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Annotation

This thesis is focused on the dispersal, distribution, and genetic diversity
of the taxonomically highly diverse Melampyrum subalpinum group. A
complete revision of the localities of M. subalpinum in the Czech
Republic and Slovakia is presented. The genetic variation and population
structure of the M. subalpinum group across its distribution range is
described based on allozymes, nuclear and chloroplast gene sequencing,
and genome size. Signs of historical hybridization with M. nemorosum
were found in some populations. A comparison of seed dispersal by ants
between the co-occurring M. subalpinum and M. pratense and the
influence of differences in this process are presented. A new mean of
seed dispersal (endozoochory) is introduced for Melampyrum.
Myrmecochorous dispersal distances are tested and Holocene migration
possibilities are discussed taking into account endozoochory.
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General introduction

Knowing the genetic variation, present distribution, reproduction
strategy, and means of dispersal of plants can tell us a lot about their
history and consequently about the history of the area they occur in.

The present distribution of plants in the northern hemisphere was
substantially shaped by climatic oscillations during the Pleistocene and
mainly during the last glacial maximum. Plants were forced to migrate
south and to lower altitudes to find optimal conditions. The impact of
these oscillations on plant diversity was more significant in the areas
with east to west oriented mountain ranges (Europe), which represent
considerable barriers for plant migration, compared to areas with north
to south oriented ranges (North America, eastern Asia) where plants can
migrate more easily. In Europe, these extensive climatic changes caused
significant migration, fragmentation, and even the extinction of
populations (Comes and Kadereit, 1998; Hewitt, 1999). Taxa with broad
distribution were forced to withdraw and survive in geographically
restricted, favourable refugia. Early phylogeographic studies focused
mainly on trees and their migration within the wider scale of the whole
continent (e.g. Sigurgeirsson and Szmidt, 1993; Demesure et al., 1996;
Dumolin et al., 1997; King and Ferris, 1998; Sinclair et al., 1999). A similar
pattern of Holocene recolonization was found for different taxa and
hence three main southern refugia were defined — the Iberian,
Apennine, and Balkan peninsulas (Taberlet et al., 1998; Hewitt, 1999).

Based on early works the paradigm has been postulated, that trees
were present only in these southern refugia and that the rest of non-
glaciated Europe was covered by steppe-tundra. It was unclear how
trees and herbs could have recolonized northern latitudes so fast after
the last glacial period. This problem was called Reid’s paradox of rapid
plant migration (Clark et al., 1998). The explanation suggested by Clark
et al. (1998) presumes that occasional long-distance dispersal events
helped such species to expand their distribution range and reach
further/more distant, suitable habitats during the recolonization.
Although this theory might be partly valid, later palaeoecological works
based on the presence of wood fossils at intermediate latitudes and
modern molecular phylogeographic studies have repeatedly indicated
trees persisting far to the north during the last glacial maximum form the
original supposed refugia (Carcaillet and Vernet, 2001; Stewart and



Lister, 2001; Palmé et al., 2003; Lascoux et al., 2004; McLachlan and
Clark, 2004; Willis and van Andel, 2004; Magri et al., 2006; Maliouchenko
et al., 2007). These small northern microrefugia (Rull, 2009; 2010) were
probably pockets of vegetation with higher humidity and unusual
microclimatic conditions which allowed the persistence of trees during
the last glacial maximum (e.g. parts of river floodplains) and enabled the
rapid recolonization of the continent. Tzedakis (2013) questions the
microrefugia concept and points out that the fossil, pollen, and genetic
evidence for northern tree microrefugia is often equivocal and is not
able to locate the exact position of particular microrefugia. Tzedakis
(2013) also questions the credibility of Late Pleniglacial refugia in
northernmost Europe and suggests that temperate trees didn not extend
much further than 45°N and that the boreal trees limit was 46°N in
Western Europe and 49°N in Eastern Europe. However according to Rull
(2014), even in the case of the eventual absence of glacial microrefugia
in northernmost Europe there is still sufficiently robust evidence for tree
microrefugia in the rest of the continent outside of the traditional
southern macrorefugia.

The holocene phylogeography of trees became well explored over time
and detailed studies of other groups started to emerge (e.g. Grivet and
Petit, 2002; Fér et al., 2007; Daneck et al., 2011), however studies
focused on herbs are still rather rare (e.g. Rejzkova et al., 2008;
Wrdblewska, 2008; Pfeiffer et al., 2009). A very interesting group for
phylogeographic studies are annual plants, however only a few studies
have been conducted so far (e.g. Sharbel et al., 2000; Koch and
Bernhardt, 2004; Beck et al., 2008; Vrancken et al., 2009). Their specific
life strategy with a fast change of generations may show different levels
and structuring of genetic variation. Vrancken et al. (2009) observed an
absence of geographic structure in the cpDNA variation of the annual
hemiparasite Rhinanthus angustifolius (parasiting on herbs). Authors
assign this lack of geographic structure either to the possibility that the
central haplotypes of the species survived the ice ages in several shared
refugia across Europe, and subsequent recolonization took place with
the ancestral haplotypes, or the indistinct geographic structuring is due
to hybridization with closely related species R. minor which blurred the
possibly structured original haplotype pattern.

Many plant groups possess very high morphological variability which
leads to ambiguous description of numerous taxa with uncertain



relationships. In the case of annual plants, rapid selection, population
oscillations with subsequent genetic drift, or hybridization, play an
important part in speciation events, which may occasionally result in a
gradient of morphological changes ranging from the obvious to the very
subtle, inexplicit, and hard to classify. These processes can result in a
very fine differentiation of various morphotypes and microspecies. A
good example of such groups are annual hemiparasites which are often
taxonomically complicated aggregates of several variable microspecies
which are difficult to identify (Koutecky et al., 2012; Yeo, 1978).

A very important and sometimes underestimated factor that can
influence the phylogeographic pattern of the species is plant dispersal.
Plants deal with their immobility by dispersing pollen and seeds which
consequently affects their total distribution, reproduction, evolution,
population dynamics, and persistence (Primack and Miao, 1992). If we
focus on seed dispersal, we can highlight several direct benefits resulting
from this important process. Via dispersal, seeds can reach sites
favourable for germination and growth and escape from sibling and
parent-sibling competition (Howe and Smallwood, 1982; Reichenberger
and Pyke, 1990; Wenny, 2001). Seeds dispersed away from other
seedlings have a higher probability of survival as they avoid infection
with the pathogens and parasites possibly carried by other individuals.
Further away there is also a higher chance of avoiding predators bound
to the area inhabited by parental plants (Wenny, 2000) and a lower
chance of inbreeding with closely related individuals (Keller and Waller,
2002). The means of dispersal of the species can also inform us of its
migration rate and consequently about the speed and possibilities of
recolonization of suitable habitats after the last glacial period.

An interesting group for studying postglacial migration would be tree
parasites. The fact that these plants are dependent on the host tree
presence may represent a useful limitation for the gene flow which can
result in @ more distinctive geographic pattern of Holocene migration. If
we focus on the genus Melampyrum, another gene-flow limitations that
can help trace the migration routes and population relations are
entomogamy and the fact that heavy Melampyrum seeds are dispersed
by ants, which is rather slow and highly limited means of dispersal.
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Introduction to the studied group Melampyrum subalpinum

Variation in Melampyrum subalpinum group

The Melampyrum nemorosum group is a morphologically well-defined
group of hemiparasitic annuals which covers almost the whole of
Europe. The delimitation of species inside this group is rather
complicated. In the current conception the group consists of 15 species
(S0, 1927; Soé and Webb, 1972) with intraspecific taxa based mainly on
seasonal variation, however their real taxonomic status wasn’t analyzed
sufficiently yet. Among these species M. subalpinum is a morphologically
well-delimited group containing highly diverse taxa with a specific
distribution area restricted to Central Europe (Fig. 1).

An important variation in this group can be found in leaf and bract
width, bract coloration, or calyx indumentum. With the exception of
taxa from the Balkan peninsula with uncertain relationships to Central-
European plants, the center of morphological variation of the group lies
in Austria in the Vienna Forest (Wienerwald) on the north-eastern edge
of the Alps (Stech, 2006). Austrian populations were originally described
as M. nemorosum var. subalpinum (Juratzka, 1857). However, due to
high morphological variability, several other taxa with different
delimitation have been described since. Plants from the Czech Republic
and Slovakia were described as M. bohemicum A. Kern. (Kerner, 1881).
One year later a detailed study of the group was published by Beck
(1882). Broad-leaved plants were described as M. subalpinum s. str. and
narrow-leaved plants as M. angustissimum (with early-flowering type M.
subalpinum var. grandiflorum (Kerner) Beck). Czech populations were
classified as close to M. angustissimum. Due to the high variability of
broad leaved populations Wiesbaur (1883) described relatively narrow-
leaved populations with closed corolla as M. stenotaton and assigned
them to M. subalpinum s. str. as its marginal morphological form. Beck’s
(1882) concept of M.subalpinum s. str. and M. angustissimum was
accepted by Austrian botanists until recently whereas M. bohemicum
was considered as a separate taxon. Flora Europaea (So6 and Webb,
1972) distinguishes Austrian and Czech populations as M. subalpinum
and M. bohemicum. However, more recent morphometric studies have
not revealed any morphological differences between Czech, Slovak, and
Austrian narrow-leaved populations (Stech, 2000; 2006). The
problematics of Austrian population variability was studied by Reiner



(1994). Based on morphometrics and seasonal traits he divided M.
subalpinum into two subspecies. M. s. subsp. grandiflorum as an early
morphotype of narrow-leaved plants which blooms in May and June, and
M. s. subsp. subalpinum as a late morphotype blooming from July to the
start of September. The latter morphotype is further divided into two
varieties; a narrow-leaved variety, M. s. subsp. subalpinum var.
subalpinum, and a wide-leaved variety, M. s. subsp. subalpinum var.
thermale, occurring only in the area of the Vienna Forest. This different
delimitation of M. subalpinum s. str. is caused by an absence of
typification of the name M. nemorosum var. subalpinum Juratzka. In his
diploma thesis, Reiner suggested typifying this name by narrow-leaved
plant, however this typification has yet to be validly published. Reiner’s
solution was used in the second and third edition of the Austrian
botanical key (Fischer et al., 2005; 2008).

Stech (2006) considers M. bohemicum to be an identical taxon to the
Austrian narrow-leaved populations traditionally designated as M.
angustissimum. Wide-leaved populations of M. subalpinum s. str.
originated according to Stech (2006) from hybridization between
narrow-leaved populations and M. nemorosum.

The taxonomy of the M. subalpinum group has so far been based solely
on morphological, ecological, and geographical characteristics. For a
disentanglment of the relationships between different morphotypes and
regions it is necessary to combine morphological characteristics with
appropriate molecular markers. Modern molecular methods such as the
sequencing of single copy nuclear gene and chloroplast DNA can also
shed some light on the assumed hybridization of M. subalpinum with M.
nemorosum, which possibly resulted in the formation of wide-leaved M.
subalpinum populations in the area of the Vienna Forest.

Distribution range

The distribution of Austrian M. subalpinum populations was most
recently discussed by Stech (2006) and Reiner (1994). It occurs in an area
extending from the Vienna forest to the Upper Styria Alps. An overview
of Czech and Slovak localities was published by Hadac¢ (1966), who
analysed the environmental conditions in this part of the distribution
area. In the Czech Republic, M. subalpinum can be found in southern
Bohemia in the vincinity of the LuZnice river, in north-eastern Bohemia in
the area of the Labe and Orlice floodplains, and in eastern Bohemia in
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the Hornosvrateckd vrchovina hills. A small northernmost locality
discovered by Holub (1996) near Zehrov in Cesky raj is considered to be
recently introduced according to its isolation and small size. Slovak M.
subalpinum populations are located in the western part of the country in
the sandy area of Zahorie.
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Figure 1. Distribution area of M. subalpinum agg.

Holocene history

The discontinuous, patchy distribution of M. subalpinum group raises
guestions about the migration history of the species during and after the
last glaciation period. Particularly fragmented are mostly the areas
outside of the presumed evolutionary center in the Alps (Stech, 2006).
Hadac (1966) speculates that the distribution range of a M. subalpinum
ancestor during the last glaciation reached from the Austrian Alps to the
Zahorie area in Slovakia. He supports this idea with a hypothesis
claiming, that during the last ice age pine forests survived in this area
and thus it was suitable for the survival of the plant. On the contrary
Hadac (1966) claims that concurrently the Czech Republic was covered
with tundra and hence M. subalpinum was not able to survive there.
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Hada¢ (1966) assumes that in the Preboreal period light birch-pine
forests also spread out as far as Central Europe followed by Boreal
expansion of pine forests with hazel shrubs to the mountains, which
enabled M. subalpinum to spread from Slovak localities through Moravia
and Eastern Bohemia, and further to recent localities. Current knowledge
however assumes that trees were much more widespread during the last
glaciation period than previously believed (Wills and van Andel, 2004;
Svenning, et al., 2008) and hence M. subalpinum could spread to recent
marginal localities much earlier and from other directions than solely
from Slovak Zahorie. The present distribution of species in the Alps is
matches the hypothetical last glacial refugium in the North Eastern
Calcareous Alps (Tribsch and Schonswetter, 2003).

Dispersal in Melampyrum

Seed dispersal by ants can be found in at least 11 000 species in 334
genera and in 77 families (Lengyel et al., 2010). It was first described by
Sernander (1906). The plant adaptation for myrmecochory is a lipid-rich
seed appendage known as an elaiosome whose anatomical origin varies
depending on the species. Ants are attracted to this appendage and
transport the seed to the nest where they consume the elaiosome or
feed it to larvae. Afterwards, the seeds are discarded either in the nest
or outside it. This way the seed is transported away from the parental
plant, recieves protection from predators, and it is often left at a site
suitable for germination and growth (Beattie and Hughes, 2002).

The longest observed seed dispersal by ants is 180 m (Whitney, 2002),
however this value refers to Acacia ligulata from the arid zones of
Australia, which are extreme in terms of ant-mediated dispersal
distances. For temperate forest herbs the highest observed
myrmecochorous dispersal is 70 m (Sernander, 1906). This value is,
compared to latter studies, still exceptionally high and Heinken (2004)
questions its credibility as an average distance for temperate forest
herbs is only a few meters per year (Cain et al., 1998; Gémez and
Espalader, 1998). Likewise M. pratense (which inhabits similar biotopes
to M. subalpinum) generally travels less than one meter per year
(Heinken, 2004). Myrmecochory is important for local migration and
population preservation, however for long-distance migration occasional
accidental transfers are necessary. If we compare myrmecochorous
dispersal speed with the total distribution of some Melampyrum species
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(and other myrmecochorous plants), it is highly insufficient, and, at this
rate, ants would not be able to repopulate formerly glaciated areas
during the Holocene up to the present state. Long-distance dispersal is
also biologically very important and can not be considered as missing. It
affects colonization probabilities, population persistence probabilities in
a fragmented habitat, and metapopulation structure (Ouborg, et al.
1999).

So far, no other means of seed dispersal have been described for
Melampyrum. The most likely means of long-distance dispersal is
endozoochory, and even though the probability of survival of
Melampyrum seeds in the animal gut is unknown (Cain et al., 1998) it
could be one of the neglected means of dispersal for many plants that
are presently considered as solely myrmecochorous.

Often, more than one Melampyrum species grow together, and also
other myrmecochorous species can occur in the same habitat. It is
unknown how this co-occurrence affects population dynamics and the
dispersal success of involved myrmecochores in the case of preference
for some species by ants over others.

Genetic variation

Variation is present, in some form, in the natural populations of all
organisms (Lowe, et al., 2004). If we focus on the genetic variation of a
species we can uncover the historical events connected with postglacial
colonization, historical and present population size changes, the impact
of environmental factors and anthropogenic disturbances, as well as the
species breeding system, hybridization, and polyploidization (e. g.
Aparicio et al., 2002; Phillipp and Siegismund, 2003; Rosenbaumova et
al., 2004; Leimu and Mutikainen, 2005; Leimu et al., 2006; Wrdblewska,
2008; Chung et al., 2013).

Genetic variation within the whole distribution area of the M.
subalpinum group remains unknown. According to the central-marginal
concept (Eckert et al., 2008) within-population genetic diversity should
decline and among-population differentiation should increase from the
center of the species geographical range to the periphery. The
morphological variability of the group is consistent with this theory as
populations from the centre of distribution area in the Vienna Forest are
highly diverse and marginal populations from the Czech Republic and

13



Slovakia are uniform (Stech, 2006). Yet the question remains of whether
the genetic variation of populations follows this gradient in a similar way.

Some studies state that small and isolated peripheral populations can
face the negative effects of inbreeding, genetic drift, and the lowered
genetic variation caused by bottleneck and founder effects (Lynch et al.,
1995; Young et al., 1996; Tomimatsu and Ohara, 2003; Leimu et al.,
2006; Chung et al.,, 2013). The recent decline of some marginal
populations may be, apart from other environmental factors, also caused
by a loss of genetic diversity.

The main objectives and hypotheses of the thesis

The unique delimited distribution range of the M. subalpinum group,
which can be labelled as endemic in Central Europe, raises questions
about the migrational history of the group in the Holocene, its means of
dispersal to achieve recent distribution, the possible relictness of some
populations, and recent population dynamics in connection to
myrmecochory.

1) We hypothesize that the center of genetic variation is congruent
with the center of morphological variation of the group and that
Czech and Slovak populations are taxonomically identical with
Austrian narrow-leaved populations.

e What is the extent and pattern of population variation among
different morphotypes and geographical areas?

e |[s the level of genetic variation of the M. subalpinum group
correlated with its morphological variation?

e What is the size of marginal populations and what are the
characteristics of the stands they grow on?

2) We hypothesize that broad-leaved populations of M. subalpinum
are the result of an old hybridization event between narrow-
leaved populations and M. nemorosum.

e Does any genetic marker indicate a past hybridization event

between M. subalpinum agg. and M. nemorosum L.
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3)

4)

5)

We hypothesize that M. subalpinum populations survived the last
glacial maximum in microrefugia located in Central Europe.

e |[sit possible to appraise any colonization history events of the
M. subalpinum group in Central Europe?

We hypothesize that small size of populations of M. subalpinum

may be influenced by the seed preference for the seeds of the co-

occuring M. pratense by ants.

e Are the seeds of one of the species (M. pratense or M.
subalpinum) dispersed by ants preferentially?

We hypothesize that myrmecochory in Melampyrum is important

for dispersal strictly on a local scale, whereas long distance

dispersal happens by different means — probably endozoochory.

e What are the myrmecochorous dispersal distances in the area
with high ant density?

e |s endozoochorous dispersal in the genus Melampyrum
possible?
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Contents of the thesis

Chapter 1 reviews the general knowledge about the phylogeography,
genetic variation and dispersal in plants with the focus on annuals.

Chapter 2 introduces the Melampyrum subalpinum group and reviews
the problematics of the group from various points of view.

Chapter 3 contains a complete revision of localities of M. subalpinum (M.
bohemicum) in the Czech Republic and Slovakia. The estimation of size
for all localities is presented for future comparison and dangers for the
M. subalpinum populations are discussed.

Chapter 4 provides a comparison of seed dispersal by ants between co-
occuring M. subalpinum and M. pratense and comments on the influence
of differences in this process. A new mean of seed dispersal
(endozoochory) is introduced for Melampyrum. Myrmecochorous
dispersal distances are tested and Holocene migration possibilities are
discussed taking into account endozoochory.

Chapter 5 describes genetic variation and population structure across
the distribution range of the M. subalpinum group based on allozyme
analysis. Genetic variation is compared to the known morphological
variation of the group and to the central-marginal concept. Allelic
enrichment due to assumed former hybridization with M. nemorosum is
discussed.

Chapter 6 provides a further description of the genetic diversity of the
M. subalpinum group based on genome size analysis, and nrDNA and
cpDNA sequencing. The phylogeographic history of the species is
commented on, taking into account tree microrefugia in Central Europe.
Further evidence of an old hybridization with M. nemorosum is
introduced.

Chapter 7 summarizes the main results of this thesis.
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Chapter lll

Rozsifeni cernyse ceského (Melampyrum bohemicum) v
Ceské republice a na Slovensku — revize po ctyriceti
letech

Distribution of Melampyrum bohemicum in the Czech
Republic and Slovakia — revision after fourty years

Chlumsky, J and Stech, M (2011): Zprdvy Ceské Botanické Spolec¢nosti 46:
1-16 (in Czech).
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Photo on previous page (M. Stech): Melampyrum subalpinum, Doubi u
Tabora, Czech Republic
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Rozsifeni cernySe ceského (Melampyrum bohemicum) v Ceské
republice a na Slovensku — revize po Ctyficeti letech

Distribution of Melampyrum bohemicum in the Czech Republic and
Slovakia — revision after fourty years

Abstract

Because of uncertainty in present extent of Melampyrum bohemicum
A. Kern. populations in the Czech and Slovak Republic and alarming
annoucements about withdrawal of populations from their localities,
complete revision of all historically mentioned localities was carried out.
The aim of the survey was to determine range and size of all recent
populations for future comparison. The revision was based mainly on the
paper by Professor Emil Hada¢ (Hada¢, 1966) which gathered old
herbarium data. New data from recent botanists were added. During the
revision M. bohemicum was found in 50 localities consisting of 76
populations. The species wasn’t found on twenty historical localities.
Some recent knowledge about biology and taxonomy of M. bohemicum
is compared to Hadac (1966).

Keywords: Orobanchaceae, Melampyrum, flora of Central Europe,
geographical distribution, revision of localities

Nomenklatura: Kubat et al. (2002), zastupci rodu Melampyrum jsou pfi
prvni zmince v textu uvedeni s autorskymi zkratkami.

Uvod

Melampyrum bohemicum A. Kern. je poloparaziticka jednoleta rostlina
zatazend v Cerveném seznamu CR do kategorie C3 — ohroZeny taxon
(Prochézka, 2001) a také chranéna podle Piihohy 2 vyhlasky MZP CR ¢.
395/1992 Sh. v kategorii ohrozenych druh(. Stejné tak na Slovensku je
druh zarazen do cerveného seznamu v kategorii ohroZzeny druh
(Ferakova et al., 2001) a chranén podle Prilohy 5 Vyhlasky MZP SR &. 24/
2003 Z. z. Jeho rozsifeni je vazano vyhradné na Uzemi stfedni Evropy a v
minulosti byla tato rostlina povazovana dokonce za ceskoslovenského
endemita (Hada¢, 1966, 1977; Hendrych, 1981). Dle soucasného
taxonomického pojeti, podpofeného vyzkumy genetické variability, vsak
mlzZeme najit populace naleZejici ktomuto druhu i v Rakousku.
Taxonomicky nalezi M. bohemicum v rdmci série Eunemorosa (So6, 1927)
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do morfologicky zna¢né promeénlivé skupiny Melampyrum subalpinum
(Jur.) A. Kern., jejiz problematika je v soucasnosti reSena pomoci
molekuldrnich metod. Melampyrum bohemicum se na nasem Uzemi
vyskytuje vzacné a jeho populace jsou vétSinou malé, z ¢ehoz plyne i
potencidlni zna¢né ohroZzeni tohoto fytogeograficky mimoradné
vyznamného taxonu. Vzhledem k velmi malému celkovému arealu jsou
znepokojujici i sdéleni nékterych floristll o Ustupu M. bohemicum na
znamych lokalitach.

Hadac (1966) shromazdil z herbarovych sbirek veskeré dostupné udaje
o vyskytu M. bohemicum a sam navstivil vSechny zdkladni oblasti
vyskytu. Presto byla velkd ¢ast uvadénych lokalit naposledy revidovana
starSimi autory mnohdy i pred vice nez sto lety.

Tyto duvody spolu s probihajicim podrobnym studiem taxonomie
skupiny M. subalpinum vedly k rozhodnuti provést Uplnou revizi vSech
uvadénych lokalit tohoto druhu.

Metodika

V cervenci a srpnu roku 2006 byla provedena revize vSech recentné i
historicky uvadénych lokalit Melampyrum bohemicum v Ceské republice
a na Slovensku. Revize navazuje na praci Hadace (1966), ktery se detailné
zabyval rozsSirenim M. bohemicum a excerpoval dostupné herbarové
Udaje o vyskytu taxonu v byvalém Ceskoslovensku. Nové floristické Gdaje
o vyskytu M. bohemicum byly ziskany predevsim z praci Holub (1996),
Tichy (1996), Kaplan (2005) a Stech (2005). Dalsi udaje byly ziskany od
Agentury ochrany pfirody a krajiny CR a z Ceské narodni fytocenologické
databaze (Chytry and Rafajova, 2003), kterd je na pozadani dostupna na
internetové adrese
(http://www.sci.muni.cz/botany/vegsci/dbase.php?lang=cz). Rada udajli
o recentnim vyskytu M. bohemicum byla ziskana z rukopisnych materiald
R. Kurky a M. Stecha. | pres intenzivni snahu se nepodafilo ziskat
diplomovou praci B. Michkové vypracovanou v roce 1982 na Pedagogické
fakulté Univerzity Hradec Kralové, ktera se zabyvala timto druhem. Prace
bohuzel neni k dispozici vtamni knihovné ani u autorky samotné.

Smyslem mapovani bylo kromé zjiSténi aktualniho rozsifeni M.
bohemicum poloZit vychozi bod pro ndsledny monitoring zmén v
populacich. Z tohoto didvodu byly nékteré vétsi populace rozdéleny na
subpopulace. Jako subpopulace byly oznacovany jednotlivé vyskyty
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rostlin, které nalezely do stejného lesniho celku, pripadné rostly podél
jednoho useku silnice a byly od sebe vzdalené maximalné do 1 km.

Na  revidovanych lokalitach  byly  zaznamendny nasledujici
charakteristiky: Pfesna lokalizace pomoci pfistroje GPS (soufadny systém
WGS 84), nadmorska vyska a charakteristika populace s pozndmkami o
lokalité a potencidlnim ohroZeni. Dle presné lokalizace byl zjistén
geologicky podklad lokality na mapovém serveru Ceské geologické sluzby
(http://www.geology.cz/extranet/geodata/mapserver). Na vétsiné lokalit
byl zaznamendan fytocenologicky snimek, ktery byl ulozen v Ceské
narodni fytocenologické databdzi (Chytry and Rafajova, 2003). Velikost
populace byla vzhledem k meziro¢nim oscilacim u tohoto jednoletého
druhu odhadnuta do hrubé ordinacni Skaly (desitky, stovky, tisice a
desetitisice rostlin).

V priabéhu revize nebyl zpravidla sbiran dokladovy material. Vétsina
lokalit je doloZena sbéry z jinych navstév lokalit a tyto jsou uloZeny v
herbafri katedry botaniky Pfirodovédecké fakulty JU (CBFS).

Strucna taxonomicka problematika skupiny Melampyrum subalpinum
V pfibuzenstvu Melampyrum nemorosum, kam skupina M. subalpinum
patfi, je tradicné za nejvyznamnéjsi taxonomicky znak povazovano odéni
kalicha. Skupina Melampyrum subalpinum, jak je chdpana v této praci, je
vymezena odénim, které je omezeno vyhradné na zilky kalicha a okraje
kalisnich cipld a je tvoreno stfedné dlouhymi (do 1,5 mm) a dopredu
smérujicimi chlupy. Pomineme-li balkanské taxony s nejistymi vztahy k
rostlinam stfedoevropskym, je centrum diverzity této skupiny v oblasti
Videnského lesa, kde roste vétSina morfologicky odlisitelnych typQ.
Rostliny z Uzemi Rakouska byly plvodné popsany Juratzkou na urovni
variety jako M. nemorosum var. subalpinum (Juratzka, 1857). Vzhledem k
velké mezipopulacni variabilité byly postupné popisovany dalsi taxony,
které byly rdznymi autory rlzné chapany a jsou pri¢inou rady
taxonomickych i nomenklatorickych obtiZi. Rostliny objevené v Cechéch
byly nejdfive uvadény pod rlznymi jmény vztahujicimi se na rakouské
rostliny (pfehled viz Holub, 1996) aZ nakonec byly popsany v roce 1881
jako Melampyrum bohemicum A. Kern. (Kerner, 1881) a zaroven také
jako M. nemorosum subsp. fallax Celak. (Celakovsky, 1881). Validni
publikace jména v druhovém ranku (M. fallax Celak.) je sporna (Holub,
1996). V roce 1882 publikoval detailni studii skupiny Beck (1882).
Rostliny se Sirokymi listy chapal jako M. subalpinum s. str. a uzkolisté
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rostliny popsal jako M. angustissimum Beck. Pozdéji Beck(1893) sloucil
Melampyrum bohemicum a M. angustissimum do jednoho druhu (se
jménem M. fallax) a rozliSoval je pouze jako variety tohoto druhu spolu s
Casnym sezénnim typem M. fallax var. grandiflorum (A. Kern.) Beck.
Vyskyt vSech téchto variet udaval z Uzemi Rakouska a stale je na druhové
urovni odliSoval od M. subalpinum s. str. (Beck, 1893). Taxony M.
subalpinum s. str. a M. angustissimum byly akceptovany rakouskymi
autofi povazovali obvykle za samostatny druh (Ehrendorfer and
Gutermann, 1973). RovnéZz Flora Europaea (So6 and Webb, 1972)
rozliSuje rakouské a ceské populace jako M. subalpinum a M.
bohemicum. Pro M. bohemicum jsou jako jeden z rozliSovacich znak(
uvadény zelené horni listeny presto, Zze M. bohemicum ma cCasto listeny
fialové nebo alespori fialové nab&hlé (Holub, 1996; Stech, 2000). Se
skutecnosti také nekoresponduje udavana Sitka listl. Flora Europaea
uvadi Sitku listl pouze 2 mm, kdeZto ve skutecnosti mizie mit M.
bohemicum listy $iroké 2-9 mm (Stech, 2000, 2006). Naopak v pfipadé
M. subalpinum Flora Europaea bere v Uvahu hlavné Sirokolisté populace,
pro které uvadi Sirku listl (2-)14-18 mm a o rakouskych uzkolistych
populacich se zvlast nezmiriuje.

Detailné se problematikou variability rakouskych populaci zabyval
Reiner (1994). Jeho fesSeni bylo prejato také do druhého a s Upravou i
tretiho vydani rakouského klice (Fischer et al.,, 2005, 2008). V tomto
pojeti je M. subalpinum s. |. rozdéleno na dva poddruhy odliSované na
zakladé sezonnich znakd (napf. doba kvétu, pocet lodyZznich a
interkalarnich ¢lank(, pocet vétvi a kvetoucich vétvi). Melampyrum
subalpinum subsp. grandiflorum (A.Kern) Sod je casny morfotyp
uzkolistych rostlin Gdajné kvetouci v kvétnu az ¢ervnu a M. subalpinum
subsp. subalpinum zahrnuje pozdni morfotypy kvetouci od Cervence do
zaCatku zari. Tento poddruh je dale ¢lenén na dvé variety. Varieta
subalpinum zahrnuje uzkolisté rostliny a var. thermale Reiner ined.
Sirokolisté populace z oblasti Videriského lesa v Rakousku. Zcela opacné
pojeti M. subalpinum s. str. je zplsobeno tim, Zze dosud nebyla platné
provedena typifikace jména M. nemorosum var. subalpinum Juratzka.
Reiner ve své rukopisné diplomové praci navrhnul typifikaci uzkolistymi
rostlinami (Reiner, 1994). Pokud by vsak toto jméno bylo typifikovdno
Sirokolistymi rostlinami, pak by zfejmé nejstarSim jménem pro uzkolisté
rostliny bylo M. bohemicum A. Kern.
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X mylné (zamény s M. pratense a M. sylvaticum agg.)

-

Obr. 1. — Mapa soucCasného a historicky uvadéného rozsifeni
Melampyrum bohemicum v Ceské republice a na Slovensku.
Fig. 1. — Distribution map of recent and historical localities of

Melampyrum bohemicum in the Czech Republic and Slovakia.

Stech (2006) povazuje M. bohemicum za taxon totozny s rakouskymi
populacemi M. angustissimum. Presto, Ze jsou populace M.
angustissimum morfologicky variabilnéjsi, da se M. bohemicum chapat
z pohledu morfologického jako vysek variability rakouskych Gzkolistych
rostlin. Sirokolisté populace M. subalpinum s. str. vznikly dle Stecha
(2006) starou hybridizaci populaci M. angustissimum a M. nemorosum.
Testovani téchto hypotéz a analyza genetické variability celého komplexu
jsou hlavni naplni projektu feseného v soucasné dobé.

Soucasné rozsifeni a charakteristika stanovist M. bohemicum v Ceské
republice a na Slovensku — srovnani s historickym stavem

Melampyrum bohemicum se na nasem Uzemi nejhojnéji vyskytuje ve
vychodni ¢asti SirSiho Polabi, kde je vazan predevsim na terasy Labe a
Orlice, roztrousené roste i v jiznich Cechdch, a to zejména na terasach
Luznice od jizniho Treboriska az po Pribénice a na jedné lokalité nedaleko
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Kardasovy Retice. Mald arela je v $ir$im okoli Ole$nice u Kunstatu, kde se
Casto vyskytuje i na bazemi bohatych aZ vapnitych nepiscitych
stanovistich. Byl také objeven na jediné lokalité v Ceském raji (viz obr. 1).
Vyskytuje se od planarniho do submontdnniho stupné (viz ,obr. 2) s
vyskovym maximem na Ceskomoravské vrchoviné na vrchu Fouska u
Trpina (ca 660 m) (Stech, 2000). Na Slovensku M. bohemicum roste
pouze na nékolika lokalitach v piscitych svétlych borech v oblasti Zahori
(Hadag, 1966; Siposova and Stech, 1997).

Vsoucasné dobé byl druh ovéfen na 50 lokalitach scelkem 76
populacemi (viz pfiloha 1). Cast lokalit (19) uvadénych Hadacem (1966)
se nepodafrilo ovéfit (viz pfiloha 2). Vzhledem k tomu, Ze nékteré lokality
jsou naposledy udavany na konci 19. stoleti, je pravdépodobné, Ze fada z
nich jiz neexistuje. Vyznamnou roli vSak také hraje fakt, Ze mnohé starsi
Udaje jsou pojaty velmi Siroce a nelze vyloudit, Ze nékteré lokality se jesté
v budoucnu podafi ovéfrit. Dvé Hadacem (1966) uvadéné populace nalezi
k jinym druhdm, jak bylo zjisténo revizi citovanych herbarovych dokladd
(Stech, 2000). Jedna se o lokalitu u Dobfan v Orlickych horach, kde doslo
k zdaméné s M. sylvaticum agg. a o lokalitu na Hodoninsku, kde doslo k
zaméné s M. pratense.

Prestoze je Cernys Cesky na mnoha lokalitach jiz nezvéstny, pfibyla od
doby Hadacovy revize (1966) fada lokalit novych. V jiznich Cechach byly
objeveny nové populace v okoli Majdaleny, Kardasovy Recice, Doubi u
Tabora, Plané nad LuZnici a nékolik novych lokalit v SirsSim okoli zficeniny
hradu Pfibénice. Mimo jizni Cechy je kromé nékolika drobnych lokalit
v blizkosti Pardubic a na slovenském Zahorie vyznamny nalez izolované
nejsevernéjsi lokality nedaleko Zehrova v Ceském raji.

Béhem aktualni revize bylo nalezeno nékolik novych populaci, které se
nachazeji v sousedstvi jiz znamych lokalit a dvé nové lokality v blizkosti
Ustrasic na Taborsku a nedaleko Kardasovy Recice (viz pfiloha 1). Udaje
poskytnuté AOPK a Udaje z narodni fytocenologické databaze (Chytry
and Rafajova, 2003) se vesmés kryly s udaji Hadace (1966) a vlastnimi
nalezy & excerpci M. Stecha.

Hadac (1966) ve své praci uvadi, Ze M. bohemicum roste v borech nebo
svétlych doubravdch v asociacich Pino-Quercetum nebo Luzulo-
Quercetum. Pti revizi lokalit vroce 2006 se vsechny lokality M.
bohemicum nalézaly v sekunddrnich kulturnich lesich, které Ize zaradit do
syntaxonomického systému jen velmi obtizné. Uvazovat by se dalo jen o
lokalitach ze Zahori, které Hadac (1966) radi do asociaci Pino-Quercetum
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zahoricum a Dicrano-Pinetum zahoricum. Tyto svétlé bory na piskach
maiji specifickou floru, ktera je zcela odlisnd od podrostu ¢eskych bor(.
Na téchto lokalitach byly populace M. bohemicum nejpocetnéjsi, coz
muUZe souviset se svétlosti borovych lesli a také sfidce zapojenym
bylinnym patrem na piskach. Fytocenologické snimky, které byly
pofizeny na viech lokalitadch druhu, je mozné vyhledat v Ceské néarodni
fytocenologické databdzi (Chytry and Rafajova, 2003) pod Cisly
uvedenymi u jednotlivych lokalit v pfiloze 1.
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Obr. 2. — Rozdéleni populaci Melampyrum bohemicum dle nadmorskych
vysek.

Fig. 2. — Melampyrum bohemicum populations categorized on the basis
of the altitude.
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Obr. 3. — Rozdéleni populaci Melampyrum bohemicum dle geologickych
charakteristik.

Fig. 3. — Melampyrum bohemicum populations categorized on the basis
of geological characteristics.

Hadac¢ (1966) uvadi, Ze prevdind ¢ast lokalit ma piscity podklad. Pfi
soucasné revizi vSak bylo zjisténo, Ze populace casto rostly i na
Stérkopiskovém podkladu ¢i na hlinito-pisCitych plGdach. Stejné tak
matecnym substratem nemusi byt pouze pisky. Z geologickych map bylo
zjisténo, ze podklad lokalit mnohdy tvofi pfeménéné horniny, vyjimecné
téZ vyvreliny a lokality jsou casto v blizkosti vychoz( hornin s vy$sim
obsahem bazickych iontd (viz obr. 3). Hadac (1966) se o vapencovém
podkladu na lokalitach M. bohemicum nezminuje. Naopak pro rakouské
populace M. subalpinum agg. uvadi jako jeden z rozliSovacich znak, Ze
se proti M. bohemicum vyskytuji na vapenci. Teprve Tichy (1996) uvadi
populace rostouci na vapencovém podloZi z lokalit v blizkosti OleSnice u
Kunstatu. Pfi aktudlni revizi bylo zjiSténo, Zze M. bohemicum se na
vapnitych podkladech (vapnitych jilovcich, slinovcich a prachovcich)
vyskytuje i ve vychodnim Polabi. Melampyrum bohemicum tedy roste na
vapencovém podkladu castéji, nez se predpokladalo (viz obr. 3), a
priblizuje se tak stanovistnimi naroky druhu M. angustissimum.
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Melampyrum bohemicum vyhledava predevsim svétlejsi lesy, pripadné
svétld mista s naruSenym stromovym patrem. SniZujici se svétlost
zpusobend kompaktnim stromovym zdpojem a expanzi kiovin, ktera je
obecnym trendem soucasného vyvoje lest (Hofmeister et al., 2004,
2009), se da povaZovat za jednu z hlavnich pficin Ustupu populaci tohoto
druhu. Ze vsech lokalit bylo patrné, Zze M. bohemicum velice Casto roste
pouze v okoli silnic, cest a pésin, a to i v Uzemich, ze kterych je v
minulosti udavan jako hojny druh. Nejvétsi populace jsou v soucasnosti
soustfedény predevsim do svétlych bor( na piskach v oblasti Zahorie.
Velmi ¢asto M. bohemicum roste na terasach rek nebo v jejich blizkosti
(napt. nad nivou feky) a v okoli terénnich zlomu, coZ zfejmé rovnéz
souvisi s pFiznivéjSimi svételnymi podminkami, a to nejen v soucasnosti,
ale i v minulosti. Také Hadac (1966) uvadi, Zze smisené haje s duby, lipou
a javory jsou pro M. bohemicum pfilis stinné a vihké. Druh prfesto mUze
prosperovat v podobnych spolecenstvech, pokud jsou dostatecné svétla.
Napriklad u Vysoké nad Labem roste velka prosperujici populace v
lipovém haji (s pfimési trnovniku akatu), ktery je velmi svétly a bez
podrostu kiovin.

Hlavnimi faktory recentné ohroZujicimi tento druh v Ceské republice
jsou tedy zejména postupujici zastinéni a ruderalizace lokalit (zardstani
druhy Calamagrostis epigejos, C. arundinacea, Impatiens parviflora,
Carex brizoides, Pteridium aquilinum), nevhodné lesnické zasahy
(velkoplosné myceni, husta vysadba smrku na lesni svétliny), vysoka
fragmentace populaci a jejich mald velikost. Z obr. 4 je patrné, ze jen tfi
populace M. bohemicum dosahuiji velikosti o desitkach tisicli jedincd. Ve
dvou pripadech se jednd o populace ze svétlych borovych lesd na
slovenském Zahorie a treti populace je zrtidkého a svétlého lesa
v blizkosti Cerné za Bory u Pardubic. Na mensim rozsahu dalsich populaci
se jiz Casto projevuje limitace svételnymi podminkami. Pouze tfinact
populaci je tisicovych a zbylych padesatSest sestava z desitek az stovek
jedincl, coz mulZe byt pro jednoletou rostlinu nepfiznivy pocet. Na
druhou stranu se vyskyt na radé lokalit jevi dlouhodobé stabilni. Nékteré
informace o poklesu velikosti populaci lze pfipsat na vrub pfirozenym
fluktuacim pocetnosti, které jsou u jednoletych rostlin bézné. Takovéto
zmény pocetnosti byly napf. sledovany od roku 2003 na lokalitach v
Doubi u Tébora.
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Obr. 4. — Rozdéleni populaci Melampyrum bohemicum dle jejich velikosti
(odhad poctu jedinct).

Fig. 4. — Melampyrum bohemicum populations categorized on the basis
of their size (number of individuals estimated).

Soucasny pohled na historii druhu

Novy pohled na taxonomii celé skupiny M. subalpinum a prohlubujici se
znalosti o vegetaci Holocénu méni i pohled na historii skupiny v posledni
dobé poledové. Nad migracni historii skupiny v téchto oblastech se
zamyslel Hada¢ (1966), ktery predpokladal, ze spolecny predek M.
bohemicum a M. subalpinum sahal svym aredlem od rakouskych Alp po
Zahorie na Slovensku. Jako argument pro toto rozsifeni Hadac (1966)
uvadi, Ze se v této oblasti v posledni dobé ledové udrzely borové lesy
vhodné pro vyskyt M. subalpinum, zatimco Cechy pokryvala tundra.
Pozdéji byla podle Hadace (1966) zahorska arela oddélena a dale se

34



vyvijela samostatné. V preboredlu se na nase uUzemi rozsifily svétlé
bfezoborové lesy a v borealu se bory s liskou rozsifily i vysoko do hor
(Lozek, 2007). Tato obdobi tedy byla vhodna pro Siteni M. subalpinum.
Dle Hadacovy teorie (Hadac, 1966) se pak jiz ustaleny druh M.
bohemicum §ifil pfes Moravu a vychodni Cechy dale. Dnes vak jiz
prevldda nazor, Ze bezlesi v posledni dobé ledové zdaleka nebylo tak
rozsirené, jak se dfive predpokladalo (Wills and van Andel, 2004), a je
tedy pravdépodobné, Zze mél predek M. subalpinum agg. daleko vétsi
cetnost vyskytu a moznosti Sifeni.

Heinken (2004) uvadi, Ze M. pratense, které obyva podobné biotopy
jako M. subalpinum, urazi za rok od centra zavleceni vzdalenost pfevazné
mensi nez jeden metr, coz koresponduje s rychlosti Sifeni jinych
myrmekochornich rostlin. Takovato rychlost Sifeni by byla pro dosazeni
dnesniho aredlu M. subalpinum zcela nedostacujici. Myrmekochorie ma
zasadni vyznam pro udrZeni a rozsifeni populace v lokdlnim méfitku,
avsak pro migraci na vétsi vzdalenosti jsou nutné ojedinélé dalkové
presuny diaspor. Hada¢ (1966) uvadi moZnost prenosu semen vétrem,
coz je ale vzhledem kvelikosti a hmotnosti semen témér nemoiné.
Jednim z pravdépodobnéjsich pfirozenych zplsobl je endozoochorie.
Soudé dle castych nalezl rostlin s ukousnutym hlavnim kvétenstvim di
viditelné spasenych populaci jsou Cernyse zvéfi s oblibou vyhledavany.
Cain et al. (1998) predpoklada, Zze schopnost preZiti semene po priichodu
travicim traktem je relativné nizkda. Vysledky v soucasnosti probihajiciho
projektu vSak naznacuji, Ze semena rodu Melampyrum jsou béziné
schopna projit travicim traktem prezvykavcl v neporuseném stavu. Tato
forma prenosu je tedy pravdépodobné jednim z vyznamnych zplsobl
Siteni rostlin v Holocénu (Cain et al.,, 1998; Pakeman, 2001), cernyse
nevyjimaje.
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Pfiloha 1. — Prehled revidovanych lokalit s ovéfenym vyskytem M.
bohemicum. Sublokality nalezejici pod jedinou lokalitu jsou oddéleny
stfednikem. Lokality jsou oddéleny teckou a pomlckou. V popisu lokalit je
uvedena radova velikost populaci, nadmorska vyska lokality, souradnice
stfedu populace (WGS 84), Cislo fytocenologického snimku uloZeného
v Ceské narodni fytocenologické databazi (Chytry and Rafajova, 2003),
poznamka k lokalité a ohroZeni (pokud je k dispozici) a v zavorce datum
posledni revize a autor. Pokud je to nutné pro upiesnéni polohy obce, je
v hranatych zavorkach uvedeno nejblizsi vétsi sidlo.

Appendix 1. — Summary of successfully revised localities of M.
bohemicum. Sublocalities belonging to one locality are divided by semi-
colon. Localities are divided by coma and dash. For each locality, rough
size of the population, altitude, GPS coordinates of the center of the
population (WGS 84), number of phytosociological relevé from the Czech
National Phytosociological Database (Chytry and Rafajova, 2003), notes
about the site and its threats (if available) and in brackets date and
author of the last revision are included. In case it’s necessary to specify a
location of a village, nearest larger village or town is stated in brackets.

Ceska republika

Termofytikum:

15c Pardubické Polabi: Sopfec, u kfizovatky Soprec — Strasov — Brehy, ca
2 km JJZ od obce, stovky az tisice rostlin v borovém lese s Quercus robur,
240 m n. m., 50,07890°N, 15,54553°E (23. VIII. 2006 J. Chlumsky et J.
Svobodova); Soprec, ca 980 m J od kfizovatky Soprec — Strasov — Brehy
v boru u silnice, stovky rostlin viseku ca 100 m, 220 m n. m,,
50,06899°N, 15,54539°E, Turboveg ¢. 551395 (23. VIII. 2006 J. Chlumsky
et J. Svobodova). — Prelovice: ca 2 km ZSZ od kostela v Prelovicich, lesni
svétlina SV od rybnika Cerny Nadyma¢, desitky aZ stovky rostlin
roztrousené na svétliné vlese, 240 m n. m., 50,07627°N, 15,58875°E,
Turboveg ¢. 551394 (22. VIII. 2006 J. Chlumsky et J. Svobodova);
Prelovice, 1,5 km ZJZ od kostela vobci, doubrava u silnice na VI¢i

39



Habfinu, stovky aZ tisice rostlin v doubravé s borovici na okraji silnice
v useku ca 30 m, 230 m n. m., 50,07073°N, 15,59530°E, Turboveg ¢.
551393 (22. VIIl. 2006 J. Chlumsky et J. Svobodovd). — (Pardubice)
Bélobranska dubina, Spojil, 590 m SV — SSV od kfizovatky v obci na okraji
lesa u lesni p&siny, desitky rostlin v doubravé na ploe ca 30m?, ohroZeni:
velmi mald populace, 230 m n. m., 50,04638°N, 15,82786°E, Turboveg ¢.
551392 (22. VIII. 2006 J. Chlumsky et J. Svobodova). — Bélobranska
dubina, Sezemice, 2,7 km JJZ od kostela v obci, okraj silnice mezi Cernou
za Bory a Sezemicemi, nékolik desitek rostlin u silnice v pfikopu a v jeho
tésné blizkosti, les sduby a smrky, ohroZeni: misty husty porost
semendact Quercus rubra, 230 m n. m. 50,04154°E, 15,84028°E,
Turboveg ¢. 551391 (22. VIIl. 2006 J. Chlumsky et J. Svobodova);
Bélobranska dubina, Sezemice, 2,75 km JJZ od kostela v obci, les u silnice
mezi Cernou za Bory a Sezemicemi, desitky rostlin, ohroZeni: mald
populace, 230 m n. m., 50,04111°N, 15,83910°E (22. VIIl. 2006 J.
Chlumsky et J. Svobodova). — Bélobranska dubina, Veska, 680 m ZSZ od
kostela v obci, okraj lesa za rodinnymi domy, stovky rostlin na ploSe ca
1500 m? v lese s borovici, dubem a bfizou, ohrozeni: zartusta Melica
nutans, 230 m n. m., 50,04098°N, 15,85254°E, Turboveg ¢. 551390 (22.
VIIl. 2006 J. Chlumsky et J. Svobodovd). — Cernéd za Bory, 650 m V od
vlakové zastavky v obci, JZ ¢ast lesa S od silnice mezi obcemi Zminny a
Cerna za Bory, desetitisice rostlin roztrousené v celé JZ &asti borového
lesa a po jeho okrajich, ohrozeni: misty zarlistd Calamagrostis epigejos,
240 m n. m., 50,02766°N, 15,84306°E, Turboveg ¢. 551389 (22. VIII. 2006
J. Chlumsky et J. Svobodova).

Mezofytikum:

39 Trebonska panev: Pland nad LuzZnici, okraj lesa ca 50 m J od rybnika
Hejtman, stovky azZ tisice rostlin v doubravé navazujici na bor, 410 m n.
m., 49,33250°N, 14,72173°E, Turboveg ¢. 551363 (5. VIII. 2006 J.
Chlumsky et J. Svobodova); Plana nad Luznici, ca 200 m JJV od rybnika
Hejtman na SV okraji borového lesa u lesni cesty, stovky rostlin,
ohroZeni: vyrazné stinici husta vysadba mladych borovic, 410 m n. m,,
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49,32243°N, 14,72463°E (5. VIII. 2006 J. Chlumsky et J. Svobodova). —
Doubi u Tabora, ca 950 m SSZ od vlakové zastavky v obci v pasu mezi
Zeleznici a silnici E55, stovky rostlin rozptylené v porostu, 420 m n. m.,
49,33000°N, 14,71456°E, Turboveg ¢. 551360 (5. VIII. 2006 J. Chlumsky);
Doubi u Tabora, ca 450 m SSZ od vlakové zastavky v obci v prostoru mezi
Zeleznici a silnici E55, stovky rostlin, 420 m n. m., 49,32562°N,
14,71579°E (5. VIII. 2006 J. Chlumsky). — Doubi u Tabora, ca 150 m Z od
vlakové zastavky v obci, borovy les u staré silnice, velka populace tisicl
rostlin na plose 4000 m?, 425 m n. m. 49,32243°N, 14,71519°E,
Turboveg ¢. 551355 (1. VIII. 2006 J. Chlumsky). — Doubi u Tdbora, ca 460
m JJV od vlakové zastavky v obci, stovky az tisice rostlin roztrousené
v borovém lese po obou stranach trati (i v bezprostiedni blizkosti na
okraji naspu), ostrivkovité hojnéji, ohrozeni: silnd ruderalizace, zvlasté
kolem trati, 420 m n. m., 49,31799°N, 14,71956°E, Turboveg ¢. 51358 (5.
VIII. 2006 J. Chlumsky et J. Svobodova). — Doubi u Tabora, 1 km JJV od
vlakové zastavky v obci, smrkovy les nad zarezem trati, populace tisicl
rostlin na plose ca 700 m?, 425 m n. m., 49,31334°N, 14,72134°E,
Turboveg €. 551359 (5. VIIl. 2006 J. Chlumsky et J. Svobodovad). —
Kardasova Retice, ca 2,5 km JJZ od Zelezniéni stanice v obci na okraji
borového lesa u pésiny s turistickou znackou, desitky rostlin na Cerstvé
mytiné a déale v borovém porostu kolem pésiny v Useku ca 240 m, 445 m
n. m., 49,16297°N, 14,84647°E, Turboveg ¢. 551382 (16. VIIl. 2006 J.
Chlumsky et J. Svobodovad). — Kolence, ca 900 m JV od centra obce, les pfi
silnici do Novosedel, velkd populace mnoha tisic rostlin v lese s dubem a
borovici podél obou stran silnice, ohroZeni: lokalné postupuje
ruderalizace, 445 m n. m., 49,08643°N, 14,79793°E, Turboveg ¢. 551383
(18. VIII. 2006 M. Stech et J. Chlumsky). — Majdalena, ca 2,5 km SSZ od
nadrazi v obci u lesni cesty s turistickou znackou k rozvodi Luznice a Nové
feky ca 200 m od hlavni silnice, stovky rostlin v Useku asi 150 m kolem
cesty, okraj druhotného borového lesa s pfimiSenymi duby letnimi na JV
orientované hrané terasy nad nivou Luznice, 440 m n. m., 48,98466°N,
14,84436°E, Turboveg ¢. 551350 (16. VII. 2006 J. Chlumsky et Z.
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Chlumska). —Kosky [Majdalena], ca 720 m JJZ od mostu pres Kosténicky
potok vobci nad pravym brehem LuZznice vlese za chatami, mald
populace desitek rostlin v smrkovém lese s dubem, ohroZeni: velikost
populace a zarUstani Carex brizoides a Pteridium aquilinum, 450 m n. m.,
48,94421°N, 14,88637°E, Turboveg ¢. 551384 (19. VIII. 2006 J. Chlumsky
et Z. Chlumskd). — Suchdol nad Luznici, ca 540 m SSV od mostu pres
LuZnici v obci, pfi soutoku LuZnice s Dradici (terasa na pravém biehu
Luznice), stovky rostlin na svétlinach kolem lesni cesty smétujici k Luznici
a ve smrkovém lese u reky, 450 m n. m., 48,90893°N, 14,89216°E,
Turboveg ¢. 551385 (19. VIII. 2006 J. Chlumsky et Z. Chlumska). — Klikov,
ca 800 m Z od mostu pres Dracici v obci, okraj lesni cesty vedouci zJ
k soutoku Luznice a Dracice asi 150 m od silnice mezi Klikovem a
Suchdolem nad Luznici, velmi mald populace nékolika desitek rostlin na
ploSe ca 2 x 3 m, ohroZeni: v pfipadé dalSiho zhoustnuti stromového
patra by populace méla nedostatek svétla, 464 m n. m., 48,90650°N,
14,89470°E, Turboveg ¢. 551351 (16. VII. 2006 J. Chlumsky et Z.
Chlumska). — Frantiskov, ca 300 m JV od mostu silnice na RapSach na
terase nad levym bfehem Dracice, populace podél hrany vyzniva na Z,
stovky rostlin, ohroZeni: misty okraj populace ohroZzen ruderalizaci,
zarUstani Impatiens parviflora, juvenilni rostliny Symphoricarpos albus,
465 m n. m., 48,89154°N, 14,94009°E, Turboveg ¢. 551354 (20. VII. 2006
M. Stech et J. Chlumsky). — Haldmky, 800 m JV od héjenky v obci po obou
stranach hlavni silnice Halamky — Neunagelberg v misté kfizeni s lesni
cestou, V od silnice tisice rostlin v boru na plose ca 200 m?, Z od silnice
tisice rostlin na plose ca 500 m?, 467 m n. m., 48,84177°N, 14,93738°E,
Turboveg €. 551353 (20. VII. 2006 M. Stech et J. Chlumsky). — Halamky,
2,8 km J od kfizovatky v obci, pravy bfeh Luznice asi 1 km V od Lesnich
Chalup, posledni terasa nad nivou LuZnice, Usti Uvozové cesty do nivy, asi
15 rostlin na plosSe 2 x 4 m v mladém borovém lese, ohrozZeni: vzhledem
k pocCtu rostlin vysoké, 460 m n. m., 48,83049°N, 14,93284°E, Turboveg ¢.
551352 (20. VII. 2006 M. Stech et J. Chlumsky). 41 Stfedni Povltavi:
Pfibénice, J az JZ svah nad silnici kolem zficeniny Pfibénice ca 150 m JJZ
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od zbytk( véze, roztrousené desitky az stovky rostlin, 420 m n. m.,
49,39162°N, 14,56269°E, Turboveg ¢. 551361 (5. VIII. 2006 J. Chlumsky);
Pfibénice, po okrajich obezdéného otevieného prostoru vcentru
zficeniny, 30 m S od zbytkd véZe, desitky aZ stovky rostlin, ohroZeni:
populace zarlista okolni vegetaci, Sod tohoto mista roste oddélené
populace M. nemorosum, 425 m n. m., 49,39142°N, 14,56421°E (5. VIII.
2006 J. Chlumsky); Pribénice, 100 m SZ od véze v arealu zficeniny
v liskovém krovi, desitky rostlin, 425 m n. m., 49,39245°N, 14,56244°E (5.
VIII. 2006 J. Chlumsky); Pribénice, asi 580 m JV od zficeniny na svahu nad
Luznici pfi okraji lesni cesty, 7 rostlin ve velmi husté vegetaci
s Calamagrostis epigejos a Rubus idaeus, ohroZeni: vysoké, populace
vytlatovana expanznimi druhy, 460 m n. m., 49,38838°N, 14,56655°E (5.
VIII. 2006 J. Chlumsky). — Becice u Tabora, svétla dubohabfina na svahu
nad LuZnici asi 650 m VSV od kostela v Becicich v blizkosti kfizovatky
lesnich cest, stovky rostlin, 450 m n. m., 49,384333°N, 14,562388°E (27.
VI. 2010 J. Chlumsky et V. Jilkovd). — MalSice u Tabora, asi 1,5 km V od
zficeniny Pribénice na mohylovém pohrebisti, smrkovy les s tisici rostlin,
480 m n. m., 49,39191°N, 14,58351°E (5. VIII. 2006 J. Chlumsky); MalSice
u Tdbora, asi 1,5 km VJV od zficeniny hradu Pfibénice, 300 m JJZ od
mohylového pohtebisté, stovky rostlin roztrousené na svahu u lesni cesty
v useku ca 200 m, ohroZeni: znacné, lokalita zarUsta Calamagrostis
arundinacea, 460 m n. m., 49,38966°N, 14,58216°E (5. VIII. 2006 J.
Chlumsky). 42b Taborsko—vlasimska pahorkatina: Slapy, les u silnice ca
1,5 km JZ od obce, pésina na Z okraji lesa, roztrousena populace stovek
rostlin na okraji a uvnitt lesa, ohrozeni: silna ruderalizace, myceni, 520 m
n. m., 49,37760°N, 14,60035°E, Turboveg ¢. 551356 (1. VIII. 2006 J.
Chlumsky). — Ustrasice, 750 m JZ od kfiZovatky v obci po obou stranach
silnice z UstraSic do Zele¢e, ca 200 m pred okrajem lesa v okoli kfizujici
lesni cesty, tisice rostlin na plode ca 460 m? ohrozeni: myceni, populace
tésneé sousedi s lesnickou skolkou, 440 m n. m., 49,33371°N, 14,67733°E,
Turboveg ¢. 551357 (1. VIII. 2006 J. Chlumsky). 55¢ Rovenska
pahorkatina: Zehrov, ca 980 m JJV od kFizovatky v obci v byvalém lomu u
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silnice, roztrousené stovky rostlin vlomu a jeho blizkosti, 280 m n. m.,
50,52346°N, 15,10729°E, Turboveg ¢. 551396 (23. VIII. 2006 J. Chlumsky
et J. Svobodova); Zehrov, pfi silnici u byv. lomu ca 970 m JV od
krizovatky v obci, stovky rostlin v pfikopu u silnice v Useku ca 200 m, 280
m n. m., 50,52301°N, 15,10653°E (23. VIIl. 2006 J. Chlumsky et J.
Svobodova). 61a KFrivina: Rasovice [Tynisté nad Orlici], ca 970 m SSZ od
kfizovatky v obci u silnice z Rasovic do KFivic, pod kopcem Hlava (Hlavac),
stovky az tisice rostlin po obou stranach cesty v boru s primiSenymi buky,
300 mn. m., 50,16135°N, 16,12835°E, Turboveg ¢. 551369 (11. VIIl. 2006
J. Chlumsky et J. Svobodova). 61b Tynistsky tval: Béle¢ nad Orlici, 1,3 km
ZSZ od krizovatky v obci pfi silnici mezi Bél¢i a Svinary na hrané terasy
nad nivou Orlice, pres silnici proti hajovné Skvdrovka v chataiské osadé,
tisice rostlin pod borovicemi a na mytiné s vysadbou mladych smrka, 245
m n. m., 50,20584°N, 15,92646°E, Turboveg ¢. 551381 (13. VIII. 2006 J.
Chlumsky et J. Svobodova). — Bélecko, ca 1,6 km SSV od kfizovatky v obci
pfi silnici z Bélecka do Trebechovic p. O., mala populace desitek rostlin u
odbocky na lesni cestu, ohroZeni: zarQsta Carex brizoides, 270 m n. m.,
50,16388°N, 15,96336°E, Turboveg ¢. 551380 (13. VIII. 2006 J. Chlumsky
et J. Svobodova). — Kfivice, ca 1,25 km SZ od kostela v obci na okraji lesa
pobliz jedné zlesnich cest vedoucich kvojenskému prostoru, tisice
rostlin na plose ca 1000 m? vboru na okraji sduby, 280 m n. m.,
50,18350°N, 16,09675°E, Turboveg ¢. 551370 (11. VIII. 2006 J. Chlumsky
et J. Svobodovad). — Cestice, ca 1 km ZSZ od vlakové zastavky v obci u lesni
cesty, stovky rostlin roztrousené po stranach lesni cesty v Useku ca 200
m, 280 m n. m., 50,13400°N, 16,13324°E, Turboveg ¢. 551368 (11. VIII.
2006 J. Chlumsky et J. Svobodovd); Cestice, asi 270 m SZ od nadraii
vobci na malé strarice pod lesem na upati vrchu Maly Chlum za
rodinnym domkem, asi 20 rostlin, ohroZeni: zarGstd Calamagrostis
epigejos, mala populace, 300 m n. m., 50,13202°N, 16,14481°E (11. VIII.
2006 J. Chlumsky et J. Svobodova). — Kostelec nad Orlici, pti lesni cesté ca
620 m JJZ od hdjovny u Kostelce n. O. v blizkosti byv. piskovny, desitky
rostlin rozptylené na okraji mladé smrkové vysadby a v listnatém lese,
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315 m n. m., 50,10688°N, 16,18907°E, Turboveg ¢. 551366 (10. VIII. 2006
J. Chlumsky et J. Svobodovd); Kostelec nad Orlici, ca 760 m JJZ od
hajovny u Kostelce n. O. po obou strandch hlavni silnice mezi Kostelcem
n. 0. a Cermnou n. 0., stovky rostlin ve smrkovém lese s duby, 320 m n.
m., 50,10536°N, 16,18889°E (10. VIII. 2006 J. Chlumsky et J. Svobodova).
— Zdelov, ca 1,8 km SV od hdajovny ve Zdelové u silnice ze Zdelova do
Kostelce n. 0., 1,2 km V od rybnika v Castolovickych Horkach, nékolik
desitek rostlin v Useku ca 100 m, 280 m n. m., 50,11335°N, 16,16443°E,
Turboveg €. 551367 (10. VIII. 2006 J. Chlumsky et J. Svobodova); Zdelov,
ca 1 km VSV od hdjovny ve Zdeloveé u silnice ze Zdelova do Kostelce n. O.,
760 m JV od rybnika v Castolovickych Horkach, stovky rostlin, 280 m n.
m., 50,10999°N, 16,15475°E (10. VIII. 2006 J. Chlumsky et J. Svobodova).
61c Chvojenska plosina: Vysoka nad Labem, 150 m JIV od hajovny v obci
v lipovém hdji na vyvyseniné nad silnici, haj se stromovym patrem
tvorenym Tilia cordata (a nékolika stromy Robinia pseudacacia), tisice
rostlin na ploe 1300 m?, zcela jisté zde M. bohemicum parazituje na
lipé, 260 m n. m., 50,15285°N, 15,84125°E, Turboveg ¢. 551378 (12. VIII.
2006 J. Chlumsky et J. Svobodova); Vysoka nad Labem, 520 m JV od
hajovny v obci pfi lesni cesté, porost tisicl rostlin po strandch lesni cesty
na okraji krovinaté paseky, 260 m n. m., 50,15118°N, 15,84681°E,
Turboveg ¢. 551377 (12. VIII. 2006 J. Chlumsky et J. Svobodova). — Novy
Hradec Kréalové, ca 500 m JV od rybnika Biticka u hlavni silnice z Nového
Hradce Kralové do Bysté, stovky az tisice rostlin na Z strané silnice na
plose ca 1000 mz, 280 m n. m., 50,16741°N, 15,86620°E, Turboveg ¢.
551379 (13. VIIl. 2006 J. Chlumsky et J. Svobodovd); Novy Hradec
Kralové, ca 700 m JV od rybnika Bificka u hlavni silnice z Nového Hradce
Kralové do Bysté, roztrousené desitky az stovky rostlin kolem hlavni
silnice, ohroZeni: ruderalizace, 280 m n. m., 50,16612°N, 15,86817°E (13.
VIIl. 2006 J. Chlumsky et J. Svobodovd). — Hodésovice, ca 40 m V od
hajovny BaZantnice, stovky rostlin vuseku ca 80 m, 280 m n. m,,
50,15725°N, 15392501°E, Turboveg ¢. 551375 (12. VIII. 2006 J. Chlumsky
et J. Svobodovd); Hodésovice, ca 130 m SV od hajovny BaZantnice,
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smrcina u kriZovatky lesnich cest, tisice jedincll, dale populace pokracuje
po 150 m S, 280 m n. m., 50,15798°N, 15,92571°E (12. VIIl. 2006 J.
Chlumsky et J. Svobodovd); Hodésovice, ca 100 m SZ od dfevénky
v byvalé osadé Mazurovy chalupy, stovky rostlin, dfive moZna veétsi
populace, ohrozeni: myceni (12. VIII. 2006 J. Chlumsky et J. Svobodova).
— Hodésovice, u silnice ca 480 m Z od obce, ca 120 m od V okraje lesa,
stovky rostlin, 300 m n. m., 50,14710°N, 15,90948°E, Turboveg ¢. 551376
(22. VII. 2006 J. Chlumsky et J. Svobodova). — Vysoké Chvojno, Buky u
Vysokého Chvojna, 1,8 km Z od hajovny v Jezovinach po strané hlavni
silnice u plotu a za plotem lesnickych Skolek, stovky rostlin v Useku ca
150 m, 300 m n. m., 50,13634°N, 16,00045°E (11. VIIl. 2006 J. Chlumsky
et J. Svobodova). — Suté brehy [Tynisté nad Orlici], rozcesti Suté biehy u
zlomu terasy nad nivou Orlice, stovky rostlin kolem celého rozcesti, 250
m n. m., 50,15732°N, 16,02848°E, Turboveg ¢. 551371 (11. VIII. 2006 J.
Chlumsky et J. Svobodovd). — Nova Ves [Tynisté nad Orlici], pfi silnici 680
m V od hajovny v Jezovinach, nékolik desitek rostlin v pfikopu a na okraji
lesa u silnice, 300 m n. m., 50,13796°N, 16,03532°E, Turboveg ¢. 551372
(112. VIII. 2006 J. Chlumsky et J. Svobodova). — Dolni Jeleni, ca 500 m VJV
od osady Rousinov na okrajich silnice, tisice rostlin roztrousené kolem
cesty, ostrivkovité vétsi porosty, ohroZeni: misty zarGsta Pteridium
aquilinum, 285 m n. m., 50,04659°N, 16,12945°E, Turboveg ¢. 551373
(22. VIII. 2006 J. Chlumsky et J. Svobodova); Dolni Jeleni, 3,8 km V(J)V od
kostela v Hornim Jeleni a 1,4 km SZ od ndadrazi v PlchGvkach, pfti lesni
cesté na Plchlvky, nékolik desitek rostlin roztrousenych v bordvci, 300 m
n. m., 50,04517°N, 16,14651°E (12. VIII. 2006 J. Chlumsky et J.
Svobodova); Dolni Jeleni: 2,4 km VJV od ktizovatky v Dolnim Jeleni, u
silnice z Dolniho Jeleni do osady Prochody, asi 20 rostlin rozptylenych
v bortv¢i, 300 m n. m., 50,04507°N, 16,14081°E (12. VIIl. 2006 J.
Chlumsky et J. Svobodova); Dolni Jeleni, ca 1 km VJV od osady Rousinov
na okraji silnice, stovky rostlin, 290 m n. m., 50,04603°N, 16,13269°E (12.
VIIl. 2006 J. Chlumsky et J. Svobodovd). — Dobfikov [Vysoké Myto], na
900 m SSV od kostela v obci na okraji lesni cesty, stovky rostlin po obou
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stranach lesni cesty ve smrkovém lese, 320 m n. m., 50,00888°N,
16,14135°E (12. VIIl. 2006 J. Chlumsky et J. Svobodova); Dobfikov
[Vysoké Myto], ca 0,5 km SSZ od kostela v obci, SZ roh nesekané strané
na okraji lesa, nékolik desitek rostlin, 310 m n. m., 50,00751°N,
16,13196°E, Turboveg ¢. 551374 (12. VII. 2006 J. Chlumsky et J.
Svobodova). 67 Ceskomoravska vrchovina: Nyklovice, u lesni cesty ca 1,8
km VJV od kfizovatky v obci, svah nad levym brehem Hodoninky
(Nyklovického potoka), stovky rostlin na okraji smrkového lesa v Useku ca
35 m, 620 m n. m., 49,60185°N, 16,37135°E, Turboveg ¢. 551386 (21.
VIII. 2006 J. Chlumsky et J. Svobodova). — KnéZzeves [Olesnice u Kunstatu],
ca 1 km SSZ od kaple v obci na SZ svahu Kavinského potoka pfi lesni cesté
se Zlutou tur. znatkou, desitky aZ stovky rostlin na ploge ca 600 m?, 530
m n. m., 49,59475°N, 16,41799°E, Turboveg ¢. 551364 (7. VIIl. 2006 M.
Stech, Jan Ko3nar, J. Svobodovd, J. Chlumsky et T. Peterka); Knézeves
[OlesSnice u Kunstatu], asi 760 m SZ od kaple v obci, pfi lesni cesté na
mytiné s vysadbou mladych modfinG a na okrajich lesni cesty, tisice
rostlin na ploSe ca 450 m?, 530 m n. m., 49,59178°N, 16,41661°E (7. v,
2006 M. Stech, Jan Kognar, J. Svobodovd, J. Chlumsky et T. Peterka). —
Trpin [OleSnice u Kunstatu], 900 m JJZ od kostela v obci, JZ okraj lesa na
vrchu Fouska, tisice rostlin v brezovém hdji s pfimisSenym smrkem a misty
vlemu mezi lesem a polem, ohroZeni: subpopulace na okraji pole
zarGstaji Calamagrostis epigejos, 640 m n. m., 49,58455°N, 16,39945°E,
Turboveg €. 551365 (7. VIIl. 2006 J. Chlumsky et J. Svobodovad). —
Olesnice u Kunstatu, 1,7 km J od kostela v obci Trpin nad levym bifehem
Hodoninky, u lesni cesty nad byv. lomem u silnice Olesnice — Nyklovice,
stovky rostlin na plose ca 200 m? a dalsi populace o 100 m J, nékolik
desitek rostlin, 600 m n. m., 49,57538°N, 16,40224°E, Turboveg C.
551388 (21. VIII. 2006 J. Chlumsky et J. Svobodova). — Velké Tresné, ca
800 m JJV od kiiZzovatky v obci, v udoli Tresného potoka na terase nad
potokem na kraji lesni cesty, stovky rostlin na okraji smrkového lesa na
plode ca 60 m? ohrozeni: zarQistani mladymi smrky, 540 m n. m.,
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49,56416°N, 16,38700°E, Turboveg ¢. 551387 (21. VIII. 2006 J. Chlumsky
et J. Svobodova).

Slovensko

Obvod eupandnskej xerotermnej fléry (Eupannonicum):

4 Zahorska nizina: Sastin — Straze, ca 2 km JJZ od Zel. zastavky v obci,
doubrava u silnice v blizkosti hajovny, nékolik desitek rostlin v mladé
doubravé s borovici, 200 m n. m., 48,61874°N, 17,13850°E, Turboveg ¢.
551397 (25. VIII. 2006 J. Chlumsky). — Borsky Mikulas, ca 3 km Z od obce,
bor J od silnice do Sastina, desetitisice rostlin v Fidkém boru na jemném
pisku na plose ca 4 ha, 180 m n. m., 48,63115°N, 17,17033°E, Turboveg ¢.
551398 (25. VIII. 2006 J. Chlumsky). — Sajdikove Humence, ca 180 m V od
kostela v obci ve svétlém boru s duby a na jeho okraji, plosné v lese mezi
obci a piskovnou desetitisice aZz statisice rostlin, 200 m n. m.,,
48,65257°N, 17,27207°E, Turboveg ¢. 551399 (25. VIII. 2006 J. Chlumsky);
Sajdikove Humence, ca 400 m SV od kostela v obci, okraj boru podél
panelové lesni cesty, tisice aZ desetitisice rostlin, ohroZeni: zar(sta
Calamagrostis epigejos a vymladky Robinia pseudacacia, 200 m n. m.,
48,65409°N, 17,27477°E (25. VIII. 2006 J. Chlumsky); Sajdikove Humence,
bor 450 m JJV od kostela mezi obci a piskovnou, tisice az desetitisice
rostlin, 200 m n. m., 48,64954°N, 17,27324°E (25. VIII. 2006 J. Chlumsky).
— Malacky, u lesni cesty 170 m SV od byv. hajovny Cerveny Kriz
(momentalné vojensky objekt), desitky rostlin roztrousené kolem lesni
cesty vborovém lese vuseku ca 250 m, ohroZeni: populace znacné
zarUsta Calamagrostis epigejos, 200 m n. m., 48,47697°N, 17,05714°E,
Turboveg ¢. 551400 (25. VIII. 2006 J. Chlumsky). — Malacky, svétly borovy
les JV od silnice ca 0,7 km JZ od byv. hdjovny Cerveny Kriz (momentalné
vojensky objekt), stovky rostlin roztrousené v borovém lese, 185 m n. m.,
48,472071°N, 17,053008°E, (10. VII. 2009 M. Stech et T. Stechova).

48



Pfiloha 2. — Piehled historicky uvadénych lokalit M. bohemicum, na
kterych se vyskyt nepodafilo ovérit. Popis lokalit je prejat doslovné
z ¢lanku Hadace (1966).

Appendix 2. — Summary of unsuccessfully revised historical localities of
M. bohemicum. Description of localities follows the paper by Hadac
(1966).

Ceska republika

Termofytikum:

13a RoZdalovicka tabule: V lese ohrada u Vchynic, ca 213 m (Kostal in
Celakovsky 1890, MP) 15b Hradecké Polabi: Ad marginem silvae Horka
supra Prepychy, ca 320 m (Rohlena 28. 8. 1927 PR, BRNU). 15c
Pardubické Polabi: Mezi Kladruby a Tyncem n. L. v borobfezovém lese na
pis¢ité plidé ca 250 m n. m. (Celakovsky 1873). — Bor u Zivanic (E. Hadag,
MP). — Lesy u Bohdance (Jahn, BRNU); les Horka u Bohdance, ca 230 m (J.
et E. Hadac 1948, E. Hadac 1966). — U hajovny jv. od Strasova 18. 6. 66 (E.
Hadac). — Bélobranska dubina (pfi silnici Pardubice — Sezemice), 220 m, s
Melampyrum vulgatum. (). et E. Hada& 1948, MP). — Sté&péanovsko, ca 255
m (Rohlena 1923). — Les nad Starymi Holicemi, 320 m (Kostal in Rosulek
1903); pravdép. totozné s lokalitou: ,Holice, v obecnim lese”, 29. 7. 1899
Tocl, PR, BRNU, resp. ,,Holice, pfti lesni cesté k Borohradku“ (30. 8. 1897
Tocl PR).

Mezofytikum:

61b Tynistsky uval: Horeckd stran jihovychodné od Cestic (Mikyska apud
Hada¢ 1966). 61c Chvojenska plosina: Kéta 284 m mezi haj. Dva Srariky a
Béleckem (Mikyska apud Hadac 1966). — Les u os. Borek (J. Hada¢ MP). —
Albrechtice, ca 260 m (Rohlena 1928, J. Hada¢ MP), les Lipava u A.
(Mikyska apud Hadac 1966). 60 Orlické opuky: U PotsStyna, ca 300 m, 8.
1896 (Celakovsky fil. PR). 67 Ceskomoravska vrchovina: V borech u
Rovecéného (,Rovecin®), ca 600 m, 8. 1878 (Fleischer PR). — Olesnice: u
lomu pfi silnici k Crhovu, 550 m, druhotna smrcina (E. Hadac).

Slovensko
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Obvod eupandnskej xerotermnej flory (Eupannonicum):

4 Zahorska nizina: Studienka (,,Hasprunka“), v pis¢itém boru 17. 8. 1946
(Holzknecht, BRNU). — Pod Bozajvrskem jihovych. Mikuldsova, 225 m, 16.
8. 1965 (Hadac). — Sajdikove Humence: polesi Hrusov odd. 71d (RGzicka
1964) 185-206 m n. m. — Plavecky Stvrtok (Holuby sec. Soé 1927), ca 170
mn. m.
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Chapter IV

Roles of species-preferential seed dispersal by ants
and endozoochory in Melampyrum (Orobanchaceae)

Chlumsky J, Koutecky P, Jilkova V and Stech M (2013): Journal of Plant
Ecology 6: 232-239
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Photo on previous page: One plot from dispersal experiment with
Formica polyctena ants and Melampyrum seeds
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Roles of species-preferential seed dispersal by ants and
endozoochory in Melampyrum (Orobanchaceae)

Abstract
Aims

Melampyrum pratense and M. subalpinum are two myrmecochorous
species, which possess similar habitat requirements and frequently occur
together. Despite this, their population sizes differ markedly.
Melampyrum pratense populations are usually very large, whereas M.
subalpinum has rather small and isolated populations. We suggest that
such an imbalance might be partially influenced by the difference in ant-
mediated seed-removal rates.

Genus Melampyrum is considered to be exclusively myrmecochorous,
though to achieve the recent distribution of some Melampyrum species
during the Holocene myrmecochory would be highly insufficient. We
suggest that endozoochory takes place in the long-distance migration,
whereas myrmecochory is important for the removal of seeds on a local
scale.

Methods

For seed-preference analysis, M. pratense and M. subalpinum mixed
seed samples were placed around Formica polyctena anthills. After a
period of time, the remaining seeds of both species were counted for
each sample. The results were analysed by analysis of variance and
generalized linear mixed-effect model. To test myrmecochorous removal
distances, M. pratense seeds were covered with fluorescent
dactyloscopic powder and placed in the vicinity of a large ant trail. The
area around the starting plot was searched in the dark using UV LED
torchlight 7 h after the beginning. The distance from the starting plot
was measured for each seed found. Birds, rodents, leporine and a
ruminant were fed with M. pratense seeds and fresh plants to test the
possibility of endozoochorous dispersal of the species. Animal droppings
were searched for intact seeds.

Important Findings

Our field studies show that from mixed seed samples, containing both
species, ants significantly preferred the seeds of M. pratense. This may
be one of factors that has positive influence on M. pratense success in
seed dispersal on mixed stands and consequently in the colonization of
favourable sites. Experiments focusing on antmediated dispersal

53



distance revealed that F. polyctena ants are able to move seeds over a
distance of 36 m in only 7 h. This distance is among the furthest known
myrmecochorous removals of forest plant seeds. A new Melampyrum
seed disperser Oligolophus tridens (Opiliones) was observed repeatedly.
Our pilot study documented that Melampyrum seeds are able to pass
through the digestive tract of a cow intact. This suggests that large
ruminants such as deer, bison or forest-grazing livestock may function as
important longdistance dispersers of Melampyrum species.

Keywords: endozoochory, Melampyrum, myrmecochory,
Orobanchaceae, seed dispersal

Following part of the thesis include copyrights. The full version of this
part of Chapter IV is archived by the Faculty of Science, University of
South Bohemia in the printed version of the Ph.D. Thesis and the original
publication is available at http://jpe.oxfordjournals.org/content/6/3/232
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Chapter V

Is genetic diversity congruent with morphological
diversity across the distributional range of the
Melampyrum subalpinum group (Orobanchaceae)?

Chlumsky, J, Koutecky, P, Plackova, | and Stech, M (2016): Flora 220: 74—83.
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Photo on previous page (M. Stech): Melampyrum subalpinum
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Is genetic diversity congruent with morphological diversity
across the distributional range of the Melampyrum
subalpinum group (Orobanchaceae)?

Abstract

The Melampyrum subalpinum group consists of morphologically diverse
populations traditionally treated as closely related taxa with patchy
distribution limited to Central Europe. The centre of the morphological
variability and geographical distribution of the group lies on the north-
eastern edge of the Alps in the Vienna Forest, while marginal,
morphologically uniform populations occur in the Czech Republic and
Slovakia. Genetic variation and population structure within the
distribution range of the group remains unknown; we hypothesise that
the marginal populations are genetically depauperate. Allozymes were
used to assess the genetic structure of 27 populations present throughout
the distribution area; four Melampyrum nemorosum populations from
the Vienna Forest were also analysed because of the presumed
hybridization. An artificial pollination experiment was carried out to
examine the possibility of autogamy. Four enzyme systems were clearly
resolved and scored for one polymorphic locus each with a total of 20
alleles.

Seven out of 49 flowers with preserved stamens developed seeds after
self-pollination. Genetic variation was generally congruent with the
known pattern of the morphological variation of the group. The allelic
richness was higher in the Austrian populations than in marginal Czech
and Slovak populations. Some wide-leaved populations from the Vienna
Forest had a rather high number of alleles which may be caused by allelic
enrichment due to former hybridization with M. nemorosum. Czech and
Slovak populations are genetically derived from Austrian populations. The
high differentiation among populations suggests that the current gene
flow between populations is limited. The high inbreeding coefficient in
some populations indicates that there is a certain level of selfing within
the populations. The pollination experiment does not contradict the
possibility of autogamy. In general, our data are congruent with the
central-marginal model with more variable Austrian populations and less
variable isolated and probably partly inbreeding Czech and Slovak
populations.

73



Keywords: allozymes, population genetics, hemiparasites, marginal
populations

Introduction

Genetic variation of a species can reveal historical events connected
with postglacial colonization (Wrdblewska, 2008; Chung et al., 2013),
historical and present population size changes (Leimu et al., 2006), the
impact of environmental factors and anthropogenic disturbances, as well
as the species breeding system (Aparicio et al., 2002; Leimu and
Mutikainen, 2005), hybridization (Phillipp and Siegismund, 2003), and
polyploidization (Rosenbaumova et al. 2004). High levels of variability are
seen as healthy, conferring the ability to respond to threats such as
disease, parasites and predators, and environmental changes (Amos and
Hardwood, 1998). A number of studies has stated that small and
scattered peripheral populations tend to be less variable than populations
from the centre of distribution of the particular species. The peripheral
populations can face the negative effects of inbreeding, genetic drift and
the lowered genetic variation caused by bottleneck and founder effects
(Lynch et al.,, 1995; Young et al.,, 1996; Tomimatsu and Ohara, 2003;
Leimu et al., 2006; Chung et al., 2013). However, in some cases small
limited populations do not seem to be influenced by these negative
effects (Gitzendanner and Soltis, 2000; Mandak et al., 2005; Wrdblewska,
2008).

The Melampyrum subalpinum group consists of morphologically diverse
populations of annual hemiparasitic plants traditionally treated as closely
related taxa with a distribution area reaching from the Eastern Alpine
foothills to the north of the Czech Republic and the south-western part of
Slovakia (cf. Fig. 1). Following the conventional taxonomic concept, at
least four taxa are recognized. The centre of morphological diversity lies
in the Vienna Forest (Wienerwald), Austria (Stech, 2006). Plants from this
region, traditionally designated as M. subalpinum (Jur.) A. Kern. s. str.
(e.g., Beck, 1882, 1893), have rather wide leaves and bracts, intensively
blue-coloured bracts, and relatively dense indumentum on calyx and
bracts. These morphotypes are labelled as M. subalpinum var. thermale in
the current Austrian literature (Fischer et al., 2008; Staudinger, 2009).
Less variable populations with narrow leaves and bracts and sparse
indumentum occur in an area reaching from the Vienna Forest towards
the Lower Austria/Styria Alps. Traditionally they are recognized as M.
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angustissimum Beck but in recent Austrian literature the name M.
subalpinum var. subalpinum is used (Fischer et al.,, 2008; Staudinger,
2009). Morphologically very similar and very uniform marginal
populations known from the Czech Republic and Slovakia are traditionally
labelled as M. bohemicum A. Kern. (Hada¢, 1966). However, based on a
comprehensive investigation of morphological variation, Stech (2006)
considers these populations conspecific with M. angustissimum. The early
flowering morphotypes of M. angustissimum restricted to the higher
altitudes of the Alps are described as M. grandiflorum A. Kern. Seasonality
is a common phenomenon in the genus Melampyrum as well as in related
hemiparasitic species and genera (So6, 1926 Sod, 1926-1927; Zopfi,
1993a,b, 1997) and it does not seem to be systematically important
because the early flowering plants are quite rare and it is not possible to
analyse them separately. Therefore, in this study one early flowering M.
grandiflorum population (MarsA) is included in the narrow-leaved group
together with M. angustissimum.

Genetic variation and population structure within the whole distribution
range of the group remains unknown. According to the group’s
morphological variability and geographical distribution, Stech (2006)
presumes that the centre of genetic diversity ofthe group lies on the
north-eastern edge of the Austrian Alps in the Vienna Forest. The
marginal morphologically uniform populations from the Czech Republic
and Slovakia are expected to be genetically less variable. Some of the
marginal populations are at present declining; whether this is due to a
loss of genetic diversity in these small isolated populations remains
unknown.

Allozymes are reliable and often used markers for the study of
population genetic structure (e.g., Hamrick et al., 1981; Phillipp and
Siegismund, 2003; Chrtek and Plackova, 2005; Chung et al., 2013). They
are easily detected codominant markers which allow (compared to
dominant markers, such as AFLP) to calculate for example allelic
frequencies or standard population genetic parameters based on
heterozygosity (F-statistics, deviations from the Hardy-Weinberg
equilibrium). No previous genetic knowledge of the species is required,
large numbers of individuals can be analysed at one time for multiple
enzymes, and methods of data interpretation and analysis are well
developed (Lowe et al., 2004).
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In the study we addressed the following questions

(1) What is the extent and pattern of allozyme variation in the M.
subalpinum group? (2) Is the level of genetic variation of the M.
subalpinum group correlated with its morphological variation across the
whole distributional range? (3) Are marginal isolated populations in the
Czech Republic threatened by a loss of genetic variation? (4) Is it possible
to appraise any colonization history events of the M. subalpinum group in
Central Europe?

Methods
Sampling

Sampled populations of the M. subalpinum group were chosen to cover
the whole distributional range and all morphotypes. Sampling was
thorough especially in the Vienna Forest (esp. broader surroundings of
Baden) with morphologically diverse populations (Fig. 1, Table 1). Outside
of the Alps and Vienna Forest, all regions in which M. subalpinum
occurred are represented by at least one population. Because of the
assumed former hybridization of M. subalpinum with M. nemorosum in
the area of Vienna Forest, 4 local populations of M. nemorosum were also
included. From each population 10 randomly selected plants were
collected and in total 31 populations were sampled. A sample from each
plant contained approximately 8 fresh leaves or bracts. Upon collection
leaves were wrapped in wet tissues and stored in plastic bags on ice until
extraction. Voucher specimens from all sampled populations are
deposited in CBFS herbarium in Ceské Budéjovice (Czech Republic).

Extraction

Extraction was carried out within 24 h of collection. Approximately 80
mg of leaf tissue was ground in ice-cold Tris—HC| extraction buffer with
the addition of a small amount of DOWEX 1 x 8100 (Cl) and quartz sand.
The extraction buffer contained 0.1 M TRIS—HCI pH 8.3, 1% (w/v) I-
glutathione reduced, 10 mM MgCl,-6H,0, 5% (w/v) sucrose and 0.1%
(v/v) 2-mercaptoethanol. Crude homogenates were centrifuged for 10
min at 15,000 rpm. Clear supernatant was stored in deep freeze at -75°C.
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Table 1: Sampled populations with description of locality, altitude,
geographical coordinates, date of sampling and approximate number of
plants per population.

Population  Locality Altitude Coordinates Date of Size of the
code (ma.s.  (WGS84) collection population
1) (order)
Czech and Slovak populations
DoubB  Doubi u Tabora: forest nearthe 410  49°19'8.8"N  26.8.2008 10°- 10’
road 230 m SSW of the railway 14°43'1.7"E
station
KnezB Knézeves: forest along the path 550 49°35'30.4"N 7.8.2006 10°
ca 0.7 km NW of the village 16°24'59.8"E
MajdB  Majdaléna: forest edge along 445 48°59'4.8"N  30.8.2005 10’
the path 2.5 km NNW of the 14°50'39.7"E
village
PribB Pfibénice: forest around of the 420 49°23'32.8"N  5.9.2006 10-10°
castle ruin of Pfibénice 14°33'44.8"E
SastB Sastin: pine forest near the road 185 48°37'52.3"N  29.8.2006 10°- 10’
to Borsky Mikulas 1.4 km ESE of 17°10'12.8"E
the village
SoprB Soprec: forest near the 230 50°4'42.9"N  5.9.2006 10°
crossroad 1.8 km SSE of the 15°32'46.3"E
village
TyniB Kfivice: forest 1.2 km WNW of 280 50°11'1.7"'N  5.9.2006 10’
the village 16°5'48.4"E
ZehrB Zehrov: forest near the road 0.9 280 50°31'22.8"N 5.9.2006 10’
km SE of the village centre 15°6'23.5"E
Austrian narrow-leaved populations
HernA  Hernstein: forest margin along 390 47°54'26.6"N 24.6.2008 10’
the road to Neusiedel 1.6 km 16°5'41.2"E
NNW of the village
HirsA Hirschwang an der Rax: forest 525 47°43'20.9"N 21.8.2008 10°
above the Hollental road 1.9 km 15°48'15.9"E
NNW of the village
HollA Hollental: forest margin and 580 47°45'9.6"N  23.6.2008 10°
shrubs near the mouth of the G. 15°44'55.5"E
Kesselgraben valley
KaltA Baden, Kaltenberger Forst: pine 590 47°59'46.2"N 21.8.2008 10°
forest along the path on the 16°9'48.0"E
northeast slope of the Soosser
Lindkogel 5 km W of the town
KranA Kranichberg: hazel shrubs SE of 660 47°38'38.6"N 23.6.2008 10°
the castle of Kranichberg 15°58'31.4"E
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Population  Locality Altitude Coordinates Date of Size of the
code (ma.s.  (WGS84) collection  population
1) (order)

LangA  SooR: forest along the pathon 430 47°59'1.5"N  21.8.2008 10°
the ridge southward of the 16°11'19.7"E
Langer Graben valley

LoseA Losenheim: forest along the 760 47°47'26.8"N 30.8.2005 10°
path 200 m N of the castle ruin 15°50'40.6"E
of Losenheim

MarsA  Maria Schutz: spruce forest 730 47°38'25.0"N  23.6.2008 10’
margin along the road 0.5 km 15°52'32.9"E
ESE of the Mariaschutz church

MiesA Miesenbach: forest margin 440 47°51'45.7"N 21.8.2008 10°- 10°
along the road 2.5 km N of the 15°59'22.0"E
village

PeutA Peutenburg: pine forest above 430 47°57'20.5"N 29.8.2006 10’
the path 0.3 km WNW of the 15°9'15.1"E
Peutenburg railway station

SemmA Semmering: forest along the 1030  47°38'24.4"N 29.8.2006 10"
road 250 m N of the Hotel 15°49'37.3"E
Panhans

SlinA Sool3: forest along the path 0.3 640 47°59'19.2"N 21.8.2008 10°
km S of the Soosser Lindkogel 16°9'42.0"E
hilltop

Austrian wide-leaved populations

Ein2S Eindde: forest and shrubs along 320 48°01'29.7"N 21.8.2008 10’
the road to Gaaden 750 m NW 16°13'41.8"E
of the village centre

EinoS Einéde: forest and shrubs along 320 48°01'25.6"N 30.8.2005 10°
the road to Gaaden600 m NW 16°13'47.0"E
of the village centre

GumpS Gumpoldskirchen: open forest 420 48°2'45.4"N  29.8.2006 10°
on the rock outcrops ca 500 m 16°15'40.9"E
WNW of the village

HofsS Rohrbach, Hofstatten: shrubs 420 47°59'34.4"N  30.8.2005 10°
(Corylus, Carpinus) along the 16°6'17.5"E
road to the hermitage
Hofstatten

MerkS  Merkenstein: forest above the 450 47°58'58.6"N 29.8.2006 10°-10°
castle ruin of Merkenstein 16°8'0.3"E

RichS Gumpoldskirchen, Richardhof: 360 48°3'28.2"N  21.8.2008 10°
shrubs and forest edge along 16°16'34.9"E

the road 300 m NNE of the
Hotel Richardhof

78



Population  Locality Altitude Coordinates Date of Size of the
code (ma.s.  (WGS84) collection population
1) (order)

SoosS SooR: shrubs along theroad 1.4 310 47°59'15.0"N 21.8.2008 10’
km W of the centre of the 16°11'53.7"E
village centre

M. nemorosum populations
GaadN  Rosental: shrubs along the road 260 48°1'4.0"N 24.6.2008 10°

ca 1.7 km SSE of the village 16°11'28.2"E

GiesN GieBhubl, Tirolerhof - Siedlung: 420 48°6'12.6"N  30.8.2005 10"
forest on the western edge of 16°14'2.6"E
the satllement

HofsN Bad Voslau, GroRau: forest 380 47°58'48.0"N 30.8.2005 10°
along the road ca 4.3 km WNW 16°7'20.0"E

of the village Grof3au

RotkN Rotes Kreuz: forest marginca2 400 48°2'8.3"N 29.8.2006 10
km SSE of the village Gaaden 16°12'34.8"E
near Rotes Kreuz crossroad

Electrophoresis

The extracts (30 pl per sample) were subjected to electrophoresis in
vertical polyacrylamide gel slabs (Hoefer SE 600 vertical unit) using
separating gel (8.16%) with 1.82 M Tris—HCl buffer, pH 8.9, and stacking
gel (4%) with 0.069 M Tris—H3PO,4 buffer, pH 6.9. Electrode buffer was
0.02 M Tris, 0.24 M glycine, pH 8.3. Ice-refrigerated electrophoresis was
carried out by applying a pulsed current at 80 mA for ca. one hour (until
the front of samples left the stacking gel) and subsequently at 100 mA for
3 h and 15 min. The following 18 enzymes were tested with a focus on
well stained and clearly interpretable zymograms exhibiting some
variability: SKDH (1.1.1.25), ADH (1.1.1.1), SOD (1.15.1.1), AAT (2.6.1.1),
ENP (3.4.23.6), PRX (1.11.1.7), MDH (1.1.1.37), IDH (1.1.1.42), GDH
(1.4.1.2), ACP (3.1.3.2), HEX (2.7.1.1), 6-PGDH (1.1.1.44), PGM (2.7.5.1),
PGI (5.3.1.9), DIA (1.6.-.-), LAP (3.4.11.-), EST (3.1.1.-), G-6-PDH (1.1.1.49).
From these enzymes 4 were chosen for further analysis (shikimic acid
dehydrogenase SKDH, alcohol dehydrogenase ADH, superoxide dismutase
SOD and endopeptidase ENP). The other tested enzymes were either
invariable or did not provide zymograms of the required quality.

Staining

The staining procedures followed Vallejos (1983) to visualize ADH and
Wendel and Weeden (1989) for ENP, SOD and SKDH with the following
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modifications. The SOD staining ingredients were 50 ml of 0.05 M Tris—
HCl (pH 8.2), 5 mg of NBT, 4.5 mg of EDTA and 1.5 mg of riboflavin. The
gel was incubated in the dark at 37°C for 20 min and then placed under
lamp light until bands appeared on the dark background. The SKDH
ingredients were 30 ml of 0.1 M Tris—HCI (pH 8.4), 30 mg of shikimic acid,
5 mg of NADP, 6 mg of MTT and 1 mg of PMS. The gel was incubated in
the dark at 32°C until bands appeared. Ingredients for ENP for solution A
were 50 ml 0.2 M Tris—maleic acid (pH 5.5) and 50 ml for rinsing of the
gel, 20 mg of Fast Black K salt and 50 mg of MgCl,-6H,0. Ingredients for
solution B were 2 ml N,N-dimethylformamide and 25 mg BANA. Solution
A was poured into solution B in the dark. The gel was rinsed in chilled
Tris—maleic acid and then incubated in a mixture of solutions A and B at
37°C until bands appeared. ADH staining ingredients for solution A were
40 ml 0.1 M Tris—HCI (pH 7.5), 15 mg NAD, 10 mg MTT and 1 mg PMS.
Solution B was 10 ml of chilled ethanol. Solution A was poured over the
gel and left to incubate at 32°C. After 3 min solution B was added. If the
gel was not sufficiently stained, more ethanol was added after 1 h of
incubation. All gels were rinsed in distilled water and wrapped in two
cellophane sheets and dried.

Data analysis

Zymograms were scored according to Soltis and Soltis (1989). One
variable and easily interpretable locus was chosen in each enzyme
system. Within this locus in monomeric SKDH and ENP zymograms alleles
were numbered with increasing migration distance from the origin. In
dimeric SOD and ADH zymograms heterozygotes possess 3 bands. From
these only outer bands were scored as alleles whereas the middle
(heterodimeric) band was not considered as an allele. Occasionally
occurring secondary bands with notably lower intensity were not scored
as alleles. Allele frequencies, percentage of polymorphic loci (P), mean
number of alleles (A), mean effective number of alleles (A.), observed
(Ho) and expected (H.) heterozygosity and fixation index (Fs) were
calculated using POPGENE version 1.31 (Yeh et al., 1999). Coefficients of
inbreeding (Fis) were calculated using FSTAT version 2.9.3.2 (Goudet,
1995); their significance (assuming the null hypothesis of Fi;= 0) was
tested by a permutation test with 1000 replicates. A dendrogram based
on Nei’s genetic distances between populations (Nei, 1972) was
generated using POPGENE. Nei’s genetic distances were used as a metric
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in a Principal Coordinate Analysis, which was calculated using Canoco
version 5.01 (ter Braak and Smilauer, 2012).

To determine if genetic distances were correlated with geographic
distances, a Mantel test (Mantel, 1967) was performed for different
subsets of the studied populations (all populations of M. subalpinum agg.;
Czech, Slovak, and Austrian narrow-leaved; all Austrian; Austrian narrow-
leaved; Austrian wide-leaved; only Czech and Slovak populations).
Correlation coefficients between matrices of Nei’s genetic distances of
populations and their geographical distances were calculated using zt
software (Bonnet and van de Peer, 2002); significance of the correlation
coefficients was tested by a permutation test with 10,000 replicates.
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Fig.1. Sampled populations of the M. subalpinum group with the total
number of alleles per population represented by different shades of grey.

Reproduction experiment

A pollination test was carried out on the Czech DoubB population. Very
young unopened flowers on several plants were used for the test. Flowers
were alternately either castrated and pollinated a few days later with
pollen from another plant (allogamy), not castrated and left to self-
pollinate (autogamy) or only castrated (control). After the treatment, the
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experimental plants were covered with monofilament sacks to prevent
access by pollinators. The flowers were visually checked for the formation
of capsules and seeds (well formed x aborted/defective x absent).

Results
Allozymes

For SOD two loci were detected, but only the faster locus provided clear
and variable pattern (dimeric, 2 alleles). For ADH two loci were detected
as well and only the faster locus was variable and clear enough for scoring
(dimeric, 7 alleles). SKDH yielded one monomeric locus with 7 alleles and
ENP had one monomeric locus with 4 alleles.

The total number of alleles per population ranged from 6 to 7 in Czech
and Slovak populations, 8 to 12 in narrow-leaved Austrian populations
and 9 to 15 in wide-leaved populations from the Vienna Forest (Fig. 1).
The highest number of alleles (15) was detected in the EinoS population
which is morphologically close to M. nemorosum. The number of alleles in
M. nemorosum populations ranged from 8 to 11.

The rarest alleles were ADH 7 with a frequency of 0.002 (LoseA
population), SKDH 7 with a frequency of 0.005 (HirsA population), ADH 1
with a frequency of 0.006 (EinoS and HollA populations) and ADH 4 with a
frequency of 0.032 (EinoS and SastB populations). The most frequent
alleles were ENP 2 with an overall frequency of 0.640 and SOD 2 and ADH
6 with a frequency of 0.613. These alleles were present in most or all of
the populations including some M. nemorosum populations. Apart from
rare alleles that occurred only in one or two populations, we found a
unique allele (ADH 5) that occurred only in M. nemorosum populations
and one wide-leaved M. subalpinum population (EinoS) that is
morphologically close to M. nemorosum. The SKDH 6 allele was found
only in 3 wide-leaved M. subalpinum populations morphologically close to
M. nemorosum, but not in any M. nemorosum population. Allele ADH 2
occurred only in Austrian populations, both wide- and narrow-leaved,
from the Vienna Forest region and in one M. nemorosum population, and
was absent in narrow-leaved populations from the Alps and Czech and
Slovak populations. The ADH 3 allele was very common in both Austrian
M. subalpinum morphotypes, however it also occurred in one M.
nemorosum population and in one isolated Czech M. subalpinum ZehrB
population. The ENP 4 and SKDH 5 alleles occurred in wide- and narrow-
leaved populations, both Austrian and Czech, but did not occur in M.
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Table 2: Allelic frequencies at four polymorphic loci for each population. Alleles are numbered for each enzyme system/locus.

Population Locus/allele
SOD SKDH ENP ADH
1 2 1 2 3 4 5 6 7 1 2 3 4 1 2 3 4 5 6 7

HofsN 0.850 0.150 0.000 0.050 0.400 0.550 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.444 0.556 0.000
GiesN 1.000 0.000 0.050 0.050 0.450 0.450 0.000 0.000 0.000 0.500 0.300 0.200 0.000 0.000 0.000 0.000 0.000 0.350 0.650 0.000
GaadN 0.950 0.050 0.150 0.000 0.200 0.650 0.000 0.000 0.000 0.150 0.650 0.200 0.000 0.000 0.000 0.000 0.000 0.750 0.250 0.000
RotkN 0.950 0.050 0.100 0.000 0.100 0.800 0.000 0.000 0.000 0.000 0.950 0.050 0.000 0.000 0.050 0.200 0.000 0.250 0.500 0.000
EinoS 0.900 0.100 0.150 0.150 0.000 0.300 0.050 0.350 0.000 0.000 0.650 0.000 0.350 0.050 0.550 0.150 0.100 0.100 0.050 0.000
Ein2S 0.850 0.150 0.300 0.000 0.000 0.250 0.000 0.450 0.000 0.000 0.500 0.200 0.300 0.000 0.389 0.000 0.000 0.000 0.611 0.000
HofsS 0.550 0.450 0.150 0.150 0.000 0.000 0.250 0.450 0.000 0.000 0.900 0.050 0.050 0.000 0.389 0.167 0.000 0.000 0.444 0.000
GumpS 0.250 0.750 0.800 0.000 0.100 0.000 0.100 0.000 0.000 0.056 0.611 0.333 0.000 0.000 0.050 0.600 0.000 0.000 0.350 0.000
MerkS 0.650 0.350 0.150 0.000 0.350 0.100 0.400 0.000 0.000 0.000 0.750 0.050 0.200 0.000 0.000 0.550 0.000 0.000 0.450 0.000
RichS 0.200 0.800 0.000 0.000 0.650 0.000 0.350 0.000 0.000 0.000 0.800 0.000 0.200 0.000 0.050 0.400 0.000 0.000 0.550 0.000
SoosS 0.250 0.750 0.250 0.100 0.200 0.000 0.450 0.000 0.000 0.000 0.550 0.250 0.200 0.000 0.111 0.000 0.000 0.000 0.889 0.000
LoseA 0.050 0.950 0.850 0.000 0.000 0.150 0.000 0.000 0.000 0.000 0.450 0.400 0.150 0.000 0.000 0.400 0.000 0.000 0.550 0.050
PeutA 0.050 0.950 0.050 0.950 0.000 0.000 0.000 0.000 0.000 0.050 0.050 0.400 0.500 0.000 0.000 0.750 0.000 0.000 0.250 0.000
SemmA 0.000 1.000 0.600 0.100 0.300 0.000 0.000 0.000 0.000 0.000 0.550 0.300 0.150 0.000 0.000 0.250 0.000 0.000 0.750 0.000
HernA 0.400 0.600 0.450 0.100 0.000 0.000 0.450 0.000 0.000 0.000 0.600 0.350 0.050 0.000 0.050 0.250 0.000 0.000 0.700 0.000
HollA 0.050 0.950 0.750 0.000 0.050 0.000 0.200 0.000 0.000 0.000 0.700 0.200 0.100 0.150 0.000 0.150 0.000 0.000 0.700 0.000
HirsA 0.200 0.800 0.600 0.250 0.000 0.000 0.000 0.000 0.150 0.000 0.600 0.150 0.250 0.000 0.000 0.350 0.000 0.000 0.650 0.000
KaltA 0.200 0.800 0.000 0.000 0.800 0.000 0.200 0.000 0.000 0.000 0.550 0.350 0.100 0.000 0.050 0.300 0.000 0.000 0.650 0.000
KranA 0.200 0.800 0.900 0.100 0.000 0.000 0.000 0.000 0.000 0.000 0.600 0.000 0.400 0.000 0.000 0.100 0.000 0.000 0.900 0.000
LangA 0.300 0.700 0.400 0.250 0.300 0.000 0.050 0.000 0.000 0.000 0.650 0.300 0.050 0.000 0.286 0.143 0.000 0.000 0.571 0.000
MarsA 0.400 0.600 0.250 0.750 0.000 0.000 0.000 0.000 0.000 0.000 0.500 0.000 0.500 0.000 0.000 0.111 0.000 0.000 0.889 0.000
MiesA 0.150 0.850 0.950 0.050 0.000 0.000 0.000 0.000 0.000 0.000 0.800 0.150 0.050 0.000 0.000 0.450 0.000 0.000 0.550 0.000
SlinA 0.400 0.600 0.450 0.000 0.250 0.000 0.300 0.000 0.000 0.000 0.450 0.550 0.000 0.000 0.150 0.600 0.000 0.000 0.250 0.000
MajdB 0.500 0.500 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.700 0.300 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000
SastB 0.300 0.700 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.950 0.000 0.050 0.000 0.000 0.000 0.900 0.000 0.100 0.000
PribB 0.150 0.850 0.950 0.000 0.000 0.000 0.050 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000
SoprB 0.300 0.700 0.900 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.950 0.050 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000
ZehrB 0.000 1.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.700 0.000 0.300 0.000 0.000 0.800 0.000 0.000 0.200 0.000
TyniB 0.200 0.800 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.667 0.111 0.222 0.000 0.000 0.000 0.000 0.000 1.000 0.000
KnezB 0.750 0.250 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.150 0.300 0.550 0.000 0.000 0.000 0.000 0.000 1.000 0.000
DoubB 0.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.400 0.550 0.000 0.050 0.000 0.000 0.000 0.000 0.000 1.000 0.000
Mean 0.387 0.613 0.490 0.098 0.134 0.105 0.127 0.040 0.005 0.037 0.640 0.169 0.154 0.006 0.069 0.217 0.032 0.061 0.613 0.002

83



nemorosum. The SKDH 2 and 3 alleles did not occur in the Czech
populations, but were present in M. nemorosum and wide- and narrow-
leaved Austrian populations. The SKDH 4 allele occurred in all M.
nemorosum populations and 1 wide-leaved population (MerkS) and 1
narrow-leaved Austrian population (LoseA); hence, although it is not unique
for any group, it is clearly much more common in M. nemorosum
populations than in the M. subalpinum agg. The allelic frequencies for each
locus and each population are given in Table 2.

The effective number of alleles (Ae) per population ranged from 1.112 to
2.940 (Table 3). Among different groups (Table 4), the wide-leaved M.
subalpinum group had the highest value (A= 2.160) and the Czech narrow-
leaved group had the lowest value (A.= 1.340).

Observed heterozygosity (H,) ranged from 0.050 to 0.593 (mean 0.340),
and mean expected heterozygosity (He) ranged from 0.092 to 0.572 (mean
0.373). The Czech and Slovak populations had the lowest H suggesting the
lowest genetic variation. The inbreeding coefficient (Fis) of Czech and Slovak
populations ranged from high (0.481) to very low (-0.416), which was also
the lowest from all studied populations. The highest value of Fis was 0.570
for the Austrian LoseA population. Population characteristics are given in
Table 3.

The total fixation index (F<) for all populations was 0.378 which indicates
a very high genetic differentiation between populations. In the case of
groups of populations, the highest F was found for the Czech-Slovak group
(0.514) and the lowest, but still a considerably high Fs was found for M.
subalpinum group (0.224). A summary of population characteristics for the
groups is given in Table 4.

The UPGMA dendrogram (Fig. 2) and the PCoA based on Nei’s genetic
distances showed similar population relationships. The most isolated
population in UPGMA is the Austrian narrow-leaved PeutA population. The
remainder of the populations clustered into two major groups. The first
group contains all M. nemorosum populations and three M. subalpinum
populations (EinoS, Ein2S, HofsS), which are morphologically closest to M.
nemorosum. The structure of the second major group is less clear. The
remaining Austrian wide-leaved populations are dispersed between
narrow-leaved populations. Most of the Czech populations are grouped
together, yet the KnezB population, the Slovak SastB population, and
especially ZehrB are distant from the rest of the Czech populations. These
populations have a rather isolated position as seen in the PCoA analysis
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(outlying M. nemorosum populations were excluded for better resolution).
M. subalpinum populations morphologically close to M. nemorosum (EinoS,
Ein2S, HofsS) lie remote from the main patch of the Austrian populations
with HofsS being the closest (Fig. 3).

The results of the Mantel test show a significant positive correlation (r =
0.698, p < 0.001) between Nei’s genetic distances and the geographic
distances of the Austrian narrow-leaved populations. Correlations in the
most remaining subsets of populations (all populations of M. subalpinum
agg., Czech, Slovak, and Austrian narrow-leaved, all of the Austrian
populations, and Czech and Slovak populations) are positive as well, but
markedly lower and they are not, or are only weakly, significant. Weakly
significant but negative correlation was revealed in Austrian wide-leaved
population (Table 5).

Reproduction experiment

From 35 flowers without stamens pollinated by pollen from different
plants (allogamy), 31 flowers developed into a ripe capsule, 1 developed
into an aborted capsule and 3 flowers did not producea capsule. From 49
non-pollinated flowers with preserved stamens (autogamy), 42 did not
develop into a capsule and 7 flowers self-pollinated and developed
capsules. From 58 non-pollinated control flowers with removed stamens 56
did not develop, 1 developed into the aborted capsule and 1 developed into
a ripe capsule.

Discussion

The central-marginal concept claims that within-population genetic
diversity declines and among-population differentiation increases from the
centre of the species’ geographical range to the periphery (Eckert et al.,
2008). Although there are some studies questioning the central-marginal
concept in the genetic variation of populations (e.g., Mandak et al., 2005;
Wréblewska, 2008), our results are consistent with this theory.

The highest genetic variation of M. subalpinum agg. among Austrian wide-
leaved populations (He= 0.615) and the highest effective number of alleles
per locus (Ae= 2.160) is in accordance with the assumptions based on
morphology about the diversity centre of the group in the Vienna Forest
(Stech, 2006). The adjacent narrow-leaved Austrian populations occurring
from the Vienna Forest towards the Lower Austria/Styria Alps display a
lower level of variation (H.=0.523, A.= 2.120) and the marginal Czech and
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Table 3: Summary of genetic population characteristics for all studied
populations based on allozymes. P (%) = percent of polymorphic locus; A =
average number of alleles per locus; A, = effective allele number; H, =
observed heterozygosity; He = expected heterozygosity; Fis = inbreeding
coefficient (values above 0.25 in bold; values marked with * are significant

at 5% level).

Population P(%) A A. H, He Fis No. of alleles
HofsN 75 2.000 1.710 0.342 0.339 -0.010 8
GiesN 75 2500 1.640 0.525 0.438 -0.212 10
GaadN 100 2500 1.720 0.350 0.395 0.119 10
RotkN 100 2750 1.550 0.250 0.309 0.200 11
EinoS 100 3.750 2.940 0.533 0.506 -0.034 15
Ein2S 100 2500 2.174 0.569 0.526 -0.089 10
HofsS 100 3.000 2.220 0.547 0.526 -0.044 12
GumpS 100 2750 1.690 0.431 0.459 0.067 11
MerkS 100 2,750 2.161 0.400 0.534 0.262* 11
RichS 100 2250 1.160 0.350 0.429 0.192 9
So0sS 100 2750 2.123 0.350 0.488 0.294* 11
LoseA 100 2500 1.880 0.175 0.395 0.570* 10
PeutA 100 2500 1.490 0.275 0.303 0.096 10
SemmA 75 2250 1.590 0.350 0.395 0.119 9
HernA 100 2750 2.049 0.375 0.533 0.308* 11
HollA 100 2750 1.970 0.325 0.372 0.133 11
HirsA 100 2500 1.950 0.425 0.49 0.150 10
KaltA 100 2500 1.540 0.475 0.445 -0.072 10
KranA 100 2000 1.820 0.350 0.305 -0.156 8
LangA 100 3.000 2.350 0.593 0.572 -0.038 12
MarsA 100 2.000 1.230 0.364 0.411 0.120 8
MiesA 100 2250 1.280 0.23 0.311 0.286 9
SlinA 100 2500 2.180 0.500 0.572 0.133 10
MajdB 50 1.500 1.431 0300 0.242 -0.256 6
SastB 75 1.750 1.220 0.125 0.183 0.328 7
PribB 50 1.500 1.112 0.050 0.092 0.471 6
SoprB 75 1.750 1.220 0.175 0.183 0.045 7
ZehrB 50 1.500 1.870 0.200 0.195 -0.029 6
TyniB 50 1.750 1.150 0.183 0.215 0.155 7
KnezB 50 1.750 1.240 0.350 0.253 -0.416 7
DoubB 25 1.500 1.760 0.075 0.141 0.481 6
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Table 4: Summary of genetic characteristics for groups of populations. P (%)
= percent of polymorphic locus; A = average number of alleles per locus; Ae
= affective allele number; H, = observed heterozygosity; H. = expected
heterozygosity; Fg = fixation index.

Group P(%) A A, H, He Fe

CZ +SK 100 2.750 1.340 0.182 0.369 0.514
AU narrow 100 4.250 2.120 0.368 0.523 0.226
AU wide 100 4.500 2.160 0.457 0.615 0.224
M. nemorosum 100 3.250 1.740 0.368 0.419 0.146

Table 5: Results of the Mantel test. r = correlation coefficient, p =
significance by probability test with 10,000 replicates (value below 0.01 in

bold).

Group r p

All populations of M. subalpinum agg. 0.090 0.224
CZ +SK + AU narrow 0.158 0.113
AU narrow + AU wide 0.396 0.015
AU narrow 0.698 <0.001
AU wide -0.350 0.027
CZ +SK 0.213 0.205

Slovak narrow-leaved populations have the lowest variation (H.= 0.369, A.=
1.340) and lowest number of alleles per population as well as a lower
percentage of polymorphic loci. The highest genetic variation of the wide-
leaved populations may also be partly influenced by an assumed
hybridization with M. nemorosum populations (Stech, 2006).

This assumption is partly supported by the Mantel test results which
showed the highest significant correlation of genetic and geographic
distance among Austrian narrow-leaved populations. For wide-leaved
populations the correlation was weaker (yet still significant) and negative.
The lower correlation is probably caused by the low number of wide-leaved
populations which are also restricted to a relatively small area. Another
reason might be the possible hybridogenous origin of wide-leaved
populations. Hybridogenous populations were observed to possess no
significant geographic component in genetic variation, whereas obvious
correlations between genetic and geographic distances were detected in
non-hybrid populations of the genus Lotus (Kramina, 2013).
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Figure 2: The UPGMA dendrogram based on Nei’s genetic distances (Nei,
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M. subalpinum

The highest average fixation index (Fs= 0.514) for the Czech and Slovak
populations supports the marginal status of this group and clearly shows
that the disjunction of these populations is not a recent event. It is possible
that the ancestral taxon was spread in the early Holocene across large areas
which included today’s localities and started to withdraw when the tree
canopy became more dense, and later due to substantial changes to
suitable habitats made by man. Recent localities are often found in sparse
woods on well-illuminated sites such as slopes and terrace edges of river
floodplains, forest margins, or the surroundings of forest roads and
clearings (Chlumsky and Stech, 2011). Another possibility is that M.
subalpinum was never widespread in today’s marginal areas, but was
restricted to small regions with appropriate environmental conditions, and
recent localities are the remains of scattered historical distribution.
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Figure 3: Principal Coordinates Analysis for all studied populations of M.
subalpinum. For better resolution M. nemorosum populations were
removed.

Nevertheless, genetic drift (Amos and Hardwood, 1998) as a result of
either persistent isolation, bottleneck, or founder effect has had enough
time to substantially enhance the genetic differentiation between
populations.

The average inbreeding coefficient (Fis) was close to 0 in all groups
suggesting that there is not a high risk of inbreeding depression. However, a
closer look at single populations shows a more complicated pattern. There
were 8 populations that had a rather high value for the inbreeding
coefficient (Fis> 0.25, Table 3; note that in four of them it is not significantly
different from 0 in a permutation test, which is, however, caused by their
low overall variation or even invariability of some loci, which are then
omitted from the computation). One of the reasons could be the isolation
of populations and therefore higher inbreeding due to crossing with close
relatives. The pollination test also showed the partial ability to self-fertilise,
which may as well add to the amount of inbreeding. Adaptations for self-
fertility are known to increase the probability of establishment following
dispersal (Larson and Barrett, 1998) and self-fertility may also be selected in
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peripheral populations (Lipow and Wyatt, 2000). However, allogamy is
obviously still the preferred reproduction mode in M. subalpinum agg.

A common feature of populations with high inbreeding coefficient is that
they occupy secondary stands which were presumably colonised by rapid
radiation from a small number of plants originating from vanished primary
stands. The density and regular distribution of these populations is often
very high. It has been observed that land use changes may lead to a
decreased genetic diversity within populations shortly after the colonization
of secondary stands (Vellend, 2004; Jacquemyn et al., 2004, 2009).

On the contrary, the populations with the lowest inbreeding coefficients
are often spatially structured and comprised of a system of patches.
Although their sites are usually secondary, they often occur close to their
putative primary habitats such as the edges of terraces above
watercourses. Disturbance dynamics realized by the river ensured proper
light conditions for the survival of the species during the Holocene. The
continual occurrence of appropriate conditions can reduce a bottleneck
effect and such populations may act as allelic refugia and present higher
genetic variability (Comps et al., 2001). In case of sufficient genetic diversity
in the population and gradual expansion of population size there is still
sufficient opportunity for non-relative allogamy and Fis thus may reach even
moderate negative values.

In concordance with Honnay and Jacquemyn (2007) there was no
significant relationship between population size and the inbreeding
coefficient.

Despite the low number of studied loci (but high total number of alleles),
the dendrogram (Fig. 2) and principal coordinates analysis (Fig. 3) based on
Nei's genetic distances were easily interpretable. The dendrogram
separated a cluster containing M. nemorosum populations together with
some wide-leaved Austrian populations that are morphologically closest to
M. nemorosum. This pattern supports a hypothesis supposing old
hybridization between M. subalpinum and M. nemorosum assumed on the
basis of morphological characteristics (Stech, 2006).

The EinoS population had also the allele ADH 5 which was otherwise
specific for M. nemorosum populations. Another interesting allele, SKDH 4,
common for M. nemorosum populations, was present in 3 wide-leaved
populations. However, it is also present in the population LoseA, which
morphologically belongs to the narrow-leaved populations and occurs in a
region without the presence of any M. nemorosum population. It is hard to
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say if SKDH 4 is an ancestral allele or evidence for an old hybridization event
with an inconspicuous morphological manifestation.

As expected, M. grandiflorum MarsA population did not differ in any way
from the rest of the narrow-leaved Austrian populations. The allelic pool of
Czech and Slovak populations is obviously pauperized compared to the
Austrian populations and there are no unique alleles present for this area.
An interesting fact is that the ADH 4 allele is shared by the Slovak SastB
population and Austrian wide-leaved EinoS population, which are
morphologically different, but geographically relatively close.

The ZehrB population was, due to its geographic isolation and rather late
year of discovery, considered to be introduced (Holub, 1996). However,
within the Czech populations unique ADH 3 allele discovered in the ZehrB
population (common for Austrian M. subalpinum agg. populations and one
Austrian M. nemorosum population) suggests that the ZehrB population
might be considered relic.

Conclusions

Genetic variation estimated by isozyme analyses is congruent with the
known pattern of morphological variation of M. subalpinum agg.

The allelic richness is higher in the Austrian populations than in the
marginal Czech and Slovak populations.

Some wide-leaved populations from the Vienna Forest have a rather high
number of alleles. This allelic abundance may be caused by allelic
enrichment due to an old hybridization with M. nemorosum. The Czech and
Slovak populations traditionally designated as M. bohemicum are, according
to their allozymes, genetically derived from Austrian narrow-leaved
populations.

The high differentiation among populations suggests that the current gene
flow between populations is not common and pop-ulations do not
interbreed often. The highest between-population differentiation (Fg) in
the group of Czech and Slovak populations suggests that they have been
isolated long enough for the genetic drift to divide these populations.

The high inbreeding coefficient (F;s) in some populations together with the
pollination experiment indicates that there might be selfing within the
populations.
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Chapter VI

Disentangling the evolutionary history of Melampyrum
subalpinum agg. (Orobanchaceae) in Central Europe

Stech, M, Chlumsky, J, Herbstovd, M, Kognar, Jan, Ko3nar, Jifi, Koutecky,
P, Fér, T, Travnicek, P and Suda, J (2016): Manuscript.
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Photo on previous page (M. Stech): Melampyrum subalpinum,
Schneeberg, Austria
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Disentangling the evolutionary history of Melampyrum subalpinum
agg. (Orobanchaceae) in Central Europe

Abstract

The Melampyrum subalpinum group represents a taxonomically
intricate complex with a unique fragmented distribution area restricted
to Central Europe. Morphological variation in the region of the north-
eastern edge of the Alps contrasts with a seemingly uniform populations
in the fragmented rest of the distribution area. Genetic diversity across
the whole distribution area was studied by analysis of genome size, three
noncoding regions of cpDNA (trnT %Y trnL Y™, psbA—trnHGUG, rpl32—
trnL"*°), and one single copy gene of nrDNA (Agt1). The revealed pattern
of genetic variation proves an old, limited hybridization with M.
nemorosum as one of the sources of the morphological diversity. The
occurrence of introgressive populations with the presence of Agt1 alleles
shared with M. nemorosum is restricted to the narrow contact zone of
the Vienna Forest and Vienna Basin. A surprisingly high diversity outside
of the Alps, including genome size differentiation and unique cpDNA
haplotypes in some particular parts of the distribution area, supports the
long history of the species in the whole distribution area. The restriction
of occurence outside of the Alps to alluvial edges, quaternary terraces,
and aeolic sand regions suggests that the basic forming of the
distribution area took place during glacial conditions. Hemiparasitic
species dependent on host trees were probably restricted to alluvial
areas with higher humidity and the continual presence of trees during
the last glacial period.

Keywords: genome size, phylogeography, cpDNA, nrDNA, hybridization

This part is the subject of unpublished manuscript. The full version of this
part of Chapter VI is archived by the Faculty of Science, University of
South Bohemia in the printed version of the Ph.D. Thesis.
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Photo on previous page (M. Stech): Wide-leaved Melampyrum
subalpinum, Gumpoldskirchen, Austria
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Conclusions

The thesis extends current knowledge on the distribution, population
structure, phylogeography, and dispersal strategies of the M. subalpinum
group.

The genetic variation of M. subalpinum across its distribution area is
congruent with the known morphological variation within the species.
The highest genetic variation, in the center of morphological variability,
the Vienna forest, is supported by allozyme allelic richness as well as by
nuclear and chloroplast haplotype diversity. Within this region,
supposedly hybridogenous wide-leaved populations are present, which
can further increase the genetic variability.

Allozyme allelic richness across the distribution area is in accordance
with the central-marginal concept (Eckert et al., 2008) - it is decreasing
outside of the Wienerwald region and it is lowest in the marginal Czech
and Slovak populations. (Chapter 5)

Chloroplast and nuclear DNA variability is considerably high in the whole
distribution area including morphologically uniform areas and the
pauperization of genetic diversity is not as pronounced as in allozymes,
which suggests that the distribution is not the result of recent expansion.
(Chapter 6)

High allozyme and chloroplast sequence differentiation between isolated
populations suggests that gene flow between populations is minimal and
that they have been isolated long enough for genetic drift to divide
them. (Chapter 5 and 6)

The studied nuclear DNA sequences exhibit rather uniform variability
between particular areas. However, there are rare unique alleles in some
populations, which suggests their probable relictness. M. subalpinum
ancestors probably survived the last glaciation period in the same or
larger distribution range as present, depending on the tree microrefugia
which were concentrated at protected moist sites such as river
floodplains (Svenning, et al., 2008). This historical distribution may be
reflected by the present common occurrence of M. subalpinum localities
on slopes and the terrace edges of river floodplains. (Chapter 3, 5 and 6)
A high inbreeding coefficient together with pollination experiments
suggest that selfing or crossing with closely related individuals is
common in some populations. (Chapter 5)
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Both morphological and molecular data support conspecificity between
populations from the Czech Republic and Slovakia and Austrian
populations. The oldest valid name for this species is M. subalpinum (A.
Kern) Jur. (Chapter 5 and 6)

Allozymes and nuclear markers show clearly that the Wienerwald
populations with the widest leaves are the result of hybridization of M.
subalpinum with M. nemorosum. Chloroplast DNA shows that the
hybridization took place mostly on M. subalpinum as a maternal plant
being pollinated by M. nemorosum pollen. There was only one
population (and five plants) that carried chloroplast genes of M.
nemorosum. The rest of the wide-leaved populations exhibited no clear
introgression marker in the nuclear DNA. (Chapter 5 and 6)

In the Czech Republic and Slovakia, most M. subalpinum populations
occur predominantly in secondary cultural spruce or pine forests
(however, in the area, or in the vinicinity, of original relic sites). The
ability to act partly as synantropic species probably enabled M.
subalpinum to survive the extensive changes of forest composition
caused by man. Recent populations in the Czech Republic and Slovakia
are mostly very small, consisting sometimes only of a few tens of plants.
For an annual plant this is a rather critical state and many populations
are at a risk of vanishing from their sites in the case of deforestation or
excessive shading of the site by dense tree canopy. (Chapter 3)

On mixed stands with M. subalpinum and M. pratense ants preferentially
remove M. pratense seeds and M. subalpinum seeds are removed less
likely. This may be one of factors that has a positive influence on M.
pratense success in the seed dispersal at mixed stands and consequently
in the colonization of favourable sites. M. subalpinum seeds are
dispersed less willingly by ants, which negatively affects population size,
density, dispersal speed, and the colonization possibilities of this species.
This may be one of the reasons for the limited size of most of the M.
subalpinum populations outside of the Alps. (Chapter 4)

Formica polyctena ants are able to move Melampyrum seeds over a
distance of 36 m in only 7 hours. This distance is among the furthest
known myrmecochorous removals of forest plant seeds. However
myrmecochory is still important mainly on a local, intrapopulation scale
and it is not sufficient to explain the extent of distribution of some
Melampyrum species in the areas covered with glacier in the last glacial
maximum. For long-distance removal Melampyrum seeds are able to be

146



dispersed by endozoochory. M. pratense seeds were able to pass
through the digestive tract of a cow in large numbers and mostly
unharmed. Endozoochory thus can be a rather common event in
Melampyrum and can offer an elegant explanation for the long-distance
migration of Melampyrum and other myrmecochorous plants during the
Holocene period or in the event of the loss or formation of new
favourable habitats. (Chapter 4)

We have made 16 observations of a new arthropod disperser of
Melampyrum seeds — the harvestman Oligolophus tridens (Opiliones).
(Chapter 4)
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