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Abstract

Calamagrostis pseudophragmit@@oaceaeis a pioneer reedgrass that grows on riverbanks
of alpine rivers, and is one of Austria’s endandespecies because of the increasing river
regulations and increasing number of hydropowentplaThe population system .
pseudophragmite national park Gesduse was investigated to askegopulation clonal
structure and role of clonal migration along theeriEnns, as well as to determine the
genetic structure, differentiation and mode of eegi dynamics within the population.

The present survey suggests that the sexual regroduis predominant in thi<C.
pseudophragmitespopulation and that vegetative propagation is irtgmd on the
subpopulation level. The overall genetic differatiin between subpopulations is
moderate, yet both Haslau subpopulations diffeagmtivery well from other eastern
subpopulations. So there is notable gene flow & pgbpulation probably mostly due to
pollen flow. Seed (or ramet) dispersal occurs betwall subpopulations. The population of
C. pseudophragmitesn Gesause provides evidence for metapopulationamhcs as
extinction and (re)colonization processes were bietan the few years since the study of
Kammerer (2003).

As long as the regeneration of the population sspie and the population does not suffer
larger size reduction no special genetic threahefsurvival of this species in Gesause is
recognized. Yet further constant monitoring anchbigprotection of the sensible habitat of

C. pseudophragmitas proposed.
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1 Introduction

1.1 Riverbanks as changing habitats

The riverbanks represent a small part of the fléamidp yet, because they are the lowest
part, they are most affected by water managemeobdis 1998). Consequently, the
riverbanks often show biological differences aseaponse to water level oscillations
(Roberts 1998). The variation in water level, thieraate states of being wet and dry,
determines the structure of the riverbank plant moomities (Roberts 1998). These
fluctuations are therefore necessary for the excgtef this habitat type, though they must
be caused naturally (river dynamics), because timby assure reversibility in the habitat.

Human interference such as river regulation, exibavaf gravel, mass tourism, (rafting,

swimming and other recreation activities) can léadrreversible effects in this fragile

habitat. This habitat type was once frequent intAaisbut nowadays the quality in some
regions is decreasing. Furthermore, the riverbamksture protection areas are difficult to

conserve while the river dynamics outside the aiedssturbed.

In hydrology, hydropower is defined as the powerwafter on the riverbed and the
riverbanks. The force of water causes the reloogoosion, allocation) of sediment and
other materials along the river. These are natpratesses which occur in the riparian
zone. The riverbank habitats and the organism&divn this area are adapted to the
fluctuation of the water level and many of themrdu survive without these dynamics.
Hydro power stations and river regulations haveatlyeaffected these habitats and their
plant communities. Channelization and constructadnhydropower plants lead to a
truncated fluvial system (Hohensinner et al. 2084q, respectively, to loss of floodplain
habitats.

Plant communities of the order Epilobietalia fléisa (class Thlaspietea rotundifolii) form
the pioneer vegetation of gravel and sandy alluvhahitats along mountain streams and
rivers in the alpine forelands and on the frontseaflthe glaciers, including communities
of Myricario-Chondrilletum chondrilloidis, Epilobialodonei-Scrophularietum caninae,
Calamagrostietum pseudophragmitis and Epilobieteradheri (Pott 1995). Characteristic
species of the order Epilobietalia fleischeri B@lobium fleischeriEpilobium dodonaei
Hieracium staticifoliumand Hiracium piloselloides as well as some differential species
such adMlyricaria germanica Calamagrostis strictandScrophularia caningPott 1995).

These alluvial gravel plant communities are depethdpon periodical habitat disturbance.
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1.2 Local and regional population dynamics

River corridors serve as important pathways fonplispersal (Johannson et al. 1996).
Plants that grow in the water or at the riverside lkkely to utilize water to disperse their
seeds. Water movements connect all riverbanks goatisg the majority of diaspores
downstream (Fér & Pfosser, unpublished). Riverhaatbitats are often fragmented along
the rivers, and provide patchy habitats for orgasis Natural disturbance events are
important factors that assure occupancy mostlyheypioneer species and not by species
of later successions. Water action provides bothdbnnection between several patches
and the suitable habitats for occupation. Habitatclpes with local extinction and
colonization are often typical for these dynamierisystems (Jacquemyn et al. 2006). The
alternating colonization and extinction suite tledimition of metapopulation dynamics, yet
the stability of such a system depends on theeangst of a certain amount of suitable but
presently unoccupied habitat (Freckleton & Watkms@003). These authors and
Watkinson et al. (2000) assert that the “differgmies of populations differ fundamentally
and qualitatively in the nature of their regionafndmics” and proposed that true
metapopulation dynamics are not common in planthoagh the individuals are
distributed in a patchy manner across the landsdage Hanski (2002) stressed that the
spatially patchiness is not a synonym for metapatpn structure and that the patterns are
not of such importance as the processes behindifingtion of metapopulation.

THE METAPOPULATION CONCEPT Dispersal of different kinds (by seeds, spores or
vegetative) enables the immigration of suitablessliy new individuals. Every population
shows particular dynamics, which is not only inflaed by the local processes (birth,
death, intra- and interspecific competition, shlfihing, regulation and limitation etc.) but
more so by the regional processes. Regional presgssuch as immigration and
emigration, occur in a system of populations amdmnaeaningful just in a spatial context of
several populations (Nentwig et al. 2004). Distahes a great impact on reciprocal
exchange of individuals between populations, sontoee distant populations are from
each other the smaller is the chance of excharigeadh individual not dependent on
population size has the same probabitityo emigrate by the time the number of the
emigrated individuals igN(t). Population is not just a source but also a recipient of the
individuals from the neighbor populatiorisl(andi+1). The emigration of the individuals

from i+l toi leads to 0.5IN.1(t), which means that half of the individuals get tee @f
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the two neighbor populations (no mortality duringigration assumed). Therefore, the
population size by the tinte 1 andpopulation growth. (Nentwig et al. 2004) is:
Ni(t+1) = AiNi(t)- dN(t) + 0.5dN.1(t)+ 0.5dN4 (1).

The dynamics of a population is given as the rBkiq/N; called the annual or the finite
rate of increase)f (Silvertown & Charlesworth 2001). Population gtbws dependent
upon the rate at which a population or speciesodkpres itself (reproduction rate ).
Ry can be calculated for simple population modethéaf average number of offspring per
individual in time (the birth raté) is multiplied by the average lifetime of an inidival
(value reciprocal of the death rate) providiRg= b / d. The reproduction rate is mean
number of born individuals and describes populagimwth from generation to generation
(Nentwig et al. 2004). Habitat quality may affeloe tpopulation growth, yet the presence
of a population is not an indicator for habitat tgpd suitability for the species — the
population might be present because immigratiomlizighfluence the local growth rate
(Hanski 2002). Immigration and emigration are im@ot characteristics of population
systems, because the local populations can gocgxkint can also be colonized any time.
If this is the case the metapopulation concept lmarapplied, where populations persist
because of the flow of the migrants. These kindgagiulations are not influenced only by
local dynamics, but also by underlying regional gesses. Silvertown & Charlesworth
(2001) distinguish three kinds of regional dynamics
. A metapopulation as a “network of local populations connected bgpdrsal,
whose persistence depends upon reciprocal but ansymzed migrations between local
populations”.
. Source-sink dynamics dominate if migration occurs uniformly ane-way, from
source populations, where Bf population > 1, to recipient population whergR.
. Remnant populations prevails if the population is “able to persist hatit
immigration through periods that are unfavorableréxruitment” as long-lived adults or
seeds in the soil.
Source populations disperse a net number of indalglto the less viable sink populations
(Howe et al. 1991). If the emigration rate of arseupopulation exceeds the rate of the
sink population, then it is possible that the sip&pulation overgrows the source
population regarding size, yet this may be imprédab nature (Hanski 2002). The
source-sink conceptassumes that the migration between source andbkmKd be greater
than the migrations among source or among sinktd&tsband that the number of migrants
among source habitats should be higher then thmsa@sink habitats (Dias et al. 1996).

7
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The termmetapopulation was established by Levins (1970) to describe gufation
consisting of many local populations, in the samass in which a local population
consists of individuals” (Hanski 2002). This clasgimetapopulation model assumes that
the equal-sized patches are equally connectedcto aher by migration, yet the model is
rarely applicable in nature (Silvertown & Charlesthio2001). Allowing two sizes of
patches (large and small) Hanski (1985) createidnple extension of the Levins' model
and found that the proportion of populated sites ba greater than that predicted by
Levins (Silvertown & Charlesworth 2001). Though somatches may go extinct, the
regional persistence of the metapopulation dep@mdshe ability of patches to be re-
colonized. According to Silvertown & CharleswortB00Q1) the following features are
required for a metapopulation: “(i) natural popidas do have turnover (i.e. go locally
extinct), (i) local population dynamics are nonskironized across populations, and (iii)
seed dispersal between populations, rather thaedlsank, is the main source of colonists
(otherwise the remnant population model would agpkreckleton & Watkinson (2002)
stressed that a threshold number of density oalsl@itpatches are the main requirements
for large-scale metapopulation persistence. Freémkl& Watkinson (2003) and Watkinson
et al. (2000) thus proposed a different classifoicaton the regional scale: (i)
metapopulationsn the classic sense, which persistence depengatech colonization,
extinction and recolonization; (ii) theegional ensembles“systems of essentially
unconnected local populations persisting in adefined mosaic of suitable and unsuitable
habitat”; and (iii)spatially extendeg@opulations “essentially a single extended population
occupying large tracts of suitable habitat, but séhoegional dynamics are essentially a

simple extension of local dynamics”.

The dynamic river systems can serve as excellentletsofor observation of
metapopulation turnover, genetic diversity andettéhtiation (Jacquemyn et al. 2006). Out
of the genetic distances between populations omeimadirectly reveal the amount of
migrating diaspores (gene flow) among populatidrér (& Pfosser, unpublished), or the
distribution of genetic variation among (sub)popiolas can serve as an estimate of gene
flow (Ouborg et al. 1999).
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Population 1

Figure 1: Example of metapopulation dynamics, wherdife cycle graphs of two local populations are
linked by seed dispersal. The figure shows four sie-classes oPrimula vulgaris, where class 1 are
seeds. Values g are fecundities, values g, are the rates of survival for plants that do not bange stage
class and values g, « are the rates at which plants move up a stage cksThe illustration is taken from
Silvertown & Charlesworth (2001).

Many river plants are able to disperse vegetatinaspbres beside seed dispersal, e.g.
detached portions of rhizomes or even unrooted evplaints (Fér & Pfosser, unpublished).
In extreme environments, more than 90% of speapsoduce vegetatively e.g. using
propagules such as rhizomes, stolons, or bulbdsgfavage et al. 1998). The plants in
clonal populations can be recognized at two differerganizational levels: genets and
ramets and thus represent special problems for lgi@u analyses (Escaravage et al.
1998). A genet corresponds to an individual thaimated from sexual reproduction and
can extend asexually by producing ramets. The rasnah identical member or modular
unit of a clone that may or may not be separatenh fthe parent organism (Pornon et al.
2000). High degree of genetic monomorphism is ofienonsequence of high asexual

reproduction (Pornon et al. 2000).
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EXTINCTION OF POPULATIONS At regional scales, seed dispersal is importaninaintain
the colonization of new sites, and decrease thsilpiby of local populations’ extinction
(Ouborg et al. 1999). The Levins model describepecies as rare, when the extinction
rate is high and the colonization rate is low, iyet so low that the metapopulation would
go extinct (Hanski 2002). Rare species have gdgerastricted distributions, but the
individuals in populations are abundant (Silverto&i€harlesworth 2001). This suggests
that the local dynamics that affect the abundaniteimthe populations are not the cause
for such rarity, but the insufficient regional dymas are decreasing the population
number (Silvertown & Charlesworth 2001). Extremadalistance migration and random
disturbance lead to the case, where most of tigedaites are occupied, however, with low
abundance (Hanski 2002). Quite contrary are spedibsshort-range migration and high
disturbance (Hanski 2002). These species occupy ardmall part of the sites, yet with
high abundance and vagility. The distribution ahdralance of the rare species is anyhow
mostly determined by the level of disturbance as$ Iby the range of migration (Hanski
2002). The most actual risk of population extinatis due to a small population size
(Hanski 2002). Yet the populations that grow omgéahabitat patches might have lower
extinction rates because the mosaics of habitagidanthe patch are unlikely to become
unfavorable at the same time (Hanski 2002).

The species and the specific riverbank plant comtiesrare not endangered only because
of river regulations, hydro power stations, afcaeh etc. Together with increasing
human activities alien plants have become one efriost important cause of global
biodiversity loss after direct habitat destructiém.general, shoreline river habitats offer
great conditions for the establishment of neophydgulations (Bertrand 2004). Less
vegetated habitats and unutilized resources inerdesinvasion rate (Fridley et al. 2007)
on the riverbanks. In addition, sunlight and eutioption of the river enable integration of
alien species. Fridley et al. (2007) emphasized ttinere is some evidence that a single
species cannot utilize all available resourcespace in seasonal or yearly fluctuating
environments. Furthermore, communities with onlyea species are less resistant to
invasions as more diverse communities, which mik&y include particular invasion-

resistant species (Fridley et al. 2007).

1.3 The population genetics approach
A population as defined by Silvertown & Charleswor2001) is “a collection of
individuals belonging to the same species, livinghe same area”. This definition has

10
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genetic (belonging to the same species) and aasgatnponent (individual living in the
same area), “but populations are neither geneticalt spatially homogenous” (Silvertown
& Charlesworth 2001). Populations have four kinfiprmcesses occurring simultaneously
inducing a flux of individuals. Birthk) and deathd) of individuals in a time intervadt
together with the number of immigratadl &nd emigratede] individuals are four primary
population processes that determine a populatiom isi timet+4t (Nentwig et al. 2004)
Hence, the change of population size from tim® the moment + At results in the
fundamental equation (Nentwig et al. 2004):

N(t+A4t)=N(t)+b-d+i-e.

If the population size is decreasing, then mostaiihd emigrations have outweighed
natality and immigration (Begon et al. 1996). Thelldwing equation describes
exponential increase of a population size aftgears for a population that starts with
individuals (Silvertown & Charlesworth 2001):

Nix = Nterx,

wheree is the base of natural logarithms (not rate of eatign) andr the intrinsic rate of
increase. The balance between parameters determinether the population remains
stable Ni1=N; and /=1), increasesNi+1>N; and 2>1) or decreased\(;1<N; and 1<1)
(Silvertown & Charlesworth 2001).

Some populations contain smaller groups, calleghgpblations or demes, which may be
partially isolated from each other (Page & Holm88®@. A genetic subdivision or genetic
structure in plant population occurs often, aslitméed mating between neighbors is very
common in sessile organisms (Silvertown & Charlatw@®001). Sexual reproduction
assures genetic diversity by recombination and sgisexual populations a number of
evolutionary advantages, as for instance the remolvaeleterious mutations (Page &
Holmes 2000). The accumulation of deleterious nmutatmay generate declining fitness
in asexual organisms as individuals without deietex mutations in the population
become rare (Page & Holmes 2000).

An important measure of genetic diversity is thegartion of loci at which polymorphism
is found (Silvertown & Charlesworth 2001). A locissusually classified as polymorphic
when the most common allele occurs at a frequeifidgss then 99% (sometimes 95%)
(Silvertown & Charlesworth 2001). Another measwggéne diversitye that reveals the
chance for two randomly chosen alleles to be differand can be calculated from the
allele frequencies as (Silvertown & Charleswort@20

He=1-%p’

11
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wherep; is the frequency of thith allele type. The? is the chance that the two selected
alleles will be of the same type, so the resuleaty the chance that two alleles in the
sample are not the same (Silvertown & Charlesw@A81). Bonin et al. (2007) listed

several parameters which are in common usage foulation of genetic variation based

on AFLPs. They include various coefficients of danty (Jaccard, Dice, or Simple-

matching coefficient), the Shannon index (Shannd8) and the nucleotide diversity

(Clark et al. 1993).

Although population subdivision leads to local mandom mating, gene flow via pollen
flow or seed dispersal may induce gene migratiotwéen subpopulations (Page &
Holmes 2000) New genetic variation in (sub)popolagi increases heterozygosity within
them (Page & Holmes 2000). Therefore “the rateasfegflow is inferred from the amount
of genetic differentiation among populations” (Oupet al. 1999). Ouborg et al. (1999)
distinguish between dispersal and gene flow, aljhdhey are clearly related. They define
dispersal as movement of seeds or other propagiiesto establish themselves, while
gene flow as movement of genes occurs with bottl aed pollen migration. The level of
genetic differentiation is calculated with the paeder kst (Wright 1978), which increases
with increasing isolation between (sub)populati@@seborg et al. 1999). Assuming a large
number of demes (subpopulations), the relationshiSilvertown & Charlesworth 2001):
Fst =1/ 1+MNem,

including a constant migration rate (Slatkin 1981) and effective population sidg The
Fst IS a reasonable approximation to the true modegefe flow estimated among
populations and can compare population structureditierent plants, even if it is
calculated with different genetic markers (Silvento & Charlesworth 2001). Using
dominant markers, like RAPD and AFLP, estimatiorirgfvalues is difficult because they
do not allow estimation of allele frequencies (Ougpet al. 1999). Another approach for
estimating kr in dominant markers is known as AMOVA (Analysis MOlecular
VAriance) (Excoffier et al. 1992) and based on cargons between multilocus profiles of
different individuals (Ouborg et al. 1999). Corand¢ al. (2003) introduced Bayesian
Analysis for estimation of the degree of populatidififerentiation using multilocus
molecular data and the geographical informatiorvigdied by the sampling design. The
statistical method based upon the Hardy-Weinbergilibgum (HWE) and linkage
equilibrium between loci within each observed pagioh (Corander et al. 2003). Inside of

the populations the unlinked marker loci will prdgi information about population

12
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substructure assuming that genetic markers withah goopulation are in HWE (Corander
et al. 2003).

1.3.1 Population genetic analysis

Numerous highly variable markers were developedesih966 for population genetic
analysis. Nowadays many types of molecular mar&kexsised for genetic analyses, among
others minisatellite fingerprints and microsateBitor SSR (simple sequence repeats),
AFLP (amplified fragment length polymorphism), RFL(Restriction fragment length
polymorphism) and RAPD (random amplified polymopliNA) (Ouborg et al. 1999).
These molecular markers have different propertdisplaying different amounts of
variation (Ouborg et al. 1999).

The amplified length polymorphism (AFLP, Vos et 8895) technique is a PCR- based
approach. This technique involves a digestion ologac DNA and PCR amplification of
gained fragments (Ritland & Ritland 2000). First ANhas to be cut with a pair of
restriction enzymes: with a frequent and the rawec. Frequent cutter recognizes a
sequence of 4 base pairs, while the rare cutteogrezes 6 base pairs. Restriction
fragments are amplified with the help of adaptet gestriction site sequence as target sites
for primers. Ligated adaptors generated templateABF preselective amplification.
Selective amplification of DNA with additional nedtides at the ends of the AFLP
primers follows to reduce the number of bands. Q@nbse restriction fragments, in which
the nucleotides on the restriction site match #lective nucleotides, will be amplified.
The amplified fragments are then separated an@hzga on acrylamide gels. The number
of fragments obtained depends on the genome siZeP Anarkers can be useful to tool
detect variability and can provide data for measwfegenetic diversity (i.g. proportion of
bands that individuals share) comparing differespugations (Silvertown & Charlesworth
2001).

1.4 Gesause, the study area

In 1958 Gesaduse was declared the first natureqiratearea in Styria. Since then this wild
and fascinating part of the Enns valley is knowroas of the last undamaged and rather
natural river sections (Kerschbaumer & Marek 20@»sause was declared national park
in 2002 and since then it is the third largestoratl park in Austria.

River Enns is the backbone of the Gesause, sya®logy has a great impact on the life

inside the national park (Kammerer 2003). Tempematal regime with marginal changes

13



Atanasova: Regional dynamics ©alamagrostigpseudophragmitesn riverbanks in the NP Geséause inferred from A$-LP

within a seasonal cycle is typical for Enns. Cheastic is a drainage minimum in winter
and a maximum in May (Kammerer 2003). Absence atigl areas in its catchment area
is a reason for low drain data in July and Augl&nimerer 2003). Since the early 20th
century, as the hydropower was put to profitable (Iamerl 2006), the water capacity of
river Enns changed. Nowadays in total eight hydwagrgplants (Tamerl 2006) are build on
the whole length of the river Enns up to the boafddpper Austria. As already mentioned
neophytic plants invade more and more natural aebénd are a threat for populations of
native species and plant communities. RelevanGisause are five neophytes that can be
found along the river EnnsFallopia japonica Impatiens glandulifera Impatiens
parviflora, Solidago canadensendSolidago giganteédKammerer 2003).

In the vegetation-ecological study of Gesause baeks Kammerer (2003) pointed out
that the fine-sand riverbanks of Enns are the reessitive habitats in the national park,
yet the most popular resting places after recrealibese fine-sand aggradations represent
a natural habitat for the reedgraSalamagrostis pseudophragmitddoreover, some of
the habitat locations are assessed to be potendiaitiable forMyricaria germanica which
became extinct in native locations of Styria. Herthes specific habitat in Gesause needs

specific protection (Kammerer 2003).

1.5 The study plant

Calamagrostis pseudophragmit@daller f.) Koeller (Poaceae) is a perennial heith

erect 20-150 (-200) cm long culms and elongatezbrhes for clonal dispersal (Conert et
al. 1989). The ligule is a 4-10 mm long eciliatennibeane (Clayton et al. 2006). Leaf-
blades are flat, or conduplicate, 15-35 cm longy@in et al. 2006) and 3-8 (-10) mm
wide (Conert et al. 1989). Leaf-blade surface &bgbus (Conert et al. 1989). Glumes are
disproportional in length; the awn arises belowtthe-dentate incision of the lemmas;
panicle 10-40cm long; spikelets solitary, antheith well developed pollen, fruit 2-2.3
mm long, glabrous (Figur®) (Conert et al. 1989, Jager & Werner 2002, Fisehal.

2005, Clayton et al. 2006%. pseudophragmitds a tetraploid species, the chromosome
number is 2n=28 (Conert et al. 1989). InGdllamagrostigetraploids no disruption in
meiosis was found. All of the tetraploids are adlogus (Conert et al. 1989).

14
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Figure 2: Calamagrostis pseudophragmites a- spikelet; b- seed;c- inflorescences. Data source: figura
and b: seeds.eldoc.ub.rug.nl/root/Poaceae/Calamagrostis/; figure c: Photo J. Greimler 2006.

Calamagrostis pseudophragmite®rms almost no varieties (forms) in Europe. A
differentiation on the base of the color of spikels possible, yet the distinguishing@f
pseudophragmite§ rubens(purpure spikelets) and pallens (yellow-green spikelets) is
trivial (Conert et al. 1989). In Asia more subspsciare distinguished beside.
pseudophragmitessp pseudophragmiteat grows in Europe (Conert et al. 1989).
Calamagrostis pseudophragmit@gcurs mainly in temperate regions of the Northern
hemisphere. It is distributed in central, southeestsoutheastern, and eastern Europe; in
Siberia, Russian Far East and Middle Asia, Caucasestern Asia, China, Mongolia, and
eastern Asia. The most tropical areal of this i@ in India (Clayton et al. 2006).

DISTRIBUTION IN AUSTRIA: Conert (1989) reports tha€. pseudophragmitesvas
widespread, but rare and scattered in Austria (withack in Burgenland), however,
declining where the rivers have become eutrophct ragulated. According to Fischer et
al. (2005)C. pseudophragmitas scattered or rare in the colline-montane zdnkustria,
lacking in Burgenland. The data from Niklfeld & Satt-Ehrendorfer (unpublished data
for the grid map of Austrian Flora) show the distition of C. pseudophragmite§om

observations since 1945 (Figure 3).

The nearest sites to Gesause were searchdd. foseudophragmitgsopulations. On the
riverbanks along the Enns west of Hieflau and noftHlieflau (Greimler, pers. comm.) as
well as along Grol3e Foélzgraben in Eisenerz no ramast found.C. pseudophragmiteis
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probably extinct in the Murtal locations (Scharettpers. comm.) and declining along
Salzachtal (Wittmann, pers. comm.). In 1991 fewugso of C.pseudophragmitesvere

observed in Almtal between Peham and Auinger sdmittinau, on west hillside of
Bramberg southwest from Lake Almsee, in Sulzgrabed in Hetzau (mapping data:

Niklfeld & Schratt-Ehrendorfer, unpublished). Thggebably next populations could not

be sampled.
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Figure 3: Grid map showing the distribution of Calamagrostis pseudophragmitesin Austria (Niklfeld &
Schratt-Ehrendorfer, unpublished data for the grid map of Austrian flora, without literature
evaluation). Population ofC. pseudophragmites in national park Gesause is marked with a frame. Nte:
the dots indicate observations since 1945!

SYNTAXONOMY : Calamagrostis pseudophragmites the characteristic species of the
association Calamagrostietum pseudophragmitis. danefind this pioneer community on
fine sand or silty sediments of the riverbanks mfegulated rivers in the Alps (Pott 1995).
C. pseudophragmitegrefers empty banks, where sand and slit havenadeted due to
slow water motion (Pott 1995). Because of the ghith grow with rhizomes this reedgrass
species can spread very rapidly after flooding #ngs dominate the community. Pott
(1995) assigned the Calamagrostietum pseudophragriot the order Epilobietala
fleischeri, while Mucina et al. (1993) incorporatéis community to the order of

Phragmitetalia under Phalaridion arundinaceaenaia

In Austria the Calamagrostietum pseudophragmitis Weaund along the river Lech in
Tyrol (Muller & Burger 1990), along river Il in ilalberg (Grabherr & Polatschek 1986),
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along Saalach and Salzach in Salzburg (Wittmann&bbt1990). Yet, in the regions
Voralberg and Salzburg this community was consilldnghly endangered and close to

extinction (Mucina et al. 1993).

CoNsERVATION. Extinction of C. pseudophragmites already noted in the Netherlands
(Conert 1989); in Slovenia this grass was not fosimte the second half of last century
(Martinci¢c et al. 2004). Rennwald (2000) classified the Calgirostietum
pseudophragmitis in Germany as “highly endangereéd& same categorization used
Wittmann & Strobl (1990) for province Salzburg irugria. Kammerer (2003) assumed
that this may also be the case in province Styklany countries have added C.
pseudophragmitedo Red Lists of Threatened Species. In Switzerlémd plant is
classified as near threatendtiT). Niklfeld & Schratt-Ehrendorfer (1999) putishgrass
on the Austrian Red List as endangered species ustrid. In Germany as welC.
pseudophragmitess on the Red List (Bundesamt flr Naturschutz Behland 2008) of
endangered species. Holub et al. (1979) includesl species to the list of highly
endangered species of Czech Republic (Conert 188®seudophragmitesas not found
in the data base of IUCN Red List of Threatened ctgse (International Union for
Conservation of Nature and Natural Resources 200@Never, the plant community
Calamagrostietum pseudophragmitis is protected ruREel-Habitat type 3220 (Table 1;
Alpine rivers and the herbaceous vegetation aldmgrtriverbank$ included in Natura
2000 (Kammerer 2003).

Table 1: Habitat directive annex | (and Bern convetion resolution N° 4 (1996)). Habitat type
3220/24.222 Calamagrostietum pseudophragmitis is éluded in FFH- Habitat Directive under
NATURA 2000.

CODE NAME COMMENTS

3220 ALPINE RIVERS AND THE HERBACEOUS| Important, yet rare spawn biotope with disturbatizeugh
VEGETATION ALONG THEIR BANKS sport and gravel removal. A habitat of pioneer mEe¢
3222/24.222 CalamagrostietumCalamagrostipseudophragmites
24.221. pseudophragmitis: Alluvions along the Enns jon
24.222 the west side, pioneer formations on the
riverbanks with C. pseudophramites Salix
eleagnos, S. purpurealealpine species; with
Salix—Alnusshrubs.

A species is near threatened when it does not milyrqualify for critically EndangeredCR), endangered (EN) or
vulnerable (VU) status, but is likely to qualifyrfa "threatened" category in the near future (Swisderal Office for the
Environment 2007).
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1.6 Specific aims of the research

In this study the structure of genetic variationoauign and between subpopulations of the
pioneer plant specie€alamagrostis pseudophragmiteswill be investigated using a
dominant DNA marker. For this purpose AFLP (Amgdi Fragment Length
Polymorphism (Vos et al. 1995) will be used.

In detail the investigations aim to:

(1) Assess the clonal structure within local suhpations and the role of clonal migration
between them along the river.

(2) Determine genetic differentiation among loaabgopulations and assess the amount of
gene flow among them.

(3) Determine the genetic structure and diversithiw local subpopulations.

(4) Infer the most likely mode of regional dynamigsetapopulation or source sink or
other dynamics) among the local subpopulations.

(5) Extract conclusions on the viability of the @ese population system and propose

specific conservation measures if necessary.
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2 The population system in NP Geséause

Figure 4 shows (marked) locations ©&lamagrostis pseudophragmitsgbpopulations on
the six sand and gravel river banks in nationak gzesause identified by Kammerer (2003).

Further details on the six sites are given in Table
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Figure 4. Map showing riverbanks of national park Gesduse. Riverbanks whereCalamagrostis
pseudophragmites was found are marked with a star. Data source: Kammrer (2003).

On the six sites (riverbanks) Haslau “island” (weand east), Bruckgraben,
Johnsbachbriicke, Finstergraben and Schneiderwlaetgfalamagrostis pseudophragmites
was sampled for the present study.

2.1 Locations and population status in 2003

Haslau is a long ephemeral island that is separated fioenriverside depending on the
water level (Figure 5). On the west side thererie more or less vegetation-poor gravel
bank with moderate accumulation dynamics. Graveahterspersed with sand and often
overgrown by mosses (Kammerer 2003). In the middi¢he “island” aSalix grove is

spreading out, ending on the west side in an allavof deadwood. On slightly broader
sites on the west and east head of the “island”@h&a (or were) more exposed to the river
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dynamics one can find the subpopulationsCaflamagrostis pseudophragmitesth the
largest on the west side (Kammerer 2003; pers) ob&esause. The largest subpopulation
is distributed in smaller patches all over the wade of the island and includes about
thousand ramets in contrast to the eastern subgopul where there may be a hundred
(Kammerer 2003). On the west s@alamagrostis pseudophragmitessdominant together
with Deschampsiacespitosa Festuca arundinaceaPetasites hybridysand Agrostis
stolonifera In-between some juvenil&alix eleagnosand otherSalix species occur
sporadically. This constitutes a variant of theeratant community Calamagrostietum
pseudophragmitis. The sand and gravel bank on dke stde is densely covered by tall
herbs and grasses includi@glamagrostis pseudophragmites

!Eﬁ, Al

Figure 5: Haslau “island” east of Gofergraben withthe west and east sites where sand and gravel
accumulated. The colored lines show study area arwbundaries of biotopes investigated by Kammerer
(2003). The stars mark the presence ofcalamagrostis pseudophragmites in 2003. Data source:
Kammerer (2003).

Bruckgraben site is an impressive alluvial cone on the orthpbic left bank of Enns
(Figure 6), showing the patterns of high disturleabg the brook coming from the north
(Kammerer 2003). In spring-time the snow watergpamts the mass of coarse gravel down
the Buchstein massif and deposits the materiarutiraben and Enns respectively. So the
pioneer vegetation in this area is regularly dardagre the alluvial cone two small “forest
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islands” are formed witRicea abiesSalix sp. andAlnussp. with the understory of a Carici
albae-Fagetum. This area is mainly affected bydgreamics of spring snow melting water
from the mountains and not as usual by the dynaafioser Enns. Kammerer (2003) found
two small patches (1 + 0.25%mof Calamagrostis pseudophragmitésgether with few

Salix eleagnasThese plants did not grow on the gravel bank,douthe very edge to the
forest. The third patch was found 50 m easterrctliren the forest margin along the Enns.

e

Figure 6: Large area of Bruckgraben alluvial cone a the left and Lettmair-Au (floodplain) on the right.
The colored lines show study area and boundaries dfiotopes investigated by Kammerer (2003). The
stars mark the presence o€Calamagrostis pseudophragmites in 2003. Data source: Kammerer (2003).

Lettmair-Au is a floodplain with primary Salicion albae vedeta. Alnus incanaandSalix
eleagnosare dominant in the elevated area, while in thedlarea one can find rath&inus
incana with Salix alba Jungwirth et al. (1996) found the “beautif@alamagrostis
pseudophragmitegopulation” in Lettmair-Au in 1992. But in the ye2003 only one small
patch (1 ) of C. pseudophragmitesurrounded by the vegetation of Petasition affitis
with Mentha longofolia was documented by Kammerer (2003) at the entraficihe
sidearm (Figure 6). Kammerer (2003) also reportedlsence of water dynamics and early
succession on empty sites as well as a large ipereneophyte species since the year
1992.
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Figure 7: Johnsbachbrticke riverbank on the right sile of the estuary of stream Johnsbach and left from
the bridge over Enns called “Johnsbachbriicke”. Thecolored lines show study area and boundaries of

biotopes investigated by Kammerer (2003). The starsmark the presence of Calamagrostis
pseudophragmites in 2003. Data source: Kammerer (2003).

Johnsbachbriicke(Figure 7) is a riverbank on the right side of Etimat is stretched from
the confluence (estuary) of stream Johnsbach intts Eo the bridge over the Enns called
“Johnsbachbricke”. Immediately on the west sidéhefbridge lies a much utilized entry
and exit site for many water sports, that is alsemd by other visitors (Kammerer 2003).
The riverbank consists of coarse gravel and itostiy free of vegetation. On the west side
of the Johnsbach estuary one can find a Salicethgano-purpureae forest. Four small
patches of Cpseudophragmitesere noted by Kammerer in 2003; a 4 large patch was
found where the furcating canal enters the ripafoaest, another two smaller (1-Zywere
located on the edge of the west part, which was @isturbed by wild campers at the time
of Kammerer's mapping in 2003. All three patches@aced on the border of the riparian
forest without being affected by normal river dynesn The fourth location mapped in 2003
was placed on the riverbank west of the Johnsbsttagy with a size of 1

Just before the new tunnel, crossing the local ribed runs through the Gesause, lays
Finstergraben brook (Figure 8). On the west side of the con¢ ithased for disembarking,
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a large plain with coarse gravels on the very sapaikground is offering the potential
habitat forC. pseudophragmite$sroups of Salicetum incano-purpureae are situistede
middle of the riverbank. In the year 2006 and 2@0large area of the river bank was
flooded, dry spots were covered with dead wood.tli@gneast side of the riverbank, on a
long sandy bank, Kammerer (2003) mapped a @thmagrostis pseudophragmitpatch
and noted that there is a high potential for ifsagsion because of the surrounding habitat.

The group of plants was located on the edge ofHixeleagnodorest.

= 3 2 e > Y o o e N .

Figure 8: Finstergraben brook which crosses the rad and ends in the Enns (on the right) and
Reicherlboden (left). The colored lines show studwrea and boundaries of biotopes investigated by
Kammerer (2003). The stars mark the presence o€alamagrostis pseudophragmites in 2003. Data
source: Kammerer (2003).

The last riverbank lies on the orographically righbreline of Enns just before the bridge at
Gstatterboden, north of the broSkhneiderwartgraben It is a long and narrow riverbank
stretching along the Enns (Figure 9) north andrsafitthe brook estuary. Along the river
different types of riverbanks can be observed;hendcree man$alix seedlings grow; the
following sand riverbank is highly disturbed astissed for parties and camping, sport and
other human activities. This riverbank is thereforainly vegetation free. On the north side

of the debris zone follows a less vegetated, rashady alluvium with some indication of
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anthropogenic disturbance. Kammerer (2003) mappgahal C. pseudophragmitegroup

with three ramets, partly disturbed by humans.

& P : e PR . s N .
Figure 9: The estuary of Schneiderwartgraben into Bns with the riverbanks. The colored lines show

study area and boundaries of biotopes investigateldly Kammerer (2003). The stars mark the presence
of Calamagrostis pseudophragmitesin 2003. Data source: Kammerer (2003).

2.2 Population status in 2006 and 2007

All locations mentioned in the report of Kammer20@3) in Geséduse were searched for
Calamagrostis pseudophragmites 2006. All subpopulations reported by Kammerer
(2003) were found except for subpopulation Lettafair Additionally sites outside
Gesause mentioned in old reports (Wagner & Mecend@73) were explored fo€.
pseudophragmites(Figure 2; Niklfeld & Schratt-Ehrendorfer, unpudtied). Thus
riverbanks along the Enns in Hieflau and northhig illage as well as possible sites along
Grol3e Folz Graben, Eisenerz were searched.
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Table 2: Locations of the sampled subpopulations Wi patch numbers, coordinates, elevation and year
of collection. All populations except GroRe Folz a located in Geséuse national park.

Id. Location Patches Coordinates  Year o
collection

w Haslau “island” west, 1-14 N 47°3%64" 2006
Gesause E 14°3401"

0 Haslau “island” east, 15 N 47°3453" 2006
Gesause E 14°3408"

j Johnsbachbriicke, 16-19; 30-31 N 47°385" 2006, 2007
Gesause E 14°3339’

f Finstergraben, 20; 26-29 N 47°358" 2006, 2007
Gesause E 14°3622"

S Scneiderwartgraben, 21; 24-25 N 47°320" 2006, 2007
Gesause E 14°3717"

b Bruckgraben, 22 N 47°3450" 2006
Gesause E 14°3443"
Grol3e Folz Graben, Calamagrostis N 47°3316" 2007
Eisenerz varia E 14°5124"

In July and September 20@Balamagrostis pseudophragmitegas found in five of six
described locations (Kammerer 2003) in Geséause.|d8fgest subpopulation grows on the
west side ofHaslau “island” (Figure 11). This site with more open eégfion was divided
into 14 patches (Figure 10), whereas on #ast side a large and more homogenous
association of Calamagrostietum pseudophragmitssfaand. From each patch on the west
side 2-3 ramets were sampled, patches number74,8and 9 were sampled in more detall
(Figure 10) for the purpose of identifying clon&iusture. In total 73 ramets were included
in the analysis from west side of Haslau. SubpdpmuriaHaslau east (patch number 15) lays
150 m stream up wher€. pseudophragmitess mixed with Festuca arundinaceand
Deschampsia cespitos#n total 9 ramets were sampled there. Betweert 2@1d 2007
Haslau west subpopulation did not change, on tisé sde of the island spreading of C.

pseudophragmitesubpopulation was observed.
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N
East '-

Salix forest

deadwood

Side channel

main river

F...Festuca arundinacea
P... Petasites hybridus
A...Agrostis stolonifera
D...Deschampsia cespitosa
S...Salix eleagnos

Figure 10: Patches ofCalamagrostis pseudophragmites (red) in the west side of Haslau “island” with
additional notation of other vegetation.
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Figure 11: Marked patches ofCalamagrostis pseudophragmites in Haslau west (left) and Haslau east
(right) in 2007. Orthophoto: National Park Gesause.

Figure 12: Calamagrostis pseudophragmites patches in Haslau west side of the island in Jul2006.
Photos: J. Greimler.

At Johnsbachbriicke four patches oC. pseudophragmitesere found in 2006 and from
each, five samples were stored in silica gel. fiegth (number 16), surrounded wihlix
eleagnos Alnus incana Acer pseudoplatany®icea abiesSalix appendiculataPetasites
paradoxus Eupatorium canabinumSalix purpureaetc., is located on the higher river
terrace next to Johnsbach estuary. Approximatelynl&ast of patch 16, also on the terrace
just behind its eroded edge, patch number 17 wasdfoand 15 m from there patch 18
(terrace not eroded, but in succession). At thetfend of the parking place right at the
beginnings of the woody vegetation one large patdd. pseudophragmitesas found and
sampled as patch number 19 (Figure 13). This path not mentioned by Kammerer in
2003. Patch 19 propagated much in year 2007 althdtugyas obviously not affected by
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normal water dynamics. Another new patch was fobgdthe estuary just along the
shoreline on a 4 x 1 m area with ca. 50 rametseti€30 juvenile. Four samples were taken
from this patch (number 30). Western from the egtwme small linear patch along the
shoreline with ca. 40 ramets was found. This patak already mentioned by Kammerer
(2003). Five samples from the patch 31 were andlyle total, 26 ramets were used for
further analysis.

Figure 13: Patches of Calamagrostis pseudophragmites sampled in 2007 in Johnsbachbriicke
subpopulation. Few ramets in the forest were not icluded in the analysis. Orthophoto: National Park
Gesause.

Near Bruckgraben brook three patches were mapped by Kammerer ir3.200ly one
patch was found also in 2006 (J. Greimler, perseob). The other two patches obviously
had disappeared because of erosion dynamics (FighreFour ramets were sampled and
three of them were included in the analysis (Pa&h
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Figure 14: In the Bruckgraben alluvial cone (left)one patch that probably merged with its neighbor
patch was found. The other patch, found by Kammerer(2003) was not present any more. In the
Lettmair-Au no ramets of Calamagrostis pseudophragmites were found (marked with yellow).

Orthophoto: National Park Geséause.

A channel that divides the river bank from the lamdtheFinstergraben alluvial fan was
flooded in year 2006. Vast damage of vegetatioh Veitge amounts of deadwood, owing to
the last strong floodwater, was observed on therbank. One patch (number 20) of C.
pseudophragmitesm a size of 40 x 40 cm with ca. 20 ramets wasidbin 2006. The patch
reported by Kammerer (2003) was obviously coverdth wccumulated deadwood. Two
samples were taken within a distance of 30 cm.@npresumable site of the patch (patch
26) observed by Kammerer (2003) deadwood was rethioveummer 2007 due to another
flooding. On this site two additional patches (pat 27 and 28) were found (Figure 15).
Another new patch 29 arose near the main river 3@estern from the patch 20. Additional
samples from patches 26, 27, 28 and 29 were tak2007. Patch 20 spread greatly in one
year and was not sampled again.
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Figure 15: Finstergraben subpopulation with five paches found on the riverbank in 2007. Orthophoto:
National Park Gesause.

Figure 16: Finstergraben riverbank covered with dedwood, September 2006. Photo: J. Greimler.

On the riverbank oSchneiderwartgrabenthree small patches were located (Figure 18) at
a linear distance of 5.5 m. The first one with Aftnets was 1.5 m distant from the next

patch with 6 ramets, the next one 4 m away had Brigmet. From each patch one ramet
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was sampled (all three patches counted as patclberu?i). In the year 2007 the patches
were found much larger than the year before. Twwo patches with few ramets (ca. 10)
were detected on the east (patch 24) and wes{jsadeh 25) of the old ones. New samples
were taken (from each patch two). On the left (Jvede of Schneiderwartgraben large
accumulations of fine sand were detected in ye&®72@lthough the habitat conditions

seem optimal for growth of @seudophragmiteso ramet was found.

Figure 17: Small patch of Calamagrostis pseudophragmites in the sand of Schneiderwartgraben
riverbank. July 2007. Photo: J. Greimer.

In theLettmair-Au location no ramet of. pseudophragmitewas found in 2006. In 2007
this location could not be investigated due to hgtter levels (Figure 14).
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Figure 18: In Schneiderwartgraben subpopulation thee patches were found in 2007. Orthophoto:
National Park Geséuse.

We searched for Gesause's nearest populatiofis pfeudophragmitelsased on the data
from Niklfeld & Schratt-Ehrendorfer (unpublishedigbre 3) and Wagner & Mecenovic
(1973). On the riverbanks along the Enns in Hieflaud north of this village as well as
along Grol3e Fo6lz Graben in Eisenerz no ramet wasdfobut three individuals of @aria
were sampled there to be used as an outgroup.
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3 Material and Methods

3.1 Laboratory work

3.1.1 DNA extraction

Leaf samples oCalamagrostispseudophragmiteffom the six locations in national park
Gesause and three individualsfvaria as outgroup (Table 2) were collected. All material
was immediately stored in silica gel. The DNA egtian protocol followed Doyle & Doyle
(1987) with the modification of Samuel and Tremetsgjer (unpubl. protocol, 2005). Leave
material was ground 2x 5 min before the extractibotal genomic DNA was extracted
from the silica gel-dried material in 700 pul prermad (60°C) CTAB buffer (2% CTAB,
100 mM Tris, 1.4 M NaCl, 20mM EDTA, 0.2% mercaptaatol, pH 8.0) for 30 min at
60°C. After incubation 500 pl chloroform: isoamyahol (24:1) was added and mixed
gently. The mixture was kept at 4°C for 20 min.ekftentrifugation (5 min, 10.000 rpm)
600 pl of clear aqueous phase was transferredantaher tube and 200 ul isopropanol
(cooled) was added to precipitate the nucleic aidndé mixture was left at -20°C for 45 min.
After centrifugation (5 min, 14.000 rpm) the vepose DNA pellet is precipitated on the

bottom of the tube. The supernatant was carefublyre¢d off. The remaining pellet was

washed twice (with 70% ethanol) afterwards. DriddADwas finally re-suspended in 50 pl
TE buffer.

Figure 19: DNA extracts (from left to right): ramets 28.1-3, 29.1-3, 30.1-4 and 31.1-5, checked orfa 1
TAE agarose gel.
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In each DNA sample 2 pl of RNAse (Fermentas, 20@/ag added and kept for 1 hour at
37 min. All extracts were checked on an ethidiurontide dyed (1%) TAE agarose gel
(Figure 19).

3.1.2 AFLP analysis

AFLP method starts with digestion of genomic DNAwJ restriction enzymes
(endonucleases), EcoRIl and Msel, cut on differetg@ssand with different frequency
because of selection based on their recognitionesenp and cleavage sites (“four-" and
“six-base cutter”). First the Msel and EcoRI| adappair were heated to 95°C to be
annealed. A total volume of 11 pl per sample wagested with following components: 5.5
pl of Genomic DNA; 1.1 ul 10xT4 Buffer; 1.1 pl Na(@.5 M); 0.55 pl BSA (1 mg/ ml);
0.33 ul T4 Ligase (3U/ ul); 1 ul Msel adaptor pd&0 uM); 1 pul EcoRI adaptor pair (5
uM); 0.02 ul Msel endonuclease (50U/ ul); 0.25 200/ pl); 0.65 ul ddkD. The total
volume (11 pl) was incubated for 2 hours at 37°@ IACR cycler. The restriction-ligation
reaction was loaded on a 1% TBE gel for checkingr. preselective amplification the
restriction-ligation result was diluted 16x with JEbuffer (20mM Tris-HCI, 0.1 mM
EDTA, pH 8.0). An amount of 2 ul of diluted restian-ligation DNA was mixed with total
aliquot of 8 pl Master Mix: 5.86 pl ddi@; 0.22 ul ABI dNTPs; 1.14 ul RedTaq buffer
(Sigma); 0.2 pl RedTaq polymerase (Sigma, 250 BBheé.29 ul preselective primer Msel
and EcoRI (each 5 mM). The total volume of 10 uswat in the PCR for 2 hours. AFLP
reactions with primers having none or a singleele nucleotide were performed for 20
cycles with following cycle profile: the programasted with 72°C for 2 min, followed by
20 cycles of 94°C for 1 sec (denaturation), 56°C 30 sec (annealing) and 72°C
(extension) for 2 min. A final step of 60°C for &iin ended the program and the reaction
was cooled down to 4°C. Reaction product (3 ul) efeecked on the 1% TBE agarose gel,
the rest was diluted 16 x with the Jfbuffer and 2 ul thereof was used for each of theeth
selective runs. Three different selective primembmations were used: Eco-AGC (NED-
Yellow)/ Mse-CAA, Eco-ACG (HEX-Green)/ Mse-CAA, E&&CT (FAM-Blue)/ Mse-
CAA. These tree combinations showed to be appr@patier a primer trail with 36 primer
combinations. 2 ul preselective amplification produvere prepared for selective
amplification together with: 5.5 pl ddH20; 1 pl BRedTaq buffer (Sigma); 0.22 ul ABI
dNTPs (10 mM); 0.2 ul RedTaqg (Sigma, 250 U); 0.5Mge-Primer (5 pmol/ul) and 0.54
pl Eco-Primer (1 pmol/ul). Reaction mixes of a kotalume of 10 pl for each primer
combination (yellow, green and blue) were put itltle PCR machine for 3 hours. The
cycling program started with initial cycle of 94f@ 2 min, 65°C for 30 sec and 72°C for 2
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min. Thirty-one cycles followed at 94°C for 1 séd,°C for 30 sec and 72°C for 2 min. In
the first 8 cycles (at 64°C) the annealing tempeeatiecreased by 1°C in each cycle from
64°C to 57°C. During the remaining 23 cycles, theealing temperature was held on 56°C.
The program stopped at 60°C for 30 min and theredodown to 4°C. For each PCR a
GenAmp® PCR System 9700 (AB Applied Biosystems) hasn used. To purify the
samples for the sequencer Sephadex purificatiowgglapplied. The membrane multi-plate
was filled with 200 ul of Sephadex gel. The plagswentrifuged at 600 G, the filtrate was
removed (the procedure was repeated 3 x) and 2 @dah primer combination mix were
pipeted on the gel. Probes were centrifuged (60@r@)the purified DNA was captured in
filtrate. A Mix of 0.10 pl of the GenescBh 500 Rox Size Standard (AB Applied
Biosystems) and 7.9 pl High-Dye Formamid was adbethe 2 pl of the DNA eluate.
Before the probes were put into the sequencer Didé denaturised at 95°C for 2 min.
Fragments were separated in an ABI 3130 Automategill@y DNA Sequencer (AB
Applied Biosystems) at the department for Systernatid Evolution of Higher Plants
(University of Vienna, Faculty Center Botany) andirgd as raw GenSc&nfiles.
Accordingly the data were aligned with the interrséte standard using ABI Prién
GeneSca® version 3.7.© 1989 — 2001 Applied Biosystems) and subsequentported
into the Genographer version 1.6.0. (Benham 20@13doring the fragments.

Fragments (i.e. peaks) were scored as presentsenaim a size range from 50 to 500 bp
and were extracted as binary (1/0) matrix. SampfeSalamagrostis varigrom Eisenerz
were scored simultaneously as outgroup. To assgseducibility of the AFLP procedure
and also to determine the distance between clasaaples were replicated within the
plates. Although reproducibility was high in geng@ccasional irreproducible fragments

were excluded from further analysis.

3.2 Data analysis

The presence/absence matrix was imported into Moft® Excell® 2002 © Microsoft
Corp. 1985-2001) and SPSS (13.0.1 for Windows, SIRES1989-2004) for preparing the
data sets for further analysis. Input files fortfier analysis were also prepared with FAMD
1.104 beta (Fingerprint Analysis with Missing Daaghluter & Harris 2006).

Neighbor joining Analysis and Nei-Li (1979) genetlistance implemented in TREECON
1.3b (Van de Peer & De Wachter 1997) were usedntestigate similarities. Branch
support was estimated with 1000 bootstrap replkcaide trees were rooted with AFLP

profiles from three individuals ofCalamagrostis varia A UPGMA dendrogram was
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constructed with FAMD (Schliuter & Harris 2006) usirsquared Euclidian distances.
Jaccard’s coefficient of similarity (Jaccard 19@8)d the program FAMD (Schliter &
Harris 2006) were used for principal coordinateslygses (PCA).

Genetic diversity measures such as number of palymo sites per population and mean
number of pairwise differences, as well as AnalgdidMolecular variance (AMOVA) were
computed with ARLEQUIN 3.11 (Excoffier et al. 2008for AMOVA algorithm the
number of permutations was set to 1000.

Non-hierarchical clustering was performed with BAR3. (Bayesian analysis of population
structure, Corander & Marttinen 2006). The numbkeclasters was examined using the
individual mixture analysis. Afterwards the clustédentified by the mixture analysis were
checked for admixture. K vector was set to 4-9 wileral replicates. Results are based on
100 simulations from posterior allele frequencied &00 iterations inside of the set.

A triangular matrix of distances between the pafsramets using Squared Euclidian
distances was applied to track the clones. Accgrdmthe level of reproducibility and
frequency analysis of distance intervals the tlolshfor recognizing clones was
determined.

To determine whether genetic distances correlath weographical distances between
genotypes a Mantel test was performed using GENERORRaymond & Rousset 1995).
The Mantel test estimates association between twiependent matrices (e.g. genetic
distance and geographical distance) (Escaravage. d1998). The geographical distance
matrix was assembled from distances between eagpopulation measured from their
midpoint in meters. Squared Euclidian distance matalculated in FAMD (Schliter &
Harris 2006) provided the genetic distance matéraphical editing was done in Addbe
Photosho® CS2 and Microsof® Powerpoint® 2003

36



Atanasova: Regional dynamics ©alamagrostigpseudophragmitesn riverbanks in the NP Geséause inferred from A$-LP

4 Results

4.1 Analysis of genetic diversity

The three primer combinations applied on 129 samplef Calamagrostis
pseudophragmiteand additionally on 3 individuals &. varia generated a total of 399
scorable and reproducible fragments ranging fronto800 bp. Overall 356 (89.2%) of
the AFLP markers were polymorphic. For each princembination the following
percentages of bands were polymorphic: Mse-CAA/EABC 88.3%; Mse-CAA/EcoRI-
ACG 93.6%, and Mse-CAA/ECORI-ACT 87.4%. On the gsymdation level an
unexpectedly high level of polymorphic sites weoairfd (Table 3). High amounts of
polymorphic markers were obtained in Haslau west4®) as well as in Johnsbachbriicke
(53.9%) and Haslau east (48.2%). The number ofrpoiphic sites was highly correlated
with the number of sampled ramets per subpopulakionvever, a very dense sampling of
ramets was only applied in Haslau west for the psepof detecting clones. The mean
numbers of pairwise differences show the high ditgrof Haslau east subpopulation,
where only 9 ramets were sampled. The nucleotidersity estimate (Table 3): mean
number of pairwise differencex)(did not show any clear diversity pattern among th
subpopulations. After removal of one ramet from dkgraben subpopulation thevalue
increased very much, yet also with very high stashdkeviation. The Bruckgraben dataset
was definitely too small for any meaningful estimmat The very low level of mean
number of pairwise differences in Finstergrabemaased after removal of multiple clones

from the analysis, but the estimate is not meaninggcause of the sample size.
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Table 3: Investigated subpopulation characteristic§subpopulation name, subpopulation abbreviation
and number of samples) with genetic diversity meases gained from AFLP: number of fixed
fragments (f), number of private fragments (f), number of polymorphic sites per population (S) ad

mean number of pairwise differences#) with standard deviation (sd).

Abbr. Subpopulation ,s\le:inogles f fo S I Sd

w Haslau west 73 85 0 261 68,87 30,03
o Haslau east 9 124 0 194 77,50 36,94
f Finstergraben 11 198 0 116 40,22 38,9
S Schneiderwartgraben 7 189 O 117 50,86 25,15

] Johnsbachbriicke 26 127 1 215 63,31 228

b Bruckgraben 3 220 O 83 55,33 33,43

Table 4: Molecular diversity indices gained from daaset without multiple clones: number of

polymorphic sites per population (S) and mean numbreof pairwise differences @) with standard
deviation (sd).

Nr. of

Abbr.  Subopulation samples S II Sd

w Haslau west 44 258 72,98 32,05

0 Haslau east 8 189 79,14 38,25
f Finstergraben 3 101 67,33 40,39

S Schneiderwartgraben 5 113 55,00 28,84
] Johnsbachbriicke 24 215 63,93 28,58
b Bruckgraben 2 81 81,00 57,63

Table 5: Spearman correlation (R) between number of samples, number of polymorphisites and
number of pairwise differences.

Spearman-Rho Nr. of samples Nr. of polymorphicssite Nr. of pairwise
differences
Nr. of samples
Correlation coefficient 1,0 0,829 0,314
Significance 0,0 0.045 0,544
Nr. of polymorphic sites
Correlation coefficient 0,829 1,0 0,657
Significance 0.042 0.0 0.154
Nr. of pairwise differences
Correlation coefficient 0,314 0,657 1,0
Significance 0.544 0.154 0.0

A bivariate correlation test was applied to chea& torrelation between the number of
samples, polymorphic sites and pairwise differencggearman-Rho correlation was
chosen because the data were not normally distédbuf significant correlation was
obtained between the number of samples, as suerdgapopulation size and number of
polymorphic sites (R= 0.829, P = 0.042), while the correlation betwées number of
samples and the standardized measure pairwiseetitfies was not significant. The mean

number of pairwise differences does not correlate mumber of polymorphic sites.
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4.2 Similarity Analyses

A UPGMA dendrogram of the whole data set (Figur¢ B@sed on Squared Euclidian
distances revealed two clear major clusters apam the outgroupGalamagrostis varia
Subpopulations Haslau west and east form one groarly distant to other
subpopulations. Two ramets sampled in Haslau wesgenetically nested in Haslau east.
The second cluster includes subpopulations Johhbbiacke, Bruckgraben, Finstergraben
and Schneiderwartgraben. Ramets of Johnsbachbrictever, occur in four subclusters
that mostly do not correspond to the spatial pattertterestingly Finstergraben and part of

Schneiderwartgraben are genetically nested indbpapulation Johnsbachbriicke.
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Figure 20: UPGMA dendrogram based on Squared Euclidn distance reveals two major clusters in
the Gesause population system.

The Neighbor joining analysis with TREECON 1.3b (Vde Peer & De Wachter 1997)

(Figure 21) provided a tree with a very weak “bamkdy’. The Bootstrap analysis

supported a few small groups, yet not the overaditial subpopulation structure. In the

phylogram the subpopulations Johnsbachbriicke, dfgrstben, Schneiderwartgraben were
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mostly resolved. The Haslau west and east subptiqmsaare not separated. Furthermore
the basic divisions in the tree separate a few ggaef Haslau samples from the rest.
Overall a few samples are not found within theibbmapulation cluster, e.g. Finstergraben
ramet 29.1 is found in the Johnsbachbricke cluated ramets 20.1 and 20.2 of
Finstergraben sampled in 2006 are found in the &dknwvartgraben cluster. Ramet 18.5
of Johnsbachbricke is found in the Finstergrabenstet and ramet 31.5 of

Johnsbachbriicke is found in a Haslau cluster.

No clear separation was found between the two Masldbpopulations. Ramets of the
smaller east subpopulation are scattered over tlt@endiffuse Haslau group. Inside the
Haslau subpopulations several groups were revelslest obvious is the agglomeration of
ramets that are clonally connected (note the dirarich lengths in the clusters) together
with related ramets. Four samples from patch 9, (9.1, 9.10 and 9.11) and one from
patch 15 (15.9) are forming one group of relatedets. Relation between ramets 6.5, 10.1
and 13.1 was also obtained. The Ramets 5.1.23-@ysshonnection with patch 4 and 1
and also with ramets 7.2 and 7.7. In a large dudtse relations between ramets 6.2, 7.3,
7.8-11, 8.2-4, 9.2-6, 9.8-9, 11.1-2 and 12 candsegnized. Haslau east ramets (all except
mentioned 15.9) are namely nested in this grougebyeshowing a relation with patches 6,
7, 8,9, 11 and 12. Another cluster resolves m@tatiips between patch 2, some ramets
from patch 7 (7.1, 7.4-6) and ramets 31.5 (froorm3blachbricke!) 3.1, 8.1, and 10.2. Two
clusters were revealed sharing ramets from patc@rte cluster includes 5.1.9, 5.1.11,
5.1.12, 3.2 and 6.3. In the other group 6.1 istedlato weakly supported cluster
distinguishing two highly supported groups 5.1.27/%.3 and 5.1-19.

Subpopulation Johnsbachbriicke group forms thredl stnaters. Samples from the year
2007 (patches 30 and 31) are linked to samples finenyear before. Finstergraben without
29.1 is a highly supported subpopulation (boots8@g). The ramets from Bruckgraben
are not building a single group. Two of three raanate linked with Johnsbachbricke
cluster and are closely related to ramets 31.134r2i sampled in 2007.
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15.10

233

23.2
23.1

Figure 21: Neighbor joining tree based on Nei-Li ditance with samples of all sixCalamagrostis
pseudophragmites subpopulations, rooted withCalamagrostis varia. Bootstrap values greater than 50%
are marked above branches. On the left side is thenlargement of the branching in the red rectangle.
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Four groups are resolved in the PCA analysis (Eig2?) with the first three axes
explaining approximately 28% of the total variarit8.9%, 8.9% and 4.9% respectively).
Ramets of Haslau west and east (with two exceptiares found in group I, yet without
revealing separate east and west subgroups. Rafptdch 5.1 (group Il) are distant to
other Haslau west ramets. Samples of Schneidemahgg show up in group lll, whereas
Johnsbachbriicke, Finstergraben and Bruckgrabeioraneng group IV.

oos -

000

05 -

010

h -0.10
0,15 i

Figure 22: PCA of the whole data set based on Jaachsimilarity coefficient. e Haslau west, m
Johnsbachbriicke, A Haslau east» Finstergraben, ¥ Schneierwartgraben, € Bruckgraben.
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4.3 Clonal patterns

For genetic tracking of clones in ti@alamagrostis pseudophragmitpspulation system

in Gesduse a Squared Euclidian distance matrix used. Using 8 replicates a
reproducibility level of 95% among samplesfpseudophragmiteszas estimated. Those
5% irreproducible fragments have been removed filoendata set. However, to account
for further irreproducible fragments due e.g. tehtacal errors, a threshold for the
definition of a genet was set at 3% genetic disgafi@able 6). A frequency analysis was
applied to detect discontinuities that may indicatgocorrelations among ramets due to
clonality. The distribution of the distance intdsszaamong pairs of ramets (Figure 23)
shows that there is a clear outlier position of lhger distance classes between 1.5 and
5.3% corresponding to an interval of 6 to 21 motadl steps. Part of these differences
could still be technical artifacts inherent in timethod that could not be detected by the
small set of replicates. However, the outlier posibf these low distance classes together
with the fact that the distance intervals amongetapairs between 10 and 30% show a
nearly Gaussian distribution provide good argumémtshe detection of clonal patterns
amongst the lowest distance classes. Thereforthtashold for identifying clones was set
to 5% (5.3% exactly). All pairs of ramets that rakeel a similarity of at least 95% are
counted as belonging to the same genet.
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Figure 23: Histogram of distance classes based onu&red Euclidian distances that appeared between
all possible pairs of ramets among th€alamagrostis pseudophragmites inferred by AFLP.
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Applying the above criteria clones can be foundach subpopulation (Table 6), yet a very

high amount of clonal pairs of ramets and multiplenal ramets was detected in the

densely sampled group indicated by number 5.1ef#aslau west subpopulation.

Table 6: Clones identified by the Squared Euclidiardistances with a limit up to 3% (red) and 5%

(yellow) mutational changes.
HW  [23 [21

HW |22 |21

HW |42 |43 47 46

HW |47 |46

HW  |5.13 |5l

HW 514 |511 5.1.3

HW |515 |51.1 513 5l

HW |51.6 |511 514 515

HW |51.7 |511 513 514 515 516

HW |518 |51.1 513 il 515 516 5l

HW |51.12(5.1.11

HW |51.13|511 513 514 515 516 517 51.8
HW |51.14|51.1 513 514 Bl 516 517 518
HW |51.15|51.1 513 515 518 5l

HW |51.16|51.1 513 514 515 516 il G BE B S
HW |51.18|fl@ 513 514 516 517 il BB 5114 5.1.15 BB
HW |51.19(51.1 513 [l 515 516 517 518 Fil8 5114 5.1.15 Bl 5.1.18
HW | 5.1.24 | EHlIES

HW |5.1.25 | GiliEE SNEE

HW |52.1 |5.1.27

HW |522 |5.1.27 5igH

HW |53.1 |5.1.27 Gl BEE

HW |75 |74

HW |76 |l 75

HW |7.10 |7.8

HW |83 |82

HW |94 |93

HW |99 |BB

HO 156 |15.5

John |105 |[EM

Finst |202 |EOH

Bruck |22.3 |BEEB

Schnei | 24.2+ | R

Schnei | 25.2+ | EEER

Finst |26.2+ |EEHH

Finst |26.3+ |EGHE EEIE

Finst |27.1+ |GHE BOEN BSISH

Finst |27.3* |26.1* 26.2* 27.1*

Finst |28.2+ |EGHE 26.2* 26.3* Bl 27.3*

Finst |28.3+ |BGH 26.2* 26.3* 27.1* 27.3* SR
John |31.2+ |Gl

*sampled in 2007

On the east side of the island (patch 15) onlyravoets out of nine were detected as

clones. In Johnsbachbricke subpopulation (patode®Iand 30-31) only four ramets, two

pairs of clones (19.4-5 and 31.1-2), sampled frdferént patches were found, although
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four to five samples were taken from each of tlkgsitches. In Schneiderwartgraben the
four sampled ramets from patches 24 and 25 mad@avse of clones. Patch 21 collected
in 2006 does not show any clonal relationshipsdinthe Finstergraben patches 26-29
from 2007 a large interpatch clone was trackedeS@f nine ramets (26.1-3, 27.1, 27.3,
and 28.2-3) are part of this clone (Figure 28),cRldonnects more patches in the
subpopulation. In patch 20 two ramets also weregeized as clones.

patch 5

Figure 24: Haslau west patch number 5 with sampledamets and clonal connections between them.
Red lines are marking clonal connections based o¥@and the yellow ones on 5% threshold.
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The detailed sampled patch 5 in Haslau west rexseatsmplex clonal pattern (Figure 24).
Patch 5 was separated into three groups of rarBets:5.2 and 5.3. Ramets 5.1.11 and
5.1.12 belongs to a different genet separated filoenother clonal group. The ramets
5.1.23, 5.1.24 and 5.1.25 form a linear clone. R&reom group 5.1 does not show any
clonal connections. Ramets of the groups 5.2 aBdage clonally connected with ramet
5.1.27.

Marking clones in the Neighbor joining tree (Fig@®) revealed that clone 5.1 is closely
related to clone 5.2/5.3. The clone 5.1.23/24/2%lested to a clone in patch 4.

However, without the highly sampled patch 5, a alaonnection could only be identified

in 15% of the ramets in the Haslau west subpopmrathll three ramets from patch 2 as
well as four of five ramets from patch 4 (Figure) 28sulted in one clone per patch. In
patch number 3 no clone was found, but remarkadtyet 3.1 seems to be genetically

closer to patch 2 than to ramet 3.2, which is nmelated to clone 5.1.11/12.

patch 4

|
|
1o
v
N

Figure 25: Patch number 4 on Haslau west with fivgamets, with four of them clonally connected
(marked with yellow line). Sampling distance was calm.

In patch number 7 (Figure 26) a pair and a groughode ramets in a clonal connection

were found. It is remarkable that the ramets ofdlome were sampled 2 m apart, where
the other ramets growing closer together seem taubenomous genets. Neighbor joining

analysis did not reveal any specific relationstipsveen different clones and other ramets
from this patch (Figure 26). Clone 7.4/5/6 and reih# are related to patch 2 and 3, while
clone 7.8/10 and ramet 7.9 are linked with paté&asd 9.
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Figure 26: Patch number 7 on Haslau west with a paiand a clonal group of three ramets. Red lines
are marking clonal connections based on 3% and thgellow ones on 5% threshold.
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Figure 27: Left patch number 8, right patch 9 from Haslau west. Red lines are marking clonal
connections based on 3% and the yellow ones on 5%ré¢shold. Sampling distance was 2m.
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Two out of four ramets in patch 8 (Figure 27, laid four out of eleven ramets in patch 9
(Figure 27, right) are recognized as clones. ThiggiNb®r joining tree (Figure 29) shows
that the clone 8.2/3 is linked with a clone 9.8/ aamet 8.4 with clone 9.3/4. Ramet 8.1
is related to patch 2. The sampling distance iclp8tand 9 was 2 m. Samples of patches
1,3,6,10, 11, 12, 13 and 14 in the Haslau waspagpulation did not reveal any clonality.
However, in these patches (except patch 6 withmets) only one or two ramets per patch

were sampled.
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Figure 28: Subpopulation Finstergraben in 2007 witHive patches and its clonal connections. Red lines
are marking clonal connections based on 3% and thgellow ones on 5% threshold.
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Figure 29: Neighbor joining tree based on Nei-Li ditance with samples of all sixCalamagrostis
pseudophragmites subpopulations, rooted withCalamagrostis varia. Bootstrap values greater than 50%
are marked above branches. Red lines are marking @hal connections based on 3% and the yellow
ones on 5% threshold.

Figure 29 can be found on the previous page.

4.4 Detailed analyses of Haslau subpopulations

Haslau west (patch 1 to 14) and east (patch 15)cgubations are separated by only 150
m. The Neighbor joining analysis did not show argpagation between these two
subpopulations (Figure 29). This pattern can be sé€n in the PCA analysis. In the PCA
analysis the first three axes revealed approxima&2% of variation of the Haslau data set
(16.9, 7.8 and 7.2% respectively). Clonal grouds(®&ithout 5.1.11-12 and 5.1.23-25) and
7.4/5/6 (indicated by | and VI, respectively; Figud0) as well as three ramets 9.1, 9.11
and 15.9 are found very distant from the main elustight grouping of the 5.2, 5.3 and
5.1.27 indicates the clonal relationships amongntiiEigure 30; group IV) as in the NJ
tree. Ramets from patch 4 are connected with thetioreed clone. Patches 7, 8 and 9
(Figure 30; 1), are slightly separated and alsarf@ group in the Neighbor joining tree
(Figure 29). Clones from patch 2 and 5.23/24/25lmaseen as condensed group V. Group
[l includes ramets 8.2-3 that were identified &nes together with 8.1, 9.5, 9.2 and 7.2

that did not form a cluster in NJ dendrogram.
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.IS.'EI

Figure 30: PCA with data from Haslau west and eassubpopulations. e Haslau west,m Haslau east.
Groups I-IV are in accordance with the clusters reealed by the Neighbor joining analysis (Nei-Li
distance) and clonal tracking (Squared Euclidian ditance) inside the subpopulations Haslau east and

west. The insert shows PCA scores.
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45 Genetic structure

4.5.1 AMOVA

Analysis of Molecular Variance (AMOVA, Table 7) ske a high component of variation
within subpopulations in Geséuse (80.09%), the neimz 19.91% are due to variation
among subpopulations. This proportion of variatmmong subpopulations provides aft F
estimate (0.20) that indicates a moderate gene Hetween subpopulations. AMOVA

without multiple clones generates a lower ¥alue of 0.16.

Table 7: Analysis of molecular variance (AMOVA) induding all subpopulations.

Percentage of

Source of variaton d.f. Sums of squares Variancepoments * variation
Among subpopulations 5 810.91 8.07 Va 19.91
Within subpopulations 123 3989.85 32.44 Vb 80.09

Total 128 4800.76 40.50

* for all variance components: p < 0.000001

Fixation Index  Er:0.199

Table 8: Analysis of molecular variance (AMOVA) ofthe four groups of patches in Haslau west
subpopulation.

Percentage of

Source of variaton d.f. Sums of squares Variancepoments * variation
Among groups of 3 325.85 4.80 Va 13.33
patches
Within groups of patches 69 2153.66 31.21 Vb 86.67
Total 72 2479.51 36.01

* for all variance components: p < 0.000001

Fixation Index  Er:0.133

AMOVA (Table 8) within the Haslau west subpopulatishows lower differentiation
between groups of patches (13.33%) providing gndstimate of 0.13. Four groups of
patches that are spatially close together were ddrio check the variation among those
groups; (i) patches 2 and 3, (ii) patches 7 an@iiBpatches 1, 4, 5 and 6, (iv) patches 9,
10, 11, 12, 13 and 14. Other groupings revealetightly lower but still very similar
differentiation (2= 0.130 and &3 = 0.111).
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4.5.2 Bayesian Analysis of Population Structure (BA

PS)

The individual level mixture analysis using BAPSmtified 6 clusters with log(ml) -

14390.8 for optimal partition (Figure 31). Howevtre six genetic clusters are not fully in

line with the subpopulations. Four of the partisoare found inside of subpopulation

Haslau west with most samples from Haslau formimgglargest cluster (yellow) together

with seven ramets from Haslau east and one frormsh&tthbriicke. There is obviously

some relationship between Haslau west and eastegsshare gene pool IV. Three small

gene pools (clusters); the clone 5.1.27/5.2.1/B232L (pink), the clonal group 5.1 (green)

and ramets 9.1, 9.11 (all from Haslau west) an8 {Haslau east) found on Haslau island

seem to be distant to the other Haslau west patdiessecond largest gene pool V (red)

includes ramets from Johnsbachbriicke, Finstergrddrerckgraben and Haslau east. Thus

these subpopulations are probably related to edmdr.dSchneiderwartgraben is related to

Finstergraben (to the samples of Finstergrabe®@6Rand Bruckgraben via gene pool VI

(magenta).

Haslau west
Haslau east

Johnsbachbriicke
Finstergraben

\

A\

Bruckgraben
Schneiderwartgraben

Figure 31: Mixture clusters (colored) produced with BAPS plotted together with subpopulations
pattern; cluster 1 with 4 ramets (pink), cluster 2with 61 ramets (yellow), cluster 3 with 13 ramets
(green), cluster 4 with 38 ramets (red), cluster Svith 10 ramets (magenta), cluster 6 with 3 ramets

(blue).

In the admixture analysis based on mixture clusteof the whole data significanP (<

0.05) or marginally significant (P <0.075) admixture wasurid in 15% of the ramets
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(Figure 32). A great amount of significant admietwras found in patch 4 and 6 (Haslau
west), in patch 15 (Haslau east), and in ramets53322, 7.3, 9.7, 9.10, 10.1 (Haslau west),
18.5, 19.1 and 31.5 (Johnsbachbrticke) (Figuret3@3lau west mainly contains the gene
pool 1l (Figure 32; red), while gene pool IV (FiguB2; green) includes most ramets from
subpopulations Johnsbachbricke, Finstergraben anck@aben. The clonal group 5.1
forms a homogenous cluster Il nearly without atlyeo admixture (Figure 33; yellow).
The ramet 5.1.9, the clone 5.1.11-12 and the liokare 5.1.23-25 belong to gene pool Il
with (low) admixture from gene pool Ill and IV aMl The homogenous clonal group 5.2/
5.3/ 5.1.27 is found in an own gene pool | (Figd8e blue) that is found in low admixture
(<10%) in other ramets. Ramets 4.2, 9.1 and 9.5&l@dawest) share the gene pool VI
(Figure 33; orange). Higher admixture of this ggymol is mostly found in Haslau
subpopulations, predominantly in patches 9, 10, 113, 14, 15 and also in patch 16
(Johnsbachbriicke). Haslau west ramets 9.9-11 dndrd.included in gene pool IV that is
mostly significant for Johnsbachbricke and Finstdygn. Haslau east subpopulation
contains mostly gene pool I, yet the ramets shayh ladmixture with gene pool VI and
occasionally with gene pools IllI, IV and V. Johnsliariicke subpopulation patch 16, with
the exception of ramet 16.5, is part of the gena Hoslightly mixed with gene pool VI.
The rest of the patches sampled in both years1@,719, 30 and 31) with the exception of
31.5 (with very significant admixture) belong tongepool 1V. Admixture from all gene
pools can be observed in Johnsbachbriicke, althpatghes sampled in 2006 (17-19) have
more admixture from gene pool Il, 1ll and VI, whigelditional patches from 2007 (30 and
31) show more admixture from gene pool | and V.reaterwartgraben ramets from 2006
and 2007 appear in a unique gene pool (cluster Kichwincludes two ramets from
Finstergraben sampled in 2007. The rest of Finsaeen subpopulation is mainly a part of
gene pool IV, as well as two out of three rametsnfBruckgraben. The third ramet shows

a highly significant admixture containing all sigrge pools.
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Figure 32: The probability profile shows the propotion of admixture in all ramets if the minimum
population size is set to 3. P-values of 0.05 orlbe indicate significant admixture (red), whereas lhose
with marginal significant admixture (below 0.075) ae marked with yellow. The subpopulations are
marked with their capitals (Haslau west — w, Hasalleast — o, Johnsbachbriicke — j, Finstergraben — f,
Schneiderwartgraben — s, and Bruckgraben — b).
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Figure 33: Results of admixture analysis based on irture clustering of 129 ramets. The
subpopulations are marked with their capitals (Hashu west — w, Haslau east — 0, Johnsbachbriicke — j,
Finstergraben — f, Schneiderwartgraben — s, and Brekgraben — b).
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For further analysis multiple clones were removeamf the data set i.e. only one ramet
representing a clonal group (genet) was used @6&iduals). The individual level mixture
analysis using BAPS identified 3 clusters with af(-10748.7 for optimal partition. The
existence for 3 clusters was associated with a Pr88ability, while the partition in 4
clusters had a probability of 0.11. In this case phartitioning is mostly in line with the
spatial pattern, as Haslau west and east subpamda(Figure 34; yellow) can be
distinguished from Bruckgraben, Johnsbachbriicke, nstErgraben and
Schneiderwartgraben (Figure 34; green). Only ratbed from Haslau east subpopulation
is found in another large cluster. Three ramets 9.11 and 15.9 that already showed
distance to the whole population in the Neighbanijg tree (Figure 29) again formed a

small cluster (Figure 34; blue).
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Figure 34: Mixture clusters produced with BAPS usiy only genets; cluster 1 — yellow; cluster 2 —
green; cluster 3 — blue.
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The probability profile (Figure 35) shows severabhty significant or marginally
significant cases of admixture (21%). Ramet 5.@offHaslau west that represents a large
clone in patch 5.1 interestingly showed significadmixture. Significant admixture was
also found in patch 6, ramets 7.3, 9.7, 9.10, 10211, 15.3, 15.5, 15.8, 18.5, 19.1, 31.5,
and 21.3. The admixture proportions are shown gufé 36. Half of the ramets from
Haslau east (15.7-15.10), all ramets from Haslast watches 10, 11, 12, 14 and 9 (with an
exception of 9.2 with admixture from gene pooldhd ramets 6.5, 7.7, 7.9, 8.4 and 8.2
from Haslau west subpopulation have high admixtfren this gene pool. In the
subpopulations Bruckgraben, Johnsbachbriicke, Fgrateen and Schneiderwartgraben
the admixture from gene pool Il is more sporadice genets 18.5, 19.1 and 31.5
(Johnsbachbriicke) and 21.3 (Schneiderwartgrabes) tigher admixture from gene pool
[ll, while genets 16.3, 17.3, 17.5, 18.2 31.4 (Kidachbricke) and 26.3 (Finstergraben)
show admixture from this gene pool with less théf. The admixture of gene pool | is
also present in these subpopulations. Low admixivite gene pool | can be found in
whole Schneiderwartgraben, in genets 26.3 and 28 Finstergraben, in genets 31.1,
19.3, 19.1, 16.2, 16.5, and in the patch 18 (withi®13) from Johnsbachbriicke. Genet
31.5 from Johnsbachbriicke (2007) belongs to thee gmyol Haslau with very high
admixture from its neighbors. Haslau subpopulatioctude admixture from gene pool Il
in patch 2, 4, 5 (except 5.1.25), 6, 7 (exceptan@ 7.7), 10, 12, 13 (Haslau west) and in
the other half of Haslau east genets (15.1-3). GEné from Haslau east belongs to gene

poll 1.
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Figure 35: The probability profile shows genets wi high admixture. P-values of 0.05 or below indicat
significant admixture (red), whereas those with maginal significant admixture (below 0.075) are
marked with yellow. The subpopulations are marked vith their capitals (Haslau west — w, Hasalu east
— 0, Johnsbachbriicke — j, Finstergraben — f, Schrdgrwartgraben — s, and Bruckgraben — b).
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Figure 36: Results of admixture analysis without @dnes based on mixture clustering of 86 genets. The
subpopulations are marked with their capitals (Hashu west — w, Hasalu east — o, Johnsbachbriicke — j,
Finstergraben — f, Schneiderwartgraben — s, and Brekgraben — b).
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4.5.3 Mantel test
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Figure 37: Mantel test between geographical distams among subpopulations and genetic distances
between all possible pairs of ramets.

A mantel test revealed only a low isolation by aiste effect (Rm = 0.317, P= 0.001).
About 10% of the genetic variation among subpoputat is explained by geographic

distance.
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Discussion

5.1 Clonal patterns

Clonal patterns in the population systenCalamagrostis pseudophragmitegre

identified in each subpopulation. In the data $6i2® ramets in the Gesause population 62
of them showed a clonal connection with at least @ther ramet applying a 5% genetic
distance threshold. However, detecting clones gtyotlepends on the sampling design. In
patch 5, where a dense sampling was applied, 28tsanith clonal connections were
found. In total, 19 groups of clones were foundwidth 18 were identified within patches.
Overall 86 genets were identified inside the sangptlataset. Despite the often small
number of samples in small subpopulations, e.grutkgraben, at least one clone in each
subpopulation was found, which indicates that vatyet dispersal within patches is
common. Clonal growth is especially important wiatpiatches. The plants spread faster, as
no mating is necessary and the patches become.demge numbers of ramets were
detected belonging to one genet when the ramets seenpled around 20-30 cm apart, but
not all ramets in the neighborhood were necesspaity of the identified clones. A clonal
pattern was also tracked between ramets of 2 rardist(patches 7, 8, 9), yet relatively
low number of clones were tracked in large patchas.overall sampling design was
namely applied to track the number of clonal grouather than the number of identical
ramets. Also multiclonal patches were found. Howgewemulticlonal populations, the
spatial distribution of clones depends on the dignawth strategy (Escaravage et al.
1998). The clonal groups probably include more tarttean can be shown in this study.
However, the spatial extension of the clonal grompy be limited, since the present
analysis resolved only few of them in large patclanerally, the shifting from sexual to
vegetative reproduction varies along environmegrtadlients (Gaudeul et al. 2007). The
importance of vegetative propagation increases evtiex availability of mates is low, i.e.

in small and sparse populations with scarce ressuand also where soil conditions allow
rhizomes to spread easily (Gaudeul et al. 20079ummary the present survey suggests
that sexual reproduction is predominan€inpseudophragmitgsopulation and that
vegetative propagation is important on the subpedmn level.

Clones were also found among three patches withensobpopulation. Two of the patches
are 1.5 m apart, yet deadwood lies between them.tfind patch is approximately 20 m
apart from those. This group of patches was covei#id deadwood a year before. It is
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possible that the plants existed as undergrourmbmies and regenerated, as the plants
found in 2007 were adult, sterile or the spikeietsrtile.

No clonal patterns were identified among subpoputat Obviously vegetative

propagation plays an important role only in a looahtext. Fragmentation and migration
of ramets are obviously rare events. The rhizomay Ioe too thick to be separated easily.
Yet, the water dynamics could cause larger pertioison the sandy riverbanks, thus part
of the rhizomes could probably be fragmented. Tiseadce between subpopulations (150
m to 4.2 km) is perhaps too large for ramets ogrfrants of rhizomes to become
established after longer transport. It is also fpbsshat this kind of dispersal is much rarer
than assumed; the sampling design would have todakfied to reveal such events. Some
ramets belonging to different subpopulations appeathe same genetic clusters. The
similarity analyses did not reveal them as clogesthey are still very closely related, so it
is possible that they once migrated as clones twhan subpopulation and then somatic
mutations accumulated through time or that theyeohatith their neighbors, thus receiving
a genetic admixture from them. Another scenariold/idne that ramets did establish from
seed dispersal between subpopulations. In gercdoakl dynamics seems to be important
within subpopulations, as clear evidence for clanaration between subpopulations was

not revealed.

Calamagrostis pseudophragmitess a perennial plant that elongates itself with
underground rhizomes (Clayton et al. 2002). Liitormation was found about the
vegetative extension of this species or about thportance of clonal reproduction.
Fragmentation of rhizomes 8. pseudophragmitewas not reported in literature (e.g.
Conert 1989). Reproduction is partially sexual. ®eeds are 2-2.3 mm small wind-
adapted caryopses (Conert 1989). This reedgrasgsgio open habitats as a pioneer
species, so highstrategy seedling recruitment is expected. Yetpthats are often found

with infertile spikelets (Greimler, pers. comm.).

The present study suggests that clonal propagatiothe small scale may contribute to
high estimates of regional population differentatiin C. pseudophragmitesin the
population, the meansi-was 0.20 when the multiple clones were included, @16 when
the multiple identical genotypes were excluded fitbwn analysis. The same patterns were
found also by Gaudeul et al. (2007) for Swedish ahokwegian populations of
Arabidopsis lyrata In this recent study (Gaudeul et al. 2007) id=itigenotypes were
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detected (with microsattelite markers) in many papons, suggesting that they are a
result of clonal propagation. Clones were foundhwitne exception (one multilocus
genotype was found in two different populationsjhmi the same populations, and the
clonal connections were always found among theestoseighbors (Gaudeul et al. 2007).
The proportion of identical genotypes was inversadiated to the population size of
Arabidopsis lyrata which is capable of vegetative propagation thiotlge production of
subterranean runners (Gaudeul et al. 2007). Thielation may be because the number of
potential mates correlates negatively with the ll@feregetative propagation (Gaudeul et
al. 2007). However, this is not the case with pseudophragmitedecause the
subpopulation sizes do not correlate with the nurobedentified clones.

In general, low recruitment rates from seeds haenlmbserved in clonal populations even
if seed production is sufficient (Pornon et al. @0Hence, the clonal propagation @
pseudophragmitewas assumed to be high and the actually high degfrgenetic diversity
was unexpected. Literature surveys on moleculakenarvariation in clonal plants found
that clonal populations can have a high genetierdity (Escaravage et al. 1998, Ellstrand
& Roose 1987).

Using AFLP markers, investigation 8fhododendron ferrugineunevealed a multiclonal
population with 32 intermingling genotypes on a 28 site (Escaravage et al. 1998).
Lamote et al. (2002) found clonal patterns onlyhwitlris pseudacoruspopulations,
whereas in the study ofypha (Lamote et al. 2005) not only samples from the esam
locations, but also those from different river basivere revealed as clones. In this study
Lamote et al. (2005) however suggest that highlamties shown in the study are artifacts
becauselypha latifoliais highly homozygous (predominant self-fertilizet) and shows

low genetic diversity among genets.

5.2 Technical aspects of identifying clones

The AFLP technique (Vos et al. 1995) was appligdfics study, as this method has been
used in several applications to assess populatiaotsre as well as clonal patterns within
and among the populations. AFLP markers are coreside successful tool for identifying
individuals in clonal populations (Escaravage etl8bB8, Lamote et al. 2002, Albert et al.
2003, Douhovnikoff & Dodd 2003, Gaudeul et al. 2D0Studies are increasingly using
AFLPs for detecting plant clones, because AFLP reseal large numbers of fragments

with a high degree of reproducibility, and so a#itly replace the isoenzyme and RAPD
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methods (Douhovnikoff & Dodd 2003). A study of cabndiversity of Rhododendron
ferrugineum(Escaravage et al. 1998) assessed that the genaligtiibution gained with
AFLP suits the spatial distribution of clones améttthe AFLP technique efficiently
identify genotypes, but the detection of somatidatians between identical genotypes is
not possible. Lamote at al. (2005) concluded tlnet éxtent of a species’ diversity
determines the efficiency of the methodology apbf@ detecting clones. They found that
for clonal species with a high degree of genetieidity (e.g. Lamote et al. 2002), the
AFLP method is suitable for detecting clonal pragtaan. Alternatively, in species with
low level of genetic diversity other techniquesglsias SSRs, could be useful because loci
with high mutation rates would be investigated (lodéeret al. 2005).

A 95% rate of reproducibility of AFLP patterns wdstected in th€. pseudophragmites
population. The 5% of irreproducible markers wamoved form the dataset. However in
the histogram a clear outlier position of distarstasses between 1.5 and 5% was
identified, corresponding to an interval of 6 to @@tational steps. Therefore the clones
still show genetic differences up to 5%. Furthermdhne frequency of the distance classes
among ramet pairs between 10% and 30% follows dynE&aussian distribution, so the
outlier position of the lowest distance classes lsarassigned to clonality. According to

this the threshold was set to 5%.

In the study of genetic variation inis pseudacorugLamote et al. 2002) the degree of
reproducibility ranges from 97.9 to 98.5%. Thereftle samples with differences of 2%
or less were considered as identical genotypes ¢teanet al. 2002). Allowing no
(additional) intraclonal variation they consideraty three ramets as a clone. Additionally
they found two pairs of clones applying a relaxbceshold of 4%. In a study on the
genetic diversity ofTypha(Lamote et al. 2005) the lowest genetic similaotyserved
between replicates (0.94) was used as the clorthligshold. Ramets sampled in the same
location together with some from different riversbes revealed AFLP genetic similarities
higher then 0.94 (Lamote et al. 2005). In the dopepulation of Rhododendron
ferrugineum(Escaravage et al. 1998), however, a similarityeindf 0.85 was applied to
discriminate one genotype from another. Somaticatmarts, which are common in tree
species and are inherited to the following genenatiwere inferred to explain high genetic
diversity among identical genotypes (Escaravage. €1998).
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Previous reproducibility tests in plants (Jonealefl997, Hansen et al. 1999, Bonin et al.
2004) reported AFLP error rates below 5%. Only @%egplicates from the whole data set
were included in present analysis, yet currentregions of genotyping errors (Bonin et al.
2004) recommended that 5-10% of the samples shmuidpeated.

A high clonal variation in the (probably long-live€. pseudophragmitesould occur
because of somatic mutations, as found by Escagagtgl. (1998) in another long-lived
species. In general, in clonal populations a lowelleof sexual reproduction has been
observed, but a high level of genetic diversity widien reported for such populations
(Ellstrand & Roose 1987, Esselman et al. 1999, &rel al. 2000, Stehlik & Holderegger
2000, Lamote et al. 2002). Somatic mutations cduddthe reason for high genetic
variation present in clonal populations, yet Lameteal. (2002) assume that the genetic
variation detected in the population lois pseudacorusvas maintained from an initial
diversity of the populations and high sexual repathn. In the present study, a much

larger number of replicates might have reducedrttiaclonal variation.

5.3 Differentiation patterns among and within subpopulations

The subpopulations are genetically moderately diffeated. A great differentiation was
found only between both Halsau subpopulations d@hdrcsubpopulations. The Neighbor
joining analysis revealed a very weak backbonectjpior AFLP analysis within single
species. Besides the Haslau subpopulation a gréummets with Johnsbachbriicke,
Schneiderwartgraben and Finstergraben was formesidh the UPGMA dendrogram and
the PCA (explaining about 28% of total variatiohpw the separation of Haslau west and
east from other subpopulations. The Schneiderwatyegr subpopulation forms a cluster
together with two samples from Finstergraben inA#®B individual level mixture analysis
with all clones included, as well as in PCA andha UPGMA. BAPS mixture clustering
of all data showed a pattern partly in accordanith spatial structure. A differentiation
between (i) Haslau west together with Haslau eagt(a) Schneiderwartgraben, and (iii)
Johnsbachbriicke together with Finstergraben, wasaled. Population differentiation is
not high regarding thegfr value (0.20). The reason for low differentiaticetweeen Haslau
west and east could be the close distance of 15@etween the subpopulations.
Johnsbachbriicke and the Finstergraben are ca. &arn Schneiderwartgraben, which is
partly related to Finstergraben, lays ca. 1350 rthéoeast. These distances are obviously
close enough to allow seed dispersal among subaigus$, which leads to low
differentiation among those subpopulations.
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Gene flow occurring between Haslau subpopulatiowsthe other subpopulations may be
predominantly due to pollen flow. A few ramets fdun genetic clusters to which they do
not belong spatially, however, may have disperseddeds or clonal migration. Yet, no
clonal connection was found between these rametgtase in the cluster to which they
belong. Perhaps the sister ramet in another sultgooguwas not collected by the applied
sampling design. This could only be determined wakmamets in the population were
sampled. The isolation by distance was low. Thesdlese subpopulations do not have
much greater similarities than the further onese Tbw isolation by distance indicates that
seed recruitment also occurs over longer distamces not just few meters from the
“mother” plant (Escaravage et al. 1998). Seed dsspecan be inferred between Haslau
west, Johnsbachbriicke and Schneiderwartgraben.(mhmr) admixture inside of the

clusters (e.g. Haslau west, east and Johnsbact&)rdc&urs mostly due to pollen flow.

Successful reproduction by a plant occurs whesedsis are dispersed to sites where they
can germinate and establish seedlings (Fenner 198@&)transport often involves external
agents such as wind, water, birds, other animalh@plants on their own can disperse
itself by an exploding pod (Fenner 1987). Withity @ant community there are often few
different dispersal mechanisms to be found, thotlgh used agencies vary with the
vegetation type (Fenner 1987). In early succeskistages, where seeds are the first to
arrive at the new site, species tend to dispersstlynby wind, while further increasing
vegetation complexity attracts birds or other angn{&enner 1987). Any structure of the
wind-dispersed seeds that may reduce the speedwhitth they fall to the ground will
increase its chances of being transported far gwagner 1987). The velocity of a falling
seed is determined by the air resistance offeratslsurface, hence, in the small seeds it is
relatively high (high surface/ volume ratio) andreases by possible appendages such as
hairs, wings or plumes (Fenner 1987). The wind efisal functions optimally in open
habitats, where the surrounding vegetation doesathice the wind speed (Fenner 1987).
Dispersal of seed by water (hydrochory) is a venpartant way of dispersal in wetland
ecosystems (Shimamura et al. 2007). Hydrochory drasmpact on short- and long-
distance dispersal and hydrochorous seeds can digerbuoyant for long periods
(Shimamura et al. 2007). The species living inrikier corridors often use river currents
for the dispersal of their diaspores that occuesilpminantly uniform downstream (Fér &
Pfosser unpublished). Pollen transfer can be medlidty the wind or by various

pollinators. Anemophilous plants produce very ligigllen grains that can easily be
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dispersed, whereas entomophilous plants have ratary, nutritious pollen adapted for
dispersal by insect pollinators (sometimes by o#tmemals).

In the Haslau west, Johnsbachbricke and Finstexgraibpopulation a spatial structuring
of the subpopulations was found. However, the genahalyses revealed that in
Johnsbachbriicke no genetic structure is preserg. siimilarity analysis and BAPS

admixture analysis indicate genetic structure instargraben. This population is mainly
related to Johnsbachbricke and partly to Schneatégvaben and so belongs to two
genetic clusters. Genetic structure regarding #stitss was analyzed in the largest
subpopulation of Haslau west. Therfvalue of 0.13 indicates lower differentiation,.i.e
higher gene flow than detected in the whole popaiafFst = 0.20), although the

differentiation within the subpopulation is notalle additional gene pools were identified
by the Bayesian analysis. Two of the gene poolsaled by BAPS were identified with

two clone groups. BAPS analysis without multipleral ramets still revealed two gene

pools in the Haslau subpopulations.

5.4 Regional dynamics

Subpopulation size, neighborhood, and migratiomwbeh subpopulations are fundamental
factors that impact the survival of endangered isge(awata 2001, Tero et al. 2005). In
2006 the population afalamagrostis pseudophragmitegpeared to be as large as in 2003
based on earlier observations (Kammerer 2003). Mewyén only six of seven riverbank
locations in Gesause the species was found. Kammé2803) reported C.
pseudophragmiteto be present as rudimental and sporadic in LéttAua Bruckgraben
and Schneiderwartgraben. In 2006 no ramets weradfon Lettmair-Au and in 2007
sampling was not possible because the riverbankumdsr water. In 2007 new ramets
were found in Johnsbachbriicke, Finstergraben armuhesderwartgraben. The last two
subpopulations are rather small compared to théaHagest subpopulation.

In recent decades the metapopulation approach é@sme important for understanding
“the large-scale population dynamics, the spatistridution of species and the effects of
habitat fragmentation on biodiversity” (Hanski & gggotti 2004). Levins (1970) defined a
metapopulation as an assemblage of spatially delimiocal populations that are
connected by some degree of migration. Because ooftintiing habitat loss and
fragmentation the metapopulation approach beconme important (Hanski & Gaggiotti

2004). Is the population dfalamagrostispseudophragmitesn Gesause, fragmented by
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the nature of its habitat, an example for metapapat dynamics? The local
subpopulations o€. pseudophragmiteare namely discrete entities in space that interac
via migration and gene flow. Freckleton and Watkims(2002) argue that the
metapopulation model does not suit for many plaopytations and that the true
metapopulation systems may be limited to relatifely cases. They suggested that other
concepts of plant regional dynamics such as “sipagatended populations” and “regional

ensembles” should be used.

The population ofC. pseudophragmites Gesause provides evidence for metapopulation
dynamics as the extinction and colonization of lpasc(i.e. subpopulations) of ramets are
essential processes in a metapopulation system. LEktenair-Au subpopulation was,
according to Kammerer (2003) rudimentarily/sporatiycpresent. In 2006 no ramets©f
pseudophragmitewere found on this riverbank. A temporal extinotiaf most patches in
Finstergraben occurred in 2006 with a re-appearam2607. The temporal “extinction” of
patches (leaving only one visible patch in the spnation) was due to covering by
deadwood, this may also be an example of a rempapulation (Silvertown &
Charlesworth 2001). The Lettmair-Au and Finstergrabites suggest that extinction of the
subpopulations is an active process in the pomuiatystem ofC. pseudophragmite©ne
patch from Bruckgraben, where the situation wasilaimo Lettmair-Au in 2003,
disappeared in 2006. A new patch was found in Judueisricke in 2006 (patch 19). The
tendency for extinction and colonization is indeecreased in single patches within the
population, yet still there is evidence for one Vehsubpopulation extinction and probably
in future more turn over will have happen againerEhis also evidence for a migration
between subpopulations, yet from the present abséinguishing between ramet or seed
migration is not possible. The following four cotiolins introduced by Hanski (1997) hold
for the C. pseudophragmitegpopulation system, and thus this can be treateda as
metapopulation: i) suitable habitats are discret may be occupied by local reproducing
subpopulations, ii) the largest subpopulation (BasWest) has a measurable risk of
extinction, iii) subpopulations are not too isothte inhibit the recolonization, and iv) the
dynamics of subpopulations are not completely ssorabus.

The differences in the local production of seeds isource-sink population result in an
asymmetrical gene flow from rich (source) to theopbabitats (sink), preventing local
adaptation in the latter (Dias et al. 1996). Sowand sink populations are generally not

genetically differentiated due to the high genevflamong them (Dias et al. 1996). The
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Geséause population system@fpseudophragmitegave a first impression that the Haslau
west subpopulation could be a source for other goibblations due to its large size, the
proportion of patches and upstream location. Yt llypothesis was abandoned because
the differentiation of Haslau west and east fromeotsubpopulations is distinct and the
gene flow via seeds between subpopulations ocdwiswsly in both directions; upstream

and downstream.

Besides themetapopulationan the classic sense, where persistence dependsatch
colonization, extinction and recolonization, Fretkh and Watkinson (2002) defined at
the regional scale also tlmegional ensemblessystems of essentially unconnected local
populations persisting in an ill-defined mosaic spiitable and unsuitable habitat”; and
spatially extendeg@opulations that are “essentially single extended populatmesipying
large tracts of suitable habitat, but whose rediahaamics are essentially a simple
extension of local dynamics’C. pseudophragmitedoes not form a spatially extended
population, because the overall dynamics are nigrikned by local density-dependence
(competition for resources or microsites). Disperdfaseeds in the Gesduse population
occurs from suitable and not fully occupied sitegy( Schneiderwartgraben) also towards
other suitable habitat sites (e.g. Finstergrab&hg regional ensembles model also does
not fit the present population system because tivapulations are linked by dispersal

and they occur in discrete habitats.

The population ofC. pseudophragmiteshowed colonization/extinction dynamics in the
few years covered by the study including the repmrtKammerer (2003). TheC.
pseudophragmitepopulation suits the metapopulation that is “sptistructured into
assemblages of local breeding (sub)populations where migration among local
populations has some effect on local dynamics,utiol the possibility of local
population reestablishment following extinction”ghkki & Simberloff 1997). Yet on the
larger time scale more evidence and maybe a detaitele of regional dynamics could be
assessed because the population turnover indebdsesd on the water dynamics and

habitats depending on these dynamics.

5.5 Management, conservation

Calamagrostis pseudophragmitssone of Austria’s endangered species (Kammeieégp
and is part of the vegetation of the protected FHtitat type 3220AIpine rivers and the
herbaceous vegetation along their riverbanksunder NATURA 2000. C.
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pseudophragmitess growing in unstable habitats as a pioneer sgeand builds the
association Calamagrostietum pseudophragmitis. i§hakssified as highly endangered in
the province of Salzburg (Wittmann & Strobl, 1990d is also likely to be highly

endangered in Styria (Kammerer, 2003).

Sandy riverbanks along the river Enns in Gesausevary sensitive habitats and at the
same time they are favored places for tourism godts (Kammerer 2003, pers. observ.).
The vegetation of sandy habitats, including Calawstgetum pseudophragmitis, is under
pressure from tourism and sports. The observatrotiss study support all of Kammerer’'s

(2003) management proposals. Again it is stregbatithree years later the riverbanks still
show human utilization and impact, especially imnkbachbriicke. Rests of campfires

were found also on other sandy riverbanks.

Due to the large size, upstream location and higkeetic variability of Haslau west and
also due to the great genetic variability of theslda east subpopulation no special genetic
threat of survival of this species in Gesause ¢ogaized in the present survey. The low
isolation by distance indicates that seed (or radlispersal ranges will set the possibilities
for the colonization of new sites (Ouborg et al99Pand will influence the probability of
extinction of the Geséuse population system. Ag lmsmthe regeneration of the population
is possible, no reinforcing or supplementationasassary. In the long term, however, it is
to be expected that the high isolation from othgpylations one day may cause genetic
drift in this population when the population suffaize reduction. Gene flow currently acts
to homogenize allele frequencies among subpopuktidhe variability of the Haslau
subpopulations will prevent the dominance of oné&ewar genotypes.

At present a high sexual component was detected,lagh number of genets and thus a
high number of genotypes were identified. A higlriation despite a strong clonal
component may concur with the periodic “healthyeri dynamics of river Enns providing
the specialC. pseudophragmitesiabitat. Inside the subpopulations the amountasfadly
produced ramets will probably increase if no hdbgerturbation from river dynamics
occurs. Clonal propagation decreases the leveha@hility in a population and should not
become the main reproduction pattern. For propsurasce that colonization of empty
sites will occur, a high rate of seed dispersalgsessary. Habitat disturbance can lead to
massive destruction of subpopulations, which cabeategenerated without a proper seed

source, if all subpopulations are disrupted. ltthss important for this population to
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maintain the dispersal of ripe seeds. Also the nm@pee of rhizome survival in soils in
disruptive situations can be a subject of furthrelgsis.

Anyhow, further constant monitoring is proposede Tertility or sterility of the spikelets

should be yearly observed in all subpopulationsheéosure that proper seed dispersal
occurs at least occasionally. Also, monitoringhad tolonization and extinction of patches
and subpopulations is required to assure its furthability. The regeneration of the

patches and subpopulations as well as the estatdisthof seedlings should also be kept
under surveillance, in particular on riverbankswhitgh human impact, sports and tourism,
as for instance in Johnsbachbricke. This studylyigitommends prohibiting the access

to the riverbanks and in this manner putting ughiibing signs.

6 Conclusions

The study of Calamagrostis pseudophragmiteés Gesduse shows that the clonal
propagation in this population system occurs pradantly inside of the patches. Clonal
connections of patches were also detected, yetinordpe subpopulation. Thus the present
survey suggests that sexual reproduction is predmi in the overall C.
pseudophragmitespopulation and that vegetative propagation is g on the

subpopulation level.

Genetic differentiation between subpopulations @&lerate, indicating some gene flow in
the population. Differentiation is notable betwede Haslau subpopulations and other
eastern subpopulations. Furthermore, Schneidervaditg is differentiated from
Johnsbachbriicke and Finstergraben. Seed (or rafisg¢rsal as well as pollen flow
occurs between subpopulations and contributes ¥o iBblation by distance. Minor
admixture patterns may be mostly due to pollen flawHaslau west, Johnsbachbrticke
and Finstergraben spatial structuring inside of psphoilation was found. In
Johnsbachbriicke no genetic structure is preseiile whHaslau west genetic structure can
be observed mainly due to the patchy arrangemedt the major clone groups.

Finstergraben belongs to two genetic clustersatatlso spatially discrete.

The population ofC. pseudophragmites Gesause provides evidence for metapopulation
dynamics as extinction and (re)colonization proessscur in this population system on a
reasonable time scale. The following four condsiamroduced by Hanski (1997) hold for

the C. pseudophragmitespopulation system, and thus this can be treatedaas
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metapopulation: i) suitable habitats are discretd may be occupied by local reproducing
subpopulations, i) the largest subpopulation (Blaslvest) has a measurable risk of
extinction, iii) subpopulations are not too isothte inhibit the recolonization, and iv) the

dynamics of subpopulations are not completely syomabus.

Due to the large size, upstream location and higleeetic variability of the Haslau west
and also due to the great genetic variability o$lea east subpopulation no special genetic
threat of survival of this species in Gesausegsgaized in the present survey. As long as
the regeneration of the population is possible, remforcing or supplementation is
necessary. Further constant monitoring of the pamn is proposed. The sterility of the
spikelets should be yearly observed in all subpatparis, to be sure that sexual
reproduction occurs in reasonable intervals. Regé¢ioa of the patches and
subpopulations as well as the establishment of lisgsdshould also be kept under
surveillance, in particular on riverbanks with higltman impact, sports and tourism, as for

instance near Johnsbachbriicke.
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7 Deutsche Kurzfassung

7.1 Einleitung

Schotterbanke sind Teile des UberschwemmungsgsbietgtReren Bachen und Flissen,
sie sind jedoch wegen der niedrigen Lage am memb@nWasserdynamik gepragt. Die
Wasserschwankungen sind fur das Schotterbankbraitywendig. Dieses war einmal sehr
haufig in Osterreich, die Zahl ist jedoch stark ktéofig. Die Organismen in diesen
Habitaten haben sich an die Flussdynamik angepasstkdnnen ohne gelegentlichen
Wasserniveauwechsel nicht Uberleben. Wasserkrdfeveund Flussregulationen
beeintrachtigten die Schotterbankhabitate und iHP#anzengesellschaften. Die
Gesellschaften ~ Myricario  -Chondrilletum  chondritid, Epilobio  dodonei-
Scrophularietum caninae, Calamagrostietum pseudgpiitis und Epilobietum fleischeri
der Ordnung Epilobietalia fleischeri (Klasse Thiasga rotundifolii) formieren entlang der
Alpenflisse die Pioniervegetation auf diesen Kiesd Feinsandstandorten (Pott 1995).

Flussfluren wurden als wichtige Pflanzenverbreiswgge betrachtet (Johannson et al.
1996). Die Wasserbewegungen verbinden das ganzemStund Augebiet und
transportieren die Mehrheit der Diasporen flussatsvéFér & Pfosser, unveroff.). Die
.Kurzlebigen" Patches und das periodische, lokalssterben und Kolonisieren der Arten
sind charakteristisch fur solche dynamische Flugegye (Jacquemyn et al. 2006). Der
Ausgleich zwischen Kolonisation und Extinktion gqmtsht der Definition von
Metapopulationsdynamik. Die Existenz von solchenst&yen ist von der Menge
verfugbarer und geeigneter Habitate abhangig (Feewmk & Watkinson 2003). Jede
Population ist nicht nur von lokalen Prozessenrgintind interspezifische Konkurrenz,
Self-thinnig, Regulation, Limitation usw.), sondamrch von regionalen Prozessen gepragt
(Nentwig et al. 2004). Diese Dynamik tritt in einedystem von mehreren Populationen
auf und ist nur in einem rdumlichen Zusammenhaegeti Populationen und Immigration

sowie Emigration sinnvoll zu betrachten (Nentwiglet2004).

Levins (1970) fiuhrte den Begriff Metapopulation eimd beschrieb damit eine
~Population”, die aus vielen lokalen Populationessteht. Dieses klassische Model nimmt
unrealistischer Weise an, dass alle Patches diehgleGrol3e haben und dass sie
gleichmaRig durch Migration verbunden sind (Silgem & Charlesworth 2001).

Regionale Persistenz einer Metapopulation hangtdrivon der Fahigkeit ab, die Patches

zu rekolonisieren. Laut Silvertown & CharlesworB®Q1) sind folgende Eigenschaften fur
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eine Metapopulation spezifisch: (i) naturnahe Patohen haben ein Turnover (z.B.
sterben lokal aus), (ii) lokale Populationsdynams nicht bei allen Populationen
synchronisiert und (iii) nicht die Samenbank sonddie Samenausbreitung zwischen den
Populationen ist der Hauptgrund der BesiedlungveBibwn & Charlesworth (2001)
unterscheiden zwischen drei Typen von regionalenddyk: (i) eine Metapopulation als
vernetztes System von lokalen Populationen, dasgegenseitigen aber unsynchronen
Migrationen zwischen lokalen Populationen abhanigig (i) Source-sink Dynamik
Uberwiegt, wenn die Migration konstant einseitignvder Spender- (,Source®) zur
Empfangerpopulation (,Sink®) stattfindet; (iii) Rerant Populationen konnen ohne
Immigration lange unginstige Zeiten uberleben, i@aAdiulten langlebig sind oder tber
langlebige Samen im Boden verfiigen. Dynamische sBiisdeme gelten fir die
Untersuchung der Metapopulation und ihre genet§ukiersitat und Differenzierung als
aulRerordentliche Modelsysteme (Jacquemyn et al6)2dDie Menge der verbreiteten
Diasporen (Genfluss) kann man indirekt aus den tggamen Distanzen zwischen
Populationen (Fér & Pfosser, unverotff.) beziehurejsev aus der Verteilung der

genetischen Variation zwischen Populationen abidi@borg et al. 1999).

Pflanzen, die sich clonal verbreiten, sind problésch fir eine Populationsanalyse, weil
sich Individuen auf zwei verschiedenen Ebenen erenassen; als Genet und Ramet
(Escaravage et al. 1998). Ein Genet entsprichtneinedividuum, das aus Samen
entstanden ist und sich weiter mit den Rametenedush kann, wahrend ein Ramet ein
Mitglied oder eine modulare Einheit eines Clons istd sich durch Trennen als

unabhangige Einheit etablieren kann (Pornon &GC4l0).

7.1.1 Populationsgenetische Analyse mit AFLP Techni  k

Die Amplified lenght polymorphism (AFLP) Technikt isin PCR basiertes Verfahren, das
Vos et al. (1995) einfuihrten. Diese Technik schi@iB Verdauung der genomischen DNS,
PCR Amplifizieung der Fragmentmenge und deren Asealin (Ritland & Ritland 2000).
Zuerst wird die DNS mit zwei unterschiedlich oftheeidenden Restriktionsenzymen
geschnitten (Vos et al. 1995). PCR AmplifizieungnvBRestriktionsfragmenten erfolgt
mittels Primer, der zur Adapter-Sequenz komplenreisté Danach findet die selektive
Amplifizieung mit zusatzlichen Nukleotiden an Primestatt, wo ein Primer
fluoreszenzmarkiert ist. Amplifizieung mit zusatrien Nukleotiden ist erforderlich, um
die Menge an Fragmenten zu reduzieren (Vos et985)1 Die amplifizierten Fragmente

werden dann auf einem Acrylamid Gel getrennt unttbar gemacht.

76



Atanasova: Regional dynamics ©alamagrostigpseudophragmitesn riverbanks in the NP Geséause inferred from A$-LP

Das AFLP-Protokoll folgte dem von Vos et al. (199%schriebenen Verfahren mit
Modifikation nach Samuel & Tremetsberger (2006, amd¥f. Praktikumsanweisungen).
Die genomische DNS wurde mit den Restriktionsen#émasenEcoRIund Msel verdaut.

Die verwendeten Enzymkonzentrationen, Primer, Zssaffe, Inkubationszeiten und

Temperaturen sind im Kapitel Material und Methoteschrieben.

7.1.2 Gesause, das Untersuchungsgebiet

Bereits 1958, als das Gesause als erstes Naturgehidt der Steiermark ausgewiesen
wurde, zeichnete es sich durch einen der letzteanrmghen Wildflussabschnitte aus
(Kerschbaumer & Marek 2005). Im Jahr 2002 wurde @Ga&sause zum Nationalpark

erklart. Die Eigendynamik an Schutt- und Schottigdérungen der Enns und ihrer vielen
Zubringer und Seitengraben ist der Grund fur dafaltige Gesauserelief. Entlang der
Enns ab Gstatterboden bis zur oberdsterreichiscBganze befinden sich acht

Ausleitungskraftwerke (Tamerl 2006), die zu Wasapgkitatsanderungen fiihren. In der
Vegetationsokologischen Studie von SchotterbéankerGesause bezeichnete Kammerer
(2003) die sandigen Anlandungen als die empfindtietn Standorte im Nationalpark.

Zusétzlich werden sie als Einstiegsstellen von \&fag®rtlern und zum Zelten benutzt
(Kammerer 2003). Sandakkumulationen auf Fein- undhaGrobschutt bilden den

Lebensraum der gefahrdeten Art Ufer-ReitgraSalamagrostis pseudophragmites
(Kammerer 2003).

7.1.3 Die Studienpflanze: Calamagrostis pseudophragmites

Calamagrostis pseudophragmitédaller f.) Koeller (Poaceae) ist ein ausdauerndess,

das etwas blaulichgriine, lockere Horsten bildeé Balme sind 20-150 (-200) cm hoch,
aufrecht und meist unverzweigt (Conert 1989). DiattBcheiden sind stark gerieft, kahl
und glatt, die Blattspreiten bis 30 cm lang und(B33 mm breit, flach ausgebreitet, auf
den Rippen beiderseits aufgrund von kurzen Stashedm rauh. Die Ahrchen sind 1-

blutig, 5-7(8) mm lang, die Hullspelzen untereinansehr ungleich (Conert 1989).

Das Ufer-Reitgras gehort in Mitteleuropa zu deneArtderen Bestand gefahrdet ist
(Conert 1989). Diese Art ist in ganz Osterreicht misnahme Burgenland, vorhanden,
jedoch nur selten und sehr zerstreut (Fischer. 2085). Man findet sie in Pionierrasen auf
feuchten Sandbanken und Kiesbandern, im oberen maittderen Flussbereich und
groBeren Gebirgsbachen auf Sand und trockenem |Gend feuchten, periodisch
Uberfluteten, kalkreichen, basischen, doch naHestaen Boden (Conert 1989). Durch

77



Atanasova: Regional dynamics ©alamagrostigpseudophragmitesn riverbanks in the NP Geséause inferred from A$-LP

Flussverbauung und Eutrophierung der GewdasseCasamagrostis pseudophragmites
zuriickgegangen (Conert 1989). Die Art ist Ostehwimt gefahrdet (Niklfeld & Schratt-
Ehrendorfer 1999).

C. pseudophragmitest eine Charakterart des Calamagrostietum psdudgpmitis, der
Ufer-Reitgras-Flur (Verband Epilobion fleischerindi trat oft mit der weitgehend
ausgestorbeneMyricaria germanicazusammen auf (Conert 1989). In Deutschland ist das
Calamagrostietum pseudophragmitis stark gefahRietrfwald 2000), was ebenso fir das
Bundesland Salzburg gilt (Wittmann & Strobl 1990). pseudophragmitast mit grof3er
Wabhrscheinlichkeit im Murtal ausgestorben (Scheefet pers. Komm.). Auch im
Salzachtal ist die Population sehr ricklaufig (Wanhn pers. Komm.). Es gibt keine
aktualisierten Angaben fur das Almtal, dennoch degtn die Kartierungsdaten aus dem
Jahr 1991 (Niklfeld et al., Schratt-Ehrendorferaét Sinn, Justin et al., 1991) weniger
Bestdnde. FiUr die Studie wurden jedoch diese Stenducht kontrolliert. Es wurde
erfolglos nach den néchsten Populationen €@afamagrostis pseudophragmitasnd um
das Gesause anhand der Angaben von Niklfeld & 8edBraendorfer (1945, unveroff.
Kartierungsmaterial fiir den Atlas der Flora von dbstich) und Wagner & Mecenovic
(1973) gesucht.

7.1.4 Ziele der Untersuchung

In vorliegender Studie wurde folgendes untersucht:

(1) Die clonale Struktur innerhalb der Subpopulationen C. pseudophragmiteisn
Gesause und die Rolle der clonalen Verbreitungegttier Enns

(2) Die genetische Differenzierung zwischen den Subladipmen und das Ausmald
des Genflusses zwischen diesen

(3) Die genetische Struktur und Diversitat innerhalbldkalen Subpopulationen

(4) Die herrschende regionale Dynamik zwischen den &uldptionen
(Metapopulation, Source-sink oder andere)

(5) Die flr eine Viabilitat der Population im Gesausdéand der genetischen Analyse

weiter erforderlichen Naturschutzmaf3nahmen

7.2 Material und Methoden
7.2.1 Standorte

Im Jahr 2003 verzeichnete Kammerer in GesaGs¢amagrostis pseudophragmites

Bestande auf sechs Schotterbanken: Haslau, Brumkgyréettmair-Au, Johnsbachbricke,

78



Atanasova: Regional dynamics ©alamagrostigpseudophragmitesn riverbanks in the NP Geséause inferred from A$-LP

Finstergraben und Schneiderwartgraben. Schotteeb@nkden fir die vorliegende Studie
erforscht. Weiters wurde auch rund um das Gesaash tfer-Reitgras Standorten
gesucht. Im Juli und September 2006 wu@iamagrostis pseudophragmitemeut auf

funf der sechs bekannten Schotterbanke gefunded, jader Standort als eigene

Subpopulation bezeichnet.

Die grofdte Subpopulation wachst auf der Schottdrtrdeslau. Auf der westlichen Seite
der Schotterbank gibt es den gréf3ten Bestand imegaNationalpark, der im Folgenden
als Haslau West Subpopulation benannt wird. Ddiihden sich 14 Patches. Insgesamt 73
Rameten wurden gesammelt und in die Analyse inghudin Patch 4, 5, 7, 8, 9 wurde zur
Identifizierung der Clone detailliert gesammelt.fAler dstlichen Seite der Schotterbank,
150 m von Haslau West entfernt, wurde ein homogé&hepseudophragmiteBestand
(Patch 15) gefunden. Insgesamt 9 Rameten von dslatdi&ast Subpopulation wurden
analysiert. Durch die Teilung der Schotterbank Bashuf zwei Subpopulationen, sind

somit insgesamt sechs Subpopulationen in die Sinbegriffen.

In der Subpopulation Johnsbachbriicke wurden 2086 i pseudophragmiteRatches
gefunden und von jedem funf Samples genommen. A#&ch7 und 18 befinden sich auf
einer erodierten Terrasse jeweils 15 m auseinandler. Waldrand im Westen des
Parkplatzes wurde ein grofl¥rpseudophragmiteBestand (Patch 19) neu entdeckt und es
wurde festgestellt, dass es in diesem Bereichreglieine Hochwasserdynamik gibt. Trotzt
dieses Umstandes hat sich Patch 19 im Jahr 20G@&rveeisgebreitet. Im Jahr 2007 wurde
ein neuer Patch (Patch 30) neben der Johnsbachmgiedtdeckt.

In der Nahe des Bruckgrabens kartierte Kammered3R@rei Patches. In 2006 wurde
festgestellt, dass zwei in einen langlichen Paticiohierten (Patch 22) und dass der Dritte
verschwunden war. Insgesamt drei Rameten wurdeheirAnalyse einbezogen. Auf der
Finstergraben Schotterbank war 2006 zu erkenness dime Uberflutung einen groRRen
Vegetationsschaden hinterlassen hat. GroRe MengenTwetholz fihrten dazu, dass die
von Kammerer im Jahr 2003 beschriebenen Ufer-RestgBestéande nicht mehr zu
erkennen waren. Nur ein Patch wurde 2006 gefunddnauch gesammelt (Patch 20). Im
darauf folgenden Jahr wurde das Totholz durch antere Uberflutung weggeschwemmt
und die Schotterbank wieder fir die Vegetation. fidie Patches Nummer 26, 27, 28
wurden dadurch freigelegt und 29 wurde zusatzliefugden. Insgesamt wurden elf

Rameten von funf Patches analysiert.
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Auf der Schotterbank Schneiderwartgraben wuchsenJamr 2006 drei kleine lineare
Bestdnde auf 5.5 m Distanz. Aus jedem wurde eindRg@msammelt und analysiert (alle als
Patch 21 bezeichnet). Im Jahr 2007 erweiterte dieber Patch auf ca. 100 Ramets. Auch
zwei neue Patches wurden in der Nahe nachgewiesdnvan jedem zwei Samples
genommen. Insgesamt sieben Rameten wurden in digeStingeschlossen. Westlich vom
Schneiderwartgraben wurde eine langliche Feinsdsadaiittung gefunden, die sich als sehr
gunstiges Lebensraum fur das Ufer-Reitgras anbiéigt der Schotterbank Lettmair-Au
wurden in 2006 keine Ufer-Reitgras Bestande gefundie 2007 war der Betritt wegen
Hochwassers nicht moglich.

Es wurden keineC. pseudophragmitegntlang Enns im Westen von Hieflau (eigene
Beobachtung und personliche Mitteilung J. Greimlend im Norden von Hieflau
(personliche Mitteilung J. Greimler) als auch emglales Grof3en Fdlzgrabens in Eisenerz
(eigene Beobachtung) gefunden. Im Grol3en Folzgraneden drei Proben vo@. varia

gesammelt und in die Analyse als Out-Group eingesskn.

7.2.2 DNS Extraktion und AFLP Analyse

Das Blattmaterial voalamagrostis pseudophragmitags den sechs Subpopulationen und
von drei Individuen vorC. variawurde in Silicagel getrocknet. Die DNS Extraktifmhgte
nach dem Protokoll von Doyle & Doyle (1987) mit veeen Modifikationen nach Samuel
und Tremetsberger (2005, unveroff.). Das Blattmatewurde gemahlen und die ganze
genomische DNS wurde mit dem 700 pl warmen CTABd?U (R% CTAB, 100 mM Tris,
1.4 M NaCl, 20mM EDTA, 0.2% Mercaptoethanol, pH)88trahiert. Nach der Inkubation
wurde 500 pl Chloroform: Isoamylalcohol (24:1) dgegeben, zentrifugiert und 600 pl von
der wassrigen Phase wurden aufgehoben. Mit dem gdgebenen 200 pl kalten
Isopropanol fiel die Nukleinsdure aus. Beim Zeungiieren sammelte sich DNS auf dem
Boden. Nachdem der Uberstand entfernt und die DNiISEthanol gewaschen wurde,
trocknete die Nukleinsaure aus. Die DNS wurde amhlUSs in 50 pl TE Puffer
resuspendiert und 2 pul RNAse (Fermetnas, 200 wlevinnzugeflgt.

Die Verdauung (Restriction-Ligation) erfolgte mibldenden Komponenten: 5.5 pl
genomische DNS; 1.1 pl 10xT4 Puffer; 1.1 pl NaCb(®1); 0.55 pl BSA (1 mg/ ml); 0.33
ul T4 Ligase (3U/ ul); 1 pl Msel Adaptorpaar (50 uM pl EcoRI Adaptorpaar (5 uM);
0.02 ul Msel Endonuklease (50U/ ul); 0.25 ul (2Ql) 0.65 pl ddHO. Die Mischung
wurde in PCR cycler 2 Stunden inkubiert. Vor deedetective Amplifikation wurde die
Restriction-Ligation 16x mit Tg; Puffer (20mM Tris-HCI, 0.1 mM EDTA, pH 8.0)
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verdunnt. Zur 2 ul Restriction-Ligation wurde dadgende 8 ul Mischung dazugegeben (je
Probe): 5.86 ul dd#D; 0.22 ul ABI dNTPs; 1.14 ul RedTaq Puffer (Signta® pl RedTaq
Polymerase (Sigma, 250 U); jeweils 0.29 pl preseiedrimer Msel und EcoRI (jeweils 5
mM). Ingesamt 10 ul pro Probe wurden 2 StundenenRICR Maschine inkubiert. Das
Ergebnis wurde 16x mit Tgg verdinnt und 2 pl davon wurden fiir jede der de&ldiven
Amplifikationen eingesetzt. Drei verschiedene Prikoenbinationen wurden verwendet:
Eco-AGC (NED- Gelb)/ Mse-CAA, Eco-ACG (HEX-Griin)/ 9d-CAA, Eco-ACT (FAM-
Blau)/ Mse-CAA. Die Mischung fur jede Kombinatioohtsiel3t (je Probe) folgendes ein: 5.5
ul ddH20; 1 pl 10xRedTaq Puffer (Sigma); 0.22 pllABITPs (10 mM); 0.2 pl RedTaq
(Sigma, 250 U); 0.54 pl Mse-Primer (5 pmol/ul) unhd4 pl Eco-Primer (1 pmol/ul). Fur
jede Primerkombination wurde das Volumen von 10nudler PCR Maschine 3 Stunden
inkubiert. Bevor die Proben in den Seqencer gegetgnaen, folgte noch die Sephadex

Reinigung und Mischung mit Genes¢4r500 Rox Size Standard und High-Dye Formamid.

7.2.3 Die Datenanalyse

Die 1/0 Matrix wurde in Microso® Excel® 2002 © Microsoft Corp. 1985-2001) and
SPSS (13.0.1 fur Windows, SPSS Inc. 1989-2004) waitere Analysen vorbereitet.
Neighbor Joining Analyse wurde mit einer Nei-Li {8 genetischen Distanzmatrix in
TREECON 1.3b (Van de Peer & De Wachter 1997) dwtidgt. Das UPGMA
Dendrogramm wurde im FAMD 1.104 beta (Fingerprimakysis with Missing Data,
Schluter & Harris 2006) mittels Squared EuclidiarstBnzmatrix erstellt. FAMD wurde
auch fir die Durchfuhrung und die graphische D#wstg der Principal Coordinates
Analyse (PCA; Gower, 1966) mit Jaccard Symilarityeffizient verwendet. Nicht-
hierarchisches Clustering wurde mit BAPS 3.2. (B&m analysis of population structure,
Corander & Marttinen 2006) ausgefihrt. Es wurded dhogliche Cluster mit mehreren
Replikaten untersucht. Genetische Diversitatsmegsun Anzahl der polymorphen
Fragmente pro Population, ,mean number of pairvdgterences” und auch AMOVA
wurden mit ARLEQUIN 3.11 (Excoffier et al. 2006) rbehnet. Eine Matrix genetischer
Distanzen zwischen allen moéglichen Paaren von Ramefurde mit Squered Euclidian
Distanzes erstellt. Der Reproduzierbarkeit undFteguenzanalyse von Distanzintervallen
entsprechend, wurden die Rametenpaare unter de@réfzbereich als Clone bestimmt.
Um die ,isolation by distance” zu bestimmen wurde Mantel Test mittels GENEPOP 3.1
(Raymond & Rousset 1995) ausgefuhrt. Die Graphid®barbeitung wurde mit Adolge
Photosho@ CS2 and Microsof® Powerpoint® 2003 gemacht.
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7.3 Resultate

7.3.1 Analyse der genetischen Diversitat

Ein allgemein hoher Level an polymorphen Loci mtganzen Datensatz vorhanden. Die
Anzahl von polymorphen Fragmenten korreliert mit Bepulationsgré3e, aber nicht mit
der Anzahl der ,pairwise differences”. Aus dem UP&Ndendrogramm ist ersichtlich,
dass sich die Haslau west und Haslau East Subpimméa von anderen Subpopulationen
trennen und selber ein eigenes Cluster bilden. Be&gghbor Joining Analyse zeigt
Gruppierungen der Subpopulationen JohnsbachbricBehneiderwartgraben und
Finstergraben die schwach von Haslau getrennt Slir@Bootstrap Analyse zeigte kleine
gut unterstitzte Gruppen, aber keine UnterstitaiergCluster und keine entsprechende

raumliche Subpopulationsstruktur.

Die Haslau West und East Subpopulationen lassénrsafit voneinander unterscheiden.
Zusammen sind sie in mehreren Gruppen untertedihgh ist Haslau East nur in einer zu
finden. Die Gruppen unterliegen keiner raumlichenrul8ur. In der Gruppe
Johnsbachbriicke gibt es keine klare genetischeehwig auf Patches. Nur Patch 19 ist
von den anderen klar zu unterscheiden und schdieBtan die Gruppe Finstergraben an.
Die Rameten von 2007 sind nahe verwandt mit jenen 2006 und mischen sich
miteinander. Die Rameten der Subpopulation Finstéen aus 2007 bilden eine gut
unterstitze Gruppe. Der Ramet 22.4 von Bruckgrastemit dem Finstergraben Patch 20
verbunden. In der Subpopulation Schneiderwartgratden der Patch 21 (von 2006) 24
und 25 (von 2007) nahe miteinander verwandt. Den®&9.1 (Johnsbachbricke) taucht
in der Gruppe Finstergraben auf.

In PCA Analyse, wo die ersten drei Achsen etwa 2B%ototalen Varianz (13.9%, 8.9%
and 4.9%) erklaren, lassen sich sechs Subpopubationvier Gruppen erkennen; Haslau
West und East sind zusammengefasst in Gruppe Ralieeten vom Cluster 5.1 bilden die
Gruppe II, Schneiderwartgraben bildet Gruppe Ild Uohnsbachbriicke, Finstergraben und
Bruckgraben die Gruppe IV.

Das Nachweisen der Clones ifalamagrostis pseudophragmitdopulationssystem

erfolgte mittels Squared Euclidian Distanzes. Amhaon acht Replikaten wurde ein
Reproduzierbarkeitslevel auf 95% berechnet. Dieepraduzierbaren Fragmente wurden
aus dem Datensatz entfernt. Eine Frequenzanalyspadeweisen genetischen Distanzen

(Mutationsschritte) wurde durchgefuhrt um eine Awatoelation zwischen Rameten zu
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erkennen und die daraus folgende Clonalitdt zu ktleten. Die Verteilung von
Distanzintervallen zwischen Rametenpaaren zeigie daischen 1.5 und 5% Distanz, ein
AusreilRerprozentsatz vorkommt, was genau einem rviaite von 6 bis 20
Mutationsschritten entspricht. Dieser AusreiRerpragatz und die Tatsache, dass die
Distanzintervalle zwischen 10 und 30% eine GauB's¢krteilung zeigen, sind gute
Argumente daflr, dass die Werte, die unter 5% hegauf eine clonale Verbreitung

hinweisen.

Mit den oben beschriebenen Kriterien wurde in jeSabpopulation zumindest ein Paar
Clone gefunden. In Haslau East wurden von neun Rameur zwei und in der
Subpopulation Johnsbachbriicke nur vier Rameten bawi Paare als Clone erkannt. In
der Subpopulation Schneiderwartgraben wurden zwengaare von verschiedenen
Patches gefunden (24 and 25). Alle gesammelte Randsr Patches 26, 27 und 28 der
Subpopulation Finstergraben aus dem Jahr 2007 waaideein Clon indetifiziert. Patch 20
aus dem Jahr 2006 zeigte auch eine Clonale Verbghdwischen den zwei gesammelten
Rameten. Patch 5 von Haslau West zeigte ein koraplelonales Muster. Dieser Patch
wurde beim Sammeln in drei Gruppen geteilt, 5.2, &nd 5.3. Die Rameten 5.1.11 und
5.1.12 sowie die Rameten 5.1.23, 24 and 25 bildemijs einen eigenen Clon. Auch die
Gruppen 5.2, 5.3 und der Ramet 5.1.27 formten e@len. Alle drei Rameten von Patch
2, sowie vier der funf Rameten von Patch 4 kamensaparate Clone vor. In Patch 7
bildeten drei bzw. zwei Rameten jeweils einen CBm®e Neighbor Joining Analyse sagte
aus, dass die zwei Clone nicht miteinander verwamdt. Zwei von vier Rameten aus dem
Patch 8 und vier der elf Ramets aus Patch 9 wuadeh als Clone erkannt. Samples der
Patches 1, 3, 6, 10, 11, 12, 13 und 14 der Haslest Bubpopulation brachten keine Clone

hervor.

7.3.2 Genetische Struktur

7.3.2.1AMOVA

Analysis of Molecular Variance (AMOVA) zeigte eihehe Variation innerhalb der
Subpopulationen im Gesause (80.09%). Die restlidi®edl1% betrug der Variationsanteil
zwischen den Subpopulationen. Dieser Anteil lief@ihen Er Wert von 0.20, der auf
einen mafiigen Genfluss hinweist. Bei AMOVA ohnetipld Clone betrug derdr Wert
nur 0.16. AMOVA innerhalb der Haslau West Subpopaoiazeigte eine niedrigere

Differenzierung zwischen Gruppen von Patches (£8)3ait einen kr Wert von 0.13.
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7.3.2.2Bayesian Analyse (BAPS)

In der mit BAPS durchgefiihrten Individual Level Mixe Analyse wurden 6 Cluster mit
log(ml)-14390.8 fur optimale Partition erkannt. Bee Cluster entsprechen nicht den
raumlichen Mustern der geographischen Subpopukiolie auf Mixture Clustering
basierende Admixture Analyse vom gesamten Daterzsitpte, dass die Rameten der
Haslau West Subpopulation hauptsachlich gene doahdgehoren, wahrend die meisten
Rameten von Johnsbachbriicke, Finstergraben undk@almen zum gene pool IV
gehdren. Neben gene pool Il schlie3t Haslau Wesh rideinere gene pools ein. Die
clonale Gruppe 5.1 gehért zum gene pool Ill, Ram#t9 und die Clone 5.1.11-12 und
5.1.23-25 gehoren zum gene pool I, die Clone 532351.27 zum gene pool I. Rameten
4.2, 9.1 und 9.7 teilen sich gene pool VI. Alles#iekleine gene pools haben fast keine
Admixture, wahrend sonst die Admixture der Haslabgpulationen, tUberwiegend in
Patch 9, 10, 11, 13, 14, 15 und auch 16 (Johnsbédhkd) sehr hoch ist. Rameten 9.9-11
und 4.1 gehdren zum gene pool IV, der signifikdmtJohnsbachbricke und Finstergraben
ist. Die Rameten von Haslau East enthalten am ereigsbn gene pool Il mit hoher
Admixture von gene pool VI und auch Ill, IV und \Patch 16 der Subpopulation
Johnsbachbriicke (mit der Ausnahme 16.5) gehértgeme pool I, der fir Haslau West
und East bezeichnend ist. Die Rameten aus dend3afich 18, 19, 30 und 31 (mit der
Ausnahme 31.5) stellen zusammen mit den RameteSud®yopulation Finstergraben, die
in 2007 gesammelt wurden, gene pool 1V dar. Diepdphlation Johnsbachbriicke enthalt
eine niedrigere Admixture aller gene pools, wahreliel Rameten der Subpopulation
Finstergraben fast keine beinhalten. Finstergrd&anh 20 aus dem Jahr 2006 gehért zum
gene pool V, der signifikant flr die gesamte Sulybagon von Schneiderwartgraben ist.
Zwei Bruckgraben Rameten beinhalten gene pool I&hnend der Ramet 22.4 eine sehr

hoch signifikante Admixture mit allen gene poolgyte

Fur die weitere Analyse wurde nur ein Ramet proppeuvon Clonen unter anderen
Rameten, die keine Clonalitat aufwiesen, verwendeth eine Individual Level Mixture
Analyse wurde ausgefihrt und deutete eine Auftgilamf drei Clusters mit log(ml)-
10748.7 fur optimale Partition an. Eine klare Ailfbeg auf zwei Gruppen wurde
beobachtet, da sich Haslau West und East mit eimederem gene pool von 6stlichen
Subpopulationen unterscheiden. Drei Rameten 911 @nd 15.9, die auch im NJ
Dendrogramm eine Distanz zur anderen Rameten peiffienieren einen eigenen gene

pool. Das Admixture-Diagram mit 86 Rameten zeigediohe Admixture von diesen gene
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pools in anderen Rameten, Uberwiegend in einertédabbn Haslau East Rameten (15.7-
10) und in Ostlichen Haslau West Patches 10, 11,142und 9. Die westlichen Haslau
West Patches beinhalten im Gegensatz zu den @stlieimen hohere Admixture Anteil der
ostlichen Subpopulationen. Bemerkenswert ist adelss die Halfte der Subpopulation
Haslau East eine hohe Admixture der Ostlichen Spiblationen enthélt. Ansonsten gibt es
keine Unterscheidung zwischen Subpopulationen Bnadden, Johnsbachbriicke,
Finstergraben und Schneiderwartgraben. Ramet 3is5Jahnsbachbriicke gehdrt zum
gene pool | von den Haslau Subpopulationen, wowarh &amet 22.4 von Bruckgraben
hohe Admixture zeigt. Weiterhin zeigen die Ramett8rb und 19.1 aus Johnsbachbriicke
und 21.3 aus Schneiderwartgraben eine hohe Admeixtan gene pool lll. Die Rameten
von Johnsbachbriicke gesammelt in 2007 (Patch 303dndzeigen Uberhaupt keine

Admixture.

7.3.2.3Mantel Test

Der Mantel Test deutet nur auf einen niedrigeresoldtion by distance* Effekt (Rm =
0.317, P = 0.001). Etwa 10% der genetischen Vanatwischen Subpopulationen klart

sich mit geographischer Distanz auf.

7.4 Diskussion

Die Studie vonCalamagrostispseudophragmitesn Gesause zeigt, dass die clonale
Verbreitung in diese Populationssystem hauptsdchihioerhalb der Patches erfolgt. Die
clonale Verbindung zwischen Patches wurde auchktiete jedoch nur in einer
Subpopulation. Daher wurde vermutet, dass die dexugeproduktion in der C.
pseudophragmite®opulation Gberwiegend ist und dass die vegetafiereitung eine
wichtige Rolle auf der Subpopulations-Ebene spielt.

Die genetische Differentiation zwischen den Subpetmnen ist nicht sehr hoch. Eine
Differenzierung ist zwischen Haslau West und Hadlast bemerkenswert. Weiterhin
trennt sich Subpopulation Schneiderwartgraben \aimsbachbriicke und Finstergraben.
Die genetische Differenzierung zwischen den Subjadiomen deutet auf einen mafigen
Genefluss in der gesamt Population. Sowohl Samesbritung als auch Pollenfluss
erfolgen zwischen Subpopulationen. Eine niedrige@ation by distance® weist darauf,
dass die Samen Ausbreitung auch auf lange Distangettfinden kann. In
Subpopulationen Haslau West, Johnsbachbriicke umstefgraben wurde in 2006 und
2007 eine raumliche Struktur beobachtet. Keine tmolee Struktur wird jedoch bei
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Johnsbachbricke nachgewiesen. Die genetische @trmkHaslau West ist anhand von
vielen clonalen Gruppen zu beobachten, wahrend Gubation Finstergraben zu zwei

genetischen Clustern, die auch rdumlich getremat, gjehort.

In der C. pseudophragmiteBopulation im Gesause gibt es Hinweise dafir, d&ass
Metapopulationsdynamik mit Extinktion und (Re)Koigation im Populationssystem
stattfindet. Die folgenden Bedingungen, vorgestetin Hanski (1997), treffen flcC.
pseudophragmitesn Gesause zu und deswegen kann die PopulatioMetispopulation
betrachtet werden: i) geeignete Habitate sind aiskaierlich und kdnnen jeder Zeit von
lokalen reproduzierenden Subpopulationen bewohntdeve i) auch fur die grofdte
Subpopulation (Haslau West) besteht eine Extinkgefahr; iii) die Subpopulationen sind
nicht zu isoliert um eine lokale (Re)Kolonisatioru zverhindern; und iv) die

Subpopulationen haben keine synchrone Dynamik.

Wegen der Grol3e, oberwasserseitigen Lage und holggeetischen Variabilitat der

Subpopulation Haslau West und aufgrund der seherajenetischen Variabilitdt der
Subpopulation Haslau East, besteht derzeit gehetigesehen keine grol3e
Uberlebensgefahr fir diese Art in Gesause. So laige Regeneration der Population
maoglich ist, ist keine Verstarkung oder Erganzumy Bopulation notwendig. Es wird

weiteres konstantes Monitoring der Population vechagen. Jahrlich sollte die

Fruchtbarkeit der Ahrchen ermittelt werden um sicli@ sein, dass eine sexuelle
Reproduktion in angemessenen Intervallen geschigikt.Regeneration der Patches und
Subpopulationen, sowie die Etablierung der Keindirgpliten regelmallig kontrolliert

werden, insbesondere auf den Schotterbéanken mir esehr hohen menschlichen
Belastung, i.e. Sport und Tourismus.
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9 Appendix:

Table 9: Admixture results of whole data set usingninimal population size 3 as they are representedi
Admixture diagram (Figure 33). For each ramet percatage of each cluster and probability value are
listed.

Ramet C1 Cc2 C3 C4 C5 C6 Probability

11 0,11 0,82 0,02 0,00 0,00 0,05 0,225
1.2 0,03 0,83 0,10 0,00 0,04 0,00 0,265
2.1 0,01 0,97 0,00 0,01 0,01 0,00 0,9
2.2 0,00 0,95 0,00 0,03 0,02 0,00 0,825
2.3 0,00 0,91 0,04 0,04 0,01 0,00 0,675
3.1 0,00 0,94 0,00 0,00 0,00 0,06 0,795
3.2 0,00 0,98 0,02 0,00 0,00 0,00 0,005
4.1 0,00 0,23 0,00 0,74 0,03 0,00 0,07
4.2 0,01 0,11 0,00 0,00 0,00 0,88 0,045
4.3 0,04 0,74 0,03 0,19 0,00 0,00 0,06
4.6 0,01 0,94 0,02 0,03 0,00 0,00 0,795
4.7 0,00 0,93 0,01 0,05 0,01 0,00 0,755
5.1.1 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.3 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.4 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.5 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.6 0,01 0,00 0,99 0,00 0,00 0,00 0,995
5.1.7 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.8 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.9 0,00 0,79 0,07 0,07 0,07 0,00 0,125
5.1.11 0,00 0,90 0,08 0,02 0,00 0,00 0,645
5.1.12 0,00 0,99 0,01 0,00 0,00 0,00 0,985
5.1.13 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.14 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.15 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.16 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.18 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.19 0,00 0,00 1,00 0,00 0,00 0,00 1
5.1.23 0,00 0,94 0,06 0,00 0,00 0,00 0,795
5.1.24 0,00 0,99 0,01 0,00 0,00 0,00 0,985
5.1.25 0,00 0,98 0,02 0,00 0,00 0,00 0,95
5.1.27 0,98 0,00 0,02 0,00 0,00 0,00 1
5.2.1 1,00 0,00 0,00 0,00 0,00 0,00 1
5.2.2 1,00 0,00 0,00 0,00 0,00 0,00 1
5.3.1 1,00 0,00 0,00 0,00 0,00 0,00 1
5.3.2 0,36 0,36 0,28 0,00 0,00 0,00 0
6.1 0,12 0,65 0,06 0,11 0,06 0,00 0,005
6.2 0,01 0,88 0,00 0,10 0,01 0,00 0,525
6.3 0,00 0,65 0,00 0,31 0,04 0,00 0,005
6.5 0,00 0,71 0,06 0,02 0,00 0,21 0,035
7.1 0,00 0,86 0,02 011 0,01 0,00 0,395
7.2 0,00 0,98 0,01 0,01 0,00 0,00 0,95
7.3 0,04 0,75 0,01 0,20 0,00 0,00 0,065
7.4 0,05 0,87 0,02 0,01 0,05 0,00 0,455
7.5 0,02 0,82 0,07 0,05 0,04 0,00 0,225
7.6 0,02 0,84 0,04 0,01 0,09 0,00 0,315
7.7 0,02 0,83 0,00 0,00 0,00 0,15 0,265
7.8 0,00 1,00 0,00 0,00 0,00 0,00 1
7.9 0,01 0,96 0,00 0,00 0,02 0,01 0,87
7.10 0,00 1,00 0,00 0,00 0,00 0,00 1
7.11 0,02 0,95 0,02 0,01 0,00 0,00 0,825
8.1 0,00 0,92 0,03 0,01 0,04 0,00 0,72
8.2 0,01 0,94 0,02 0,00 0,02 0,01 0,795
8.3 0,02 0,95 0,03 0,00 0,00 0,00 0,825
8.4 0,02 0,90 0,00 0,00 0,00 0,08 0,645
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9.1 0,00 0,12 0,00 0,00 0,01 0,87 1
9.2 0,00 0,94 0,00 0,06 0,00 0,00 0,795
9.3 0,00 0,92 0,01 0,00 0,00 0,07 0,72
9.4 0,00 0,34 0,00 0,65 0,01 0,00 0,95
9.5 0,01 0,88 0,00 0,00 0,00 0,11 0,525
9.6 0,00 0,80 0,00 0,00 0,00 0,20 0,72
9.7 0,00 0,02 0,00 0,00 0,00 0,98 0,07
9.8 0,04 0,72 0,00 0,00 0,12 0,12 0,9
9.9 0,00 0,13 0,02 0,85 0,00 0,00 0,755
9.10 0,00 0,00 0,00 0,98 0,01 0,01 0,07
9.11 0,01 0,00 0,00 0,95 0,04 0,00 1
10.1 0,05 0,72 0,10 0,13 0,00 0,00 0,03
10.2 0,06 0,88 0,01 0,02 0,00 0,03 0,225
111 0,00 0,86 0,00 0,00 0,00 0,14 0,395
11.2 0,02 0,80 0,00 0,15 0,03 0,00 0,395
12.1 0,00 0,87 0,00 0,05 0,00 0,08 0,155
13.1 0,00 1,00 0,00 0,00 0,00 0,00 0,455
141 0,05 0,71 0,02 021 0,00 0,01 1
151 0,00 0,82 0,13 0,02 0,01 0,02 0,035
15.2 0,02 0,85 0,00 0,09 0,02 0,02 0,225
15.3 0,05 0,76 0,05 0,03 0,03 0,08 0,365
155 0,00 0,92 0,01 0,00 0,00 0,07 0,01
15.6 0,04 0,76 0,01 0,00 0,00 0,19 0
15.7 0,00 0,97 0,00 0,00 0,00 0,03 0,525
15.8 0,01 0,70 0,05 0,10 0,00 0,14 0,155
15.9 0,00 0,64 0,22 0,00 0,14 0,00 1
15.10 0,01 0,82 0,00 0,07 0,10 0,00 0,045
16.2 0,04 0,86 0,00 0,00 0,00 0,10 0,2
16.3 0,00 0,93 0,00 0,00 0,00 0,07 0,95
16.4 0,00 0,76 0,00 0,00 0,00 0,24 0,835
16.5 0,00 0,10 0,00 0,90 0,00 0,00 0,53
17.1 0,00 0,00 0,00 1,00 0,00 0,00 1
17.2 0,00 0,00 0,00 1,00 0,00 0,00 1
17.3 0,00 0,01 0,00 0,96 0,01 0,02 0,87
17.5 0,00 0,00 0,00 0,98 0,01 0,01 0,95
18.1 0,00 0,07 0,00 0,93 0,00 0,00 0,695
18.2 0,05 0,02 0,00 0,85 0,04 0,04 0,2
18.3 0,00 0,00 0,01 098 0,01 0,00 0,95
18.4 0,00 0,03 0,02 0,83 0,12 0,00 0,135
18.5 0,00 0,01 0,07 0,68 0,01 0,23 0
19.1 0,00 0,11 0,01 0,78 0,00 0,10 0,035
19.3 0,00 0,02 0,06 091 0,01 0,00 0,58
194 0,01 0,00 0,00 0,97 0,02 0,00 0,915
195 0,00 0,00 0,00 0,94 0,06 0,00 0,76
30.1 0,01 0,00 0,00 0,99 0,00 0,00 0,98
30.2 0,00 0,00 0,01 0,97 0,02 0,00 0,915
30.3 0,00 0,03 0,00 0,97 0,00 0,00 0,915
30.4 0,00 0,00 0,06 0,93 0,01 0,00 0,695
311 0,01 0,00 0,00 0,98 0,01 0,00 0,95
31.2 0,01 0,00 0,01 098 0,00 0,00 0,95
31.3 0,02 0,00 0,00 0,98 0,00 0,00 0,95
314 0,01 0,00 0,00 0,85 0,13 0,01 0,2
315 0,01 0,57 0,07 011 0,22 0,02 0
20.1 0,00 0,00 0,00 0,18 0,82 0,00 0,68
20.2 0,00 0,00 0,00 0,20 0,80 0,00 0,59
26.1 0,00 0,00 0,00 1,00 0,00 0,00 1
26.2 0,00 0,00 0,00 1,00 0,00 0,00 1
26.3 0,00 0,00 0,00 1,00 0,00 0,00 1
26.4 0,00 0,00 0,00 1,00 0,00 0,00 1
27.1 0,00 0,00 0,00 1,00 0,00 0,00 1
27.3 0,00 0,00 0,02 0,98 0,00 0,00 0,95
28.2 0,00 0,00 0,01 0,99 0,00 0,00 0,98
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28.3 0,00 0,00 0,03 0,97 0,00 0,00 0,915
29.1 0,02 0,00 0,04 094 0,00 0,00 0,76
211 0,00 0,01 0,00 0,00 0,99 0,00 1
21.2 0,00 0,00 0,00 0,04 0,96 0,00 1
21.3 0,00 0,00 0,00 0,00 0,91 0,09 0,97
24.1 0,00 0,00 0,00 0,00 1,00 0,00 1
24.2 0,00 0,00 0,00 0,00 1,00 0,00 1
25.1 0,05 0,00 0,04 0,16 0,75 0,00 0,295
25.2 0,00 0,00 0,04 0,18 0,78 0,00 0,435
22.2 0,00 0,00 0,00 0,90 0,10 0,00 0,53
22.3 0,00 0,00 0,00 0,92 0,08 0,00 0,65
22.4 0,05 0,06 0,08 0,08 0,72 0,01 0,18

Table 10: Admixture results of 86 genets set usimginimal population size 3 (Figure 36). For each
ramet percentage of each cluster and probability ae are listed.

ramet cl c2 c3 probability
11 0,96 0 0,04 0,74
1.2 1 0 0 1
2.1 0,98 0,02 0 0,94
2.3 0,95 0,05 0 0,62
3.1 0,95 0 0,05 0,62
3.2 0,96 0,04 0 0,74
4.1 0,86 0,06 0,08 0,12
4.3 0,76 0,24 0 0
5.1.5 0,54 0,46 0 0
5.1.9 0,87 0,13 0 0,18
5.1.11 0,97 0,03 0 0,78
5.1.25 1 0 0 1
5.1.27 0,77 0,23 0 0,04
6.1 0,81 0,19 0 0,06
6.2 0,89 0,11 0 0,26
6.3 0,7 0,3 0 0
6.5 0,76 0,03 0,21 0
7.1 0,85 0,15 0 0,12
7.2 1 0 0 1
7.3 0,84 0,16 0 0,01
7.4 0,9 0,1 0 0,32
7.7 0,87 0 0,13 0,18
7.9 0,98 0,01 0,01 0,94
7.10 1 0 0 1
7.11 0,99 0,01 0 0,94
8.1 0,96 0,04 0 0,74
8.2 0,97 0,02 0,01 0,78
8.4 0,93 0 0,07 0,52
9.1 0,12 0,01 0,87 1
9.2 0,99 0,01 0 0,94
9.3 0,94 0 0,06 0,56
9.5 0,97 0,01 0,02 0,78
9.6 0,95 0 0,05 0,62
9.7 0,83 0 0,17 0,08
9.9 0,93 0 0,07 0,52
9.10 0,79 0 0,21 0,04
9.11 0,13 0 0,87 1
10.1 0,7 0,17 0,13 0
10.2 0,89 0,1 0,01 0,26
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111 0,91 0 0,09 0,34
11.2 0,89 0 0,11 0,26
12.1 0,81 0,19 0 0,06
13.1 0,87 0,06 0,07 0,18
141 1 0 0 1
151 0,87 0,13 0 0,18
15.2 0,96 0,04 0 0,74
15.3 0,83 0,16 0,01 0,08
15.6 0,34 0,66 0 0
15.7 0,91 0 0,09 0,34
15.8 0,82 0 0,18 0,06
15.9 0,03 0 0,97 1
15.10 0,87 0,03 0,1 0,18
16.2 0,07 0,93 0 0,44
16.3 0 0,99 0,01 0,92
16.4 0 1 0 1
16.5 0,08 0,92 0 0,34
17.1 0 1 0 1
17.2 0 1 0 1
17.3 0 0,99 0,01 0,92
17.5 0 0,99 0,01 0,92
18.1 0,01 0,99 0 0,92
18.2 0,05 0,92 0,03 0,34
18.3 0 1 0 1
18.4 0,03 0,97 0 0,78
18.5 0,04 0,74 0,22 0
19.1 0,09 0,83 0,08 0,06
19.3 0,02 0,98 0 0,86
19.4 0 1 0 1
30.1 0 1 0 1
30.2 0 1 0 1
30.3 0 1 0 1
30.4 0 1 0 1
31.1 0,01 0,99 0 0,92
31.3 0 1 0 1
314 0 0,99 0,01 0,92
315 0,63 0,34 0,03 0
20.2 0 1 0 1
26.3 0,03 0,96 0,01 0,68
29.1 0,01 0,99 0 0,92
211 0,09 0,91 0 0,26
21.2 0,01 0,99 0 0,92
21.3 0,08 0,75 0,17 0
24.1 0,03 0,97 0 0,78
25.2 0,02 0,97 0 0,86
22.2 0 1 0 1
22.4 0,25 0,72 0,03 0
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