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ABSTRACT

Aim This study aims to elucidate the phylogeography of the arctic-alpine annual
Comastoma tenellum (Rottb.) Toyok. (Gentianaceae) and to unravel the history of
its immigration into the Alps.
Location Although samples from Alaska and Central Asia were also included,
our study focusses on Europe, especially on the Alps.
Methods We applied amplified fragment length polymorphism (AFLP)
fingerprinting on 37 populations (162 individuals) of C. tenellum and analysed
the results phenetically.
Results As C. tenellum is mainly inbreeding, there is typically little to no
intrapopulational genetic variation. Two populations from Alaska and Altai are
strongly separated from all other accessions. The majority of the populations
from the Alps group together with high bootstrap support. They fall into an
unsupported Alps I group (northwards of Gran Paradiso) and a well-supported
Alps II group (south-western Alps). The remaining European populations form a
weakly-supported branch constituting accessions from the Carpathians,
Scandinavia and two populations from the Eastern Alps.
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Main conclusions Comastoma tenellum reached the Alps at least twice. The first
immigration event resulted in a lineage that is clearly separated from the other
European accessions. The immigration must have occurred well before the last
glaciation because this lineage shows further phylogeographical structuring into
two groups (Alps II in the south-western Alps and Alps I in the rest of the Alps).
This pattern is presumably due to isolation in different glacial refugia. In addition
to the old immigration event, the species reached the Alps in recent times either
from Scandinavia or from the Carpathians via long-distance dispersal. These
immigrations resulted in (at least) two populations that are spatially small and
poor in individuals.
Keywords
Amplified fragment length polymorphism (AFLP), Pleistocene, Comastoma
tenellum, Alps, arctic-alpines, phylogeography.

Arctic-alpine plant taxa are disjunctly distributed in arctic
latitudes and more southern mountain ranges (Hultén & Fries,
1986). Many of them occur in vast areas of the Northern
hemisphere and are important elements of the vegetation

cover. However, in striking contrast to the rapidly accumulating body of literature exploring phylogeographical patterns of
arctic or alpine plants on a regional scale (e.g. within the
central and southern European mountain ranges or Scandinavia; e.g. Gabrielsen et al., 1997; Stehlik et al., 2001, 2002a,b;
Holderegger et al., 2002; Kropf et al., 2002, 2003; Schönswetter
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et al., 2002, 2003a, 2004; Stehlik, 2002; Tribsch et al., 2002;
Brochmann et al., 2003), there is still comparatively little
knowledge of phylogeographical patterns on a wider geographical scale including both European alpine and arctic
habitats.
Abbott et al. (2000) provided the first full area phylogeography of an arctic-alpine taxon, Saxifraga oppositifolia L.
(Saxifragaceae). In the Arctic, the species first occurred in
western Beringia. Subsequent migration eastwards and westwards led to the present circumpolar distribution. High levels
of cpDNA variation, possibly indicative of glacial refugia in the
Arctic, were found in north-western North America, Greenland and the Taymyr peninsula. Després et al. (2002) explored
the phylogeography of Trollius europaeus L. in the Pyrenees,
the Alps and Fennoscandia applying the amplified fragment
length polymorphism (AFLP) technique. The authors showed
that the species probably survived the last glaciation in more or
less interconnected southern populations, represented nowadays by the relict populations found at high elevation in the
Pyrenees, the Alps and the Carpathians. The high arctic
populations originated from one single south-eastern lineage.
Low genetic diversity in Fennoscandia was attributed to a past
founder event during northward recolonization. In a further
AFLP study, Schönswetter et al. (2003b) elucidated the phylogeography of Ranunculus glacialis L. subsp. glacialis including populations from the Alps, the Pyrenees, the Tatra and
northern Europe. The taxon experienced old vicariance in the
Alps and the Tatra. The Pyrenees were apparently more
recently colonized. Populations in Northern Europe, by
contrast, were similar to those from the Eastern Alps but
genetically much less variable. It was thus concluded that
R. glacialis colonized Northern Europe fairly recently, accompanied by a strong founder event.
Arctic-alpine distributions may have been shaped by processes acting on different time scales. They might be of recent
origin, promoted by late-glacial or post-glacial migrations.
Recent range expansion should lead to a lack of genetic
differentiation among populations from different portions of
the distribution area, due to the short time span being
insufficient for creating substantial genetic divergence. In
contrast, old range expansions accompanied by disruption of
the distribution area should lead to recognizable genetic
differentiation due to the lack of gene flow. It has been shown,
e.g. for Alpine subendemic Saponaria pumila Janchen (Tribsch
et al., 2002) and arctic-alpine R. glacialis (Schönswetter et al.,
2003b) that processes on different time horizons can be
differentiated.
In this study, we report phylogeographic data on Comastoma tenellum (Rottb.) Toyok. (syn. Gentiana tenella Rottb.,
Gentianella tenella [Rottb.] Börner; Gentianaceae) obtained by
AFLP fingerprinting. Our sampling covers, at least punctually,
large portions of the species’ entire distribution. Firstly, we aim
to explore the large-scale phylogeographical structure among
populations from Alaska, the Altai, the Alps, the Carpathians
and Scandinavia. Secondly, we aim to elucidate the phylogeographic pattern of our study taxon within the Alps. For the
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origin of the Alpine populations, several scenarios appear
plausible and are surveyed in this paper. (a) The populations
originate from a fairly recent immigration, thus they should
not be genetically divergent from the source populations that
can be readily traced with AFLPs (as shown by Schönswetter
et al., 2003b). (b) The populations originate from an old
dispersal and/or vicariant event and are thus strongly differentiated from their source populations. At least with the
applied technique, it will no longer be possible to trace the
source populations. Furthermore, due to separation in Pleistocene refugia, the Alpine populations might exhibit a
phylogeographical structure. Additionally, (c), the Alpine
populations could have originated from a single or from
multiple immigration events.
MATERIALS AND METHODS
The study species
Comastoma tenellum is a small (2–10 cm) diploid annual
plant. It exhibits an arctic-alpine distribution and is found in
(sub)arctic regions of Eurasia and North America as well as in
more southern mountain ranges such as the Atlas, the
Pyrenees, the Alps, the Carpathians, the Caucasus, the Central
Asian mountain system and the southern Rocky Mountains
(Hultén & Fries, 1986). In the Alps the species is widespread in
the higher parts, growing on limestone and basic silicates from
1700 to 3100 m (Hegi, 1925). The flowers produce nectar
(Hegi, 1925) and occasional visits by bumblebees were
observed (P. Schönswetter and A. Tribsch, pers. obs.).
However, autogamy seems to predominate at least during
periods with unfavourable weather (Hegi, 1925) as the theca
often already open in the flower buds (P. Schönswetter and
A. Tribsch, pers. obs.). The seeds are lens-shaped, 0.7 mm long
(Hegi, 1925) and lack morphological adaptations for longdistance dispersal.
Sampling
We sampled 31 populations of C. tenellum from the Alps
(populations 1–31), two populations from Scandinavia
(32–33), and one each from the Tatra (34), the southern
Carpathians (35), the Altai (36) and Alaska (37), respectively
(Fig. 1). As an outgroup, we included samples of C. malyschevii (Zuev) V.V. Zuev from Altai. Details of the sampling
locations as well as the number of sampled individuals per
population are given in Table 1. Voucher specimens for all
populations are deposited in the herbarium of the Institute of
Botany of the University of Vienna (WU).
DNA isolation and AFLP fingerprinting
Protocols for DNA isolation as well as for AFLP fingerprinting
are described in Schönswetter et al. (2002) and Schönswetter
et al. (2004), respectively. For the selective amplification, we
used three primer combinations: EcoRI ACC (NED)-MseI
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Figure 1 Sampled populations of Comastoma tenellum (Rottb.) Toyok. in the European Alps along with the maximum extent of the
Pleistocene ice shield during the last glacial period (black line; modified from Jäckli, 1970; Van Husen, 1987; Voges, 1995). Rhombs,
populations of Alps I; dots, Alps II; filled squares, Alps III. Population 7 has AFLP phenotypes of Alps I and Alps II. Bottom right insert gives
the locations of populations 32–35 and indicates the position of the Alpine sampling area. Population numbers refer to Table 1. Populations
36 from Altai (Central Asia) and 37 from Alaska are not shown.

CAT, EcoRI ACA (6-Fam)-MseI CAC, and EcoRI AGG (HEX)MseI CTG. The fluorescence-labelled selective amplificationproducts were separated on a 5% polyacrylamide gel with an
internal size standard (GeneScan-500 [ROX], PE Applied
Biosystems, Foster City, CA, USA) on an automated sequencer
(ABI 377, PE Applied Biosystems). Raw data were collected
and aligned with the internal size standard using the ABI Prism
GeneScan Analysis Software (PE Applied Biosystems). Subsequently, the GeneScan-files were imported into Genographer
(ver. 1.6.0, Montana State University 1999; http://
hordeum.msu.montana.edu/genographer/) for scoring of the
fragments. The results of the scoring were exported as a
presence/absence matrix and used for further analysis.
Data analysis
The number of AFLP fragments and the percentage of
polymorphic fragments per population were calculated. We
performed a neighbour-joining analysis with treecon 1.3b
(Van de Peer & De Wachter, 1997) based on Nei & Li’s (1979)
distance among all AFLP phenotypes. The tree was rooted with

C. malyschevii. Robustness of clusters was estimated using the
bootstrap approach (Felsenstein, 1985) with 1000 replicates.
Analyses of molecular variance (amovas) were computed with
arlequin 1.1 (Schneider et al., 1997).
RESULTS
With the three primer combinations used, 130 unambiguously
scoreable AFLP fragments were generated, 129 of which
(99.2%) were polymorphic. Excluding the outgroup C. malyschevii, 122 fragments (93.8%) were polymorphic. The length of
the fragments varied from 54 to 477 bp. We detected 102
different AFLP phenotypes in the 167 investigated individuals.
Identical AFLP phenotypes were normally found only within
populations; only the single investigated individual of population 30 shared its phenotype with three individuals from
population 26. The number of AFLP-fragments per population
varied from 38 in population 1 to 53 in population 17 (mean
45.66, SD ¼ 3.92; Table 1). The percentage of polymorphic
fragments ranged from zero in populations 5 and 24 to 38.00
in population 33 (mean 9.30, SD ¼ 8.93; Table 1).
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

Location

Country

Co-ordinates (E/N)

N

Frag.

%poly

Bocchetta dell Aseo
Col Agnel
Monte Genevris
Col du Petit St. Bernard
Gran Paradiso
Champorcher
Gornergrat
Furkapass
Passo Lucomagno
Cassonsgrat
Splügenpass
Pizzo Scalino
Bocchetta Forbici
Ofenpass
Val Cancan
Monte Scorluzzo
Pfossental
Tristenspitz
Cima Margerita
Totenkarspitze
Kalser Höhe
Kitzsteinhorn
Hochtor
Kogelkarkopf
Sadnig
Ochsentrieb
Wurtenkees
Striedenkopf
Ankogel
Wandspitze
Sölkpass
Hjerkinn
Dalholen
Kopa Magury
Baba Mare
Altai, Aktash
Seward Peninsula
C. malyschevii: Altai,
southern Chuya range

I
F/I
I
F/I
I
I
CH
CH
CH
CH
CH/I
I
I
CH
CH/I
I
I
I
I
A
A
A
A
A
A
A
A
A
A
A
A
NO
NO
PL
RO
RU
USA
RU

7.78/44.13
6.97/44.68
6.87/44.98
6.87/45.67
7.20/45.52
7.55/45.62
7.80/45.98
8.40/46.57
8.80/46.58
9.27/46.87
9.33/46.50
9.82/46.30
9.90/46.32
10.27/46.63
10.32/46.53
10.42/46.52
11.02/46.75
11.82/46.95
11.80/46.37
12.18/46.97
12.60/47.00
12.68/47.20
12.83/47.08
12.94/47.16
12.98/46.93
13.00/46.97
13.02/47.00
13.12/46.86
13.25/47.05
13.53/47.02
14.08/47.27
9.55/62.25
9.83/62.17
20.00/49.22
25.47/45.41
87.73/50.32
)166.35/65.26
88.21/49.66

3
3
3
5
4
5
5
5
4
4
5
5
5
5
5
5
5
5
3
5
5
5
5
3
5
5
5
4
5
1
5
5
4
1
5
5
5
5

38
40
39
40
43
48
53
43
42
42
47
48
47
49
49
51
53
48
48
47
49
47
46
40
45
43
48
40
45
43
48
45
50
43
43
44
50
50

7.89
7.50
10.26
5.00
0.00
2.08
32.08
6.98
7.14
9.52
4.26
2.08
2.13
2.04
4.08
15.69
16.98
10.42
2.08
2.13
2.04
10.64
13.04
0.00
8.89
9.30
12.50
7.50
4.44
–
10.42
2.22
38.00
–
11.63
31.82
4.00
18.00

Table 1 Numbering of populations, location, country*; co-ordinates; number of
investigated individuals (N); number of
observed AFLP-fragments (Frag.) per population; percentage of fragments which exhibit
intrapopulational polymorphisms (%poly)
for all 37 investigated populations of
C. tenellum and the outgroup taxon
C. malyschevii

A, Austria; CH, Switzerland; F, France; I, Italy; NO, Norway; PL, Poland; RU, Russia; USA,
United States of America.

The neighbour-joining analysis (Fig. 2) revealed the following groups: Comastoma malyschevii is strongly differentiated
from all C. tenellum populations. Other strongly separated
groups are the accessions from Alaska (population 37; 100%
bootstrap support) and from Altai (population 36; 91%
bootstrap support). The majority of the populations from
the Alps group together with high bootstrap support (98%).
This branch resolves into two groups, the unsupported Alps I
comprising populations 5–26 and 28–30 with the exception of
two individuals from population 7 and the well-supported
(98% bootstrap support) Alps II with populations 1–4 plus
three individuals from population 7. The remaining European
populations form a weakly supported (55% bootstrap support)
1676

branch. It comprises accessions from the Southern Carpathians
(population 35; 91% bootstrap support), the Tatra (population 34), Scandinavia (populations 32, 33) and two populations from the eastern part of the Central Alps, (populations 27
and 31; 60% bootstrap support) referred to here as Alps III.
Alps I and Alps II together have 19 private fragments, one of
which is fixed. Of these, 14 are private to Alps I, two are
exclusive to Alps II and three are found in both groups.
Non-hierarchical analyses of molecular variance (amovas,
Table 2) assigned 87% of the overall genetic variation to
variation among the 37 populations. If only the populations
from the Alps are taken into account, this value changes
only slightly to 85%. Hierarchical amovas of the Alpine
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Figure 2 Neighbour-joining tree based on
genetic distances of 162 individuals of Comastoma tenellum (Rottb.) Toyok. from the
Alps, the Carpathians, Scandinavia, the Altai
and Alaska rooted with five individuals
from Central Asian C. malyschevii (Zuev)
V.V. Zuev. Numbers above branches indicate
bootstrap values higher than 50% (1000
replicates). To enforce legibility, they are
given only for the major branches. For the
Alpine and Scandinavian individuals, the
population numbers are given. For individuals with identical AFLP profiles, the population number is given only once. In order to
illustrate the mixing of Eastern and Western
alpine individuals in Alps I, the individuals
from populations 1 to 7 are marked by bold
vertical lines.

Table 2 Analysis of molecular variance
(amova) of the 37 investigated populations
of Comastoma tenellum

Alps I

15
15

16
12
12
14
14
13
13
17
19
19
21
21

98
6
6

7

98

7

Tatra
55

91
32
32
33

60
100

3

Scandinavia
33

33
2727
27
27
27
31

31

Alps III
31

Alaska
Altai

91
100

Alps II

S.Carpathians
33

100

2
2
4
4
4
2
1
1 1
3
3

C. malyschevii

Source of variation

d.f.

Sum of
squares

Variance
components

% Total
variance

Among populations 1–37
Within populations
Among Alpine populations (1–31)
Within Alpine populations
Among Alps I*, Alps II*, Alps III
Among populations
Within populations
Among Alps I* and Alps II*
Among populations
Within populations

36
124
30
106
2
27
102
1
26
94

1164.82
130.63
720.44
98.23
338.07
370.87
80.23
154.97
362.37
70.23

7.21
1.05
5.23
0.93
7.50
2.95
0.79
5.76
3.02
0.75

87.24
12.76
84.95
15.05
66.76
26.24
7.00
60.44
31.71
7.85

FST**
0.87
0.85
0.93

0.92

*Excluding population 7 that was split between Alps I (two individuals) and Alps II (three
individuals).
**All P-values were <0.001.

populations attributed 67% of the overall variation to variation
among Alps I, Alps II and Alps III, 26% to variation among the
populations within the groups and only 7% to variation within
populations. When disregarding Alps III, the among-groups
component accounting for variation between Alps I and Alps
II is 60% (Table 2).

DISCUSSION
Our AFLP data corroborate the hypothesis that C. tenellum is
predominantly selfing (Hegi, 1925). Analyses of molecular
variance (amovas; Table 2) attribute a very low percentage of
the overall variation to the within-population component and
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the genetic diversity within populations (%poly; Table 1) is low
in most of the investigated populations. These results are in
line with the observation that a high proportion of total
genetic diversity residing among and not within populations is
characteristic for annual, selfing species (Hamrick & Godt,
1996). Furthermore, similar amova results were obtained in
other studies on facultative or obligatory autogamous plants
(e.g. Jiménez et al., 2002; Holderegger et al., 2003; Tremetsberger et al., 2003). A few populations (populations 7, 33, 36),
however, exhibit a comparatively high percentage of polymorphic fragments. The highest percentage of polymorphic
fragments was found in population 7 resulting from the
co-occurrence of individuals of two different lineages, Alps I
and Alps II. We can not offer a sound explanation for the high
level of variation in populations 33 and 36 from Scandinavia
and Altai, respectively. High genetic variation can be expected
in contact zones, as in population 7, but also in outbreeding
populations. We have no information if C. tenelleum is selfing
throughout its range. Alternatively, the low variation in most
of the investigated populations could be also a result of genetic
bottlenecks or a selection of autogamous individuals in the
course of long-distance colonization (‘Baker’s Rule’; Baker,
1 1955; Pannel & Barrett, 1998). To distinguish between these
hypotheses and to rule out secondary contact zones as causes
for high genetic diversity in few of the investigated populations, a denser sampling from these regions including more
individuals per population would be necessary.
Large-scale phylogeographical structure
The circumpolar, arctic-alpine C. tenellum did not obtain its
wide extant distribution in post-glacial times. In contrast, old
vicariance is suggested by the strong phylogeographical
structure revealed by the neighbour-joining analysis (Fig. 2).
The populations from Altai (Central Asia) and from Alaska are
well separated from the European accessions. The resolution in
the basal nodes of the tree, however, is weak and the lack of
statistical support discourages conclusions about the relationships among Altaic, Alaskan and European populations.
The genus Comastoma has its centre of diversity and
presumably its origin in Central Asia (Meusel et al., 1978;
Hagen & Kadereit, 2002). In spite of this, we found clear
phylogeographical structure within Europe for C. tenellum
suggesting that the species has been present there for a fairly
long-time. The European populations form two major
branches, one well-supported strictly Alpine group characterized by a relatively high number of private fragments and a
second group with the accessions from Carpathians, Scandinavia and two populations from the eastern part of the Central
Alps in Austria. This pattern partly contrasts with that found in
other arctic-alpine plant taxa. In S. oppositifolia (Abbott et al.,
2000), only widespread cpDNA haplotypes were found in the
Alps, indicating no long-term isolation of the Alpine populations from the arctic accessions. In R. glacialis (Schönswetter
et al., 2003b) the Carpathian (Tatra) population was strongly
divergent from the Alpine ones, but northern European
1678

(Scandinavian) populations were nested in an Eastern Alpine
lineage. The latter close relationship of Alpine and Scandinavian populations is in contrast to the pattern observed in
C. tenellum. Similar to the situation in our study taxon, a close
relationship between Carpathian and Scandinavian populations
was observed in T. europaeus (Després et al., 2002).
Old and recent immigration into the Alps
Within the Alps, there is strong differentiation into the
population groups Alps I, Alps II and Alps III (Fig. 2).
Analyses of molecular variance (amovas) indicate that twothirds of the overall genetic variation of the Alpine populations
is explained by variation among the three major population
groups (Table 2). Alps I and Alps II were isolated from the
other populations investigated for a long-time as they form a
monophyletic group with high bootstrap support (Fig. 2) and
are characterized by private fragments. Alps III, in contrast, is
nested in a branch mainly formed by Carpathian and
Scandinavian accessions. Hierarchical amovas revealed that
there is strong differentiation between Alps I and Alps II, as
three-fifths of the overall genetic variation is explained by the
differentiation of the two groups (Table 2). Furthermore, both
groups have private fragments.
Alps I and Alps II cover unequally large portions of the
Alpine arch (Fig. 1). Whereas populations of Alps I are
widespread north- and eastwards of the Gran Paradiso group
(Italy), Alps II inhabits only the south-western Alps. It can be
assumed that isolation of populations in Pleistocene refugia,
maybe at the periphery of the Alps or in the lowlands
surrounding the Alps, led to the present phylogeographical
structure. This implies that C. tenellum reached the Alps or at
least Middle Europe well before the last glacial maximum.
Alternatively, the species might have immigrated into the
south-western Alps from the Pyrenees where it is very rare
today (e.g. Bolòs et al., 1990). A close relationship between
Alpine and Pyrenean plant populations was already detected in
previous phylogeographic studies (Kropf et al., 2002, 2003;
Schönswetter et al., 2002). Individuals of Alps I and Alps II
co-occur in contact zones, as exemplified by the assignment of
the investigated individuals of population 7 from southwestern Switzerland to Alps I and Alps II, respectively.
A similar co-occurrence of individuals derived from divergent
phylogeographical lineages was detected in the previously
investigated Erinus alpinus L. in a population from eastern
Switzerland (Stehlik et al., 2002b). Alternatively, this co-occurrence might be caused by long-distance dispersal. The density
of sampled populations in the Penninic Alps, however, is much
too low for allowing conclusions.
Potential glacial refugia for Alps II were most probably
situated in the south-western Alps, an area that suffered
comparatively little from Pleistocene glaciations (Penck &
Brückner, 1909) and thus is characterized by a high level of
endemism (Pawłowski, 1970). Distinct phylogeographic groups
in that region were already identified in other studies (Schönswetter et al., 2002, 2004). Within the large population group
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Alps I, there is hardly any structure. Populations from Western
and Eastern Alps do not form groups, but are intermingled in
the neighbour-joining tree (Fig. 2). The lack of a genetic
structure suggests glacial survival in and post-glacial spread
from only one Pleistocene refugium. As C. tenellum grows on
limestone as well as on basic silicates, large areas at the southern
and eastern periphery of the Alps might have acted as refugia.
Alternatively, even glacial survival in the plains surrounding the
Alps seems probable, as C. tenellum often descends to alluvial
terraces in the Alps. In Central Asia, the species also occurs in
steppe-like vegetation (A. Tribsch, pers. obs.). The results from
C. tenellum contrast with those of other Alpine taxa so far
investigated with similar sampling strategies, where strong
phylogeographical patterns were detected that could be related
to presumed glacial refugia at the periphery of the Alps and/or
2 on nunataks (Schönswetter et al., 2002, 2003a, 2004; Stehlik
et al., 2001, 2002a,b; Kropf et al., 2002, 2003; Stehlik, 2002;
Tribsch et al., 2002; but see Holderegger et al., 2002).
In spite of the dense sampling in the Eastern Alps, we found
only two populations (populations 27 and 31) that belong to
group Alps III. The neighbour-joining analysis demonstrated a
close relationship with Carpathian and Scandinavian populations. Neither genetic distances nor the distribution of AFLP
markers (not shown), however, allowed identification of the
closest relatives of these two populations. Both are small in
spatial extent and harbour only few individuals. This is
especially true for the geographically-isolated population 31,
by far the easternmost population of C. tenellum in the Alps. It
was discovered only recently (Schönswetter & Tribsch, 2003)
and is not much larger than a single square meter! The small
extent of the two populations of Alps III obviously indicates
recent, possibly even very recent immigration from source
populations in Scandinavia or the Carpathians to the eastern
Central Alps of Austria.
So, irrespective of the immigration pathways C. tenellum
reached the Alps at least twice, first by a likely older
colonization event resulting in the largely geographically
vicariant lineages Alps I and Alps II, and, second, by a
relatively recent (late glacial or post-glacial) long-distance
dispersal event. The latter is remarkable for three reasons. (1)
The seeds of C. tenellum lack morphological adaptations for
dispersal by wind. Hence, bird-mediated seed dispersal appears
a possible cause for the observed long-distance dispersal in
C. tenellum. However, recent molecular studies have shown
that long-distance dispersal is much more frequent than
previously believed. There is, e.g. molecular evidence for
presumably post-glacial trans-atlantic dispersal for ‘shortdistance dispersers’ (reviewed in Abbott & Brochmann, 2003;
Brochmann et al., 2003). (2) As the dispersal event occurred
after the last glacial maximum, there existed no stepping stones
between the disjunct portions of the distribution area of C.
tenellum in Europe. In contrast, continuous migration through
the lowland or stepwise dispersal involving different mountain
ranges that have no extant alpine vegetation belt, were certainly
more straightforward during the cold stages of the Pleistocene.
(3) The eastern Central Alps of Austria, especially the range of

the Niedere Tauern, where population 31 grows, are a centre of
rare disjunct arctic-alpine and Alpic-Carpathian taxa in the
Alps (Schneeweiss & Schönswetter, 1999). Recent immigration
of C. tenellum from Scandinavia or the Carpathians might
suggest that at least some of these disjunctions promoted by
unknown dispersal agents might rather be results of recent
dispersals than of old vicariance.
ACKNOWLEDGMENTS
Funding by the Austrian Science Foundation (FWF, P13874Bio) is gratefully acknowledged. Thanks go for the administration of Tatrzański National Park (Poland) for issuing
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