Zeitschrift: Bulletin of the Geobotanical Institute ETH
Herausgeber: Geobotanisches Institut, ETH Zurich, Stiftung Rubel
Band: 66 (2000)

Artikel: Research Project : Molecular biogeography and population genetics of
alpine plant species

Autor: Stehlik, Ivana / Holderegger, Rolf / Schneller, J. Jakob

DOI: https://doi.org/10.5169/seals-377832

Nutzungsbedingungen

Die ETH-Bibliothek ist die Anbieterin der digitalisierten Zeitschriften auf E-Periodica. Sie besitzt keine
Urheberrechte an den Zeitschriften und ist nicht verantwortlich fur deren Inhalte. Die Rechte liegen in
der Regel bei den Herausgebern beziehungsweise den externen Rechteinhabern. Das Veroffentlichen
von Bildern in Print- und Online-Publikationen sowie auf Social Media-Kanalen oder Webseiten ist nur
mit vorheriger Genehmigung der Rechteinhaber erlaubt. Mehr erfahren

Conditions d'utilisation

L'ETH Library est le fournisseur des revues numérisées. Elle ne détient aucun droit d'auteur sur les
revues et n'est pas responsable de leur contenu. En regle générale, les droits sont détenus par les
éditeurs ou les détenteurs de droits externes. La reproduction d'images dans des publications
imprimées ou en ligne ainsi que sur des canaux de médias sociaux ou des sites web n'est autorisée
gu'avec l'accord préalable des détenteurs des droits. En savoir plus

Terms of use

The ETH Library is the provider of the digitised journals. It does not own any copyrights to the journals
and is not responsible for their content. The rights usually lie with the publishers or the external rights
holders. Publishing images in print and online publications, as well as on social media channels or
websites, is only permitted with the prior consent of the rights holders. Find out more

Download PDF: 28.04.2026

ETH-Bibliothek Zurich, E-Periodica, https://www.e-periodica.ch


https://doi.org/10.5169/seals-377832
https://www.e-periodica.ch/digbib/terms?lang=de
https://www.e-periodica.ch/digbib/terms?lang=fr
https://www.e-periodica.ch/digbib/terms?lang=en

1. STEHLIK ET AL.

RESEARCH PROJECT

Molecular biogeography and population genetics of alpine plant
species

[VANA STEHLIK', ROLF HOLDEREGGER", J. JAKOB
SCHNELLER', RICHARD J. ABBOTT> & KONRAD BACHMANN’

'Institut fiir Svstematische Botanik, Universitit Ziirich, Zollikerstrasse 107, 8008 Ziirich, Switzer-
land; *School of Environmental & Evolutionary Biology, University of St Andrews, Sir Harold
Mitchell Building, St Andrews, Fife, KY16 9TH, Scotland, UK; I Institut fiir Pflanzengenetik und
Kulturpflanzenforschung IPK, Corrensstrasse 3, 06466 Gatersieben, Germany,; *corresponding

author: ivana@systbot.unizh.ch

Summary

1 There is a long-standing debate about the fate of the mountain flora of the Alps during
Quaternary glaciation. Two main possibilities of glacial survival of alpine plant taxa have
been proposed, namely the tabula rasa and the nunatak hypotheses. However, few mo-
lecular studies testing these two hypotheses in alpine plant species have been carried out
so far.

2 According to the tabula rasa hypothesis, alpine plant species did not survive in-situ,
but re-immigrated from one or a few large peripheral or periglacial refugia. In contrast,
the nunatak hypothesis implies survival of alpine plant species on several small, isolated,
high-alpine nunataks within the Alps. Early biogeographic studies suggested exact loca-
tions of peripheral refugia and nunataks, as well as precise migration routes. They pro-
vide clear hypotheses on the biogeography of alpine species, which could be tested with
molecular techniques.

3 Two independent research projects are presented which have the aim to investigate
the phylogeographic patterns of four alpine species.

4 Erinus alpinusis described to have re-immigrated into the Alps from a western periph-
eral refugium. This makes E. alpinus a model for a test of the tabula rasa hypothesis. The
high alpine distribution of Eritrichium nanum covers many areas with postulated
nunataks and seems suitable to test the nunatak hypothesis. Rumex nivalis does not fit to
either of these two hypotheses. The species shows a decrease in population abundance
in an east-western direction, which points to immigration from north-eastern peripheral
refugia. However, the species’ disjunct distribution and affinity to extreme habitats could
also indicate glacial survival on nunataks. Saxifraga oppositifolia is common and wide-
spread throughout the Alps. Molecular results from Northern Europe support both in-
situ survival and re-immigration. It is not possible to propose an exact hypothesis on this
species’ biogeographic history in the Alps based on its present-day distribution. This
ambiguity is probably shared by most common alpine species. The comparison of the
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results on S. oppositifolia with those of the above three species may nevertheless enable
an evaluation of the former’s phylogeography in the Alps.

5 The proposed molecular projects will be among the first to investigate general
biogeographic patterns of alpine plants and to provide population genetic data from
many alpine populations on a large geographic scale.

Keywords: alpine species, glacial refugia, historical biogeography, nunataks, population

genetics, postglacial colonisation
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Introduction and biogeographic back-
ground

MOLECULAR BIOGEOGRAPHY AND
PHYLOGEOGRAPHY

The question how geological and climatic
events have influenced the evolutionary di-
versification of organisms in space and time is
the major topic of historical biogeography
(Avise 1994; Comes & Kadereit 1998). The
impact of historical biogeography on the un-
derstanding of present-day distribution areas
and regional diversities has been strengthened
by the use of diverse molecular techniques
(e.g. Soltis er al. 1997; Taberlet et al. 1998).
The genetic patterns observed are usually ex-
plained by geotectonical and paleoclimatical
events at the end of the Tertiary (25-2.5 mil-
lion years ago; Blondel er al. 1996) or by cli-
matic changes during glacial, interglacial and
postglacial periods of the Pleistocene (2.5-
0.01 million years ago; Hewitt 1996).

In plants, many biogeographic studies have
focused on postglacial spread out of periph-
eral or periglacial refugia or the possibility of
long-term survival in refugia within glaciated
areas (e.g. on nunataks). In particular, the ex-
act locations of glacial refugia and the precise
courses of postglacial re-immigration routes
have been evaluated. Earlier studies mainly
relied on floristic distribution patterns of plant
species, but geographic mapping of radio-

dated pollen spectra and macrofossils has
been an invaluable tool for evaluating chan-
ges in distribution area and abundance shifts
in North America and Europe (Lang 1994;
Burga & Perret 1998). However, fossil data
alone do not allow more than a general inter-
pretation of the biogeographic history of plant
species, because they are strongly biased to-
wards trees, wind-pollinated plants and wet-
land species. Fossils of alpine plant species
are especially scarce (Lang 1994). In addition,
the fossil record is limited in morphological
and taxonomic resolution and does often not
offer the possibility to assign material to spe-
cies and specific evolutionary lineages or geo-
graphic subunits within species. Fossil analysis
is per se descriptive and does not allow ad-
equate sampling strategies to test particular
biogeographic hypotheses or questions. The-
refore, molecular genetic analysis is an attrac-
tive tool to investigate historical biogeography,
phylogeography and microevolution (e.g.
Ferris et al. 1995; Sewell ef al. 1996; Strand et
al. 1996; Bachmann 1997; Petit er al. 1997).
The haploid chloroplast genome is often
used to investigate biogeographic questions.
It is non-recombinant, mostly maternally
inherited and has a low mutation rate
(McCauley 1995). As a consequence, cpDNA
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markers are more likely to reflect historical
processes (e.g. fragmentation or expansion of
the distributions, refugial isolation, genetic di-
vergence, founder effects, migration routes)
over longer time periods than biparentally in-
herited nuclear markers such as allozymes or
RAPD:s. Since intraspecific genetic variation
of cpDNA has been found, these genetic
polymorphisms can be used to characterise
populations. In addition, effective population
size for chloroplast genes is only half that of
nuclear genes in an outcrossing plant species
(Ennos 1994). Hence, the probability of ge-
netic reassortment of cpDNA in glacial
refugia through genetic drift should be greater
than in nuclear markers, leading to substantial
genetic differentiation among refugial source
populations and their descendants. Neverthe-
less, cpDNA haplotype variation as observed
in RFLPs or sequence analysis is often rela-
tively low (Schaal ef al. 1998; Newton et al.
1999), and its geographic resolution may be
limited. Thus, many biogeographic questions
can not be addressed using cpDNA data, es-
pecially at the regional scale. Highly resolving
dominant markers like AFLPs, ISSRs and
RAPDs offer realistic alternatives (Weising et
al. 1995; Mueller & Wolfenbarger 1999).

PRESENT STATE OF BIOGEOGRAPHIC
RESEARCH ON ARCTIC OR ALPINE PLANT
SPECIES

Most molecular studies on historical biogeog-
raphy or phylogeography of European plant
species have dealt with genetic patterns at a
continental scale. Taberlet e al. (1998) con-
cluded that there is little congruence between
the phylogeographic patterns of the taxa in-
vestigated so far, although the proposed
postglacial colonisation routes exhibit some
similarities. In contrast, high congruence be-
tween several herbaceous plants of Western
North America has been found (Soltis et al.

1997). The north-south direction of mountain
ranges in North America and the availability
of refugia in the South may have caused com-
mon biogeographic and evolutionary histo-
ries between species.

The more complex situation in Europe,
with centres of glaciation in Scandinavia and
in the Alps and the mountain ranges of the
Alps and the Pyrenees as migration barriers
in longitudinal direction, is reflected by the
controversy between two different scenarios
of glacial survival of arctic and/or alpine plant
species: the nunatak hypothesis and the
tabula rasa hypothesis. Whereas Dahl (1987)
and Abbott er al. (1995) invoked unglaciated
areas in northern Europe, where plant species
have survived the ice-ages (nunatak hypoth-
esis), Nordal (1987), Birks (1996) and
Gabrielsen et al. (1997) considered the total
extinction of pre- or interglacial populations
with subsequent re-colonisation from periph-
eral refugia after the retreat of glaciers (tabula
rasa hypothesis) to be more likely. Indications
of in-situ survival are the relatively high
amount of endemism in formerly glaciated
areas in Norway, the presence of numerous
amphiatlantic species in Scandinavia, which
do not occur in the Alps, the similarity be-
tween the subalpine-alpine floras of Iceland,
the British Isles and Scandinavia (Dahl 1987)
and high amounts of cpDNA-RFLP variation
(Abbott et al. 1995). In contrast, Nordal
(1987) stressed that the isolation of postglacial
plant populations for 10,000-15,000 years is
sufficient to create the amount of endemism
observed in Norway. He concluded that im-
migration by long-distance dispersal after the
ice-ages and subsequent evolutionary differ-
entiation are the most probable explanations
for the present genetic diversity. Birks (1996)
showed that present-day ecological factors
(regional climate, geology, elevation) can ex-
plain the local species richness in Scandinavia
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without invoking the nunatak hypothesis.
Molecular data further indicate that there has
been extensive gene flow among widely dis-
tributed populations of Saxifraga oppositifolia
during the Weichselian glaciation (115,000-
18,000 years AD) in Scandinavia, and that the
present nordic populations were established
after massive immigration from genetically
variable periglacial populations (Gabrielsen ef
al. 1997). Given the high levels of migration
inferred from the latter study, eventually oc-
curring genetic differentiation of possible
nunatak populations would have been geneti-
cally swamped by postglacial immigration.
Gabrielsen et al. (1997) thus conclude that the
nunatak hypothesis is superfluous to explain
the present distribution of arctic-alpine spe-
cies in Northern Europe.

The intra-specific biogeographic history of
common alpine plant species (thereafter used
in the sense of mountain plants growing in the
Alps) has only rarely been investigated with
molecular methods so far. The existing stud-
ies were either done on rare or special species
such as glacial relics (Bauert ef al. 1998; D.
Lang et al., unpubl. data), focussed on popula-
tion traits such as clonal diversity or mating
structures (Bauert 1996; Steinger ef al. 1996;
Escaravage et al. 1998; Gugerli et al. 1999;
von Flile ef al. 1999) or were interested in
vicariance and taxonomic relationships on the
above-species level on large geographical
scales (Hungerer & Kadereit 1998). The re-
sults of these studies do not allow any broad
generalisations on the intra-specific phylogeo-
graphy of alpine plant species to be drawn.
There are some early non-genetic, but quite
detailed studies on the biogeography of alpine
plants. These also referred to specific prob-
lems of the fabula rasa and the nunatak hy-
potheses or stated precise migration routes
from peripheral refugia into the central parts
of the Alps (Chodat & Pampanini 1902; Bri-

quet 1906; Brockmann-Jerosch & Brock-
mann-Jerosch 1926). These authors’ hypoth-
eses on the origin and evolution of alpine plant
species were further developed by Merxmiiller
(discussion on the origin of numerous alpine
taxa; 1952, 1953, 1954), Favarger (1958) and
Hess et al. (1967). The main biogeographic
principles such as location of nunataks or pe-
ripheral refugia in present-day species-rich ar-
cas remained the same.

Chodat & Pampanini (1902) and Briquet
(1906) stressed the tabula rasa hypothesis for
the flora of the Alps during the ice-ages, cor-
responding to the view of Nordal (1987),
Birks (1996) and Gabrielsen et al. (1997) for
Scandinavia, that all present-day alpine plant
species had to re-immigrate from peripheral
refugia outside the glaciated parts of the Alps.
Chodat & Pampanini (1902) postulated a
south-alpine peripheral refugium in the re-
gion between the lakes of Garda and Como
(Judicaric Alps) and a west-alpine peripheral
glacial refugium for the flora of the middle
part (Landolt 1992) of the Alps in the Grajic
and Cottic Alps. The same authors claimed
that species migrated from these refugia along
the southern alpine foothills. Accordingly, the
valley of Valais in Switzerland was colonised
from the Piemont, i.e. Penninic Alps, Valle
d’Aosta and Cogne, while the Engadine was
colonised from Val Venosta (Stelvio). Briquet
(1906) postulated additional refugia. He sug-
gested a peripheral refugium in the southern
Lepontic Alps, a jurassic-rhodanic peripheral
refugium (to the south of Lyon and in the
northern Jura mountains), and some periph-
eral refugia at the edge of the Northern Alps
(e.g. Alpstein, Pilatus, Stockhorn). Both
Chodat & Pampanini (1902) and Briquet
(1906) believed that the immigration of plants
along main alpine valleys (Rhone, Tyrolean
Inn) was impossible because of long persist-
ence of slowly retreating glaciers.
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What are the genetic implications of the
tabula rasa hypothesis? The peripheral refugia
of Chodat & Pampanini (1902) and Briquet
(1906) are geographically quite large areas.
The number of surviving populations therein
and their sizes were probably large. Princi-
pally, plant populations of different peripheral
refugia should be genetically different due to
long periods of isolation during the ice-ages.
This differentiation is a result of restricted
gene flow, genetic drift and, possibly, different
selective pressures in peripheral refugia. As a
result, lower genetic similarity among popu-
lations from different peripheral refugia than
among populations descending from the
same refugium and, perhaps, different private
alleles should be found. In contrast, genetic
similarity among populations along particular
re-immigration routes into the Alps must be
comparatively high. The present distribution
of alpine species probably is the result of sev-
eral subsequent immigration waves. Never-
theless, the sources of these waves should still
be detectable by comparing the genetic varia-
tion of populations along migration paths
with the genetic variation presently found in
populations within peripheral refugia. Only a
small fraction of the genetic variation of a pe-
ripheral refugium (source regions; Ellstrand
& Elam 1993) might have migrated towards
the middle parts of the Alps after glaciation.
Just a genetic subsample would have reached
the by then vacant localities in the Alps. This
genetic “thinning”, the result of recurring
founder events during subsequent immigra-
tion waves, should become stronger with in-
creasing distance from the source. Migration
waves reached the central alpine regions last,
and the absolute number of waves should be
lower than in regions nearer to the peripheral
refugia (“loi de la proximité¢”; Chodat &
Pampanini 1902). Expectations of the rabula
rasa hypothesis are therefore, that popula-

tions in the central parts of the Alps should be
genetically less variable than populations
nearer to peripheral refugia and that the ge-
netic variation of populations at the distribu-
tion limit of a species should be lowest. Dur-
ing foundation of the central alpine popula-
tions, founder effects, genetic drift and in-
breeding most probably played important
roles, and, hence, the number of alleles and
their frequencies in these populations should
be different from present-day populations in
peripheral refugia and populations along mi-
gratory routes.

Brockmann-Jerosch & Brockmann-Jerosch
(1926) argued in favour of the nunatak hy-
pothesis stating that it is not possible to de-
duce upon refugia of alpine plant species
only on the basis of the locations of never
glaciated areas. In fact, the present distribu-
tion of alpine plant species is often not in ac-
cordance with suggested migration routes
out of peripheral refugia. Brockmann-
Jerosch & Brockmann-Jerosch (1926) there-
fore believed in the existence of high-alpine,
supraglacial, snow-free nunataks; in the cen-
tral parts of the Alps the upper limit of the
ice-sheet reached 2600 m a.s.l. (Hess ef al.
1967). Populations on high-alpine nunataks
could have acted as sources for re-colonisa-
tion of vacant areas after glaciation. A major
argument in favour of the nunatak hypoth-
esis is that areas with many geomorpho-
logically induced nunataks are often areas
with increased species diversity. Proposed
high-alpine nunatak regions are the Monte
Rosa, the valleys of Visp, the Simplon, the
Rothorn-mountains near Arosa, high moun-
tains of the Engadine and the Bernina
(Brockmann-Jerosch & Brockmann-Jerosch
1926). Maps of the location of floristically
deduced alpine nunatak regions in the mid-
dle part of the Alps are presently in prepara-
tion (Stehlik, in press).
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High alpine nunatak populations were
probably small and rare, surviving on small
patches of ice-free slopes or mountain tops.
They were exposed to high radiation and ex-
treme wind conditions, which warranted
snow-free conditions during the vegetation
period. Regions with nunataks were discon-
tinuously distributed with large geographic
gaps between them. Populations on nunataks
should thus be viewed as isolated. Long iso-
lation, recurring bottlenecks and founder
effects, followed by inbreeding and genetic
drift, should have led to relatively low genetic
variation in nunatak regions and to strong dif-
ferentiation among populations on different
nunataks (Ellstrand & Elam 1993). Neverthe-
less, populations on island nunataks could
have stored ancient cpDNA haplotypes or
gained private alleles. These genetic patterns
should still be detectable among present-day
populations descended from potential nun-
atak populations.

In general, it is expected that genetic simi-
larities among populations should decrease
with increasing geographic distance between
them in both of the above hypotheses. How-
ever, the reasons for these decreases are dif-
ferent in the two hypotheses. In the tabula
rasa hypothesis, genetic similarity should de-
crease linearly (recurring founder effects and
thinning out of genetic variation along migra-
tion routes). In contrast, changes in genetic
similarities among populations should be
more discontinuous or even abrupt in the
nunatak hypothesis.

The aim of the research projects

Our projects consist of two completely inde-
pendent studies. Nevertheless, they comple-
ment each other in an ideal way. The studied
species were chosen in order to be repre-
sentative of the alpine flora and to allow valid

generalisations on biogeographic patterns of
alpine plant species (Meusel et al. 1965, 1978;
Welten & Sutter 1982).

The aim of the first project by Stehlik,
Schneller & Bachmann is to test explicit
phylogeographic hypotheses on alpine spe-
cies from the middle part of the Alps. Three
species will be investigated for which clear

~ biogeographic hypotheses of glacial survival

were given in the literature, and an appropri-
ate sampling strategy seems to be feasible: (1)
immigration from western refugia, Erinus
alpinus, (2) survival on high-alpine nunataks,
Eritrichium nanum, and (3) immigration from
eastern refugia or eastern nunataks, Rumex
nivalis. AFLPs (Vos et al. 1995) and PCR-
RFLPs of cpDNA (Demesure ef al. 1996) will
be used for molecular genetic analysis.

The second project by Holderegger &
Abbott takes a different approach. It asks: is it
possible to deduce upon the biogeographic
history of a widespread, common alpine spe-
cies by using molecular markers. Because
common, widespread alpine species often ex-
hibit no particular geographic characteristics, it
is not possible to state any specific hypothesis
on the biogeographic history based on their
distribution patterns. The holarctic Saxiffaga
oppositifolia was chosen as a model species,
since its breeding system in alpine populations
(Gugerli et al. 1999; von Fliie et al. 1999) and its
phylogeography in Northern Europe (Abbott
et al. 1995; Gabrielsen ef al. 1997) are well
investigated. A whole set of molecular genetic
tools is necessary to analyse different types and
parts of the genome, which could contain
different biogeographic information: classic
RFLPs and PCR-RFLPs of cpDNA, RAPDs
and oligonucleotide-fingerprinting using mi-
crosatellite probes (Weising et al. 1995).
RAPDs were chosen to make the results
comparable with those of Gabrielsen et al.
(1997) and Gugerli et al. (1999).
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Species investigated, hypotheses tested
and sampling strategies

Many published phylogeographic investiga-
tions on plants using molecular techniques
have taken relatively few samples over large
geographic distances (for references see Soltis
et al. 1997). This does not permit an accurate
evaluation of migration routes or exact loca-
tion of ancient refugia. Therefore, Soltis ef al.
(1997, p. 370) concluded that “... future stud-
ies should seek to construct a regional
phylogeography”. The strong demand for
sampling strategies that really fit the questions
asked has also been emphasised by Smouse
(1998). One particularly important point is
that the biogeographically relevant parts of
the distribution of the species investigated
should be sufficiently covered. For instance,
testing the tabula rasa hypothesis requires in-
creased sampling along postulated migration

routes out of a peripheral refugium. Addition-
ally, populations from alternative source re-
gions should be analysed as well, in order to
allow the falsification of the main hypothesis.

ERINUS ALPINUS: REFIMMIGRATION FROM
SOUTH-WESTERN REFUGIA

FErinus alpinus 1. has a central and south-west
European distribution (Fig. 1) and occurs on
calcareous rock and rubble. It is perennial
and grows in sparse mats of integrated ro-
settes. Brockmann-Jerosch & Brockmann-
Jerosch (1926) hypothesised that E. alpinus
survived glaciation in south-west peripheral
refugia, i.e. the Grajic-Cottic Alps, since its
present-day distribution does not show any
disjunction in a west-eastern direction, and
the species” main distribution is at subalpine
elevations, which makes an in-sifu survival of
the ice-ages unlikely. Thus, E. alpinus had to

Fig. 1. Distribution map of Erinus alpinus: 22 populations sampled in the middle part of the Alps (dots); Central

European distribution (inset).
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Fig. 2. A cushion of Eritrichium nanum on the pro-
posed high alpine nunatak of Piz Nair (3050 m a.s.l.)
in the Upper Engadine, Switzerland.

re-colonise the Alps on a broad migration
front. Nevertheless, the present distribution
of the species in the northern Prealps also
covers areas known as northern alpine refugia
(Briquet 1906). Thus, there is, although quite
improbable, the possibility that E. alpinus
could have survived the ice-ages in-sifi.

The arrangement of the 22 populations
sampled with twelve individuals each in E.
alpinus is linear along the proposed migration
route from the southwestern Alps with ten of
the populations also located in areas known
as possible north-alpine peripheral refugia.
One population is located in the Cottic Alps
in France, a possible source region, and an-
other represents the eastern distribution limit
of the species at the Swiss-Austrian border. If
the re-immigration hypothesis is true, then
the latter population should have been
founded lately, eventually showing less ge-
netic variation because of a genetic thinning
effect.

ERITRICHIUM NANUM: IN-SITU GLACIAL
SURVIVAL ON NUNATAKS

Eritrichium nanum (L.) Gaudin is a high-al-
pine, long-lived perennial cushion plant (Fig.
2). It is strictly alpine, mainly growing on sili-
ceous rocks. In the middle part of the Alps
the distribution of E. nanum covers areas with
many postulated high-alpine nunataks (Fig. 3;
Brockmann-Jerosch & Brockmann-Jerosch
1926). The species is mainly outcrossing, al-
though it is partly self-compatible (H. Zoller,
pers. comm.).

The species’ distribution in high alpine el-
evations of the Central Alps suggests an in-
situ survival of the ice ages. Thus, a test of the
nunatak hypothesis is appropriate and inten-
sive sampling in nunatak areas and their adja-
cent regions is necessary. Three main sam-
pling regions were selected (Valais, Ticino,
Graubiinden), each with six populations. This
permits a statistical hierarchical evaluation of
the genetic variation found. Of the above
mentioned 18 populations, eight populations
are located in the centre of postulated
nunatak areas (Zermatt, Simplon, Bernina).
Additionally, one population in Northern
Italy (Passo Tonale) and one in the Cottic
Alps in France (Ecrins) were selected as pos-
sible sources for the alternative hypothesis of
re-immigration of E. nanum after the ice-ages.
In total, 20 populations with twelve individu-
als each will be investigated.

RUMEX NIVALIS: HOW DID THE RE-
COLONISATION OF THIS SNOW-BED PLANT
HAPPEN?

The dioecious Rumex nivalis Hegetschw. is a
strictly alpine species and is found on calcare-
ous rubble and in snow beds. It is a perennial
rosette plant with small flowering stalks and
inconspicuous flowers (Wagenitz 1981).

Two aspects of the distribution of R. nivalis
are interesting (Fig. 4). (1) There is a clear
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Fig. 3. Distribution map of Eritrichium nanum: 20 populations sampled in the middle part of the Alps (dots); total
distribution (inset).

Fig. 4. Distribution map of Rumex nivalis: 22 populations sampled in the middle part of the Alps (dots); total
alpine distribution (inset).
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thinning in population density within the
north-western calcareous Alps in an east-
western direction. This distribution pattern
points to an immigration from a north-east-
ern peripheral refugium (tabula rasa hypoth-
esis). Suitable habitats of R. nivalis were
probably abundant just after the retreat of
the glaciers. Therefore, the species could
possibly have immigrated on a broad front of
which the outline is still visible. As environ-
mental conditions changed, population den-
sity of R. nivalis decreased again, which
would explain its present scattered distribu-
tion. (2) Its disjunct, high alpine distribution
and affinity to extreme habitats could also
point to glacial in-situ survival on nunataks.
Possibly, R. nivalis has immigrated from the
North-East before the last glaciation. As the
glaciers advanced, a more continuous, an-
cient distribution got fragmented, and R.

nivalis survived, like Eritrichium nanum, on
several island-like nunataks.

Both scenarios suggest long-time isolation
of populations, though the time spans of isola-
tion would be quite different. According to
the nunatak hypothesis, the continuous distri-
bution of R. nivalis already became frag-
mented during the ice ages, while in the rabula
rasa hypothesis, they were fragmented after
re-immigration. Therefore, genetic differen-
tiation among populations should be higher in
the case of in-situ survival on high alpine
nunataks due to longer isolation and drift.

A similar approach will be taken for R.
nivalis as is described above for Erinus alpinus
with intense sampling along possible immi-
gration routes (22 populations in total with 12
individuals each). One population will repre-
sent the western distribution limit of R. nivalis
(Miirren), and two eastern populations will

Fig. 5. Distribution map of Saxifraga oppositifolia: 15 populations sampled in the middle part of the Alps (dots);

distribution in the Alps and Northern Appennines (inset).
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serve as possible source populations for re-
colonisation (Oberstdorf in Germany, St.
Anton a.A. in Austria, respectively). Only
four populations are directly located in nuna-
tak regions.

SAXIFRAGA OPPOSITIFOLIA: POPULATION
HISTORY OF A COMMON ALPINE SPECIES

Saxifraga oppositifolia L. is common and wide-
spread throughout the Alps (Fig. 5), growing
at subalpine to nival elevations (Kaplan
1995). The species is mainly outbreeding and
populations are genetically very variable
(Gugerli er al. 1999; von Fliie et al. 1999).

It is still debated how S. oppositifolia sur-
vived the ice-ages in Northern Europe. Abbott
et al. (1995) supposed arctic glacial refugia,
while Gabrielsen et al. (1997) concluded that
the species was totally eradicated in Scandi-
navia and re-immigrated from more southerly
periglacial refugia after the ice-ages. Based on
its wide alpine distribution (Welten & Sutter
1982), no specific hypothesis on the bio-
geographic history of S. oppositifolia in the
Alps can be formulated. Both, the tabula rasa
and the nunatak hypotheses might have been
involved, although there are late-glacial fossil
records of the S. oppositifolia pollen type from
the Swiss lowlands and Alps (Burga & Perret
1998). Therefore, a sampling strategy was
adopted, that considered populations from
nunatak regions in the middle part of the
Alps, especially those proposed by Brock-
mann-Jerosch & Brockmann-Jerosch (1926;
e.g. Simplon, valleys of Visp, Bernina),
populations from north-alpine peripheral
refugia (e.g. Vanil Noir, Pilatus) and one
population each from the Cottic and the
Judicaric Alps in France and Northern Italy,
respectively (15 populations in total with ten
individuals each). Explicit sampling in pro-
posed refugia but on a broad geographic scale
should allow statistical tests of the two main

hypotheses of in-situ survival and re-immigra-
tion. The comparison of the results of S.
oppositifolia with those of the three species in-
vestigated in the first project (see above) ena-
bles an evaluation of the resolution power
that biogeographic molecular studies can
achieve in a common, widespread species.

Relevance of the projects

The proposed projects will be among the first
to investigate general biogeographic patterns
of alpine plant species using molecular meth-
ods. Compared with the few studies pub-
lished so far, their strength is in the formula-
tion of explicit hypotheses and in the applica-
tion of adequate sampling strategies.

Similar studies on plant phylogeography of
the Alps are currently carried out at the Uni-
versities of Mainz and Vienna. The research
group in Mainz has an additional focus in
looking for congruencies of Quaternary his-
tory between several unrelated taxa, while the
Vienna group is concentrating on the Eastern
Alps. All these projects as well as those pre-
sented here will provide population genetic
data on large geographic scales and for many
populations from large parts of the Alps.
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