APPENDIX 1a
Details on tree topology used for Pinnipedimorpha
The pinniped phylogenetic tree was assembled using relationships and node and taxa ages from Berta et al. (2018) for stem-Pinnipedimorpha, most Phocidae, Otariidae and Odobenidae. Puijila was added as the common ancestor of all Pinnipedimorpha and the age of the taxon is according to Rybczynski et al. (2009). Desmatophocidae clade was placed according to Dewaele et al.(2017) as sister to Phocidae, with node 13 age follows Dewaele et al. (2017). The internal topology of this clade and the age of nodes 14 and 16 and the terminal age of the branches follow first and last occurrence data from Berta et al. (2018). Age of node 19 follow Dewaele et al. (2017). Age of node 20 and 22 (Monachinae clade) were also adjusted to fit this node age from Berta et al. (2018). All the other ages for this clade (nodes 23-42) follow Berta et al. (2018). Ages and topology of the Phocinae clade (nodes 45-67) follow Dewaele et al. (2017). Pachyphoca was added in a position and age compatible with the one reported in Berta et al. (2018).
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Details on tree topology used for Cetacea
The cetacean phylogenetic tree was assembled using Gatesy et al. (2013) as the main backbone. More taxa were added that were not present or described at the time of publication to represent all the modern genera of Odontoceti. From Node 23 to Node 52 (stem-Mysticeti), the tree follows the topology presented in Fordyce and Marx (2018) as this is the most recent publication to include all main taxa of this group. From Node 86 to Node 104 (stem-Odontoceti and Xenorophiidae), the tree follows the weighted topology presented in Boessenecker et al. (2017b) as this is the most recent publication to include all main taxa of this group. All modern Odontoceti genera are placed following McGowen et al. (2009) as this is the most recent publication to include the taxa of this group. In particular, the Ziphiidae clade was rearranged (Node 131 to Node 139) and only this topology was used to determine the position of taxa inside Delphinida (Node 160 to Node 200). The taxon “Balaenoptera gastaldii” was placed under the genus Eschrichtioides following Bisconti (2008). The polytomy between Aglaocetus and Diorocetus was resolved for computational issues in Mesquite. This does not influence the analyses since both taxa are coded the same for all 4 characters. Leucopleurus and Sagmatias are genera not recognized by the Taxonomic Committee of the Society for Marine Mammalogy, therefore all the species were lumped under the genus Lagenorhynchus that was kept in the same position as proposed by McGowen et al. (2009). The genus Stenella is polyphyletic and it was placed as sister to Tursiops as 3 of the 5 species group in this clade in McGowen et al. (2009). 
	Branch lengths follow node and tip dating of Gatesy et al. (2013) for most of the tree. From Node 23 to Node 52 (stem-Mysticeti), nodes and tips ages were calculated and adjusted using age ranges of the fossils from the respective publications for the taxa not included in Gatesy et al. (2013): Coronodon (Geisler et al., 2017), Llanocetus (Fordyce and Marx, 2018), Mystacodon (Lambert et al., 2017), Morawanacetus (Barnes et al., 1995), Fucaia (Marx et al., 2015), Micromysticetus, Matapanui, Waharoa, Toharata, Torakia, Yamatocetus (Boessenecker and Fordyce, 2016). From Node 86 to Node 104 (stem-Odontoceti and Xenorophiidae), nodes and tips ages were calculated and adjusted using age ranges of the fossils from the respective publications for the taxa not included in Gatesy et al. (2013): Inermorostrum (Boessenecker et al., 2017a), Albertocetus (Boessenecker et al., 2017b), Cotylocara (Geisler et al., 2014), Echovenator (Churchill et al., 2016), Mirocetus (Sanders and Geisler, 2015), Agorophius (Godfrey et al., 2016). Dating for the Ziphiidae clade (Node 131 to Node 139) and for Delphinida (Node 160 to Node 200) follows the mean node dating from McGowen et al. (2009). 
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