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Supplementary Data 6. Data for calibrated phylogenetic hypothesis

Below is the list of species included in the morphological matrix with their oldest and
youngest record (chronostratigraphic range). Whenever a narrow chronstratigraphic range was
available. Then, we used the data to obtain a calibrated phylogenetic hypothesos (see Materials

and methods section). Additional references not included in the manuscript are listed at the end.

. Oldest Youngest
Species Source
record record
Georgiacetus vogtlensis 40 40 Hulbert et al. (1998); Uhen (2008)
Zygorhiza kochii 37.8 33.9 Buono et al. (2017)
Archaeodelphis patrius 27.2 24.5 Marx & Fordyce (2015)
Xenorophus sloanii 29.2 29.1 Sanders & Geisler (2015)
Agorophius pygmaeus 33.9 23 Godfrey et al. (2016)
Patriocetus kazakhstanicus 28.1 23 Dubrovo & Sanders (2000)
Simocetus rayi 33.7 30.6 (Pzrgégt;ro etal. (2001); Fordyce
Xiphiacetus bossi 13.4 13 Kellogg (1925); Andrews (1978)
Orycterocetus crocodilinus 20 13.2 Andrews (1978); Gottfried et al.
(1994)
Physeter catodon 0 0 -
Kogia breviceps 0 0 -
Tasmacetus shepherdi 0 0 -
Berardius bairdii 0 0 -
Ziphius cavirostris 0 0 -
Mesoplodon ginkgodens 0 0 -
Lipotes vexillifer 0 0 -
Parapontoporia sternbergi 4 2 Barnes (1985)
Inia geoffrensis 0 0 -
Pontoporia blainvillei 0 0 -
Muizon & De Vries (1985); Amiot
Pliopontos littoralis 6.6 5.9 et al. (2008); Lambert & Muizon
(2013); Ochoa et al. (2021)
Muizon (1988a); Lambert &
Brachydelphis mazeasi 9.5 6.7 Muizon (2013); Di Celma et al.
(2017); Bosio et al. (2019)
. . Benson (1998); Gottfried et al.
Kentriodon pernix 15.9 14.8 (1994)
Muizon (1988a); Lambert et al.
Atocetus iquensis 8.4 6.7 (2014); Di Celma et al. (2017);
Bosio et al. (2019)
. Andrews (1978); Dawson (1996);
Hadrodelphis calvertense 19 14.2 Gottfried et al. (1994)
Albireo whistleri 8 6 Barnes (1984)
Denebola brachycephala 8 6 Barnes (1984)
Delphinapterus leucas 0 0 -
Monodon monoceros 0 0 -
Muizon & De Vries (1985); Amiot
Odobenocetops peruvianus 6.6 5.9 et al. (2008); Lambert & Muizon
(2013); Ochoa et al. (2021)




Species Oldest Youngest Source
record record
. . . Muizon (1988a); Lambert &

Australithax intermedia 9.45 7.46 Muizon (2013): Ochoa et al. (2021)
Muizon & Bellon (1986); Marx &

Lomacetus ginsburgi 8.8 7.9 Fordyce (2015); Ochoa et al.
(2021)

Miophocaena nishinoi 6.4 5.5 Murakami et al. (2012b)

Archaeophocaena teshioensis 6.4 5.5 Murakami et al. (2012b)

Pterophocaena nishinoi 10 9.2 Murakami et al. (2012a)

Haborophocoena minutus 5.6 4.9 Ichishima & Kimura (2005)

Haborophocoena toyoshimai 3.9 2 Ichishima & Kimura (2005)

Piscolithax boreios 8 6 Barnes (1984)
Muizon & De Vries (1985); Amiot

Piscolithax longirostris 6.6 5.9 et al. (2008); Lambert & Muizon
(2013); Ochoa et al. (2021)

Piscolithax tedfordi 8 6 Barnes (1984)

Salumiphocaena stocktoni 15 7 Blake (1991)

Septemtriocetus bosselaersi 3.5 2.6 Lambert (2008)

Phocoena sinus 0 0 -

Phocoena spinipinnis 0 0 -

Phocoena dioptrica 0 0 -

Phocoena phocoena 0 0 -

Phocoenoides dalli 0 0 -

Neophocaena phocaenoides 0 0 -

Lissodelphis borealis 0 0 -

Cephalorhynchus hectori 0 0 -

Lagenorhynchus acutus 0 0 -

Orcaella brevirostris 0 0 -

Orcinus orca 0 0 -

Feresa attenuata 0 0 -

Globicephala macrorhynchus 0 0 -

Grampus griseus 0 0 -

Hemisyntrachelus cortesii 5.3 2.6 Murakami et al. (2014)

Peponocephala electra 0 0 -

Pseudorca crassidens 0 0 -

Delphinus delphis 0 0 -

Lagenodelphis hosei 0 0 -

Sousa chinensis 0 0 -

Stenella attenuata 0 0 -

Tursiops truncatus 0 0 -

Sotalia fluviatilis 0 0 -

Steno bredanensis 0 0 -

Eodelphinus kabatensis 13 8.5 Murakami et al. (2014)

Papahu taitapu 217 187 é%‘ﬂ;e'Fer”a”dez & Fordyce

Waipatia hectori 25.2 25.2 Tanaka & Fordyce (2015a)

Awamokoa tokarahi 27.3 25.2 Tanaka & Fordyce (2017)

Waipatia maerewhenua 27.3 25.2 (FZO(;%/;: ¢ (1994); Marx & Fordyce

Otekaikea marplesi 23.9 23.9 Tanaka & Fordyce (2014)

Otekaikea huata 24.6 22.3 Tanaka & Fordyce (2015b)




Species Oldest Youngest Source
record record
Squalodon calvertensis 15.9 14.8 Benson (1998); Gottfried et al.
(1994)
Buono et al. (2017); Gaetan et al.
Notocetus vanbenedeni 20.4 16 (2019); Viglino et al. (2018a,b);
Cuitifio et al. (2019)
Squalodelphis fabianii 20.4 16 Miiller et al. (2010)
Prosqualodon davidis 23.9 21 Fitzgerald (2004)
Squaloziphius emlongi 24.2 23.8 Prothero & Burns (2001)
Zarhachis flagellator 15 13 (B&rgz)s (2006); Gottfried et al.
Pomatodelphis inaequalis 135 10.5 Morgan (1994); Barnes (2006)
Platanista gangetica 0.1 0 -
Andrews (1978); Gottfried et al.
Phocageneus venustus 19 17.7 (1994); Benson (1998)
ZMT 73 23 18.7 Tanaka & Fordyce (2016)
OU 22670 18.7 15.9 Fordyce, R.E. (pers. comm.)
Buono et al. (2017); Gaetan et al.
Phoberodon arctirostris 20.4 16 (2019); Viglino et al. (2018a,b);
Cuitifio et al. (2019)
OU 21798 26 23 Ayress (1993)
Buono et al. (2017); Gaetan et al.
Aondelphis talen 20.4 16 (2019); Viglino et al. (2018a,b);
Cuitifio et al. (2019)
Arktocara yakataga 28.1 23 Boersma & Pyenson (2016)
Dilophodelphis fordycei 20 19 Boersma et al. (2017)
Araeodelphis natator 20 17 Godfrey et al. (2017)
Huaridelphis raimondii 19 18 Di Celma et al. (2018)
Allodelphis pratti 22 21 Kimura & Barnes (2016)
Ninjadelphis ujiharai 17 17 Kimura & Barnes (2016)
Zarhinocetus errabundus 16.1 145 Kimura & Barnes (2016)
Goedertius oregonensis 21 20 Kimura & Barnes (2016)
Medocinia tetragorhina 20.4 16 Cahuzac et al. (2007)
Inticetus vertizi 18.8 18 Lambert et al. (2017)
Macrosqualodelphis 19 18 Bianucci et al. (2018)
ukupachai
Buono et al. (2017); Gaetan et al.
Prosqualodon davidis 20.4 16 (2019); Viglino et al. (2018a,b);
Cuitifio et al. (2019)
MUSM 1395/3894/3895/1484 19 18 Di Celma et al. (2018); Bianucci et

al. (2020)

Additional references not included in the main manuscript:
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Paleontology, 34, 195-210.




Amiot, R., Gohlich, U. B., Lécuyer, C., Muizon, C. de, Cappetta, H., Fourel, F., Héran, M.-
A. & Martineau, F. 2008. Oxygen isotope compositions of phosphate from Middle
Miocene—Early Pliocene marine vertebrates of Peru. Palaeogeography, Palaeoclimatology,
Palaeoecology, 264, 85-92.

Andrews, G. 1978. Marine diatom sequence in Miocene strata of the Chesapeake Bay region,
Maryland. Micropaleontology, 24, 371-406.

Ayress, M. A. 1993. Ostracod biostratigraphy and palaeoecology of the Kokoamu Greensand and
Otekaike Limestone (Late Oligocene to Early Miocene), North Otago and South Canterbury,
New Zealand. Alcheringa, 17, 125-151.

Barnes, L. G. 1984. Fossil odontocetes (Mammalia: Cetacea) from the Almejas Formation, Isla
Cedros, Mexico. PaleoBios, 42, 1-46.

Barnes, L. G. 1985. Fossil pontoporiid dolphins (Mammalia Cetacea) from the Pacific coast of

North America. Contributions in Science, 363, 1-34.
Barnes, L. G. 2006. A phylogenetic analysis of the Superfamily Platanistoidea (Mammalia,
Cetacea, Odontoceti). Beitrage zur Paldontologie, 30, 25-42.
Benson, R. N. 1998. Radiolarians and diatoms from the Pollack Farm Site, Delaware: Marine-
terrestrial correlation of Miocene vertebrate assemblages of the middle Atlantic Coastal
Plain. Pp. 5-19 in R. N. Benson (Ed.) Geology and paleontology of the lower Miocene
Pollack Farm Fossil Site, Delaware. Delaware Geological Survey Special Publication
University of Delaware.
Blake, G. H. 1991. Review of the Neogene biostratigraphy and stratigraphy of the Los Angeles
basin and implications for basin evolution. Pp. 135-184 in K. T. Biddle (Ed.) Active
Margin Basins. American Association of Petroleum Geologists.

Bosio, G., Malinverno, E., Villa, I. M., Di Celma, C., Gariboldi, K., Gioncada, A., Barbieri,
V., Urbina, M. & Bianucci, G. 2019. Tephrochronology and chronostratigraphy of the
Miocene Chilcatay and Pisco formations (East Pisco Basin, Peru). Newsletters on

Stratigraphy, 53, 213-247.



Cahuzac, B., Adnet, S., Cappetta, H. & Vullo, R. 2007. Les espéces et genres de poissons
sélaciens fossiles (Crétacé, Tertiaire) créés dans le Bassin d’Aquitaine; recensement,
taxonomie. Bulletin de la Société Linnéenne de Bordeaux, 142, 3-43.

Dawson, S. D. 1996. A description of the skull and postcrania of Hadrodelphis calvertense
Kellogg 1966, and its position within the Kentriodontidae (Cetacea: Delphinoidea).
Journal of Vertebrate Paleontology, 16, 125-134.

Di Celma, C., Malinverno, E., Bosio, G., Collareta, A., Gariboldi, K., Gioncada, A., Molli,
G., Basso, D., Varas-Malca, R., Pierantoni, P. P., Villa, I. M., Lambert, O.,
Landini, W., Sarti, G., Cantalamessa, G., Urbina, M. & Bianucci, G. 2017.
Sequence and paleontology of the Upper Miocene Pisco Formation along the western
side of the Lower Ica Valley (Ica Desert, Peru). Rivista Italiana di Paleontologia e
Stratigraia, 123, 255-273.

Di Celma, C., Malinverno, E., Collareta, A., Bosio, G., Gariboldi, K., Lambert, O.,
Landini, W., Pierantoni, P. P., Gioncada, A., Villa, I. M., Coletti, G., Muizon, C.
de, Urbina, M. & Bianucci, G. 2018. Facies analysis, stratigraphy and marine
vertebrate assemblage of the lower Miocene Chilcatay Formation at Ullujaya (Pisco
basin, Peru). Journal of Maps, 14, 257-268.

Dubrovo, I. A. & Sanders, A. E. 2000. A new species of Patriocetus (Mammalia, Cetacea)
from the Late Oligocene of Kazakhstan. Journal of Vertebrate Paleontology, 20, 577—
590.

Fitzgerald, E. M. G. 2004. A review of the tertiary fossil cetacea (Mammalia) localities in

Australia. Memoirs of Museum Victoria, 61, 183-208.

Godfrey, S. J., Uhen, M. D., Osborne, J. E. & Edwards, L. E. 2016. A new specimen of
Agorophius pygmaeus (Agorophiidae, Odontoceti, Cetacea) from the early Oligocene
Ashley Formation of South Carolina, USA. Journal of Paleontology, 90, 154-169. doi:

10.1017/jpa.2016.4



Godfrey, S. J., Barnes, L. G. & Lambert, O. 2017. The Early Miocene odontocete
Araeodelphis natator Kellogg, 1957 (Cetacea; Platanistidae), from the Calvert
Formation of Maryland, U.S.A. Journal of Vertebrate Paleontology, 37, e1278607.

Gottfried, M. D., Bohaska, D. J. & Whitmore Jr, F. C. 1994. Miocene cetaceans of the

Chesapeake Group. Proceedings of the San Diego Society of Natural History, 29, 229-238.

Hulbert Jr., R. C., Petkewich, R. M., Bishop, G. A., Burkry, D. & Aleshire, D. P. 1998. A
new Middle Eocene protocetid whale (Mammalia: Cetacea: Archaeoceti) and associated
biota from Georgia. Journal of Paleontology, 72, 907-927.

Kellogg, R. 1925. On the occurrence of remains of fossil porpoises of the genus Eurhinodelphis
in North America. Proceedings of the United States National Museum, 66, 1-40.

Ichishima, H. & Kimura, M. 2005. Haborophocoena toyoshimai, a new early Pliocene
porpoise (Cetacea; Phocoenidae) from Hokkaido, Japan. Journal of Vertebrate
Paleontology, 25, 655-664.

Lambert, O. 2008. A new porpoise (Cetacea, Odontoceti, Phocoenidae) from the Pliocene of
the North Sea. Journal of Vertebrate Paleontology, 28, 863-872.

Lambert, O. & Muizon, C. de. 2013. A new long-snouted species of the Miocene pontoporiid
dolphin Brachydelphis and a review of the Mio-Pliocene marine mammal levels in the
Sacaco Basin, Peru. Journal of Vertebrate Paleontology, 33, 709-721.

Lambert, O., de Muizon, C., Malinverno, E., Di Celma, C., Urbina, M. & Bianucci, G.
2017. A new odontocete (toothed cetacean) from the Early Miocene of Peru expands the
morphological disparity of extinct heterodont dolphins. Journal of Systematic
Palaeontology, 16, 981-1016. doi: 10.1080/14772019.2017.1359689

Morgan, G. S. 1994. Miocene and Pliocene marine mammal faunas from the Bone Valley

Formation of central Florida. Proceedings of the San Diego Society of Natural History, 29,
239-268.
Muizon, C. de & Devries, T. J. 1985. Geology and paleontology of late Cenozoic marine

deposits in the Sacaco area (Peru). Geologische Rundschau, 74, 547-563.



Muizon, C. de. 1988a. Les Vertébrés de la Formation Pisco (Pérou). Troisiéme partie: Les
Odontocétes (Cetacea, Mammalia) du Miocene. Recherche sur les Civilisations, 78, 1-244.

Muizon, C. de. 1988b. Le polyphylétisme des Acrodelphidae, Odontocétes longirostres du
Mioceéne européen. Bulletin Du Muséum d’Histoire Naturelle, Paris, 10, 31-88.

Muller, C., Higazi, F., Hamdan, W. & Mroueh, M. 2010. Revised stratigraphy of the Upper
Cretaceous and Cenozoic series of Lebanon based on nannofossils. Geological Society,
London, Special Publications, 341, 287-303.

Murakami, M., Shimada, C., Hikida, Y. & Hirano, H. 2012a. A new basal porpoise,
Pterophocaena nishinoi (Cetacea, Odontoceti, Delphinoidea), from the Upper Miocene of
Japan and its phylogenetic relationships. Journal of Vertebrate Paleontology, 32, 1157—
1171.

Murakami, M., Shimada, C., Hikida, Y. & Hirano, H. 2012b. Two new extinct basal
phocoenids (Cetacea, Odontoceti, Delphinoidea), from the upper Miocene Koetoi Formation
of Japan and their phylogenetic significance. Journal of Vertebrate Paleontology, 32, 1172—
1185.

Murakami, M., Shimada, C., Hikida, Y., Soeda, Y. & Hirano, H. 2014. Eodelphis kabatensis,
a new name for the oldest true dolphin Stenella kabatensis Horikawa, 1977 (Cetacea,
Odontoceti, Delphinidae), from the upper Miocene of Japan, and the phylogeny and
paleobiogeography of Delphinoidea. Journal of Vertebrate Paleontology, 34, 491-511.

Ochoa, D., Salas-Gismondi, R., DeVries, T. J., Baby, P., de Muizon, C., Altamirano, A.,
Barbosa-Espitia, A., Foster, D. A., Quispe, K., Cardich, J., Gutiérrez, D., Perez, A.,
Valqui, J., Urbina, M. & Carré, M. 2021. Late Neogene evolution of the Peruvian margin
and its ecosystems: a synthesis from the Sacaco record. International Journal of Earth
Sciences, 110, 995-1025.

Prothero, D. R. & Burns, C. 2001. Magnetic stratigraphy and tectonic rotation of the upper
Oligocene-? lower Miocene (type Pillarian stage) Clallam Formation, Clallam County,

Washington. Pacific Section SEPM Book, 91, 234-241.



Prothero, D. R., Hoffman, J. M. & Goedert, J. L. 2008. Paleomagnetism of the Oligocene
and Miocene Lincoln Creek and Astoria formations, Knappton, Washington. Pp. 63-72
in X. Wang & L. G. Barnes (Eds.) Geology and Vertebrate Paleontology of Western
and Southern North America. Los Angeles.

Sanders, A. E. & Geisler, J. H. 2015. A new basal odontocete from the upper Rupelian of
South Carolina, U.S.A., with contributions to the systematics of Xenorophus and
Mirocetus (Mammalia, Cetacea). Journal of Vertebrate Paleontology, 35, €890107.

Uhen, M. D. 2008. New Protocetid whales from Alabama and Mississippi, and a new cetacean

clade, Pelagiceti. Journal of Vertebrate Paleontology, 28, 589-593.



