

Borgen L, Hultgard U-M. 2003. Parnassia palustris: a genetically
diverse species in Scandinavia. Botanical Journal of the Linnean
Society 142: 347-372.

Brautigam S. 1992. Hieracium L. In: Meusel H, Jiger EJ, eds.
Vergleichende ~Chorologie der zentraleuropdischen Flora 3.,
Stuttgart/New York: Gustav Fischer/Verlag Jena, 325-333, 550—560.

Briutigam S, Briautigam E. 1996. Determination of the ploidy level in the
genus Hieracium subgenus Pilosella (Hill) S.F. Gray by flow cyto-
metric DNA analysis. Folia Geobotanica et Phytotaxonomica 31:
315-321.

Ciardenas Vergara CA. 2005. Mecanismos de expansion territorial de
pilosela (Hieracium pilosella L.). Tezis, Universidad de Magallanes,
Facultad de Ciencias esc. cs. y Tecn. en Rec. Agric. y Acuic. Punta
Arenas, Chile.

Chapman HM, Parh D, Oraguzie N. 2000. Genetic structure and coloniz-
ing success of a clonal, weedy species, Pilosella officinarum
(Asteraceae). Heredity 84: 401-409.

Chrtek J. 1998. Pilosella (Cichoriaceae). In: Marhold K, Hinddk F, eds.
Checklist of non-vascular and vascular plants of Slovakia.
Bratislava: Veda, 563-565.

Chrtek Jr J. 2002. 106. Hieracium L. — jesttdbnik. In: Kubdt K, Hrouda
L, Chrtek Jr J, Kaplan Z, Kirschner J, Stépanek J, eds. KIic ke kvétené
Ceské republiky. Praha: Academia, 706—732.

Delcourt E. 1972. Contribution 4 1’étude cytotaxinomique de Hieracium
pilosella L. Bulletin de la Société Botanique de France 119:
287-302.

Dmitrieva SA. 1987. Kariologicheskaja kharakteristika predstavitelei sem.
Slozhnocvetnykh (Asteraceae Dumort.) Flory Belorusii. Botanika
(Minsk) 28: 23-33.

Dolezel J. 1991. Flow cytometric analysis of nuclear DNA content in
higher plants. Phytochemical Analysis 2: 143—-154.

Dolezel J, Gohde W. 1995. Sex determination in dioecious plants
Melandrium album and M. rubrum using high-resolution flow cyto-
metry. Cytometry 19: 103-106.

Edmonds JM, Sell PD, Walters SM. 2005. [Reports on Pilosella offici-
narum). In: Cytology database of Botanical Society of the British
Isles. http://rbg-web2.rbge.org.uk/BSBI. Accessed in February 2005.

Fehrer J, Gemeinholzer B, Chrtek Jr J, Briutigam S. 2007a.
Incongruent plastid and nuclear DNA phylogenies reveal ancient
intergeneric hybridization in Pilosella hawkweeds (Hieracium,
Cichoriaceae, Asteraceae). Molecular Phylogenetics and Evolution
42: 347-361.

Fehrer J, Krahulcova A, Krahulec F, Chrtek Jr J, Rosenbaumova R,
Briutigam S. 2007b. Evolutionary aspects in Hieracium subgenus
Pilosella. In: Horandl E, Grossniklaus U, Sharbel T, van Dijk P,
eds. Apomixis: evolution, mechanisms and perspectives. Ruggell,
Liechtenstein: Gantner Verlag.

Fernandes A, Queirés M. 1971. Contribution 4 la connaissance cytotax-
inomique des Spermatophyta du Portugal. Boletim da Sociedade
Broteriana 45: 5-121.

Finch R. 2005. [Reports on Pilosella officinarum]. In: Cytology database
of Botanical Society of the British Isles. http:/rgb-web2.rbge.org.uk/
BSBI. Accessed in February 2005.

Gadella TW]. 1972. Biosystematic studies in Hieracium pilosella L. and
some related species of the subgenus Pilosella. Botaniska Notiser
125: 361-369.

Gadella TWJ]. 1984. Cytology and the mode of reproduction of some taxa
of Hieracium subgenus Pilosella. Proceedings of the Koninklijke
Nederlandse Akademie van Wetenschappen: Series C: Biological
and Medical Sciences 87: 387-399.

Gadella TW]. 1987. Sexual tetraploid and apomictic pentaploid popu-
lations of Hieracium pilosella (Compositae). Plant Systematics and
Evolution 157: 219-245.

44



Page 12 of 13

Gadella TWJ. 1988. Some notes on the origin of polyploidy in Hieracium
pilosella agg. Acta Botanica Neerlandica 37: 515-522.

Gadella TWJ. 1991. Variation, hybridization and reproductive biology of
Hieracium pilosella L. Proceedings of the Koninklijke Nederlandse
Akademie van Wetenschappen: Series C: Biological and Medical
Sciences 94: 455-488.

Gadella TW], Kliphuis E. 1963. Chromosome numbers of flowering
plants in the Netherlands. Acta Botanica Neerlandica 12: 195-230.

Gornall RJ, Wentworth JE. 1993. Variation in the chromosome number
of Parnassia palustris L. tin the British Isles. New Phytologist 123:
383-388.

Gottschlich G. 1998. Hieracium L. In: Wisskirchen R, Haeupler H, eds.
Standartliste der Farn- und Bliitenpflanzen Deutschlands. Sttutgart:
Eugen Ulmer, 245-263.

Grime JP, Hodgson JC, Hunt R. 2005. [Reports on Pilosella offici-
narum). In: Cytology database of Botanical Society of the British
Isles. http://rgb-web2.rbge.org.uk/BSBI. Accessed in February 2005.

Hendrych R. 1987. Karpatische Migrationen und Florenbeziehungen in
den tschechischen Léndern der Tschechoslowakei. Acta
Universitatis Carolinae — Biologica, 1985: 105-250.

Holub J. 1986. Poznamky k druhu ‘Hieracium hoppeanum’
v Ceskoslovensku. Zprivy Ceskoslovenské botanické spolecnosti 21:
21-28.

Horandl E. 2006. The complex causality of geographical parthenogenesis.
New Phytologist 171: 525-535.

Hultén E, Fries M. 1986. Atlas of North European vascular plants. 11
North of the tropic of cancer. Koenigstein: Koeltz Scientific Books.

Jalas J, Pellinen K. 1985. Chromosome counts on Erigeron, Hieracium,
Pilosella and Sonchus (Compositae), mainly from Finland. Annales
Botanici Fennici 22: 45-47.

Kost’dlova V. 2004. Vybrané druhy Hieracium subgenus Pilosella na
antropogennich stanovistich hlavniho mésta Prahy: variabilita,
rozsiteni a ekologické podminky. Diploma thesis, Department of
Botany, Faculty of Sciences, Charles University, Prague.

Kovanda M. 1977. Polyploidy and variation in the Campanula rotundifo-
lia complex. Part II. (Taxonomic). 2. Revision of the groups Vulgares
and Scheuchzerianae in Czechoslovakia and adjacent regions. Folia
Geobotanica et Phytotaxonomica 12: 23—89.

Krahulcova A, Krahulec F. 1999. Chromosome numbers and reproduc-
tive systems in selected representatives of Hieracium subgen.
Pilosella in the KrkonoSe Mts (the Sudeten Mts). Preslia 71:
217-234.

Krahulcova A, Krahulec F. 2000. Offspring diversity in Hieracium
subgen. Pilosella (Asteraceae): new cytotypes from hybridization
experiments and from open pollination. Fragmenta Floristica et
Geobotanica 45: 239-255.

Krahulcova A, Chrtek J, Krahulec F. 1999. Autogamy in Hieracium
subgenus Pilosella. Folia Geobotanica 34: 373-376.

Krahulcova A, Krahulec F, Chapman HM. 2000. Variation in
Hieracium subgen. Pilosella (Asteraceae): what do we know about
its sources? Folia Geobotanica 35: 319-338.

Krahulcova AJr, Krahulec F, Chrtek Jr J. 2001. Chromosome numbers
and reproductive systems in selected representatives of Hieracium
subgen. Pilosella in the KrkonoSe Mts (Sudeten Mts) — 2. Preslia
73: 193-211.

Krahulec F, Krahulcova A, Fehrer J, Briautigam S, Plackova I, Chrtek
Jr J. 2004. The sudetic group of Hieracium subgen. Pilosella from
the KrkonoSe Mts: a syntetic view. Preslia 76: 223-243.

Kral V. 1999. Fyzickd geografie Evropy. Praha: Academia.

Lavrenko AN, Sereditov NP. 1991. Chromosome numbers in some plants
species from the south-west of the Komi ASSR. Botanicheskii
Zhurnal 76: 769-771.

Lovkvist B, Hultgird UM. 1999. Chromosome numbers in South
Swedish vascular plants. Opera Botanica 137: 1-42.

Majovsky J et al. 1970. Index of chromosome numbers of Slovakian flora
(Part 1). Acta Facultatis Rerum Naturalium  Universitatis
Comenianae, Botanica 16: 1-16.

Merxmiiller H. 1975. Diploide Hieracien. Anales del Instituto Botanico
A. J. Cavanilles 32: 189-196.

Mésicek J, Jarolimova V. 1992. List of chromosome numbers of the Czech
vascular plants. Praha: Academia.

Mrdz et al. — Cytogeography of Pilosella officinarum

Micieta K. 1982. Zytotaxonomischer Beitrag zur Flora des Javorniky —
Gebirges 1. Acta Facultatis Rerum Naturalium Universitatis
Comenianae, Botanica 29: 55-61.

Moore DM. 1982. Flora Europaea check-list and chromosome index.
Cambridge: Cambridge University Press.

Morton JK. 1974. Chromosome numbers of British plants, 3. Watsonia
10: 169.

Morton A. 2004. DMAP, Distribution mapping software. Available from
http:/www.dmap.co.uk

Murin A. 1960. Substitution of cellophane for glass covers to facilitate
preparation of permanent squashes and smears. Stain Technology
35: 351-353.

Murin A. 1986. Karyological study of Slovakian flora. VIII. Acta
Facultatis Rerum Naturalium Universitatis Comenianae, Botanica
33: 1-16.

Nazarova E, Ghukasyan A. 2004. In: Gabrielian E, ed. Chromosome
numbers of flowering plants of Armenian Flora. Yerevan: Institute
of Botany National Academy of Sciences of RA, 44.

Nigeli C, Peter A. 1885. Die Hieracien Mittel-Europas. Monographishe
Bearbeitung der Piloselloiden mit besonderer Beriicksichtigung der
mitteleuropdischen Sippen. Miinchen: R. Oldenburg.

Natarajan G. 1981. [Report on Hieracium pilosella L.]. In: Love A ed.,
Chromosome number reports LXXII. Taxon 30: 699.

Natarajan G. 1988. Etude caryosystématique de quelques dicotyledones
de la Garigue languedocienne. Naturalia Monspeliensia 52: 85-123.

den Nijs JCM, Kirschner J, Stépanek J, Van der Hulst A. 1990.
Distribution of diploid sexual plants of Taraxacum sect. Ruderalia
in East-central Europe, with special reference to Czechoslovakia.
Plant Systematics and Evolution 170: 71-84.

Otto F. 1990. DAPI staining of fixed cells for high-resolution flow cytome-
try of nuclear DNA. In: Crissman HA, Darzynkiewicz Z., eds.
Methods in Cell Biology 33: 105—-110. New York, NY: Academic
Press.

Parfenov VI, Dmitrieva SA. 1988. Kariologicheskaja kharakteristika pre-
dstavitelej flory susodistkykh rastenij Berezinskogo biosfernogo zapo-
vednika. Zapov. Belorusii Issl. 12: 8—13.

Pashuk KT. 1987. Khromozomnye chisla vidov subal’piyskogo poyasa
Chernogory (Ukrainskie Karpaty). Botanicheskii Zhurnal 72:
1069-1074.

Pist’ansky J, Micieta K. 2000. Prispevok ku karyografickému Stddiu
Pilosella officinarum agg. na Slovensku. Acta Facultatis Rerum
Naturalium Universitatis Comenianae, Botanica 40: 57—-64.

Pogan E, Wcisto H. 1989. Cytological investigations on Hieracium pilo-
sella L. from Poland. 1. Karyological studies. Acta Biologica
Cracoviensia, Botanica 31: 19-28.

Pogan E, Wcisto H. 1995. Embryological analysis of Hieracium pilosella
L. from Poland. Acta Biologica Cracoviensia, Botanica 37: 53-61.

Pogan E, Jankun A, Turala K. 1987. Further studies in chromosome
numbers of Polish Angiosperms. Part XIX. Acta Biologica
Cracoviensia, Botanica 28: 65-85.

Rotreklova O. 2004. Hieracium bauhini group in Central Europe: chromo-
some numbers and breeding systems. Preslia 76: 313—330.

Rotreklova O, Krahulcova A, Vankova D, Peckert T, Mraz P. 2002.
Chromosome numbers and breeding systems in some species of
Hieracium subgen. Pilosella from Central Europe. Preslia 74: 27—-44.

Rotreklova O, Krahulcova A, Mraz P, Mrazova V, Martonfiova L,
Peckert T, et al. 2005. Chromosome numbers and breeding systems
of some European species of Hieracium subgen. Pilosella. Preslia
77: 177-195.

Sell PD, West C. 1976. Hieracium. In: Tutin TG, Heywood VH, Burges
NA, Moore DM, Valentine DH, Walters SM, et al., eds Flora
Europaea 4. Cambridge: Cambridge University Press, 358—410.

Schuhwerk F. 1996. Published chromosome-counts in Hieracium. http://
www.botanis-chestaatssammlung.de/projects/chrzlit.html.  Accessed
in February 2006.

Schuhwerk F, Fischer MA. 2003. Bestimmungsschliissel der
Untergattung Hieracium subg. Pilosella in Osterreich und Siidtirol.
Neilreichia 2—-3: 13-58.

Schuhwerk F, Lippert W. 1997. Chromosomenzahlen von Hieracium
L. (Compositae, Lactucae) Teil 1. Sendtnera 4: 181-206.

Schuhwerk F, Lippert W. 2002. Chromosomenzahlen von Hieracium
L. (Compositae, Lactucae) Teil 4. Sendtnera 8: 167—-194.

45



Mrdz et al. — Cytogeography of Pilosella officinarum

Skalifiska M. 1967. Cytological analysis of some Hieracium species,
subgen. Pilosella from mountains of southern Poland. Acta
Biologica Cracoviensia, Botanica 10: 126—140.

Skalinska M. 1976. Cytological diversity in the progeny of octoploid
facultative apomixis of Hieracium aurantiacum L. Acta Biologica
Cracoviensia, Botanica 19: 39-46.

Skalinska M, Pogan E, et al. 1971. Further studies in chromosome
numbers of Polish Angiosperms. Ninth contribution. Acta Biologica
Cracoviensia, Botanica 14: 199-213.

Suda J, Krahulcova A, Travnicek P, Krahulec F. 2006. Ploidy level vs.
DNA ploidy level: an appeal for consistent terminology. Taxon 55:

L 447-450.

Singliarova B, Mraz P. 2004. Cytogeografia druhu Pilosella officinarum
(Asteraceae) v Zapadnych Karpatoch a v pril’ahlej ¢asti Pandnie (pre-
dbezné vysledky). Bulletin Slovenskej Botanickej Spolocnosti,
Supplement 10: 176—180.

Trewick SA, Morgan-Richards M, Chapman HM. 2004. Chloroplast
DNA diversity of Hieracium pilosella (Asteraceae) introduced to
New Zealand: reticulation, hybridization, and invasion. American
Journal of Botany 91: 73-85.

Turesson B. 1972. Experimental studies in Hieracium pilosella L. 1I.
Taxonomy and differentiation. Botaniska Notiser 125: 223-240.

Page 13 of 13

Turesson G, Turesson B. 1960. Experimental studies in Hieracium pilo-
sella L. 1. Reproduction, chromosome number and distribution.
Hereditas 46: 717-736.

Tyler T. 2005. Patterns of allozyme variation in Nordic Pilosella. Plant
Systematics and Evolution 250: 133—145.

Uhrikova A, Ferdkova V. 1977. [Report on Pilosella officinarum]. In:
Love, A. ed., IOPB chromosome number reports LVI. Taxon 26:
257-274.

Vesecky A. 1961. Podnebi Ceskoslovenské socialistické republiky.
Tabulky. Hydrometeorologicky ustav, Praha.

Watson PM. 2005. [Reports on Pilosella officinarum]. In: Cytology
Database of Botanical Society of the British Isles. http://tbg-web2.
rbge.org.uk/BSBI. Accessed in February 2005.

Wilson LM, Fehrer J, Brautigim S, Grosskopf G. 2006. A new invasive
hawkweed, Hieracium glomeratum (Lactuceae, Asteraceae), in the
Pacific Northwest. Canadian Journal of Botany 84: 133—142.

Zahn KH. 1921-1923. Hieracium. In: Engler A ed. Das Pflanzenreich
4(280). Leipzig: Wilhelm Engelmann,

Zahn KH. 1922-1930. Hieracium. In: Ascherson PF, Graebner P, eds.
Synopsis der Mitteleuropdischen Flora 12(1). Leipzig: Borntriger,
1-492.

46



100T ABIN 6T ‘N “T'S'® W 08¢ “adofs M . BYIQH BUSery,,

.. 16.5€,07d *..0%.6€087 N 111 2359 9y} Jo 1red 10MO] “OIPBIYPO PYSIOYOUSEIY JO dTL[[IA ‘SIA] SeL] LYSUSAOIS NS xg L¥6
00T 1290100

..S0.0S00T 9 ..85.LE.8Y N 6T ‘Nd “T's'e wr L6g ‘neajeld eurue[d eys[o1pez ‘[o1peZ JO OFE[[IA “SIA SED] AYSUIAO[S NS xg tdz
£00T 1SN3ny 8T ‘INA %9 INd 'S8 W €S “O[ppes

. LS,LE0TH,,€0.LE.87 N oy} uI ‘ey$010g 0121p 000 ‘eajed yoiA AutoH uaodiT Jo oFe[[IA ‘SIA SED] AYSUSAOIS NS xg LTLT *9TLT
€00z ounf Z[ ‘Nd “T's"e

,.9%.6¥.07 9 ,.8€.8€.87 N W Q0L ‘808, Jutod uoneas|d oy yo g§ ury [ ‘nedjeld eutue|d eys[oIpey S)A seny LSUSA0[S VS X§  GEET ‘pEET “eeel
€00T dUN[ G ‘Nd “T'S® W 8§/ ‘B[eS BYSFR[IOD) JJA PUL YOIA

L TPS.ST0TH °,.6°8S.8€.87 N ANIOA I U9aMI0q peor day) jo urdrewr oy ‘neajeld eurue[d 00AISd[d ‘SHA SeD AYSUIAOIS S Xg  0EEI6TET 8TEL
£00¢ dunf

..60.9T,07 9 ©..6€.8€c8Y N S ‘I "[]09 “['S'e W [T/ “YoIA KYJOA YA ‘Nedre[d eurue(d e300AISo[d ‘SIA Sery LSUSAOIS VS X§  GTET ‘pTEl ‘€Tel
100z dunf €[

.20, 1€0TH .. LY. ¥E8Y N ‘TN 'S8 W 08 “(L°00S) PUd[e( HA JO HN UL Gt BO BOI[IS JO ATe[[IA ‘SYA SeLy] LSUSAOIS VS xg LS6

5,58 16061 d°..L'61.0187 N £00T 2un( 1 ‘SE % INd “1'S'e W 501 “2do[s § “a[3sed 03souWog ‘S)A JeYIs) NH xg LLYT

£00zZ ounf [ ‘SE % INd “T'S'e 9LYTSLYT

.00.SSo61 d “..STE€. €187 N W [L] ‘9[1SED PBIY JAOS JO S W ()€ 80 dImysed 9oung Jo aFe[IA ‘S)A BUIAOYIIA BAOIDD) S xg PLYT ‘€LYT

ILP1 0LV

..0€,67061 1°,,90.81.87 N +00T 2unf [ ‘S %9 N “['S'e W [Gg ‘amysed ‘JoArS Jo o5e[[IA ‘UISeq BUI[JOY EYSUdAO[SOYN[ S X§ ‘69¥1 ‘89F1 ‘LIYI
£00T oun( [ ‘SE % INd “T'S'8 W 7LT “dTe[[IA

..8'95,€5,61 9 °,.¥'€€.TT87 N oy jo yed g ur peox ayy da0qe odofs ‘Auepz(Q Jo ATe[[Ia ‘UIseq BUIIOY EYSULAO[SOYN[ NS XS SOPT ‘PovT ‘€9vl
000¢ 1sn8ny ‘Nd

LTE0T61 3 . PE 166V N “T'SB W OSTT PUAYIS JO d3e[[ia oy woxy yred oy 1eou ‘oxs[id N ‘SHAL ApASysod 93ysaeIQ S xp €76

..SL8I8T d°,.7T.8106% N 000T 1990190 #1 ‘WA 2 Nd “T'S'e W 10T NIUIOA.l K[EIN I ‘SHA AJUIOARf B[S 9¢ Xf 1.8
000T IoquUU2AON

L91'ES.€5.0T A °, ¥T'8Y.8%.87 N 61 TN “T'S'® W (0 ‘SOOI ‘OUINH 0J21p 020] “DIAONEI] JO ATL[[IA ‘SYA AYIIA QYSAOJOA NS O 988

o@ﬁﬁwﬁo_ novﬁuﬂmd \Q:moOA ug 1d JoquInN

‘suergyedie) uI0Sop = D" M 10 JISSeIA uermoyog ="]A'g Aq PajeoIpur a1e sanI[eso] yoez)) "urefd ueruuoued Io/pue

sueryjedie) UI)SoA, Yy 0) Suojeq senieoo] ueLreSuny pue yeao[S [V (S007) 7P 12 eaopjonoy ur paysiqnd Ajsnorasid ueaq aaey

Aq parew

nmv

syue[d 2y} JO SIOQUINU SWOSOWOIY)) "AIOW0IAd MOl Aq P3o)ap [9a9] Apiold = Td “Jegeyon [BYSIA = (IN ‘BAONRULD BULINEY = DI ‘Teue[g
SoyRI( = € ‘BAOZBIN BIIA = WA ZBIN N = N ‘PAOIRNSUIS BI0QIRg = S SN §PWOL = NI ONqndoy yooz) = z) ‘AreSuny = npy
“@D[RAO[S = IS :PASN SUOHBIASIQQY "UWIN[OD ISIIJ Y} UI USAIS SI Paod[[00 10 PaIeANno seam jue[d oY) YoIyM JOpUN UONBIASIqqe/Idquny “ATeSunpy
pue BIeAO[S ‘O1[qnday o9z ) Ul A[[ed130[0AIeY] IO SISAJBUBR OLIOWIOIAD MO} AQ PoI1BSNUSOAUL wn.ipuldLffo pjjasojid JO SIAMIEI0] Y} JO ISIT

I NOLLVINHOANI AYVINHNATAANS

47



..ST.¥So81 d °,.8€.8T87 N
..87.5To61 3 .. 11.0¥8% N
L91°€S.€5081 A *..¥T'8Y. [.87 N
,.8T.0€68T1 3 ..€0.LSo87 N
..LS.9To81 1 ..00.7S.87 N
61,0181 d°,.8T€,02.87 N

. 12.€060T 9 .. 12,0187 N
L8LSELT A L TL.SPo8Y N
LESYT.0PL1T A *..70°SE.8To87 N
..0€'8T,TholTH *..LO'LY.STo87 N
L€ LYLITH L TE T8 N

L TE9€LTH 11,28V N

L61.LT.819°,.60.ST087 N
L6V, 1T:81 9 ..67.81087 N
..0T.800LT 9 °..¥'1S.LE8Y N

. 10,L0oLT 9 °,,01,0€.87 N
. 7'€0.800L1 9 °,.9°01.2€.8Y N

9y} ‘peOISSOIO “BUPNIS BUIAID]) 0121p 020] “BIIUARNS BYSUBH JO UMO) ‘S)A] AYoIA oIUABNS NS
€00¢

Amnr £1°S9 “T's'e w QL “pAOId[eN 0701p 000] ‘mopedu ‘ANUI[SAT] JO dFE[[IA ‘S)A BULJO] NS
100 Arenuef 7 ‘INA 22 JNd “1°S"® W (]S ‘BOIUWIAIY JO UMO) J) O} SPIBMO}

93e[1A oy} JO PUS oY} J& PEOI Y} JeAU MOPBIW ‘AN JO aTe[[IA ‘SHA AYOIA PIOTUWALY NS
#00¢ 1oqudog 71 ‘sq

“I's"e W 669 “ae[[IA oY) Jo Jxed A\ oY UI S0 ‘KUBWIRL) JO ATLI[IA ‘SYAL AYIIA DISAOZENS NS
¥00¢ Toquaydog

[1°SE “I'S"@ W [[G Te[[IA ) JO A\ Uy G D “[0Ae) JO ATR[IA ‘SIA AYIIA 9YSAOZENS NS

¥00z ounf £ ‘Sg “1's'e w 0gg ‘odofs ‘Aueiryz jo oFeq(ia ‘puerdn euneszoyed pysfeunpod s
0002 11dV 8T ‘N “T'S"® W 00T ‘¥ "ON ©1S90

eysABIqn( ‘SVS Auejog Jo 25mnsu] oy} Jo [eare oy} ‘ear[sierd Jo Ao sy Ayedres] 9rejN S
¥00¢ sunf

G ‘Sg “T's'e W §¢¢ ‘peol oy} Jo urdrew oy} ‘earlA Jo umo) ‘puejdn eunesioyed esaelAN S
100T 1AV #1 ‘WA 2 INd “TS®

w O8] ‘armsed dFe[[IA Jo NN W '] “BULL BYJOA JO aTe[[IA “SIA Ayoia oxsurjduwdz NS
100 T4V ST ‘WA % INd “T'S® W 0T (9°LLT)

SIId A JO N W Q] B9 ‘Splekaura Jouwio) ‘eied ey oA Jo a3e[[1a ‘SN Ayoia aysujdwoz S
#00C 11dV 91 ‘INd

“I'se W 89T [ITH eYONQIE], “0dudte AYJOA JO OFR[[IA ‘PUB[MO] BUIZIU EYSUGAO[SOPOYIAA NS
¥00T dunf 6 ‘Sq

“I'sew 1] ‘osnoy Ajrwuej oy Jo uopied oy ‘earul], Jo Ao ‘puejdn eunexioyed eysfeunpod S

¥00Z dunf L ‘S “I'SB W LE]

‘uoneis-1omod 03 peor oy 18U ado[s “90A0YI0IA Jo a3e[[IA ‘pueldn eunestoyed eysfeunpod S
¥00Z 2unf L ‘Sg “I's"e W 6€[

‘193000 O]} JBOU MOpEIW Paumow ‘AueyA[A Jo oFe[[ia ‘pueldn eunesyioyed eysfeunpod S
¥00Z dunf g ‘Sg “I's'®

w [6] ‘spues SuImolq ‘eIezer) ogo1p 020] ‘ozeng-unses jo 93e[[IA ‘pUBIMO] BUIZIU BYSIOY S
£00T dunf ¢ ‘Sg “I's'e W 88

‘peol oy} Jo urdrew ‘93e[[IA oy} JO A\ S WY € €O ‘BYUAIPNIS JO 9TE[[IA ‘pUBIMO] BUIZIU BYSIOg S
¥00T oUN[ € ‘S 'S8 W (6] “MO[[e] ‘BJUAIPMS JO dTL[[IA “PUB[MO] BUIZIU LYSIOY NS

2007 AN 6T Nd “T'S'® W €21 “BMOH

..§'SS.S€,0T A °,.9T,6€087 N BUSBII,, [T 2[1SEO o) JO S2dO[S A\ “AIPLIYPOJ 9NSIOYOUSET JO ATL[[IA ‘S)N SeD AYSUIAOIS S

Sy

97
Sy

97

xg

X¢g

X¢

Y

X¢

Y

Xg

X

Y

Y

X

xg
Y

X

xg

Y
Xg

Xg

€S0 TSD ‘I1SD
£10d
7104 ‘110d

688

70)0)

‘€010 ‘TIID ‘121D
€AVD

‘TAVD ‘TAVD
0LST ‘6951

‘89ST ‘L9ST

0¢L

€VST “THST “THSIT
141

606

‘016

906

€191 “TI91 ‘1191
S8SI

P8ST €8ST 1851
‘861

SLST

PLST TLST “1LST
86ST “L6ST 9651

0€sT
1251 ‘0TS

TOI1 ‘1611

48



£00T dung

8875061 H ..E€€.LESY N 6 ‘A 'S W (Lt “@mysed PeIYPOd 021p 020] 34081, Jo umoy ‘nedred euruerd exsugmiy ys
00T dung

..65.LS061 °..€T.0Vo87 N 6 ‘40 “T'S® W GLp “omysed peIypod 021p 000] 934081, Jo umo) ‘neadje[d euruerd exsugmiy g
¥00Z ounf 11 ‘dd

8510000 T °,. 9. 7b.8Y N “I'S'e W g/t “amsed ‘ApoA ojerg 01o1p 000 ‘uemA jo oFe[[ia ‘nesjed eutue(d eysuemiy S
£00T 199010 9 ‘S % Nd “T'S®

,.S12.0001C4d J LLTLLESo87 N wO¢e aw_wu.HWmﬁmb mxmﬁm_OOWHmz 0]21p 020] a\mﬁwouw(ﬁmz Jo oww:ﬁr nwuz %&o._\/ YSAO[OA nMm
00T

LL9S.E161TH LLEEY, Eho8Y N oun( [ ‘SE % N “I'S'8 W £5¢ drmsed ‘ojog oruedg Jo dFe[[IA SIA BUIAOYDIA BYINARY NS
€00C 10quaydos 61 “INd 'S8 W 1T I9[EYd BT

..8'91.8550C d °,,€TS.9.8% N dU} 189U PEOI A1) JO WISIRU oY) B[Oy LYSA0S03 I ‘A0S0 JO oFe[IA ‘SIAl AYOIA OYSAOIOA S
€00C ISn3ny ¢

LTP.EE0TH .V TE TS8P N ‘N “T'S'® W G¢/ BURJO 021p 000] 30320y Jred YRTUH JO oFe[[IA ‘SHAl AYDIA OYSAOTOA S
€00 Isn3ny

LEE1.020Td 5,6 T1.97.87 N 9T TN “T'S'® W 00§ “05e[[Ia ot Jo N dImsed “exrgpg Jo 95e[[IA S)A BUIAOYDIA BXONASY S

.STEYS0T I *,.STE IS8 N €002 ISN3NY $T ‘N “1'S'e W GG ‘A0zIn [, 1ed ‘edIU[on JO UMO) ‘SYAT AYIIA PYSAO[OA S
1002 2unf 71 ‘NA % INd “TS®

L9E°SEVE0T T .78 Pho8Y N W (ST “ONSI[eNS JA JO o) oy Jo M S W 0T O ‘BN JO STL[IA ‘SIA AYDIA OYSAOJOA S
100Z dunf 6 ‘A

L. 16,006,129 .. 10.S¥.87 N % INd “T'S'8 W 0L IS9I0J oY) JO SUISTLW oY) ‘BP] BIL[Z JO dTL[[IA “SIA AUYDIA 9YSAOIOA S
..§5.90017Hd “.. 17.S¥o8Y N £007 ISN30Y [ N “T'S'8 W OTL Y-S ‘PUPOYE( ‘SIAT AYIIA DISAO[OA NS

L TTLOSITH . 17.SPo8Y N 100T 2Unf 6 ‘WA % Nd 'S8 W (L “YI[-IS oY) JO pud ‘pupoyef S)A AYIIA PYSAO[OA S
000C 3290190 #1 d “T'SB W GL6 ‘PrOI

LESTH.870T A .. 1€ S, Pho87 N 1SQ10J “YOIA IRIA0ISET A JO N UKy /() B9 “BINH BOIU[owS JO aFe[IA ‘SIAl AYDIA 9YSAOJOA S
100T AN 6T ‘Nd ‘T'S'8 W OZf

L P1.S€0TH ,.6€.6€.87 N “IITH BYIBIS Iopun mopedur KIp ‘QIpBIYpOJ 9YSIOYOUSLIY JO dFL[[IA ‘SIA AYIIA DISAO[OA NS

..9T. %061 9 °,.01. 1287 N $00T ounf 9 ‘g 'S W g7 ‘Surred]d ‘eurdnry jo umoy ‘nedjerd eurued exysurdnryy g
¥00T AI0f 11

,.65.8508T H°,.01.0€.87 N ‘SH “['S® WI 06€ 0OIq OAOSOPEY O} JO [INOUI YIU[SZO] JO OTEIA ‘SIA AYDIA DIOIUABDS NS
¥00T AInf 11 ‘S 'S W 7Lp “TOAIOSOI

..85.95081 °..10.8T.87 N ZIpgu eySUBI[EH AU} Jo 210ys o) Je odo]s ‘g[og exjsueg Jo o3e[[IA ‘SIA AYoIA 9YoIuARnS NS
£00T AIr 01 ‘S “I's'e w [6L ‘yyed oy Jo surdrew

97

97

Sy

X¢
xg
xg
Y
Y
X
Xg
Y
Y
Y
Y
X¢
X¢
xg
Y
Y
xg
xg
Y

X¢

0Y91 ‘6£91

8E9T °LEIT “9£91
1€91

‘0€91 ‘6791 ‘8791

9791 ‘ST9T vT91
YOAVIN ‘€OIVIN
TOYVIN ‘TOIVIN

911

‘09t 1 ‘6SP1 ‘8StH1

(424847l

6€VT ‘SEVI
9¢ev1 ‘Sevl
‘YEVT ‘eI
[434!

‘TevT

656

‘856

¥S6

HVI

756 ‘156

8L8

124)

LSS

‘9SG “SSST “bSST
TZOM ‘1720

¢NH ‘CNH ‘INH

49



..TP.S0061 9 °,.0€. 15087 N
..S€.91.61 1 °..5+.€0.6v N
LEELTL61 d°,.9%.€0067 N
,.€E.8768T d°..ST.10.6% N

,.SS. The81 1 °..67.LSc6F N

#00T AINf T °SE “I'S"8 W §08 YI[-TS ‘MOpLaW ‘gyoaIn] Jo ATe[[IA ‘SIA BN BYOA S

£€00C

A 6 ‘S “I'sB UL 00S ‘SOOI ‘QURIURE 0421 070] YOIIqUIOZNY JO UMO) ‘SHA BIR] BJOA S
€00T AI[ 6 ‘S9 “T'S°®

W GG ‘Peol 9y} JO UISIew ‘QuIueg 0421p 020] OIdQUIOZITY JO UMO) ‘SHA Ble] BY[OA S
#00T 1oquydag 11 ‘Sg “T'se W Q[

9sa103 aurd oy 1opun odo[s AIp ‘A9[[eA BUI[OD BYSURID[BA ‘B[BA JO 9Fe[[IA ‘SIA ene] BRI S
#00¢ 1oquiaydog 71 ‘S 'S W (G “BUI[IZ JO

K319 9y} 0} peol oy} Jo urdrew ¢ o1SAn[0 ., 1ed 9o11do ], 9xjoaley] Jo a3e[IA ‘1N eneq BIBIN YIS
#00C 10quiaydag 1

P LYo8T T .S, LSo8Y N “SE “T'S™8 W 0§ 510§ 2onids oy ut odojs ‘woaatuz pod 103§y Jo S8e([IA ‘SIA B1yed PIRIN IS

,.87.9€.8T 9 °,.8%.L5o8Y N

L LS 9EFSITH L IL YT FSo8Y N
TTLTTTH  L.ST.LSe8Y N

L TP.6T.1TH . €1.7€.8Y N

L Y'L0.S061TH .. T'8Y.S.8% N
,.07.95002 9 “,.L1.£0.6v N
,.80'85.55,0T 9 °,.9'97.55.8Y N
L LY.SS00TH .. €70.70.6v N
,.L0.9061TH .. 75,1587 N
LT0°EP.PT61T

q4°,.20".vp. vr.8% N

L, TP.81,07d “..¥T. 158V N
,.8°6€. 12,07 H “..9TC.TSo87 N

,,6°0€.02,0C d %,.$'97.SSo8Y N
..9°80.0T,0T 9 %, 1'6V.55.8Y N

€00 ¥sn3ny ¢ ‘sd “Ise

w zog ‘yred ay) Jo urdrew Ju O[ppes O[Pas PSAONIR,] ‘A0NE JO dFe[[IA ‘SIN eneq e S
100T e

€1 ‘INd “T's'ew oG] ‘@Imsed “aFe[[ia ay) Jo N U G°() €O “AOUISE[ JO 9Fe[[IA ‘SIA JB[IOYIA VS
¥00¢ 1990190

9 ‘59 % N “I'S"® W (S9 “9Ippes ojod p1snq ‘eueq e1e[Z Jo ATe[[IA ‘SIA AYIIA ONSUB[S NS
¥00C

1990300 1T ‘INd “T'S'® W ¢ “Ode[ BIZ] 24} JO 210US  ‘BS[EI JO 9TB[IA ‘SHA] AYOIA PSUB[S S
#00C 1990190 9 ‘SE % INd “T'S'® W GG “ZBIIA JO a3e[[IA ‘S)A BUIAOYOIA pySSLIRS NS

00T 1990100 9 ‘S€ % INd “'S'® W £8S ‘00A0dIT Jo aFe[[IA “SIA O3stueIg NS

$00T 1990300 9 ‘SE % INd “T'S™® W 8T ‘BARUYNIY JO ATE[[IA ‘SIA BUIAOYOIA BSSLIES S
#00T 1290100 9 ‘S€ % INd “['S'8 W G79 ‘AOUET JO JFL[1A ‘SYA] OYsTueIg NS

00T ABIN 81 “S€ “1'S"@ W (01 “99AIS I\ O} PEOI 3y} JO UISIEW ) ‘Y] BIOY BUIAL) NS
100T ABN 0T ‘Nd “T'S® W 9€T “Auegoney]

Jo age[[ia oy} 0) peol 1eau Jo[d-sse1d ‘@AOpeIYPOJ ‘9010 JO AIIO ‘SIJA BIOY BUIA)) VS

¥00Z 2unf 61 ‘S “I'S® W 006

‘armsed ¢ [ostueH pod,, 0201p 000] ‘A3[[eA BUIBNS ‘BUIRINS JO 9Fe[[IA ‘SYA 81 ASUSAO[S VS
¥00T dunf 61 ‘Sd

“I'Se W {8 ‘Wep BSRIA BSUBWIO[R] AU} JO I0YS Y} ‘ANUIPI(T JO 9Fe[IA Sy [e1 £YsuaArolS TS

¥00Z dunf 8 ‘SE 'S8 W G89 ‘Ad[[eA [0YOS AYJOA Ul K)I[eIO] JoyIoue ‘SYA] [eX AYSUGAOIS NS
$00T dunf g1 ‘SE “I'S'8 W 689 “Ao[[eA [050S AYJOA “SIA [eX LYSUGAO[S NS

97

Sy

Xg

X¢

Y

Xg

Xg

Y

Y

Y

X

Y

xg

Y

X

Y

Y

xg

X¢
Y
Xg

‘TdNL ‘TANL

9LET “SLET “bLET
€LET

TLET “TLET OLET
€IVA

TIVA ‘TIVA

AR AR R NR
vZdM ‘€Zd3
TZdMA 1Zd

vd ‘ed ‘td ‘1d
i976

€dZ ‘cdz ‘197
yTLl

‘CTLT “TTLT “1TLY
PLIA ‘€LIA ‘TLIA
€dIT‘7dIT ‘1dIT
PINTI ‘©INTA
INTA ‘TIANTA
¥OV1

‘TOVI IOV
sl

‘SPPT ‘Prrl ‘evvl

876
¥L9T ‘TLIT ‘0L9T
€591

TS91 ‘691 “S¥91
Yr9T1 ‘€p91

50



29040061 1 °..ET.TCOF N €°Sd “I's'e w 19 ‘dois-snq oyy 1eau oue] “eNAOJAYIAA Jo aTe[ia “SIA ApAYsag PsaeIO VS

¥00¢ AInf

L T€.20661 3 °..6€.0T.6V N € ‘SE “T'S'® W 97§ ‘Wep oY) Jo unf ') 80 ‘edsAg BAON JO o3e[[IA ‘SIA ApAysod 93ysAeIQ S

v00T AInf ¥ °SE “T'S'V

L LTLO6T A °,.61,£T6F N "W 006 “OUB| ) JO UISIeW D[PPes PAYSAF ‘BusdT EYSARIQ JO 9Be[[IA ‘SIA ApAysoq pysaeI) NS
LTTOY. Y1681 A °,.6T LY. L1o6V N 000T 1090100 1 NA 2 N “T'S™® W 006 W[EYD SEHOJ Y} JO UR| ') 8D ‘SN AYIUIOAR[ Z)
£00T AINf 1 ‘SE “T's'e wr 009 152105 2on1ds oY) Jo UG rew

L IS.€€061 A °,,9€,8006F N U ‘et 9X[SAOSENEIN 0121p 000] “00A0SENEIN 935A0)dIT JO dFE[[IA ‘UIseq BUIOY LYSA0IIIT NS

v00T AInf €1 ‘g “T'S°e

*,.10.8C061 9 °,.TT.60.67 N W ()69 ‘dTe[[IA AU} 2AOQE PLOI $3I0) ‘BUUY eysA0)dIT jo oFe[[IA ‘uIseq eurjjoy esa0ldiT NS

100T

..§€°60.40,0C A *..LETT.LO6V N ounf 61 ‘INA TS W GG ‘Bl [910Y A} Ieou ‘ure) 0so[d oxsqng SN Ane, 9josLA S
000T AInf L ‘NA % INd “T'S®

..0L'9T.20.0T d *..S6'LY.L0.6V N W 001 ‘Ure) 0so[d 93ysqng JO AN Wi §'T B9 “eqNg eysuene[, Jo o3e[[Ia ‘SIA ANeL 9OSAA S
€00z AInf 9 ‘g “r's'e w ooz ‘eoe[d Sunyred oy woyy w 07

LY. €61 d°,.8T.€1,6F N 0 PEOI 2y} JO UISrewr oy) ‘Ad[[eA euIop EXseYOY ‘da10qn7 Jo aTe[[IA ‘SIA Ane], pupedez g

€00T AIN[ 9 ‘SE 'S8 W OGTT I9[EYD LIBYD BAOYEI[IL] oY)

LY. P61 d°,,9€,21.6F N 01 peol ay) Jo sursrewr ot ‘A[[eA euljop eXsReYoy ‘0a10qn7Z Jo 95e[[IA ‘SIN Ane], pupedez g

100Z dunf 81 A “T'S'® W (06 BIHIN JO AISIOATUN)

..§S°65.9%061 A *..¥0°LS.L0o6F N QIMNOLITY AU} JO 19[BYD AY) 18U MOPEAW “AJ[[BA BUI[OP BAOYRLY ‘SIA A, dupedez S
100T dunf O A “I's'e W (08 @3pLiq
.. 10,5207 9 .. 12,9006% N 1sour £)sAed0] ‘B[og JO 1AL oy} teou amysed ‘eurjAquid Jo oFe[[ia ‘SIA Ane], pupedez S

100T sunf 81 ‘WA

L0€6T.87061 d°..ST°9€.60.6F N “S"B U ¢H]] YOOIq pue PEOI 3Y) JO PROISSOID ‘AJ[[EA BUI[OP BAONREY ‘SHA Ane] dupedez S
£00C AIf 11

L 0E.9T061 1 °,,L0. 7587 N “SE “T'S"8 W 008 “AS[[EA BALIY B[RJAl 9} Ul MOPEOW ‘BOIWIAIO] JO dFR[[IA ‘SYA ANBL ZIN VS
v00T AINf 1 ‘SE “I'sew

LLT.SE6T 3 °,.TS.LSo8Y N 0TE1 ‘Ured dy3 Jo urdrew gusel d1udd JSLINO} ‘A3[[BA BUI[OP PYSAOUBWIS( ‘SHAl ANBL ZIN S
¥00T L[ €1 ‘S9 “T'se

L. TT.ET61 9 °..61.8006F N W 0T9 ‘BUBE[BIA JO 9FR[[IA 2y} 0} peox dy) 1eau 2dofs ‘AN Jo aFe[IIA SHAL AYDIA PYSQ0YD) NS
€007 unf 6 ‘Sg “I's'e W 097 ] 15910} oonids 9y U mopeswr Y}

L E0.61061 A °,.10,60067 N “Buejod pupang 01p 0001 047 LYJOA I ‘BA0Q(T BYSE[EA JO dFB[[IA ‘SN AYOIA 9S0U)) NS
€00z ounf Lz ‘S “T's"e

,.00.T1661 9 °,,95,60,6F N W S6S “9Te[[1A 9} JO S W] € BO PLOI ISAI0J A} JBAU ‘AONSEZ JO ITL[[IA “SIA BIE] BAIOA S

Sy

97

Sy

Sy

xg

Y

Y
X¢g

Y

Y

X

xg

xg

xg

X¢

Y

X¢g

X

Y

X

xg

‘THOAA ‘THOAA
SAN

‘AN ‘TAN ‘TAN
¥Sd4 ‘€sdd
‘zsdd ‘1sd9d
1698

SHIN ‘THIN ‘THIN
VIVl

vL6

i8€8

06€1 ‘68€1 ‘88€1
L8ET 98€T ‘S8¢1
i8L6

6L6

9.6

L6

Y0 ‘€90
‘90 ‘190
TSVI ISVI
€oN1

20N 1001
€8€T “T8€ET “I8¢€T

€6€1 TOET “16€1
PaNL ‘€aNL

51



L 17.0S00T 9 ,.L0.LESY N
..81.0S00T 9 *..91.LE8Y N
..50.0S00T 1 °,.¥€.LE8Y N
,.05.6¥.0T7 9 ,.L0.8€.87 N
..0€.€2,07 9 °..95.7€.8Y N
..TS.TTOTH *..90.¥E.87 N
..02.6T,0T 9 °..5+.6T-87 N
..0T6€.62,0T 9 *..0T¥T.T€.87 N
..5€60.5T,0T A *..LETT¥E87 N
PO LEYT0T A .. T8 €T, E€o87 N
LTTL0So6T d°,,€°L0.€1.87 N

. T€.65,0Td °..SS.€To6v N
*,.LE.85,0T A *..6£.5106F N

L PL0.S0.TTH  , T'8Y. 75087 N
..T0T.60o1TH °,.€5. bS8 N
LSV 14,07 9 °..8Y.81067 N

,.5§5.00,17d °,.8€.81.67 N

00T 1290350

6T ‘Wd “I's'e w ¢/g ‘neajerd eurue|d eS[OIPEZ ‘[AIPEZ JO ATL[[IA ‘SYA SeD AJSUSAO[S S

00T 1290350

6T Wd “T's'e w ¢19 ‘neajerd eurueld gys[oIpe7 ‘[AIPEZ JO ATR[[IASIA SED] AJSUSAO[S S

00T 1990350

6C ‘INd “T's'e w [6¢ ‘nedjerd eutue[d eS[OIPEZ ‘[OIPEZ JO ATE[[IA ‘SYA SEL| £YSUSAO[S NS

00T 1990150

6T ‘Nd “T's'e w L9 ‘neaje]d eurue[d eys[o1pe7 ‘[oIpeZ JO 9FE[[IA “SIA SED] LYSUIAO[S NS

£00T dunf g ‘INd “I's®e W OG¢ neajerd

eutueld exsieruoy] oy 03 yred oyj Jo urSrew oY) OAISI[J JO UMO] ‘SHA] SBIY ASUSAO[S S

00T

aunf § ‘INd “T's'e w 816 ‘neajerd eurue(d eysIBIUOY] ‘BAONSRJ JO 9TR[[IA ‘SIA SBIL ASUIAO[S S
T00T ABIA O€ “INd “T'S"8 W OS€ “OFRI[IA 9y} JO UISTew N

gy uo sadors orrayjorox ‘nedjeld eurue(d BYOI[IS ‘OA0QO JO AFB[[IA ‘SHA SBI ASUIAO[S IS
100z 2unf ¢1 Nd “I'se

w 61 “(L°00S) Sus[ed A JO AN U T°0 “BAOZIG EYDIJIS JO 0FE[[IA ‘SHA SED] AYSUGAO[S VS
100 KB 0€ TN 'S8 W GG ‘wiseyd gsedoid expuloqy

Y} WOy FN U §°() O 9IN01 3s910§ oy} uo ‘nedjed vurue[d YOIAISI[J ‘SHA SBI AYSUSAO[S MS
100T ABIN 0€ N “I'S"8 W (¢ ‘Peor ) JO

uISIBUW B ‘09AISO[J JO UMO) AU} JOo wy | B0 ‘neajeld eurtueld BYOAISO[d ‘SIA SBD AYSUSAO[S S
ooz ounf [ ‘sq %

Nd “Tsew 161 ‘sourd yym odo[s OTWISY)O0IOX ‘90A0ZPEY JO ATE[[IA ‘S)A BUIAOYIIA BAOIOD) S
Y00z ounf [ ‘Sg “I'se

w OG[T ‘yred 1SN0} 9y} Jo uISIews oy TOJUIA LY[OA HA ‘AOIA JO o3e[[IA “SIA A0BIO)) NS
00T ounf o[ ‘Sg “I'se

W GO 95910J 90n1ds 9y) Ur Mopeaw ‘[OQUITA ATBIA A “A0JIBUST JO 9SB[[IA ‘SHA] A0SID)) VS
#00T 1990100 9 ‘S 2 INd “I's"8 W

LLY “901[Pas pue AU JO SOTL[[IA AU} USOMIAQ DII[PIS JO 9T B[[1A ‘SIA BUIAOYIIA BYssLIes S

¥00T 1990190 9 ‘S€ % N “I'S™8 W ZEE “09A0QN(] JO OFR[IA ‘SN BUIAOYDIA BYSSLIES S
¥00Z dunf [ ‘Sq “I'S®

w ]/ ‘sourd usamjoq MOpeIW [[IY J[ISed ‘BYAOqN,] BIL}S JO UMO] ‘SIA BInSeA eyssidS S
¥00¢C sunf

01 ‘Sg“I's® W £/ “dojs-snq 9y} Jeau MOPEIW POUMOW ‘A0JIBUIT JO ATE[[IA ‘SHA] A0SIDD) VS
00T AInf

123

123
125

125

X9
X9
X9
X9
X9
X9
x9
x9
x9
x9
x9
x9
x9
xg
xg
xg
xg
xg

X¢

SdZ
vdZ
¢dZ

1dZ
6161
‘8IST “LIST ‘9161

SIST PISICIST
i00¢1

‘10z!

996

‘596

1459

‘g6

£€6
[439)

3

08¥1 ‘8LY1

TINAD ‘TINAD
SININD

TININD ‘TININD
IVS

TAVS TIAVS
ran1
‘7dNT11dN1
¢1LS

‘TILS ‘T1LS

INAT INAT
CHOAA

52



..LT.S0.61 9°,.07,8€.87 N

L €TLO6T I .. 17.9€:87 N
,.8€.9S0L1 9 °,,TS.8€.87 N
,.6€.65:91 9, TTE.STo8Y N
..07.8S:9T d °,,S°LS. TTo87 N
L0€.9TLT A °..LE.OVo8Y N
..8T.9ToL1 A5, LY, Vo8 N
..LET0,8€,1TH ,.08€0.0€.87 N

LYTELL1Td5,.0T, 11087 N
..9°92.25,0Td ..61.9€08% N

..€7.00o1Td *,.02.9€.87 N
..6€.8€.81 1 °,.95.8%oLt N
..§°SE.85:9T d°,,€°5S. 11,87 N
,.9%.85.91 9 ..#0.C1.87 N
.L0.€0.LT A °,.TTETo8Y N
L8Y.E7.0Cd ©..S €V, T€.87 N
.9°6b.7€.0T T °,.S10.6€.87 N

..SY.S€,0Td °..SEFE8Y N

€00 1oquardeg 71 ‘S TS W 00f

a8e[[1A oY) JO M\N W € €D ‘pBOI Y} JO UISIeW ‘BOIU[AIS JO 9TE[[IA ‘SHA AYOIA OOIUWATY VS
¥00T AIN[ 1T ‘S “'S™® W ()€ ‘UIOAZ JO K10 PUB PAOQRAOT JO ATE[[IA

oY} uoaM3aq peol oY Jeau odofs AJoArI3 ‘@AOQBAOY JO 9FE[[IA ‘UISEq BUI[JOY BYSUS[OAZ S
#00Z dunf § ‘Sq I'S'e W ¢ “oTe[[Ia

oy Jo urdiew § oy e 9do[s OIWLIAYI0IOX “@IOYQT BIB)S JO AFR[[IA ‘SYA 99A0U] ASZBAO] YS
¥00T 2unf § ‘Sg “I's®

w €871 ‘nd auols oy 03 Yred ay) Jo urdrew ‘eoLnsAg eysioyez Jo age[ia ‘syN Aredies o[_N S
¥00¢ sunf

G ‘Sg “T's'e W 0Gg ‘esnoy Afrue; jo juoly ur adoys AI1p ‘oulers] jo a3e[[ia ‘s)A Aredied] o1eIN S
¥00z dunf ¢ ‘Sg “I'se

w gZ¢ ‘peor oy} Jeou odofs ‘OFe[IA oY) JO A\ U | BO ‘Z1ALIJ JO A3e[[IA ‘SHA Aredie] 9N S

¥00z ounf 8 ‘Sg “I's"e w Oz Nd duols ‘Queiqpod yo d3e[ia ‘puejdn eunesoyed exsaelA NS
1002 1MV #1 “INA % INd 'S8 W (9] 1s210§

yeo yo wdrew [y 9odoy AysforpuQ Jo sadofs N ‘euAyn-T Jo a3e[ia Sy AyoIa aysurjdwaz S
¥00T 2Unf 6 Nd “I'S"8 W (ST “$1d

Jo 93e[[1A pue 901503 JO K110 USIMIOQ PBOI AU JBaU ‘90150 JO KO ‘UISeq BUI[IOY BYOISOY NS
€00T ABIN 9T Nd “T'S"8 W 0T ‘NOAPOY peu BUIN [, JO TL[[IA “UISEq LUI[IOY BIOISOY NS

100T 2un( [ ‘N 'S8 W (] 93pLiq sour AySAEP[OJA

oy} Jo wry | €0 ‘peor oy Suofe ado[s AIp 92A0[099)) Jo a3e[[IA ‘UISeq BUI[IOY BYOISOY S

¥00z 2unf 9 ‘g “I'se

W 9f] ‘SPIBASUIA “UMO)} U} JO A\ WD T €I ‘0A0INS JO umo) ‘puefdn eunespioyed gysfeunpod g
00T sunf

¢ ‘sd “I'se w /g ‘odofs Apues ‘e[AqO3] eSUIAd( YA ‘eAr[sIEIg JO A0 ‘SYA Avedres] Se NS
¥00¢T sunf

G ‘S “T'S'®B W 9()7 ‘MOPBIW ‘B[AQO] BYSUIAQ(] I ‘BAR[STIRIE JO A0 ‘YA Aredies] o[_IN S
Y00z dunf g ‘sq “I'se w

€1 € ‘spIekaula oy} Jeau MOPEIW pauMOoW ‘edo1[eys Jo umoy ‘puerdn eunesioyed exorufoay) g
00T

1090300 61 ‘SE “T'S'® Wl LG DTL[[IA A JO § ‘SE[IZSEAPOY JO ATR[[IA “SYA 1Z8IE] [YO[ITTY NH
€00 AeIN 91 ‘INd 'S8 W 6 PeOI

oy Jeau odofs ‘oIpeIypod 93sIoyousers] Jo 93e[[Ia Ay} Jo 1ed A\ ‘UISeq BUI[IOY BYSABUZOY S
€00T BN ¥1 ‘N TS W €T

‘odofs A\ “eI0H eusery| [[1Y 9[ISed AIpeIypod 9SIOYOUuseIY Jo dFe[[Ia ‘SYA Sen] ASudAo[S S

123

X9

X9

X9

X9

X9

X9

X9

X9

X9
X9

X9
X9
X9
X9
X9
X9
X9
X9

X9

TS IS

TAOM ‘TAOM
0191 ‘6091

‘8091 ‘9091 ‘5091
S6S1 ‘V6S1

‘€651 “T6ST 1651
(11291

‘6€ST 8EST “LEST
339!

PEST ‘ST “TEST
#091 ‘€091

7091 ‘1091 “66S1

6

v0ST “€0ST

‘TOST “T0ST “00ST
€11 ‘Tl

1€6
ST SHST “brS1

8TST “LTST 9TSI1
Y491

“PTST “€CST “TTst
06S1°88S1

‘L8ST ‘98S1

€qod ‘raod
SIEl
9IEIPIET

TTEL ‘01€T ‘60€1

53



..1€.90,0T 9 *,.8€.9%8% N
..10.0€,0T 9 *,.S€.6To8% N
891, LSo1T A *.LE7 10,5087 N
..T'80.1500T 9 “,.L90.5€.8% N
LLET6YLT °,,€°€5.9T.87 N
..50.TSo0T 3 °..€4.9€.87 N
,.€0.5%.07d ©..91,LE.8Y N
LLSE.TH61 . 17€.81087 N
L EL.6To61 9 °..50.TT6v N
..50.STo61 H°,.TE.61o6v N
.€0.12.61 9 °.. 14,9167 N
..07.0S081 9 *..¥0.¥To6¥ N
LLL8To61 3 °..LT.TTo6V N

L LOYYe61 9 ¢, VT 1S.8Y N
..TT.LSo81 A °,.€5.95087 N
,.0T.8561CH *..TE.95.87 N
LTSY.ETITH , TETPho8Y N

,.S1.95081d°..80.21.87 N

11 ‘dd “T'S"® W G69 ‘yoInyd oy} 1eau odos ‘eIny eSUBINAl JO dFB[[IA ‘SHA[ AYIIA 9OI[0IS IS
¥00T ABIN LT Nd “T'S'® W

[T “o3e[[IA 9y Jo g Ur | B9 “[7H Jutod uonead]o ‘pupny jo oFe[IA ‘SIAl AYOIA 9YSAOJOA S
100T HAV LT ‘WA 29 Nd “T'S'®

W 09 ‘TITH 92doy AYJoA ‘0D AYSAO[EIN JO UMO]) ‘PUBMO] BUIZIU EYSUSAO[SOPOYIAA S
00T

190300 61 ‘SE %9 INd “'S'8 W ] 99A0JSOH Jo o3e[[ia ‘pueldn eunespoyed exsueispogd S
¥00¢ aunf

L ‘Sd “I'S"® W LGT ‘MOpPBIW ‘5010G JA “09A0YO[H JO UmO} ‘puerdn eunexaoyed eysfeunpod S
¥00T 1990100 [ Nd “TI'S'®

W Q0 ‘[T 9[ISLO Y JO A\ A[PPES Y} UI “NOAPOE PeU BWINT, JO dTL[[IA ‘SIA SBLY AJSUIAO[S S
00T ABIN ST INd “1'S'® W 08L

‘€'108 urod uoreAL[d 9y} Jo A\ Wy G T B ‘nedjed yoia AutoH eurueld ‘SN Sen] ASUSAO[S S
¥00Z 2unf [ ‘S % INd “I'S'® W ¢ ‘peor

oy teou adofs A1p pue Auuns ‘Auege[] 9SAONE[I] JO 9Fe[[IA ‘UISEq BUI[IOY BSudA0[soyn( g
€002 AI[ L1 ‘SE 1100 “['s'e W

LOTT “yred ayy xeau odoys “ropiwsuen exngey ‘orogade], Jo dFe[[IA SYA BINSEIA BISARIO S
€00T AInf L1 ‘'SE “I'SBW QL6

952103 2on1ds ur mopeawr 93e[[IA 9y} JO J W ¢ €0 ‘UIqeq JO Fe[[IA ‘S}A BINSe BYSARIO S
€007 AIf L1 ‘S€ 'S8 W Op§ “9Te[[IA oy Jo

N uny ¢ 92 ‘peol 3210 Y} JO UISIewW Yowezpod ANSABI) JO 9FB[[IA ‘SIA eINTeA BYSARIO S
¥00T AInf € 'SE “T's'® W $9¢ “93pLiq

oy} Jopun MOPEIW PIUMOW “NOINSA] PEU OUSEIY] JO ATE[[IA ‘SIA] BUIAOUDIA BYONSKY VS

€00Z AIN[ 6 “SE “I'S'8 W (Lf UMO)

o Jo Aroyduad N ‘peos oy 1edu adoys AIp ‘urqny] Aujo JO umo) ‘syAl BUIAOYIIA BYSARIO S
100 A1nf

1 TNA % INd “T'S'e W QST “2[PPEs oY) JO A\ W ()€ BO “D[PPEs LIIA0MRY) ‘SIN ANBL 9YZIN NS
€00 Toquuaydog 0T ‘SE “I'S"8 W (]9 “d[Ised oY)

JO AN Wy [ B0 ‘prOI AU} JBdU ‘AJ[[BA BUI[OP BYSIOPED) ‘eoruje[d JO A3e[[IA ‘SHA BB BYPA VIS
€002 1sn3ny 8|

S “I's® W (07 ‘Wep eArllS eysuI[dwoZ oY) JO 2I0YS oY) “OI1ZN[EZ JO dFL[[IA ‘SHA JE[IOYIA NS
€007 ABIN 1T ‘S9

SIS W 79¢ “‘YI-IS 9y} Tedu ‘yaIq %ﬁuio@ 0J21p 020] IS0 JO AITD ‘SIA AYIIA 9YSAO[OA VS
£00T 2un[ 9 ‘Sg 'S8 W G/ [ “dTe[[ia

91 JO PUD I} JB MOPBIW ITULIYIOIIX ‘AYIUIOA(] JO 95e[[1A ‘nedjerd euruerd gysurdnry S

3

Sy

X
X9
Y
X9
Y
X9
Xg
XL
Y
X9
X¢g
X9
Y
X9
Y

X9

X9

X9

X9

X9

X9

X9

X9

X9

X9

7791 ‘1291 0291
961

SSPT “bSPIESHT
S06

706

ZSOH

¢SOH ‘I1SOH
6LST ‘8LST “LLST
08ST

THL

THL

ISt1

611 ‘8PPl

1811

€8Pl

¢ IIINO

‘T IIINO ‘T IIINO
¥ IINO ‘€ ITNO
‘TTINO ‘T IINO
¢INO

‘TINO ‘TINO
PN “E3INGT
AN TN
08¢€1

‘6LET ‘8LET “LLET

L801
€dO Tdd ‘1an

1SZ
TTET “1TET ‘0Tel
‘6TET “ST€T ‘LIET
1961
‘09ST “65ST ‘85S1

54



W6°00,TSoST A “WT°LSITSo8F N 9BB[[IA oY) JO M S) BYZ3)S BORIASE 0J21p 000] ‘SIN BUIROSAA JO S[[IYI00] UBIABRIOIN “IN'€ ZD
w067 TTob T A WLET0T0S N #00T AN TT “NL “I'S'8 W T “00pLIH KA pue AY01ZOY JO SUMO) AU} UIIMIAQ “IOALI BABI A
A1 JO uBQq Y3 I} SA0GE JOOW JIYILY -AN0IZOY JO UMO] ‘UISBQ JOALI [ABIAOJ Iujod “IN'g ‘ZD
£00T ABN 1T ‘NL “T'S'8 W L6T

‘SSOI0 ABMIPIS QUOIS Y} JO S W ()¢ ‘ATeA[RD JLIRA[RY BYS[0JOA ‘ureld eursold eyszeld “IN'd ZD
#00T ABIA 81 ‘NL “T'S"® W LT ‘S2AQUI) JO dFE[[IA ) 0} 1D JPIS oY)

Jo S w QS ‘Apeiqpod 03 peol urew dyj - SaAQUILY) JO o3eqqia ‘urseq asued eysulpr) “IN'g ‘ZD
#00T ABIAL ST ‘NL “T'S'8 W 8T ‘UNOIdE JO UMO) ) 0)

peo1 oy} Jeau ‘9Fe[[IA Y} JO W ()| SOOI ASEqRIP Qo1SIT JO ITE[[IA ‘SHA Sely \Emuw “IN'Y 2D
000T

1940100 #1 ‘WA % N “T'S"8 W (06 IR[BYD $81H0J 2Y) JO W () 8O ‘SIA AqFUIOAR[ “ "M 2D

WC6€61o71 3 u88570.0S N
WS 8LETLST A 0501605 N

WE'SSS06YT H W6 THiLSo67 N

WCT OV P81 A W6T LYLTo6Y N

00¢ 1290190 61 nmm_ » Nd

“I's"e W g6 ‘goInyod ayp ropun adofs oy ‘eAueqo L, Jo 93e[1A ‘SIN 395430y 1Augidwoz ‘nyg
700¢C 1990100 61 Amm

LTYPLTITH 90,2687 N 29 INd “T'S™8 W Gip “[[IY S[ISEI dY3 IOpUN MOPEaW ‘19N Jo dJe[[IA ‘SHA S9sA30y 1fug[dwez Ny
,.96.1€,02d “..S1.8T-87 N ¥00T 1290100 61 ‘S % INd “1'S"8 W Q0 ‘OJeAsor Jo S3e[[IA ‘SYA 1ZsIeY] DYO[RISEY ‘NH
00¢C

,.6°LT.0S00Td ,.TYE.TERY N 1990300 61 nmm_ 22 N “T'S"® W ¢/ “OpIeSPAPIH JO 33e[[IA Y} JO S ‘SIA 3Zsiey] DR[AIS8Y ‘N

..€8€.1217d°..9°00.6Z.87 N

L €'S7.,08:0Td °,,€95.€€087 N #00T 1990100 61 ‘S % W “I'S'8 W 791 ‘OPIESIAPIH JO a3e[[IA SIA 1ZS1eY] DIR[I3TY ‘NH
00T 1290100 9 “S€ % INd 'S8 W (L9

“IIHH 2808 8sAT 9y Jo 9dos AN 99A0$0qNH JO SFLIA ‘SIA SLIOYIZPIW HYs§Leg-0yssidg g
100 AIng

LY S.6T061 A5, 6°62.60067 N ST ‘INd 'S8 Wiy 9 2mmsed “a3e[[ia oy Jo N W ') IS0 JO a3e[[IA SIA AYOIA 9S04 NS
#00¢ 1oquididog

T s st w QL oamysed Q[ppes BIOY PUAOY, ‘BALIZEZ JO OTR[IA ‘SIA eNR] BB S
#00T dunf O N “T'S"8 W QOO “e[eys

BYSA0QRD) JN 0} spremo) ‘nedje[d Aaeron) eurue(d ‘AUIpa(q Jo 93e[IA ‘SN [ ASuaA0[S TS
#00C dunf 61 ‘Sd

L TP.81.0Td VT ISe8Y N “I'se W 668 “,fostuey pod,, saxmsed ayy 03 yred oy) “gudjeng jo a3e[[ia YA [e1 £YsuoAols S
$00T dunf 6 ‘d “T'S'e W (68

L 16,2202 d ,.€5.,0S087 N ‘fred 1s1moj oy jo urdrew ay) “oodody A4sutsqo( IAL “PUIqo( JO UMO) ‘SIAT AYIIA DISAO[OA S
00T dunf

LLLLLELLIT A ,.99T.50067 N

..81.90061 9 °,.20.91067 N

..80.€2,0T 9 *..S€.TSo87 N

Sy

97

X9

Xy

Xy

Xy

X¢g

Xg
X9
X
Xg

Y

Y

X9
Y
X9

X9
Y
X9
Y
X9
Y
X9
Y
X9

W7D sNL
M vyNL

e Nl
@D znl

€D 1NL

698

VTdL
€znd ‘Tznd
vZNd ‘1Z0d

€SOr
vAIH ‘€dIH
‘TdIH ‘1dIH

YVOH
‘€VDH ‘1VOH

¥STCST IST
€S1

SLOT

i9L01

€9dL

TYAL ‘TIAL
S891 ‘¥891 ‘€891
L891

L991

¥991

60ST ‘90ST

01ST “80ST ‘SOSI
€291

55



£00T 2Unf 97 ‘NI “T'S'e W 18} ‘AOSNIH JO 9TL[[IA ‘UISLq JOALI JAB)AOJ TUPIAS “IN'H ZD

00T dunf 9z ‘N.L “I'S"8 W 6T Peol 3y

Jo u1d1ew Ay} ‘90IA0NAQUH-APe[OZuY JUIOH JO a3e[[IA ‘UISeq JOALI JABIAO] UPANS “IN'g ZD
¥00T 2unf 7 ‘NL “I'S®

w O¢ ‘syred Suriy oy Jo peoIssoo Ay ‘eaezes jo o3e[1a ‘ureld eursord eysuedny “IN'9 ZD
$00Z Qunf $7 ‘L “T'S®B W gOE “Oue[ oy} Jeau ‘9Fe[[IA 2U} Ul 9Jn0I1 I} pue yed

SupjIy paspren-an|q ay) Jo Pa0ISSOId o) ‘Aperodod Jo aFe([ia ‘ure[d euwisord exsueny “N'd ZD
¥00Z 2unf €7 ‘NL “I'S®

W 60€ ‘PIOY [[BG100J 3Y) SA0GE Y001 3y} ‘QUANIAS JO oFe[[IA “3[qe) A[NqE) BSAQ0PONS “IN'E 2D
v00T dunf €7 ‘NI “T's™® W 76T

*90LIUIOYON T, JO ATE[TA O} BT “[[TH BINY PIOLIRWOYIN, “9[qe) d[nqe) BYSIQ0PaNS “IN'H ‘2D
£00z dunf [ ‘NL “['se W Lyp ‘doy

AU} MO[q W ()G Q01 - WOING I} JedU [[ITH IIA AJOH ‘SIA LIOYOPIs 9Sqe[-0suno “IN'g ZD
y0ooz ounf [T ‘AL “Isew

87 ‘wred oy Jo M\ W Og R210¢ A Y3 Jo 2dO[S MS “SHAT HOYOPaIS DYSQR[-0)SUNOT “IA'H ‘2D
¥00T dun( [ ‘N1 “T's® W O0F ‘I'H 8qed oW

0} peol oy Jo wy ¢ ©d ‘sourd oy yarm adors [[IH eqed 9y 1edu ‘uor3a1 oNSIBPOALY “IN'd ZD
WS TS6Yor T 3 u8LOETL0S N ¥00C dunf ¢
‘ML “T'Se W L8] ‘Ounp pues ‘BABUIIY BYSAOUBRQRIH 0701p 000] ‘U0I32I Iqe[od Tupans “IN'g ZD

W6 THiEPPT uL0T,SE0S N $00T dUnf ‘NI 'S8 W [8T ‘PROI 3Y) JO UISIBUI YY) ‘UOWIA-ASO(] PLOI A} WOIJ AOZLIIS JO
oFeqq1A 9y) 01 N0 IPIS ‘Oe] NIUqAI ASUAyolg oy} Jeau ‘9[qe} J[nqe} BYszpzaq-oysiey “IN'g ZD
¥00T 2Un[ € ‘NI “I'S"8 W LG¢ “THssafez edng

s mopedu ‘doy oy MO[dq 'S W Q0% “TITH FHO “SHA HOYOPINS 9X[Sqe[-03sunoT “IN'g ZD
#00T 2unf ¢ “['se W g9 ‘nofdou

A099¢ JO 23e[[IA 3y} JO N WY ¢ ‘ANNO[ 9SA09{ 0121p 020] “SYA S| ASAONARIS “IN'H ZD
£00T 2unf ¢ ‘NI “I's'e w [GL ‘nojday peu

A029¢ JO 3E[[IA Y} JO A\ U € ‘B[S BAOUTWO(] 021p 020] “*SYA SI ASA0NARIS “IN'] ‘ZD
Y00z dunf z ‘NI “I'Se W /78 “YOOIq BIOY [IIM PROISSOIO

Ayl Jo N w 001 ‘eds yeazuky] QuzeT Jo gN “Joows e3le] “S)A SO A[SA0NAR[S “IN'] ZD

WL SPTSOET d WTTET000S N $00T°9'T ‘NL “T'S™® W g€ “IOAL BYUNOIOE oY) 9A0QR [[TH BqRg ‘UOISI ONSIPPIOALIY “IN'd 2D
u8'8T:8S0ST H “u0'SE0So8Y N 002 ABIN 0€ ‘NL “I'S® W 8¢ ‘syred Sunyiy oyy jo
PBOISSOID ) TBU ‘ANAIU PITAOS[RIN 0121p 020] ‘SYA BUIQOSAA JO S[[IYI00J UBIARIOIN “IN'] ZD
00T A2IN 0€ ‘AN “T'S'® W 80F ‘Yred ay) Jeau Jsa10J Jeo ‘yred Sumiy pasjrewt

-MO[[9A ‘TJowpo  Jo AFe[[IA oY} JO HS U] 7 ‘SHA BUIQOSAA JO S[[IY100] UBIARIOIN “IN'] ‘ZD
00T ABIN 6T D 'S8 W 8¢ “PLOI 3Y) MO[q W (G “(A0ZI) JO

wE0STEot T H I EETIo6F N
w6 6S.LTo T H b ORI 16y N

W0'LSESoPT A wEITTSo6F N
WESOLEYT H u8°L00S 67 N
W8°T0.8Tot 1 A uS0TO0T.0S N
W99€9TobT d u6'SHiL0.0S N
W TIP8S€T  wI°01.0€.0S N
WEPT6SOET A uI°67.0€.0S N

WE6LTSET A wETET10.0S N

€618 €1 T uE TEPT0S N
w0 TTOYTT d uL 01,500 N
w0 0TLYoTI A W9°9 1700 N

WESTIYTT A “WTLSiT0.0 N

W8 OLLSoST A ‘b 1705087 N

Xy
Xy

Xpy
Xpy
Xpy
Xp
Xp
Xpy
xg
Xp
Xp
Xpy
X
Xy
Xp
Xp
Xpy

Xy

Xy
X9

(€7D ¢ZNlL
(€7D zenlL

€D 1ZNL
(€7D 0ZNL
€T 61NL
(€7D 81NL
T LINL
(Sv'e€D
M9InL
(€D S1NL
E€TDyINL
€D ¢InL
&eTD ZTINL
&ETD 11INL
€T 0INL
€T 6NL

(€7D 8N.L
Sv'eTD LNL

(€D onL

56



W0TESOLT H uS 6591505 N
WE0€6569T T u6°00,22-0S N

WP TEI0LT  wT'ELTTo0S N
W6 V0.806LT T w6 V1180005 N

W'EL8TOLT A WS TEET0S N
WE6T8EST H Il T1TEHY N
W0'ESLELST A W8 TT.TE6Y N
W TUYEST A uS90.9To6 N
u8°85.9%.€1 H 10°60:6000S N
WELIPET 3 u9°0TL0.0S N
WLTOFLET  u89€:9000S N
u8°85.61oST A w6 1S 1€.0S N
WS 60i€ToST A W0 ER0E0S N

WLVL6ToT H u0°ESESo6Y N
WCEETToPT 3 u8'8hiPTo6 N

GFILSToPT d u6'8€01.6% N
W8°629ToPT T u9°€1.60067 N
WETEITPT d uS9S T To6v N

W80S.8Tot T T uL'LET o6V N

Jo o3e[Ia o) 9A0QE 31d QUOISIWI] JOULIOJ ‘S)A] BUIAOYDIA BYSQIYIAI-Oo1A0SNURH “IN'] ‘ZD
#00C AINf $1 ‘L “I'S'e W iy * puoyN Jo o5e[[IA

A} JedU ‘I[YIAY OISEd 9y} JO N W | ‘SIA BUIAOYDIA BYSQO[UIAI-Od1AosnueH “IN'{ ‘ZD
#00T AINf TT ‘ML “T'S'e W HZET YIS 1O[BYO ISLINOY ‘SHA NIUSSA[ AQNIH “N'{ ‘2D

¥00T AInf TT ‘L “TSe

W 987 YIINYD I} JO SUOIBPUNOJ ‘BYUBPNIS BAOSAIA 0121p 020] ‘SYA NIUS9f AqQnIH “IN'g ZD
£00T AIf 1T ‘NL “TSB W HGL

‘S[00I A1} JO UITRD “DFB[[IA O} JO S SMOPBIW ‘ZIAdY JO TL[[IA ‘SIA NIUSSS[ AqnIH “IN'H 2D
#00T AINf 8 ‘NL “I'S"8 W L “A0[1WS pue Aouede]g

JO S93e[1A oY) USIM)q PEOI UTBW U} JBAU dUB[ ‘SIJA BUIAOUOIA BYSABIOWONSY) “IN'{ ‘ZD
£00T Af 8 ‘NL “'se W gLy ‘dojs

snq 9y} JBIU JUIUI[)IAS AO[TWIS cO_Bm JO 93e[IA ‘SIA BUIAOUIIA pYSARIOWONSA) “IN'] ZD
¥00T ANf L ‘0L “T'S"8 W ¢SS ‘Peot oy Jo urdreur ‘(eAB[yIf JO

UMO} U]} 0} SO[9) PUIOqZ JO dTL[IA OY} JO § UWI ()T ‘SHAl BUIAOYDIA BSABIOWONSA) “IN'H ‘2D
#00Z AINf 9 ‘NL “I'S"8 W $6¢ * puzn preyg jo o3e[[ia oy 1eau ‘yred Sumyiy poxprews

-on[q ‘ZLR] AOYPR[S 0301p 000] 3y Jo w Q[ ‘ure[d eurso]d YOTUAOYNEI-ONIIUSSIf “IN'd ZD)
¥00T AINf 9 ‘NI “T'S'8 W ¢ “QWEId BN

0121p 020] pue 11d ouo3s AoeARIH 9y} Udam)aq ‘ure[d eurso[d eYOIUAONRI-0XOIUISI[ “IN'H ZD
£00T AINf 9 L 'S8 W 69¢ ‘Maq[epy 11§ Jo axmd[nos oy reau ‘Auesi jo age[[ia

0) UO1}OAIIP “YIUAOYEY JO umo) oy Jo Aroydurad ‘urerd eursord exyoruaoyer-oxoruasaf “N'g ‘D
#00Z AIf [ ‘AL “T'S"8 W 9

YoInyd 13S0 AT ‘BOTUWOT JO AFE[[IA AU} JBdU ‘A0JBAY JO 93e[[IA ‘SYA [B1 \Emomu “IN'Y 2D
#00Z AIN{ [ ‘NL “I'S® W [ ‘Peor ay)

Teau ‘noyjodod peu 2o1uwo ] Jo AZe[[IA 9y} Jeau ‘9o1uznold Jo a8e[[Ia ‘SHA o1 £s9) “IN'g ZD
¥00T 2UN[ LT ‘NI “T'S'® W 6S¢ “BIY JO 9Te[[IA ) UT UONE)S SBT ‘UO0IZAI 0SPIGPOd “IN'd 2D
#00T dunf LT ‘NI “I'S"B W LGE ‘PLOL AY) JO UISIRUW

‘Ipergpod Oy9YSAOYIAZ JO ATE[[IA A} JO § U G e[ “UISEq JOALI JARIAOJ JUPANS “IN'H ‘2D
¥00Z dUnf LT ‘NL “TSB W pLp

‘A13[1e3-3ur100yS JOUWLIOJ I} JEQU ‘QOI[PBIOIT JO 9SB[[IA ‘UISEq JOALI IABI[AO] IUPAAS “IN'] ZD
¥00¢C dunf

LT NL “T'S® W L€ ‘PeOI Y} JBdU “901UZd[ JO dFB[[IA ‘UISLq JOALI [ABIAOJ IUPANS “IN'H ‘ZD
$00Z 2Unf 97 ‘N1, “I'S"8 W LY I9[BYD oY} JO

JUOIJ UT MOPBIW O]} ‘dOTAONAQUH JO AZB[[IA 9U} Ul WP UISEq IOALI IABI[AOJ TUPalS “IN'g ‘ZD
00T

aunf 97 ‘NI “I'S'e W 76} ‘APeP[ozauy] [UIOH JO 9Fe[[IA ‘UISeq IOALI [ARI[AO] FUPaNS “IN'd ‘2D

X
Xy

X9
xg

X¢

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy
Xy

Xy

Xy

Xy

Xy

(€7D ZrNL
(€7D 1vNL

SYeTD OrNL
FeTD 6€NL

€T 8ENL
(€7D LENL
(€7D 9¢NL
(€7D senlL
€7D peNL
€7D €enL
(€7D zeNL
€7D 1eNL
(SreTD 0gNL

(€7D 62NL
(€7D 82NL

(€7D LZnL
(€D 9zNL
(€7D sTnlL

e yTNL

57



WEPT6SoET 3 u1°67.0€50S N ¥00T 3290100 L1 N.L “I'S'® W 8Tt 93108 JO
doy oy 1e “yred oy jo p w 0G “dofs A “[[TH R910¢ “SIAl HOYOPIHS 9YSqR[-03SUNOT “IN'd 2D
(910 NLL 2P1A) $00T 1290100 T1 L 'S8 W 67T ‘Ad[[ea

1[opn 9YsueyeI(] pue AweyZ Jo 9ZL[[IA oY) USIM)Oq SOOI ‘UISeq JOALI [ABAO IU[od “IN'd ZD
(¥00 N.L 9p1a)

$00T 1290390 6 ‘NI “T'S® W €77 “09peIH AAdT pue AY0)ZOY JO UMO} AU} UIIMIQ TOALI BABIA
Ay} JO YUBQ I Y} SAOE JOOW JOYIRIY ‘AN0JZOY JO UMO) ‘UISBq JOALL [ABIAO] Iu[od “IN'd ZD
#00T 1290100 € ‘NI “T's'e W g6 ‘puodysy yruqAr Aysukyorqg pue axe| 019zl 2A0YIBA oY)
u2aM19q ‘[[TH YOIA AOJIARH 9} M0]dq sa10] ould ‘nedjerd o[nqes eyszepzoq-oysiey “IN'd ZD
¥00T 1990100 € ‘NL “I's'®

w G/ 7 ‘uonjels Aemyrel oy} Iedu ‘Asyo(q Jo umo) ‘neajerd a[nqge; eszpzag-oysiey “IN'g ZD
£00T Joquidas 7z ‘N1

“I'sew 84 N1d pajro[dxe oy Jo wonoq TIIH eINY [UIOWO ‘UISeq [jood TWIOH “N'g ‘2D
00T 1oqudes 17 ‘NI “T'se

W ¢GE “IRLIZIIN PSSe[BA O} PBOI UIBW 9} JBdU ‘UIIOS A JO UMO) ‘UIseq 1A9qod [upopis ‘z)
#00C 1qudog 17 ‘NL “Tse W [LT

‘goInyod [eo1[93UBAD 9} JO JUOIJ UL OIA0ZIA N 9JLIAPRZ JO 9Fe[[IA ‘SIA AYOIA 9NSUNZ “D'M ZD
00T 10quIdog [T ‘NL “I'S'8 W $€9 JUIUWI[NIS JIFLWE(T oY) JO MN

MOPEIW ‘BR[O JO UMO) Y} JO W T ‘BUAY vIsng 0101p 020] ‘SYA AYDIA 9SIePZ “IN'd ZD
$00T 1oquaidog 9 ‘NI “I'S® W 6GE “IOALI BAR[UI[ O} dAOQR

adoys p “opiseo ulagidwa 1 ‘Aueaodn(g Jo a3e[[1A ‘SHA BUIQOSAA JO S[[IYI00] UBIARIOIN “IN'] ZD
#00T 1SNSNY €7 ‘NI “I'S"8 W £O¢ “TOALI BOILYS

O} SSOIOB 93PLIQ JSOW AYSAOZBAIBA OU3 JO A\ W ()OS ‘UISEq IOALL JARIAO] TUPONS “IN'g ‘ZD
#00T 1sN3NY €7 ‘NI IS8 W [6f NOsId

pue uI[IJA JO SUMO) 0} PeOI ‘WeIqLld JO umoj oy} Jo Aroydrrad ‘uordar oyspigpod “IN'd ‘ZD
#00Z AINf 8 ‘ML “I'S'® W ¢S “axe[ AO[SAWS oY)

Ieau ‘SMOPBIW AYNO[ PYSAO[SAWS PI[[ed 0S JAIISAI ‘SN eunesoyed eyoraopzeloH “IN'g ‘ZD
£00T AInf 8T “N.L “'S"8 W L{ ‘UoneIs d130[0IpAY

Pl U} IOA0 MOpBIW ‘O)e[ J9ud[ed AN[OA ‘SHA eunexioyed eyo140pzeIloHq “IN'g ZD

£00T Anf 8T ‘NLL “I's'® W g6t ‘Yred Sunyiy

PoYIew-uadI3 ‘euie[g JO UMO) O} JO WY § due] ‘SN eunestoyed gyo1aopzeloH “IN'g ‘ZD
#00TAINf 8T ‘N.L “T'S™® W ZGH “sid-eyeld

PBOISSOId 2y} TedU ‘Buje[d JO Um0} oy} Jo A1ayduad ‘syn eunespoyed eo1A0,pZeIOH “IN'] ZD
#00T AINf 9T “NLL “T'S'8 W ¢S *SMOPLAW ‘12qayD) JO dTE[[IA ‘SYA NIUsdf AqnIH “IN'g 2D
#00T AINf ST ‘NL “T'S'8 W 8 ‘puuade

WS6S.EToPT A uEBES0.0 N

W67 TTob T T uL'€101.0S N

WL’ 620Vt T A uT'T1SE0S N
WSYS8ETT H uT'STYENS N
WE€T0TTT d u6'85.5000S N
W TH6SoLT A u1°SSi6T067 N
W8 T1860LT A u0'8S.TIo67 N
W YTLOL9T A uE 61 Tho67 N
WETSHT9T d w6 €TS067 N
WC€S90o7T A u1°0T9To6¥ N
WI'61.00o7T A u0°STOYo67 N
W P08YLET A uEL0STo67 N
W 10676€T T u1°9SHTo61 N
uS“LO0SLET A uT9SHTo6v N
WCSHISET A ub 9TSTobt N

WS TSToLT A u¥ PhiP1,0S N

97

Xy
Y
Xy
X9
Xy
Xy
Xy
X¢
Y
X9
Y
Xy
X9
X¢
Xy
Xy
Xy
Xy
Xy
Xy

Xy

W'D 6SNL

()
(8°L9V€TT) 8SN.L
(TI6'8°L°9'S V€T
LSNL

@D 9snL
(€7D ssNL
€D ySNL

(€)

@D gsnL

(€7D zsNL
()
OFYeTD I1SNL

(€D

(M osnL
(€7D 6vNL
(€7D SyNL
(€7D LyNL
(SYeTD 9yNL
F<TD SNL
(€7D ¥yNL

(€7D evnNL

58



S0z dunf g ‘NI “I'S® W gOS ‘AIOWID Y} JBU PLol

oy jo urSrew ‘upQIA Jo aSe[ia oy Jo Aroydirad 7 ‘SIA BUIAOYDIA BYSABIOWONSY)) “IN'd ‘ZD
00T dunf ¢ ‘AL “T'S® W 6SE “IOALL BAR[UL[ 37} SA0QR

adoys p “opiseo uldgidwa 1 ‘Aueaodn( Jo a3e[[1A ‘S)A BUIQOSAA JO S[[IYI00] UBIARIOIN “IN'] ‘ZD
W THLESETOH u8°6S.6So8VN §00¢
ounf g ‘NI “T'S'® W g6 ‘Aodsnuel Jo oFe[[IA 9y} Ul Peol 9y} JO uISiew Sy eABRWNG “IN'] ZD
00T ABN 1T ‘L “I'S® W [T “I9ATY

BABI[A 9Y) JBOU PEOI ‘QUUBIA JO SB[[IA 9U) JO N W ()OS ‘UISBq JOALL IAB)AOJ TUPaNS “IN'd ZD
S00T ABINL 1T “NLL “'S'8 W GET “TOATY BABJ[A AU} AOQE W ()¢

£00 3001 Y} “IOALI Y} JO Jueq YSLI ‘9[AR( JO U} oY) JO UISIew N ‘IABIAOJ UpanS “IN'd ‘ZD
00T ABIN L1 ‘ML “I'S™8 W g “Yyed Sunyiy payiew

-u9913 pue -9n[q JO PrOISSOId oY} ‘[[IH $0A07T JO d0) ‘S)Al LIOyOpaIs 93sqe[-0suno] “IN'g ZD

W0STI06YT T u8'EMIE.0S N §00T
AR\ LT ‘NI “T'S'8 W €Ly ‘ITH 9§0A0T JO do) 10MO] ‘SN HOYOPans 9Ysqe[-03suno “N'g ‘2D
00T AR 91 ‘ML “I's'8 W 1T * Au0[0 JoTeyo Ay Ul ‘yyed Suryiy paxrew

-u0913 ‘A|z9eZ 9ujo(q Jo aSe[[1A Y3 Jo uISiew N ‘SHA LIOYOPaJS 9YSqe[-0dsunoT “IN'g ZD
(0S0 N.L3P1A) S00T ABN T ‘(L “T'S'® W 6SE “IOALI BABIYI[ 313 SA0qe

adors mn ‘opiseo uloysidwe | ‘AueAodn( Jo 93e[[IA ‘S)A] BUIQOSAA JO S[[IYI00J UBIABIOIN “IN'{ ‘ZD
$00T KB L ‘L “T'S"® W €pp “Yred Suryiy

poxrew-mo[[a£ y1d suoys oy jo N w 00 ‘[[IH eI0Y BAO[ONNOT] ‘SHA SED] £4S3) “IN'd ZD

$00T [1dy 9 “NL 'S8 W T 9IIA0YDR)S JO dTE[[IA ‘UISEq IOALL [ABI[AO] IUPaNS “IN'd ‘ZD
S00TT'0¢

‘N1 “T'S"e W /7 ‘Qunp pues 9y} Jeau ‘A1sid Jo 93e[[ia ‘uiseq 1oAll Iqejod rupaps “IN'g ‘D
§00Z T1dy €7 ‘NI “T's® W LT¢ “00BLId)

ToALI 9Y) JO Furuurdoq dyy ‘urSrews g ‘OPIS[[IY Ues BUSLIY] 0121p 000] “SYN Sen] K30 “IN'd ZD
#00C 1990300 0€ ‘N.L “I'sB W [S]

‘UjZa19 , JO U} A} TealU ‘0Y$[O) JO 2Te[[IA AU} UL [[IY] P[0} LUIPOY pysUIZaIdL, “IN'd “IN'd ‘ZD
00T 1290100 0€ ‘NL “T's"8 W 67¢ ‘Yred Sumjry paxjrew-usars ayy mo[oq w (g ‘@3pLq

JSOW ASISOYOAIZ PUB JSOYOATZ 9SB[[IA Ud3M)q SOOI ‘UISEq JOALI [ABIAOJ TUPANS “IN'H ‘ZD
¥00T 1990190 €T ‘NI “I'S"8 W 6ST 001 31 JO

doj Y001 B[S BYOIA0AI() 0121p 020] “QOIA0AIQ) JO 9Fe[[IA ‘UISBq JOALL JARIAOJ IUjod “IN'H ‘ZD
00T 1290100 7T ‘N.L 'S8 W 947 ‘Yreay Ayoor

PUE }S310J JeO JO 3P ‘A)NTeO0] IOYIoU. ‘ATBS OISNII A ‘UISBq JOALI IABI[AO] IU[od “IN'g ZD
#00T 1990300 ‘TT ‘NI “I'S"8 W T DISNNIA

Jo 93e[[1a o) Jo N W 00§ “A[BNS PYIISNNIA 0721p 000] ‘UISEq IOALL IARI[AO] TU[O “IN'H ZD

w8VLESSST A uT'60,£To67 N

WETSPT19T H u6°€TS0o67 N

WE67ETor10d w0 01.9S.6vN
W80Tt 10d uL €SiES67N

WT80: 106 108 Wb 8E 1 €0SN

W8TEE0TT A S SSSE.0S N
WETSTT9T A w6°€TS0.67 N
W0°8TI0YT d WL ELSSo67 N

WI8EWTob T uSILIS6F N
WL T76Sob T 3 uL v716000S N

WS THIToPT d ubH€95.6v N
410°00:60071 T w0°00.1€50S N
W€009To7T d u8°81,SY067 N
WL00LToPT d ub LSTT10S N
WC'STTTob 1 d40°T0TT.0S N

W6 1ETToT T uE'ESITT1.0S N

Sy

97

Xy
X9
Y
xg
X9
Xy
X¢
X¢
Xy
Xy
X9
Xy

Xy
Xy

Xy

Xy

Xy

Xy

Y

Xy

(€7D 8LNL
(SY'eTD LLNL
9 %0
(s'¢'D9LNL
(€7D sLNL
€D vLNL

(€D
(D ¢LNL

&eTD ZLNL
€TD 1LNL
SYeTD 0LNL
(€7D 69N.L

e L9NL
(€7D 99NL

(€7D s9NL
(€7D $9NL
(€7D 9Nl
(€7D 79NL
(€7D 19NL

F'eTD 09NL

59



W8LO8ToLT d ub'SHETL0S N
WE'6TTToLT A u101.8000S N
uS'LEITLLT A ut'0S:SSo87 N
WE'8S9ToLT A uE 1095087 N
WCELS0.LT H u6°S0.ESo8Y N
W00V 8E9T d WT' LT IS8Y N
u8°9€.8.91 A u6° 15,1508 N
W6°L06E9T H uTTS IS8 N
W9°8E6SST A ul‘EHi8Yo8Y N
WC'STTSoST H uS TH 15084 N
WTH0T1.9T 108550061 N

WELS0T19T A wE°€T90.67 N

W1°607SoST H WTTSET61 N
W €S 10691 3 w9 120To61 N
16°8018009T A W I°LSi¥To6¥ N
WETE80091 A w6 07 E 106 N

W87TSST T w9 P0.E 106 N

S00T

aunf /1 ‘NI “TsBW G/ ‘peol ay) Jo urdrew ‘Zialoy Jo a3e[[1a ‘SIA NIUSsS[ AqnIH “IN'd 2D
§00zZ dunf LT ‘NI “T'S'8 W €49 001q Y} $SOI0E 9TPLIq

o} JeaU ‘QW0Y JUISI[eAUO0D ‘Wappeld pod vlg Jo a3e[[IA ‘SHA NIuosar AqniH “IN'd 2D
SO0z dunf ¢ ‘NI “I'S"8 W 6] ‘dUI] Ulex) ) Jedu “A)[ed0]

snoraaxd a3 Jo w )¢ “AI[EI0] IYIOUR DUAZ JO ITB[[IA “QUIARI [BAN ASABIOWOYI[ “D°M ZD
SO0z dunf 1 ‘NI “I'SB W 66| ‘Uone)s Kemrel oy} Jeau Jsa1oj

ourd ‘saunp pues ‘| AsId 918 A “ 9AISAI ‘00UIZ JO 9FB[[IA ‘QUIARI [BAD ANSABRIOWOYI[ ' M ‘ZD
Gooz aunf 1 ‘NI “I's"e w Ggg ‘Ao ourg oy} 0} peol Urew JOWLIO] df} Jedu ‘UUOPOH

JO Um0} 9y} JBaU . BUIUOPOH N BABIQO" 9AIISAI ‘QUIARI [BAQ ANSABIOWOYI[ “ D' M ZD

SO0z dunf €1 ‘NI “I's'e w ¢g¢ ‘Kfeso] snotaaid ay) Jo

w ()07 ‘A3eO0] IOYIOUR ‘UIAJ(] Y} Jeau uoAued ‘)N eAe[ed-eunesioyed eYSAONIA “D° M ZD
S00Z dunf €1 ‘ML “['S"e W 67 WSIS-Anunod ay) mofeq

w (0] ‘TITH WA Y Teau , BysInos* uoAued ‘sj eaefed-euneszoged eSAOTIA “D° M ZD
ooz aunf €1 ‘NI “I'S® W [LE ‘Yredy oy} pue JSAI0J Je0 Ud9MIdq 93P

‘[ITH WARQ oY) 01 yyed SunyIy padiew-an|q Sy eae[pd-eunesioyed eYSAO[NNIA “D'M 2D
S00¢ sunf

271 ‘N “T'S'B W gEE € Joow Joyjeay AyIuelaeH ‘SA eunesoyed eysuguiq-oyswafouz “IN'dg ZD
$00Z dunf Z1 ‘NL “I'S'® W [6€ “T0ATY

oA ay) 9A0QqE 001 ‘ANZA3S 1ZOY 0121p 020] ‘SIA BUIQOSAA JO S[[IY)00J UBIABION “IN'H ‘ZD
S00Z 2unf [1 ‘AL “I's8 W gO¢ ‘[ren

AU} JBAU YOOI ‘WEP OU[IOIA AU} JO N W ()0F “SHA BUIQOSAA JO S[[IYI00] UBIARIOIN “IN'] ‘ZD
S00T

unf 11 ‘NL “T'S™® W 987 “Yreay Ay} Jo 23pa 33 JO W )7 “Ueq JOARY BAR[YIf 9] 01 yyeay dojs
BYSUJOUOIA d3 woty yped Sunyiy payrew-onjq ‘sjAl BUIROSAA JO S[[IYI00J UBIARION “IN'H ‘ZD
§00zaUnf § NL “I'S®B W [0S VRN

pue A0YZI[g JO SIFe[[IA Ay} U29M12q [odeyd [[EWS ‘S}A] BUIAOUIIA BYSABIOWONSYD) “IN'd ZD
00T dunf 8 ‘NI “I's"e W ggy *, Jeaoyry, dois snq oy

JA0QE Y001 ‘IILIIZIIA [OA JO umo) 3 Jo A1oydurad ‘SyA BUIAOYDIA BYSABIOWONSY)) “IN'H ‘ZD
$00z dunf g ‘NI “I'se W 9¢t ‘AuegnoreN

JO 93E[[IA 9Y} JO N U] | PEOI Y} JO UISIEUL ‘S}A| BUIAOYOIA BYSABRIOWONS)) “IN'd ‘2D

S00Z dunf § ‘NI “I'S® W (OS¢ “‘UATW AYSAOPI[ puUe 20IA0NO[EN JO SIFe[[ia

ot} UoOMIOQ “TOATY BAB[SQ 2A0QE PEOI 3} TedU YOOI ‘SIA] BUTAOYOIA PYSABIOWONSA) “IN'F ZD
S00Z dunf g ‘NL “I'se

W [ ‘prem ysimal oy} 9A0qE 3001 ‘YIGIL], JO UMO} ‘SIHA] BUIAOYIIA BSABIOWONSA)) “IN'] ‘2D

xg
Xpy
xg
xg
xg
xg
X9
X9
xg
x9
X9
Xpy

Xy

Xy

Xy

Xy

Xy

X9

(€TD 96N.L
(€7D s6NL
#'e€TD ¢6NlL
€T T6NL
(€7D 16NL
(O s¥€TD 06NL
€D 68N.L
€T 88N.L
(©
€7D L3NL
(SY€TD 98NL
(€D ¢8NL

(€7D $8N.L

F'eTD €8NL
(€7D z8NL
(€TD 18NL

€7D 08NL

(SY'eTD 6LNL

60



W0°0ETYo9T H u8°€0. 1067 N W 96t “OTe[[IA AY) AOGE OO0 AUOISOWI] ‘ANuUpZe JO OFR[[IA ‘SIA SED] LYSABION “IN'd 2D
§00Z dunf Og ‘NL “I'sew

91§ “oSe[[IA o1} JO OnUD AT} UT YOOI ‘TuLISZoY JO ASe[[IA ‘SIA] BUIAOYDIA BysueyeIq “IN'g ‘ZD
S00Z dunf O ‘N.L “1'S® W (9§ ‘saderel

o) pue puodysiy Ud0M)dq SOOI ‘SIAQUI() JO dTB[[IA ‘S)A BUTAOYDIA BSUBYRI( “TN'q ‘ZD
$00Z dunf Og ‘NL “T'S"® W 08T ‘PIoY [[8qI00]

oy} pue puodysiy oy} USIMIOQ JI0I ‘Ao[WIN]J JO OFB[[IA ‘SHA BUIAOYIIA BYSUBYRIT “D'M ZD
$00Z dunf O¢ ‘NI “T'S™® W 697 ‘ONSUB[{ UONOAIP PLOI JeaU

odors ‘o3e[1a oy Jo Aroydirad A\ ‘9O1AONISOIN JO 9Fe[[1A ‘SIA BUIAOYDIA BYSUBURIT “D'M ZD

uSTS0S9T H u0'STiET67 N
w886 16091 H u0°TOSTo67 N
u6TTO0LT T u1°50.8To67 N

W9°€0.206LT T w9 1T8T6F N

WL9€906LT T uLYT8To6V N §00T°9°0¢
‘NL“TSe W 177 “0LONOIN BWAUID I} JOA0 UME[ ‘A0[R1S01d JO UMO) ‘UOISaT BUBH “D' M ZD
WF0Ti6SoL1 H WS SS.TE6Y N $00T'9'6T

‘NL “Tse w z8¢ ‘[odeys ay) 2A0qe Iuens Jo aSe[[IA ‘BUBIq BYSABIOIA PI[[ED BAIE “)'M ZD
G007 dunf 67 ‘NI “I'S® W LTS “AOYIUA UONIIIP PROI Y} JedU

‘NOYAOSIPNY PEU AOSIPNE JO UMO) AU} JO F W | SOOI S[[I100] Lnypod oxdIuasaf “O° M “z)
$0073UNf 6T ‘N1 “T'S'® W 6p¢ PACGILL, BYSABIOI JO UMO)

oy} pue 901IBYUIT JO AZB[[IA 9} USIM)Dq s)001 ‘puerdn LJoyizow PIYSARIOWOYNSA) “IN'd ZD
S00T dunf 6 ‘ML ‘peol oy

Ieau ‘NOABIqNO(] PBU 0IIPZ JO UMO] AU} JO g W (0 ‘SIHA eunexioyed eysaezesouloy “N'g ZD
S00T dunf 67 ‘N.L “T'S® W 9¢f @d1qnpIed JO Umo) 3y} 0} Peol J1Xd urew ay} Jeau dojs

snq oy ‘poig ANMRIABRH JO umo) oy Jo A1oyduad ‘syy eunesioyed exsaezesouloH “IN'g ‘ZD
§00z dunf LT ‘NL “I'S'® W §9¢

‘qo11q77Z 3o 9ZE[[IA :UONIAIIP ‘DIP[IN 3e[[1A oy} Jeau 1id ouo)s ‘uor3ar oNsIeoALy] “IN'g ‘ZD
S00Z dunf LT ‘NL

“I'se wr zL¢ “93e[[IA 9y} MOJq SOOI ‘APIYISA JO a3e[IA ‘syA eunespoyed eysuazid “IN'g ZD
coog dunf /g

‘NL “T'S™® W G9¢ “YoInyd 3y} Jo W (G ‘Apalozoy Jo a3e[ia ‘SN eunetoyed eysuozid “IN'd ZD
$00T dunf LT ‘NL “I'S® W [§ “A0YRPZog

Jo 93eqq1A 2y) 01 BUIZO]g JO OFR[[IA AU} WOIJ PEOI AY) Jedu ‘S)A eunetoyed eysuazid “IN'g ZD
§00Z ounf LT ‘NI “I'S'e W Z¢y ‘Auedkyoy

JO UMm0) 21} 03 AOSOIIJA JO 9TE[[IA ) WOIJ PBOI A} Jeau ‘S)A eureioyed eysuezid “IN'g ‘ZD
S00T dunf £z ‘ML “I'se W 96¢ (Aueokyoy

JO UMO] :U0nIAIIP) D1SBAS JO OFR[[IA oY1 JO A\ UL [ ‘SN eunexIoyed exsuazid “IN'g ‘ZD

WP TE906LT T WTELITo0S N (ov
NI2PIA) SO0T QUN( T ‘NI “T'S'8 W HZET NeIdg 19[BY0 ISLIN0) ‘SYA NIULsdf AqQnIH “IN'€ ZD

WP 0S8ELT H uSTHLYo6Y N
WP LEOYLIT H uS 6€:SPo6t N
WL TL6YLST 3 b 10:2he61 N
WC679€.ST A uE6£9€.67 N
WI°90.Thof T A uIFhivSo6v N
WP LOSEET d 8 T0:85067 N
WI6ETEET T ub'LSiSSo6 N
WT609€€T T uTH0i6106 N
W8 LT6EET H uTOLEPo6F N

WO LTHYET T uE°90i1o6 N

xp
Xy
xg
Xy
xg
x9
xg
xg
x9
xg
xg
xg
xp
Xy
Xy
Xy
Xy
Xy
Xy
Xy
Xy

X9

(Sv0)
€ DyIINL
FeTD ETINL

@
€D TIINL

FETD ITINL
(€D

D 011NL

(€7D 601NL

()
(€7D 801N.L
F€TD LOINL

(€)
#'TD90TNL
'eTD SOTNL
(€D H0INL
(€7D €01NL
(€7D Z0TNL
€D 101NL
(€D 001NL
W€D 66NL
(€7D 86N.L

9 €TD L6NL

61



WT0P900€T 3 w99T.ST:05 N 00T 1sn3ny
6 “1'S"8 W 968 NIUPIIA A A JO odO[s Ay “0URPRIA] JO ATL[IA ‘SIA A10Y QUSIN “N'{ “ZD
500z 1IsN3ny 6 ‘NI “I'SB W G/ / “A3B[[IA 39U} JO A\ WY | ‘PROI AU} JeU IOYIRIY

ynm aodogs ‘aoinuwioy)) pue 1dlo A usamiaq unjsAA Jo oFe[[Ia ‘SyA Aloy qusnry “IN'g ‘ZD

$00Z 1Sn3nY 6 ‘N.L

“I'SB W O0F “BURY WA Y1 Jo doy oY) MO[oq Ay WI O0E “SHAT HOYOPANS 9XSQe[-0SUNOT “IN'g ZD
§00T 1SN3NY ¢ ‘ML “['Se W 60 “TOARY AOMUINO[]

I Jo uoAued ‘ways[ey pod AutaoN Jo a3e[ia ‘neare[d a[nqe) eszapzaq-oysiey “W'd ZD
$00T I8NV ¢ ‘NL

“I'SB W €€ “90IAR[OBA JO 93B[[IA OU} JedU BU[Y() JO JUSWID[NAS ‘P[OJ BUI[IOY BYOIZNT “IN'H ‘ZD
S00T'8v ‘L “I'S® W ¢S “AOMPIA JUIOH

J0 93e[[1A oY) TRAU SINQUBYIOAN PI[[BI J[ISED PIAJONNSUOII P[O] BUI[IOY BYIIZNT “IN'F ZD
§00Z 1SN3NY ¢ ‘NI “['S'8 W g 210G JO UMO) ) JO MN “UFUTOBIA JO oTe[[IA

ot 1eau yyed Sur(Iy pasjIew-MO[[A J} UO [[IWU PUIM Y} JO UINI “P[OJ BUITION BYOIZNT “IN'g ‘ZD
§00T N3Ny ¢ ‘N L IS8 W LGE ‘AO[BISOY

Jo o3e[a oy3 Jo A1oydued g oy) uo peoi a3 Jeau 2do[s OLIOX ‘SIA Isouopod “IN'g ‘ZD

S00T A 6T ‘NL “T's'®e W 96¢ ‘puodysiy 03 arsoddo peor oy} 1eou

001 “Ypzeld Jo 9Te[[IA 9Y) Jo A\ UDY] ‘S[[IY}00J HYpod 9YSEPeIOAOU-ONSABWNG “IN'{ “Z)
$00Z AIf $Z ‘NL “T'S'8 W [G “WIPNIYD JO UMO) 1) JO

M ‘901S0WAN)S pue 9Zn'T JO SATEI[IA oY) USIM)Iq IPIS[[IY ‘UISeq JOALI QB[O TUPOYIAA “IN'H ‘ZD
00T ATnf 9 ‘NI “['Se W 87T ‘Waqe] peu

90u£ 1, JO 93e[[IA o} JO S QUI[ UTRI} OU} A0(R YOOI ‘UISBq JOALI IqB[Od TUPOYIAA “IN'F ZD
00T AINf ¥ ‘L 'S8 W ¢ QUAYIIE N AILIQUIOPNS PUE SIA BAON JO

S93e[IA 2y} U2aM12q MJed aInjeu oy} Jeau Peol Y] JO UISIBW ‘S)A] BUIAOYDIA BYONOA “IN'd ZD
$00T AIMf ¢ ‘NL “T'S®

W 784 “9IIA0YIN JO dTE[[IA Y} JO N W (0T P[OY Yp UI 301 ‘Ulseq adued YSUOQAL], “IN'd 2D
S00Z AINf ¢ “N.L “I'S"8 W [6F “09PBIH ANYILIPUI[ JO UMO) 3y} 0)

901y ArogepIey] JO umo) dY) WOy peol 9y} Jo N W O [ren ‘uiseq asued eysuoqal] “IN'g ZD
S00Z 2unf Og ‘NL “I'S® W L.y ‘PeOI 3y} JO pUaq

Ay uI ‘9Jesd JO 93e[IA oY) Jedu [[Iu-Ioquun| 3y} Jo A ‘syA eunestoyed eysaezesouroy “IN'g ‘ZD
$00T dunf O ‘ML 'S8 W 09¢ ‘SAUI)

Jo o3e[IA U1 JO A\ WY [ QUB[ QY3 JBAU N[eq OLIOX ‘S eunexIoyed eysaezesouloq “IN'g ZD
$00T dunf Q€ ‘ML 'S8 W L8} TAOLY pue AouRq

JO soFe[[1A Y} US9MIDQ PEOI Y] JBIU JJ01 ‘SIA BUIQOSAA JO S[[IYI00] UBIABIOIN “IN'd ZD

$00z dunf € ‘NL “I's®

uW80EETLET H u8 THLT0S N
WSOLIYLET H WP 1THT.0S N
w067 SPor T A ub TLIT.0S N
W ESESPT A W TS1S.0S N
W6°9P8Sor T d W6 €TUIS0S N
W6'0€8Sot T H uE Y 1iLYo0S N
WS TLETLST A uSFEFE0S N
WLSS906YT 3 uL‘6T:8006 N
WE0EF0.9T H uL'8TLESOH N
uL‘8S.1ToST A uL'LTT00S N
W8€TTEHT T u0'81.9T06% N
WLTE6YoPT d uESE0To67 N
W TEEST d uL8TO0T.6F N
WP ST8SoPT d w6 8tirro6y N
WSOLT0ST A w6 EE o6t N

uSEE9T.9T A uE'ST8To6Y N

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

X9

(€7D 1E1NL
(€7D 0gINL
€T 6TINL
(€7D 8zINL
(€7D LTINL
(€7D 9zZINL
(€7D sTINL
(€7D pTINL
(€7D €7INL
(€7D TZINL
(€7D 1ZINL
(€7D 0zINL
(€7D 611NL
(€7D 811NL
(€7D LTINL
@Do9rInL

€TV SIINL

62



WSTL8YoLT H WO TESTo6Y N oY) JO N uny §°() peol oy 1eau 9dojs OLIOX “90IA0SN]S JO ATR[IA “SYA AYOIA QYSUITZ “D'M ZD
WCLTSEoLT A w6°LSiT0067 N §00T sn3ny 81 ‘NL “ISBUW LT
“a3e[[1A 9} JO 21U AU} UI PILYOIO “9TA0QPRIH B0y JO a3e[[IA ‘SN Ajedrey] g “D'M 2D
§00z 3sn3ny Q1 NL “I's'e w g¢ ‘Yred Sunyiy

PoYIEW-PaI 1s210J Y} JO A3Pa “Q[Ised Aoyong Y} ‘SN AredIes] 9SABIOWOPAAS “D'M ZD
600z 1sn3ny 81 ‘NI “T's'e W 9¢z° 11d suo3s oy Ieau

OPIS[[IY JLIOX ‘91A0SIN] JO AZR[[IA 9} JO A\ W (S ‘SHA Buneioyed eysarIowoyIf <) M ZD
§00z 1SS0y LT ‘NL “TSe

W ] ¢ ‘pIeYDIO ‘eY[eAN07Z JO 9FL[[IA Y} JeaU JAISAI ‘S eunesIoyed eysarIowoyl( “O° M ZD
G500z Isn3ny L] ‘L “T'S'® W O 991058y pue 901dsIoH Jo soFe[[ia oyl udamidq adofs

¢, e3030d OYPOIAOUBZIIY N, QAIISAI ‘AT AoIugpy ‘S)A AredIes] S[SABIOWOPINS “D'M 2D
§00Z1SN3NY LT ‘NI “T'S'® W 9ST ‘TTH PUB (8% "IN SPEOI A} JO

PBOISSOID AU} JeU ‘APRIISOH I[OA JO 5E[[IA oy} ‘SIA eunesoyed gysaIOWOYIf “)' M ZD
§00z 130y L] ‘NL “Tse W

£ST ‘pIeyo1o JouLIof ‘[[IH UOYAA ‘9IT1AOUIO0[PIZ JO 9FB[[IA ‘QUIARI [BAT ASABIOWOYI[ “D)' M ‘ZD
00z sndny L1 ‘NI “Tsew [0¢ ‘[odeyo oy mo[aq ‘oneayydue

9} JO 001 ‘AOJWINIY ANSABIOIA JO UMO} ‘SIA BUIQOSAA JO S[[IY100J URIABION “IN'H ‘ZD

§00T ¥sNSNY L ‘L “T'SB W [GE 90IUBqZ(] JO a3e[[ia oY) Teau 11d ouo)s

Jo Surpunoims ‘Aofwnry] AYSABIOIA JO UMO)} Y] ‘S}A BUIQOSAA JO S[[IYI00] UBIARIOIN “IN'] ZD
600z sn3ny L] ‘N1 “T'S"® W S ‘peol urew oy} 0} ururol ouey 4sa10j 9y} Jo

93pa “001U0SEIY PUB BABII[IZ JO SOTB[[IA U} UOOMIO] ‘SIJA| BUIAOYIIA BYSABIOWONSI) “IN'] ZD
§00Z IS8V LT ‘NI “T'S'e W 696 ‘Yred Sunyry poxrew-mo[a4 “a3e[[ia

oY} Jo W OO “eYyons Jo 93e[[IA 9y} JeAU JOOUWI-YIBAY ‘SIJA| BUIAOYIIA pYsARIOWONSA) “IN'd ZD
$00z 1sn3ny LT ‘NL “Ts®

W €9 ‘PeOI Ay} JBAU AIONO01 ‘901QUaZaY JO 93e[IA ‘SI BUIAOUIIA pYsARIOWONSA) “IN'd ZD
600z Isn3ny L] ‘NI “T'se w gL ‘puodysyy oy 1edu odofs

“o9rodwuny Jo umo} oy} Jo N ‘UINSISAIA JO A3E[[IA ‘S)A] BUIAOYDIA BYSABIOWONSY)) “IN'd ZD
§00T 1sn3ny € ‘NI 'S8 W gOg dTe[[IA A Jo MN ‘puodysiy

o3 JO Ip “O1[0JAN N 21qed Jo AFe[[IA ‘SN Lnypod oysperjosou-oxsaewng g ‘z)

§00g Isndny ¢ ‘NL “['se

W 69§ “OZWAT JO dFe[[IA oY) JO F UK [ “SHAl Hnypod dysperyosou-oysaewng “N'd )
$00Z 1SN3NY 6 ‘ML “I'S'8 W (] ¢ “TOATY YO A} JBU J0O0I

‘TIYO PeU 02I9)SBT JO UMO) ) JO A UKy T AU0[0d JoTeyo ‘S)A Lnypod oxysioqousnry] “N'g 2D
$00T 1Sn3NY 6 ‘ML “I'S'e W g/ “aTe[[ia oy

MO[2q Peol ‘BYUNAN JO 9Te[[IA ) ‘HIYQ PEU 92IASL[H JO dTe[[IA “SIA A10Y QUSNIY “N'g 2D

W TESTOLT A uLTTUI06Y N
WETST0.LT H wb91:80061 N
WEOLT06LT A WL SSH 1068 N
WP 019S9T H uE61.L0o61 N
WS SS67o9T T u6'7Si0006% N
WERLEIT A u00TT06F N
W8°0L6T.9T A uST1S.20o67 N
WSTUTIL9T A uT'81,0006% N
u8°9G.LEST A ub E1.L06Y N
W0PSHEST d 19081067 N
W8°9LITST A uT0S1To6% N
WSPLTTST A uTEE8T6F N
WEOLETYT 3 u0°6T,006% N
WLTTOToPT A uT'SSiPSo8Y N
W90.EToET A uL*LSTT0S N

WE6TH0ET T ub €0FTo0S N

X9
Y

Xy

X9

X¢

Y

X9

X9

X9

X9

X9

Xy

Xy

Xy

Xy

Xy

Xy

Xy

Xy

FeTD 6 1NL
(€7D 8¥1NL

(€7D LyINL
(©
@ orinl
(€7D s¥INL
vl NL
D evINL
€D ZrInd
@D 1vInL
(€7D orINL
'eTD 6€1NL
FeETD 8EINL
(€7D LEINL
(€T 9eINL
(€7D seINL
FETD PEINL
(€7D ¢eINL

€D zeInl

63



W00 T0.LOIT H w00 TE8To6F N

w00°8ELYor T du00°67 7567 N

WO TLTTHT 3 u6'70,2100S N S00T JoquLAON
S ‘AN “T'S® W 867 ‘ANeoo] snotadld oy Jo N W Qg ‘UISeq JOALL JAR) A0 Tujod “IN'F ‘ZD

(19 NI 2P1A) SO0T TPQUIAAON S ‘AN “T'S"8 W 97 “Yreay Ayoor

pue 1s210J B0 JO 93P ‘AJI[eo0] JOyJouR ‘Aeys 9OISNIPA ‘UISeq JOALI [ABIAOJ IU[od “IN'g ‘ZD
$00T 19qUI_AON € ‘NI “I'S™8 W 9€9 LYO

peu A0SO JO UMO) I TBU ‘Aoqn3e[ JO 9Fe[[IA o JO W € ‘SHAl Ayoia aysaodno “IN'g ZD
$00T 19qQUIAON [ ‘L “I'S'8 W 69 ‘puodysiy oy

JO IIP ‘9010 A JO UMO} A} JBAU IDAOYILIP[O JO I3B[[IA ) ‘SIA BUIAOYIIA BYONOA “IN'H ZD
$00T 1990300 ST ‘NL “T'SB W [T ‘T 1Y Aemysiy

a3 9a0qe 2do[s g SO Au1o)) 101nsIp umo) ‘Arayduad onSeiq ‘urerd eursord eyszerd “IN'g ‘ZD
S00T 1290100 € ‘NI “T'S® W 66 nuwodoN uef 1§ Jo a1d[nos ) 2A0qe “IOATY B[aNS oY)
$S0I1o® 03pLIq 9y} JBdu ‘NojoNS peu uloisqey] Jo umol ay) ‘i euneszoyed eysuozid “IN'G 2D
$00T 1290100 € ‘NL “T'S®

w ()9 “BI0Y eSWN[Y) 0121p 020] ‘UNRQUBIA[ JO UMO) I} ‘SN eunesoyed eysuozid “IN'g ZD
$007 1090100 ¢ ‘N.L “T'S"® W 96 ¢ UZL[ AAOUNUB)SUOY]

JO UMO} U} JBdU ‘UNOJ JO 93e[[IA ) Jeau UA[JA AI)S JUSWO[)AS ‘SHAl Aydia ys[oda], “IN'g ZD
S00T 1990190 ¢ ‘N, “I'S'® W €S Isa10]

Ioq ASsuIsourd)) 9y} Jo a3pa ‘eIqLuS n uIsouId)) Jo a3e[IA ‘SyA eunetoyed eysuozid “IN'd 2D
S00T 1990100 [ D “I'S"8 W 7LS ‘WRIsopey

pod AouZoy JO Umo} 9} Jeau ‘03uB[0S-0SUSNH JO 9TB[1A Y} ‘SN ANIWIOAR[ “D' M ‘ZD

§00T 1990100 T D “I's"8 W 89 “19)sedpLOIq

M 2100 AU} MO]2q “, IIAIS N, TUSWI[NAS ‘AYOUI[SNH JO 9Fe[[IA ‘UISBq IOALI [AQ9qOJ TUpans z)
$00T 1290190 1 DA “I's®

w g/ ‘Aoud[sny Jo 93e[[1A 3y} JO N ‘AA0SOT JO 93e[[IA ‘UISBq JOALI TAQQOd TUPANS “D'M ZD
$00¢ Isn3ny [ ‘AN “I'S® W (p§ ‘mopedt ‘[ AeMySIy oY) WOy JIXd ‘soug

BA[OA JO dTE[[IA oY) JO MNM “BIOYT JO 3TL[IA ‘SIA BUIQOSKA JO S[[IYI00J UBIARIOIN “IN'{ 2D
§00Z IsnSny O ‘AN “['S® W [§¢ ‘Ume[ ‘[ Aemysiy

‘A0FOUDY JO UMO} S} JO N “@0IA0SOIIIA] JO dTe[[1A ayy ‘ureld eursord eysuedry “IN'd ‘2D
S00T'8°8I ‘NL

“I'S"e W /7 “15910F a4} JO a3pa “0oud(0Ay)) JO 9Fe[[IA o) “UISEq JOALI RI[I00d Iujod “IN'd ‘ZD
600z 1sn3ny 81 ‘NI “1'S"® W [9E ‘SY00I SUOISPULS PUB ISAI0J

ourd ‘00140397 Jo 93e[[1A oy Jo Axoydrrad A\ ‘SIA] BUIQOSAA JO S[[IYI00] UBIABIOIN “IN'] ‘ZD
G00z 1sndny 81 ‘NI “T's®w gz ‘OFeqia oy Jo Aroyduad 7 oyp uo adoys ‘(eo1a03s0g

JO Um0} o} JedUu ) BYAB}IAS JO OFB[[IA ‘S)A BUIQOSAA JO S[[IYI00] UBIARIOIN “IN'{ ZD

§00¢ Isndny [ L “['s'e W 60¢ “oFe[[IA

WC'STTTPT 3 u0TOTT0S N
W0EF0.E1 340181505 N
WE'LS6EPT T 19°009€.67 N
WL TTSEo T H uE05:9000S N
WO BPLTLET H ubTSiT00S N
W6 THIToET A uE 1700008 N
u8°60.10oE1 d uT'STESOY N
WS6TTSTT A uS 181061 N
W68 1081 d u8°6S.£To6v N
W0 € 10081 A W0°6T61.67 N

408750081 A w0°TO61 .67 N

uL‘8S.SSoST d ut €0.L0o0S N
WELPEEIT A wP STTE6Y N

W TTIEIT H uL 1€0E06 N

xg
xg
Xpy
Xpy
x9
Xpy
Xpy
Xpy
Xpy
Xpy
xg
x9
xg
xg
Xpy
Xpy
Xpy
X9

Y
X9

(€T 991NL

SYeTD S91NL

€D H9INL
(€7D €91NL
9¢0)
($%'1D z91NL
(€7D 191NL
(€7D 091NL
(€7D 6SINL
(€7D 8SINL
(€0
M Ls1inL
FeTD9GINL
FeTD SSINL
FeTD PSINL
FeTD €SINL
€D zsINL
(€)

@D 151NL
(€TD0STNL

64



W9°0TSTo81 H ul°00,6Zo67 N 900¢ ounf 91 ‘NI “T's'e W ¢0g 1d ouols ‘ATwrey 91ej§ pue NIALNSQ JO
oSe[[1A o) USOM)OQ ‘QOUES WEP 0) IXOU PBOI SNONUIS ‘SIA] APANSOF 9SZO[SONSABION “D'M ZD

uSTETTL8T H uL 850067 N 900 2unf 9 “I'S"e W [9f ‘PEOI 9A0qE 2dO[S OLIOX ‘WSOYPEY
pod 1eIsua1] JO UMO) O} Jeau dd1A0uR[01], JO ATR][IA ‘SHA] APANSOF 9SZI[SONSABIOIN “D'M ‘ZD

W TOLELT HuT TS ET0S N 900C 2unf 91 ‘N.L “I's®
W G¢ “@USAW ], JO umo} ay) Jeau yeydiT Jo o3e[[1a SIA] BUIAOUDIA BYSIOYOIR[Z “IN'H ‘ZD

W9'8T9ToLT H u8°61:85067 N 900z dunf 91 NL “I'sew
019 oI Asay ur Axrenb suois-gnd ‘[eiunig Jo umo) Aqreau ‘) Jruasar ANZIN “IN'9 ‘ZD

W9'8TOToLT H uS90.LS 067 N 900C dunf G ‘NI “I'S" W 909 dFL[[IA JO 21)UID A} UT UOHLIJIONID dY) JO UWN[0D
01 XU ‘A0JeWIAY JO UMO) JY) JBdU S[UBIS BIBIA JO 93[[1A ‘SHA JIUSI[ ANZIN “IN'H ‘ZD

W9°SSIEEIT H uF 070,05 N 900z dunf ¢ ‘AL “T'S® W €67
‘oFeq1A oy ur odoTs oLIOX ‘BANpaIg - JONON JO 3e[IA ‘nedrerd a1qes anqgel B0 “IN'F ZD

WL €SIL0IT H uS THi80.0S N 900z dunf T ‘AL “T'S® W 8T ‘9014088 JO
a3e[[1A 94} JO A\S SMOPEIW ‘TOI[I) peu ISTUA T, Jo umo) ‘nedjerd o1qes a[ngel B0 “IN'g ZD

W 'SETPST Hu0°S0i700S N 900T dunf € ‘N1 “I's'® W [ dUepyog uze]
puE 921qnpIed SUMO} UdOMIOq ‘UNWRS Jo aSe[[1A oy} ‘nedjeld a[nqe) esqe[opoydLA “IN'g ‘ZD

WP T T 0T LTI0.6Y N 900 ABIN 9T L “T'S™® W 8LE
‘oufoyoJA Jo umo) oy} Jeau addas sunuadias ‘sjjA BUIQOSAA JO S[[IYI00] UBIABION “IN'] ‘ZD

W0°LS8ToV T H uT'LinEVo8Y N 900T AN 1T ‘NL “T'S'e W 796
‘uonyeys [onad oy) reau poom aurd ‘0o1jdes] umo) ‘SIA AI0Y PSPBIYOAON JO S[[IYI00] “IN'g ZD

u$°S0.800L1 T 48°ST0060S N 900T AeIN ¥ ‘N.L
“I'se W (G “BYUIIBIIZ 0121p 000] UNOQOS JO 9ZB[[IA ) JBU ‘SHA] JIUasaf AquIH “IN'g ‘ZD

WP TEIEET HuT 85167061 N 900T e\ ¥ ‘N.L “T'S'®
w (g€ ‘AuedA0oy umo} ay) Jeau eaoe( Jo a3e[[ia a3 ‘SyA eunesgoyed exysuozid “IN'd ZD

W0°61:6€:91 H uL SESYo8Y N 9002 11dV 2T ‘NL “T'S®
w [ ¢¢ Yogadoy "AS I oy uo 31d suoisow] SIA eAe[ed - eunesoyed BYSAOINIA “D'M ZD

SOL8EIT HuS6TIS8Y N 900¢ 11dV 7T ‘N.L TS W g6¢ “2oMmua[y jo a5e[IA oY)
Jo N w(, ‘yred Sumyry podrew-on[q-yieay| oy SIA BAR[E - eulesoted ySAOININ “D'M ZD

w0°LSETET H uT19:9000S N 9002 11dy ¢T ‘NL “T's"e w Oz ‘oure[g puod jo wep
-901UAS JO UMO] 3} Jeau ouje[d Jo oFe[1a oy ‘ureld euiso[d eOIUAOYNRI-0OIUSI[ ‘IN'g ‘ZD

u0°6S:SPot 1 H19°9T070S N 900C
[1dy #1 ‘L 'S8 W G99 ‘Urepunoly odysjey jo yead ‘neajerd o[qe exszgpzog-ovsiey ‘W'd ‘ZD

WSTLIToT A uE'LEETL0S N S00T ToquIDAON

G ‘NI “I'S® W €0 ‘NOABI A Peu Adnjery] Jo umo) Y3 Jedu ‘901Qu0[Z JO A3e[[1A oy} Jo N W
00€ “TOATY BABI[A 2U) JBIU S}O[RYD A} A0]R [JBAY ANOO0I ‘UISBq JOALI [ABIAOJ IU[od “IN'g ‘ZD

X9
Xpy
x9
xg
Xp
xg
xg
Xpy
Xpy
Xpy
X9
Xpy
Xp
Xpy
xg
X9
Xpy
Xpy

Xy

e
(D e81nNL
(€)

r'T’D Z81NL
(€7D 181NL
(SHETD 08 INL
(€7D 6LINL
(€7D 8LINL
(€7D LLINL
(€7TD9LINL
(€TDSLINL
(€TD PLINL
@D eLint
@vzLint
(€7D ILINL
(€7D OLINL
(€7D 691NL
(€7D 891NL

O €TD L9TNL

65



WEST6SET H W TIMLT6F N
W'LTEELET Hu0 TS #0067 N
W00LSELT Hu00T0To67 N
WL 8V TIET T uSH0.0T06 N
WL TLETLET A uI¥Si60.67 N
WE0T0S6TT  WEESILT67 N
410'95.90081 d 19 €0,SEa67 N
WFIPIYLT 3 uS0€ST67 N

W8°8S.LYoL1 H w6 T1STobl N

900T

aunf 91 ‘N.L TS’ W g ‘peol ar0qe ado[s OLIdX ‘0o1u[oqy] Jo a3e[[IA “SIA eaewWING “N'g ZD
900¢ AInf 9T ‘N.L “I'S"8 W 6] | ‘PeOI-SSOIO

o} JEQU SMOPEAUI ‘BPIAY] EYSIOH JO UMO} U} TedU ‘LINYZ JO ATe[[IA “S)A BABWNG “IN'F ZD
900C AInf 9T “NL “I'SBW LLL

‘A10H s1odges] Jo umoy oy eou ‘exRedory o o3e[ia oy £q armysed “syA eAewng “IN'g ZD
900T AInf T “I's"e W 8¢6 ‘epny

puZd[o7 JO dBe[[IA oy} Jeau do[s 1S Jo S[pprw oy ul eIdS A “SIA BABWNG  IN'F ZD
9002 AInf ST ‘N.L

“I's"e w §98 ‘epny BUZO[OZ JO ade[1a ay) Jeau ‘adofs 13s erdg N SHA earWING N’ ZD
9007 AIn[ ST ‘NI “T'S® W 67§ “peor 03 3xau j1d suols ‘eo1jzewio

JO umoj} oy} Jeau A0zoJed AAON Jo a3e[ia ‘puejdn euneyioyed eysajoxsogpod “IN'g ZD

900Z 2unf 8 ‘NI “I'S™® W [0S

“pIoquieng jo umoj oY) 1esu nojo A Jo d[ppes ‘puerd eunesroyed eYsSpAYSaqpPod “O°'M ZD
9007 dunf 91 ‘N.L “I'S"® W 90t “OFe[[1A Y} JO 21u0d dY} Ul O[S OLIOX ‘WAUAISOH

pod 20113sAg JO Um0} 9} Jeau oIS JO A3E[[IA “SIA BUNBUIOY BYSUNISA-OSUAISOH “D'M ‘ZD
900¢ dunf

91 ‘N.L “T'S® W GHS ‘QuAYN[ po[[ed joolq ‘peol oy} Jeau ado[s o119x ‘woukisoy pod 9oL1sAg

JO Um0} 9y} Jeau ejoy [upeIypod Jo I3e[IA “'S)Al BUIJBUIOY BYSUIIOSA-ONSUAISOH “D'M ZD

Xy
Xpy
Xpy
Xpy
Xpy
Xpy
x9
xg
xg

Y

(€7D T61NL
(€TD 161NL
(€7D 061NL
@D 681NL
(@D 881NL
(€7D L8INL

(N
(@ 981NL

(€7D ¢81NL

(€7D $81NL

66



#BIRIA B9 L8G1°9°G “WI'tl W 09¢ ‘BUIAL( 10q0 Lid “Yoia LYJOA ‘ANIUIOABL S 9¢
«EIRIIN B9 TRET°L'8T “W'U W Opp “SA[OH ‘AyIUIoARl NS 9¢

#KSUBISI "89] ‘R661°L'TT WU W ()88 eYINYOY ‘ANIUIoAR[ S 9¢

#KASUBISIJ "89] ‘8661°L 0T WU W 06 ‘O[PIS PYSAOUL] “ANIUIOAR[ S 9¢

#KOSUBISIJ "59] ‘Y661°L'61 WU W (LG ‘A0MI) “AYIUIOABL NS 9¢

« Kysuelsid "89] ‘86618 H¢ “wru wi OL¢ ‘ojod oruedg ‘oLioyopnr 9YsusA0lS S 9¢

+ AO[SUBISIJ "89] “L661°8°CT WU W (09 ‘TWIRUI[EYS PO “dA0U] A)sZeA0d S 9¢
#KSUBISI] "89] “L661°8°TT WU W ()0f ‘UBIABH “00A0U] AYSZBAO] NS 9

#KAsURISId "89] L661°L9T WU W OTE ‘APLIYOUIA POJ ‘BN “0dA0U] AYSZBAOd NS 9¢
x AOISUBISIJ "89] ‘L661°L 91 WU W OS¢ “BIOY BIqRq ‘BN “0dA0u] AYsZeAOd NS 9¢
«foIsuedsid 391 ‘L661°6'¢ “wru w ¢ ‘wowpA pod aysipery ‘Ajedied o[RS 9¢
«fo[sueisid "89] ‘L661°6'y “wru w (g ‘woperg pod eaozerg ‘Ayedied] o[eN NS 9¢

« AO[sue)sId "So] “wru W (9¢ ‘BPOA Biqo( ‘Kedrey| ofeN NS 9¢

x O[sue)SId "89] ‘L661°8°61 WU W (077 ‘eolnskg eyysioyez ‘Kedreyy ofeN S 9¢
#KISUBISI B[ L661'8 H1 WU W (09f “00AISAId ANJOA ‘AedIey 9[eN NS 9¢

« [sue)SId "89] “L661'8°6 WU w (97 “Tegue ‘Kedrey o[eN S 9¢

«Lo[sueIsid "89] ‘8661°6°6T WU W O0E ‘B[O LYSUIAD( YOIA ‘B[AQOY BYSUIAL S 9¢
#LOISUBISI "89] ‘L66T°L'ST WU W (09T ‘SOI0S D2A0YO[H dA0U] £)sZeAOd NS 9¢

x A[SURISIJ "89] ‘L6616 WU W (8T ‘ZNALI BUIZIU BYSIOULZ NS 9¢

#KASURISIA B[ L6617 WU W (6] “BIPZED DOZpNS-UNSES BUIZIU BYSIOULZ NS 9¢
x KysuBISIg B9 ‘661°8°9T WU W O “eUIAOYNE BYSIONLIS ‘BPZEIq BYSABWLI-ONSJAd] S 9¢
«STSUR)SIS "B 8661897 W' W T “09A0RPOH ‘BpzeIq pysabwL-oNs]od] S 9f
AO[SURISI "89] “W'Uu W O “90A019d ‘BpZelq BYSABWILI-0YSJod] S 9¢

+KISUBISI 5] ‘R661°8°LT WU W ()T ‘eyey ‘BpzeIq pysaeWL-oNs[d] S 9¢

000T ‘BRRIN pue A[sueisid #O[SUBISIA "39] ‘B661°8°8T W'l Wi ()97 ‘euneisnd LAO[RIUY ‘BPZPIq BYSABWII-ONSIAA] 3[S  9¢
9861 ‘UMNA [180.£7-0T d “.S€.TS8F N AAe12D ‘eleys BysaoeD ‘fe1 AYSUdAO[S NS 9¢

[#So1T d “6S-6% NI S[RIWIYORO[ "V “[[0D ‘BIIU[SISOIA JIA Y3 Jo dO[s ‘SIA 90100 ‘[d  9€

6861 “OISIOA\ pue ue3od [.€T,0T  “S€o6¥7 NI Uyuef "y [[00 ‘W ()G O He ‘T[zY SIA ArodsAp prsed 1d 9€
oo.ﬁsow o_ua_wEE d—uaﬁmd \Q:.mood ug

"BDYBAO[S =S ‘PUL[Od = [d Iqnday yo9z)
= Z0) :pasn SUONBIARIQQY (UOISSNISI(J PUB SINSIY ‘SPOYIIA PUE [BLIAJBIA 29S) SUOSBAI [BISAIS 10 (G *S1,) uonnquusip od£10149 yo dewr a3 ur papnour jou
0JoM YSLIDISE U AQ PasIewl SaNI[Ed0] "S}oxOrIq d1enbs ur uoAI3 a1e SuIyoIeds Jno uo paseq ejep paje[dwo)) $99IN0S [eUIS1IO OU) Ul SB USAIS 9I8 SONI[E00]
orqnday Yooz J3 pue ure[d eruouued ‘sueryedie)) uISoA\ oY) WO wumipuidlffo pjjasojid JO SI2QUINU WOSOWOoIyd uo ejep paysiyqnd A[snoradig

CNOLLVINJOANI AYVINHNATddAS

67



10%Qeg N %9 ZBIA “d [109 “['S'® W ()0S “BOIU[AD) JO UMO) )

WTSSo0Z d W8TISo8Y N JO 193udd a3 Jo N uny ¢°( 8o sdeay 10ddoo [eaarpowr oy U0 ‘Ayoa)) ‘Al AYOIA PJSAO[OA VS
6661 3530y LT 93[NyeIy " {09 “['Se W (]S ANoqorsy

W01.20o8T A L01:8006% N OSSE[EA JO ATE[[IA AU} UI UOTILIS ABMIIEI AU} JO HS UL 7' MOPLAW ‘UI[Z "ISIP Z)
8661 1oquuaidog 81 “9d[nyEIry " [[09 “['SE WL (S ‘JOYI0I] JO

WP THo8T d 0ESE8 N 5E[[IA oY) UT Yoy oY) Jo § wy 7 Bd 300Iq Nojod £ysqansef Jo Ao[[eA SN JIULIA NS
8661 Toquudydog g da[nyery] “f [[0d “['S'E W (6f UNID A0SO JO

T00T “IP 12 BAODPIOY W00 18T 05, E€.87 N @5e[[1A oY) Jo g uny [29e[d Assers oy ur ooIq jojod Lys[nyjod jo Ao[[eA SYA| JIULIA S
+AO[SURISI 39 ‘B661°9°6T U W (G “00A0Zg “00A0U] A)SZBAO S

* sueysid

8Ol ‘L6618 1T “W'l W [ ¢ “OLIOYIZPIIN ‘WOYLA LU EIQH ‘00A0U] ASZeAOJ NS

* £O1SUBISI B3] “L661°6' WU W 0Qf daa0xng ‘Aredres| e S

000T ‘BRI pue Ajsue)sid +LOsuBISId "89] ‘L6616 WU W 00¢ ‘BN pIn, ‘eAelK ‘Kedreyy oarg puzng NS
LL6T ‘BAOYRISO] PUE BAONLIY() [00oLT A ‘11087 NI B[AQoY eYsuiAd( S
L6t.61 A “w1.6% NI MOTRWZ] Y ‘(09 ‘W OO T "3 [ ‘B)Smopoydoy) vuljo( ‘SIA BlRL ‘Id

LUIDUB(L " “MO[TRWZ] Y 'T[00 ‘W O[] "0 e ‘B[ L) emoiodo], ‘SN enel ‘Id

# NBIWIYORO[ "V "[[09 ‘WL (09 "D “I[E “UDISE[ JA 3y} JO 2dO[s ‘S)A 210D ‘[d

% BIBMAZIJ T [[09 ‘W )OO "0 I[E ‘BUAZIOME[ BUR[O] ‘S)A 9910D) ‘[

6861 ‘Ofstop pue ueSod 1160 4 “.LEo6F NI BIEMAZI " [[09 W (S "0 I[B ‘ZIIWOQqN T ‘SIA 29100 ‘Id
IL61 [P J2 eySUIEYS #W 009 "9 )€ 23103 Ul ‘BYsULzqOS ZOMBA “SIA Autudld Id
[LL0o0Z A ‘91067 N W ()96 "0 “IJ[B ‘MOpeaw dwes dY) Jo Jed JUaIdJIp & ‘eue[od BSAF JO AJUIOIA ‘SN eNR] ‘[d

[LL0o0Z d ‘91067 N W ()96 O J[B ‘UONEBIAZIA MO] U)IM MOPEBIW Y} Ul ‘BUR[Od BSAF JO AJIUIOIA ‘SYA BIR] ‘Id

20,029 ST1o6v N w (0L] "0 e ‘Wed doy ayp ur syo01 snoaredred Juowe ‘Amngep edoy sy enel ‘Id

[00,0T 4 6167 N w Q] "2 e ‘peor ay teau ‘eysAzo|Q Ad|[eA jo sured 10ySiy ‘SHA eHe[ ‘[d

woorl

[#So61 A “ST1o6% NI "0 'J]e ‘mopeaut e Jo syed IOLIp ‘euAziome[ AJ[[eA I9A0 ‘eue[od emoidsey ‘SIA enel ‘1d

wooor ™ e

L00,0Z A ‘¥€o6% NI~ “A9]TeA 29U} 03 90BIUD Y} JBAU ‘P01 A} J9A0 ddo[s Auuns ‘B UAZIOmE[ AJ[[eA ‘SHA BIR] ‘|d

w (L1710 e ‘poom donids Sunox oy jo

L1Se61 A ‘Wio6v NI  wonoq oy 1e ‘ziejAqoy 03 1smdrj doysAzid woij peol oy 1040 adofs Auuns ‘S)A ene] ‘Id

w016

1961 ‘eysuIfess [9S.61 A “.81.6% NI "0 'J]e ‘uoneadoAa mo| Suowe ‘mopeawt a3 Jo sped A1p ojod Ajerg euejod ‘syA enel ‘Id

# (8L61 BRI BRIA "89] “W'U W (¢ “WI'U W OLg DMWY AYszeAod ‘AyIuIoef NS

# BIRIIAL "89] ‘8861'8°91 “"W'U'W (€8 “YOIA Lsaoqnyjef ANJuIoAe[ NS

*CIOIA “50] “8861°8°C1 Wl W (0F ‘pudmig 10qo tid ‘Auoyizpajy “AyruroAef yS

68



S00T “1v 12 BAOPIRIOY

WTOYo1T 3 WSE8T8Y N
WEFSSITH WLV HSo8% N
W0T65.0T 3 “uSTOS8Y N
uSTSSL0T d “u80:67087 N
W10:6€,0T 9 “W61.E7o8Y N
uWSTSEL0T 3 “W0SiEPo8Y N
WSEFE0T d W8EPo8Y N
u8TT0.0T A “495.L0.6 N
WS6To61 A 0€60.67 N
WWPLT6T d WLTSTo8Y N

wLTT060T d “u81.L06Y N
WE'8TUTYOIT H ‘uL?STo8Y N

W' 8TYE0T d Wb vTiISo8Y N

w6S9Yo61 d “uLSIL06Y N

W T0LYo1T d W0PTTo8 N
WL YYLSoTT d WT0:STo8Y N

W6S Y61 A “uLSL0c6V N

100T 1AV $1 “BAOZBIN A % ZBIN ‘[[00 “'se wl O8] ‘damjsed ‘aFe[[ia o MNN

un| G'[ peol Ay} JO SUISIew OIULISYI0IOX ‘OFe[[IA BULT BYIOA ‘SHA Ao oysurjdwoyz S
100T ABIN €1 BAOZBIN "A % ZRIN

d 1109 “I'se w oG] “oamysed ‘oFe[[ia oyl Jo N W §°( €O ‘OFe[[IA AOUISE[ ‘SIA JB[IOYIA S
0002 AInf 0T “ZBIN “d 109 “T'S'8 W (0L “9Te[[IA

o JO MN WD §°C B0 B[ BUIOQALNS 0121p 000] “dTe[[IA A0SO “SIAT AYIIA PYSAO[OA NS
0002 1quoydag “ZeIjy “d [[09 “T'S'® W ()0 ‘PeO1 }S910] Y] JedU

‘a3e[[1A oY JO WISIRW J UO OUINYH 0121p 020] AFe[[IA d0A0NRI] ‘SHA AUOIA QYSAO[OA S
T00T dunf “ZeIjy g "[[09 'S W Q[ [ “9Te[[IA 3y Jo MN ‘AT d[arg I 01

JIppes O[pas 9ysued Y} WOIJ AJNOI ISAI0J Y} U0 ‘OFe[[I1A BUIOY() ‘SIA] AYOIA SAO[OA NS
100T dUN( TT “PAOZEIN "A % ZBI "d TT[00 “T'S'® W 068 “T'yL§ IPHPW UOHBAI[S WOI N Why
[ ©d ©Y50qO(J 0421p 000] ‘ONSI[eNS A JO sadofs § “aFe[[ia BN ‘SIA AYOIA YSAO[OA “MS
100 dUnf 7] “BAOZBIN A 9 ZBIA “d 'T[00 “['S'®

W OGZ ‘oNsIeyS A Jo doy oY) Jo M'S W 0T B0 dTe[[Ia BN ‘SHAL AYIIA ISAOJOA NS
100 1SUSNY BAOZBIN "A %9 ZBIA “d “[100 “I'S® W (g ‘Ure)

oso[d oyswef pue ure) oso[d 93ysqug usamIaq yred SN0} A UO ‘SYA Ane], 9J0osKA VS
000T AInf T “ZeIN *d

T[09 “T'S'® W 9 ‘@rysed ‘aFe[[1a ay) Jo N W G'() “@3e[[1A YO1501J ‘SHAL AYOIA SQ0UD) IS
100T [1HdV LT “BAOZBIN A % ZBIN 'd

1109 “T's'e W £ [8 ‘0ore1g A Y3 Jo doj oY) uo mopeawt a3e[[1A ouydlod ‘SHA ANZoHSO S
000C 1sn3ny / ‘BAOZBIN “A

% ZBIN "d 100 “T'S'e W OO ‘UIe) 059[d 3sqNG JO MN W G'T "B “SIA Ane] 9OSAA S
100T [HdV §T “BAOZEIN "A 29 ZBI "d “[[09 “['S®B W OFT “(9°LLT) ITH

SI[1d WOy N W Q[ ©9 ‘spiedaura 1ouiio} a3e[[ia eieg BYJOA ‘SHA Ayoia aysurjdwoz S
000T AN € “BAOZBIN A 29 ZBIN "d "][09 “['S"B W (f9 ‘1o)ienb Ayojzoy

-YIQ[TUH 0} PLOISSOIO oy} Jedu s3j001 [AYd oyp uo ‘oJe[[IA YI[TUY ‘SHA AYOIA PSAO[OA VS
100T 2un[ 8] ‘PAOZBIN "A "[[00 “['S'8 W ()96 ‘Ad[[A BUI[OP BYOTUWIE(

)M PBOISSOIO 9} JedU ‘AJ[[eA BUI[OP BAONQRY ‘OFe[[IA BUIIAQLI] ‘SIA Ane], supedez S
1002 11dy 971 ‘paozeI

A 29 ZRIN “d 1109 “T'S'B W (] BO ‘QAISSBW [[IH BYonqie] oy} uo Asaid uiolo A 0101p 020]
Qnuo d3e[1A 9y} JO S Wy | "B ‘93e[[1A woZoipog peu epans ‘SHA AyoIa asurjdwoz g
100T [WAV LT “BAOZBIN "A 29 ZBIN "d 1[0 “['S'®

w 09 (6'€92) 1TH 92doy] £JoA “a5e[ia oduw[y) AYsA0ery] ‘SIA AyoIA ysurjduoz g
100Z 2unf 81 “BAOZBIIN “A 'T[09 “T'S"® W (6 I9[eYd BHIN JO ANSIOAIUN IMNOLISY

JO 9} Teou MOPBIW ‘AJ[[eA BUI[OP BAONRRY ‘O3e[[IA vuI[AqLI] ‘SHA Anje], dupedez S

Sy

9%

Sy

Sy

9%

9%

9%

Sy

Sy

9%

Sy

Sy

Sy

9%

9%

Sy

9%

69



1007 “v 12 gAoO[NYEIY

6661

“oo[nyery] pue eAOI[NYEIY]
661

‘eAow][0Ief PUE JOQISQIN

RiPR

L961 ‘eysuIeS

S00T “1v 12 BAOPYILOY

TO0T “Ip J2 gAOPIPNOY

000 “BRRIA pue Lysueisid

0L6T v 12 £ysaoleN

W0SEPLST A 405 17605 N
W00.8%.ST 3 “W0TTF:0S N
W0SEEST A W0TTHo0S N

[8€oST A “£2,05 NI

[.L0,0T A 9106 NI

[.7So61 4 “T1o6% NI

[.L0,0T A “91.6% NJ
WT108€,1T 3 “4€0.0€087 N
W0T6T.0T 9 “uSt6To81 N
uW60.STo0T 3 “WTTUYESY N
WSTFTL1TH WE0rPo8Y N
W8EF0.1T A “uLtSPo8Y N
WEEFE0T T “uLbibho8t N
WLSiTo0T 3 “u8S.LESY N

uSE0E.61 9 “480.8T087 N

W0E€T0661 A “W07TSo8Y N

[OTo8T A “¥€o8% NI

WP P 181 A WLhLloby N

6661 dunf §1 “dd[nyery " T[09 “I'S'e W ()€8 ‘“93e[[IA oy} Jo red uIaylIOU

oy urogeqia ay jo 1red N ayp ur gerd ey[9 A eaIe puelsseIs oy} ‘noyzous pod 994 zD

S661 dunf (g 9nyery " (00 “'SB W (98Y2IMyd 3y}

Jo g uny g1 ‘Apnog Aaoue[ Juswd[es ) Jeau mopeaw ‘edn) BY[9A ‘noyzaug pod 09 ‘D
L661 AInf ST ‘pa0dNYEIY Y % od[nyery " [[00 “|'S'e

W ()LO] FUSWONAS oY} JO MANN W S°() €0 peol oy} Suofe ‘ANQISIA [UIOH ‘OOTAOMIA ZD
TS® W ()0t “‘UMOI 9Y} JO N U G'() BO IS0 9} JBOU MOPEBIW ‘QOLJOH UMO) ‘UII[ ‘Z))

W ()96 0 "}[B ‘MOPBIW B Ul PAISYILIS SY001 Suowe ‘eue[od BSA} JO AJUIDIA ‘SHA BIR] ‘Id

w Q] O e ‘BMOUBWO ], AJ[[BA 0} BYSI[I10S0 AJ[[eA peol Y} Juole ‘SHA ehe] ‘Id

w (L6 "9 “}e ‘mopeawt 2y} Jo syed 1oySiy ‘eue[od BSAF JO AJUIOIA ‘SIA IR 1d

100T 1AV $1 “BAOZRIN *A 79 ZBI [[00 “T'S'8 W (9] ‘UISIEW

159105 3o T[T d9doy Aysferpuy jo sadors N ‘a8e[[ia euAyn- Sy AyoIa aysurduaz s
200T KN 0€ “ZeIAL “d '[[09 “['S"B W (0S¢ “OTe[ia oY) Jo wiSIew N

9y uo sadoys orurayio1dx ‘nedred eurueld eYOI[IS “OFL[[IA 0A0QI ‘SHA SBI] ASUIAO[S S
000T ABIAL O€ “ZRIAL “d T109 'S8 W GG “wseyd ysedorid exoruloqyz jo gN wy 0

B0 9Jn01 J$910J 9y} uo ‘neajeld eurue[d BYOIAIS[J ‘UMO) DOAISIJ ‘SHA SBr ASUSAO[S S
0002 A

ZRIIN "d 109 “T'S’® W 97 ‘Spunoid uopiesd [eoruejoq ‘K110 90150 ‘SIA AYIIA 9YSAO[OA S
T00T dun{ ‘ZeI “d "[[00 “['S'e W 006 I3[y Bygofe]

I} MO[[2q MOPEIW ‘BII[OH BUPAIJ N ‘OFe[[IA ACIR[Y AUSAA ‘SHAl AUDIA QYSAO[OA S
000C 2Unf ¢ ‘PAOQLAOINL “A2P ZBIN “d

1109 1109 “I's'e W 07T © OS[BS I JO sodo[s § ‘oFe[[1a BN ‘SHA] AYIIA PYSAO[OA S
. 7166 wtod uoneadrs

woIy MN Wy G0 80 ‘nedjed euruerd eys[oipez 0Fe[[IA [A1peZ ‘SHA S AJSUAO[S S
0002 1AV €T “BAOQIAONINS “A29 ZBIA "d '[[09 “['S8 WL (ST BPBARZ © R210qN] JO

S93e[IA 2y} U29M12q peot 2y} Suofe ‘Qaroqn;] Jo AZE[[IA JO A\ S U /() BO ‘SHAl AZONSO S
6661 AIf $T ‘pAodMIEIY]

'V % 99[NyeIY " [[09 “['Se W (LT ‘AI0Y DIeIS JO STR[[IA ) JO A\ WK £ IORYO

o Jo MN W OGT Yred SumIy oy} TeaU MOPEAW ‘BUPIS BAOJRIN A “SIA BNE BIOA S
+O[SUBISI "89] “661°8°9T “UWI'U WI (Gt DIPEIYPOJ ‘00A0U] £)SZBAO VS

x [SUBISI 39 “8661°8°ST WU W OO€ ‘BUIO( — BIOYIT BAON “00A0UJ AYSZBAOJ NS
arpexypod ‘Auegjodo] ‘osaouy Ayszeaod S

0002 1990100 1 ‘grogIaod N

"A 29 ZBIN “d ‘T109 “T'S"B W (06 I9[BYD $8IO0J Y} Jeau 9FpLI urew 9y} U0 ‘SyA ANIUIOAR[ ‘Z))

9¢
9¢
9¢
9¢
¥S ‘St
¥S Sy
174
1728
S
172
172
S
S
174
S
172
129
S
St

Sy

70



00T ‘BAO[RISOD]

§00T 77 12 BAOPYRNOY

00T “Iv 12 gAOPYONOY

.SS0€P1 A °.$°00,0S N
L96 V1P A 10T SSe6v N
W00° LTV T A °,1STT0.0S N
8T8 TENFT A “,69L°50.0S N
L EVETEPT 3 LYL S0.0S N
61981k 3 °,TET' €005 N

uLSiSSoP1 A “wb0.970S N

x000€,21 d %.00.72,0S N

400.L0.91 d “.0€6160S N

W0T67E1 3 061587 N

x05:80o71 d “u079So67 N

wLOLYoTT d WT1E00S N

W00:SToET d %10S.T160S N

WP TEST A “105.6€50S N

W00.£€.ST A %,00,0760S N

W0€9€.ST d “W01.970S N

W0ELYLST d 0T TP0S N

W0S8Y6ST A “W0LPe0S N

A012g0g 1red Ao eyeld z)

dotuady ued ‘Ao eyeld z)

yruerg yed ‘Ao eyeld z)

AlAY 1ed ‘K310 ByRId Z)

Kzajo1paH Med ‘Ao eyeld z)

ofK1oday 1red Ko eyelq z)

100T Anf £ ‘wesnnerg

'S %9 93[nyeIYy “J [[09 “T'S'® W Opy ‘BABISBIY) JO UMO) ST} JO MSS WY G°G B J[Op()
0A0J0ISLTY JO a3e[[1A 9y} Jo Aroydirad § oy) ur “0910qIT ‘BSIP ‘SHA UOQIIY AYSPRISO[ ‘ZD
000¢ dunf g “odnyery ‘J (0o

“I'S"B W (68 ZNqaid de[[IA AU} JO FNN WK §°¢ QUIW UT} JOULIOY ) ‘SYA| K1Y QUSNIY ZD)
6661 AR\ 1T “09[nyeIy " [[00 “['S® W (€€ “BYAOSIA

Jo a3e[1a 2y Jo Axayuied N oy ur 3d pues JouLIof oy} pue pue[sseid ‘poyoeN "IsIp ‘z)
6661 ISN3ny [T o9mmyery " (09 “I'S"e W ()], ‘UOIIL]S ZBM[IBI U}

Jo g w 0G09Z03S JO aSe[[IA oY) Ul KemJrel oy} daoqe ado[s ‘@oneydeld "1sIp ‘eABWNS ‘Z)
8661 dunf €] d3[yery " [[0d “['S'® W ([ ‘UONEIS ZBM[IRI oY) JO FN W

€'1 “0sqIS JO 9Fe[[1A oy} JO N PeOI 9y} 9A0qQe pue[sseId ‘unoiog "nsIp ‘Isiedy] ueruayog z)
000C AInf €1 ‘epIews “d 29 BAOPANOY "Q 109 “['S'8 W (0L “AOYIIUA

Jo a3e[[1A 2y U yoInyd dy) Jo N W /[ “10q ANYN[J SAIDSAI 2IMJBU ‘qay)) "ISIp ‘)

8661 dun[ "z “odnyers " "[[09 “'S’e W (OS¢ ‘AurIoqpod JO UMO) 9y} Ul YoInyo

oY} JO S WY 7'T ‘AO[BA JO oFe[[I1A O} TEOU POOM SO] AOINOIA JO a8pa A\ ‘AUnoT “usIp ‘z)
6661 K[ T Yoy

‘[ 29 wednneig ‘S 29 99[NyeIry " 7[00 “T's'e w (L, ‘93e[[ia 9y} Jo Aroydriod ureisomyinos
oy ur ‘adofs S “[[1Y B[S BAOIPUIL MO[[oq mopeaw ay) Jo 1ed 1oddn oy ‘oxoouag z)
6661 AInf T oMy *f % wesnneig 'S % d9[nyery J 09 “['se W (08

‘ooeld Sunyred oy} Jo A\ W 0 €0 oFe[[1A oy} Jo 11ed [enUd SY) UI UME] OU} UL ‘0xodudq ‘Z)
6661 AIf T MY *f % Wesnneig " % o9[nyery

1109 'S W Op ] “19]BYD BPNOQ BSARIOIN JO N W (O] BD ‘SIO[RYO BPNOQ BYSABIOIN
pue epnoq eAoIod Uom1aq ‘yjed SuLINO} Y3 OPISIq MOPEIW Y} UT ‘UA[A AnId[pulds ‘z)
6661 AInf T IYD

‘[ 29 weSnneld S 29 99[NyRIY " [[0d “I'SB W (68 ‘YdINnyd oy} Jo S Wy €' 8o ‘93pa
PUB[POOM 0} ISO[O ‘TUNSAA TUpd1d eare pue[sseis oy ‘edn) BY[OA ‘noyzug pod 99 ‘)
6661 2unf O¢ YD

[ % wesnngiq S 29 d9[nYLIY “J [0 “['S'8 W (S6 I9[RYS BPNOQ BYS[OPLd JO S W (9]
‘doys snq 03 aysoddo peor a3 op1saq mopeaw ay) ‘Apnog ruzowod ‘ed) B[R ITWIOH ‘Z)

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

9¢

9¢

9¢

9¢

9¢

71



¥00T “BAOIRISOD]

T00T “1v 'J2 gAO[oNOY

LT SEYT A 5, 7L87900S N
W0S.6Tot1 A “uS790.0S N
W0P.S06LT H 0EEE0S N

W07.80091 d “0€61.0S N

s1sour %Eow yred ‘K310 eyRIl] Z)

000 ABIN 8T “MYD "[ 7 od[nyery " 09

“I'sew (17 ‘AuBosAA-eyel] uonels Aemjrel ay) Jo A\ Aemjrel oyj saoqe adojs ‘eyeld ‘z)
8661 AR §T “09[nyeIy " [[00 “I'S'® W (LT ‘PUEH BU 2OIUNE[S JO Te[[IA oY) Ul

goImyod 3y} Jo A S U 9°0 “T[1y IS0 ATeJA Jo 2dos g oy} uo pue[sseid ‘onowojQ “nsIp z)
6661 ABIA 1T oomyery] " [[09 “I'Se W 0] ‘AuIAlsQg Jo a3e[[IA oY} Jeau SPLOISSOI0

oy} Jo N WY §°( ‘poom ulfeH JO 28p2 AU B MOPBIW ‘NOUZIU] Peu AOUYIAY “NSIP ZD)

€9+ ¢
Sy ‘9¢

Sy ‘9¢

143

72



TL61 “BlI9pED LETST A ‘61097 NI (prewiora)g) S10gspueyosina( elLysny 9¢
00T ‘UeAsexnyo pue eAorezeN 1€ty A 11507 NI pes [ysoyorue)og ‘UeAdIo X BUSWUIY 9¢
W
[.£2090 4 “T0.S¥ N1 000T "We ‘paoippds ponysa,] & sesnojad ‘oremne] op uoIsyy ‘sad[y-soiH 81
*W 000C
J[e ‘sonbmyg,] € osnojod ‘s1o1uno)) so ‘sieA op uoI3Y ‘sod[y-say 81
<W 00€T e ‘sofeanjed sazer 99A® XndoI[IS surow no snjd
SI[NOQQ INS ‘snpuodsy 9T JIP NedI| Ny ‘SIeA p uoi3ey ‘sod[y-say 81
xW 00TT B SIZIPIN
[6€090 A “.LEot NI op s109-91d ud sasnojad ‘siep op uoISY [0ILdd 9p neaje[d ‘sad|y-saIHq 81
+W 001 1-0001 [ ‘9ourIN( B[ 9P SUOIAN|[E SOP SPPI[OSUOI SNO[[IBD
[.LE090 A “6€ott NI NS ‘D.124 DNPUDADT ¢ STEPUEAR] ©ONSI[[IND OP UOITHY ‘Sad[V-SaIH 81
+W 0081 e ‘spainyed sasnojod
‘nedjeyo Np Y50y 7T P NI Ne ‘UI[[90IRIN-IS ‘SIBA ‘sad]y-saIH 81
[1¥:90 A “Z€ot¥ NI £000T NE ‘vaotpods vonysa, e osnojad ‘siep 9p (0D ‘sod[y-saIH 81
«W 0081 I[e ‘eodIpeds
[#€:90 A ‘¥Eovt NI eomys9,] & osnofad oun,p aInpioq Ud ‘xne[)-sof-siep ‘sod[y-say 81
*W 0081 1B ‘SIZIPIN 9p stoq
[#€:90 A ‘¥€obt NI -snos ue xnaqioy side) ‘oFe[1a 9] QIQLLIOP ‘Xne[)-So[-SIeA ‘sod]y-SIH 81
[LYoSO T “\LEotY NI W Q09T e “SLUSI4JAS Snuld op SI0G-SNOS ‘SUIISH,P [eA ‘Sad[y-SaIH 81
xW 008 T-00L 1T B ‘SIZIIIN 9p S10G-SNOS Ud
(15690 9 “LToty NI “1O1UAS UN, P SPIOQ “IOIUUELSNET NP SOAIISHY Yo1eT op [0 ‘sod]y-'d 81
*W 0061 1B SIZIPIN
(91590 9 “Ototy NI 9P S10q-SNOS N3 JULLIOY UN, P SPIOQ “VL[[1)) dP UOIFHY ‘sad[y-SAH 81
L1+:90 A ‘L€t NI «W 000 e “J210[e1ey) np pard ne ‘srep op uoIsyY ‘sod[y-soiy 81
«W 00T "We ‘padipods
TL61 1nodeQg [L82090 A ‘9Soby NI~ pongsa,f e asnojad 101n39g np oeT ‘@nsa[Ino op uoi3y ‘sad|y-sa1yg douel] 81
20IN0S opmu3uo| ‘opmne] Kieoco Anuno) ug

"(S00T Areniqa,] pasadoe) sa[s ysnLig oy}
Jo Kja100g [eOTURIOY U} JO aseqeiep [BII130[01A)) = [dSH-AD "(UOISSNISI pue SINSY ‘SPOYISJA PUB [BLIQJBIAl 99S) SUOSBAI [BI9AS 10J ‘(S 21n31,]) uonnqysip ad£10140
Jo sdew oy} ur papnoul JOU 2IOM JSLIAISE UB AQ PONIBW SONI[BO0T 'S}odOeIq orenbs ur uoAIS o1e SuryoIess Ino uo paseq eyep poe[dwo)) 'sedInos [eursLIo
oy ur se udAIS are sanI[ed0] 7 uonewoju] Arejuowdjddng ur usald eyep ayy Jo uondooxs yym ‘odoinyg ur wnipuidLffo vjjasojId JO SIAqUINU SWOSOWOIYD PAYsIqnd

€ NOLLVINJOANI AYVINANATddAS

73



TL61 Mmoo
¥861 ‘B[9pED

TL61 ‘®BlId9pED

0961 ‘UOSSAIN] PUE UOSSAIN],
¥861 ‘e[9peD
TL61 “BlI9pPED

8861 ‘BASINIW(] PUB AOUJIEJ
L861 ‘eadtniuqg

[0€.50 T “8To¢¥ NI
[+€:60 9 01,95 NI
(10560 A “80oLS NI
[22-80 d “$5:95 NI
[8ToCT A “6So¥S NI
[.2260 9 “600LS NI
15660 A “0S09S NI
[i€+060 d “TToLS N
[:STo60 T “8509S NI
[L0€-80 9 :8005S NI
[0T560 A “900LS NI
(80,80 T “6505S NI
01680 9 ‘oSS NI
[LL€oTT A 70695 NI
[0So0T A 61695 NI
LT1¥.0T d 21695 NI
[ST.80 A “Lto9S NI
[£1,0T 9 “8005S NI

[.22+60 9 “.LT9S NI
[:S050T A “TS09S NI
[0S-80 d “610¢S NI
[.0S-80 A ‘6105 NI
[.0So80 A “T0oLS NI
[STo60 A 85095 NI
[.6ToTT 9 $S0SS NI
[\Z¥o50 A ‘.05 NI
[iL¥+S0 A 80005 NI
(20590 A “8€.0S NI
[:$€520  “9015 NI
61687 A ‘oSS NI
[+2o97 d “T€PS NI

w ()G-( “Ie ‘surowre))

SO ‘OUNBOANH,] 9P A[BA “Q[[IOSIBIAl 9P UOISY ‘QUOY-np-sayonog
(puey[Ar) S10qa[IS TeaU Jo31aq[owwI[H
«(pueyA[) puensdnioy,

(pueri&r) 31olquarg

(uQ) 23218

(puer[&r) puensonals

(pue[I&r) pIiqoy

(pueqr&r) uaypioT

(puerl&r) 1015307

(Qu@y) N[oyeT

(pueAr) wipy

(pueri£r) opueg opiaH

(pue[[4[) puensauusyq

(pueyjoels) 193uIsjoH

(puellA[) paApe[D

(pueri&r) youoqg

(pue[&r) 1033y

(uAg) oBurA

x6761 ‘UeunjIQlg O °S ‘ouleL,

161 ‘PIQDISUSPION 'H ‘B10qIA

1S61 ‘PIQISUSPION "H ‘PAISQIS
1S61 ‘PIQDISUSPION "H ‘SUIppoy
1S61 PIQDISUSPION 'H 29y

1561 ‘PIQMISUSPION "H PIHOSO

1561 ‘PIQDISUSPION "H 10150
1S61 ‘PIQ{SUSPION "H ‘WOYSWQIg
(98917 "r01d) ‘osIA ITeou
(8moquexn “Aoxd) ozIeFnoy Jesu
(98217) uadnyg

(uaxdpueelA ‘M) duued 9
+ASIIOYZWO(T 19D J0 Z[ Wy |
DeqAY Do “3a1 [1suoiowg “[qo elreysuaupoin)

Qouer

yrewua g

wnigjog

snieeyg

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

74



0961 ‘UOSSAIN] PUE UOSSAIN],

7861 BI[9PED
1861 uelerereN
6L61 ‘pIeudy pue winby

TL61 ‘®elId9pED

[1$So80 A “0to6% NI

[.60500 A “Socy NI
[.Z1500 4 ‘00087 NI
[[1€590 T “$So€P NI
[10S520 T \LEoE NI
[+¥2o€0 3 “€toSy NI
[1€2590 d “9To¢ NI
[105L0 A “T0.8% NI
[+1520 d 00015 NI
[8To£0 A 1047 NI
[.8€5T0 T “£S50S NI
[6€550 d “1SoS¥ NI
(20590 d ‘6197 NI
[.£2550 A “0€-¢ NI

[[9€,50 T “1€o€¥ NI
[[2€550 T “€€o€ NI
[iL¥oS0 A “TTo€¥ NI
[#SoT0 A “€€00S NI

[[€1690 A “TTot¥ NI
[L1S650 A “0To¢ NI

[[92:50 d “T€o£¥ NI
[¥ov0 d “SSoby NI
[.62590 A ‘ot NI

[,6€590 T “0toby NI

[¥or0 d “SSoby NI

0561 ‘PlorsuspIoN H “ds3nyz ‘ssouaqQ
(U "TH) UT01SaIeIA

«(senbnueny ua1£g) 1509qQ 18U

W QLT e _[eunoy, ap [0)

(sed1y 1H) suey o1

("A01d JH) UOPIdA op ULI[Nf IS

Jorjodiuo op suotaus ‘onbrired :oouer]
(owo-op-Ang np "dop) uojig s9id sansuosySq
(Te ) SaIneA ap JISSEIA ‘SAIPLIQO[[0D)

(urgy mey) ‘saSsoA oouyoH

(saxpuer) uoo| ap o3e[d

(uoIKoAY) JUBN

(s101ry) zoN ouerg dep

(ury) puern of noMIA
(ury) xo10uayoq

serpawr wnidrsdweydsd( un Suep ‘suod-1S 9p JUIWISIOND ‘ST ST
«Sonbnrworop surow no snjd sureird) ‘sioA souyd sanbyjonb snos
spamyed sasnofad ¢, Jueyd, [ 9p durewo(y,, df 3P NAI] N DII0IIA-91S
+SOQUUOPUE(E SAINI[ND SOUUSIdUE ‘OpIedowmnel QI 1S — 2I10JOIA-21S
*W Q0] "B ‘SOUUdLIAZ] SouIeW Ins ‘}ossneq op UISSeq ‘TeA

juowlg op 93elLieq Np Ulo] uou dYOLY Ud dwey) ‘9I030IA-91S

W )] ‘}E ‘XNOUIBUW-0dIBd[. SUTBLID)

‘spaurweld g sosno[ad Ins 93n01 op SpIoq On 9] 39 SUBSSE[] U ‘TBA
SBUO903S B[NPUBART 99AL asno[ad un suep ‘djjeseq Ins ‘SOUIAH ‘TeA

w OO T-0S ‘}E 9IN0I 9P 2INPIOQ U SAYIPs sasnofad

‘SO[[IJAl SOP UOITI ‘Q0UDA0IJ-US-XIY, P UISSBY ‘QUOUY-NP-soyonog

w008

"J[B ‘QUIBY-Op-9Y00Y B[ 9P UIO] UOU ‘dourIn( B[ 9p Q[[BA ‘sod]y-saIH

UQUBLIA}IPOW

od4&) op soyogs sosnojad ans ‘uopoasoq e uniquig,p uoi3Y ‘sodjy-say
w 00L-00S ‘e ‘Aze op ue[d he ‘9nsI[IND) 9p UIo] uou ‘sad[y-saIH

woor-0

‘1 ‘ormydorgx asnojad 9nad un red spIjosuoo spNOJ[IEd INS ‘NBIQRIIN
-9p-juo0d Np NEOAIU NE ‘dourIN( ] 9P I[[EA ‘QUOYY-NpP-soyonog

Auewiron

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

9¢
9¢
9¢
9¢

9¢
9¢

9¢
9¢
9¢
9¢

9¢

75



TL61 ‘e[IdpeD
€961 ‘smydiy pue eopen

861 ‘Bl9pED

TL61 ‘®elIdpED

S00T [P 12 BAOP{ONOY
9661 ‘wesnneig pue wednnerg

200 “1eddr pue y1omynids

L661 addr pue y1omynids
861 ‘e[[opED

TL61 “BlI9pED

[.$2590 A “1€62S N
[.8¥590 T “9toTS NI
[i€+590 A “0to2S NI
[16¥590 A “9to2S NI
[8+590 A “.LtoTS NI
[$690 T “.LtoTS NI
[:6+590 A “9to2S NI
(81590 A “000¢S NI
[i€¥650 d “.LTo€S N
[i€2550 A “+002S NI
L1590 A “0Sc6¥% NI
[.£1590 T “9t.6¥ NI
[21590 d “9S.6¥ NI
[iS€.60 M “LSo€S NI
[8YoL0 M “PHo€S NI
[16SoL0 M “0to€S NI

W09.CSot1 A W01FTo1S N

[WSotT T €016 NI

WP09YC1 A WThTS.8Y N

[S0.TT & “ 10087 NI

uowwi() “[osslioaQ

Ud9[S “AQuaI(q

399qau00yog ‘@IuaIg

UQ[asSAYIISO() ‘Ul

US9[SPIOON] ‘Ul

iy ‘uaI(

wooydi(q ‘QuaIq

IP[OMIDSO() “PUB[SILI]

PUB[OWY JO PUB[S] ‘pUB[SILL]

ua3I0qSuIeRIA-UIBRIA ‘WYOII)

110jneaq Ieau Joyneaq ap neajey)

9191001 Jeau [BMI[[NIA

USpUBIA Jeau

(oAeA 1D) y3eoo, y3no ‘ooeuing

(uourwoosoy 1)) pioj3uo]

(uowrtoos0y ‘1)) y3noiogsaue|

[ueq o¥e[ 9y}

3uoe 9Jn01 15310 9y} JO UISIEW Y} UO ‘OFR[[IA 99IdSIOPIAIN ‘UISYILS
ZI[IQD JO MSS W] [ ‘BIUOXES

AIMYNYIS ‘661°S°LT W OpE UIddsy

19q S9312qUAYI[O A SOp SurypnS WI YorIquIols ‘prepy Joyostokeq
‘uegoq-3urqneng sron[pue] ‘UIABqIOPIIN JI1ZoqSFUnIoIfoy
9661°9°61

910dd1 “proutdS IONEB[ASSAN INZ U[[OJYO0H SOP YOI[ISQPNS Weneloy],
JIOp UOA ‘UId)sunel ], SIIpUeT ‘UIokeqioqQ J11Zoqs3uniorsay]
WIYIego ],

[,20.11 4 ‘02,08 N]yo1piou S1aqanty ‘Smqsusgay stonjpue| ‘z[ejdiogQ yizeqssuniorsoy

[[SE€TT A LTo8F NI
[LYoL0 A “90,0S NI
[iST590 A “+€.0S NI
[:$1590 A “$€505 NI
[[9T560 T “£0,1S NI
(80080 A “9toLy NI

Suryos yoeu assensznary

UOA 9SSBIIS JP SIYOAI 9qnIZSary ‘UrokeqroqQ N1zags3uniargoy
Qe Jeau ‘Teyroyon|g

(USTeJISO A\ -UTOUIPION ) NBYISUOIA]

(U9TBJISO A\ -UTOYIPION] ) USZUO]

(U9TeJISO A\ -UTOYIPION] ) UaIog

(Sroquonin\ -uopeq) plemziemyos ‘ualseq 1S

SPUBLIOYION YL,

Smoquoxn

pue[aI]

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

9¢
9¢

9¢

9¢

9¢

9¢
9¢
9¢
9¢
9¢
9¢

76



861 ‘Bl19pED

[:80050 A “6€01S NI

[[£€5£0 T ‘€018 NI
[iL0o¥0 A “tSo1S NI
[:8€650 A ‘95515 NI
[1o50 d “STo2S NI
[165550 9 105,05 NI
[:£0590 A “$S-05 NI
[i1SoS0 T 91,05 NI
[1¥.50 T 15005 NI
[195550 9 .TS-0S NI
(20590 A “$S-05 NI
[:8€550 T “So05 NI
[9t550 9 1SS0S NI
[:$S650 T L0 NI
[.LS6S0 T .LSo0S NI
[[9¥590 T 15505 NI
[0Zo+0 d “+To1S NI
(60550 A “+To1S NI
[L1550 d “6€01S NI
[.2€550  “StoTS NI
[01o50 A “Tto1S NI
[81550 A “6€01S NI
[.LSo€0 T ‘61515 NI
[11650 d “162S NI
[2hot0 A “0tocS NI
[#€550 A “8So1S NI
[1T650 T “.L0oTS NI
[i€4550 A “9102S NI
[9%550 d “6So1S NI
[8€550 A “12o2S NI
[#1650 d “LSoTS NI
[1++50 A “0002S NI

(puejjoH p1ooN "Aoid) udumn( 9suouni( Ud 9su0o0]
£101ZId1 ], ‘Smquiry
o[jedexsoQ ‘puejoaz
SUIO0A ‘PUB[OH PMZ
uopsnayd( ‘puefropron
udIe| ‘pue[[OH PIOON
wWoNIA ‘Sinquur]

yoeqnep ‘Smquiry
uyeuQ[S ‘Smquury
WoLsee ‘Finquuiry
operuny| ‘Smquiry

UQ[IO9H ‘SInquui

uadnn ‘Fmquury

sAq ‘Smquiry

uadg ‘Snquury

wnssunig ‘ginquiry
uopowog ‘Sinquury
JYO2IPUISSO ueqelg pIOON
opIdIA 23T queqeld PIOON
JMIOAJQH ‘“Jueqerqg PIOON
[0S9oH “Jueqelg pIOON
uaun(q yueqerg pIooN
JI0AWOI) uBqRlg PIOON
921900) JO PUB[S] ‘puB[[OH PMNZ
WNSIOA[IH ‘pue[[OH PIOON
uagiog ‘pue[[OH PIOON
UQUAY YYyoann

I 9p 221N

pInads ‘puepiapon
wns[ooy ‘pue[Idp[on
AlimIopIey ‘puelopen
S1oquia[n) ‘pue[Idp[en
woyouuag ‘puelop[on

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

77



6861 ‘OISIOA\ pue uedoq

TL61 “BlI9pED

[.6050 9 “$0.0S NI
L6117 9 9205 NI
[.S€.TT A “€€60S NI
[.£050T 9 “8€ot¥ NI
[LLSo6T A “€000S NI
[1¥.6T A “02-0S NI
[.L0oTT A “€€00S NI
[9€,0T d .L£-0S NI
[.0¥.02 & “0Z-05 NI
[LYeTT d “¥SolS NI
[€2.61 A “1t.05 NI
[.L0o61 A ‘6105 NI
[+0.61 A ‘€02 NI

[\22o£T A “TSoPS NI
[€s6T A “Lto€S NI
[.L€o81 A 10o€S NI
[0Z.8T A “0So¥S NI
L1181 A “Stobs NI
[\22-8T 4 “0So¥S NI
[STo8T & “0So+S NI
[€1.81 A “0So¥S NI
[.LSoTT I \LE0S NI
[LToCT d “0162S NI
[8€oLT A “9tobS NI

[[20oLT A “8To¥S NI
[[1€:61 9 “T10S NI
[¥2o€T A “T105 NI
L6To€T d 1205 NI
[LLSoLT T “0to0S NI
[9t501 A “$S06S NI
[So50 A 6105 NI
[185650 & “.LSo0S NI
[11.50 d “t102S NI

MOYRIY TBU BZOZSIY ‘MONRIY JOLISIP
BYOIMES "7 "[[09 ‘09TuRj0q ‘39ZIqOuIe ], JOLISIP
BYJIMES "7 [[09 ‘AIeruimg ‘39ZIqOuIe ] 191ISIp
‘BI00) BUUSIWEY ‘ISYR[RYPOJ MONB Aﬂm_m-oxﬂo_m LosIp
9ZNSOY-MOYRIY ‘MONBIY 10L0SIP
WOIQ[OA\ TedU 90IMO0)SLZIY)) “DIIMOIB JOLIISIP
MOzsel§ “3oziqoure] JOLISIp

MOz Jedu 9Ty ‘9d[ary] 19LISIP
MOZOYIJ Jedu AISOWIIUOY] “90[rY 1OLISIP
Aurddy) ‘0o7ary] 101nSIp
BMOUD0)SAZ)) TBOU MOUBWIOY ‘BMOYD0)SIZ)) JOLIISIP
90IMO]SOMS ‘BMOYD0ISIZ)) JOLISIP
JOARFOOFA TBAU UOPIA\ “[OMBFOOFA\ 10LNSIP

Aqin

Jo KJTuId1A ur aziowod e[ Y} 03 AM[OZ WOLJ Aem ‘Tyfemng 1010SIp

AQID) 189U JIUSIDIA ‘Djfemng 10LISIP

ynio[, ‘ynio[ JoLsIp

QIMIZOY YSuepo) 10LNSIP

0A0I1oyfo A\ Teau OUIddIMG SuepL) JOLISIP

2I0D) BIQAZIISE[ “YSUBPD) 1OLISIP

0MOoINS( “YSuepo) JOLNSIP

‘UAPA Autez)) 03 Aem ‘eimIey] [suepo) JOLISIp

% BIY] " "[[09 ‘O2TUAZISIMY ‘9Z00)Z0Y QSOWEZ J1OLIOIP
BINY] " “[[0O ‘99[PAIS JBOU D9IMO0I9] “dO[PALS IOLISIP
By g ‘[[09 ‘Oysqles e oy} Jedu ‘erur]n) sdnjs 1o1usIp
L0 |

1109 ‘AWPAAY SWOYONY UOTIBAIISIY JO AJUIDIA dY3 Ul “Ysdnjg joLnsIp

MO[TRWIZ] Y ‘[[00 “BIUIQIZI], JBU IO} “DI1MO0IeY JOLISIp
Unue[ "y "[[09 JOIBN Jedu ‘BY[OIA\ BJOA\ ‘[SAWOZI] 1OLSIp
undue[ "y ‘[[09 ‘[oIeN Jeau ‘AwoyZ einy [SAWSZI{ JOLISIP
(uriqny) o10dQ TRSU

0[SO JIeau

«uodnn reou ‘Sinquury

Lumnssunig Jeau ‘Smquiry

WNSIDA[IH Tedu Y[ng ‘Pue[[OH PIOON

puejod
KeMION

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

78



0961 ‘U0SSAIN], pue UOSSAIN],

7861 ‘Bl9pED

1L61 ‘SOIIaN) pue Sopeulo,

TL61 ‘®[I9peD

S00T “Iv 12 BAOPYONOY

T00T “[P 12 BAOOIOY
1861 “p 12 ue30d

1L61 "D 2 eySUIeYS

LOYo€T T “9505S NI
[9€-€T A “SoSS NI
[€So€T A \LSoSS NI
[6€oCT T “6T0LS NI
[I1ZoPT A “€€05S N
[12oL1 A 7665 NI
LETo€T A “+0:9S NI
[#0.00 M “0toCy NI
[LELO M “6EoET NI
[9¥6L0 M 8EoTH NI
[LToLO M “\LSoTH NI
(20500 T “8€o2 NI
[[9Z-80 M “€€o11 NI
90,80 M “0€.6€ NI
[TSeL0 M SToTt NI

W0SE€TST A “uSHi81.0S N

[.2€,0T T “T€-05 NI
[[Tho8T A “$So€S NI
[€S59T A “81,0S NI

[LYoTT d “9T50$ NI
[€.6T T “LbogS NI

(2281 A “0So¥S NI
[9ToLT d “TE6TS NI

L1502 “1002S NI
[L12.£T A “90o¥S NI
(91,02 A “70.0$ NI

SH61 ‘uossaIny ‘D ‘wWnIQy 'S ‘BIuBdS
Sy61 ‘uossaIn] g ‘310qsIIApnT ‘eruedg
Sy61 ‘uossaimy, ‘D ‘poIelgs ‘elULOS
Sp61 ‘uossain], ‘0 ‘dreuuns ‘erueog
SH61 ‘uossaImy, ‘D ‘UWRYSLIWIS ‘BIUBOS
Sy61 ‘uossain] ‘D ‘Aqre( ‘erueds

6761 ‘uossaing, ‘D ‘payAq3un(T ‘erueds
+W 0GLT I[e ‘0seog esapI)

W (S8 I ‘OI[IBIA ‘BIOIRD

epeiuey) Jo "N ‘OpuelAng ery ‘erlen
0S9 “J[B ‘ULIDA Jedu ‘BIol[en

w 0T e “BSAPIO

(98¢ "ou) eerg SI9A opoeleg Op U
(S8€1 "ou) suLe) “sIon) op o1
(SOIUOIA] SO Se1]) e[opeIRd JBdU
d0Azsnyfe[ jo

oFe[[1A 9} JO A\ WY '€ 91O JO JUSWA[IIAS Y} Jedu ‘SN K10y 9SIOZI[
UOJIS(] JO UMO} ) UI UOTBIS ) JO d} JO S U] §T'¢
W07.0508T A .00.E7067 N B9 19[BYD 34 JO 'S W §°() PeOI 3y} Suofe pue[ssetd ‘SN DIselS prsog

yoxs JO Umoj} oy} ul uone)s

W0TTSo8T A W0TEFo6F N 9U) JO 9} JO HSH W §°¢ B9 J9[BYO 9A0qE PUE[SSEId ‘S)A DISBIS Prsog

07341 “90[313] JOLISIP
urpdjod 1esu Amop3orarpy
SN UO1OPNS ‘On|sk[S druong

xMO[1BWZ] Y “[[09 ‘BYOI[BIN BPNY ‘MBFIOFM JOLUSIP
BOIMES "7 '[[00 ‘Djqelkz ‘Goziqoure] 10LNSIp
arserd e JO ANUIdIA oy} Ul ‘Aulog Jeau 0MOUTDIA ‘T{femns JOLISIP

£OMOTUSOT “[SULPL) JOINSIP

BIOD) RIQAZI)SE[ JBAU “YSURPL) JOLISIP
BYOSFRIN [ 109 ZIIIA “MBIOOFA JOLISID
yidez)  T[09 ‘eYsmowrjog

BZOZSNJ-1S910] [BASWILI] ‘ODSqRID) Apng ‘Q0IMIIUIdDS JOLISIP

yidez) Y '110o ‘Aulog ‘Difemng 101ISIp

eIBMAZIJ T [[09 ‘001wojodaIN ‘MONETY] JOLISIP

uapomg

uredg

reSmiod

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

9¢

9¢

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

9¢
9¢
9¢

79



L861 “nysed
¥861 ‘B[19peD

[¥2obT d 01087 NI
[.S€.80 d “ST19% NI

(00590 A “€toSS NI
[€€.ET T “9€05S NI
[[8€o€T A “€€05S NI
[LOoPT A “9€.5S NI

[P TT1d “8T-95 NI

[:SSoTT A “T€65S N
[9€52T A “L0c9S NI

[.20o€T A “THoSS N
[.S0.£T A “9To5S NI
[Tho€T A “8€05S NI
LLToPT A “8ToSS NI
[8€.€T A “00095 NI
[L1SoTI 9 “$ToSS NI
[.22s91 9 “6€oLS NI
[iSPo€T A “0€05S NI
[Po€1 d 11695 NI
[+SoCT A “9toSS NI
[190.€T A “85.5S NI
[L0SoTT A “TSoSS NI
[+SoCT 3 91695 NI
L6ToPT 3 “EtoLS NI
[8ToPT A “T€o8S NI

[S0.€T A €095 NI

-unnn-e1qoy ‘resyued-elesaoyziyzod ‘elexsaoyziyzod-[nysaig
INYSAIF-B[IOAOD) AO[JOY YOAAONIUPI] YLZOUISI0N] A ‘BI0S0UIOY))
w ()06 e ‘0u30U0S JBAU 0ISBZIOA [EA :UISSIT
%6161 ‘uossain] ‘0 ‘Foyse3oH ‘pue[eH
9661 ‘uossainy, ‘D ‘FugAey ‘BIUBIS

S¥61 ‘wossamy, ‘D ‘drejsQ ‘eruedg

SH61 ‘vossangy ‘g nm:\ﬁw ‘eruedy

Sy61 ‘uossaIn], ‘D ‘WOYAquUN ], ‘BTUBIS
%6761 ‘UOSSAIN], ‘D) ‘US[BIA ‘BIUBIS

$S61 ‘UossaIny, ‘0 ‘Ie[[eH SAOH ‘BIUBOS
x1S61 ‘PIQDISUSPION “H ‘dIojsinuy| ‘erueog
«1G6] ‘UossaIn] ‘0 ‘e[[NyouRS ‘BIUBIS
1S61 ‘uossainy, ‘D) ‘uweysse[y| ‘erueos
+€S6 1 ‘UOSsaIn], ‘D) ‘US[[BALISIO ‘BIUBDS
7S61 ‘uossaIng, 0 ‘uUdIswo(] ‘erueds
#CS6] ‘UOSSAINT, "D BOUSIONIA ‘BIULOS
7661 ‘uossamy 0 ‘paiolg ‘erueog

€561 ‘uossainy, ‘D ‘SQUOH ‘eruedg

[S61 ‘uossam], ‘D ‘0qQlS ‘eruesg

[$61 ‘UOssaI, "D dFUI[DIS ‘BIULdS

€561 ‘uossamg, ‘0 ‘dreurol] ‘erueog

[S6] ‘uossaing, ‘0 ‘JoueyS ‘Brueds

[S61 ‘uossainy, ‘0 ‘0qlals[e ‘eruedg

1S61 ‘PIQPISUSPION 'H ‘PeISoSQH ‘erueog
€661 ‘uossaIny, ‘D ‘BAIUBA ‘BIUBIS

€661 ‘uossainy, ‘0 “yoeqasieq ‘erueds

1S61 ‘PIQDISUSPION H ‘PIOA[OXY ‘BIUROS
6761 ‘UOSSAINT, "0) ‘BUOLSPURT ‘BIUBIS
€661 ‘uossany, ‘D ‘peiseq ‘erueog

€661 ‘uossaIny, "0 ‘WnIdsIo ‘pueews
Sh61 ‘uossaIny, ‘D ‘eUUBID) ‘pue[RWS
«St61 ‘uossaimn] -0 ‘diojepgey ‘eruedg
SH61 ‘uossainy, ‘0 ‘peIsoudl§ ‘eruedg

ouren|n
PUB[IIZ)IMS

9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

80



TL6T MnodPqg
L861 ‘eAdnTUI(
L661 “1addr pue promynyog

TL61 ‘elIdpeD

0961 ‘UOSSaINT, pue uossdINJ,

(19S9-dD) S00T “7v 12 ‘puowipy
(19S9-aD) S00T ‘uosiepm

(19S9-ad) s00z ‘yourg
0961 ‘UOSSAIN], pue UOSSAIN],

[l125L0 A “LOoFY NI
(81590 A “8Tob NI
[.£5690 T “€€ob¥ NI

[:$S690 T “STob¥ NI
[[SToL0 d “¥0ob¥ NI

[SToL0 d ‘0.7 NI
[.0Z50€ A “S€.€S NI
[LLSoST A “Sto8% NI
[21.9T d “LToLy NI
[9T59T & ‘ol NI
[LEET d “€0oLY NI
[[92oST A “S0oL¥ NI
[6€oST A “LToL¥ NI
[i1€500 A “SToTS NI
[.L0s20 M SSoTS NI
[iS0.T0 M “0500S NI
[8ToT0 M THio0S NI
[FTo10 M “StolS NI
[1S6€0 A ‘L7005 NI
LTTo£0 M “0to1S NI
[Sto10 M “PPo0S NI
01,00 A “8002S NI
[iSTo20 M “9561S NI
[LYoTO M TT6TS NI
[01,10d “T1o1S NI
[.€1500 A “+Sc0S NI
[9€520 M 8ToTS NI
[OTo00 M “S$S.0S NI

«W 00T e ‘Qualoy ] ‘sownLIeA-sod]y

+W 008 "}[E “O1)SoUd,] IPIUOPEIA B[ 9P JUBPUIISIP UD ‘SOWLIBIA-Sod[y
w (0T “Xnouiof, ‘okeq),[ op 9[[eA ‘sod[y-"g

w 0] }e ‘ULNEBJA 9p 9In0I 9Aeqn) ] 9P 9[[BA ‘sod[v-'g

W OZI-0LTT B SQULL

B[ 9p 2INPIOQ UL SHNO[[IED INS ‘dPUL]-OP-SUUdNH-1S ‘SownLIeIN-sad[y
w 00G] “Ie ‘edn] euenuan doAe sorjed asnojad ‘oinor ey op

2InNp10q UD sn[e} ‘uo(iog 12 AqNSQA UNIRIA-IS d1UL ‘SownLIRIA-Sad]y
w (O¢] e ‘9In0I €] 9p 2INpIoq nd

sne} ‘9IqnSQA UIMEBIA-IS 10 UOWYIog d1UD SPHBI0] ‘SO LIRIA-Sad[y
gorAouIqey Do ‘[Dyspoio3ae[g “1qo elexsA[ISoN

Z)2Y YOI[PIQU SIOQUSIYNWIPUIA ‘Z19Y YIISLINSQISPIIN
(pueuoding) 1eMIdQO

(pueuaging) urojsurog

€561 ‘PIQISUSPION g ‘B1oquosies]

0S61 ‘PIQISUSPION "{ “ZBID ISOIL BLEN

0S61 ‘PIQISUAPION " ‘BLAIS “Yoeqyostq

UdLIBR A\ UJRaqUAN e Y[oPnS ‘M ‘Pue[Sug

dijpaig “sonojn g ‘pue[dug

ynowsiiod “syuey ‘S ‘pueduy

apse) ayooiqsue)) “Iy3ip ‘pueiug

PIOJXQ Ieau ‘poop\ WA “syIg ‘pue[Sug

peoH Auog ‘uoad( 'S ‘pueduyg

Aqydioe) “weln ‘puejug

yoInyoisUy) “'syuey 'S ‘puejduyg

9jeis [[eH weyelqeq “squie)) ‘puejSuyg

93pLIg uoYI[D MO[oq TW G°() “OPIS N 9100 UOAY ©'sono[D “A\ ‘puejSuyg
[ITH To¥TeA\ “A9smad Jo o[eA “SIIM "N ‘Pue[sug

ssouo3un(g oy g ‘pue[sug

Kirenb pues y3ijare xossng g ‘puejdug

[o1sug ‘puejduyg

0S61 “Ioeq "D'H ‘Xossng ‘pue[dug

W ()09 [-0€H ] 204GNn.L1-wngaonisa,f Sdyeutuo],

Qouer]
sniefog

esny

wop3ury] pajun

Sy
97
97
9%

Sy

9%

197

97
194
197
Sy
97
194
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢
9¢

81



0961 ‘UOSSIN] PUB UOSSAIN],
TL61 ‘Bl[opeD

7861 Bl[9pED

(19S9 ad ‘s007) yourg
(I19S9 D ‘5007) uosyepm
TL6T ‘e[open

¥861 ‘e[1opeD

0961 ‘U0SsaIn], pue UossAIN ],

[i+0o€1 9 “8£:9S NI
[:805CT A “1ToLS NI
[OYoTT A “Lo9S NI
[0€oTT T €595 NI
[18So€T A “95.5S NI
[:S€.ST A 0169 NI
[LL0oST A “€169 NI
[.6So€T A “TT9S NI
L6€o€T d 0295 NI
[LTroTl A “1ToLS N
[[20o¥T A “0€05S NI
[#SoTl A 15095 NI
[1STo9T A 55095 NI

[.ZPoTT A “$T9S NI
LLToPT A “T19S NI
[90,9T A “€SoLS NI
[.SPo8T T “0Zo€9 NI
(28T d “1T6LS NI
[+0.61 A “T0.2S NI
[.S€.0T A 12065 NI
[L0SoP0 T “$0o€S NI
[L0So+0 A “S00£S NI
[i€+-80 d “9So1S NI
[2o¥0 A 160025 NI
[¥€o70 T “roTsS NI

(€180 A “8€-£S NJ
(82580 4 “9T.¥S NJ

[ 116574 “S$T1509 NI

7S61 ‘uossainy ‘o ‘ofsiouug], ‘pueey
7S61 ‘uossam], "D ‘esy ‘pue[[eH

7561 ‘uossaing 0 ‘93urudlg ‘puefeyq
7561 ‘uossaing ‘0 ‘puexns BILS ‘pue[[eH
TS61 ‘urpPn " ‘drejog, ‘puejeH

9561 ‘uossaIny ‘D ‘euonyspey ‘O3unyorg
1661 ‘uossain [, *0 ‘AQOH-duyeIg @3uIyo|g
€561 ‘wossaIn] ‘D ‘AqsQ ‘eruedg

€561 ‘uossam], ‘D ‘QSNIA ‘eruedg

7S61 ‘uossaing D ‘dreqqi§ ‘erueog

1S61 ‘uossam] -0 ‘dniofjog ‘erueog

6761 ISIANAQT g ‘QI9PBA SPUB[[RH ‘BIUBOS
TS61 ‘uossaIng, ‘g ‘wioyeied ‘pue[gs
%6761 ISIAYAQT "d “Q0NS “A ‘BIIBOS

6761 ‘UOSSaIN, *D) ‘USNIAISPRYS ‘BIURIS
1S61 ‘uossaIng, ‘0 ‘diojejgey ‘eruedg

6761 “B12QPAH " ‘PUNSQIE] ‘PULIOD
LS61 ‘Uossam[, ‘D ‘OIA ‘PuBNoOn

LS61 ‘uossainy ‘o ‘poy eislo ‘puepon
Jo1uZNy| IedU

eAo1o0g Jo pue[s] ‘pIoljorso

WL 9p [9X3], PUB]S] ‘PUB[[OH PIOON
AnJA 9p ‘[9X9], pue[S] ‘pPue[[OH PIOON
NIMSISUIA, JeU ‘PUBLIOP[OD

JeRUASSBA\ ‘PUR[[OH PINZ

umnpiadwe)) ‘pue[[oH PIOON

(ySeuewaj "0)) US[SIUUY JBAN

0%/89 IISHIVIN “H “(0S1[S "0D) uIqIng uog
s(uowroosoy 1)) ‘Aeg Auuny 110J
«(081]S "0D)) 9SNOYH 9YOUERIL) “YraIeuyoouy|
+L¥61 ‘PIQISUSPION "d “OPEA

LY61 ‘PIQISUSPION "¢ ‘WOPUNSIASO
«8761 UBW]ISSOH "H ‘PUeY ‘VEN

UOpIMS
puejod
KeMION

SPUB[ISION YL

pue[aI]

puejurg

Sy
97
97
Sy
Sy
197
97
Sy
97
97
9%
Sy
97
9%
Sy
97
97
Sy
Sy
97
97
Sy
Sy
97
97
Sy
97
97
9%
97
97
Sy
Sy

82



[81o21 A “L108S NI
[€o€T d 01085 NI
[.Z€o2T A “9SoLS NI
[0€oCT A “EtoLS NI
[STobT A “6€08S NI
[.1069T A ‘71085 NI
LETo€T d “Tt08S NI
LI¥obT A €285 NI
[87sST d “1€08S NI
LTYobT d 61085 NI
[LOo€T A “9€06S NI
[LToTT A 91085 NI
[L0SoTT A “8008S NI
[6¥6TT A ‘0085 NI
LI1¥oTT A 82085 NI
[.0ToTT 9 TToLS N
[190o7T T “.€SoLS NI
[.8SoPT A “0toLS NI
[1SoST A “0toLS NI
[:82o9T A “9ToLS NI
LLToST A “000LS NI
[.L0o€T T “9€66S NI
[9ToST A “€€:9S NI
L6YoPT d “T€9S NI
[.8ToST A “LToLS NI
[:S0.ST A “6€0LS NI
[0ZoST A “S€oLS NI
[9€.€T A “LT9S NI
LL1ob] A “1oLS NI
[00o7T A “L0oLS NI
LOTobT A “LtoLS NI
[OTo9T T “$€95 NI
[92,91 A “£€:9S NI

7S61 ‘uossaing, ‘D ‘uepgy[[ol], ‘PuLjoSINNSBA
1561 ‘uossain], ‘o ‘Furdoy[e,] ‘pue[IoTIdISeA
0S61 ‘PIQISUSPION g ‘SESTUITY ‘PULOSIANSEA
0S61 ‘PIQISUSPION "{ ‘SEPUIH ‘PULIOSIANSEA
€G6] UOSSAIN], D) ‘SEUapu() ‘PuB[IOTINSBA
¥S61 ‘uossam] ‘D) ‘S10qepIAYY 68&6@6%0
6761 UBUDHIQLY 'S O ‘Q0BT ‘PUB[IOTINSEA
6161 ‘uossyeIsny 'y ‘uweysiog ‘puejo3io)s0
6161 ‘UossyeIsno) "y ¢ UdW[OYSUIID) ﬁcmtowbﬁ&
6161 ‘ueunpolg 'S *O ‘SroquQ ﬁcmcomh:m@
6761 ‘uossany ‘o ‘peysury ﬁcﬁuomuoam@
861 “Uossam], "D ‘[PRSAT ‘uglsnyog

7S61 ‘uossaIny ‘0 ‘punsoueAg ‘ug[snyoq
7561 ‘uossainy -0 ‘puns3unudlg ‘ugsnyogq
861 ‘UOSsaIN], D) Tepayuny ‘ugsnyog

¥S61 ‘UossaIn], ‘D BIA ‘pu[pwS

€S61 ‘uossay, ‘D ‘pAIavueg ‘pueewis

€661 ‘uossam], ‘D ‘Qlsyg ‘puejewg

€S61 ‘uossaIny ‘D ‘AqIoWWIA ‘pue[ews

€661 ‘uossaIn], ‘O ‘uweysIeNsQ ‘puejewS
€661 ‘uossaImJ, ‘D ‘epAOYUIT ‘pue[ewIS

€561 ‘uossaIn], ‘D) ‘Seus3uIuAY ‘pue[BlS
€661 ‘uossaIn] ‘D ‘e[eweARY ‘puB[BWS

€561 ‘Uossam], ‘D Ynysi() ‘pue[pws

€561 ‘Uossam], ‘D nysgy ‘puepws

pS61 ‘UossaIn ], "D YNYSUIAS ‘pUB[RIIS

pS61 ‘uossamy, ‘D ‘QJog ‘pue[pws

0S61 ‘PIQISUSPION " ‘PAIRNIBI ‘PuB[EWS
€661 ‘UossaIn], *H YWy ‘puefgws

0S61 ‘PIQISUSPION “{ ‘QUUEL ‘PUB[pwS
0S61 ‘PIQISUSPION "¢ “Butdoyuer ‘purjgws
0S6] ‘UossaIny, ‘g ‘BSQIOWSSBA ‘pue[ewlS
7S61 ‘uossainy, ‘g ‘owsay AUQEO

97
197
Sy
Sy
197
197
Sy
Sy
97
Sy
Sy
97
97
Sy
Sy
197
Sy
Sy
Sy
197
9%
Sy
97
197
Sy
97
97
197
Sy
Sy
197
Sy
Sy

83



(88T A 90,09 NI
[ZHo8T A ‘91065 NI
[19ToLT d “7€609 NI
[i#SoL1 A 21509 NI
[8ToL1 A ‘1609 NI
[€0oLT A “¥S06S NI

[LEoLT A 8009 NI
[8€oLT A “1S66S NI
[[9SoLT T “T€06S NI

[€2oLT A “TT09 NI
[12.ST A “¥To6S NI
[9YoPT A “LYo6S NI
L10o71 A “0t06S NI
[T€.€T A €265 NI
[9¥6LT A 6709 NI
[[TToLT A “bo8S NI
LE€ToLT A L0609 NI
[OTo9T A ‘L1085 NI
[87:9T A ‘0065 NI
[€oLT d “S08S NI
[:S0oLT A ‘91085 NI
[SToLT A 1508 NI
[18SoST A “€SoLS NI
[iSSoPT A “€508S NI
[8toPT A “Sto8S NI
[,62o1T d ‘60059 NI
L€To2T A 70665 NI
[.LZoT1 A “THo8S NI
[€SoTT A “S006S NI
[.SToTT A “9€68S NI
[60.81 A “81oLS NI

7S61 ‘uossain] g ‘uweyd[ssun ‘puejddn
TS61 ‘uossamy, *D “dffgruoN ‘puerddn

1561 ‘uossamny ‘0 ‘AqapreyAly ‘puerddn
IS61 ‘uossainy ‘o iﬁp%ﬁoam@ ‘puerddn
[S6] ‘uossaIny, ‘0D noﬁmv_cm_\m ‘puerddn

1S61 ‘uossaing, "D ‘93umiA ‘puerddn

x0S61 ISIAAQT g ‘uoppnyig ‘puerddn
0S61 ISIANAQT "g “Tgyspien ‘puejddn

0561 ‘uossainy, ‘g ‘eresddn ‘puerddn

0561 ‘uossaing -0 ‘epunysio], ‘puerddn
*8Y61 ‘PIQISUSPION "¢ ‘eury ‘pueiddn

Sp61 ‘uossamy, ‘D ‘esopporg ‘puerddn

€S61 ‘wossam], ‘0 ‘e30qIy ‘pUBJUBUISEA
7S61 ‘uossainy ‘o ‘ofsnly ‘puepuewnisep
$S61 ‘UoSsaIn], ‘0 ‘siojjerq ‘puejuLIB A
561 ‘UossaIny, ‘0 ‘peisjIey ‘puejuLIBA

TS61 ‘uossam[, "D ‘SpU[eA ‘PUBJULIBA

661 ‘uossaIny 0 ‘diojsery ‘pueUBLIOPQS
6¥61 ISIANAQT 'd ‘0qIeH ‘PUBIUBUISEA
$G61 ‘uossamy, ‘D ‘diojsuowig ‘puejuUBLIOPOS
7661 ‘uossamy, g ‘wjoyarredg ‘pue[uemIopos
7S61 ‘PIQISUSPION “d “BSOIL], ‘BIOWQY ‘PUB[UBWLIOPQOS
6761 ‘PIQISUSPION " ‘esQlS ‘puejuewIoPQS
6161 ‘uossamy ‘D ‘8I19qISAT, ‘PUBIUBLLIIPOS
861 ‘PIQISUSPION "€ ‘BIIY ‘PUB[UBLLIIPOS
€661 ‘UossaIny, "D ‘punsIdSy ‘ONIBN

€661 ‘uossaIny, ‘0 ‘rewrweys|Q ‘NN

I1S61 ‘UPPQ 'S ‘s10J1052( “ONIEN

7S61 ‘uossaIny ‘o ‘s10jsisuag ‘puesieq
7561 ‘uossainy, ‘0 ‘pnid[PN ‘puesieq

1S61 ‘UPPQ 'S 97 BIOIS PH ‘Puels[ed

7S61 ‘uossam[, "0 ‘B[[eASPP() ‘UR[SNYOg
#S61 ‘uosspuelrg "N ‘e19d “radnlq ‘puejQ

97
197
Sy
Sy
97
197
Sy
Sy
97
Sy
Sy
97
97
Sy
Sy
97
97
Sy
97
197
97
Sy
97
197
Sy
97
97
Sy
Sy
97
97
Sy
Sy

84



[LEoLT A “TT166S NI

[0ToST 0106 NI
[6ToCT A 70665 NI
[8€oTT A 01085 NI
[.80081 9 85,95 NI
L€TobT A “S€0SS NI
LLToTT A °$To8S NI

(160591 3 “.€+085 NI
[6¥o€T A “THo8S NI
[STo21 9 “t1oLS NI
[iSTo€T A “€€08S NI
[iLTo8T A “9toLS NI
[iSSo€T A “9705S NI
[i€To8T A “ST1609 NI
(182591 A “$€.95 NI
L0ZoPT A 60085 NI
[LLZo9T T “9ToLS NI
[LTo91 9 “910LS NI
[.L2o9T d “9ToLS NI
[8Yo€T 8095 NI

[€+o9T d 91629 NI
[LLE€oST A “1€629 NI
[S0oLT A “1€029 NI
[190.€T A “+To€9 NI
[LLOoLT A 01509 NI
[T€.9T A “$€509 NI
€181 A “62-05 NI

«PS6] ‘UOSsaIn], "0 ‘LUWI[S ‘PUB[UBULIIPOS
[$61 ‘uossaIn[, "0 d[[glIopQS ‘pue[ULlIOpQS
%6761 ‘PIQISUSPION g “INeXBA ‘PUBJUBULIIPQS
[S61 ISIANAQT "d ‘PUN[AqES ‘31BN

161 ‘UPPQ 'S ‘AqrexeT ‘pue[sie

7561 ‘uossaimy -0 ‘AqapIeq ‘ugsnyog

LS61 ‘uossainy ‘0 ‘3Inqoy ‘puepjon

£S6]1 ‘uossainy, 'O ‘0qo[[AD ‘eruedg

TS61 ‘Uossam[, ‘D NBAS ‘Ur[sNyoq

€661 ‘UOSSAINT, "D) YIAUBIL) ‘PUB[IOTINNSBA
#8761 ‘UBWIISG (T ‘QIsyBA ‘puelewg

$G6] ‘UO0SSAIN], ‘D) ‘BUNBN ‘PUL[I0FINSQ

€S6T UOSSAINT, ‘D) “PRISILIBIA ‘PUB[IOTINISE >
€561 ‘uossain], ‘D ‘wninlg ‘puepofIgNseA

1S61 ‘UoSsaIn], ‘D) ‘BAJ[Y] ‘PUBIOTIANSEA

0S61 ‘PIQISUSPION " ‘BpUN[OWWINT ‘PUL[)OD
6161 ‘UOSSAINT, “0) ‘UBOIGAN ‘BIUBOS

7561 ‘uossan] g ‘epogd ‘pue|Q

6761 UOSSPUB[AIg "N ‘AQIPIIA ‘PUBI)

SP61 ‘uossam], ‘D ‘OSTUISIA ‘pue[elg

966 ‘UOSSAINT, ‘D) VMIAJ0Y ‘UWeysILNs( ‘pueews
9G6[ ‘uossaIng "0 ‘Qsieuns) ‘uweysieysQ ‘puejewg
9G6[ ‘UossaIn], ‘0 ‘Qsueln ‘uweysIeysQ ‘pur[rwS
TS61 “UIPD " BI0GSUIOH ‘pue[pws

xCS61 “UOSSaIM], "D ‘Sepur ‘puefgwis

xPS61 ‘uossam], *n ‘AqSun( ‘puefewis

8761 ‘uossyeIsnn y ‘osseyroN ‘ped[opojn
8y ‘UossyeIsny) 'y ‘@3uy ‘pedopaN

861 ‘uossainy "0 ‘I19)eS ‘euIR[R(

6761 ‘UossaIng, ‘0 ‘v1y ‘puepjuef

TS61 ‘uossam[, ‘D 9[AED nvcﬁﬁbmmw

TS61 ‘uossam[, ‘0 YIAIONS ‘PUBPLISED

7S61 ‘uossain] g ‘epunsyon ‘puerddn

97
97
Sy
97
Sy
Sy
Sy
97
Sy
Sy
Sy
197
9%
Sy
197
197
Sy
97
197
97
Sy
Sy
97
97
Sy
Sy
97
Sy
Sy
97
197
Sy
Sy

85



(1dS9-ad) S00T ‘uosiem

TL61 ‘B[[dpeD
6661 ‘PIES[INH PUE ISIANAQT

[€€510 F “€toTS NI
[ZToT0 M TTo€S NI
[LToTO M “£S0TS NI

[€¥o10 d “910€S NI
[.L0o20 M “8EotS NI

[92510 T “€SobS NI
[87o10 M “E¥otS NI
[LLto€0 M 65016 NI
[:8+520 M “S¥9S NI
[L€S570 M ‘6095 NI
[¥Tot0 M 8105 NI
[1S520 M “+0o+S NI

[0ZoL0 T “S€9% NI

[.£0060 A ‘9197 NI

[LY-80 A 1297 NI

LT12oPT A “1€05S NI

60,81 A 065 NI
[T1ToLT A “LEc09 NI
[1ZoLT d “€€629 N
LOYoLT A ‘61065 NI
[[90.8T A “.LSo6S NI
L6¥oLT A 15065 NI
[19Z.8T A “ST1609 NI

L1161 A 7265 NI

[.0060T & “LSoL¥ NI

[1YSaMOH “[0JION 'H ‘pue|Suy

spoo\ Aofped “sAqio( ‘pueSug
JuamIo( ‘'sAqio( ‘pue[dug

}001qssaI)) “sAqro ‘pue[sug

1S suo)sdelS ‘orepsaa], ‘weyin(g ‘o) ‘puejug
puepopung ‘weyan(g ‘o)) ‘pue[duyg
uojuruen() ‘weying ‘o) ‘pue[dug

0tV uo ‘A1oAoue|T swae)) ‘pue[3uyg
arpruyony ‘snduy ‘puejug

IBJI0,{ JO MN TW [ ‘snSuy ‘pue[dug
ualIepp 3noroqmaN ‘Aaso[3uy ‘pue[uyg
POOA\ BIspIeg “'soueT ‘A ‘pue[dug
ssedunef

(uopunqneln) [roxg

(u1ssa]) ou30uog ILaU ‘BOSBZIOA [BA
N1Ao)uelg

%«CS61 ‘uossaing, ‘D ‘ofsgH ‘eurereq
£CS6] ‘UossaIny -0 ‘uejAyswey ‘eure[eq
7S61 ‘uossaing, ‘D ‘ergmon ‘pueddn
7S61 ‘uossaing, ‘D ‘eumoi ‘pueddn
{¥61 ‘UOSSJeISNL) 'y ‘OpouepIoN ‘ped[opaN
1S61 ‘uossaing, ‘o ‘eumn ‘puerddn
+0S61 ISIAYAQT "d ‘AqsQ ‘puerddn
«¥S61 ‘uossamy ‘D Aqrewwey ‘puerddn
0S61 ‘uossainy, ‘o ‘oquny ‘puerddn
x0S61 ‘PIQISUSPION " ‘uoNiaeis[[elH ‘puerddn
0561 ‘uossain], ‘D ‘[epjowwuny ‘pueddn
*676T ISIAAQT “g ‘00q1oppp ‘puerddn
8761 ‘PIQIsupIoN g ‘QSuipr ‘puerddn
«PS61 ‘UOSSAIMN], ‘D) ‘BXeS ‘puB[UIBA
x[S61 ‘USPQ 'S ‘01¢ ‘PUB[ULIZA
uossyeisnn) "y ‘uvaddoN ‘puejuie A
 UOSSJRISND) "V ‘UIPAP[UL[ ‘PUBJULIBA

wop3ury] pajyun

PUB[IOZ)IMS

97
197
Sy
Sy
97
97
Sy
Sy
97
Sy
Sy
Sy
197
Sy
Sy
97
197
Sy
97
197
Sy
Sy
97
97
Sy
Sy
97
Sy
Sy
Sy
197
Sy
Sy

86



TL6T “B[19PED
861 “BI19PED

(19S9-an) s00z ‘yourg

[[22:50 M “\TT160S NJ
[T¥sT0 M TTT1S NI
[.ZSot0 M “L0o9S NI
0€050 M ‘STi09S NI
1240 M “8To€S NI
11500 M “0To2S NI
8€6L0 M TTo¥S NI
197520 M “0ToFS NI
[i€o¥0 M 97595 NI
[.20o70 M ‘€095 NI
[6€.£0 M #7295 NI
[100:90 M ‘€795 NI
[6€.£0 M “LTo9S NI
[.STo£0 M €595 NI
L11.00 M €€0TS NJ

_”_
_”_
L
L

[.60050 M “1Z-0S NI
[,£€550 M ‘90008 NJ
(20520 M “L0oES NI
[[ZSoTO M 950TS NI
[.20520 M “F0.€S NI
(20620 M “F0.€S NJ
[[20620 M “F0.€S NI
[+0.£0 M “€€0€S NI
[.20o£0 M 9€.€S NI
(180550 M “LSoIS NI
[1S0020 M “8€o+S NI
[[9€.€0 M “¥ToTS NI
[i€So€0 M “StoTS NI
[i2€520 M “910€S NI

LOToP0 M €€6TS NI
[6€510 M “TSoTS NI

UoMe)s Peol JRAUIMD) ‘[[BMUIO)) ‘A ‘PUe[SUY
(oaysiipy) 93esioyiey ‘oFeqing ‘pueSug

SrepoT [[AS1y urepy ‘puejduyg

ueqQ ‘[[431y urey ‘pue[Sug

myry ppimAg ‘Aesojsuy ‘puejduyg

POOA\ AoAeH ‘Ae3urpuesn) “squie)) ‘pue[sug
ud[Istuuy Jeau ‘ySeueuno] ‘puesuyg

[epudy] pue JBdS N0OS ‘PUBIOUNSIAN ‘PuB[SUT
WNIPUA], JedU ‘YSIUIuo)) IOATY ‘Yiod PIN ‘PUB[IOIS
[owwm, 4o0T ‘Y PIA PUepods

uone)s 1omod Jeau ‘Aey00T Ud[D) ‘Yo PIA ‘PuUB[IOOS
S1ea1o( 1edu ‘[N ‘sapnqd PHA ‘Pue[oOS

AD[ORIA Ud{ YIOJ'H ‘PUR[IOIS

[1PAUIe) ‘YiIdd “H ‘PUBPOS

PEOH 109§ Y[OJION "M ‘Pue[Sug

*PIB[[P[SALL, ‘[[eAuI0)) "M ‘pu[Sug

yuoduerrog ‘remuio) “A\ ‘puejdug

Kem[rel jseq UA[MON ‘[lemuIo) "Ap ‘pue[dug
juounjuRqUId Aem[rel oFuBII[[eA\ OOIQN9T oo “syels ‘puelduyg
1PUINYD) I0ALRY ‘UOR[PPAYD 'spjels ‘puejdug

p1e1 asnoydwng ‘uoid[ppay) sjjels ‘puejduyg
a3pug [004 [eUB) UOR[PPAYD “sjeI§ ‘pue[Sug
[endsoy uole[ppay) “sjyers ‘pue[sug

Aquuioy ‘soueT ‘S ‘pue[dug

Jrepsury “soue ‘S ‘pue[sug

JUIAQI], Jeau “squiod ‘pue[Sug
9[epsad | -UI-UOJI[PPIA JO HS I [ ‘SHI0X "M 'N ‘Pue[Sug
Sun3ue[T “sjuo ‘puejduyg

ne[es[o YOUOLI ‘pue[3uyg

UONIA “YOIMUMON “dIIYsdy) ‘pue[ug

£SMoLINg PIOJAYA\ < We[D) ‘pue[duyg

smoxng yormxQ “weln ‘puejduyg

[ITH A9ppo1r) aysoddQ “sonojn g ‘pue[dug

197
197
Sy
97
197
Sy
Sy
97
97
Sy
Sy
197
97
Sy
Sy
97
Sy
97
97
197
Sy
97
97
97
Sy
97
197
Sy
Sy
Sy
97
Sy
Sy

87



0961 ‘UossaIn], pue uossaIn,
1661 ‘A0OJIPAIAS PUE ONUSIABT
TL61 ‘®e[Id9pED
TL61 ‘e[Id9peD

861 ‘e[lopeD
L661 “1addr pue spomynyog

7861 Bl[9pED

TL61 ‘®e[Id9pED

0961 ‘UOSSAIN] PuUB UOSSAIN],

[6+:9T A “.LE£c09 NI
[.S€.8T A “£0009 NI
[.8€-81 9 8065 NI
[TTo8T1 A “LToLS NI
[.6068T A “.LToLS NI
[.ZSoST A “0toLS NI
[€ro€T A 1195 NI
[19%50S A “€to19 NI
[:$S$697 A ‘€97 NI
[i€+502 d “6€o11 NI
[ST1o€1 9 615+ NI
[.LZT-80 M “L1obS NI
[+9550 d “SToS¥ NI
[.00.£0 9 ‘615t NI
[:$S690 A “SToS¥ NI
[Z1ov1 A “L1oST NI
LLSoPT A “#0.5¥ NI
[iSSotT A 0005 NI
[i€0oLT A “8SoL¥ NI
[20oTT & “€S9% NI
[.00,0T T “ZToLy NI
L1011 A “TSo9% NI
[LEs9T A “0SoLy NI
[OToST A “1S9% NI
[.€0oST A “T€oL¥ NI
[¥ToTT d°9ToLy NI
[12069T 4 ‘0087 NI
[.STo9T A “LToLY N
(182550 M “TtoLS NI
[Tov0 M €€09S NI
[i€¥o£0 M $0,9S NI
[WEat0 M “TToLS NI
[ Thot0 M 6ToLS NI

7S61 ‘uossany, ‘0 ‘exoeqsio] ‘puepLis[H
7661 ‘uossainy ‘0 aesey ‘puerddn
Sy61 ‘uossai] 0 ‘erweys3rog ‘puerddn
LS61 ‘uossaing, ‘o ‘eisyy ‘puepjon

LS6] ‘UossaIny -0 ‘uredIdisep ‘pueion
€561 ‘wossamy, ‘D) ‘AQIOWWIA ‘pULIRWS
€661 ‘UossaIny, ‘D ‘BAIUBA ‘BIUBIS
IBYAADAS “o1jqnday rwoy]

neoeq Jeau

OAOIARIA] Jeou

«(BI[NID) BIZOUD A ) BPIOQO(J PUR J[IYDIIA 'S U9MIq
(0311s "1D) 081]§ Teou [[IypuEnS

w 0S¢ ‘(210ALS) SIUA)) JUOIA

w 00L] ‘(S10AEBS) Suessag Jeou

w ()G8] (A10ABS) SIUD)) JUON NP JB] IBdU
W QOO0[ I[e “Bns] ‘8O B[OA

w ()7 ‘Ne ‘[uaS Ieau BeIASUd[J

w Q€ e ulery] pue [Uag uoomIoq
JIOPS[OYIIN PUB JIOPUNZ UdIMIIq

«W 0081 e ‘o], ‘[SIZIuN TeIziQ

W OGET B ‘FIoq[IRIOA TeIS[BA\ UIATY

W gZ61 e oI, [3mMS10qQ T2
(pueruoding) diysQ 19q pue[[eSiH 10Ismy
(pueuaging) S1oqspue[yosind wo MN WBGIH
0561 ‘PIQISUSPION " “qBMYUDISYIOH “131S[0
x6V61 ‘PIQISUSPION g “Iqsu] “I94oe300)S
0S61 ‘PIoISUapION g ‘odje1oy ‘uonyssen
0S61 ‘PIQISUSPION " “IqSU] ‘WY 1osue]
(sSOY 1S9\ ) 92IBIN Y00 ‘QU3Ig uog ‘pue[jodos
(yp12d) A SIomeT uog ‘PueIods
(sourpreoury]) snik)) 1§ ‘puB[IOIS
(SSUIoAUT) SSON U0 ‘PUB[IOIS

(ssouzoAu]) A9[[eA JLJJVY US]D) ‘PUB[}OOS

uopams
BISSITY
BIUBWIOY
BIUOPAJBIA]
A1
puelaI]

QoueL]

B1)ROID

eLysny

125
125
123
123
125
125
123
123
129
123
123
129
129
123
125
125
125
123
129
129
123
123
129
125
123
123
129
129
Sy
97
97
Sy
Sy

88



(19S9-aD) S00T ‘yourg
Y161 ‘UOMOIN

(1dS9-ad) S00T ‘uosiem

7861 Bl[9pED
TL61 “BlI9pED

[L£So€0 M “SE€oLS NI
[To70 M 89S NI
[.2SoS0 M “T0.9S NI
[10650 M “8t9S NI
(80520 M “wHotS NI
[TZo10 M “€SoLS NI
[:85650 M 9795 NJ
[:8+520 M “6£59S NI
[6¥5L0 d 1197 NI
[9%6L0 T 1097 NI

[0SoL0 d 1197 NI

[9Y660 T “$T-9% NI
(197560 A “9T.9% NI

[10S660 T “0£.9% NI

[¥S060 A “62-9% NI
[+0060 d “9t.9% NI
[#S.60 €29 NI

[iSt.60 A “.LTo9% NI

[i$¥:60 A “T€9% NI
[.2S060 T ‘629 NI
[0S+60 A “0€.9% NI
[.£0660 A “Lt9% NI
[ZT.8T & “9€oLS NI
[:82-9T A ‘9095 NI
[L62oST A “$To29 NI

uloypur ‘uId[g pue UIBN Uoam}aq ‘ABIOJA ‘PULR[IOOS
AUPING UB [[BIJA ‘STAIN] U ‘SSOUIAISIA\ ‘PUR[I0OS
PUS A\ Q00US[D) T[ASIV UIBN ‘PUB[}OOS

A11e3I10AU] pue AL1RD) YO0T Ud9M)q ‘A1I1BSUI[D) ‘SSOUIN)SIAN ‘PUB[I0IS
J[epIBO A\ -UI-0JBSISO A\ ‘WeyIn( ‘0D ‘pue|Iuy
uoIIR)) IATY ‘ssoy ‘A ‘pue[duyg

J[Ise) WI0FUI[D) ‘[[NIA ‘Sopnqd PIA ‘pue[Sug
(o1ysypIag) “91qoasay Yoo ‘PULI0IS

W 08T e ‘SHEA\ ‘USYIRID IeaUl [aY0SI[FPpary
xSHTBA ‘SN

#W Q09T [ ‘SI[BA\ ‘UOYORISIOPIIN

w (O8] e SI[BM UIYILID) JBIU PILIUISED)

W 000T "B ‘STEA\ ‘UQYORID) Jedu ua3Inyosiyoy

W ()Y ‘)[e ‘udpunqnein) xd [BA ‘eiser)

«W 0061 e ‘UIpUNqneID X34 [BA

W 00T e ‘uopunqneln ‘euyosenuod ep Seyonj
«W 0SH I ‘uopunqneln) ‘[Seinjy senonjy

w Q081 e ‘uepunqnern ‘ZLoN 1S

W 000C e ‘uopunqneln) ‘Iosoy [eA

W 00€T e ‘uopunqneln) ‘piengue djy
uspungneln) ‘eUISaNUOJ I8 YOSIRIdIOIA

w ()SZ[ ‘e ‘uspunqnels) ‘sp3ug

w ()0 ‘e ‘uopunqneln ‘diede euruiog

xW 0081 e ‘Uepunqueln “eLe SIS

w ()8 ‘1B ‘UdpuUNgNeI) ‘BISeI)) PUR BLIRIA S[IS UdIM)dg
% W 0007 e ‘uopunqnern) ‘djede] euruiog

W G7 L1 ‘e ‘udpungneln) ‘uepawes

w (O8] e ‘UIpUNgNeIn) BUISINUOJ

w 0O/ e ‘UIpUNqNeIn) ZIIoA 1S 1edu zeiS ep [0
3Inqsuoljep 1edU

LS61 ‘uossamny, ‘D WIPSQH ‘puepon

7S61 ‘uossaim], "D TAd[IEY ‘pue[)

L¥61 ‘uossjeisny 'y ‘[reaeisQ ‘pediopan

wop3ury] pajyun

pue[IoZIMS

125
129
123
123
123
129
123
123
125
125
123
123
125
125
123
129
125
123
123
129
125
123
123
129
123
123
125
123
123
123
129
129
123

89



(19S9-aD) S00T ‘yourg

0961 UOSSaIN], }d UOSSAIN],

TL6T “B[IopeD
(19S9-dD) S00T ‘uosiepm
(1dS9-ad) $00T yourg
(19S9-AD) S00T ‘uosiepm

0961 ‘UOSSAINT PUE UOSSAIN],
TL61 ‘B[[d9peD

TL61 “BlI9pED

G861 ‘UduI][dd pue se[ef
L861 ‘eadLniuqg

TL61 ‘BlI9PED

ZL61 ‘uossamj,

¥861 ‘e[[opeD

[[ZSsS0 M 7095 NI
[,STo8T A “800LS NI
[[9Zo2T d “T168S NI
LLTo8T A “+To6S NI
[16SoST A L1609 NI
[i6¥.8T A “00009 NI
00521 & “€toLS NI
[615L0 0S¥ NI
[6T5L0 d “0€oST NI
[:805L0 A “TToS¥ N
[:800L0 9 TToSt NI

[€05T0 M “TtoTS NI

[LT590 M 97095 NI

[O€oTO M “$S0TS NI
[O€.ET T “TT1o8S NI

[T11.9T & “0to8S NI
[9€5L0 d “0€019 NI
[i€2o¥0 A “6002S NI
[.£7690 T “8So1S NI
[.21590  “0€0€S NI
(02550 A “$To€S NI
[.82-80 M “TToPS NI
[[T0650 M “£00€S NI
[L1€.60 M “€002S NI
[:$So€T A “000£9 NI
[:8¥o¥T A “87609 NI
[0Zo¥T A $T09 NI
[i€toST A “6€02S NI
[0ZoL0 A “StoST NI
LLToPT A “0toSS N
[:8So¥0 A “910€S NI

a3e[[1A 200UQ[D) [[ASIV UIR]N ‘pue[3uyg

6161 UO0SSAIN], ‘D) YIASUBL) ‘puB[UBULIOTUY

1S61 ‘UOSsaIm] "D ‘BAI[Y ‘PUL]IO3ISE \w

8¥61 ‘uossainy ‘o ‘punsofog ‘puerddn

6161 ‘UossaIN], ‘g ‘RIOWIPIH ‘BuUIR[R(]

TS61 ‘uossamy, g ‘pnany QppeA ‘pueiddn

{¥61 ‘UOSSAIN] ‘D) ‘1049100 ‘PUB[IQFINSEA

W ()T €9 “B[[9S OLIONIA OISNJIY pue A2Juou[ep Udamioq
B[[9S OLIONIA 0I13NJIy Jeau :0sIpeied UeID) JIed [BUOHEBN
w ()SGT (S10ABS) 1097, ] PUB JIY INS [BAIUUOY UdIM)Oq
w 0G][ (S10ABS) OIV INS [BAUUOY JEIN

JNied 9redpelg )so10j poomurey)) so1o] ‘pue[duy
[IIAL UONOA “'sjjers ‘pue[ug

Jrepaso( “'sAqra( ‘puerdug

810qassoN ‘puerddn

uoIRWIS3UN|

x6761 ISIAYAQT " ‘Aqoig

¥S61 ‘uossam[, ‘D Aqy ﬁcﬁﬁmbﬁ@

" uopjolyS Ieou

JeRUISSBA\ ‘pUR[[OH pInZ

AImMsINUIA “PUBLIOP[OD

00 IUUOWLIDIYOS JO PUB[S] ‘PUB[SILI]

SuI[[oYSI9 [, JO PUB[S] ‘PUB[SALI]

(uowroos0y ‘1)) uIqnquag

(uowrtoosoy 1)) urydig

(Aura3] 1)) Adureyry

D{RWURUUIT ‘00AIO]

wnuueAe(Ty] ‘TargTaumyN

nd joaei3 ‘idwreerQ-efexpielo ‘nyrA
IYOYSOUO3AA "19p “1qo elrexsisarg

w ()0 ‘e ‘SNN INS I[[IA Iedu ‘BIsoy JO A9[[BA
966 ‘UossaIn] g ‘pnanysudl§ ‘eruedg

PUB[SI[A JO PUE[S] ‘UINPS}Q0QINNA ‘PUB[SILL]

wop3ury] pajyun

uopomg
KBy

Jouer]

wopSury] pajun

Uuopoms
KemION

SPUB[IOYION UL

pueaIg

pueurf

sniejog

AR

uopamg
SPUBLIOYION oYL

¥S P
2%
vSsy
¥S P
vS'sy
vy
vy
ySesy
vS'sy
2934
vSsy
SH°9¢
Sh'o¢
Sh ¢
Sh'9¢
SH'9¢
Sv'9¢
Sh'o¢
SH°9¢
S'9¢
Sh'9¢
SH'9¢
S'9¢
SH'o¢
SH'9¢
SH°9¢
Sv'o¢
Sh°9¢
SH°9¢
SH'9¢
9¢°81

€9

€9

90



0961 ‘UOSsaIN], pue UoSsAIN],

TL61 ‘e[IdpeD
(1ds9-aDd) S00T “v 12 SwWLID

[LLEsST A “L0o9S NI
[i6¥o70 d “$00€S NI
[6So70 T “910€S NI
[16Zo10 M “+To€S NI

9561 ‘uossam[, g ‘ool ‘aSunjo[g
[9X9], JO pue[s|

PUB[OI[A JO pUe]S]

BAIR P[OLJAYS ‘pue[duyg

uopoms

£9°rS
vSSrioe
vSSr'oe
14334

91



W0S9YoTT A uwbhirboby N (9L0T X9 STLOT “TLOT 99071 XS) SH ‘SZ ‘00T [11dY “BUS[SH BIURSS JO TE[[IA o} 0} X9 1
peol oy} Jeau ‘oFe[[1a oY) JO A\ S nedjerd 3s1ey oy uo saimsed ‘oruagn) Jo 93e[[1A Jeueq BIUBLIOY xS €
W8T 9o 1T H W9 1Soty N (SLOT “L90T T90T ‘1901 ‘8S0T "SON) SH ‘SZ ‘5007 [1dy ‘Ao
earp eaodifig,, 1eau ‘93e[ia ay) Jo 1ed AN 9Y3 uo AJ[[eA ‘oruren) jo da3e[[Ia ‘Jeueqg BIUBWIOY X9 S
WF09€.ST H109:8Po 1V N N.L ‘900T KB 81 “T'S"8 W £ZG ‘OUBSIRD SUOIA “ZS W T SIWET UL 0IBIA UBS Aey X9 L
W879S.ST H uCETYo IV N N1 ‘900T ABN 9T “T'S'8 W 77/ ‘OUR3IRD) SJUOIA ‘O[o5UY ‘IS SJUON Are) X9 8
WO Iel T H.u87SToSt N N.L ‘9007 ABAL $1 “I'S"8 W (08 ‘OUETIED) AJUOJA “OOI[SUON-IdIUASNY ][0 Arey x9 S
WLSTo60 M W 11:800€S N N.L ‘S00T ABIN 8T 'S8 W ¢G ‘PUB[AI] WI)SIM ‘UASUIR) ‘UdLINg pue[aIf X9 ¢
WFTLEO M WOPPTES N N1 ‘S00T AN €T “T's'e W ZT ‘Aeg ueunearn) ‘Aem[en) ‘pue[aI] UIsisom pue[aIf Xg €
WFH Yoy  uST6€0 17 N A UL ‘6007 1SNy ¢ “I's'e w 0T ‘ssed AOJsery  BISI0dD xg €
WLO 1€y b 19Y617 N A SIf ‘5007 ISn8nY ¢ “T'S'R W [T e[ Hnysjeqe], Jesu v131090) Xy ¢
WIE€6ToPT HWIT9SLY N A L ‘6007 1SNy [ IS W 6G6T TuRLINRg 151090 Xy €
(348048
"SOND AA A SV ‘900¢ dunf (¢ “T's"8 W /0] ‘TYIIASYORAOT] JO dTE[[IA Y} JO N
W8Y6T10€C T W0PLTZoTh N P01 oy} 9A0qe a1mysed Plo Sl B[LIOA 93 PUE "S}A BYSOMA o) Udamiaq A9[[eA o} Ul euegdng X 7
(POTT “TOTT “T/8L6 ‘LL6 "SOND AA A MV 900
KB TT “T'S"® W $6€T “BSHAOIOE JO UMO} Y} JO S U Z[ "0 ‘("SI BOTUZO pue "SHA
W9€.L00ET T u90.L0oS7 N BUIUR[J BYSAONIOE U0AMIAQ)  UBYI0I)J,, S[PPES Y} Ul PLOI Y} MO[0q MOPEIUT }om euedng X ¥
(1601 ‘9801
"SOND AA A IV ‘9007 ACIN TT “T'S"8 W 6GOT “BSIBIA JO UMO} 3Y) JO M'S UK G°/ "BD
W0S.8%o€T A wb1.0ToEY N INY BSHASYSIEJ 0} BUIS)BIA WIOIL] PROI AU} QAOQE MOPEBIW “'SJJA] BUIUE[J BYSUBYISIBIA euesng X 7
(€601 ON) AA “Md MV
‘900TACIN [1 “I'S'8 W $GO[ ‘BSIBIA JO UMO} 3Y} JO WS W 9 "B  stredryy,, (9304 a3
WSS.8ToET A WPE0ToEY N Teou INY es)IAdYsIed O} BSielA WOIJ Peol o) SUOJe SMOPEAW “'SIJA BUIUR[J BYSUBYOBIA euedng X9 I
syuerd
Jo
apn3uof ‘opmne] Anreoo| Anuno) 1d  IoquuinnN

“SOQIUPEIYERZ AB[SOIE[ Z{ ‘SO0 NOLIOPAI] IOUYOSITY] Ukl = Y [ ‘eAO[eyS eueH

‘B[BYS JRUIPZ = SH ‘SZ ‘AOIWIPB[A IWIPR[A “O9[NURIY YIgNURL] PAOI[MURIY BUUY = AA N MV ‘SWYIN SPWOJ = 1] :PISN SUONBIASIQQY
"odoIng JO SOLUNOO JUSIOMJIP WO SISA[BUB OLIJOWIOIAD MO[J UO Paseq wumnivuidiffo vjjasojid Jo [9Ad] Aprojd-yN uo eyep paysiqnd moN
¥ NOLLVINHOANI AYVINHINATddNS

92



WI€6TobT Hul1.9SoLr N Z( ‘ueA] dod JA oW JO S UL G°( “SHA] YSOIBUWLIBIA suren| x9
WCLTe1T 3 uETOY ob¥ N (0SOT ‘901 “SPOT ‘€701 "SON) SH ‘SZ ‘00T [4dy “jooiq 3og [y

9} JO 9A[[eA 9} UI BAIRUN(] O} 9FB[IA O} JO S A9[[BA ‘BUS[OH BIUBJS ‘Jeurq ‘BIUBWINOY BIUBWIOY xg

WSLYo1T H uSESTory N (6901 ‘8901 ‘4901 €901 X9 ‘6L0T XS "SON) SH ‘SZ ‘5007 [1dy “ooiq ay} Suole x9

sarmsed ‘[[ru  UATW AQDR{,, Teau ‘O3e[[IA ) JO N A9[[eA ‘OTuIeD) JO 93e[[IA Jeueqg BIUBWOY XG

93
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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 (Brautigam & Brdutigam 1999, Suda et al. 2007,
Rosenberg 1907, Pogan & Wocisto 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; Nageli & 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 wvs.

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

The mechanisms causing the complexity of Pilosella were reviewed twice in recent years
(Krahulcova 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, Krahulcova 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 (Krahulcova et al. 1999,
Krahulcova et al. 2000, Krahulcova & 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

(Brautigam & 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 lberian Peninsula,
whereas the pentaploids and hexaploids prevail in deglaciated areas (including the Alps and
the Carpathians) and in the Mediterranean (Gadella 1984, Mraz 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, Mraz
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, Kristalova 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 Mraz 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 Mraz 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, Prihonice, 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-Il and/or Partec CyFlow). Glycine max cv. Polanka (absolute genome
size=2.50 pg; DolezZel 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 | buffer (0.1 M citric acid and 0.5% Tween 20; Otto 1990), filtered
through a 42-um nylon mesh and incubated at room temperature for 20 min. An aliquot
(1 ml) of staining solution (Otto Il buffer [0.4 M Na2HPO4e12H20], 50 pl/ml propidium
iodide, 50 pl/ml RNase IIA, and 2 pl/ml 2-mercaptoethanol) was added (in the case of the
PA-Il instrument, the staining solution consisted of Otto Il buffer, 2-mercaptoethanol
(2 ul/ml) and DAPI [4 pg/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, Minster, 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 Krahulcova
& 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, Krahulcova & 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)
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and stones (EST); stellate trichomes on the adaxial side of 5 leaves (SEL), stem (SES),
involucrum (SEl) 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)
density rate of single trichomes in the centre of the upper surface of 5 leaves
SL (1-glabrate, 2-single trichomes, 3-dense hairs)
SLC average length of 10 single trichomes at the centres of 5 leaf surfaces
density rate of single trichomes at the margins of the upper surface of 5 leaves
SM (1-glabrate, 2-single trichomes, 3-dense hairs)
SLM average length of 10 single trichomes at the margins of 5 leaf surfaces
density rate of stellate trichomes on the adaxial side of 5 leaves
SEL (1-glabrate, 2-single trichomes, 3-dense hairs)
density rate of glandular trichomes on the stem
ES (1-glabrate, 2-single trichomes, 3-dense hairs)
density rate of single trichomes on the stem
SS (1-glabrate, 2-single trichomes, 3-dense hairs)
BL average length of 5 involucral bracts
BW average width of 5 involucral bracts
rate of dark trichome density on the involucrum
ID (1-bright, 2-dark trichomes)
density rate of glandular trichomes on the involucrum
El (1-glabrate, 2-single trichomes, 3-dense hairs)
EC glandular trichome colour - translucent to black
density rate of single trichomes on the involucrum
Sl (1-glabrate, 2-single trichomes, 3-dense hairs)
density rate of stellate trichomes on the involucrum
SEI (1-glabrate, 2-single trichomes, 3-dense hairs)
CD capitulum diameter
density rate of single trichomes on the stolons
STS (1-glabrate, 2-single trichomes, 3-dense hairs)
density rate of stellate trichomes on the stolons
SEST (1-glabrate, 2-single trichomes, 3-dense hairs)
SE stolon leaves (1-diminishing, 2-same-sized, 3-enlarging)
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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 Can1l Can 2 Can1l
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
El -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
S| 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, SEl 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,
amore 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 (Krahulcova 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 (Mraz
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%)

Can2
1

-2

-3

E] 4x o
o
O 5x . .
<> 6x o o0 o Lo
0o, 00
= o
“ o o
o oo o
o oo & S s O %
oo o oo < oG
L g9, “o 8 oo ° o Yo
[m] [m] 8 S b < < o
o A 8 g o0ge o0° g o A P 0
O Hao DDED a o 80 u) 5 c 08@ 8 R ] 5
oo0 0 [gbooeo o g
o o o & o < <
oo . o E o g g o o, Go¥% e < %
oo oo o o
oo DODB ot <}DED & o o 0 & 308 g
m] DHB Ho o BBD o o 5 [m] o & 8 & <,
o H HDD P HD u] o © # o & &
(] odo B 8
H o _ "o Ho _ o o o o o o o §
o n I 0" g )
oo L o Ho o G o0 @
o oo Be = < s o Yo
[m] o DD o [eae]
o u] <& o <
m} <
<}
&

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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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.

INTRODUCTION

Fritillaria assyriaca Baker (Liliaceae). The interest in genome
size data has been fuelled by the fact that nuclear DNA content

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

372 www.blackwellpublishing.com/jbi

doi:10.1111/j.1365-2699.2008.02005.x

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

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd
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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-Skornickova et al., 2007; Suda et al.,
2007a). Interestingly, intrapopulational variability in nuclear
DNA content has also been documented (Smarda & Bures,
2006; Smarda 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; Bolos & Vigo, 1990; Haeupler &
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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 (Slovak & 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
(Slovak & 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;
Slovak 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
(Slovak & Marhold, 2007; M. Slovak et al., in preparation),
samples were divided into two subsets, corresponding to
‘Higher altitude’ (H; 93 individuals from 27 populations;
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'DNA triploid'

3% 472p9
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A 24609 © 273-284pg O 226-241pg
A 294-300pg @ 283-3.11pg W 270-279pg

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 (Slovak & Marhold, 2007; M. Slovak et al., in preparation). Genome size categories (2C-values) were determined on the

basis of a cluster analysis (see Results).

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, Minster,

374

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-um nylon mesh and
incubated at room temperature for 20 min. Nuclei were
stained with 1 mL of Otto II buffer (0.4 m Na,HPO,.12H,0),
supplemented with propidium iodide (PI) + RNase IIA (both
at final concentrations of 50 pug mL™") and 2-mercaptoethanol
(2 pg mL™"). 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,
Miinster, 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 G; peak below 3% were
considered. Glycine max Merr. ‘Polanka’ (2C = 2.50 pg;
Dolezel et al., 1992) was selected as the appropriate primary

Journal of Biogeography 36, 372-384
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Table 1 Continued.

378

Ploidy

2C-value range

Mean 2C-

level/ DNA

ploidy
level§

No.

CV range

(min-max) Intra-populational

(DNA pg)

value + SD

Altitude

Geographic

Population

plants  Standard**

(%)

variation (%)

(DNA pg)¥

(m asl)f

coordinates]

Morphotype*  Locality detailst

number

3

1.37-2.72

0.8

2.74-2.76

2.75 + 0.01 JKLM

220 2x!

45°50.012" N
22°56.341" E
48°39.030" N
26°35.050" E
48°37.550° N
27°14.420" E

RO: Hunedoara province,

52

town of Deva

4

1.6-2.34

0.7

2.72-2.74

2.73 £ 0.01 KLM

2x

180

UA: Khmel'nyts’ka oblast’,
village of Smotrych

53

3

1.89-2.50

1.5

2.77-2.81

2.79 £ 0.02 JKL

2x

260

UA: Khmel'nyts’ka oblast’,
village of Chrebtyev

54

*H, ‘Higher altitude’ morphotype; L, ‘Lower altitude’ morphotype; U, uncertain.

fCountry codes: AD, Andorra; AT, Austria; DE, Germany; ES, Spain; FR, France; HR, Croatia; IT, Italy; RO, Romania; SK, Slovakia; UA, Ukraine.

{Coordinates and altitudes taken from maps are given in brackets.

SPopulations for which chromosome counts were available (see Slovék et al., 2007) are marked with !

9Letters indicate group of taxa that are not significantly different at o = 0.05.

**G, Glycine max ‘Polanka’ (2C = 2.5 pg, primary reference standard); S, Solanum esculentum ‘Stupické polni rané’ (2C = 2.05 pg, secondary reference standard).

reference standard. To avoid overlap between sample and
standard peaks, a secondary reference standard (Solanum
esculentum L. ‘Stupické polni 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;
Slovak 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 NPARIWAY
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-rax 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 G; 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/yDNA 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, Ondavska vrchovina.

The mean 2C-values for diploid populations ranged from
2.26 pg (population number 18) to 3.11 pg (nos 38, 41),
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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.

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

Intraspecific genome size variation in a polymorphic plant

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).

0.5
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ONPNOONDTNTN HOODO®
FETONTOONN® — N < [7s]
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T
Lower altitude morphotype
small genome size
2C=2.26-2.46

Lower + higher altitude morphotype
intermediate genome size
2C=2.70-2.84

Higher altitude morphotype
large genome size
2C=2.88-3.11

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.

Journal of Biogeography 36, 372-384

379

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd

121



M. Slovék et al.

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 (Slovék 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 Slovak 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

380

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 (Dolezel 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; Smarda & Bures, 2006; Leong—ékorniékové
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 (Slovak &
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
le.g. 7.4% in Hieracium piloselliflorum Niageli & 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 (Smarda & Bures,
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 G, 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; Slovak 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 (Slovak & Marhold, 2007) and on further unpublished
morphometric analyses (M. Slovdk 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).
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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 (Smarda & Bure§, 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. Slovak 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.
Slovak, 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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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. No morphological
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.
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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 (Krystufek 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; Krystufek
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.) Dest., 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; Nikoli¢ 1997; Martin¢i¢
et al. 1999). Unlike P. hieracioides, which is annual to
short-lived perennial, P. hispidissima is either biennial or
monocarpic taxon (Lack 1974; M. Slovéak, 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; Dostal and Cervenka 1992; Bolos 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” (Slovak 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 (Slovak et al.
in preparation). Strict self-incompatibility and a diploid
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ploidy level of 2n = 2x = 10 were confirmed for P. hi-
eracioides (Slovak et al. 2007) with the exceptional
occurrence of triploid plants (Slovak et al. 2009). Nuclear
DNA content varies considerably within European popu-
lations of P. hieracioides (Slovak 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 (Slovak 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
(Omisalj)”; 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 Cup-
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
Slovak 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 x 21 characters). Matrix B included all indi-
viduals tentatively identified as P. hispidissima and
P. hieracioides, including population ZAD (661 indi-
viduals x 21 characters). All individuals tentatively
identified as P. hispidissima and P. hieracioides with the
exception of population ZAD (632 individuals x 21
characters) comprised Matrix C. The last data set, Matrix
D, was composed of individual plants from all populations
of P. hispidissima (211 individuals x 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  N/M  N/GS
(m a.s.l.)
Picris hispidissima
PLO HR  Istarska county, village of Plomin 45°07.388'N 14°12.145'E 225 19 2
BAC HR  Primorsko-Goranska county, village of Bakarac 45°16.828'N 14°34.341'E 12 15 -
BAS HR  Island Krk, village of Baska near the Jurani Dvor settlement 45°01.682'N 14°40.448'E 280 15 5
KRK HR  Island Krk, near the village of Omisalj 45°14.355'N 14°33.562'E 53 19 5
PAK HR Lika and Senj county, Velika Paklenica valley [44°17.000'N 15°27.000'E] [30] 21 3
KAR HR  Lika and Senj county, village of Karlobag 44°31.722'N 15°7.529'E 695 21 2
GRA HR  Karlovac county, village of Gracac 44°15.868'N 16°0.529'E 756 22 -
ZAD HR  Dubrovacko-Neretvanska county, near the village of Zaton-Doli ~ 42°48.989'N 17°6.683'E 124 29 4
DUB HR  Dubrovacko-Neretvanska county, town of Dubrovnik 42°38.559'N 18°7.296'E 145 19 3
STS ME Budva county, village of Sveti Stefan 42°18.601'N 18°3.621'E 757 19 -
CET ME Cetinje county, village of Cetinje 42°22.961'N 18°6.870'E 641 4 -
KLO ME  Podgorica county, village of Klopot 42°24.142'N 19°3.526'E 682 20 1
BUK ME  Bar county, village of Bukovik 42°13.260'N 18°7.973'E 614 16 3
Picris hieracioides
CAP ES Sierra Nevada Mts., village of Capileira 36°57.703'N 03°1.457'W 1,606 20 4
VIE ES Pyrenees Mts., town of Vielha 42°41.190'N 00°47.241'W 1,230 20 4
MON ES  Montseny Mts., between villages of Montseny and el Brull 41°46.702'N 02°23.780'E 740 - 5
BAL ES Pyrenees Mts., village of Bafos di Panticosa 42°45.029'N 00°14.557W 1,576 - 5
ESP ES Pyrenees Mts., village of Espot 42°33.547'N 01°05.416'E 1,576 - 5
SOL AN  Pyrenees Mts., the town of Soldeu 42°34.170'N 01°40.691'E 1,900 20 5
LLV FR  Pyrenees Mts., village of Llivia 42°26.633'N 01°56.531'E 1,170 20 4
EST FR  Pyrenees Mts., village of Estavar 42°29.915'N 02°00.815'E 1,640 - 4
TUL FR Haute-Garonne, city of Toulouse, near the Canal du Midi [43°35.000'N 01°27.000'E] 150 - 4
VAL FR Savoie Alps Mts., between villages of Valloire and la Rivine 45°10.000'N 06°25.600'E 1,556 - 1
CDL FR Hautes-Alpes Mts., mountain pass Col du Lautaret 45°02.092'N 06°24.239'E 2,067 22 1
BRI FR  Hautes-Alpes Mts., town of Briangon 44°55.184'N 06°37.261'E 1,308 - 3
FIN FR  Doubs, Jura Mts., village of Les Fins 47°05.181'N 06°38.356'E 911 16 5
BDA FR Doubs, Jura Mts., village of Pont-de-Roide 47°22.612'N 06°46.015'E 384 - 3
MUN FR  Alsace, Vosges Mts., town of Munster 47°54.537'N 08°09.700'E 853 - 3
SAMT IT Sicily, city of Palermo, Monte Cuccio 38°06.938'N 13°14.543'E 611 20 3
PIZ 1T Sicily, national park Madoniae, Piano Zucchi [37°54.000'N 13°59.300'E]  [1,100] - 1
VSR IT Abruzzi, Majella Mt., Valle di Selva Romana 42°07.632'N 14°07.381'W 1,575 29 -
PES IT Abruzzi, town of Pescara 42°27.489'N 14°12.596'E 6 - 1
AQU IT Abruzzi, town of L’Aquila 42°12.103'N 13°24.256'E 421 20 3
FRA 1T Calabria, village of Frascineto 39°49.899'N 16°5.305'E 453 15 3
NAP IT Campania, city of Neapol [40°49.173'N 14°11.361'E] [20] - 2
VES IT Campania, Mt. Vesuv [40°49.287'N 14°25.221'E]  [1,098] - 4
MUL IT Calabria, Mt. Mula [39°45.000'N 16°01.000'E]  [1,900] - 4
BRE IT Piemonte, Verceli, village of Breia 45°45.897'N 08°18.300'E 799 - 3
GAT 1T Piemonte, Verceli, village of Gatinara 45°36.520'N 08°19.434'E 289 - 3
SGD 1T Trento, Veneto, village of San Giacomo - Brentonico 45°47.963'N 10°54.831'E 1,162 - 2
GRA DE  Bavaria, Bavarian Alps Mts., town of Grassach 47°28.217'N 11°07.114E 768 16 1
KIT AT  Tirolia, Tirolian Alps Mts., town of Kitzbiihel 47°28.200'N 12°23.807'E 930 20 3
ANN AT  Lower Austria, village of Annaberg 47°54.984'N 15°26.399'E 519 - 5
SCH AT  Lower Austria, Mt. Schneeberg 47°44.225'N 15°44.086'E 543 20 5
HAK AT  Lower Austria, parking place Heiligen Kreuz 46°59.210'N 16°15.390'E 761 - 5
@ Springer
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Table 1 continued
ABB Co. Locality Latitude, longitude Altitude  N/M  N/GS
(m a.s.l.)
PIR HR  Zadar county, town of Pirovac 43°49.340'N 15°40.140'E 24 20 3
PLM  HR Dubrovacko-Neretvanska county, village of Ploce 43°00.937'N 17°33083'E 17 15 1
LEP HR  Istarska county, near the village of Lupoglav 45°19.305'N 14°09.42'E 386 14 4
KRA HR Krapinsko-Zagorska county, village of Krapina 46°09.390'N 15°52.440'E 224 - 4
VRD SK  Mala Fatra Mts., Vrdtna dolina valley [49°12.563'N 19°02.159'E]  [700] - 6
NOS  SK  Bukovské vrchy Mts., village of Nova Sedlica 49°03.010'N 22°30.480'E 413 - 5
ADI SK  Ondavska Vrchovina hills, village of Adidovce 49°01.290'N 22°03.100'E 219 - 2
KRI SK  Velka Fatra Mts., Mt. Krizna 48°52.350/N 19°04.260'E 1,522 - 3
POD SK Zapadné Beskydy Mts., village of Podbiel 49°17.050'N 19°32.230'E 621 - 2
ZDI SK  Belianske Tatry Mts., Zdiarska dolina valley 49°16.099'N 20°14.991'E 890 - 3
JAN  SK  Nizke Tatry Mts., Janska dolina valley 49°05.480'N 19°40.505'E 771 - 1
DOB SK  Slovensky raj Mts., Dobsinsky kopec hill 48°50.920'N 20°22.570'E 870 - 2
CEK  SK Pieniny Mts., village of Cerveny Klastor 49°23.341'N 20°25.325'E 468 20 -
ZAH SK  Malé Karpaty Mts., village of Zahorskd Bystrica 48°14.086'N 17°03.231'E 220 - 6
MOD SK Povazsky Inovec Mts., village of Modrova 48°39.460'N 17°58.140'E 525 - 3
KOZ SK  Stiavnické vrchy Mts., village of Kozelnik 48°33.430'N 19°00.300'E 273 - 3
LPT SK  Popradska kotlina basin, village of Liptovsky Trnovec 49°06.926'N 20°20.932'E 588 - 4
DOM SK  Slovensky kras Karst, near the Domica cave 48°28.650'N 20°28.130'E 345 - 5
UZP  SK  Sari§ské vrchovina Mts., village of Uzlovské Pekiany 48°05.650'N 20°59.180'E 538 - 4
SOR  SK  Slovensky kras karst, on the top of Soroska pass 48°37.053'N 20°37.805'E 544 20
FAG RO Bragov province, village of Fagarag 45°49.935'N 25°1.951'E 415 - 1
ORA RO Bihor province, between the town of Oradea and village of Chilas  47°16.129'N 22°13.658'E 180 - 3
DEV RO Hunedoara province, town of Deva 45°50.012'N 22°56.341'E 220 - 3
TIM RO  Bragov province, city of Bragov 45°39.516'N 25°34.636'E 600 19
SMO UA Khmel'nyts’ka oblast’, village of Smotrych 48°39.030'N 26°5.05'E 180 - 4
CHR UA Khmel’nyts’ka oblast’, village of Chrebtyev 48°37.550'N 27°4.420'E 260 - 3

Localities are arranged from west to east. GS values of P. hieracioides are taken from a previous study (Slovak 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 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 Slovak 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
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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 i
both types of analyses.
Triangles populations of

P. hispidissima, semi-full
triangles populations used for
both types of analyses, open T
triangles populations used for
morphometric analyses. Asterisk
mixed population ZAD

iy A

1K ke

Table 2 List of absolute DNA content (propidium iodide) analysed populations of Picris hispidissima

Locality code PL/DPL*

@n =10) 2C (pg) £ SD

Max. BPV (%) Range GS (pg) Max. IPV (%)

CvSa min./max. CvSt min./max.

PLO 3/2% 3.03 £0.023 2.4
BAS 0/5% 2.96 £ 0.068 -

KRK 0/5% 3.12 £ 0.060 54
PAK 2/3* 3.08 £ 0.023 4.1
KAR 3/2% 3.07 £ 0.017 3.7
ZAD 0/4* 3.19, 3.21, 2.31, 2.80%* 8.1
DUB 2/3* 3.24 £ 0.020 9.5
KLO 0/1* 3.12 54
SVS 3/0* - -

BUK 0/3* 3.14 £ 0.026 6.1

3.03-3.04 0.3 1.74-2.43 1.04-2.78
2.90-3.06 5.5 2.19-2.98 2.39-2.93
3.03-3.20 5.6 1.48-2.56 1.71-2.90
3.07-3.10 0.1 1.53-2.48 1.08-2.79
3.05-3.08 0.1 1.79-2.80 1.79-2.74
2.30-3.22 o 1.87-2.80 2.05-2.93
3.22-3.25 0.9 1.88-2.47 1.96-2.79

- - 1.73-2.19 2.07-2.55
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; Dolezel et al. 1992)

by a Partec CyFlow flow cytometer (Partec GmbH, Miin-
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, Miinster, Germany). Glycine max
cv. ‘Polanka’ (2C = 2.50 pg; Dolezel 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

@ Springer

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-um nylon mesh and incubated at room tem-
perature for 20 min. One ml of staining solution [Otto II
buffer (0.4 M Na,HPO,4-12H,0), 50 pl/ml propidium
iodide, 50 pl/ml RNase IIA, and 2 pl/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
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Table 3 List of 24 morphological characters measured or scored in morphometric analyses for each herbarium specimen

Morphological character

\S)

. NBr: number of stem branches
. NL: number of stem leaves
. LP: length of the longest peduncle (cm)

NBP: maximum number of bracts per peduncle

I T N N T N

Nel

. DH: dark® hairs on involucre and peduncle (0, absent; 1, present)

_ = = =
w N = O

. NoB: average number of outer involucral bracts®

—_
~

. NiB: average number of inner involucral bracts®

—
W

. LoB: length of outer involucral bracts® (mm)

—_
(=)}

. WoB: width of outer involucral bracts® (mm)

Ju—
~

. LiB: length of inner involucral bracts® (mm)

—_
oo

. WiB: width of inner involucral bracts® (mm)

—
=

. LL: length of ligules® (mm)

. LCT: length of corolla tubes! (mm)

. WL: width of ligules' (mm)

. LTL: length of the longest teeth on ligule' (mm)

NN NN
w NN = O

24. BML: brown marks on upper part of ligules (0, absent; 1, present)

DP: presence or absence of dilatation of peduncles below capitulum (0, absent; 1, present)

. DHP: distribution of hairs on peduncle (1, no hairs; 2, sparse hairs; 3, dense hairs)
. DHI: distribution of hairs on involucre (1, no hairs; 2, sparse hairs; 3, dense hairs)

. PCM: presence or absence of pectinate-ciliate margins of outer involucral bracts (0, absent; 1, present)
. PH: pale” hairs on involucre and peduncle (0, absent; 1, present)

. IH: colour-intermediate® hairs on involucre and peduncle (0, absent; 1, present)
. 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)

. RSL: red longitudinal strip on outer ligules (0, absent; 1, present)

+ o+

o+ o+ o+ o+
|

+

+
A+t

+F A+t
|

4+ttt

+
+

+

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)

# Mean values of three measurements of ligules or involucral bracts on one randomly chosen capitulum are given

® Counted from three randomly chosen capitula

¢ Brown-black, red-black or black hairs
4 White or pale coloured hairs
€

recording the hair colour were given the value of 0

recently reported by Slovak 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).

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, TH

Results
Morphometric analyses

Morphological differentiation between P. hispidissima
and P. hieracioides s.1

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
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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

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 Slovak and Marhold
(2007) and Slovak 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,
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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

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).
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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 A B
character

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 0429 —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 —-0309 —0.678 - -
DC —0.587 0.406 —0.194 0.223 0.048
NoB - - - 0411 —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 0411 —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

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

P. hieracioides

Prin2

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

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.

180 J —
170 |

150 |
140 |
130 |
120 |
110

Frequency

-6.0 -52 -44 -36 -28 -2.0 -1.2 -04 04 1.2 20 28 36 44
Can 1

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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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

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
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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 =296 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 Slovék 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; Slovak 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
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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 (Slovék 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

the same capitulum), had mean 2C values of 2.31 (ZADI)
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
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Table 5 Summary of the main differences between P. hispidissima and P. hieracioides

Taxon

P. hieracioides

P. hispidissima

Morphological characters®

Dilatation of peduncles Absent

below the capitulum

Pectinate—ciliate margins on Absent

outer involucral bracts
Colour of hairs on Pale to dark colour

involucrum and peduncle

Length of outer involucral ~ 3.1-7.9
bracts (mm)

Karyological characters

Genome size (pg) (2C 2.26-3.11

values, min—max values
between individuals)®

Life form® Annual to short lived perennial

Ecology®
areas to mesophylous subalpine grasslands,
usually not in coastal areas

Distribution Europe, Asia

Mostly present
Mostly present
Colour-intermediate

3.5-11.5

2.90-3.25

Biennial to monocarpic

Open grasslands, steppes and xerothermous ruderal Xerothermous rocky slopes, ruderal rocky biotopes, rock

crevices on calcareous cliffs and gorges, mountain and
coastal areas near Adriatic sea

Western part of Balkan peninsula

% Only most important morphological characters separating P. hispidissima and P. hieracioides (both morphotypes included) are listed here. For

character explanation see Table 3

° Genome size data for P. hieracioides follow Slovék et al. (2009)

¢ Life form and ecological data for P. hieracioides were partly taken from Slovak and Marhold (2007). Data on intermingled population ZAD are

not included

especially on quantitative characters. Within the aggregate
of Senecio nemorensis in Central Europe, morphological
entities and their hybrids were successfully separated
(Hodalova and Marhold 1996, 1998; Hodalova 1999). On
the contrary, in the same genus, no clear morphological
differentiation of tetraploid and octoploid individuals of
S. jacobaea was detected (Hodalova 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 Slovdk 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. Slovak 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
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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
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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
(Slovék 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 (Slovak et al. 2007,
M. Slovak, 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 (Smarda
and Bures 2006). In addition, hybridization events between
closely related taxa were also successfully detected by flow
cytometry [e.g., in Central European species of Cirsium
(Bures 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 (Slovak 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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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 Vysocany). 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 lberian 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:

vl - 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 - El

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,
651BRAKkastr/2 117 46| 6 |14(2]2]3]262| 59 | 35 |2|2|2| 7,0]0,7]16[2|2|2|3|[1]|O0
513BRAKkastr/4 2 1714416 |12(112]2]172]1104] 14 |2|3]1] 53[0, 7[{11[1[2]2]2[1]0
651BRAvsp/8 3 |7]183|8]14]|1[1]1{189]135[ 16 |2]|2]|1]|7,0([{09[11)1]3]|2]1]1]1
651BRAKkastr/1 4 | 7|52 [12]121]12]2[1]1287] 39| 11 [1]3]|2|57(06]9]|1]1]3[2]1]0
513BRAvsp/19 5 |7]115]14142]2|2|1[{294]| 36| 8 |1]3]2]|79([13[10]2]1]3]|3|1]1
507BRAKkastr/3 6 |71 89| 6|38|1]12]1]265] 65| 26 |1[2]1]56]0,7[15[1[2]2]1[1]0
513BRAkastr/5 7 |7]169]61]25]|2/2]1{381]230f 5 |1]|3]|1]49(0,7[{11]1]2]2]1]1]0
513BRAKkastr/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]|88([1,0[{20)1]2]2]1]1]1
295Br2/2 1017 69 | 1511921311194 4 |190|1[2]|1] 85 |1,2[{21[1[2]2]1[1]0
295Br1/9 11799 |12)122|12[2[2]447]105]185|1|3|1|92]1,1]15]1]|3]|2]|1]|1]|1
295Br2/1 12 171103]121]126(2)3|1]298] 4 |140]2[3]1]10,0/1,4[19[1[2]2]1[1]1
295Br1/7 137 50 |10)12|2[2[2]190] O |190|2|2|2| 7,3]0,9]12|1]|2]|2]|1]|1]|1
295Br1/1 1417 51| 8 |13|1]12]1]256] 21 |176|2|2]|2]| 6,6 |1,1[14[1[2]2]2[1]1
295Br2/5 157 74 1131 2112[2[2]283]| 44 1238|2|3|2|93]1,0]16]1]|3]|2]1]|1]1
295Br1/10 16 |7 44 |10]11|1]12]2] 92| 0 | 92 |2|3]2]|88|1,1[{17[2[3]3]1[0]0
295Br2/3 1771611 9)10|1[3[3]183] 0 |183|2|3|1[10,5/1,0]124|1]2]|3]|1]|1]|1
295Br1/2 18 17| 44 | 11]114]3]3|3]249] 50 |198|1|2]3]| 75 |1,1[{12[{2[3]3]|2[1]0
295Br1/5 197 33 ] 5|1412[2[{2]100] O |100(2|3|2]99]1,1]12]1]3]|3]|1]|1]|1
295Br1/4 2017125 9 (10]3]2)1[{127] 0 |127]1]12[2] 99 |1,1[13]1]|3[3]1]1]|0
295Br2/6 21171100 11]24]2]2|2[{235] O [235|2]|2]|1]|78(13[14]1]2]3]1]1]0
295Br2/4 2271541 7 [10]2]3)|3[ 8| 0 |8 |2|3[3]|87|11|11]2]|2[2]2]1(1
295Br2/2 23|7] 48| 8 |15])1|3|1[{186] O [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]|2f 71| 36| 35]|2]|3]|3]95(1,2{16]2]3|3]|]2]|1]1
295Br1/11 26| 7] 53 |112[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 111231 1]1[{358] O 6 |1]1]1]143]08]9]2]2]2]1]1]0
660BRA/16 2817138 | 7 [11]1]3]|2[162] 0 |162]1]|2[2]6,5]|0,7[11]1]|1[3]2]1]0
660BRA/13 2917 96 [11]25]1]2]2[{226] O [226]|1]|2]|2] 9,1 [1,1[{12])2]2]2]2]|1]1
660BRA/9 30[7) 87 |116[25]|1]2]|1[241]| 54 |187]|1]|2[2] 99 |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]92([1,1{12]1]3]2]1]1]1
660BRA/11 32|7]89120(29]2]2])2[{260] O |260|2|3|[1]98]1,1[13]1]|3[3]1]1]|0
660BRA/17 33|7] 65 (12241123157 91 [65]2]|3]2]90(1,1[{6]1]3]2]1]1]1
660BRA/21 3417 71 114[22]2]3)|2[{107]| 67 | 40 |1]3[2] 88 |1,0[13]1]|2[2]2]1(1
660BRA/9 35|71 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 36768 |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]93[09[9]1]2]2]3]|1]0
660BRA/23 387 65|14[19]1]2]|2[214] 71 |143]1]|3[1] 83 ]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]| 79 ([0,6[{11]2]2]2]1]|1]1
660BRA/3 40| 7| 85 |23]128(2|3]|1]253] 56 |170]12|3]1]| 83 |1,0{14[1[3]2]1[1]0
648BRA/5 41 7| 8 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 17| 40| 8 119(2]3|2]115] O |115]1[3]2]| 8,9 |1,0{15[2[1]3]|3[1]0
648BRA/13 437 71 ] 8 |1 18|1[2[1]243| O |243[1|2|1|75]1,2]11]2]|3]|3]|1]|1]0
648BRA/10 44171 27 | 8 112|1]12]2] 5 | O | 56 |1[3]|1]| 73 |1,1]9[2[1]3]2[0]0
648BRA/1 4571 39]8|10|2[{3|3]110| O |110(1|3|3|82]1,0]14]1]1]3]|3]|1]0
297Br/1-1,F2/3 46 | 7] 53 | 14]121(1]1]|3]244] 92 | 10 |1[3]2]| 52|06 6 [2[1]2]1[1]1
2978Br/1-1 47 | 7| 58 | 8 |20|1[2[3]228] 98| 6 [2|3|[1]55]09]8|2]|2]|2|1]|1]1
297Br/1-2 48 | 7|1 67 | 4 |15(1]12]2]351] 53| 9 |1[2]1]|6,7]|0,7] 8[1[2]2]1[1]1
297Br/1-4 49 [ 711411936 |1[1[2]473]409] 20 [1|3|1|8,4]10]9]|2]|2]2]|2]|1]|1
515BRA/10 50[7) 79 118[23]2|2)|2[155| 78 | 77 |12]|2[2] 98 |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| 75 [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 547110511428 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]73[08[9]1]1]2]2]|0]1
515BRA/4 56 |7 46| 5| 9 |1]2]|2[144] O |144]1]|2[2]70]06| 9 |1]|1[2]3]|1[1
515BRA/10 57| 7] 36| 5]12]2|3|3[216] 0 [216]1]2]|3]| 83 [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]95]|1,0{11]1]2[3]2]1]0
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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] 42 110(15]2|3|3[{137| 33| 7 |1]3[3]84]1,0[13]1]2[2]3]1{0
513BRA/3 617 37| 5] 912]1|1{138] 74| 5 |3]|2]|3]|4,7[{08[7]1]3]2]3]|1]0
513BRA/2 627146 | 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]51[06[6]|1]2]1]1]1]1
647LEP/3 64 8] 80 | 11|27 ]|1]1]12[434]207] 6 |1]|1[1]62]|06| 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[06[ 7 |1]2]1]2]|1]1
647LEP/7 66 | 8100 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]|54([05[6]|1]2]1]2]|1]1
647LEP/1 68 |8]1108]|10[36|1]1]1[565[425]| 12 12|2|2]|7,0]08] 7 |2]|1[2]2]1]|0
647LEP/2 69 |8]118[19]31]2]1]|1{601] 35| 9 |1]2]2]|60([06[{6]|1]2]1]1]1]1
643BRA/4 707 75116[27]2]2)3[215] 60| 98 |1]2[3]8,2]09|11]2]|3[2]3]|1[1
643BRA/5 71|17 67 [13]31]2]3]|3[277] 65 [149]|1]|2]1]93[0,9[{14]2]1]|3]|2]|1]1
643BRA/1 72171 30| 6 [12]3|3]|3[ 8| 0 |8 |1]3[3]87|11|[11]1]2[3]3]1]0
643BRA/2 73|7] 53| 6]13]2]2]|3[{301] 84 [217]1]12]2]9,0(0,8{13]1]1]2]2]|1]0
651BRA/5 74 17) 57 1141812 3]|3[160[101] 59 |1]|2[1] 85 |1,1|14]1]|3[3]1]1]|0
651BRA/1 757 64 [15]120]2]1]|3[323] 83 [102]|3|2]|2]| 7,6 ([1,0{11]2]2]1]1]1]0
651BRA/4 7617139 8 [11]1]2])3[211] 0 |211]12]|2[3] 8,4 ]1,0{14]1]|3[3]1]1]|0
641BRA/7 777 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] 80 122(24]3|3]|3[145] O |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] 94 |11[14]1]|1[2]1]1[1
653BRA/12 817 70 [14]21]1]1]2[280]|223| 11 |3]|2]2]|7,4[{09[8]2]|3]2]2]|1]0
653BRA/2 8271101112 21|1]1]12[{505] 12| 6 |2|1[1]72]09|8|2]|3[1]1]1[1
653BRA/6 83|7]105[14]126]2]1]2[{555| 60| 11 ]2]|1]2]6,1{09[9]|1]2]2]1]1]1
653BRA/12 84 |7) 86 |13[25]|1]1]13[459[336] 11 12]|1[1]6,3]08] 9| 1|3[1]1]1[1
653BRA/4 85|7] 84 [11]20]1]1]|3[{605|/203f 8 |1|1]1]6,3[0,8[10)2|1|1]1]1]1
653BRA/7 86 |7]1107]115[27|1]1]12[651[388] 52 |1]|1[2] 57106 7 |1]|3[1]1]1[1
653BRA/10 87 |7|122( 17211 1]|1[{687|252 8 |1]|1]2]|65([0,7[{8|2]2]1]1]1]1
653BRA/8 8871121117 [38]2]1]11[698[590] 6 |2|1[1]65]|06|6|1]|2[1]1]1[1
644BA/5 896 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]13[605[419] 7 |1|1[{1] 71108 7| 1]|3[1]1]1[1
644BA/18 9116]10112]31])1|1]2[{579] 8 6 [1]1]2]50]07] 7]1]3]1]1]1]1
644BA/2 92161105118 [281]1]12[638[192] & |1]|1[2]54]|0,7|6]|2]|2[1]1]1[1
644BA/4 93|6] 91 [15]28]2]1]|3[550]|170f 11 |1]1]1]6,3[09[8|1]1]2]1]1]1
644BA/7 94 16] 93 |16[32]|1]1]12[527]| 26 | 15]|1]|2[1]6,2]08| 7 [|1]2[2]2]1(1
644BA/19 95|16 96 [13]25]1]1]2[{628]|250( 7 |1]|1]1]68([09[ 7 |1]2]1]1]1]1
644BA/14 96| 6] 81 |13[32]|1]1]|3[613] 75| 6 |1]1[2]56]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 6111112 33|1]1]13[650[176] 9 |1]|1[1]64]|0,7|6]|1]|2[1]2]1[1
644BA/11 99| 6| 114[16]24 1] 1]|3[544]|1290( 5 |2]|2]|2]|57(07[{6]2]|3]|2]1]|1]1
644BA/15 10016 96 | 11]27|1]11]2]693]331] 8 [1[1]2]57]|06]5([1[2]2]1[1]1
644BA/21 101 6| 55| 6 |21 |1[1[1]397]238] 11 |3|2]|1|58]08]6|2]|2]1]2]1]0
644BA/6 102|161 80 | 9 128|2]1]3]|560]335]| 18 |2|2]2]|65|0,7]| 7[2[2]2]1[1]1
644BA/13 103 6| 57 | 111202 1[3]428|378] 5 |1]2|3|6,0]0,7]5]|2]|2]2]|3]|1]|1
644BA/12 1041 6| 66 | 13]21|2]1]2]|583]116] 4 |2|2]2]|65]|09|6[1[2]1]1[1]1
655BA/2 1056 57 |15) 1823|3317 8 | 55|1|3|1|84]10]13]1]|3|3]|1]1]|1
655BA/1 106| 6| 116|116 35|2|1]2]|545] 96 | 7 |2|2]3]|73]|09[6[1[3]2]1[1]0
655BA/5 107 6| 81 |13)24|1[1[1]438]101] 6 |1|3|2|58]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]|08] 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]09]9]|1]|3]1]1]1]0
641BRA/14 1101 7| 74 | 12124 |1]11]1]473]1405] 13 |1|2]1]72]|09[6[2[3]1]2[0]0
641BRA/11 111 7| 56 | 171163 3[2]221] O |221|1|3|3|10,7]1,2]17]2]|3]3]|3]|1]0
641BRA/12 112] 7| 57 | 15]115]|3]3|3]|164] O |164|1[3]3|11,2]1,0{14[2[2]3|3[1]0
641BRA/4 113 7| 62 |22)123|2|3[3]285| 71 |214|1|3|3|83]1,2]13]1]|2]|3]|1]|1]|1
641BRA/6 11417 67 | 15]119|2]3|3]209] 0 |209|1[1]3]98|09[11[2[1]3]|3[1]1
641BRA/9 1157103 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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v3 v7| v8]v9 v2
641BRA/8 116 7| 67 [17[18]23]|3]125| 15 |110]2[3[3] 9,2 |1,1[12]1|1]3[3[1]0
641BRA/13 1171 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] O |411]1[3[3]10,8{1,0{11]1|1]3[3[1]0
641BRA/15 1191 7] 68 [17[18]23]|3]|311]|145|166]|1[2|1]9,0[0,9[18]1]|1]3[2]1]0
656BA/17 1201 61121 (11| 42|1[1]1]1610|591| 6 |1[3[1]6,2[0,7]6]|1]2]2[1]0]0
656BA/15 1211611713 35|1[1]|1]677|625| 8 |1]|3|1]6,7[08[9]|1]2]1[1]0]0
656BA/20 122161118 (15[ 35|1[1]|1]1548|] O |548]|1[1][1]162[0,7] 5]1|1]2[1]0]0
656BA/21 123161129 10|28 |1[1]2]607|207| 7 |1]2]|1]57[06]6]|1]2]1[1]0]0
656BA/13 124161143 (14|37 |1[1]|1]|664|442| 8 |2|3|1]58[06]7]|1]12]2[{1]0]0
656BA/23 1251 6] 85 [10[29|1[1]2]506]|401| 4 |1]3]2]6,8[06]6]2]|3]1[2]0]0
656BA/4 126|1 6| 98 | 15|33 |1]1|1]733]627] 5 |1|[3]|1]52]|05[6([2[1]2]2[0]0
656BA/14 1271611101240 |1[1]1]528|265| 4 |1[3[1]6,3[05]7]|1]2]2[1]0]0
656BA/1 128|161 92 [ 15|33 |1[1]|1]526|444| 5 |1]|2|1]58[0,7/6]|2]|1]2[2]0]0
656BA/2 12916 92 [ 9 [26|1[1]1]1626]523| 8 |1]2|1]6,0[05[6]|1]|1]1[2]0]0
656BA/3 130|161 110| 144511 1]1]345|336] 4 |1[1]1]59]05[8([2[1]2]1[0]0
656BA/9 1311 6] 90 [11[26|1[1]1]1680]|527| 5 |1]2]1]16,3[06]7]|1]1]1[2]0]0
656BA/19 132|161 133|15|50|1]1]1]692|557] 4 |1|[3]|1]6,2]|05[6([1[1]2]1[0]0
656BA/18 133|161 1311543 |1[1]|1]741]|558| 3 |1[3|1]51[04|5]1]2]2[2]0]0
656BA/16 13416131 13|38|1|1|1]713|576] 5 |1|[3]|1]6,1]05[6([1[1]2]1[0]0
656BA/12 135161100 16| 36|1[1]1]1652|575| 6 |1]2]1]165[05[6]|1]|1]2[1]0]0
656BA/11 13616110214 39|1[1]|1]1612|444| 5 |1]|2]1]6,1[05[5]|1]|1]2[1]0]0
656BA/6 13716110311 [30|1[1]1]1395]|355| 4 |1[3][1]59[05]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 1391611051134 |1[1]|1]|722|675| 7 |1]3][1]59[06]|4]1]1]2[2]0]0
656BA/8 1401 6| 90 |12 32|1]1]1]305]295] 3 |1[3]1]6,3]|05[8([1[2]3]1[0]0
656BA/7 141161141543 |1[1]1]1637]|562| 10 |1[3[1]55[0,7] 6 |1]|1]2[1]0]0
652BA/5 14216 71 [14[25]|1[1]3]1188| 75| 11 |2|2|1] 9,6 [1,2[{12]1]3]2[1]0]0
652BA/17 143161107 (12| 32|1[1]12]533|488| 5 |1]2]2]7,0(08]6]|1]|3|2]1][1]1
652BA/2 144161113 (18| 31]2[1]3|540|260| 4 |1]2]3]6,5[09|6]|1]|2|2]1][1]1
652BA/10 14516110017 25]|2[1]|3]|555| 75| 4 |3]2]3]169(09|8]|1]|3]|2|1]1]1
652BA/8 1461 6| 80 [13|27]2[1]13]536|336| 9 |2]|2|2]82[10] 7 ]|1]|3]|2|1[1]1
652BA/15 1471 6] 93 [13[18|1[1]3]1450|423| 8 |2]2|1]16,3[09|6]|1]3]2[1]0]0
652BA/13 14816 81 [13[19]|1[1]2]569]| 79| 6 |1|1]1] 580, 7] 6]|1]|2]|2|1][1]1
652BA/7 149161106 (13| 21|1[1]3]|587|145| 19 | 1|11 57|07 7| 1|1]|1]1]1]1
652BA/6 1501 6] 86 [ 14| 21]2[1]3]|521]|157| 8 |2]|2]2]6,0[{09]|9]|1]|3]|2]1][1]1
652BA/1 1511 6] 95 [ 15[ 242 1]|3|1453|423| 4 |2]2]2]58([08]7]|1]3]2[1]1]0
652BA/9 15216110217 25]2[1]131539| 45| 3 |3]|2|3]70(09|8]|1]|2]2|1][1]1
649BA/6 153| 6] 74 [14[18]2[1]3]1521]|278| 8 |1]2|3]6,3[0,7]6]|1]|2]|2]|2]1]1
649BA/3 1541 6] 99 (19|23 |1|1]2|574| 96 | 6 |1]2]2]6,5[08]8]|1]|2]2]1][1]1
649BA/7 155161109 10|33 |1[1]1]590|533| 10 |3]2|3]6,7[0,8] 8]2]|3]2[1]1]0
649BA/4 1561 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 15717 57 [18[22]2[3]|3]1194| 25 |169|1|3|1] 94 [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]|75]|09[9([1[3]3]1[0]0
661BRA/2 159 7] 68 [11[24|1[1]12]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]16,3[08]6]|1]2]2[1]1]0
643BRA/3 1611 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|33 87|11 9]12|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 1647 41 | 7 [12]2[2]3]1143| 12| 57 |1]2]3]6,3[0,7[{10]2]|2]3[3[0]0
515BRA/3 1657 41 | 5 [12]|1[3]|3]118] 32 | 86 |1]2|2]76[09]|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
646P1/11 1671 5] 55 | 8 [22]23]|3]|142] O |142]1[3|3]8,8[1,0{12]2]2]3[3[1]0
654PI1/5 168|520 | 7| 7 |3]3|3]91] 0 | 91|1[3]|1]84]|09[8([1[3]3]1[1]0
654P1/13 1691 5] 30 [ 6 [10]3|3]|2]114] O |114]3[3[2]94[1,2] 9]11]|3]|3[1][1]0
660BRA/5 1701 7] 40 | 8 [15]2[3]3]202] O |202]2|3[3]8,7|1,1[11]1]13]3[2[1]0
506P1/17 1711 5] 42 | 8 [14]2[3]|3]107] O |107]1[3[3]99[09[13]1]|3]|3[2[1]0
648BRA/17 172\ 71 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 17317 37 | 8 [11]2[3]2]119] 16 |103]|1[3[3] 8,110/ 9|1]|1]3[3[1]0
506P1/23 17415 31 | 6 [12]|22]|3| 71| 44| 27 |2|3]|2]| 7,4 [1,2[{10]2]|2]|2[3[1]0

157




v1

v2

<
[N

v4

<
@®

v10

<

v12

<
Y
w

<
Y
S

<
e
[

v16

v17

<
Y
©

<
N
o

<
N
N

<
N
w

<
N
i

v5 v7 v9 v2
654P1/18 1755 481 9116|233 83| 0 | 83|1|3|1|70]09]9]|1]1]3]1]1]0
296PI/1 176151 20 | 8 | 7 |3]3|2] 84| 0 | 84 |1|[3]|1]83|11[9([1[1]3]2[1]0
515BRA/14 1777126 | 7 111]2[{3|3] 70| 0 | 70 |3|3|2|73]09]9]1]3]|3|2]|0]0
505P1/24 17815 32 | 7 |12|1]13]2]129] 0 |129|1[2]|1] 89|12 9[1[1]3]|1[1]0
505P1/18 17915 42 |1 9 112]2[3[2] 99| 0 | 99 |1|3|2|86]10]13]1]|3]|3]|1]1]0
505P1/19 180151 191 6| 5 |1]3|1]122] 0 |122|1|2]1]16,9]|08[ 8 [1[1]3]|3[1]0
505P1/2 1815 28 | 7| 8 |2[3[2]110] O |110|1|3|2| 9,4 ]1,3]13]1]1]3]2]|1]0
505PI1/7 182151 271 81 912]13|3]87 ] 0|87 |1[3]3]83]|1,0{10{1[{3]3]|3[1]0
505P!1/6 1835 36 | 7 | 11]2[3|3]173] O |173|1|3|3|94]09]|11]1]3]2]|3]|1]0
505P1/23 184151 26 | 9 |11]2]3|3] 8] 0 | 81 |1[3]1]81]08[8([1[3]3]3[1]0
505P1/9 185(5| 40 | 8 112|233 61| O | 61 |1|3|1]65]1,0]10{1]1]3]2]1]0
505P1/10 186| 5| 45 | 12]15]|2]3|3]281] 0 |281|1[2]1]10,0/1,0{11[{1[{1]3]|3[1]0
505P1/10 187 5| 37 | 121162 3|2 135|107 28 |1|3|2| 7,3]0,8]10|1]1]3]|3]|1]0
505P1/18 188| 5| 62 |10 15|2]3|2]175] O | 175|133 7,9 |1,1{13[1[2]3]|3[1]0
505P1/20 1895 49 ] 9 119]2[3[2]221] 0 |221|1|3]2]98]09]12]1]3]3]|3]|1]0
505P1/1 190]1 5| 59 | 10]14|2]3|3]129] 0 |129|1[2]3]10,0/0,9{13[1[1]2]|3[1]0
505P1/8 191 5| 53 | 9 1142 3|2]166] O |166|1|2|1|10,1]10,9]14]1]1]3]2]|1]0
505P1/22 19215]1 291 8 110|2]3|3] 82 ] 0 |8 |1[3]3]|10,0{11,2{13[1[1]2]2[1]0
505P1/21 193 5| 32 |10) 9 |2[2|2]|144] O |144|1|3|3| 9,7 |1,1]14]2]|1]|3]|2]|1]|1
505PI1/11 1941 5| 74 | 12123 |1]13]|3]246] 66 | 8 |[1[3]2]70]|10{8([1[2]2]2[1]0
506P1/18 195 5| 43 |10 17|1[3|2]166] O |166|1|3|1]|94]1,2]13]1]1]3]1]1]0
506P1/25 196] 5| 65 | 11]20|1]3|3]151] 61 ] 90 |[1[3]1]94[1,0{12[{2[3]|3|1[1]1
506PI1/12 197 5| 52 |10 172 3[2]206] O |206|1|2|1]|84]12]11]1]3]|3]|1]1]0
506PI1/21 1981 5| 79 | 15]1222]3]|3]250] O |250|1|2]2] 9,7 |1,1{13[1[2]2]1[1]0
506P1/6 19915 30| 9 |111]2[3f3] 70| O |70 |1|3|2|86]1,1]12]1]1]3]2]1]0
506PI/7 2000 5] 85| 7 [13]|1]3]|2[179] 0 |179]1]12|3]10,2]1,2|10]1]3[3]2]1{|0
506P1/28 201|1 5] 84 [15]26]2]2|2[374] O [374]2]2]2]|10,7{1,4{15]1]3|3|1]1]0
506PI/5 2021 5] 68 | 1120232123 0 |123|1|2|(1] 78|11 6]|1]1[3]1]1]|0
506P1/20 203|151 39| 7 |13]1]3]|2[140] O [140|1]3]3]9,0(1,1{14]1]3|3]1]1]0
506PI1/24 20415132 9 ([10]3|3|2f{ 77| 0 | 77 |1]3[1]80]1,1[10]1]1[{3]1]1|O0
511PI/7 205|151 29 [ 7| 7 13]3]|2[{141] O [141]1]3]|3] 9,1 [1,3[{11]1]1]3]2]1]1
511PI1/12 206051191 4|6 |3|3|3[8 ] 0|8 ]1]12[1]83]099]1]3[3]2]1{0
511PI1/12 207| 5] 40 | 8 |13]2]3]|3[232] 0 [232]|1]12]2]99([1,1[{12]1]1]2]2]1]0
511PI/1 208 5] 48 1 13[17]3]|3|3[160|] 0 |160]1]12|3] 83 |1,1|13]1]2[3]3]1{|0
511Pl/4 209| 5| 58 [10]18]2]3]|2[208] O [208]|1]2]3]10,0{1,0{11]1]3]|2]2]1]1
511PI/7 2101561 27 | 5| 8 |2]3]|3[162] 0 |162]1]|3[3] 901,113 1|1[3]2]1(1
511PI1/18 2111 5] 46 [ 7 |10]2]3|3[192] 0 [192]2]2]2]) 95 (1,1{13]1]3]2|1]1]0
511PI1/19 212151 47 | 8 [10]2]2]|2[241] O |241]1]12[3]10,0]1,1|14]1|1[2]3]1|1
511PI/11 213| 5] 46 [15]11]3]2|1[ 98| O [ 98 |1]2]1])95([1,1{14]1]1]3]2]|1]0
511PI1/14 214151 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|151 39 [ 7 | 11]2]2|3[117] O [117]1]12]3] 9,1 [1,1{14]2]|1]2]|3]|1]0
511PI/8 2161 5] 55 |11 [17|1]3|3[157| 0 |157]|1]12|2]10,3]1,2|16]1]|3[2]1]1{|0
511PI/1 2171 5] 57 [10]16]2]2]3[201] O [201]2]2]3]9,3[1,3[{15]1]3]2]1]1]0
511PI/20 218151 65| 8 [15]2]2]2[203] 0 |203|1]|2|3]82]|1,1|16]1]|3[1]1]1]|O0
511PI/13 219]1 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 22015118 |1 6 | 6 |2]3]|3[109] O |109]1]|3[1]86]09|12]1]1[3]1]0{0
646P1/13 221151 20 7| 6 |3]3|1|{116] O [116]1]3]|1]8,2[{0,9{12]1]1]2]1]1]0
646P1/12 222151 33 |1 6| 8 |3]3]|3[146] 0 |146]1]|3[3] 92 |11|11]1]2[2]1]1]0
646P1/22 223|527 | 8| 7 12]3]|3[108] O [108|1]2]|1) 88 [1,1{11]1]1]2]3]|1]0
646P1/15 22415] 47 | 11[15]3]3]|2[263] 0 |263|1]|3[2] 96 |1,0[15]1|1[2]1]1(1
646P1/13 225|151 38| 9]10]2]3|2f{126] O [126]1]3]|1)8,0({0,9{13]1]1]2]2]|1]0
646PI/3 2261 5] 45 110(12]2]3]|2[{161] 69| 92 |1]|3[1] 84 ]1,2|10]1]|1[2]1]1]O0
646PI/7 22715 31| 5] 6 ]2]3]2{104] O [104]1]3]3] 8,4 (0,9{10]1]1]2]2]1]0
646P1/20 228151211 5| 512]3]|2[{100] O |100]1]3[2]9,4]09|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 2301 5] 73 113[17]12]0]0[242| 0 |242]1]12|3]98]09|12]2]|1[2]3]1{0
646P1/18 23115 27 | 4| 5]2]3]|2[225] 40 {185|1]|1]|1]) 7,1 {0,7{10]2]|1]2]1]1]0O
646P1/10 232151 311 6| 8]2]3]|2[{160] 0 |160|1|1[1]93]09|11]1]1[3]2]1{0
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646PI1/9 233| 5| 45| 8 |11]2]3]|3[149] 0 [149]|1]2]1] 93 [1,0{13]1]1]2]2]|1]0
646PI1/14 23415140 | 7 [10]2]3]|1[141] O |141]1]12|1] 93 |1,0{13]1]|1[3]1]1]|O0
646P1/19 235| 5| 49 [11]11]2]3]|3[136] O [136]|1]2]|3] 8,1[{0,8[{10]1]1]2]1]1]0
646PI/2 236|5]1 25 ] 6 [11]2]3]|1[140] O |140]1]|3|(3] 86|11 9|1]|1[2]1]1]O0
654PI/7 23715 30| 7]10]2]3|3[62] 0 [62]1]3]2]80(09[{10]1]3]2]1]1]0
654P1/12 23851 25| 6| 6 [2]3]|3[105] 0 |105]|1]12|2]75]|0,7/ 8]1]2[3]1]1/0
654P1/19 239| 5| 48 [15]18]3|3|2[228] 0 [228|1]|1]|1] 8,4 [1,1{12]1]2]2]1]1]0
654P1/8 2401 5] 50 | 15162 3|3[262| 0 |262|1]|2|1]79]|1,1]110]2]|3[2]1]1{0
654PI/3 2411 5] 54 [21]116]3|3|2[189] 0 [189]|1]|2]|2]|10,1{1,2{15]2|3|3]|2]|1]1
654PI1/17 242151 52 |1 9 [16]2]|3|3[221| 45 |176]1]|12[1] 79108 9| 1[1[3]2]1(1
654PI1/14 243| 5| 57 [20]20]3|3|3[332] 33 [276]|1]2]|1] 9,5 ([1,0{13]2]2|3]|1]1]0
654P1/29 244151 37 | 9 [12]2]3|3[137] 0 |137]1]1[3]89|1,2|12]1]|3[2]2]1{0
654P1/26 245|151 21 [ 6| 6 |3|3|2f{ 77| O [ 77 |1]2]|2)74[11{11]1]2]2]1]1]0
654P1/27 246151 33 |1 8|9 |2]2]|1[91] 0 | 91]1]12|2]8,7]1,0[10]2]|2[2]2]1(0
656LE 247141124 7 | 36]1]1]1[466])433[ 20 |1]1]1])59(1,0{6]2]|1]2]1]0]0
649BA 248121 67 | 9 [17]|1]1]1[489[319] 9 |1]1[2]6,1]09|6]|2]|2[2]1]1]0
492BA 249121 153[35]39]1]1]2[695]420( 15 |1]12]1]169[09[9]|1]2]2]1]1]0
662BA 250021112110 24 |1]1]1[485[396| 6 |1]|1[1]53]08|8]|1]2[1]1]1]O0
652BA 251121 60 [ 7 |19]1]1]2[{239] O 5 |1]3]1]56]08]6]1]3]2]1]1]0
659BA 25212162 | 7 [13]2]1]1[456[302] 7 |1]3[1]66]0,7/6]2]|3[1]2]1]O0
491BA 253|121 106| 6 |25]1]1]1[438] O 5 1]12]1]153]08]9]2]1]1]1]0]0
494BA 25412 72 11023 |1]2]|1[454[351] 4 |1]12[1]58]06|7]|1]1[3]2]0{0
494BA 255| 2] 94 [15]26]1]2]|2|788]|662 6 |1]1]1]6,4[{05[{6]|1]1]1]1]0]1
492BA 25621142 9 [26|1|1]|1[761]|651] 8 |1]|1[1]6,2]05| 7 |1]1[1]2]0{0
VysoCanyBA 257|12) 92 [12]27]2]1]1[485]395( 5 |1]12]1]6,2[{0,7{10]1]3]2]1]0]0
292BA 2582114011441 |1]1]|1[497[272] 5 |1]|2|1]71]10,7| 6]|2]|2[1]1]0{O0
BA 259|191 135{10|35]|1]1]|1[654]|604f 3 |1]1]1]56([06[{6]|1]1]|3]1]1]1
491BA 26021172 8 [27|1]1]|1[755[575] 8 |1]12[1]6,5]0,6[10]1]1[2]2]1]|0
494BA 261 2| 145{10|37|1]1]|1|[710]580f 13 |1]1]1]) 7,0{0,9{10]1]3]2]1]0]0O
BA 262191128 9 [26|1]1]|1[567[523] 6 |1]1[1]6,3]08]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 2644112911241 |1]1]1[504[473] 11 12]|1[1]65]0,7| 6]|1]1[3]2]0{0
1028BA 265|121 110{ 15|33 |1]1]3[350]|328f 4 |1]2]1]6,8[{0,9[{10]1]3|1]1]0]0
1017BA 26712 77| 8 [27|1]1]1[424[389| 7 |1]12[1]6,7]10/6]|2]|1[2]2]0{0
VYS2005n0.11 BA |268]| 9] 122 | 12| 29(1]1]2|543|329| 8 |1|1]1]7,1]09|11[3[1[2[2|1]|O0
VYS2005n0.7 BA [269]9| 68 | 8 |19]1|2]|1[(355] 18| 3 |1]|3]|1]|6,2[06[6]1]1]2]1]0]0
VYS2005n0.32 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]|O
1029LEP 271141 55| 6 [15]|2|2|1[{172] 5 | 21 |1]|3[1]7,4]10,8|11]2]|3[3]1]1]|0
VYS2005n0.2 27219 91 [10]21]2]1]1[325]303f 2 |2]2]|1]52[05[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
VYS05n0.24 LEP |275| 9| 58 | 10| 16(2]3]2|178] 25| 12 |1]|3]2]| 7,8]|09| 8| 1[0|3[3[1]|0
1022LEP 2761 4] 98 1 18[31]12]3]3[200[{158] 6 |1]|3[1]83]1,0[10]1]3[2]1]1{O0
1022LEP 277141100 21]23]2]2|3[479]141[{206|2]|2]|1] 9,9 [1,2{15]2]|3]|2]|1]1]0
657LEP 278141156112 [30|2]1]1[{568[260] 13 |1|1[1]57]0,7| 5| 1|1[1]1]0(1
647BA 279121211126 |1]1]|1|[572]302f 5 |1]1]1]6,3[08[6]2]2|1]1]0]0
657LE 280141142113 [35|1]1]|1[644[574] 4 |1]12|1]6,1]06|6]|1]1[2]1]0{0
657LE 281141140 15]49]1]1]|1[586]|555( 8 |1]12]|1]66 (0,7 7]1]1]2]1]0]0
302PI 282 1] 46 1 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 28411] 96 | 18[19]2]3]|3[240| 0 |240|1]|3[3]10,7]1,2|14]1]3[3]1]1|0
VYS2005n0.1 285|191 45| 7 |15]2]2|1[{191] O [191]|1]3|1]78(0,9[8]1]1]2]2]0]0
1032P!I 286(1]1 191 3 [ 6 |2|3|1[{57] 0 |57 ]1]3[3]90]1,0[(12]1]1[{3]3]0{0
VYS2005n0.27 |287]9] 43 | 6 [13[2]3]2] 44| O | 44 |1|3]|2| 71|11 9[1[1|[3|[2][0fO0
500P!I 288 1] 57 112152 3|1[185] O |185|1|2|(1] 7,910,811 1]1[{3]1]1{|O0
301PI 289| 1] 49 [10]15]2]3|3[182] O [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]12|3]10,2]1,1|14]1]1[{3]3]1{|0
646PI 201111 23 5| 712]3|3[ 8] 0 [88]|1]3]1]89(f1,1{13]1]1]3]2]1]0
497PI 29211136 | 7 [11]12]3]|3[ 9| 0 | 90 |1]|3|[1]83|1,1[13]1]1[3]1]1]|O0
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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,
305PI 293| 1] 47 | 9 115]2]3|3[107] O [107]|1]3]2] 9,3 [1,3[15]1]1]|3]2]|1]0
300P!I 29411] 54 114191221173 0 |173]1]12|2] 88 ]1,2|15]1]|3[3]1]1|0
654PI 295|1] 41 [10] 9 |3|3|3f 71| O [ 71]|1]3]|1]85(1,3[14]2]|3|3]|1]1]0
516PI 296 1] 98 116[25]2]|3]|2[128] 0 |128]1]|3[3]9,0]1,2|13]1]2[3]1]1{0
509PI 2971 1] 65 [13]21]2]3]|2[162] O [162]|1]|3]|1] 98 [1,4[{16]1]1]|3]1]1]0
496PI 298111 90 121[37]2]3]|3[210] 0 |210|1]|3|3]12,1]1,4|15]1]2[2]2]1{0
497P| 299| 1] 56 [12]17]2]3|3[101] 86 | 15 |1]|3|1]75(1,0{13]1]1]3]2]|1]0
1016BRA 300 3| 81 |10[29]1[2]2|201| 42 [159|1]|12|1| 7,1 ]|1,0[10]1|1[1]2]1]|O0
1021BRA 301) 3] 80 | 18[32f1]1]1]236| 54 | 17 |1]2]1]9,0|11]11|1[3[2[1[1]|O
1013BRA 302 3| 64 |12|20]|1[1]1|246(132 7 [1|1|1]| 75|12 7|2]|1[1]3]1]0
1025BRA 303| 3| 78 | 12[30f1]2]1]262|119] 8 |1]2]1]6,6]0,8]10[2[2[2[1[1]|O
1027BRA 304 3| 57 | 11|23 |1[2]2| 98 | 28 [ 47 |1]13|1] 801,011 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]|O
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| 78 |11]11|1[3[2[3|0|O0
495BRA 308 3[134]11|35]1[2]2|314[259| 65 |1]13|2]| 73|09 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|O0
660BRA 3101 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 31113 53 | 9 [16(2]3]1]170] O |170]1]|1]2] 9,2 |1,1]10{2[1[1[3[1]|O
658BRA 3121 3[123| 7 [18|1[1]1|617[457 9 [1]1]1]68]09] 8|2]|1[1]1]1]O0
517BRA 313|131 59 | 8 [18|1]2]1]131] 32| 50 |1]|2]|1]| 74 |11][10]1[2[2[1[1]1
643BRA 3143 79| 9 [24|1[3|1[149| 7 [ 47 |1]13|1]92]|09|11]1]|3[2]1]1{O0
650BRA 315|131 1141023 [1]1]1]450|177] 8 |1]|1]1] 72|10 9|2 3[1[1[1]1
648BRA 316 3| 72 | 10|22 |1[2]1|273| O [273|1]|12|1] 8,712 9]|1]2[3]2]1{0
514BRA 31713 51 | 6 [21[1]2]1]298|159]| 18 |1]|2]|1]| 71 ]|1,2]11|2|2|2[1|[1]|O0
513BRA 318 3| 72 |11 |21 |1[2]1[225({171|[ 20 |[1]12|1]| 76]09| 8|2]|2[2]2]|1{0
508BRA 3191 3] 94 | 18[28|1]1]2]323|220| 13 |1]1]1]6,7]0,8] 9|2[2[1[3[1]|O
653BRA 3201 3| 44| 5 |[16]1[1]1[403[365 5 |[1]1]1]6,0]08] 7|1]2[1]1]1]O0
515BRA 3211 3| 57 | 9 [17[1]12]1]229]|185] 44 |1]|2]|1]| 7,7 |1,2]10]1|[3[2[1[1]|O
1024BRA 322 3| 62 |12|30]|1[{2]1[267| 99 [ 43 |1]12]|1]6,5]09]10]2]|2[1]2]1{0
VYS2005n0.4 323|19] 41| 9 [16(2]3]1] 98| 0 | 98 |1]2]1]6,8]09]10[1[2[1[1|0|O
VYS2005n0.8 32419 50 | 8 [14|1[{2]1[ 97| O [ 97 |1]3|1]81]0,7] 8|1]1[3]2]1]O0
VYS2005n0.10 |325| 9] 42 | 7 [11[2]2]1]102] 96| 6 |1]2]|1]79]09] 9[1[3|3|[2[1]|O0
VYS2005n0.6 326(9| 52 | 8 [15]2|[3|1| 66| O [ 66 |1]|3|2]| 70|11 7|1]1[3]3]1]|0
VYS2005n0.20 |327]9] 45| 8 [14(1]3]3| 46| 32| 14 |2|3|1]| 78|10 8[1[1|[3|[2][0fO0
VYS2005n0.30 [328|9] 51 | 8 [16[1]3]|1|175]|150| 25 |1]2]|1]|86 1,01 9[1[3|3[1[1]O
VYS2005n0.5 32919] 58 | 9 [23[1]1]1]310]293]| 17 |1]2]1]8,3]0,9|10[1|[3[2[1[1]|O0
VYS2005n0.13 [330|19] 38 | 5 [11[1]3]2]172|119] 13 |1]2]1]6,9]08] 8[2|1[2|3[0]1
1023BRA 331)1 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 33213| 60| 9 [15]2[1]2|442(398 9 [1]1]|1]64]08] 8|1]1[1]1]0{O0
651BRA 333| 3] 52 | 11[19(1]2]3]283|260| 10 |2]|2]|1]|7,1]09] 7|1[2]|2[2]|0|O0
512BRA 334 3| 46| 8 [ 15133131120 11 |1]12]|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]|O
493BRA 336 3| 91 |17[29]1[2]3|256| 50 [ 64 |1]12]|2]| 84 ]1,0/10]2]|3[1]2]1{0
641BRA 337| 3] 48 | 14[20(2]3]2]134] O |134]1]2]2]10,0]{1,2]14[1[1[3[3[1]|O0
642BRA 3383100 11[33]2[{2]3[199| O [199[|1]|1|1] 94 |1,1]12]1]3[2]1]1{|O0
514BRA 3391 3] 45| 7 [19(1]2]1]211|181| 14 |1]2]1] 82 |1,1]13|2|3[2[1[1]|O
517BRA 340 3| 59 |10 18]2[2]2|137| 67 [ 36 |[1]|12|2]| 70 |1,1|11]1]2[2]1]1]|O0
504BRA 3411 3] 54 | 5 [20|1]3]3]133|120| 13 |2|3]|2]| 7,2]0,8]10[1[1[2[3|0|O0
502BRA 3421 3| 20 | 6 [14]2[3]|1[107| 41 [ 66 |1]12]2] 86]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]09] 9| 2[2|[1[1[1]|O
499BRA 344 3| 66 |12|21]12[{3]|1[165| 40 [125]1]13|2| 85|1,1|15]1]|3[3]1]1|0
495BRA 34513 68 | 7 [16[2]3]3|307|190| 74 |1]2]|1]| 7,4 ]|1,0]10]1[1[2[3|[1]|O
501BRA 347131 39| 8 [11]12[{3]2 89| 39|50 (|1]3|3]71]09]8]|1]1[2]3]0{0
645BRA 348| 3] 34 | 8 [13[2]3]3] 99|53 | 22|1]2]1]56]0,7] 9|1[1[2[2]|0f0
643BRA 349131 32| 5| 7 |1[3]2[115[{ 85 [ 30 |1]|3|1] 75]09|10]1]|3[1]1]0{0
508BRA 3500 3] 71 | 15[21|1]1]1]299| 83| 42 |1]1]2]| 7,0]09|12[1|[3[1[1[1]|O
507BRA 351 3| 77 |12 29]1[2]1|224[ 145 32 |1]1|1] 68|10 9| 1]|3[1]1]1]O0
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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|1 3| 71| 8 [18[1]2]1]275|234| 10 |2|1]1]|78|11] 9|1[3[2[2]|0|O0
513BRA 353 3[102]10[19]1[3]3[456(263| 31 |1]1|1]70]09] 8|1]1[1]3]0{0
507BRA 3541 3] 81 |16[22(1]12]3|378]| 45| 29 |1]1]1]6,3]06] 8| 1[2[1[2][0fO0
BRA 355(9[109]16[32]2[2]1|484(185| 7 |2]1]12]|66]09|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]|O0
515BRA 357 3[102]16]20]|1[2]3|546| 12 [ 16 [1]1]1[84[09]|11]1]3|1[1]0]1
515BRA 3581 3| 71 |10[20({1]2]2]431]|258]| 34 |1]|1]2]|76]09| 7|2|3[1[1|[0|O
658BRA 3593 72 |10 21]1[1]3[498[477| 19 [1]12]|1]50]06|6]|2]|2[2]2]0{0
BRA 360)9] 60 | 11[16[{1]1]1]285]|258] 5 |1]|1]1]5,1]05]4|1[1[2[1[1]|O
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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:
vl - 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) - El
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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1l 1] 2 |1)1| 67 |13]17]2|1|46|1]34]|1|3|2|92]11]2]|2|3[3]|1]14]2]2]|3]19,0] 57 |10]| 1
1] 1 | 3 |1f1] 75]116]20f2|2]|59]|2|42]1]|3]2]81]11]2]|2|3]3]0]16|3|2|3]21,3] 63 [14]|1
1l 2 111111 35|8]12|13|2|43|2]39]|1|2|2|85]|12]1]|2|3|[2]|1]22|3]|2]|3]12,7] 33 |11|1
1] 3 | 1 |1f11 33| 7]10f2|2|38]|2|22|1]|2]1]71]|10]3|3|1|3]|1]21|2|2|3]77] 20]06]1
1l 7 12 |1)1] 42 |13] 8 |1|1|42|1]28]|1|2|1|82]11]2]|2|3[3]|1]25]|2]|2]2]22,0] 500,71
1] 8 | 1 |1f1] 51 |14)11|2|2]|43]|2|3,4]12]|2]|1]78]|09]1]2|3]1]0]16|3|2|2]283] 73 |11]|1
1l 8 | 2 |1f2| 67 |17]19|1|2]|3,3]2|3,011]|2]1]85]|13]2]|2|3]1]0]27|3|2]|3]26,0] 83|09 1
1l 9 | 2 |1f1] 55|12]18|3|2|41]2|35|1|3|2]74]|11]3]|2|1|3]|0]16|3|2|2]243] 57 |15]|1
11 11 ) 1 |1f1| 57 |14]16|2|3]|52]|3|43|1]|2|1]79]|10]2]1|3|1]1]21|3|3|3]223] 50 |13]|1
11 11 ) 2 j1f1] 41| 9 |12|2|1|42]|2|32|1|2]|1]76]|11]2]|2|3|1]1]22|3|2|3]16,7] 3,7 |06] 1
1l 11 ) 3 |1f1|] 40| 7 |10|3|2]|3,3|2|23|1|3|1]77]|11]2]|1|3|1]|0]26]|2|2]|3]18,0] 3,7 |06] 1
11 11 ) 4 |1f2| 51 |12)17|2|2]|52]|2|49|1|2|2]71|11]1]1|1|3]|1]13]|2|2|3]173] 33|09 1
11 12 2 |1|3| 41 |15]15|2|3]49]|3|42|1]|2]|1]63|12]2]|1|3|2]|1]18]|2|2|2]13,7] 23 |03]| 1
11 13| 1 |1{2| 48 |12]12|2|1|4,2|1|36|1|2]|2]75]|11]2]|1|3|2]1]23]|2|2|2]16,0] 23 |05]| 1
1| 14 )11.)1f2|] 61 |12)17|{1|21|3,0]1|23|1]|2|1]78]|11]2]|1|3|2]|1]15|2|3]|3]223] 57 |13]|1
11 14 2 |1f2| 52 | 13|11 1|1|50]1|32|1|2|1]77|11]2]|2|3|2]|1]12|2|2|2]183] 57 |[14]1
1l 17 )1 1.)1f11 921 9]13|2|1|28]|2|20|2|3|1]77]09]2]|2|3]1]0]|23|2|2|2]223] 50 |11]|2
1121 ) 1 j1f11 25|16 7|3|2|37]2|25|1|2|1]73|11]2]|2|1|1]|1]11|2|2]|2]16,7] 6,0 03] 1
11 22 1 |1f1|1 31| 7|12|3|2]29]|2|26|1]|2]|1]61]|10]1]1|3|2]|1]18]|2|2|2]143] 43|04 1
11 23 1 |1f3] 40 |12]14|1|1|3,4|2|25|1|2|1]72]|12]2]|2|3|1]|1]16]|3|2|2]22,7] 7,0 [10] 1
11 23 31|11 28| 7| 7|2]|3]|36]|3|34|1]|2]1]68]|11]2]|2|3]1]1]20|2|3]|2]16,0] 6,008 1
11 24 1 |1f{1] 46 |14]15(2|1|25]|1[22]2]|3]1]89]12]3]|2|1]1]0]25|3|2|2]240] 6,0 12]1
11 24| 3 |1|1| 44 |10|13|2|2|46]2|39|1|3|1]76]|11]3]|2|1]1]0]15|2|3|2]16,0] 47 |11]| 1
11 26 2 |1f1] 30 |11]10f3|1|3,2|1|27|2|2]|2]75]|12]2]|1|1|2]|0]26]|2|2|2]12,0] 3,3 |0,7]| 1
11 27 2 |1f1] 41 |111)13|3|3|4,3|3|38|1]|2]|2]73]|11]2]|2|3|2]1]15|3|2|2]21,7] 6,0 08| 1
11 29| 3 |1|4| 58 |17]18|1|1|46]1|38|2]|2]|2]86]12]2]|2|3|3]|1]27|3|2|2]370]110[13]| 1
11 31 ) 2 |1f2| 62 |12]13|1]2]|59]2|39]1]2]2]80]10]1]1|3]2]1]24|3|3|2]43,0113,7|13]| 1
11 31 |131j1f{2| 64 |16]20(1|1]48]1[33|1]|2]2]86|11]2]|2|3]2]1]23|3|3|3/280] 87 |[13]|1
11 35] 1 |1f1] 32| 9]10f3|1|52|1|3,711]|2]|2]78|11]1]|1|3|2]|1]15|2|2|2]157] 6,0 |10] 1
11 35 3 |1f1] 51 |16]18|3|1|54]|1|41|1]|2]2]82]|13]1]2|3|3]1]22|3|3|2]26,7] 90 [12]1
11 36| 2 |1f1] 49 |13]16|3|3]|6,3|3|50|1]|2]1]85|13]2]|2|1|1]|1]27|3|2]2]310] 63 |12]|1
11 37 ] 1 |1f1] 28 712121272221 |2|1|75]|10]2|2|1]1]|1|23|2]|3]|2]77]|23]|08]|1
11 37| 2 |1f1] 23 9(2|2]46]2|36|1]|2|1]78|11]2]|2|3|1]1]29|2|2|2]10,0] 3,7 |00] 1
11 41 ) 2 |1f1] 52 |12])12|2|2]49]|2|42|1|2|1]76|11]2]|2|1|1]|1]21|2|2|2]23,7] 6,0 |12] 2
1l 44 1 |1f11 27| 8| 7|2|3]46]|3|36|1]|2|1]70]|10]2]|2|3|1|1]9]|2|2|1]183] 57 |03]|1
1144 2 |1f1| 37 |10] 8 |2|1|51]1|29|1]|2]1]80]12]2]|2|3]1]1]20|2|2|3]10,0] 3,3 |05]| 1
1l 4413 1J1f3| 38 |11)12|2|1|3,7]1|31|1|3|1]71]|13]2]|2|1|1]|1]19|3|2|2]17,7] 53 |11]|1
1 45] 21|14/ 24| 8] 8|3|3|3,7({3]|28|1|2|2|88|11]2]|2|1f2]|1]18]|2]|2]|2]13,3] 40 |06]| 1
1146 1 |1f{4| 21| 7| 7|1]3]39]|3|23|1]|2|1]74]10]2]1|1]2]0]13]|2|3|2]13,7] 53041
1 46| 2 |1|2| 52 |14]|14]|2|2|50(2]|41]1|3|1|87|11]2|1|3[1]|1]21|3|2]|3|157] 50 |11|1
11 46| 3 |1|1| 46 |12]14|2|2|36]2|26]1]|3]|1]86]10]2]|2|3|2]1]25|3|2|3]16,0] 47 |11]|1
1 46| 4 |1|12| 55 |13]12)1|1|35f(1]|26]|1|2|1|83|10]1|2|3[1]|1]18]|2]|3]|2|233] 57 |11|1
11 46 |5111|1| 47 |14]16|2|2]|45]2|28|1|3]|1]89|11]2]|1|1|1]|1]24]|2|2]|3]20,0] 6,0 12]1
1 47| 2 |1|1| 44 |13]15|3|2|45(2|36]|1|1|1|85|11]2|1|3[2]|1]10]2|2]3]10,3] 23 |11| 1
11 48] 1 |1f3| 52 |18|16|1|2|48]|2|40|1]|2]1]84|11]1]1|3|1]|1]25|3|2|2]16,7] 50 |11]|1
1| 48 |211|1)1| 56 [10]15)2|1|3,3|1]|25|1|2|1|78|11]1|1|3[1]|1]23]|3|2]|3|28,0] 6,7 07| 1
11 48 3 |1f1] 60 |15]16|2|2|46]2|3,2]11|3]|2]92|11]2]|2|3|2]|1]26|3|3|3]17,7] 57 |11]|1
1 49| 3 |1|1| 61 |14]19|2|1|4,7{2]33]|1|2|2|10,3]1,1|3|2|3|2]|1]22]2]2]|3|150] 2,7 16| 1
11 54| 1 |1|1| 87 |14|22|3|2|41]|2|31|2|2]|1]73]|09]1]|2|1|1]|1]18]|2|2]|2]26,0] 6,7 |09] 1
1/ 55| 2 |1|1] 41| 9]14]|3|2|40(2]|31]1|2|1|84|11]2]|2|3[2]|0]12]2]|3]|2]260] 53 |11| 1
11 56| 1 |1f1| 57 |12]16|3|1|3,7|1|22|2|3]|2]|6,7]09]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]|26]|2|3|1|76]|11]2]|2|3[1]|0]|]16]|2]|2]|3|29,7] 7,7 08| 1
11 64 3 1|2 39 |10|11|1|2]49]|2|42]2]|3]1]81]08]2]|2|3]1]0]15|3|2|2]253] 93 |12]|1
1/ 65] 11|11 38| 7]10|3|2|29(2]23|1|3|2|75]|10]2]|2|3[1]|1]14]|2]|2]|2|21,7] 53 |11| 1
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1652|1131 26|9]8]1|2|37|2]32]1|2|1|85]12]1]|1|3[1]0]14]2]|3]|2]11,0] 30 |11|1
11 66 2 |1f1] 39 |11]13|2|1]49]|2|28|1]|2]2]89]|10]2]|1|3|2]|1]17|2|3|2]13,7] 33 |12]|1
1/ 69] 2 |1|1] 61 |16]17)2|1|35(1]23]|2|3|1|80]12]2]|2|1[2]|0]15]|3]|2]|2|28,7] 7,7 |12]| 1
11 71 1 |1|3| 44 |18]16|2|1|36]2|25]11]3]2]89]11]3]|1|3|3]1]18|3|2|2]32,0]103|13]|1
1l 71 )21)1)2| 83 |18]15]2|1|51|2]35]1|3|2|89]10]2]|2|1[{3]1]20|3]2]|3|39,7]11,3|14]| 1
11 71|13 1.|1|1] 46 |14]15[2|1|39]|2|24]11]3]1]85]10]2]|2|3]2]0]12|3|3|2]380]11,7[19] 1
11101) 2 |1|3| 44 |14|14|1|2|35]|2|22|1|2|1]|8,7|11]2]|2|1|2]|1]26]|2|2|2]16,7] 53 |10]| 1
11103 1 |1f{1| 37| 9 |11|2|2|3,1]12[29]1]|2]1]96]1,1]2]|1|3]1]0]|28|3|2|2]283] 6,7 |12]1
11117] 1 |1|1| 44 |10]12|2|2]|3,4]2|23|1|3|1]87|11]2]|2|1|1]|1]24]|2|2]|2]38,0]10,3|12]| 1
11115 2 |1f1] 72 12022 2|1|39]|1|25|1|3]1]83|11]2]|2|3]2]1]31|3[2|2]333] 83 |16]|1
11103 2 |1f1| 28| 7| 8 |3]2]3,0]2|19|1]2]2]90]|10]2]1|3|3]|1]28]|2|3|2]26,0] 6,7 |11]1
11 83| 3 |1f3| 31 |12]13|2|2|38]|2|24]1]|3]2]83]|10]2]2|3]2]0]19|3[2]2]29,7]100(0,7] 1
11 83 |21.|1|3| 41 |15]|16|1|2|4,7]2|3,1]12]|3]|1]82]09]2]|2|3|3]|0]|24|3|2|2]25,7] 87 |08] 2
11 81| 3 |1f1] 82 |13]15(2|2|54]|2|27|1]|2]1]75]|10]2]|2|3|1|1]17|2|2|2]10,3] 3,7 |0,7]| 1
1181 1 |1f1| 43| 8|12|3|1|32]1|29|1]|2]1]81]|10]2]|2|3|1|1]21|3|2|3]10,7] 33 |12]|1
1l 72 1 |1{2| 41 |14]11|2|2]|50]3|3,2]11]|3]1]91]11]2]2|3]1]0]20|3|2|3]18,0] 40 [13]|1
11 60| 3 |1|4| 33 |10]|16f3|1|36]|1|27]1]2]1]56]09]2]|1|3|1]|0]|17|2|2|2]22,7] 53 |04] 1
11 60 |2 1J1f1] 59 |13]|23|3|2|48]|2|3,4|1]|2]|1]77]10]1]1|3]1]0]16|3|2|3]22,7] 63 [19]1
11 60| 1 |1f1|1 31| 7]10f(3|2|28]2|19|1]|2|1]76]|09]1]|1|3|1]1]18|3|2|2]223] 43 |07]|1
1158 8|12 29| 9| 7|1|1]41]1|26]1]|3]1]80]10]2]|2|3|1]1]27|3|3|2]153] 53 |0,7]1
11 56| 2 |1f1] 63 |12]16|2|1|3,3|1|22|2]|2]|2]80]11]2]|2|3]3]0]19|3|2|2]23,0] 43081
11541 3 |1f1131]|19]8|2|3]31]3[25]1]|2]1]65]10]3]|2|1|1]|0]17|2|2]2]193] 3,7 |09] 1
11 19] 2 |1f1| 64 |12]11|3|3|35|3|21|1|3|1]77|11]1]|1|3|1|1]16|3|2|2]87] 23|10]|1
1/101) 2 |1f2| 68 |18]14|2|1|3,0]12[22]1]2]2]89]10]2]|1|3|2]1]22|3|3|3]240] 7,7 |14]1
1/101] 1 |1f2| 62 |16]14|1|2]|28]|2|20|1]|2]2]81|10]1]1|3|2]|1]29|2|2]|2]323] 6,7 [09]1
11 99| 3 |1f1] 65]15]20(2|2|3,3]2[29|1]|3]1]93|11]2]|2|3|2]|1]27|3|2]|3]26,0] 6,0 1,7]1
11103] 2 |1f2| 53 |16]15|2|2]|3,4|3|24]|1]|2]2]90]|10]1]1|3|2]|1)37|3|2|2]17,7] 40 |12]| 1
11103 1 |1f{1] 69 |14]12|2|1|23]|1|16]12|3]1]99]13]2]1|3]1]0]|35|2|2|3]26,7] 53 |17]|1
11102 3 |1f1| 72 | 14|17 2|1]29]|2|19|1]|2]|1]96|11]2]|2|3|2]|1]|34|2|2|3]173] 30 |17]|1
11101) 3 |1f2| 59 |18|17|2|1|3,2]1[19|1]|2]2]92]12]2]|2|3|3]1]35|3|3|2]223] 43[10]1
11117 2 |1f1] 58 | 14|11 1|1|29]|1|25|1]|2]|1]85|13]2]|1|3|1]|1]24]|2|2|3]19,7] 47 |17]|1
11 43 11|11 39 |10]j16(3|2|3,7]12|28|1]|2]|1]84|11]2]|1|3|2]|1]14|2|3|3|17,7] 47 |17]1
11 31 ) 3 |1f2| 55 |15]|13|2|2|51]2|28]|1]|3]2]91]10]2]|2|3|2]1]15|3|3|2]270] 83 |10]|1
11 32| 3 |1f1] 43 |11)12|3|2|33]|2|23|1|3|1]76]|11]3]|2|1|3]|1]11|2|(2|3]16,0] 3,3 |05]| 1
11 36| 3 |1f1| 41 |13]12|2|3]43]|3|25|1]|2]2]91]|15]2]|2|3]3]|0]19|2|2|2]173] 50 |11]|1
11 54| 1 |1f1] 46 |10]|13|2|2|36]|2|23|1|2|1]78|11]3]|2|1|1]1]15|2|2|3]19,0] 40 |11]|1
11 66 1 |1f1| 64 |14]15(3|1|28]1|22]1]3]2]91]11]2]|2|3]3]0]16|3|3|3]23,0] 50 |15]|1
1 72| 1 |1|2|101|21]|22|2|2|55|2|41|2|2|1|77|11]1]|1|3|2]|1]16]3|2]2|30,0] 70 |15| 1
11119] 2 |1f1| 48 |11]16|3|2]|4,2|2|3,0]11]|2]|2]|81|12]2]|2|3|2]|1]15|2|2|3]|16,7] 3,7 |11]| 2
1{122] 2 |1|1| 54 |16]19|3|2|29|2]|22|1|2|1|76|13]1|1|3[1]|0]|14]|2]|2]|2|34,7] 87 |13| 1
11129] 3 |1f1] 56 |13]18|2|3|4,1]13|29|1]|3|1]88]12]1]2|3]1]0]|18]|2|2]|3]223] 43 |15]|1
1f 17| 11|11 33| 9]|11|2|2|24|2]|22|1|2|1|72]09]2]|2|3[1]|1]8]2|3]|3|11,3] 3,0|08]| 1
11 46| 4 |1f1| 56 |17]|16|2|1]29]|1|23|1|2|1]71]|10]1]1|2|1]1]19|2|2|3]16,7] 43 |11]| 1
1{132] 2 |1|1| 45|10]12]2|3|3,8(3|2,7]1|3|1|89]12]2]|2|3[1]|]0]16]|3]|3]|3|20,3] 53 ]|08]| 1
11158] 3 |1|2| 85 |22]|18|2|1|35]|2|27|1]|2]1]83|13]1]|2|3|1]1]15|3|3|2]183] 7,7 |16]|1
1l 7 | 1|1)1| 49 |12]15|3|2|3,4(2]|24]|1|2|1|76]09]2]|2|3[1]|1]9]|2]2]|3|16,0] 3,7 12| 1
11 31) 1 |1f3| 37 |13|11|1|3|46]3|33|1]|2]2]80]11]2]1|3|3]|0]8]|3|3|2]10,3] 40]0,7]1
1{122] 3 |1|2| 55 |14]11|1|2|39|2]|23|2|1|1|61|11]1|1|3f1]|1]11|2]|2]|2]14,0] 53 |12]| 1
11136] 1 |1f2| 40 |13]10|1|1|26]|2|22|1]|2|1]72]|10]2]|1|1|4]1]11|3|3]|2]26,0] 6,7 |14]1
1{132] 1 |1|2| 64 [17]19]|1|2|28|2]|2,7|1|3|1|76|11]2]|2|1f{1]|0]8]|3|3]|2|22,7] 57 |16|1
11131) 2 |1f1| 51 |14)17|3|2|39]|2|27]1]|3]|2]|88|11]2]|1|1|2]1]10|3|2]|2]243] 6,014]|1
1{112] 1 |1)1| 63 |18]23|2|1|3,2(1]|25|1|2|2|91]|14]2]|1|3[2]|1]13]|3|3]|2|24,0] 73 |15| 1
11 81| 2 |1f1| 67 |13]|24|3|2]|46]|2|26]|1]|3]|1]84]12]2]|2|3]1]0]14|3|3|3]283] 57 |15]|1
1| 48| 3 |1|2| 47 |15]15]|2|2|25(2]19|1|3|1|94|11]2]|2|1[{1]|0]10|3]|3]|2|38,0]10,0|10]| 1
11 17 2 |1|1| 48 |14]15[2|2]4,0]2|23|1]|2]|1]88]10]2]|2|3|1]1]12|3|3|3|330] 7,7 12]|1
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1 21] 3 |1|1] 46 |11]15|3|1|3,0(1]19|1|3|1|75]11]2]|2|3[1]1]10]|2]|3]|2]12,3] 2,7 |0,8]| 2
11 29| 1 |1f{1] 40 |10]14|2|2]25]2|19|2]|2]2]90]11]3]|2|1|3]1]12|3|2]2]36,3]10,3|12] 1
1l 27 2 |1|12| 47| 8|11|2|2]|24|2]|26]|2]|2|1(10,3]1,1]13]|2|3[1]0]13]|3]|3]|3]|32,7] 70 |12]| 1
1132 1 |1f11 311 9]9|2|2]22]2]|20]1]|2]1]78]|11]2]|2|3|1]|0]7]|2|3]|3]24,7] 63 [04]|1
1{112) 4 |1)1| 71 |11]17|3|2|4,4(2]3,2|1|3|2|83]12]3]|1|3[3]0]19]|3]|3]2]20,0] 50 |12]|1
1181 1 |1f{1] 79 |14]20|3|1]4,2]2|25]1]|3]1]89]11]2]|2|3]1]0]22|3[2]2]283] 6,0[14]1
11 64| 2 |1|2| 44| 9 |11|1|2|24]|1|14]1]|2]1]63]|10]2]|2|3]1]0]9]|2[2|3]18,0] 50 05| 1
11123 2 |1f1] 62 |15]18|3|1|4,1]1|24]1]|2]1]80|11]2]|2|3]1]1]13|3|3|3]280] 73 [13]|1
1|1 48 3 |1|3| 57 |22|26|1|2|35]|2|25|1]3]1]10,3]1,1]3]|2|1|2]|1]14|3|3]|3]32,7]/10,3|16]| 1
11 20| 3 |1f1] 52 |10|17|2|1|3,0]12|22]1]|2]1]69]11]2]|2|3]1]0]22|3|3|2]17,3] 40[09] 1
11 17 3 |1f2| 56 |11]|16|1|2]|53]|2|26|1|2|1]78]|11]2]|2|3]2]1]20|3|3]|3]220] 63 |12]|1
11136 3 |1f1] 55 |13]15(2|2]|4,4]12[22]1]|2]1]91]11]2]1|3]3]0]13|3|3|3|31,3] 70(12]|1
11134 3 |1|3| 47 |17]|21|2|3]|4,4|3|2,7]11]|3]|2]83|11]2]|2|3|]2]1]17|3|3|3]21,3] 43 |11]|1
11135] 1 |1{2| 44 |13]14|1|2]|41]|2|28]|1]|3]|2]85]|12]2]|2|3]2]|0]14]|2|2|3]157] 40 |11]|1
11130 2 |1f1] 62 |20]|21|2|2]|51]|2|3,2]1]|2]1]90|11]1]|2|3|1|1]21|2|3|3]143] 47 |15]|1
11120 1 |1f1| 26 | 3 |10|2|2|1,7|2|11|1]|2]|1]6,7]12]2]|2|3]2]0]19|3|3|3]17,3] 50041
11 65] 1 |1f11 35| 9 |11|2|2|29]|2|23|1]|2]|1]74]|10]2]|2|3]1]0]19|2|2]|3]12,0] 3,7 |0,7] 1
11 14 1 |1{2| 43 |11j11|1|2|3,7|2|18|1|2|1]77]|12]2]|1|3|1]0]22|2|3|3]12,7] 3,3 |0,7]| 1
11 49 2 |1f1| 74 |15]19|3|1|26]1|19|2|3]|2]|86|12]2]|2|3|2]|1]17|3|2]|3]253] 47 |13]|1
11160 1 |1f2| 81 |21)17|1|2|39]|2|29|1|2]|1]74]|10]1]|2|3|1|1]11|3|3|2]17,0] 57 |10] 2
11 78 | 3 |1f1| 48 |11]|16|3|2|3,7]12|29|1]|2]|1]80|11]1]|2|3]1]1]13|3|3|2]19,7] 47 |06] 1
11128 1 |1f{1|107|18]18|3|1|3,3]1|20|1|3]1]70]10]2]|2|3]1]0]12|3|2|3]18,7] 47 [13]|1
11 43 3 |1f1| 56 |16]16|3|2|3,3|2|21|1|3|2]79]|11]2]|2|3|2]|1]26|3|2|3]253] 47 [10]|1
1125 2 |1f{11 33| 8 |12f(2|1]29]1|19|1]|2]1]88|11]2]|1|3|1]0]22|2|3|3]13,7] 3,3[10] 1
11 83| 1 |1f3| 26 |11]|10|2|2|38]|2|24|1]|2|1]77]10]2]|1|3|2]|0]17|2|2]|3]13,0] 43|09 1
11139 2 |1|3| 46 |16]15(1|1|4,1]2|26|1]|2]1]80]10]2]|2|3|1]1]19]|2|2|3]220] 7,7 |14]1
11158] 2 |1f1| 35 |10)j11|2|1|1,7|2|14|1]|2]1]79]|11]2]|1|3|1]|0]14|2|2]|3]123] 30 |12]|1
1l 3 | 2 |1f1]1 38| 8|13|2|2]|33]|2|24|2|2]|2]73|11]2]|2|2|1]1]11|3|2|3]21,7] 50 |11]1
1l 3 | 4|1f1] 26| 6 ]10|3|2|2,7]2|20|2]|2]|2]71]09]2]|2|3]1]1]15|3|2|1]150] 33 |11]|1
1l 3 | 31|11 37| 8]11|3|2|3,0]2|22|1]|2]|3]71]|10]2]|2|2|2|1]11]|2|2|3]11,3] 3,0[12]1
1] 6 | 1 |1f2| 541112 2|3]39]|3|30]12]|3]|2]69]|10]2]2|2[1]1]9]|3[2|3]333]90[10]1
1l 7141|2126 7|6 |1|3]41]|3|34|1]|2]2]67]08]1]|2|2|2]1]9]|2|3|1]10,7] 3,0 [10] 1
11 10| 3 |1f1] 35 |12]11|2|2]|4,3|2|26|1]|2]|2]|86|11]2]|1|3]1]1]10|2|3]|1]250] 6,0 12]1
1112 1 |1f{2| 691624 1|1|35]|1|23|2]|2]2]68]11]2]1|3]1]0]9]2[2|3]30,3] 97 [14]1
11 12 ) 3 |11 35| 8 |10|3|3|4,1|3|23|1]|2]|2]68]|10]1]1|2[1]0]17|3|3|1]16,0] 3,3 |12]|1
11 15 3 |1{11 34|19 9|3|2]|3,7|2|26|1|2|2]72]|11]2]|1|3|2]1]12|2|3|3]10,0] 3,0 13| 1
11 18| 3 |1f2| 65|18] 9|2|1|3,2]1|23|1]|2]|2]72]|10]2]|1|3]1]0]21|2|3]|3]253] 8,0 |13]|1
1191|1121 22 7| 7]12|3|37|3]|21]1|2|2|70]|10]1|1|2f1|0]|16]|2|3|3| 77| 1,7 08| 1
11 20| 1 |1f2| 44 | 13|17 1|3]|3,2|3|20|1]|2|3]79]|12]1]|1|2|2]1]15|2|3|1]20,0] 53 |12]|1
1 20| 2 |1|2| 51 |12]12]1|2|3,6(3]|24]|2|3|2|84|11]3|2|3[1]1]15|3|3|1|18,0] 4,7 |16| 1
11 22| 3 |11 30| 8 |10f2|2]28]2|20|1]|2]|3]62]|10]2]1|2|2]1]14|3|3|3]223] 63 |11]|2
1 23] 2 |1|3] 54|20]13]1|2|3,0{3]|24]1|3|3|79]|10]2|1|2f{1]|1]17|3]|2]|3|16,3] 50 |14]| 1
1124 2 |1f21 25| 8| 7|1]3]40]3[29|1]|2]2]88]|13]2]|1|2[1]1]13|3|3|3/20,3] 6,3 |12]|1
1/ 28] 11|21 35|11]11)1|3|3,8(3]23|1|2|3|85]|12|3|1|3[2|1]17]2]|2]|3|10,7] 3,3 10| 1
11 28 31|21 371 9]10f1|1|39]1|28]1]2]|3]86]09]1]|1|2|3]|1]23|2|2|3]21,7] 50 |14]|1
1 33| 3 |1|2| 41 |14]|15]|2|1|3,7(2]|22|2|2|3|88|13|3|1|3[2]|1]29|3|2|1|31,3] 70 |12]| 1
1l 6 | 3 |1f3| 31 |10] 7 |2]2]|33]|2|21|1]|3]|2]91]|14]2]|1|2[2]0]23|3|3|3]|31,7] 8,7 |13]|1
1{178] 2 |1|2| 54 |16]12]1|1|35(1]29]|1|2|3|86|12]2|1|3[3]|1]17|3|2]1|353] 93 |12|1
11 34| 3 |1|2| 43 |10J10f1|2]4,0]2|26|1]|2]|3]|82|14]1]|1|2|2]|1]18]|2|2|3]21,3] 63 |14]|1
1{113] 4 |1|3| 32 |12]11|1|2|4,2{2]|39]|1|2|3|85|11]2]|1|2[{2]|0]|13]|3|3|3|13,0] 47 |11| 1
21 38 312|259 |14]13|2|1|31]2|22]2]|3]|2]94]09]2]|2|3|3]1]11|3|3|3]27,7] 6,0[12]1
2 38)411|2|1| 58 [18]18]|2|2|52|2]|42]|2|3|2|94|11]12]|2|3[3]|1]25]|3|3|2|24,7] 73 |12]| 1
21 39] 1|2f1] 84 |18]|21|2]|2]|55]|2|50]12]|3]|3]95]|11]2]1|3|3]|1]22|2|2]|3]21,7] 6,0 |15]|1
2 42]1 112|131 39(13]14]12|2|50(2]33]1|3|1|94]10]3|2|3[1]|1]24]|2]|2]|2|143] 4,7 |11| 1
21 42 2 |2|3| 40 |15]14|1|2|57]|2|3,1|1]|3]|2]94]|12]2]|2|3|1]1]28]2|3|2]13,0] 43 |0,7]|1
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2 53] 3]|2|1] 52|16]17|3|1|4,0(2]29]1|3|2|94]09]3]|2|3[3]|0]24]|3]2]|3|31,0] 83 |14]|1
2| 61 2 |2|1] 48 |11]13|2|2]|4,7]2|41]1]|3]2]66]10]1]2|3|2]1]17|3|3|2]143] 43 [05]|1
21 73] 112|1] 72 |13]20|3|2]|50(2]43]2|2|3[99]10]2]|1|1[{2]0]10]2]|2]|3]|383] 57 |12]| 2
2 76| 2 |2|1] 37 |11]14|2|2]43]|2|25]1]|3]2]11,0[/1,2]3]|2|3|3]|0]|34|2|2|2]20,3] 53 [14]|1
2091]1]2|1] 53|13]15]|3|2|35(2]32]|1|3|2|83]11]2]|2|3[2]|1]24]|3]|2]|2|33,0] 87 ]04]|1
21 92] 2211 65]|11]18|3|1|56]1|52]2]|3]1]89]09]1]2|3|3[1]13|3|3|2]17,7] 3,0[13]|1
2 96 |11.|2f1] 91 |18|33|2|1|57]|1|48]2]|3]2]89]|11]3]|2|3]3]0]13|3|2|3]41,7] 70|14]|1
2|111) 3 |2f1] 36 |11]11|3|2|43]|2|35|1]|3]|2]88|11]2]|2|1|2]|1]23|3|3|1]47,7]11,3|/05]| 1
2|108]| 2 |2f1| 70 |12]|24|3|1|36]1|26|1]|3]|2]10,8]1,2]3|2|1|2]|1]22|3|2|2]46,7] 8,7 |1,7] 2
2|1109] 2 |2|2] 61 |12]16[2|1]29]2[23|1]|3]2]93]|13]3]|2|1]2]0]28|3[2]1]343] 63 [22]1
2|110] 2 |2f1] 55 |11]18|3|1|26]1|19|1]|3]|2]93|12]2]|1|3|2]|1]26]|2|3]|3]253] 33 |15]| 2
2|110] 4 |2|1] 81 |20|25|2|2]|3,2]2|24]2]|3]|2]10,1|11,3]2]|2|3|2]|0]25|3|2|2]430] 7,7 |11]1
2|111) 2 |2f1| 51 |16]21|3|2]|3,8]2|29|2]|3]|2]95]|11]2]|2|3]2]0]20|3|2|2]373] 93 |21]|1
2|1148] 3 |2|1] 85 |15]19|3|1|34]|1|27]12]|3]|3]110[1,1]3]|2|3|3]|1]24|3|2|2]520] 7,3 |17] 2
2192 3 |2|1| 42 |112)17|3|1]|3,4]2|28|1]|3]|2]96]|11]2]|2|3]2]0]|33|3[2|2]31,3] 57 |14]|1
21 96| 3 |2|1] 41 |12]10f{2|1]08]|1|1,712]|3]2]91]10]3]|2|1|3]|0]16]2|2|2]220] 43 |15]|1
21 91] 3 |2f1] 82 |18]|25(2|2]|3,2]2|32]1]|3]1]11,0[/15]2]|2|3]1]0]|34|3|3]|3|343] 6,7 18] 1
2196 2 |2f1] 56 |11]15(3|1|13|1|12]2|3]1]92]12]2]2|3]1]0]30|2(2|3]310] 7,0[09] 1
2|1107] 1 |2|2| 84 |21]|20|2|1|4,7]2|3,012]|3]|1]11,8]/15]3]|2|3|1]0]|29|3|2|3]|27,7] 6,7 |20] 2
2/108] 1 |2|3| 58 |12j11|1|1|20]1|26]1]|3]1]10,6/1,2]3]|2|3|1]1]35]|2|2|3]223] 43 |15]|1
2|1109] 1 |2|2|] 40 |11]10|3|2|25]2|20]1]3]2]93]|12]3]|2|1]2]0]|34|3|3|3/230] 53 |16]|1
21109 3 |2|2| 48 | 7 |11|2|2]|24]12|18]1|3]|1]97|13]3]|2|1]1]1]26]|3|3|3]21,0] 3,7 [22]1
2| 61] 3|21 61 |11)15(2|2|26]|2|18]2]|2]1]10,0{1,3]1]|1|1|1]|1])30|2|2|2]21,7] 47 |12] 2
21 76| 2 |2|1] 62 |16]|26|2|2]46]2]21]1]3]3]10,9[1,2]3]|2|3|2]1]39]|2|2]2]263] 6,0 11]1
2| 76| 3 |2|3| 551716 2|1]20])1|11|1]3]2]97]13]3]|2|3|3]|1]35|2|2|2]223] 6,0|16]|1
21 93| 3|21 65]15]18|2|2]|33]|2[25]12]|3]1]99]12]3]2|3]1]0]|35|2|2]|3]25,7] 57 [16]1
21 93] 4 |2f1] 58 |11]|14|2|1|36]|1|27]1]3]2]96]11]3]|2|3]2]0]32|3[2|3]21,7] 40 |12]|1
2|108| 3 |2|1| 48 |113]13|3|1|3,4]1(3,011]3]1]10,1|110]3|2|1|1]|1]24]|2|2]|3]18,7] 50 |1,4] 2
2|111) 1 |2|1| 57 |14|17|3|2]|51]|2|3,2]2]|3]|2]10,6/1,1]2]|2|3|2]0]25|2|2]|3]31,3] 90[|10] 1
2|1112) 2 |21 72 |17]20(3|1|3,5]1[29|2|3]1]89|11]2]|2|3]1]1]24|3[2|3]29,0] 6,7 |16]1
2|145] 3 |2f1| 51 |11)12|2|1|24]|1|24]1]|3]1]99]|14]3]|2|1|2]|0]23]|2|2]|3]23,7] 57 |18]|1
21107 3 |2|2| 71 |13|21|2|1]46]2|25]1]|3]1]10,8[1,2]3]|2|1|1]1]29|3|2|3]210] 57 |17]1
21 93] 1|2|3| 54 |15]16|2|1]29]|1|21|2]|3]|1]94]15]2]|2|3]2]0]29|3|2|3]270] 57 |22]1
2| 53| 2|21 38 |11]14|3|2]25]2|25|1]|3]|3]10,7]11,2]2]2|3|3]1]25|3|2|2]253] 57 [08]|1
2| 76| 1 |2|4] 71|120|30f2|1|36]|2|26|2]|3]|2]10,8[1,2]3]|2|3|2]|1]27|2|2]|3]223] 53 |15]|1
2| 76| 5|2|3| 42 |112]13|2|2]29]|2|24|1]|3]2]10,6/1,4]3]|2|3|2]|1]|35|2|2|3]173] 53 |15]|1
2|1107] 4 |2|1| 72 |16|27|2|2]4,8]|2|3,012]|3]1]98]11]3]|2|1|1]1]24|3|2]|3]250] 6,0 20]1
276 412|111 40| 8|11)2|1|31|1]|26]|1|2|1|78|12]2]|2|3|2|1|14|2]|2|1|27,7] 70 |0,7| 2
2| 73] 2 |2|1] 51 |10]12|3|2]|3,4]|2|27|2]|2]|3]92]12]2]|1|3|2]1]11|3|2]|3]28,7] 47 |0,7]1
2 53] 1]2|1] 33 |11]11]|3|2|3,2|(2]|22|1|2|2|94|11]2]|2|3[2]|0]19]|3|3|3|11,7] 3,7 08| 1
2|111) 4 |2f1] 31 |10] 9|3|2]43]|2|32|1]|2]|1]76]|09]2]|2|3|1]1]10|2|2|3]17,3] 47 |04] 1
2(155] 2 |2|1| 76 |20]24]| 2| 2|50 2|36 1|2|1|75]|10]2]|2|3|2|1]12|3|3|3|24,7] 73 |11| 1
2|1156] 3 |2|2| 58 |14]12|2|2]|3,0]12|22|1]|2]1]91]|12]2]|2|3|2]|1]17|3|3|3]16,7] 40 |12]|1
2(166] 1 |2|1| 93 |21]23|2|2|3,4|(2]|22|2|2|2|71]|10]1|1|2f{2|1]21]|3]|2]|3|19,7] 3,7 |12]| 1
2| 73] 3 |2|1] 61 |15]18|3|2|45]|2|27]11]|3]2]88|11]2]|1|3]3]1]13|3|3|3|310] 53 |12]|1
2/ 39] 412|260 |20]17]2|2|58|2]|35]|2|3|2(10,011,3]12]|2|3[2]|0]|17]|3]|2]|3|22,7] 70 |20]| 1
2|148] 2 |2|1] 60 |10]|17|3]|2|3,5]|2|26|1]|3]|1]80]12]2]|2|3]1]0]26]|2|2]|2]353] 7,0 |15]|1
21157 312|111 32| 9]9]3|2|52|2]|51]1|4|1|92]11]3|1|3[1]|0]13]|3|3|3|87] 30]|10|1
2| 85| 3 |2|1] 47 110]20|3|2]|33]|2|23|2|3|2]|86]12]2]|1|3/2]0]18|3|2|3]37,3]100|1,3]| 2
2/ 85] 1|2|1] 52 |11]19]|3|2|33|2]|27|2|3|2|86|14]2]|1|2[2]|1]28]|2]2]3|49,0]110,3|20]| 2
2| 76| 6 |2|1] 62 | 14|17 2|1]|3,4]2|25]|1]|4]|3]11,2]11,3]3|1|3|2]|0]21|2|2|1]220] 6,0 |1,7]1
2092 412|111 32|7]|8]312|33[2]25]1|3|2|94]11]13]|1|3[2]0]20|3]2]3]20,3] 53 |11|1
2| 76| 6 |2|1] 62 |14]|17|2|1]|3,4]2|25]|1]|4]|3]11,2]11,3]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]23]|2|3|2|86]12]2]|1|3[2]|0]18]|3|2]|3|37,3]10,0|13]| 2
21 85] 1 |2f1] 52 |11]19|3|2]|33]|2|27|2]|3|2]|86]|14]2]|1|2|2]1]28]|2|2]|3]49,0]10,3|20] 2
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2092] 412|111 32|7]8]312|33[2]25]1|3|294]11]3]|1|3[2]0]20]3]2]3]20,3] 53 |11|1
21 85] 3 |2f1] 24| 8]16(3|1]48]1[43]11]|3]1]83|13]2]|1|3|1]1]14]|2|3|3]16,0] 47 |14] 2
2[85] 12|11 86| 8]11|13|2|45(2]|34|1|3|1|73]|12]2]|1|2(2]|1]13]|2]|2]|3|173] 57 |12]|1
21 39] 2|2|2| 58 |13]14|2|1|50]2|36|1]|4]3]99]12]3]|1|3]3]1]18|3[2|3/44,01100(1,4] 1
2 5]1112|1]39|8]14|3|2|24|2]|21]|2|3|2|79]12]2]|2|2[2]|0]19]3]|2]|1]37,3] 63 |15]| 2
2184 1 |2f1| 38 |11]|11|3|2|41]2|3,4]1]|4]2]10,1|11,3]3]|1|3|3]0]20|3|2|1]243] 53 |15]|1
2|184] 3 |2|1| 65|18]|21|3|2|4,2|3|33|2]|4]|3]10,2|11,3]3]1|3|3]|0]|18|3|2|1]41,7]100|1,7]| 1
2|145] 1 |2|2| 96 |18]15[(2|1|3,3]1[3,012]|4]2]98]14]3]1|3]3]0]21|3|2|3]62,3]10,3|24]| 1
2|106] 3 |2|1| 49 |13]|19|2|3]|6,1|3|44]|1]|4]|1]10,2]11,3]2]|2|3|2]1]29]|2|3]|3|31,3] 70[|10]| 1
2|1156] 2 |2|1] 43| 8 |10|3|2|26]|2|22|1]|4]2]10,1|12]2]|2|3|2|1]11|3|2|1]20,0] 50 |14]|1
2|186| 2 |2f1| 50 |12]17|3|3|6,2|3|6,4|1]|4]1]93]|13]2]|1|3]1]0]16|3|3|3]183] 6,3 |15] 2
2148 1 |2|1| 76 | 6 |19|3|2|3,5|2|3,012|4]2]10,6/13]2]|2|3|2]|1]16|3|2|3]|77,7] 80 |17]|1
2|165| 2 |2f1] 26| 8| 8|3]2]4,0]3[39|1]3]1]69]|1,1]2]1|2[1]0]9]|1|1|3]110] 40|10] 1
2|1185| 2 |2|1] 43 |13]12|3|1|50]|2|42|1]|4]2]95|12]2]|2|3|2]|1]17|2|2|1]183] 57 |13]|1
2|185] 1 |2|1| 50 |18]19|3|2]|4,3|2|3,7|2|4]|2]|119|1,4]2]|2|3|3]|0]15|1|1|1]270] 6,3 |19]| 1
2192 1|21 46| 7]10f{3|1|3,2]1(32]2]|3]2]10,0[1,1]2]|2|3|2|1]15|1|1|1]270] 57 |[13]|1
21 93| 2 |2|1| 47 |12])11|3|2]|4,3]|2|39|1]|4]|2]87]|10]2]|2|2[2]0]15|1|2]|3]14,0] 3,0 10| 1
21171 1 |2|1] 60 |17]18|2|2]|43]|2|28|1]|4]2]94|11]3]|2|3|2|1]12|1|1|1]253] 7,0[20]1
21171) 32|11 37|19 7|3]|3]43]|3|3,7]11]|3|1]88|11]2]|2|2|1]1]11|1|1|3]133] 33 |12]|1
2|180| 2 |2f1] 69 |16]19|(3|1]43]1(39|1]|4]3]10,1|1,1]12]2|3|3]|0]14|1|1|3]|33,3] 57 [20] 2
2|180| 3 |2f1| 51 |14]12|3|1|3,4]1|3,1|1]|4]|2]|110[13]2]|2|2|3]|1]24|1|1|1]|357] 8,7 23] 1
2|180| 4 |2|1] 52 |10]J16|3|1|3,7|2|27]2|3]|2]10,7]11,3]2]|2|2|3|1]23|2|2|1]183] 47 |17]|1
2|180| 5 |2f2| 50 |13]11|3|2|3,2|2|24]2|3]|1]88]|13]3]|1|3]2]|0]24]|2|2]|3]20,0] 53 |16]|1
3] 53]|3|1] 48|10|18]|3]|1|(6,0]11]|54|1|2]1]83|10|1]|1]|1]2|1]26]|2]|3|3]13,7] 3,0[15]|2
41 40| 2 |4]1]121|31|32]|3]|2|45]12]24|3|3]3]198[1,1]2]2]|3]3|1|26|2]2|3]49,0/10,3|1,2| 1
41 40| 5 |4]1] 67 |16]19]3]|3(4,7]13]133|2|3]3]10,11,2|3]|2]|3]3[1]19]|3]2|2]257] 50 ([14]|1
41 52 |311)4]1]108|21|27]|3]|2|56]2]43|1|2]2]95|1,1|1]|1]|3]3|1]22|3]2|2|51,0] 90 |16]| 2
3] 70| 1]3]1] 34 |13]15]|3]|3|6,6]13]|65|1|2]2]82[1,1]1]1]|3]3[1]20|3]3|2]153] 3,7 [1,2]| 2
3] 70| 2 13]1]102|16|23]|3|3|6,4]3]|54|1|3]3]98|1,1]1|1]1]3|1]19]|3]3|3|27,3] 43 |15]| 2
3] 75| 3|3]1] 70 |17]20]3|3(8,4|3]|70[1|3]3]95[1,1]1]|1]|3]3[1|35|3]|2|2]243] 43 |1,7]|2
3| 77| 1|31 79 |12|17|3]|1|6,7]12]|61|1|2]|2] 77 |10]1]|1]|3]2|1]26]|2]|3|2]16,3] 40 |13]| 2
3| 77 |211)3]1] 49 |12]12]3]|1|(6,4]2]|51|1|3]2]10,4[1,1]12]|2]|3]3[1|31|3]|3|2]26,3] 60[16] 2
3| 77| 513]1]103|13|17]|3]|2|6,6]2]|53|1|2]2]81|11|1]|1]|1]3|1]15|2]|3|2]21,0] 40 |14]| 2
3] 791 2 |3]1] 70 [12]19]3]|2(6,1]12]43|1|3]3]91[1,2]2]|2]|3]3[1]16]|3]2|2|38,0] 70 |15]| 2
3] 79| 4|3|1] 48| 9114|3]|1(54]2]148|1|2]3]98[1,0]2]|2]|1]2|1|27]|3]|2|3]19,7] 3,7 |14] 2
3 87| 1|3|1] 72 |12]22]3]|2(56]2]40[2|3]1]93[1,0]2]2]|3]1(1]29]|3]3|2]21,0]150([13]|1
3| 87| 5]|3|1] 87 |10]21]3]1(36|1]35[1|3]2]87[10]1]2]|3]2|1]31]3]3|3]29,0] 57 ]20]|2
41114|51.|4|1| 78 |13]23|3|2|6,8] 259 1|3|2]92|1,1|2|1|3]3]|1]15|2|2|2]353]| 70 |1,4] 2
41 97| 1 ]14]1] 6520|213 ]|3|5413]35[2|3]3]189[1,1]3]|2]|1]3[1]23|3]2|2|36,0/11,011,8] 1
31571 4|3|1] 62 ]|11]22|3|1|{50]2]39|1|3|3]106]|1,2|3|2|1]3]|1]18|3|3|3]39,0] 6,7 |1,8] 2
3| 77| 413]1]102|21143]3]|2(58]2]|50|1|3]3]136[1,1]2]|2]|3]3[0]21]|3]|3|2]47,3] 9,7 |20] 2
31791 1|3|1f 70 |11|23|3|1{41]|2]|3,712|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(49]2]43|1|2]3]189[1,2]2]|1]|3]3|1]13]|3]2|3|323] 50]16]| 2
3170 4|3|1| 50| 8 120|3|2|42]2]38|1|3|3]104|1,1|2|1|3]3|1]23|3|3|3]26,7] 3,7 [16] 2
3] 70| 513|1] 53 [12]19]3]|2(3,9]2]32|1|3]3]106[1,1]3]|1]|3]3[0|28]|3]|3|3|250] 47 |1,7]| 2
31751 1|3|1f 92 |10|27|3|3|51]3]139|2|3|3]105|1,1|1|1|1]3]|1]29|3|2|3]|47,3] 80 |19] 2
3] 751 2|3|1] 73| 9123]|3]|3|57]3]50|1|3]3]10,8[1,3]2|1]|1]3[1|30|3]2|2]49,7] 93 [19]| 2
41 40| 1 |4|1| 81]18|25|3|3|51]|3(39|2|3|3]11,1|11,3|2|2|3]3|1]19|3|2|3]29,7] 87 |25] 2
3| 57| 1]3]1]109(11|34]|3]1(32]11]29|2|3]3]10,0[1,012]|1]|3]3|1]16]|3]|3|3|36,0] 7,7 |16] 2
31771 3 |3|1| 68 |15|25|3|1{41]1]138|2|3|2]11,0|11,2|2|1]|1]2]|0]20|3|3|2]30,0] 57 19| 1
41108| 4 |4|1| 57| 8 116]3]2(3,012]25|2|3]3]10,0[1,1]13]|2]|3]3|0|17]|3]|2|2|42,7] 6,7 |21]| 2
41114] 4 |4|1| 84 |12]26|3|1|{63|2]5,7]1|3|3]10,8|1,3|2|2|3]3|1]22|3|3|3]36,7] 6,7 |16] 2
41142| 3 |4|1|111|14|34]|3]|2|50]2]46|1|3]3]10,111,3]3|1]|3]3[1]16]|3]2|2|58,0] 90 ]22]| 2
411431 2 |4|1| 70| 9]119|3|2|51]2]|50|1|3|2]109|12|2|2|3]3|1|18|3|2|2]|57,7] 70 |2,1] 2
41150 1 14]1|113|13|35]|3]1(51]1]50|1|3]2]10,6[1,2]2]|2]|1]2|0]22|3]|3|3|63,7] 90 ]|21]| 2
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41150 2 |4|1| 84 |11|26|3|1{49]|1]139|1|2|2]10,1|11,3|2|2|1]2]|0]15|3|3|2]43,0] 63 |1,6] 2
3] 79| 3|3|1] 60 |12]21]3]|2(4,1]12]38|2|3]3]10,11,2]2]|2]|3]3[1]19]|3]3|3]21,0] 57 |16] 2
31791 5|3|1f 77 |12)17|3|2|36]2]3,1|2|3]|2]10,1|11,3|2|2|1]3]|0|17|3|2|3]43,3] 80 |19] 2
3] 86| 5|3|1] 85 |17]27]|3]2(49]2]39|1|2]3]106[1,2]1]|1]|3]3[1|32|2]2|2]46,0] 97 [24]| 1
41 88| 3 |4|1| 54| 8]18|3|1{46]1]139|1|3|3]11,2|11,2]2|1|3]3]|1]23|3|2|2]293] 53 |1,7]2
4/ 88| 4 |14]1] 66 [12]19]3]2(49]3]46|1|3]3]108[1,1|2|1]|1]3[1]23]|3]|3|3|36,7] 6,7 ]22] 2
4/ 97| 514|1] 81(19]19]|3]|3(4,2]12]31|3|3]3]115[1,0|13]2]3]3|0]22|3]2|3|50,7] 9,7 18] 1
41 97| 6 |4]1]116(23|22|3]1(4,7]12]39|3|3]3]106[1,2]3]|2]|1]3[0]20|3]2|1|57,0]123|21]| 1
4 52| 2 |14|1| 64 |14]119]|3]2(3,9]12]34|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 11]3]1] 4110|123 ]1(38]2]35[1|2]2]89|1,2|2]|1]|1]2|1|24]|2]|2|2|32,7] 80 |1,7| 2
3187 2|3|1] 47| 9117]|3]|3(48]3]38|1|2]3]91|11|1]2]|1]3|1|37|2]2|3]143] 3,3 |15]| 2
4/ 88| 1]4]|1] 63[10/21]3|3(48|3]45[1|3]3]11,7{1,1|3]|2]1]3[1|34]|3]|3|3|31,0] 60 ]|16]|2
4/ 89| 1]4|1] 71|10|19]|3]|1|54]2]43|1|3]3]105|1,2|2]|2]|1]3|1|35|2]2|3|39,7] 83 |23]| 2
41 89| 2 |4]1]115[14]|32]3]2(53]2]141|2|3]3]96[1,2]3]|2]|1]3[0|27]|3]2|2]60,3]11,7|23]| 2
4/ 89| 3 |4|1| 64 |11]19]|3]|2|4,4]12]39|2|3]3]11,211,2|3]|2]|1]3[1|30|3]|2|3|34,7] 73 |16]|1
4/ 89| 4 |14]1] 53 |10|18]3]|2(4,4]12]139|2|3]3]10,3[1,1|3]|2]|1]3[1|31|3]2|3]293] 57 |15]|2
4/110| 1 |4|1] 41 |11]12]3]|3|52]13]39|1|3]2]95|16|2]|2]|3]2|1]32|3]|3|3]19,0] 43 |16] 2
3[140| 2 |3]1] 92 |15|27|3]1(39|1]3,7|2|3]2]105[1,3|3|1]|3]3|1]41|3]2|3]40,3] 73 |21]| 2
3|140| 3 |3|1| 58 |13]|16]|3]|2|3,4]2]31|2|2]2]95|1,7|2]|2]|1]2|0|38|2]2|2]250] 53 |18]| 2
3[141| 2 |3|1] 42| 8 |15]|3]|2(2,7]12]28|2|3]3]93[1,1]2]1]3]3[0|30|3]2[2]30,3] 70 [26] 2
411441 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] 53 |18]|1
41 97| 2 |14]1]123|22|30]|3]|2(45]12]148|2|3]3]90[1,2|3|1]1]3[1|30|3]1|3|547]10,7|21]| 2
41 97| 3 14|1| 61 |15|24]|3]|3(4,6]3]141|2|3]3]97[1,2|3]|2]|1]3|1|32|3]|2|2]257] 6,7 |13]| 2
41 97| 4 14]1] 69 [20]23]3]|3(3,6]13]28|2|3]3]10,3[1,2|2]|1]|3]3|1|31|3]|2|3|357] 7,7 |13]|1
4/114| 2 |4]|1]| 65 |14]24]|3]|3(3,413]128|1|3]1]94[1,2]3]2]|3]3[0|30|3]2|3]29,0] 63 |16] 2
3[5713|3]1]39|7]9]3]|2(35]2]31|2|2]1]92[1,2]2]1]|3]3[0|36|2]2|3]21,0]53|17|1
41 40| 4 |14]|1| 84 |26|24]|3]|3|54]3]36|2|3]2]96[1,1]2]|1]|3]3|1]18]|3]3|2]11,0]1 3,0 |18]| 1
3[141| 1 |3]1] 53 |10|15]|3]2(3,3|2|25|1|2]1]184[1,2]|1]|1]|2]2|0|12|3]|3|3|33,7] 7,7 23] 2
41 88| 2 |14|1]112|19]|30|3|2|6,9|2]|47|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 14]1]109|21|31]|3]|2|6,7]12]61|1|2]1]85[1,1]2]|2]|3]2[0]27|3]3|3]23,7] 50[23]|2
3/209| 3 |3|1| 82 |15|21]|3]|2(3,6]2]28|1|3]1]92[13|2]2]|2]1[0]20|3]3|1|353] 7,7 |15]|1
4[170| 2 |4]1] 51 |11]15] 3357|337 1|3]2]84|1,1|1]|1]|2]2|1]21]|3]|3|3|33,7] 63 |24] 2
3|201| 2 |3|1| 57| 9121]|3]|2|4,0]2]30|1|3]1]85|13|3]|2]|3]1|(0|15|2]2|1]15,0] 3,0 |13]| 1
3] 86| 413]1]112|20|26]3]|3(3,3]13]23|[3|3]3]10,11,7|3]|1]|3]3[0|26|2]2[1|85,0]157|20]| 1
3] 86| 1]3]1]119[20|26]3]|2(3,3]12]22|2|2]3]10,2[1,5|2]|1]|3]3|1]27|3]2|1|55,0]143]|23]|1
3[199| 4 |3]1] 63 |10|15]|3]|1|(46]1]42|1|3]2]96[1,2]2]|1]|3]3[0]12]2]2|3]48,0] 80 |19] 2
3[197| 5|3]|1] 99 |15|23]|3]|2|58]|2]|48|1|2]2]95[10]2]|1]|2]3|1]21|3]|2|1]29,0] 47 |1,7]| 2
3|199] 4 |3|1| 93 |17]|22|3|2|52]|2]30|1|3|1]90]|14|2|2|3]2]|1]17|3|3|3]16,7] 40 |16] 2
3[198| 4 |3]|1| 57 |11]120]|3]|3|57|3]45|1|2]2]90(|1,1]2]|1]|3]2|1]10|2]2|1]20,7] 3,7 |13]| 2
31199 1 |3|1| 72 |16]|21|3|2|49]|2]|46|1|2|1]96|1,1|2|1|3]2]|1]18|2|2|1]283] 50 |1,7] 2
3|195| 2 |3|1| 7412|118 3]|2(35]2]29|2|2]|3]87|14]2]|1]|3]3|1|17|3]|2|1|34,7] 50 ]|21]| 2
3|195] 1 |3|1| 49| 7 |14|3|2|22]|2]22|2|2|2]95]|1,1|2|1|3]2]|0]24|3|3|1]383] 63 |15] 2
3[195] 6 |13]2] 93 [10|25]|3]|2(3,113]27|2|3]3]93[1,2]2]2]|3]2|0]22|3]|3|1|543] 83 |1,7| 2
31196 7 |3|1|107]|14]|27|3|2|51]|2]45|2|3]|2]109|12|2|2|3]2|0|24|2|2|1]|47,7] 6,7 |2,0] 2
3[195| 5|3|1| 65| 8128]|3]|2(33]2]24|2|2]3]101|1,3|2]|1|3|3|1|21|2]|2|1|46,7] 70]|16]| 2
411431 1 |4|1| 71| 9]120|3|2|50]3]3,1|12|3|3]120|1,4|3|1|3]3|1]21|3|2|1]64,7] 90|18 1
41142| 2 |4]1] 90 [ 11124 3]|3|4513]33|2|2]3]88|1,2]|2]|1]|3]3|1]17]|3]|3|1]450] 70]|14]| 1
411421 1 |4|1| 51| 7]116|3|3|4,7|3138|1|2|3]91|14|3|1|3]3|1]16|/3|3|1]34,0] 6,7 18] 1
3/197| 1|3|1] 45|10|13]|3]|2|6,6]2]|44|1|2]2]106[1,2|2]|1|3]2|1]16]|2]|3|1|18,7] 3,7 |13]| 2
3] 512|3|1 45| 8|14|3|1|51|1]|51|1|2|2]98|1,1|2|1|3]2]|1]15|2|3|1]257] 43 |1,7]| 2
3[196| 6 |3]|1] 98 [19]24]|3]1(6,9]2]54|1|3]1]189[1,3]2]|2]|3]2[1]20]|3]|3|3|22,7] 43 |16] 2
3]199] 4 |3|1| 63 ]|10|15|3|1{46]|1]142|1|3|2]96|12|2|1|3]3|0]12|2|2|3]48,0] 80 |19] 2
3[197| 5|3]|1] 99 |15|23]|3]|2(58|2]|48|1|2]2]95[10]2]|1]|2]3[1]21|3]|2|1]29,0] 47 |1,7| 2
3|1 86| 4|3|1f112]20|26|3|3|33|3]23|3|3|3]10,1|11,7|3|1|3]3]|0[26(/2|2]|1]85,0]157|20]| 1
3] 86| 1]3]1]119[20|26]3]|2(3,3]12]22|2|2]3]10,2[15|2]|1]|3]3|1]27]|3]2|1|55,0]143|23]|1
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3|199] 4 |3|1| 93 |17]|22|3|2|52]|2]|30|1|3]1]90]|14|2|2|3]2]|1]17|3|3|3]16,7] 40 |16] 2
3[198| 4 |3]1] 57 [11]20]3]|3|57|3]45[1|2]2]90(|1,1|2]|1]|3]2|1]10|2]2|1]20,7] 3,7 |13]| 2
3|1199] 1 |3|1| 72 116]|21|3|2|49]|2]|46|1|2|1]96|1,1|2|1|3]2]|1]18|2|2|1]28,3] 50 |1,7] 2
3[195| 2 |3]|1] 74 |12]18]|3]|2(35]2]129|2|2]|3]87[14]2]|1]|3]3|1]17|3]|2|1|347] 50]21]|2
3|1195] 1 |3|1| 49| 7 |14|3|2|22]|2]22|2|2]|2]95]|11|2|1]|3]2]|0]24|3|3|1]38,3] 63 |[15] 2
3[195] 6 |13]2] 93 [10|25]|3]2(3,1|13]27|2|3]3]93[1,2]2]2]|3]2(0]22|3]|3|1|543] 83 |1,7]|2
3|196| 7 |3]|1|107|14|27]|3]|2|51]2]|45|2|3]2]109|1,2|2]|2|3]2|0|24|2]|2|1|47,7] 6,7 |20] 2
3[195| 5|3]|1] 65| 8 |28]|3]|2(33]2]24|2|2]3]10,11,3|2]|1|3|3|1|21|2]|2|1]46,7] 70|16] 2
4(143| 1 |41 71| 9120]|3]|2|50]3]31|2|3]3]120[1,4]3]|1|3]3|1|21|3]|2|1|64,7] 90 |18]| 1
41142| 2 |4]1] 90 [11]24]3]|3(45]13]33|2|2]3]88[1,2]2]|1]|3]3|1]17|3]3|1]450] 70([14]| 1
4(142| 1 |41 51| 7116]|3]|3|4,7]13]38|1|2]3]91|14]3]|1]|3]3|1|16]|3]|3|1|340] 6,7 18] 1
3[197| 1 |3]1] 45|10|13]|3]|2|6,6]2]|44|1|2]2]106[1,2|2]|1]|3]2|1]16]|2]|3|1|18,7] 3,7 |13]| 2
3/196| 6 |3]|1] 98 |19]24]|3]1(6,9]12]|54|1|3]1]189|1,3|2]|2]|3]2[1]20]|3]|3|3|22,7] 43 |16]| 2
3[209| 3 |3|1| 82 |15|21]|3]|2|3,6]2]28|1|2]1]92[13|2]2]|2]1[0]20|3]|3|1|353] 7,7 |15]|1
3|175| 1|3]|1] 53| 8 |15|3]1(3,1]1]21|2|2]2]105[09]|2]|1]|3]3|0|21|2]2|1|243] 20 |11]| 2
3[201| 1|3|1] 80[10|22]3]|2(50]2]40[1|3]2]109[1,1|2]|1]|3]3[1]16]|3]|3|1|32,7] 57 |15]| 2
3/197| 3 |3|1| 68 |11]18]|3]|2|6,3]2]|55|1|2]2]90|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]11]|72|1|3]3]110(1,3|1|1]|2]3|1|29|2]|2|1|323] 7,7 |20]|1
4] X | 214|144 9|16]|3]|2|57|2]|47|1|2]2]87|1,1]|3]|1]|2]3|1|11]2]2|3|30,3] 57 |13]|1
3[198| 1 |3|1]| 46 |10|17]|3]|1(44]12]|34|1|3]2]88[1,1]2]|1]2]3[0]20|2]3|1]250] 63 |16] 2
3[199| 5|3|1] 54| 9112]3]1(36]1]59|1|3]2]92]|1,2]2]|2]|3]2|0]25|2]2|3|30,0] 63 |1,4] 2
3[194| 2 |13]|1| 89 |11|22]3]1(38]1]28|2|2]2]10,0{1,4]3]|2]|3]3[1|33|2]2|3]71,0] 90 (|21]| 2
3[195| 5|3|1|114|15|33]|3]|2(4,9]2]43|2|2]2]103|1,3]1]|1]|2]3|1]20|3]|3|1|62,0] 87 |1,7|1
3[201| 1)3]1] 85(19|23]|3]|3(58|3]|41|1|2]1]10,4[1,2|2]|2|3]2|1|18|2]|2|3|443]| 87 |16] 2
3/209| 2 |3|1| 67 |13]20]|3]|2|35]2]29|1|2]1]183|13|2]|1|3]1|1|21|2]2|3]49,7]110|16]| 1
3[207| 3 |3]1] 50 [13]15]|3]|2(28|2]25[2|3]1]91[14]2]|2]|3]1|0|17]2]2|3|37,0] 67 |13]| 2
3/197| 5 |3|1]106|12|27]|3]|2|6,3]2]|57|1|2]2]90|1,1]2]|1]|2]2|0]19]|3]|3|1|383] 43 |19]| 2
3[198| 2 |3]1] 61 |13]16]3]1(50]1]40[1|2]2]92[1,1]3]|1]|3]3[0|22|12]2|3|343] 80 [18]|2
31193| 2 |3|1] 97 |17]32]3]2(52]3]39|1|2]2]120[1,2]3]|1]|3]3|1|31|3]|2|1|443] 70]|19]| 1
41149] 1 |4]1| 42 |12]12]|3]|2(38]2]26|2|2]2]97[13|3]|2]|3]3[1]14]|3]2|1|353] 83 [13]|1
41149 2 |4|1| 76 |12]21]|3]|1|4,3]2]40|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(43|3|33|1|3]2]75[1,2]2]|1]|3]2(0|19|1])1|1]13,7] 43 |12]| 2
3/208| 2 |13]1]109[18|30|3|1(49]1]141|1|3]|3]92|1,2]2]|2]|2]3|1|22|2]|2|3|247] 53 |24]| 2
3[196| 2 |3]1] 49(10|14]3]2(23]2]21|1|3]2]100{1,3|2]|1]|3]2[1]29|2]2|3]20,0] 33 [1,7]|2
3|207| 2 |13|2| 48| 9 |14]|2]|2|4,0]2]26|1|3|2]75|12|2]|1]|3]2|0|19|1])1|1|13,7] 43 |1,2]| 2
41151 3 |4]1] 52 |21]20]|3]|2(3,7]12]35|1|3]2]79]|12]2]|2]|2]3[1]25|2]1|3]32,0]10,01,1|1
41211| 2 |4|3| 6515|111 2]|3(3,9|3|25|1|3|2]77|12|2]|2]|3]2|1]26|2]1|1]20,7] 63 |13]| 1
3|205| 4 |3|1| 43| 6]14|3|1{34]2]28|1|3|3]10,1|115|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]180([1,3|2]|2|3]3|1|18|2]|2|1]18,3] 47 |15]| 2
41162 2 |4|1| 54 |11]|14|3|3|4,2|3(3,3|1|3|3]10,0|11,2|3|2|3]3|1|28|2|2|1]283]| 57 |16] 2
41183| 2 |4]|1] 91 |25|28]|3]|3(4,3|3]|42|2|3]|3]116[1,4|3]|2]|2|3|1|26|2]1|1|37,3] 80 |18]| 2
41182 3 |4|1| 57 ]119]|20|3|3|46]|3]|4,1|2|3|2]10,7|11,3|3|2|3]3|0]14|2|1|3]20,7] 63 |[1,3] 1
41214 1 |4]1| 57 |15]24]|3]|1(4,2]12]40|2|2]3]122[15|3]|2|3]3|1]20]2]1|1]26,0] 6,7 |15]| 1
41 521 1 |4|1| 49 ]110|15|13|1|36]2]38|1|3|2]|104|1,2|2|2|3]2]|0]14|2|2|1]29,0] 83 [19] 1
3[210| 3 3|1 93 |17]21]|3]1(3,2]12]25|2|3]2]105[15|2]|1|3]3|1|25|1]1|1|51,0] 83 |20]| 2
3]209] 1 |3|1| 63 ]15|19|3|2|3,4]2]28|1|2|2]85|13|1|1|3]2|0]16|1|1|3]40,3] 73 |1,7]| 2
3| 57| 2|3|1] 91 |13]|25]|3]|2(49]|2|41|1|2|2]78|12|1|1]|2]2|1|17]1])1|3]|35,7] 80 |20]| 2
3157 7|3|1| 64 |14]19|3|1(32]1]129|1|3|2]90|1,1|2|1|3]3]|1]22|1|2|1]30,7] 53 |1,7]|1
3/140| 1 |3|1| 82 |18|24|3]|2|6,1]12]|48|1|3]1]186[13|1|1|3]1|1|17]1])1|3]19,7] 40 |14]| 2
3|157] 2 |3|1| 53 |13]|14|3|2|42|3|34|1|2|2]|78|10|2|1|2]2]|1]12|1|2|3]150] 50 (13| 1
3|165| 1 |3|1] 46 [14]11]|3]|3(42]3|37|2|3]|3]79[1,1]3]|1]|3]3|1]23|2]2|1]26,0] 57 |1,7|1
41170] 1 |4|1| 77 119]20|3|2|6,7] 255 1|3|3]99|1,1|2|1|3]3]|1]25|/2|2|1]19,0] 43 |[15]|1
3|175| 3 |3]|1] 39| 7115]|3]|2(3,4]12]28|1|3]2]92]|08|2]|2|3]2|1]16]1]1|1]240] 20 |15]| 2
3|195] 4 |3|1| 66 |12]18|3|3|57]|2]46|1|2|2]90|1,1|1|1|2]2]|1]19|1|2|3]11,7] 33 |1,4] 2
4/162| 4 14|11 30| 81 9]3]|3|53|3]|43|1|2]1]75]|10]3]|2]|3]2|0]28]2]2|3]10,0] 2,7 04| 1
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