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A new Monodontidae (Cetacea, Delphinoidea) from the early Pliocene of Italy supports a warm-water origin for narwhals and white whales
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LIST OF THE SPECIMENS ANALYZED FOR COMPARISON AND PHYLOGENY

Bohaskaia monodontoides (USNM 25819); Delphinapterus leucas (MACUP AC3674, MLSUF 868, MSNUP C276, MSNUP C277, MZUN Z315, MZUN Z324, MZUN Z1013); Kentriodon pernix (USNM 10670); Monodon monoceros (MACUB A4216870, MACUP AC3151, MACUP AC3488, MCSNT 773, MLSUF 870, MSNB 1387, MSNUP C274, MSNUP C275); Monodontidae indet. (IRSNB M 1922); Phocoena phocoena (MSNUP C278); Tursiops truncatus (MSNUP C280, MSNUP C281, MSNUP C284, MSNUP C285).
LIST OF CHARACTERS FOR THE PHYLOGENETIC ANALYSIS

Characters are polarized with respect to Kentriodon pernix as the outgroup.

1. Posterior accessory foramen (Fordyce, 1994): absent (0); present (1).

2. Exposure of the maxillae between the premaxillae lateral and anterior to the external bony nares (Muizon, 1988): yes (0); no (1).

3. Fossae for the pterygoid sinus in the orbital region (Fordyce, 1994): present (0); absent (1).

4. Lateral lamina of the palatine passes anterior to the lateral edge of the frontal groove (Muizon, 1988): no (0); yes (1).

5. Palatines separated in the midline by the maxillae: no (0); yes (1).

6. Shape of the nasal bone: oval or rectangular, anteroposteriorly compressed (0), triangular, antero-posteriorly elongated (1).

7. Dorsal surface of the premaxillae anteromedial to the premaxillary sac fossae: flat or transversely concave, forming a depressed medial area (0); transversely convex (1).

8. Premaxillary sac fossae (modified after Muizon, 1988): dorsally concave (0); flat or slightly dorsally convex (1); dorsally convex and inflated (2).
9. Anterolateral margin of the exposure of the maxilla medial to the premaxilla anterior to the external bony nares: V-shaped (0); U-shaped (1).

10. Outline of the anterolateral margin of the external bony nares (Muizon, 1988): V-shaped (0); U-shaped (1).
11. Functional premaxillary teeth: present (0), absent (1).
12. Posterior end of the right premaxilla: contacts or nearly contacts the right nasal (0); reaches about the mid-level of the external bony nares (1).
13. Mesorostral groove ossification state in front of the external bony nares (modified after Geisler and Sanders, 2003): the presphenoid bone does not exceed the dorsal margin of the mesorostral groove (0); the presphenoid bone fills completely the mesorostral groove and exceeds dorsally the margin of the groove (1).

14. Postorbital process of the frontal bone: posterior or in a transverse line with the anterior margin of the external bony nares (0); anterior to the anterior margin of the external bony nares (1).

15. Lateral outline of the rostrum: dorsally flat or concave outline in lateral view (0); dorsally convex outline, given by the raised premaxillae (1).

16. Long, anterolaterally oriented frontal groove: absent (0); present (1).
17. Position of right premaxillary foramen (modified after Geisler and Sanders, 2003): anterior or roughly at the same level of the antorbital notch (0); distinctly posterior to the antorbital notch (1).

18. Frontals transversely constricted at the vertex forming knobby dorsal protuberances: no (0); yes (1).
19. Distal migration of the deltopectoral tuberosity (Muizon, 1988): absent (0); present (1). 

20. Loss of the triangular morphology of the transverse apophyses of the lumbar vertebrae (Muizon, 1988): absent (0); present (1). 

21. Loss of the lateral groove of the tympanic bulla (Muizon, 1988): absent (0); present (1).
DATA MATRIX FOR PHYLOGENY
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	Kentriodon pernix
	0
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	0
	0
	0
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	0
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	Tursiops truncatus
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	1

	Phocoena phocoena
	1
	0
	0
	0
	0
	0
	1
	2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1

	Haborodelphis japonicus
	1
	1
	1
	?
	0
	0
	0
	1
	0
	0
	?
	1
	0
	1
	0
	0
	0
	0
	?
	?
	1

	Denebola brachycephala
	1
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	0
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	0
	1
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	Bohaskaia monodontoides
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	1
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	IRSNB M 1922
	1
	1
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	?
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	1
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	?
	1
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	?
	?
	?

	Casatia thermophila
	1
	1
	?
	?
	?
	1
	0
	2
	1
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	0
	1
	?
	?
	?
	?
	?
	?
	?

	Delphinapterus leucas
	1
	1
	1
	1
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	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	0
	1

	Monodon monoceros
	1
	1
	1
	1
	0
	0
	1
	2
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1


Data matrix of 21 characters for one outgroup (Kentriodon pernix), one Phocoenidae (Phocoena phocoena), one Delphinidae (Tursiops truncatus), and seven Monodontidae (Bohaskaia monodontoides, Casatia thermophila, Delphinapterus leucas, Denebola brachycephala, Haborodelphis japonicus, IRSNB M 1922). Characters are polarized with respect to Kentriodon pernix as the outgroup. 0, primitive state; 1, 2, derived states; ?, missing character. 

DATA SOURCES FOR FIGURE 5

Range of extant Delphinapterus: O'Corry-Crowe (2018); range of extant Monodon: Heide-Jørgensen (2018); occurrence and age of fossil monodontids: Deinse (1944); Barnes (1984); Post and Kompanje (1995); Lambert and Gigase (2007); Harrington (2008); Vélez-Juarbe and Pyenson (2012); Post and Bosselaers (2017); Ichishima et al. (2018); global sea level change over time: Miller et al. (2005), smoothed curve (red line) constructed using the smoothing spline function of PAST v. 3.16 (Hammer et al., 2001).
SUPPLEMENTAL REFERENCES

Barnes, L. G. 1984. Fossil odontocetes (Mammalia: Cetacea) from the Almejas Formation, Isla Cedros, Mexico. PaleoBios 42:321–343.

Deinse, A. B. van. 1944. De fossiele en recente Cetacea van Nederland. H. J. Paris, Amsterdam. 
Fordyce, R. E. 1994. Waipatia maerewhenua, new genus and new species (Waipatiidae, new family), an archaic Late Oligocene dolphin (Cetacea: Odontoceti: Platanistoidea) from New Zealand. Proceedings of the San Diego Society of Natural History 29:147–176.

Geisler, J. H. and A. E. Sanders. 2003. Morphological evidence for the phylogeny of Cetacea. Journal of Mammalian Evolution 10:23–129.
Hammer, Ø., D. A. T. Harper, and P. D. Ryan. 2001. PAST: Paleontological statistics software package for education and data analysis. Palaeontologia Electronica 4:4.

Harrington, C. R. 2008. The evolution of arctic marine mammals. Ecological Applications 18(Supplement):S23–S40.

Heide-Jørgensen, M. P. 2018. Narwhal: Monodon monoceros; pp. 627–631 in B. Würsig, J. G. M. Thewissen, and K. Kovacs (eds.) Encyclopedia of Marine Mammals, 3rd Edition. Academic Press, USA.

Ichishima, H., H. Furusawa, M. Tachibana, and M. Kimura. In press. First monodontid cetacean (Odontoceti, Delphinoidea) from the early Pliocene of the north‐western Pacific Ocean. Papers in Palaeontology, https://doi.org/10.1002/spp2.1244.

Lambert, O., and P. Gigase. 2007. A monodontid cetacean from the early Pliocene of the North Sea. Bulletin de l’Institut Royal des Sciences Naturelles de Belgique, Sciences de la Terre 77:197–210. 

Miller, K. G., M. A. Kominz, J. V. Browning, J. D. Wright, G. S. Mountain, M. E. Katz, P. J. Sugarman, B. S. Cramer, N. Christie-Blick, and S. F. Pekar. 2005. The Phanerozoic record of global sea-level change. Science 310:1293–1298. 
Muizon, C. de. 1988. Les relations phylogénétiques des Delphinida (Cetacea, Mammalia). Annales de Paléontologie 74:159–227.
O'Corry-Crowe, G. M. 2018. Beluga Whale: Delphinapterus leucas; pp. 93–96 in B. Würsig, J. G. M. Thewissen, and K. Kovacs (eds.) Encyclopedia of Marine Mammals, 3rd Edition. Academic Press, USA.

Post, K, and M. Bosselaers. 2017. Cetacean fossils from a 1961 expedition at the Schelde estuary, province of Zeeland, The Netherlands. Cainozoic Research 17:11–21.

Post, K., and E. J. O. Kompanje. 1995. Late Pleistocene white whales Delphinapterus leucas from Dutch coastal waters. Lutra 38:67–76.
Vélez-Juarbe, J., and N. D. Pyenson. 2012. Bohaskaia monodontoides, a new monodontid (Cetacea, Odontoceti, Delphinoidea) from the Pliocene of the western North Atlantic Ocean. Journal of Vertebrate Paleontology 32:476–484.
*	Corresponding author.





6

