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Methods

Exploration of the MRT models

Because of the identification of the 6 province model in Bachraty et al. [8] this model was specifically analysed in the present study. In addition, we investigated a 7 province model of vent biogeography, which showed a very similar cross-validation error to a 6 province model but which was more frequently selected as an optimal tree in our analyses for the Bachraty et al. [8] data (Fig. S4 A). A 7 province model is shown for the combined dataset for comparison (Fig. S4 B).

Agglomerative clustering

Geographically unconstrained clustering was performed as a comparison to MRT. Dissimilarity matrices were generated from the combined dataset for species occurrence at hydrothermal vents. These were based on a variety of matrices but results are shown here for Raup-Crick indices only [84] (Fig. S5). This is because this matrix is favoured by the palaeontological community for analyses of datasets comprising presence-absence data only. Dissimilarity matrices were generated using the ‘vegan’ package [85] and hierarchical agglomerative clustering was performed using Ward's minimum variance method in R [84].

Assignment of longitude in MRT

Longitude was reset to a 360 o scheme with 0 o set at 60 oW or 0 oE and also to a -180 o and +180 o scheme with 0 o set at 0 oE. MRT analyses were repeated as for the main analysis with optimal tree size being investigated by running 1000 multiple cross-validations on each data set (Fig. S6 A-D).

Results & Discussion

Exploration of the MRT models

The MRT analyses, with cross-validation, produced a series of trees, many of which were only marginally worse than the best predictive tree (see main paper Fig. 5). This was also the case with the analyses presented by Bachraty et al. [8] but these authors identified a 6 province model as being close to the model with the lowest cross-validation error. In the present analyses instead of a split between the NW Pacific and SW Pacific, indicated in their study, we consistently obtained a six province model with one large contiguous Indo-Pacific province but with a split along the Southern East-Pacific Rise province. The NW Pacific split, however, was retained in a seven province model of their data (Fig. S4 A). When adding species data for the Southern Ocean sites, a seven province model again favours a contiguous Indo-Pacific province, while classifying the Southern Ocean sites as a separate cluster (Fig. S4 B). As with the 6-province model, both the 7-province analyses and the optimal 11- province analyses with the Southern Ocean vent fauna, the sites south of the Easter Microplate, in the South East Pacific, form a separate cluster from all other East Pacific sites.

Agglomerative clustering

The results for agglomerative clustering are shown in Figure S5. The initial split in the agglomerative tree is between the eastern Pacific sites and all other hydrothermal vents. Sites south of the Easter Microplate form a separate cluster within the eastern Pacific subset of vents. Within the second group of hydrothermal vents, comprising all other sites, the Atlantic vents, with the exception of Ashadze-1, form a distinct cluster. The North East Pacific sites including all those on the Gorda, Juan de Fuca, and Explorer Ridges all form a single cluster. The western Pacific sites form the remaining clusters, with the Indian Ocean, East Scotia Ridge and Kermadec Ridge sites all forming separate clusters nested within the larger western Pacific set. The results of the agglomerative clustering using the Raup-Crick dissimilarity matrix are most similar to the favoured optimum MRT analysis for the combined dataset with the obvious exception being the Ashadze-1 vent field. This hydrothermal vent system is unusual in that it has no megafauna that host chemosymbiotic bacteria but a fauna typically associated with the periphery of vent fields in the Atlantic Ocean [86]. The site may represent the declining stages of hydrothermal activity [86].

Assignment of longitude

Resetting the scheme of longitudinal assignment markedly changed both the optimal tree size (S6 A,B) and the clustering results (S6 C, D). This suggests that the encoding of geographical coordinates and their treatment as Cartesian coordinates in this form of analysis has a profound influence on clustering results.
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