Supplementary information

Material
For a list of samples used, see Supplementary Table 1.

DNA extraction

Total genomic DNA was isolated by use of a tissue kit (Qiagen) for specimens that were alcohol-preserved. DNA from fresh specimens was isolated by means of a CTAB extraction and for dried specimens an invertebrate kit (EZNA) was used. Choice of extraction procedure turned out to be crucial for subsequent amplification, because of an unspecified PCR inhibitor. This inhibiting factor co-precipitates with the DNA and therefore best results were obtained by methods that make use of DNA binding columns. This inhibitor has not been observed among other pulmonates (i.e. other Clausiliidae, Helicidae and Buliminidae) and hence is assumed to be Balea specific.

PCR and sequencing

Partial COI (cytochrome oxidase subunit I) fragment (mtDNA) with a length of 706 base pairs (655 base pairs excluding primer sequences) was amplified for 29 samples using the forward primer LCO1490 5’-GGTCAACAAATCATAAAGATATTGG-3’ and reverse primer HCO2198 5’-TAAACTTCAGGGTGACCAAAAAATCA-3’ from Folmer et al.1 or a modified version2. The nuclear marker ITS-1 was sequenced entirely (675 bp) plus 20 base pairs from the last part of the 18s gene and 148 base pairs from the first part of the 5.8s gene. This marker was amplified for 12 taxa, using the primers 18d-ALB and 5.8C-ALB3.  Products were cleaned with a PCR purification kit (Qiagen) using manufacturers protocol and direct sequenced on an ABI377 in both directions using an ABI BigDyePRISM kit (Applied Biosystems).

Sequence alignment

The DNA sequences were aligned with two closely matching pulmonate sequences (Genbank accession numbers AF296993 and AY425581). The alignment was made manually with MacClade 4.04 and there was a check for point mutations as well as amino acid substitutions using these Genbank sequences as a reference.

Phylogenetic analysis

All analyses were performed with the software program PAUP* 5. Initial analyses using all Balea and the two reference sequences showed that B. biplicata was the first to branch off within the Baleinae and monophyly of the genus Balea6,7 is supported by these results. To focus on the Baleinae the reference sequences were pruned and B. biplicata was assigned as an outgroup sequence. The COI dataset consisted of 655 base pairs of which 603 base pairs were used for phylogenetic analyses. From these, 443 characters were constant and 51 characters were parsimony informative. Subsequent bootstrap analyses for both distance (Fig. 2) and likelihood criteria (Supplementary Fig. 1) (1000 replicates) supported the basal position of B. heydeni from the Azores with respect to conspecifics from Madeira and Europe (bootstrap values of 80 and 62 respectively). The position of B. nitida was not resolved in the latter analyses, which resulted in a polytomy.

In the analyses of the ITS-1 data, uninformative characters were excluded and gaps were coded as fifth characters. Of 675 characters, 75 were variable and only 11 informative. An exhaustive parsimony search was performed and subsequently a bootstrap analysis with 1,000 replicates under the same restrictions. 

Analysis of the COI data showed a 100% bootstrap support separating B. biplicata from the other Balea species considered in this paper. Because of the relatively large genetic distance between B. biplicata and the ingroup, it was not possible to confidently align the ITS-1 sequence of this species with those of the remaining taxa. It was therefore decided, based on the results of analysis on the CO1 dataset, to exclude it from the analyses concerning the ITS-1 dataset. Both COI and ITS-1 data suggest a common origin for those species that inhabit the Azorean and Tristan archipelagos. The clade that incorporates all 'Atlantic' species is shown to be derived, meaning that the origin of the genus is located on the European mainland. This comes with high statistical support (96% bootstrap support, Fig. 2). 
B. nitida has an ambivalent position in the cladogram, between the ‘Tristan-clade’ and the clade with B. heydeni, depending on the method of data analysis. Neighbour-joining analysis places B. nitida in a basal position in the ‘Atlantic clade’. Both bootstrap and Maximum Likelihood analysis collapse the clade, which results in a polytomy of B. nitida, the ‘Tristan clade’ and B. heydeni. An exhaustive parsimony search on the ITS-1 data forces B. nitida into a basal position of the Tristan and Azorean clades. The shortest initial dispersal would be from continental Europe to the Azores and secondarily from the Azores to the Tristan archipelago. This route is supported by the Neighbour-joining analysis of the COI data (Supplementary Fig.  2) and the exhaustive search on the ITS-1 data (Supplementary Fig. 3).  It is therefore likely that the Azores have been a ‘stepping-stone’ for colonization of the Tristan da Cunha archipelago.

Molecular differentiation

In order to estimate the amount of time that has passed since the vicariance of the Azorean and Tristan clades, the rate of sequence divergence was used. There are no convincing data to calibrate a ‘molecular clock’ for Balea. However, a maximum mutation rate of 1 base pair difference per 650 years was accepted since this rate is consistent with results for the same genetic marker8 for snails of the same family (genus Carinigera).  According to the Neighbour-joining tree (Supplementary Fig. 2) there is a divergence of 28 bases between the B. (B.) perversa clade and its sister group. Thus the molecular differentiation is too large for a scenario involving human introductions to the Azorean and Tristan archipelagos. The islands of the latter were only discovered by the Portuguese in 1505-6 and Tristan, the only inhabited island (Gough has supported a small Meteorological Station since the 1950s), was permanently settled by a small British colony only from 18169. Moreover, a radiation into eight or more species within just a few centuries would be a unique occurrence for snails. 

The basal division of the Azorean B. (B.) heydeni, as a sister group of the B. (B.) heydeni from Madeira, Britain & Ireland, and continental Europe, and the very high molecular similarity among the members of the latter clade, suggest that B. (B.) heydeni reached Europe from the Azores. An equally parsimonious biogeographical alternative with B. (B.) heydeni dispersing from Europe to the Azores, and the Azorean B. (B.) nitida together with the Tristan and Gough taxa descending from its ancestral sister taxon, is less likely. It would imply that the lineage of B. (B.) heydeni produced virtually no molecular differentiation during the time that its sister clade radiated into nine or more species. It seems likely that B. (B.) heydeni reached Europe only recently, which is consistent with the high molecular similarity found among the various populations. It remains unclear whether the population from Madeira came from the Azores or from Europe. 

Our results also reveal a relatively large genetic distance between B. (Alinda) biplicata and the species in the subgenus B. (Balea). This may revive the debate concerning the generic distinctness of Alinda, perhaps favouring its separation as a full genus. However, further molecular studies into this genus are required to resolve this issue.

Possible vectors

The greater shearwater (Puffinus gravis) migrates between breeding grounds in Tristan/

Gough and western European coasts, where it almost never comes ashore; the Arctic tern (Sterna paradisaea) breeds along Palaearctic coasts and migrates as far south as the Antarctic, but also stays offshore. Some birds from northwest European occur on the Azores but dispersal between the Palaearctic region and the Southern Hemisphere is infrequent. Wading birds, which are regular vagrants on mid-Atlantic islands, are more likely vectors.
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Supplementary Table 1.  Overleaf, list of samples analysed in this study. A single specimen was sequenced from each locality. Preservation state of tissues is indicated as L (living animal), A (alcohol-preserved) or D (dried tissue). 

	Species analysed
	Locality
	Collector
	Year of collection / state
	Leiden Museum Registration number

	1. Balea (Alinda) biplicata (Montagu 1803)
	The Netherlands, Leiden
	E. Gittenberger
	2002 / L
	RMNH 92248

	2. Balea (Balea) perversa (L., 1758)
	Spain, Léon, Aleje
	J.J. Vermeulen
	1978 / D
	RMNH 33560

	3. Balea (Balea) perversa (L., 1758)
	The Netherlands, Warmond
	C.G. Koops & H.J. Megens
	2001 / A
	RMNH 100404

	4. Balea (Balea) perversa (L., 1758)
	Iceland, Skaftafellsyslu valley
	B. Kokshoorn
	2003 / A
	RMNH 96473

	5. Balea (Balea) perversa (L., 1758)
	United Kingdom, Durham, Bowlees
	B. Colville
	2003 / A
	RMNH 96281

	6. Balea (Balea) perversa (L., 1758)
	Slovakia, Stiavnicke Vrchy Mountains, Ziar nad Hronon
	J. Grego & J. Steffek
	2003 / A
	RMNH 96398

	7. Balea (Balea) perversa (L., 1758)
	Italy, Como
	W.H. Neuteboom
	1973 / D
	RMNH 68336

	8. Balea (Balea) heydeni Maltzan 1881
	Azores, Ilha Graciosa
	A.M. Frias Martins
	1988 / A
	RMNH 96584

	9. Balea (Balea) heydeni Maltzan 1881
	United Kingdom, Cumbria, Crook
	B. Colville
	2002 / A
	RMNH 94990

	10. Balea (Balea) heydeni Maltzan 1881
	United Kingdom, Devon, Slapton
	R.C. Preece
	2003 / A
	RMNH 96279

	11. Balea (Balea) heydeni Maltzan 1881
	Ireland, Dublin, Newlands Cross
	R.C. Preece
	2003 / A
	RMNH 96277

	12. Balea (Balea) heydeni Maltzan 1881
	Portugal, Minho, Valença do Minho
	J. Goud
	1995 / D
	RMNH 100911

	13. Balea (Balea) heydeni Maltzan 1881
	Denmark, Møn Island, Møns Klint
	B. Kokshoorn
	2005 / A
	RMNH 100912

	14. Balea (Balea) heydeni Maltzan 1881
	The Netherlands, Oostvoorne
	B. Kokshoorn
	2005 / A
	RMNH 100913

	15. Balea (Balea) heydeni Maltzan 1881
	Madeira, Porto Santa, Pico do Facho
	M. Seddon
	1986 / A
	RMNH 100914

	16. Balea (Balea) nitida Mousson 1858
	Azores, Flores
	A.M. Frias Martins
	1993 / A
	RMNH 92249

	17. Balea (Balea) ventricosa Gray 1824
	Tristan da Cunha Archipelago, Inaccessible Island
	R.C. Preece
	1982 / A
	RMNH 92250

	18. Balea (Balea) swalesi Preece & Gittenberger 2003
	Tristan da Cunha Archipelago, Inaccessible Island
	R.C. Preece
	1982 / A
	RMNH 92251

	19. Balea (Balea) costellata (Odhner 1960)
	Tristan da Cunha Archipelago, Inaccessible Island
	R.C. Preece
	1982 / A
	RMNH 100403

	20. Balea (Balea) tristensis Gray 1824
	Tristan da Cunha Archipelago, 

Gough Island
	University of Sheffield
	2000 / A
	RMNH 92173

	21. Balea (Balea) tristensis Gray 1824
	Tristan da Cunha Archipelago, 

Gough Island
	University of Sheffield
	2000 / A
	RMNH 92174
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Supplementary Fig.  1.  60% Majority rule consensus tree of COI Maximum Likelihood analysis with 1,000 replicates. Branch support values are shown.
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Supplementary Fig.  2.  Neighbor-joining tree based on COI data. Values on the branches indicate nucleotide substitutions.
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Supplementary Fig.  3.  60 % Majority rule consensus tree of 13 most parsimonious trees found in exhaustive parsimony search on ITS-1 data.

