Supporting Appendix 1: Justification for priors set on ages of included taxa. Note that upper and lower limits of magnetochrons is based on the recently revised GPTS presented by Ogg (2012). 

Non-hystricognathous “ctenodactyloid” outgroups

Chapattimys wilsoni and Birbalomys spp. (primarily based on Birbalomys sondaari) are from the upper part (“faunal zone VIII”) of the Subathu Formation in northwestern India (Kumar et al., 1997; Gupta & Kumar, 2015). This level is considered to be “early” Lutetian in age by Gupta & Kumar (2015), but no specific upper boundary is provided for this estimate; however this interpretation gains support from the fact that older Birbalomys specimens (Birbalomys cf. sondaari) have recently been discovered in the later Ypresian of India (Gupta & Kumar 2015). Rather than assign included species a prior that covers the entire Lutetian, which could recover unrealistically young age estimates, we divided the Lutetian in half based on its currently recognized boundaries of 41.2-47.8 on the Geological Time Scale 2012, leading to a uniform age prior of 44.5-47.8 Ma for a uniform “early” Lutetian prior. 

Anadianomys declivis is from the Rencun Member in the lower part of the Heti Formation exposed in Henan, China (Tong, 1997), and is considered to fall within the Sharamurunian Asian Land Mammal Age based on its fauna (Russell & Zhai, 1987; Holroyd & Ciochon, 1994), an assessment that is supported by Appearance Event Ordination (Tsubamoto et al., 2004). Wang et al. (2007) consider the end of the Shuramurunian to be coincident with the end of the Bartonian (late middle Eocene), which is currently placed at 37.8 Ma on the Geological Time Scale 2012, but place the boundary between the Irdinmanhan and Shuramurunian Asian Land Mammal Ages at ~42.5, earlier than the currently recognized boundary between the Lutetian and Bartonian stages (41.2). Based on this combined evidence, we assigned A. declivis a uniform prior of 37.8-42.5 Ma.

Yuomys cavioides has been found in the Rencun Member in the lower part of the Heti Formation, as well as the Shara Murun and Jiyuan faunas (Russell and Zhai, 1987; Meng and McKenna, 1998; Bowen et al., 2002; Tsubamoto et al., 2004). All of these faunas are considered to fall within the Shuramurunian Asian Land Mammal Age; as with Anadianomys declivis, we accordingly restrict Y. cavioides to a uniform age prior of 37.8-42.5 Ma.

Petrokozlovia notos has been found in the Khaychin (II, III, IV) faunas on the Mongolian Plateau (Meng & McKenna, 1998; Bowen et al., 2002), which fall within the Irdinmanhan Asian Land Mammal Age (Tsubamoto et al., 2004). Wang et al. (2007) correlated the Arshantan-Irdinmanhan boundary with the Bridgerian-Uintan boundary of North America (~46 Ma), while the Irdinmanhan-Shuramurunian boundary was placed at ~42.5 Ma; accordingly we restrict P. notos to a uniform age prior of 42.5-46 Ma.

Asian “baluchimyines”

Confinniumys sidiki and Ottomania proavita, from Süngülü, Turkey (de Bruijn et al., 2003), have been interpreted as being of late Eocene or early Oligocene age based on comparison of these and other species (dipodids and murids) with roughly contemporaneous African and Asian species, but are poorly constrained due to the highly endemic nature of the fauna. We conservatively place these species within the late Eocene-early Oligocene interval based on the current boundaries in the Geological Time Scale 2012 with a wide uniform prior (i.e., 28.1-37.8 Ma).

“Baluchimyines” from the Bugti Hills and the Zinda Pir Dome in Pakistan that were scored in this analysis — i.e., Baluchimys, Bugtimys, Hodsahibia, Lindsaya, and Lophibaluchia (Flynn et al., 1986; Marivaux et al., 2002; Marivaux & Welcomme, 2003) — all come from the lower part of the Chitarwata Formation (Lindsay et al., 2005; Metais et al., 2009) and are of contentious age. They were originally described as being of early Miocene age (Flynn et al., 1986), but are now universally considered to be of Oligocene age (Lindsay et al., 2005; Metais et al., 2009), though there is still debate about whether they are early Oligocene or late Oligocene in age. Two different interpretations of the magnetostratigraphic evidence proposed by Lindsay et al. (2005) suggest that the base of the formation could fall within Chron 11n.1r, or Chron 7Ar; i.e. either in the early Oligocene or late Oligocene. With this uncertainty in mind, we applied a wide uniform prior for the entirety of the Oligocene for these species (23-33.9 Ma).

Baluchimys krabiense, from the Bang Mark pit in the Krabi coal mine of Thailand (Marivaux et al., 2000), has been correlated with either Chron 12r or 13r (Benammi et al., 2001), the current boundaries of which form our uniform prior for this species (31 to 35 Ma). 

Though the species has been found at several localities, the best-figured and described material of Tsaganomys altaicus from the Hsanda Gol Formation in Mongolia (Bryant & McKenna, 1995; Wang, 2001) is considered to be of early Oligocene age and was recovered from below a basalt that has been dated to ~31.5 Ma. We follow Kraatz & Geisler (2010) in considering these lower levels of the Hsanda Gol Formation to correlate with Chron 12r of the GPTS (31.03-33.16), and we use this range as the uniform prior on the appearance of T. altaicus’ diagnostic morphology as scored in our matrix.

Paleogene African and South American hystricognaths

Canaanimys maquiensis was recovered from the top of the Yahuarango Formation at the CTA-27 locality at Loreto in Peru (Antoine et al., 2012), and the authors employed 40Ar/39Ar dating and mammalian biochronology to narrow the age estimate for the locality to 41.6-40.94 Ma, which we employ as the bounds of our uniform prior for this species.

“Protophiomys” tunisiensis has been found at the Djebel el Kébar locality in central Tunisia. Marivaux et al. (2014) reported that glauconite grains on the fossils from Djebel el Kébar returned K-Ar ages ranging in age from 38.7±1.0 and 40.7±1.0. We place a broad uniform prior on this species that takes into account the uncertainty in these K-Ar dates, ranging from 37.7 to 41.7 Ma.

Protophiomys algeriensis has been found at the Bir el-Ater or Nementcha locality in northern Algeria (Coiffait et al., 1984; Jaeger et al., 1985), which is dated entirely on the basis of its mammalian fossils. There is now a general consensus that Bir el-Ater is probably either late Eocene (Priabonian) or late middle Eocene (Bartonian) in age (Seiffert, 2010; Coster et al., 2012; Marivaux et al., 2014), and the upper and lower boundaries of these stages delimit the uniform prior for this species (33.9-41.2 Ma).

Multiple species from two localities (DT-1 [“Phiomys” hammudai, “Protophiomys” durattalahensis, and Talahphiomys libycus) and DT-2 (“Protophiomys” aff. durattalahensis, Talahphiomys lavocati)] have been found along the Dur at-Talah Escarpment in central Libya (Jaeger et al., 2010), in beds that have been called the Idam Unit (Wight, 1980) or the Bioturbated Unit (Jaeger et al., 2010). Prior to the description of the species from DT-1 and -2, the Idam Unit mammals were most recently interpreted as possibly being intermediate in age between Quarries L-41 and A/B in the Fayum succession, putting them very close to the Eocene-Oligocene boundary (Seiffert, 2010). Jaeger et al. (2010) presented new magnetostratigraphic evidence which showed that the entire sampled zone of the Dur at-Talah Escarpment is of normal polarity, but they favored a correlation of this normal polarity zone escarpment with C18n.1n, which would put those sites in the late middle Eocene (Bartonian). Sallam et al. (2012) and Antoine et al. (2012) have since favored an age intermediate between the Fayum localities BQ-2 and L-41, a zone that is, like the Dur at-Talah Escarpment, also of entirely normal polarity (Seiffert et al., 2005; Seiffert, 2006). To take into account the great uncertainty in the age of DT-1 and DT-2 reflected in these various interpretations, we set a wide uniform prior that spanned from the oldest possible age given the magnetostratigraphic correlation proposed by Jaeger et al. (2010) (39.6 Ma) to the younger bound of the Chron in which the only rodent species that Jaeger et al. (2010) consider to be shared with the Fayum succession (Talahphiomys lavocati) occurs (i.e., Fayum Quarry E), given Seiffert’s (2006) preferred magnetostratigraphic correlation (31 Ma).

Turkanamys hexalophus has been found solely at the LOK 13 locality at Lokone Hill, in the Lokone Sandstone Formation that is exposed in the Turkana Basin of northern Kenya (Ducrocq et al., 2010; Marivaux et al., 2012). The age of the site is constrained entirely by mammalian biochronology; based on available evidence Ducrocq et al. (2010) suggested a late Oligocene age, and this estimate was followed by Marivaux et al. (2012). Given the ambiguity of the evidence that has been presented thus far, however, we considered it preferable to assign a broad uniform prior that encompassed the entire Oligocene (i.e., 23-33.9 Ma).

The Fayum succession provides important temporal control on this analysis because it includes several rodent faunas of various ages (Wood, 1968; Holroyd, 1994; Sallam et al., 2009, 2011, 2012), all of which have been tied into a single magnetostratigraphic column (Kappelman et al., 1992; Seiffert et al., 2005, 2008; Seiffert, 2006). Here we employ the magnetostratigraphic correlation that was proposed by Seiffert (2006), and use the upper and lower bounds of each chron to delimit the uniform priors for each species. Species from Locality BQ-2 (Protophiomys aegyptensis and Waslamys attiai) fall into a zone of normal polarity that Seiffert et al. (2005) and Seiffert (2006) correlated with Chron 17n.1n, the boundaries of which are now 36.7-37.8 Ma. As noted by Seiffert (2006), correlation of the zone of reversed polarity sampled at Quarry L-41 with Chron 13r of the GPTS would not rule out the possibility of an earliest Oligocene age (because Chron 13r is largely late Eocene but does cross the Eocene-Oligocene boundary), but he argued that a major unconformity just above the locality was likely due to near-coastal erosion associated with the major marine regression that occurred near the Eocene-Oligocene boundary. For this reason we have set a uniform prior for L-41 species (Acritophiomys bowni, Birkamys korai, Gaudeamus aslius, Gaudeamus hylaeus, Mubhamys vadumensis) that extends from the base of Chron 13r to the Eocene-Oligocene boundary (35 Ma to 33.9 Ma), while Gaudeamus aegyptius and Phiomys andrewsi from Quarry A and Quarry B respectively (probably from the same zone of reversed polarity as that documented at L-41, as there are no intervening samples of normal polarity) are assigned a uniform prior that is post-Eocene (33.9) but before the termination of Chron 13r (33.7 Ma). Both Gaudeamus aegyptius and Phiomys andrewsi have also been identified at Quarry E (Holroyd, 1994), but note that their extensions to this younger level do not reflect age uncertainty but rather range extension, and in this case we are most concerned about the time by which the diagnostic morphology of G. aegyptius and P. andrewsi (as scored in this matrix) had appeared, not how long it persisted. Regarding other species, Neophiomys paraphiomyoides from Quarry G was placed in Chron 12n (30.6-31 Ma); “Paraphiomys” simonsi is only known from Quarries I and M, Phiocricetomys minutus is only found at Quarry I, and the definitive Metaphiomys beadnelli specimens that were scored for this matrix are based on specimens from I and M — both Quarries I and M fall within a zone or normal polarity that Seiffert (2006) correlated with Chron 11r (29.2-30 Ma); and “Phiomys” lavocati makes its first definitive appearance in the Fayum succession at Quarry E, which falls within Chron 12r (31-33.2 Ma) given Seiffert’s preferred correlation.

Neogene African hystricognaths

Diamantomys luederitzi has been found at several sites in east Africa and Namibia (e.g., Lavocat, 1973; Mein & Pickford, 2008), with the more complete specimens on which scoring is based having been found at Songhor in western Kenya. The fossils from Songhor are likely no older than 20 Ma (Pickford & Andrews, 1986; Cote et al., 2014), but fossils from Namibia are not as well constrained (Mein & Pickford 2008). We place a uniform prior on age of 19-21 Ma to partially account for this uncertainty.

Scorings for Paraphiomys spp. are based largely on specimens of Paraphiomys pigotti from Rusinga Island in western Kenya (Lavocat, 1973). This species has been found in both the Hiwegi and Kulu Formations on Rusinga (Lavocat, 1973; Peppe et al., 2009), based on available evidence these sites likely range in age from 15-17.8 Ma (Peppe et al., 2009), which we use as our uniform prior.

The age range of middle Miocene Paraulacodus indicus, from the Siwaliks of Pakistan, has been estimated by Flynn and Winkler (1994) as being 12.5-12.9 Ma, and we use these bounds as the limits of our uniform age prior for this species.
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