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Abstract

Chloroplast DNA sequences were obtained from 331 Asplenium ceterach plants representing
143 populations from throughout the range of the complex in Europe, plus outlying sites in
North Africaand the near East. We identified nine distinct haplotypes from a 900 bp fragment
of trnL-trnF gene. Tetraploid populations were encountered throughout Europe and
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in phylogeographical patterns is observed only on a broad
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Biosystems). Sequence alignments used seQep Version 1.03
Or SEQUENCHER Version 3.0.

Ploidy was determined for the majority of material using
the evidence of allozyme banding patterns (Vogel et al.
1999a; Suter et al. 2000; unpublished data) and confirmed
for a subsample of specimens using cytology (Manton
1950) and spore measurement (Vida 1963; Nyarady & Vicol
1967; Pintér 1995a).

Results

Sequence data

Primers Fern-1 and f amplified a fragment of =900 bp
comprising the chloroplast trnL
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Phylogeography

We found that most populations of A. ceterach we examined
from the Balkans were diploids but that diploid populations
were less common in Italy and Greece, and absent from most
of western Europe including Spain (Figs 3b and 5a). Of
seven diploid cpDNA lineages, four occurred in the Balkans,
one (red) being shared with Italy (mainland and Sicily) and
Kephalonia (Greece), and three being endemic (orange,
turquoise, pink). Greece has two endemic diploid lineages
(yellow in Peloponnisos, blue in Crete) and polyploid
derivatives of these which are restricted to Greece or the
southern Mediterranean, and Sicily has an endemic diploid
haplotype (brown) (Figs 3b and 5a). Excluding the Medit-
erranean lineages, the overwhelming majority of diploids were
red (89%) and we found no diploid with the green haploytpe.

The majority of north Africa, western Europe including
the Canary Islands, Morocco, Spain and France contained
no diploid populations of A. ceterach, but tetraploids of
three lineages (green, turquoise, red) were widespread
(Figs 4 and 5b). Despite the absence of diploids to the west,
haplotype diversity in Spain and mainland Italy are the
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same, and higher than tetraploid haplotype diversity in the
Balkans. In the west the number of tetraploid haplotypes
diminishes northwards, three in Spain, two in France,
one in the UK (Fig. 4). We calculated regional diversity as
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Fig. 3 Minimum spanning trees of nine Asplenium ceterach haplotypes (a), and observed haplotype/ploidy combinations (b). Geographic

ranges of these are indicated.

Fig. 4 Distribution of trnL haplotypes in populations of Asplenium ceterach in and around Europe. Symbol colour indicates haploytpe and
symbol shape indicates ploidy (circle, 2x; square, 4x; hexagon, 6x). Polymorphic populations are indicated by combination of fill colour.
The approximate extent of the Pleistocene periglacial (including montane glaciers in Italian Alps) is indicated by a black line (redrawn from

Taberlet et al. 1998).

et al. 1999; Segraves et al. 1999; Sharbel & Mitchell-Olds 2001;
Yamane & Ohnishi 2001), polyploidy can evolve many times.
Current evidence indicates that gene flow between ploidal
levels in Asplenium ceterach is predominantly unidirectional
and occurs only during the generation of tetraploids from
diploids; most spores produced by triploid hybrids are sterile
(but see Pintér 1995b) or may result in hexaploid formation
via unreduced gametes (see Reichstein 1981). Populations
of mixed ploidy were not observed in A. ceterach, and few
triploid hybrids have been encountered, apparently arising
from rare migration events (unpublished data). Introgression
into an established diploid or tetraploid population by spores
from the alternative ploidal level is unlikely. However, we
have evidence of some diploid and tetraploid populations
with more than one haplotype, and although tetraploids
are primarily inbreeders, gene flow between haplotypes
has been detected with allozymes (unpublished data).

Several attributes of polyploids have been cited as poten-
tially giving them competitive advantages over diploid
relatives (e.g. increased heterozygosity, allelic diversity
and enzyme multiplicity) (Soltis & Soltis 2000). However,
for ferns the potential for intragemetophytic selfing that
can arise in polyploids offers an obvious and profound
advantage in colonization and establishment (Schneller &
Holderegger 1996), especially in the context of large-scale
shifts in habitat availability such as would have resulted from
glacial cycling in the Pleistocene. Long-distance, single-
spore colonization is very probably the principal reason for
the geographical success of tetraploid A. ceterach which has
been able to take advantage of virgin habitat revealed by
the retreat of Pleistocene glaciers and periglacial conditions.
This advantage operates where new habitat is available
because minority cytotype exclusion is expected to prevent
invasion of existing diploid populations (Levin 1975; Vogel
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