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ABSTRACT 

A NEW PLATANISTOID (CETACEA, ODONTOCETI) FROM THE NYE 
FORMATION OF OREGON 

Margot D. Nelson, M.S. 

George Mason University, 2019 

Thesis Director: Mark D. Uhen 

 

This thesis describes an early odontocete, here named Perditicetus yaconensis, gen. et. 

sp. nov., from the latest Oligocene-earliest Miocene Nye Formation in Oregon. I assign it 

to the Platanistoidea, a large superfamily of odontocetes whose sole surviving member is 

Platanista gangetica, the Ganges river dolphin. Despite the diversity of the 

Platanistoidea, it remains poorly understood and in need of revision. As one of the 

earliest-diverging clade of crown odontocetes, understanding their distribution, 

morphology, and phylogeny is crucial to understanding the radiation of basal crown 

odontocetes in the late Oligocene to the middle Miocene. P. yaconensis, represented by 

the holotype USNM 335224, possesses several synapomorphies of the Platanistoidea; 

however, similarity between P. yaconensis and other basal crown odontocetes suggests 

that these early odontocetes may be closer to the Platanistoidea than initially thought, 

especially those in the “Chilcacetus clade”. The specimen’s probable location in the 
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lower Nye Formation suggests that P. yaconensis is one of the older platanistoids known 

in the fossil record. 
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INTRODUCTION  

The Odontoceti is the most diverse group of modern cetaceans, representing at 

least 60 known extant species (Mead and Brownell, 2005). Not only are odontocetes 

diverse, but they are also capable of incredible physiological feats: Cuvier’s beaked 

whale, Ziphius cavirostris, is the deepest-diving marine mammal known (Schorr et al., 

2014). Extant odontocetes demonstrate extraordinary intelligence and advanced social 

structures (Marino et al., 2007), including possible cultural learning, in the case of orcas 

learning how to strand themselves to capture pinnipeds (Guinet and Bouvier, 1995) and 

exhibiting cultural fads, such as tail-walking (Bossley et al., 2018). Their ability to 

echolocate has been a hallmark present in the earliest odontocetes (Geisler et al., 2014). 

The suite of unique characters present in odontocetes drives research into the evolution 

and systematics of this group, and to fully understand modern taxa, we must also study 

the fossil record. Fossil odontocetes are as fascinating as the species present today.  

The narrative of the odontocete fossil record is as follows: the first odontocetes 

appear in the early Oligocene (Sanders and Geisler, 2015). Some of the earliest known 

odontocetes are Simocetus Fordyce, 2002,  and Ashleycetus Sanders and Geisler, 2015, 

from the early Oligocene (Fordyce, 2002; Sanders and Geisler, 2015). Other stem 

odontocetes include the Xenorophidae, who are phylogenetically the first odontocetes to 

exhibit facial features indicative of echolocation (Geisler et al., 2014); and the 
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monospecific families Agorophiidae, Mirocetidae, and Patriocetidae. These stem 

odontocete families have a suite of plesiomorphic traits such as a heterodont dentition, 

limited polydonty (if present at all), and less telescoping of the facial bones (Marx et al., 

2016). It is unclear if other families, such as the Squalodontidae and Waipatiidae, should 

be considered stem odontocetes, or part of crown Odontoceti; hypotheses of these 

families’ place in the systematics of Odontoceti is discussed below.  

By the late Oligocene, the earliest members of crown Odontoceti had appeared: 

the Physeteroidea (Mchedlidze, 1976), or sperm whales, and the Platanistoidea, which 

includes the extant Ganges river dolphin, Platanista gangetica. Unlike stem odontocetes 

such as the Xenorophidae and the Agorophiidae, these basal crown members displayed 

more derived traits such as polydonty, homodonty, and profound telescoping. From the 

late Oligocene to the early and middle Miocene, basal members of crown Odontoceti, 

such as the Platanistoidea and the Eurhinodelphinidae were dominant. Basal delphinidans 

such as the extinct Kentriodontidae and the river dolphin lineage Inioidea also appear 

during this time. Ziphiids first appear in the middle Miocene (Lambert and Louwye, 

2006). However, by the late Miocene, the Delphinoidea (the oceanic dolphins) had 

appeared and diversified, and the basal crown odontocetes had largely disappeared (Marx 

et al., 2016). The reason for this decline of the basal lineages of odontocetes remains 

elusive, and a full understanding of the relationship between odontocetes is still lacking.  
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Figure 1 A simplified phylogeny of Odontoceti, modified from Marx et al. (2016). Stippled lines indicate taxa 
whose placement is uncertain (such as the Eoplatanistidae and Eurhinodelphinidae), or taxa that appear in 
crown Odontoceti in some phylogenies. Life reconstructions by C. Buell. 
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Systematics and Taxonomy of Basal Crown Odontocetes 

Following is a description of the systematics and taxonomy of relevant families to 

this study. The following families have been placed in crown Odontoceti by various 

workers (see Figure 1). As these clades may form some of the earliest diverging branches 

of crown odontocetes, I will refer to these as basal crown odontocetes, differentiating 

them from demonstrably stem odontocetes such as Simocetus or the Xenorophiidae.  

Lambert et al. (2015) first described Chilcacetus cavirhinus, and in their 

phylogenetic analysis derived an informal “Chilcacetus clade”, containing Chilcacetus, 

Macrodelphinus, and the three species of Argyrocetus: A. patagonicus Lydekker 1894, A. 

joaquinensis Kellogg 1932, and A. bakersfieldensis Wilson 1935. The “Chilcacetus 

clade” appears to be supported by shared symplesiomorphies, thus Lambert et al. (2015) 

refrained from formally naming this group. One derived character, the dorsal surface of 

the nasal rising anterodorsally, was shared by all five taxa, but the authors noted that this 

character could be equivocal (Lambert et al., 2015). Subsequent phylogenies produced by 

Lambert et al. (2019) maintain support for the “Chilcacetus clade”, as either just outside 

crown Odontoceti when a molecular backbone is used, or crownward of the 

Platanistoidea when using only morphological data.  

Recently, a new family of potential basal crown odontocetes has been named, the 

Squaloziphiidae; this early Miocene family includes Squaloziphius de Muizon, 1991, and 

Yaquinacetus Lambert et al., 2019 (de Muizon, 1991; Lambert et al., 2019). The 

Squaloziphiidae are homodont polydont cetaceans found in the northeast Pacific. Their 

phylogenetic position is still unclear, but they appear to be either just outside crown 
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Odontoceti when a molecular backbone is used in phylogenetic analysis, or crownward of 

the Platanistoidea in analyses without a molecular backbone (Lambert et al., 2019). 

Synapomorphies of this family include an abrupt narrowing of the mesorostral canal, a 

laterally concave crest on the maxilla, and a massive postglenoid process of the 

squamosal. Other basal crown odontocetes include Papahu Aguirre-Fernández and 

Fordyce, 2014, a homodont polydont cetacean from the early Miocene of New Zealand, 

which could possibly be related to platanistoids, though phylogenetic analysis has placed 

it in stem Odontoceti (Aguirre-Fernández and Fordyce, 2014). There is also Inticetus 

Lambert et al., 2017, a heterodont odontocete from the early Miocene of Peru, which 

appears to be a stem odontocete allied with the Waipatiidae and Squalodontidae (Lambert 

et al., 2017); however, some analyses place Inticetus in crown Odontoceti if Waipatiidae 

and Squalodontidae also appear in the crown group. 

The Platanistoidea is a superfamily that first appears in the fossil record in the late 

Oligocene and is considered one of the basalmost lineages. There is only one extant 

species in the superfamily, Platanista gangetica Lebeck 1801, or the Ganges River 

dolphin. During the Oligocene and Miocene, the Platanistoidea was far more diverse than 

it is today. Several odontocete families have been considered as members of the 

Platanistoidea; the Squalodontidae, Dalpiazinidae, Prosqualodontidae, Waipatiidae, 

Allodelphinidae, and Squalodelphinidae have all been considered platanistoids (Barnes, 

2006; de Muizon, 1987; Fordyce, 1994).  

The Squalodontidae are a family of odontocetes characterized by double-rooted 

cheek teeth with triangular, ornamented crowns. They are also characterized by an 
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elongate rostrum with large, procumbent incisors. The Squalodontidae were present from 

the late Oligocene to middle Miocene and have a wide distribution (Tanaka and Fordyce, 

2014). The Squalodontidae is recognized as a “wastebasket taxon” containing many 

fragmentary odontocete fossils; only three genera, Eosqualodon Rothausen, 1968, 

Squalodon Grateloup, 1840, and Phoberodon Cabrera, 1926, are known from sufficiently 

diagnostic material (Dooley, 2005; Marx et al., 2016; Rothausen, 1968). The 

Dalpiazinidae, from the early Miocene of Italy, consists of one genus, Dalpiazina de 

Muizon, 1988, which is based on some fragmentary material (de Muizon, 1988, 1994). 

The Prosqualodontidae is another monogeneric family from the early Miocene of 

Australia and Argentina. Prosqualodon Lydekker 1894, is a short-snouted taxon with 

heterodont dentition (Cozzuol, 1996; Flynn, 1948).  

The Waipatiidae were first described from the late Oligocene of New Zealand 

(Fordyce, 1994; Tanaka and Fordyce, 2014), but have been recorded in Australia, Malta, 

and Mexico (Bianucci et al., 2011; Fitzgerald, 2016; Gonzalez-Barba, 2007). They are 

characterized by a long, anteriorly attenuated rostrum with procumbent incisors and a 

series of small, double rooted cheek teeth. The family consists of Waipatia Fordyce 1994, 

and, putatively, Otekaikea Tanaka and Fordyce, 2014 (Tanaka and Fordyce, 2014; 

Tanaka and Fordyce, 2015a). In addition to Waipatia and Otekaikea, two other waipatiid-

like genera have been described: Awamokoa Tanaka and Fordyce 2017, and Urkudelphis 

Tanaka et al., 2017 (Tanaka et al., 2017; Tanaka and Fordyce, 2017). 

The Allodelphinidae are a small family from the Miocene of western North 

America and Japan (Barnes and Reynolds, 2009; Kimura and Barnes, 2016). They have 
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elongated rostra with many small, single-rooted teeth. The facial region lacks elevated 

crests. The family consists of five genera: Allodelphis Wilson, 1935, Arktocara Boersma 

and Pyenson, 2016, Goedertius Kimura and Barnes, 2016, Ninjadelphis Kimura and 

Barnes, 2016, and Zarhinocetus Barnes and Reynolds, 2009 (Boersma and Pyenson, 

2016; Kimura and Barnes, 2016; Wilson, 1935). The Squalodelphinidae are small to 

medium-sized odontocetes from the early Miocene of Europe and both the Pacific and 

Atlantic coasts of the Americas (Bianucci et al., 2015). The squalodelphinids have a 

markedly V-shaped antorbital notch, a dorsoventrally expanded zygomatic process of the 

squamosal, a square-shaped pars cochlearis of the periotic, and an elongate median 

furrow of the tympanic bulla. Squalodelphinids also have a thickened maxilla over the 

orbit, and single-rooted teeth. There are currently six genera: Huaridelphis Lambert et al., 

2014, Medocinia de Muizon, 1988, Notocetus Moreno, 1892, Phocageneus Leidy, 1869, 

Macrosqualodelphis Bianucci et al., 2018, and Squalodelphis Dal Piaz, 1917 (Bianucci et 

al., 2018; de Muizon, 1987; Lambert et al., 2014).  

The Platanistidae, the sole extant family in Platanistoidea, has a fossil record from 

the early to late Miocene. There are no unequivocal fossils from the Pliocene. Platanistids 

have been found in marine rocks from Europe, Korea, and North America (Barnes, 2006; 

Lee et al., 2012); freshwater or estuarine occurrences have been reported from Peruvian 

Amazonia and the southeast United States (Bianucci et al., 2013; Hulbert and Whitmore, 

2006). Platanistids had elongate rostra with many single-rooted teeth, a deep lateral 

groove on the lateral side of the rostrum and mandible, conspicuous facial crests, a 

dorsoventrally expanded zygomatic process (as seen in squalodelphinids), and a hook-
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like articular process on the periotic (de Muizon, 1987). Genera included in the 

Platanistidae include Platanista, Pomatodelphis Allen, 1921, Zarhachis Cope, 1868, 

Dilophodelphis Boersma et al., 2017, and Araeodelphis Kellogg, 1957 (Barnes, 2006; 

Boersma et al., 2017; Godfrey et al., 2017; Kellogg, 1957).  

 

 

Figure 2 A simplified phylogeny of the Platanistoidea, modified from Marx (2016). Dashed lines indicate taxa 
that appear as stem odontocetes in some phylogenetic analyses. Life reconstructions by C. Buell.  

 

Other basal crown odontocetes include the Eurhinodelphinidae and the 

Eoplatanistidae. These families have no extant species. The Eoplatanistidae is a 

monogeneric family from the early Miocene of Italy. Eoplatanista Dal Piaz, 1916,    is a 

small odontocete with a long rostrum and numerous single-rooted teeth. It is 
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characterized by mesial and distal keels on the teeth, the presence of a longitudinal 

groove on the rostrum and mandible (superficially similar to that of allodelphinids and 

platanistoids), a flat skull vertex with exposed frontals, and no median furrow on the 

tympanic bulla (de Muizon, 1988). Eoplatanista is possibly the sister group of 

eurhinodelphinids, but other recent phylogenies placed the genus outside a clade 

containing Eurhinodelphinidae, Platanistoidea, Ziphiidae, and Delphinoidea (de Muizon, 

1991; Lambert et al., 2015).  

The Eurhinodelphinidae is a highly distinctive family with very elongated rostra. 

They are known from the early to middle Miocene of Europe and the east coast of North 

America (Lambert, 2005a). Eurhinodelphinids are distinguished by an endentulous 

portion of the premaxilla that can be half the length of the rostrum, and a mandible that is 

much shorter than the upper jaw. The rostrum and mandible have lateral grooves, similar 

to that of Eoplatanista (Lambert, 2005a). The function of the elongated, edentulous 

premaxilla remains unknown, though a recent study suggests that hyper-longirostry may 

be an adaptation for prey capture (McCurry and Pyenson, 2018). Who belongs in the 

Eurhinodelphinidae is unclear; the Paleobiology Database lists Eurhinodelphis Van 

Beneden and Gervais, 1880, Schizodelphis Gervais, 1861, Xiphiacetus Lambert, 2005b, 

Ziphiodelphis Dal Piaz, 1908, Mycteriacetus Lambert, 2004, Ceterhinops Leidy, 1877 , 

Iniopsis Lydekker, 1892 , Phocaenopsis Huxley, 1859 , and Vanbreenia Bianucci and 

Landini, 2002  as members of the family. However, the only unequivocal 

synapomorphies of Eurhinodelphinidae are rostral; so taxa that do not preserve the 

rostrum can only tentatively be assigned to this family (Lambert, pers. comm.). Only 
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Eurhinodelphis, Schizodelphis, Xiphiacetus, Ziphiodelphis, and Mycteriacetus have 

associated rostra (Lambert, 2004, 2005a, b; Marx et al., 2016). Former members of the 

family include Argyrocetus and Macrodelphinus, who are now considered members of 

the “Chilcacetus clade” (Lambert et al., 2015). There is little consensus regarding the 

phylogenetic placement of Eurhinodelphinidae. Sister-group relationships with 

Eoplatanistidae, Platanistoidea, Delphinoidea, or Ziphiidae, or a lineage basal to these 

clades, have been suggested (de Muizon, 1991; Lambert, 2005a; Lambert et al., 2015).  

The Eoplatanistidae is a monogeneric family from the early Miocene of Italy. 

Eoplatanista Dal Piaz, 1916,    is a small odontocete with a long rostrum and numerous 

single-rooted teeth. It is characterized by mesial and distal keels on the teeth, the presence 

of a longitudinal groove on the rostrum and mandible (superficially similar to that of 

allodelphinids and platanistoids), a flat skull vertex with exposed frontals, and no median 

furrow on the tympanic bulla (de Muizon, 1988). Eoplatanista is possibly the sister group 

of eurhinodelphinids, but other recent phylogenies placed the genus outside a clade 

containing Eurhinodelphinidae, Platanistoidea, Ziphiidae, and Delphinoidea (de Muizon, 

1991; Lambert et al., 2015).  

If there is anything to be gained from discussion of putative basal crown 

odontocetes, it is that there is an incredible diversity and disparity, but that phylogenetic 

relationships are still tenuous, and it is unclear which taxa belong in crown Odontoceti. 

Systematics of the Platanistoidea  

The modern river dolphins were originally considered a monophyletic group 

containing the Ganges river dolphin, Platanista gangetica, the Amazonian river dolphin, 
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Inia geoffrensis Blainville, 1817, the recently extinct Yangtze river dolphin, Lipotes 

vexillifer Miller, 1918, and the Fransiscana, Pontoporia blainvillei Gervais and 

d’Orbigny, 1844, as well as fossil taxa such as Zarhachis, Ischyorhynchus Ameghino, 

1891, and Pontistes Burmeister, 1885 (Simpson, 1945). However, studies of 

morphological and molecular data support the paraphyly of this definition, and Platanista 

is not closely related to Lipotes, Pontoporia, and Inia (Cassens et al., 2000; Geisler et al., 

2011; Hamilton et al., 2001). Furthermore, molecular divergence times support different 

origination times for the Platanistidae, the Inioidea, and the Lipotidae (McGowen et al., 

2009). Better understanding of evolutionary relationships between the river dolphins has 

led to the redefinition discussed in the previous section, that the Platanistoidea contains 

all odontocetes more closely related to Platanista than any other odontocete. The latter 

taxa are allied with oceanic dolphins, although some strictly morphological studies argue 

the opposite, and state that the various river dolphin taxa are closely related (Barnes, 

2006; Pyenson et al., 2015). It is more likely that the morphological similarities between 

the four river dolphin taxa are due to convergent evolution.  

P. gangetica is highly derived and exhibits unique to a riverine habitat such as a 

flexible neck, wide, paddle-like flippers, and extremely reduced eyes (Cassens et al., 

2000). However, the transition from a marine to riverine transition in the Platanistoidea is 

shrouded in mystery. While a few fossils of platanistoids have been found in fluvial or 

estuarine deposits (Barnes, 2006; Hulbert and Whitmore, 2006), the majority of fossil 

platanistoids were living in marine environments. 
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Several definitions have been considered for the Platanistoidea. De Muizon 

(1987) considered Platanistoidea to be the Squalodontidae, the Squalodelphinidae, and 

the Platanistidae; he united these three taxa with two synapomorphies: 1) the reduction of 

the coracoid process of the scapula, and 2) the lack of the supraspinous fossa of the 

scapula. This initial diagnosis was modified to include a deep subcircular fossa located 

dorsal to the spiny process of the squamosal, an articular process or rim on the periotic, 

and the migration of the palatines dorsolaterally (de Muizon, 1994). Fordyce (1994) 

added two new synapomorphies in his description of Waipatia maerewhenua, the anterior 

process of the periotic roughly cylindrical in cross section, and the anterior process 

smoothly deflected ventrally. This diagnosis eliminated synapomorphies based on the 

palatines and noted that scapular characters were equivocal. This result placed the 

Waipatiidae within the Platanistoidea in addition to the Squalodontidae, 

Squalodelphinidae, and Platanistidae. 

The Lambert et al. (2014) description of Huaridelphis listed these 

synapomorphies for the Platanistoidea, based on character states in their phylogenetic 

analysis: deeply grooved rostral suture between premaxilla and maxilla, elevation of the 

antorbital region higher than the rostral base, widening of cranium, presence of a deep 

fossa in orbit roof, vertex shifted to the left compared to the sagittal plane of the skull, 

reduction of ventral exposure of palatine, hamular fossa of the pterygoid sinus extended 

anteriorly on the palatal surface of rostrum, presence of articular rim on the periotic, 

elongation of anterior spine on the tympanic bulla, loss of double rooted teeth, and tooth 

count greater than 25. Lambert et al.’s (2014) analysis did not recover de Muizon’s 
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(1987) scapular synapomorphies. This resulted in a Platanistoidea that did not contain the 

Squalodontidae and instead included the Allodelphinidae, Squalodelphinidae, and 

Platanistidae. Other work using larger matrices placed the Squalodontidae with other 

stem odontocetes (Geisler et al., 2011). 

Tanaka and Fordyce (2015b), in contrast, based Platanistoidea on six 

synapomorphies recovered in their phylogenetic analyses: presence of posterior dorsal 

infraorbital foramina of maxilla, C-shaped or weakly curved parabullary sulcus, presence 

of articular rim on the periotic, presence of anterior spine of the tympanic bulla, presence 

of anterolateral convexity of the tympanic bulla, and presence of the ventral groove of the 

tympanic bulla anteriorly. These synapomorphies united the Waipatiidae, 

Squalodelphinidae, and Platanistidae as the Platanistoidea. In their phylogenetic analysis, 

Boersma et al. (2017) recovered six synapomorphies: emargination of the posterior edge 

of zygomatic process by neck muscle fossae, presence of suprameatal pit of squamosal, 

presence of posterior periotic fossa of squamosal, lateral groove affecting dorsal view of 

periotic, anteroposterior ridge on dorsal side of periotic, and ventral surface of posterior 

process of periotic concave or convex perpendicular to its long axis. This resulted in a 

Platanistoidea that contains the Allodelphinidae, Squalodelphinidae, and Platanistidae. 

This Platanistoidea, Allodelphinidae + Squalodelphinidae + Platanistidae, is emerging as 

the consensus view (see Figure 2), especially since Waipatiidae and Squalodontidae 

appear as stem odontocetes in many phylogenies. There is consensus amongst fossil-

based phylogenies that the Squalodelphinidae is the sister family of the Platanistidae.  
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Here, I present a new genus and species of the Platantistoidea from the late 

Oligocene-early Miocene Nye Formation of Oregon, named Perditicetus yaconensis. 

This genus and species is represented by the holotype specimen USNM 335224, housed 

at the Smithsonian National Museum of Natural History (NMNH). The holotype is a 

nearly complete skull with associated left periotic and right tympanic. Synapomorphies 

present indicate that this new basal crown odontocete belongs in the Platanistoidea, likely 

as the basalmost taxon in this enigmatic superfamily. I obtained this result consistently in 

all phylogenetic analyses. Though Perditicetus is a platanistoid, it bears similarities to 

other basal crown odontocetes in the “Chilcacetus clade”, Chilcacetus and Argyrocetus, 

suggesting that these taxa may be more closely related to platanistoids than initially 

thought.  
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MATERIALS AND METHODS 

Description and Comparison 

Mead and Fordyce (2009) is considered the standard for anatomical terminology of 

the odontocete skull. The anatomical description of USNM 335224 will follow the 

terminology laid out in this publication. USNM 335224 was compared to several other 

odontocetes, such as the putative platanistoids Waipatia and Squalodon calvertensis, 

eurhinodelphinids such as Argyrocetus, Eurhinodelphis, Schizodelphis, and Xiphiacetus, 

and platanistoids Allodelphis, Araeodelphis, Pomatodelphis, and Zarhachis.  

Specimens Observed 

Notocetus sp. (USNM 639719, USNM 207286); Phocageneus sp. (USNM 

317651); Phocageneus venustus (USNM 21039); Pomatodelphis bobengi (USNM 

360052); Squalodon calvertensis (USNM 10949, 529426); cast of Waipatia 

maerewhenua (USNM 508061); Zarhachis flagellator (USNM 299945); Zarhachis sp. 

(USNM 214759). 

Phylogenetic Methods 

USNM 335224 was included in several phylogenetic analyses to elucidate its 

phylogenetic position within Odontoceti. All three analyses were run in PAUP*, or 

Phylogenetic Analysis Using Parsimony (Swofford, 2002). All heuristic searches were 

conducted using ACCTRAN optimization and the Tree Bisection and Reconnection 



16 
 

(TBR) algorithm. After heuristic searches were conducted, both a strict consensus, where 

only nodes present in all most parsimonious trees are displayed, and a 50% majority-rule 

consensus, where nodes present in 50% or more of most parsimonious trees, were 

computed. Using consensus trees enables the viewer to see a condensed version of most 

parsimonious trees, especially in analyses where the number of most parsimonious trees 

is quite large. Strict consensus is the most conservative approach, but a majority-rule 

consensus usually produces a more resolved tree. It has become standard to depict both 

strict and majority-rule consensus trees. 

The first used was the matrix published with Arktocara yakataga by Boersma and 

Pyenson (2016), modified from the matrix used in Tanaka and Fordyce (Tanaka and 

Fordyce, 2015a). This matrix is one of the largest and most comprehensive matrices of 

Odontoceti, and contains a wide variety of stem odontocetes, as well as representatives 

from all major members of crown Odontoceti. I will refer to the Arktocara phylogenetic 

analysis as Analysis 1. This matrix has 87 taxa, including USNM 335224, and 292 

characters, all unordered and equally weighted. Due to the large size of this matrix, I 

performed a heuristic search using simple stepwise addition, with Georgiacetus 

vogtlensis Hulbert et al., 1998, as outgroup.  

The second analysis performed, referred to as Analysis 2, used the matrix published 

with Dilophodelphis fordycei by Boersma et al. (2017); this matrix was originally 

published with the description of Huaridelphis by Lambert et al. (2014) and modified by 

Godfrey et al. (2017) in their publication of Araeodelphis. This was a much smaller 

analysis, with 21 taxa and 67 characters, all considered unordered and unweighted. This 
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phylogenetic analysis focuses strongly on relationships within the Platanistoidea and 

contains almost all known members of the Allodelphinidae, Squalodelphinidae, and 

Platanistidae. However, it is important to note that this analysis lacks more crownward 

taxa such as the Delphinida. Zygorhiza kochii True, 1908, was used as the outgroup. I ran 

this heuristic search both using simple stepwise addition, and random stepwise addition 

with 10,000 replicates. Both heuristic searches had the same results.  

The last analysis, henceforth referred to as Analysis 3, was the matrix published with 

Chilcacetus cavirhinus by Lambert et al. (2015). This matrix has 36 taxa and 77 

characters; all characters were unordered. Zygorhiza was used as the outgroup. This 

analysis contains a diversity of basal crown odontocetes not found in other phylogenetic 

analyses, such as Argyrocetus and Macrodelphinus, as well as many platanistoids and 

representatives of more crownward clades. I initially performed this analysis using a 

heuristic search with simple stepwise addition, which resulted in a poorly resolved tree. 

To replicate the more resolved tree in the original publication, I followed the methods 

exactly as described by Lambert et al. (2015): I ran a heuristic search with simple 

stepwise addition, and down-weighted homoplastic characters following the method of 

(Goloboff, 1993), using the default value k=3. The Goloboff method is an implied 

weighting method that resolves character conflict in favor of characters that are more 

likely to be homologous.  

Body Size Estimation 

To estimate the body size of USNM 335224, I used the method outlined by Pyenson 

and Sponberg (2011). As this specimen is missing the apex of the rostrum, the occipital 
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condyles, and part of the right exoccipital, I could not use the partial least squares (PLS) 

equation, which requires measurements of the condylobasal length, occipital condyle 

breadth, and exoccipital width. Instead, I used the equation for bizygomatic width 

(BIZYG) for stem Platanistoidea (Equation 1). This measurement is taken from the 

widest lateral margin of the left zygomatic process to the right.  

Photography and Figures 

Digital photography was done at the Smithsonian National Museum of Natural 

History, where USNM 335224 is housed. The specimen was coated with ammonium 

chloride, a solid that was sublimated onto the specimen to whiten it. The tympanic was 

photographed in dorsal, medial, posterior and ventral view, the periotic was photographed 

in ventral, lateral, dorsal, and medial view, and the skull was photographed in dorsal, 

posterior, ventral, and lateral view. The photos were masked using Adobe Photoshop and 

line drawings of USNM 335224 were drawn in Adobe Illustrator. Data for Platanistoidea 

was downloaded from the Paleobiology Database (PBDB), and data for the geology of 

Oregon was downloaded from the Oregon Department of Geology and Mineral 

Industries. Tectonic reconstructions were made in Gplates; all map figures were 

constructed in ArcGIS. 

Equation 1 Body size estimation using bizygomatic width, for stem Platanistoidea. From Pyenson and Sponberg 
(2011).  
log(𝐿) = 0.92 ∗ (log(BIZYG) − 1.51) + 2.49 
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SYSTEMATIC PALEONTOLOGY 

Order CETACEA Brisson 1792 

PELAGICETI Uhen 2008 

NEOCETI Fordyce and de Muizon 2001 

ODONTOCETI Flower 1867 

PLATANISTOIDEA Gray 1863 

Family incertae sedis 

PERDITICETUS gen. nov. 

Type species— Perditicetus yaconensis, sp. nov. 

Diagnosis— as for the type and only species.  

Etymology— From the Latin word, “perditus”, meaning lost, a reference to the 

type locality south of Lost Creek; “cetus”, being the Latin word for whale.  

PERDITICETUS YACONENSIS sp. nov. 

Holotype— USNM 335224, a nearly complete skull lacking the tip of the rostrum 

and occipital condyles, a complete left periotic, and incomplete right tympanic bulla.  

Diagnosis— Perditicetus yaconensis is a small odontocete with a long rostrum 

comprising >55% of the skull length. Skull is slightly asymmetrical; alveoli preserved on 

the maxilla indicate a homodont polydont dentition. It is placed in the Platanistoidea 

based on the following synapomorphies: emargination of the posterior edge of the 
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zygomatic process of the squamosal, a deep subcircular fossa in the squamosal, widening 

of the cranium where the cranium is distinctly shorter than wide, the division of the 

periotic fossa into anterior and posterior fossae, an articular rim of the periotic, lateral 

groove affecting the dorsal profile of the periotic so that it appears sigmoidal in dorsal 

view, and a weakly curved parabullary sulcus. Perditicetus yaconensis differs from the 

Allodelphinidae, Squalodelphinidae, and Platanistidae in the vertex being roughly in the 

sagittal plane, possessing a reduced lateral lamina that does not contact the falciform 

process of the squamosal, in the premaxillary foramen situated posterior to the antorbital 

notch, and in the separation of the zygomatic process of the squamosal from the 

postorbital process of the frontal, and in the anterior projection of the nasal giving the 

external nares a heart-shaped appearance. It further differs from the Allodelphinidae in 

lacking a deep lateral groove along the rostrum, in the constriction of the mesorostral 

canal being at the level of the premaxillary sac fossa, in the blunt, rounded postglenoid 

process, and in the dorsal edge of the temporal fossa being level with the vertex. P. 

yaconensis differs from the Squalodelphinidae and Platanistidae in lacking an 

supraorbital thickening or crest, in lacking V-shaped left antorbital notch, in the dorsal 

surface of the antorbital process being level with the rostrum base, in the nasal partly 

overhanging the external nares, in the posterior dorsal infraorbital foramen located lateral 

to the premaxillary sac fossa, in the absence of an orbital fossa for the pterygoid sinus, in 

the reduced lateral lamina, and lacking a square-shaped profile to the pars cochlearis in 

ventral view. It further differs from the Platanistidae in lacking a lateral groove between 

the premaxilla and the maxilla. 
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Etymology— After the Yacona people, original inhabitants of the type locality 

along the Oregon coast in Lincoln County. 

Type Locality— USNM 335224 was collected by Douglas Emlong in March of 

1971; it was recorded as Emlong 744 in his notes. D. Emlong’s field data states that the 

specimen was found in situ 0.5 miles south of the mouth of Lost Creek, in front of 

Wandamere Resort (Fig. 1). This resort no longer exists. Lost Creek is located south of 

Newport, in Lincoln County, Oregon. Georeferenced coordinates for the type locality are 

44.535717° N, 124.075019° W. Paleobiology Database collection: Wandamere Resort, 

200294.  
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Figure 3 The location of the type locality of Perditicetus yaconensis (Emlong 744) and the surrounding geology. 
Note the proximity of the type locality to the contact with the underlying Yaquina Formation. 
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Age and Stratigraphy— The type locality is situated in the Nye Formation, also 

known informally as the Nye Mudstone. The Nye Formation was first referred to in the 

literature as the Nye Shale by Smith (1926); Schenck (1927) designated a type locality in 

Newport, Oregon at Nye Beach from which the Nye Formation gets its name. 

The Nye Formation is composed of medium to dark olive-grey, massive mudstone 

and siltstone; it is organic-rich and freshly broken samples smell like petroleum (Prothero 

et al., 2001). Calcitic and dolomitic concretions are present. The Nye conformably 

overlies the late Oligocene Yaquina Formation, and is unconformably overlain by the 

Astoria Formation, which is early to middle Miocene in age (Fig. 2). The benthic 

foraminifera present in the Nye Formation suggest a depositional environment of bathyal 

depths (300-600 m) (Snavely et al., 1964); planktonic foraminifera are sparse, but species 

present indicate cold waters analogous to the cool-water masses seen off the Oregon 

coast today (McKeel and Lipps, 1972). Benthic foraminifera stratigraphy place the Nye 

Formation within the Zemorrian to Saucesian stages, which correspond to the Chattian to 

Aquitanian stages (Nesbitt, 2018). Molluscan stratigraphy places the Nye Formation in 

the Pillarian stage, which is thought to correspond with the Aquitanian (Addicott, 1976). 

Magnetostratigraphic studies support the ages obtained from foraminiferal and molluscan 

stratigraphy; Prothero et al. (2001) place the age of the Nye Formation at 28-23 Ma.  

The geologic map drawn by drawn by Vokes et al. (1949) depicts the 

southernmost extent of the Astoria Formation as approximately one mile south of the 

mouth of Yaquina Bay; in cross-section, the Yaquina, Nye, and Astoria Formations dip 

gently to the west. My interpretation of this data is that the Nye Formation is younger as 



24 
 

one moves west; this assessment is confirmed by younger magnetostratigraphic ages in 

the west as opposed to east (Prothero et al, 2001). Given that the outcrops near Lost 

Creek are closer to the contact with the underlying Yaquina Formation than to the contact 

with the overlying Astoria Formation, the type locality of Perditicetus is likely closer to 

the bottom of the formation. I contend that USNM 335224 is from the Chattian based on 

this interpretation; however, a foraminiferal study of type locality would be required to 

determine if the locality has a Zemorrian (Chattian) or a Saucesian (Aquitanian) 

assemblage.  

Other marine mammals present in the Nye Formation include Desmostylus 

hesperus Marsh, 1888 (Domning, 2008), a halitheriine sirenian (Domning and Ray, 

1986), pinnipeds such as Enaliarctos Mitchell and Tedford, 1973,  and Pinnarctidion 

Barnes, 1979 (Berta, 1991, 1994), the “beach bear” Kolponomos Stirton, 1960 (Tedford 

et al., 1994), the squaloziphiid Yaquinacetus (Lambert et al., 2019), and the platanistoid 

Goedertius oregonensis (Kimura and Barnes, 2016). 
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Figure 4 A stratigraphic column of the units in the Newport, OR area. Dates for the Eocene-Oligocene and 
Oligocene-Miocene boundaries are from Gradstein et al. (2004). The blacked-out area represents the 
unconformity between the Nye Formation and the Astoria Formation. 
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DESCRIPTION  

General Description 

The skull of the holotype USNM 335224 is nearly complete; it lacks occipital 

condyles, the apex of the rostrum, the jugals, and the ventral surface of the lacrimals. 

There is major damage to both parietals, and the right exoccipital and squamosal. There 

appears to be no diagenetic distortion. The skull is slightly asymmetrical. The skull is 

small, with a condylobasal length of at least 378 mm; this measurement is a minimum 

estimate since the apex of the rostrum could extend much further. Body size estimate for 

the holotype is 2.06 m (bizygomatic width 20.8 cm). The majority of sutures in USNM 

335224 are fused, and maxillary alveoli are ossified; these features indicate that USNM 

335224 was an adult. The left periotic and right tympanic bulla were prepared out of the 

skull. 
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Figure 5 Photo (a) and line drawing (b) of the skull of Perditicetus yaconensis, USNM 335224 (holotype), dorsal 
view. The names of bones are in bold type; grey areas indicate either broken surfaces or infilling matrix. Scale 
bar = 5 cm. Note the slight asymmetry, the temporal fossa roofed over by the maxilla and frontal, and the 
cranium wider than it is long. 
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Cranium 

The cranium, defined as the skull posterior to the antorbital notches, is square-

shaped, being about as long as it is wide. In lateral view, the supraorbital process is only 

slightly elevated above the base of the rostrum. The narial passages are subvertical and 

the external nares open at the level of the postorbital process of the frontal. The facial 

region is slightly concave; the vertex is elevated approximately 60 mm above the base of 

the rostrum. In dorsal view, the maxillae and frontals roof over the anterior portion of the 

temporal fossa but leaves the supramastoid crest and the posterior portion of the temporal 

fossa exposed. The facial region as a result appears somewhat trapezoidal, similar to the 

condition observed in other early odontocetes such as Waipatia and Chilcacetus; the 

extent of the lateral margin of the ascending process of the maxilla resembles that of the 

squalodelphinids Huaridelphis and Notocetus. There is a thin but well-developed 

temporal crest; the zygomatic process of the squamosal and the postorbital process of the 

frontal are close together, separated by only 5 mm. There is a reduced intertemporal 

constriction, with very little, if any, of the parietals exposed in dorsal view. The vertex of 

the skull is square-shaped and flat. The basicranium has suffered some significant 

damage: there are 2 large holes on the left and one large hole on the right, exposing the 

endocranial space.  

Rostrum 

The rostrum is long, comprising approximately 50% of the condylobasal length 

and likely extended further. In dorsal view, the premaxillae contact each other for 

roughly half the rostrum’s length. The mesorostral canal is narrow, reaching a maximum 
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of 10 mm in width, and is constricted anterior to the external nares. This contrasts the 

open condition of the mesorostral canal seen in more basal odontocetes Squalodon and 

Waipatia. There is a prominent antorbital notch, which transmits the facial nerve. There 

is only slight asymmetry in the shape of the antorbital notches. This is different from 

what is seen in squalodelphinids, which possess a left antorbital notch that is narrower 

(“V” shaped) in dorsal view than the right antorbital notch. The antorbital notch also 

differs from the condition seen in Argyrocetus joaquinensis in that the right antorbital 

notch is markedly shallower than the left. The antorbital processes, formed by the 

lacrimal, maxilla, and the anterior-most frontal, extend to form the lateral margin of the 

antorbital notch. Anterior to the antorbital notch, the lateral margin of the maxilla flares 

out to form the maxillary flange. In lateral view, the premaxilla forms the dorsal profile. 

In ventral view, the surface of the rostrum is mainly formed by the maxilla, with the 

vomer visible in the anterior portion. The lateral margin of the ventral surface is poorly 

preserved. The anterior portion of the ventral surface is grooved, whereas the posterior 

portion is convex. There is a slight palatal ridge where the palatine contacts the maxilla.  

Premaxilla 

In dorsal view, the premaxillae maintain a uniform thickness along the rostrum to the 

level of the antorbital notch, at which point they expand to accommodate the 

premaxillary sac fossa. On the posterior third of the rostrum, the suture between the 

premaxilla and the maxilla appears tight, possibly fused; however, on the anterior portion 

of the rostrum, there is infilling of matrix in the suture between the maxilla and 

premaxilla, indicating that this suture may have been unfused (Fig. 3). There is no lateral 
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groove marking the suture between the premaxilla and maxilla, differing from 

allodelphinids, platanistids, eurhinodelphinids, and eoplatanistids. The dorsal profile of 

the premaxillae is flat along the rostrum. The premaxillae contact each other for half the 

anterior length of the rostrum and the mesorostral groove is exposed on the posterior half. 

This contact between the premaxillae may not have been sutural based on the overlapping 

of the right premaxilla over the left. The mesorostral groove is widest at the level of the 

antorbital notch and abruptly narrows at the level of the anterior edge of the premaxillary 

sac fossa. There is one premaxillary foramen on the left and right premaxilla located 

posterior to the antorbital notch; the left premaxillary foramen is situated posterior to the 

right premaxillary foramen. The placement of the premaxillary foramen is similar to the 

position seen in Squaloziphius. In Waipatia, Xiphiacetus, and most other platanistoids 

sensu Lambert et al., (2014) the premaxillary foramen is situated anterior to the antorbital 

notch; in Chilcacetus and Argyrocetus joaquinensis, the premaxillary foramen is situated 

at the level of the anterior notch. The premaxillary foramina are subequal in size, and 

transmit the maxillary nerve, a branch of the trigeminal nerve. The anteromedial sulcus is 

visible but poorly defined; this sulcus forms the prenarial triangle, the origin for the nasal 

plug muscle. The posterolateral sulcus creates a thin lateral edge of the ascending process 

of the premaxilla, which overhangs the maxilla. There is no apparent posteromedial 

sulcus present. The premaxillary sac fossa is smooth and transversely flat. The 

premaxillae are widest at the prenarial constriction just anterior to the external nares, at 

which point the premaxillae constrict until they contact the anterolateral edge of the 

nasals. The suture between the premaxilla and nasal is indistinct. Unlike Waipatia, 
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Otekaikea, and Papahu, there is no bifurcation of the premaxilla at the apex. The lateral 

margin of the premaxilla is thickened and is elevated above the ascending process of the 

maxilla. The premaxillae are not exposed in ventral view.  

Maxilla 

On the dorsal surface of the maxilla, there is noted asymmetry in the location of 

the infraorbital foramina (responsible for transmitting the maxillary nerve) on the left and 

right maxillae. On the right maxilla, a foramen is present on the dorsal surface of the 

maxillary flange anterior to the antorbital notch. There is a second foramen located 

posteromedial to the antorbital notch. On the left maxilla, there is a foramen at the level 

of the antorbital notch with a sulcus that extends anteriorly along the maxillary flange. 

The second is located slightly posteromedial to the antorbital notch. There is one dorsal 

infraorbital foramen on each ascending process of the maxilla, accompanied by sulci that 

extend both anteromedially and posterolaterally. At the vertex, the maxilla appears to 

contact the supraoccipital and forms part of the nuchal crest. There appears to be 

asymmetry in the contact between the maxilla and the frontal; on the left side the suture 

between maxilla and frontal on the dorsal surface is indistinct, whereas on the right side 

the suture is thickened and appears almost crenulated. On the right side, the maxilla 

appears to overlap the lacrimal, but does not completely cover it. The maxilla is not 

thickened over the orbit in lateral view. In ventral view, the maxilla forms most of the 

surface of the rostrum. The maxilla extends back to the level of the internal opening of 

the infraorbital foramen. There are 14 well preserved alveoli on the maxilla, all subequal 

in size. This demonstrates that Perditicetus had single-rooted teeth. The alveoli appear to 
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terminate well anterior to the maxillary flange and the antorbital notch, however this may 

be due to the poor preservation of the lateral margin of the maxilla. The maxilla contacts 

the palatine along a weakly-defined palatal sulcus. Between the lateral margin of the 

palatine and the ventral infraorbital foramen, there appears to be an oblique crest, similar 

to that described by Lambert et al. (2015) in Chilcacetus. This feature appears in other 

odontocetes and may indicate the origin of the internal or external pterygoid muscles. The 

maxilla appears to form the wall of the antorbital notch, though the lacrimal may also 

contribute.  

Palatine 

The palatine is long and V-shaped in ventral view. They are widest posteriorly 

and taper to a point approximately 30 mm anterior to the antorbital notch, though they 

may extend further (Fig. 4). The palatine and maxilla appear to be fused. If a palatal 

foramen is present, it has been obscured by slight damage to the ventral surface. The left 

and right palatines are separated medially by the maxillae for approximately 30 mm 

backwards from the anterior point of the palatine, similar to the morphology seen in 

Chilcacetus. Together, the medial contacts between the left and right maxillae and 

between the left and right palatines form a keel-like ridge that extends 50 mm anterior to 

the antorbital notch. This morphology differs from that seen in Squalodon and Waipatia 

and could be related to an elongated rostrum (Lambert et al., 2015). The palatine does not 

appear to be exposed in the pterygoid sinus fossa. The suture between the palatine and 

pterygoid is indistinct, likely fused. There is no lateral lamina present. 
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Pterygoid 

The anterior portion of the pterygoid is well preserved; however, the hamular 

process of the pterygoid is missing. Overall, the morphology of the pterygoid region is 

very similar to the morphology of the pterygoid in Chilcacetus. The anterior margin of 

the pterygoid is situated just posterior to the antorbital notch; the pterygoid sinus fossa as 

a result does not extend anterior to the antorbital notch. The medial contact of the left and 

right pterygoid is damaged. The medial lamina of the pterygoid forms the lateral wall of 

the internal nares. The eustachian notch is missing, but it appears that that medial lamina 

of the pterygoid contributes to the anterior portion of the pharyngeal crest. The lateral 

lamina of the pterygoid is better preserved on the right side. The lateral lamina is a thin 

but prominent ridge; and forms the ventromedial edge of the frontal groove. The lateral 

lamina appears to contact the alisphenoid, but due to damage to the basicranium, it is 

difficult to confirm this. The lateral lamina does not appear to have contacted the 

falciform process of the squamosal, differing from the condition seen in platanistids, 

squalodelphinids, and some eurhinodelphinids. The pterygoid sinus fossa is roughly 

triangular in shape; the orbit lacks any deep fossae suggesting an orbital lobe of the 

pterygoid sinus.  
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Figure 6 Photo (a) and line drawing (b) of the skull of Perditicetus yaconensis, USNM 335224 (holotype), ventral 
view. The names of bones are in bold type; grey areas indicate either broken surfaces or infilling matrix. Scale 
bar = 5 cm. Note that the alveoli are subequal in size, indicating single-rooted teeth; also note the wide exposure 
of the pterygoid and the separation of the periotic fossa into anterior and posterior fossae. 
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Nasal 

The nasals have a medial contact that points anteriorly, giving the external nares a 

heart-shaped appearance in anterior and dorsal view. This medial contact is shifted to the 

left of the midline. The left and right nasals are asymmetrical, though this appears to be 

the result of damage. The anterior edge of the left nasal trends posterolaterally, where it 

contacts the premaxilla and maxilla. The left nasal appears to slightly overhang the left 

external naris. There is a trough posterior to the external nares, forming a depression 

between the nasals and the vertex of the skull. The contact between the nasals and 

frontals is indistinguishable and likely fused. 

Mesethmoid 

The mesethmoid clearly forms the dorsal and posterior borders of the narial 

passages. However, the area directly anterior of the posterior border of the external nares 

is largely obscured by remaining in-filling matrix. The dorsal portion of the mesethmoid 

contributes to the anterior projection that gives the external nares its heart-shaped 

appearance. The ossified nasal septum is a very thin plate of bone, approximately 3 mm 

thick, extending down to the level of the premaxillary sac fossa.  

Vomer 

The vomer forms the lining of the mesorostral groove. It is not exposed at all in 

dorsal view due to infilling matrix and contact between the premaxillae. In ventral view, 

the vomer is exposed between the maxillae to the level of the posterior alveoli. Its widest 

ventral exposure measures 11 mm. Posteriorly, the vomer forms the septum that separates 
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the internal nares. The suture between the vomer and the basioccipital is not 

distinguishable.   

Lacrimal 

The lacrimal is poorly defined in dorsal view, due to fusion of the sutures between 

the lacrimal and the frontal and maxilla on the right. The left lacrimal appears to have 

been broken and reassembled. In dorsal view, the lacrimal forms the anterior-most part of 

the antorbital process. In ventral view, a thin portion of the lacrimal may contribute to the 

antorbital notch. The lacrimal appears to be thick dorsoventrally, and transversely wide. 

This gives the antorbital process a triangular shape in dorsal and ventral view. The 

ventral exposures of the lacrimal are broken on both the left and the right side. No 

remnants of the jugal remains. There does not appear to be a lacrimal groove or foramen.  

Frontal 

The frontals have a tabular exposure at the vertex where they are fused to the 

nasals. They likely form part of the transverse trough posterior to the external nares. 

Moving posterolaterally from the external nares, the frontals appear to “pinch out” 

between the maxilla and supraoccipital. The frontals likely contribute to the prominent 

nuchal crest. The frontal forms part of the dorsal surface of the supraorbital process. In 

lateral view, the postorbital process of the frontal is thickened and triangular in profile. 

The postorbital process is directed posteroventrally (Fig. 5). Posteriorly, the frontal is 

indistinguishable from the ascending process of the maxilla in lateral view. In ventral 

view, the frontal forms the shallow, elongate, and slightly concave orbit. There is a slight 

preorbital ridge formed from the margin of the lacrimal. The frontal bears a large 
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infraorbital foramen situated posteromedial to the antorbital notch. Just posterior to the 

infraorbital foramen is a fossa, likely for the pterygoid sinus. There is a prominent frontal 

groove, an extension of the optic canal, that likely contacts the orbitosphenoid. This 

groove likely transmitted the optic nerve. The postorbital ridge forms the posterolateral 

edge of the frontal groove and appears to contact the alisphenoid. The postorbital ridge is 

not pronounced. There is no deep fossa in the orbit for an extension of the pterygoid 

sinus. 
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Figure 7 Photo (a) and line drawing (b) of the skull of Perditicetus yaconensis, USNM 335224 (holotype), lateral 
view. The names of bones are in bold type; grey areas indicate either broken surfaces or infilling matrix. Scale 
bar = 5 cm. Note that the vertex is roughly level with the dorsalmost edge of the temporal fossa, and the 
dorsoventrally expanded zygomatic process. 

 

Parietal 

The parietal does not appear to be exposed at the vertex; if so, it is part of the 

“pinching out” section described above; and could be part of the nuchal crest. However, 

due to the level of fusion present in the vertex, it is extremely difficult to distinguish the 

parietal from the frontal. No interparietal appears to be present. In lateral view, sections 

of the parietal are broken on both sides, exposing matrix that fills the braincase. Part of 

the suture between the parietal and squamosal is missing as a result. The parietal forms a 

thin, but prominent, temporal crest that overhangs the temporal fossa. The parietal forms 

the medial wall of the temporal fossa, and the braincase appears slightly inflated. The 

dorsolateral suture between the parietal and the supraoccipitals is fused. In ventral view, 

the large holes obscure any ventral exposures of the parietal. The dorsolateral contact 

between the parietal and alisphenoid appears to be fused.  

Squamosal 

In dorsal view, the zygomatic process is directed anteriorly. The anterior margin 

of the zygomatic process extends to the level of the external nares, and is separated from 

the postorbital process of the frontal by approximately 5 mm. The dorsal profile of the 

zygomatic process is rounded both transversely and anteroposteriorly. Posteriorly, above 

the level of the postglenoid process, the squamosal bears an emargination for attachment 

of jaw musculature. This emargination likely contacted the lambdoid crest of the 
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supraoccipitals. The dorsal surface directly lateral to the braincase bears a depression that 

forms the floor of the temporal fossa. In both dorsal and lateral view, the zygomatic 

process is thickened dorsoventrally, similar to the condition seen in squalodelphinids and 

platanistids. The ventral edge of the zygomatic process is concave in lateral view. There 

is a prominent, rounded postglenoid process. Despite the damage to the basicranium, the 

ventral surface of the squamosal on the left side is well-preserved. The zygomatic process 

has a concave lateral edge but becomes flatter medially. The surface of the mandibular 

fossa is very smooth; at the anterolateral margin of the zygomatic process, a facet for the 

jugal is preserved. The tympanosquamosal recess is shallow and weakly separated from 

the mandibular fossa; there is only a slight ridge separating them. The falciform process 

is broken off and missing. Based on a broken surface present anteromedially to the 

external acoustic meatus, I infer that USNM 335224 had a spiny process. The anterior 

contact between the squamosal and the alisphenoid is indistinct, largely due to damage. 

Posterior to the broken base of the falciform process, there is a large foramen, tentatively 

identified as the foramen spinosum (responsible for transmitting the middle meningeal 

artery). There is a large periotic fossa situated posteriorly. This fossa measures 

approximately 32 mm from the base of the falciform process to the anterior edge of the 

exoccipital, and 23 mm transversely from the medial edge of the tympanosquamosal 

recess to the contact with the basioccipital. The periotic appears to approximate the 

squamosal at the lateral tuberosity and part of the anterior process. Dorsally, there does 

not appear to be a large cavity between the periotic fossa and the pars cochlearis. The 

periotic fossa in the holotype is weakly split into anterior and posterior sections by a 
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supratubercular ridge (sensu Fordyce, 1994). The anterior portion is smaller and is 

slightly dorsoventrally deeper than the posterior portion. In the posterior portion of the 

periotic fossa, there appears to be an excavation, partially obscured by matrix, in the wall 

of the periotic. This is interpreted to be the suprameatal pit of the squamosal; and marks 

the articulation between the articular rim of the periotic and the squamosal. The external 

acoustic meatus opens medially just dorsal to the base of the spiny process. It is narrow 

medially but widens laterally; and is bounded by anterior and posterior meatal crests. The 

anterior meatal crest is partially broken but extended from the postglenoid process to the 

base of the spiny process. The posterior meatal crest separates the external acoustic 

meatus from the post-tympanic process. There are two sutures present in the post-

tympanic process where the posterior process of the tympanic bulla contacts the 

squamosal.  

Supraoccipital 

The supraoccipital is framed by the nuchal crest, which is somewhat convex 

anteriorly. The nuchal crest is prominent, elevated 10-12 mm above the ascending 

process of the maxilla. The occipital shield is smoothly concave, forming a medial 

depression in the supraoccipitals (Fig. 6). The posterior-most portion of the 

supraoccipitals is missing or broken, due to the absence of the occipital condyles. As a 

result, the contact between the supraoccipital and the exoccipitals is missing. Due to the 

damage on the lateral portions of the skull, the contact with the squamosal is also 

missing. 



41 
 

Basioccipital 

In ventral view, the contact between the basioccipital and vomer appears to be 

fused. The basioccipital crests are long and prominent, and run about half the length of 

the basicranium. The basioccipital crests are indistinguishable from the pharyngeal crests. 

Transversely the crests are robust but possess a thin ventral margin. Anteriorly, the 

basioccipital crests are roughly parallel but begin to diverge at the level of the foramen 

ovale/cranial hiatus. In the medial basioccipital there is a deep depression. The carotid 

foramen is not visible.  

Exoccipital 

The right exoccipital is largely missing and heavily damaged; the portion 

surrounding the missing occipital condyles is also damaged. Due to this damage, the 

contact between the exoccipitals and supraoccipital is missing. However, the left 

exoccipital is otherwise well-preserved. The posterior surface of the exoccipital is flat to 

gently concave. The dorsal contact between the exoccipital and the parietal appears fused. 

Ventrally, the exoccipital forms the posterior-most portion of the basioccipital crest, 

directly medial to the deep jugular foramen, which transmits the glossopharyngeal, vagus, 

and accessory nerves. The hypoglossal foramen is not apparent. The paroccipital process 

is robust, with prominent sutures for the tympanic bulla. There does not appear to be a 

distinct fossa for the posterior sinus. Laterally, the contact between the exoccipital and 

the post-tympanic process of the squamosal is fused.  
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Figure 8 Photo (a) and line drawing (b) of the skull of Perditicetus yaconensis, USNM 335224 (holotype), 
posterior view. The names of bones are in bold type; grey areas indicate either broken surfaces or infilling 
matrix. Scale bar = 5 cm. Note the emargination of the squamosal and exoccipital for neck muscle fossae in the 
temporal fossa. 
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Alisphenoid, basisphenoid, orbitosphenoid 

The alisphenoid is the only portion of the sphenoid bone that can be distinguished 

in the holotype. In ventral view, the alisphenoid contributes to the subtemporal crest. It 

does not appear to contribute to the pterygoid sinus fossa. Due to the damage to the 

basicranium, the position of the foramen ovale and the orbital fissure cannot be 

determined. There is no clear sphenoidal suture between the alisphenoid and the 

squamosal. The basisphenoid appears to be covered by the vomer, and the carotid 

foramen is obscured. The orbitosphenoid is indistinct.  

 

Table 1 Measurements of the skull of Perditicetus yaconensis, USNM 335224, holotype (mm). Measurements 
from Fordyce (1994). 
Condylobasal length >378 
Rostrum length >207 
Rostrum width at base 97 
Rostrum width at preserved mid length 59 
Premaxillary width dorsally at level of antorbital notches 45 
Maximum premaxillary width dorsally, about level with mid-orbit 65 
Distance from level of antorbital notches to most anterior border of nasals 86 
Distance from level of antorbital notches to border of internal nares 80 
Cranial length >186 
Preorbital width at level of lacrimal-frontal suture 176 
Postorbital width, maximum across postorbital processes 218 
Palatine length, in midline 116 
Maximum width of external nares 31 
Width of left frontal at level of apex of premaxilla 25 
Width of right frontal at level of apex of premaxilla 26 
Minimum width, intertemporal constriction 75 
Distance from anterior of inter-nasal suture to apex of supraoccipital 50 
Maximum width across zygomatic processes 225 
Point-to-point distance, apex of supraoccipital to dorsal intercondylar 
notch 

- 
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Periotic (left) 

The left periotic of the holotype is well preserved; the right periotic partially 

remains in the periotic fossa and partially attached to the tympanic bulla. The periotic, as 

viewed dorsally, has a sigmoidal profile. The length of the anterior process of the periotic 

is long, being greater than 60% the length of the pars cochlearis. There is a dorsal 

tubercle present on the anterior process (Fig. 7a-b). The apex of the anterior process is 

rounded. Viewed ventrally, there is one thin anterointernal sulcus, associated with the 

dorsal tubercle (Fig. 7c-d). In lateral view, the axis of the anterior process is angled 

downwards (Fig 7e-f). The anterior keel, as well as the anteroventral angle, are indistinct. 

The anterior bullar facet is well preserved and forms a deep depression; this condition is 

similar to that seen in eurhinodelphinids, squalodelphinids, and platanistids. The periotic 

does not have a parabullary ridge. The fovea epitubaria, posterior to the anterior bullar 

facet, is long and deep, similar to the condition seen in Notocetus. Lateral to the anterior 

bullar facet and the fovea epitubaria is a weakly curved anteroexternal sulcus (called the 

parabullary sulcus in other publications). The periotic has a small groove, interpreted as 

the fossa for the tegmen tympani muscle, medial to the mallear fossa. The pars cochlearis 

is somewhat inflated; the profile is semispherical as opposed to square. The fenestra 

rotunda is subrounded ventrally; it appears to be connected to the aperture for the 

cochlear aqueduct via a fissure. Dorsally, there is a faint rim that surrounds the pyriform 

internal acoustic meatus. Internally, the internal acoustic meatus is filled with matrix. The 

aperture for the cochlear aqueduct opens dorsomedially and is approximately the same 

size as the aperture for the vestibular aqueduct. The dorsal surface appears to have a 
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ridge, giving the periotic its sigmoidal profile, but the dorsal tuberosity on the anterior 

process and the articular rim on the posterior process may account for this ridge; the 

periotic would not have a dorsal crest like that seen in Waipatia. There is no superior 

petrosal sinus or subarcuate fossa visible. There is a shallow lateral groove dorsal to the 

lateral tuberosity. Ventrally, the lateral tuberosity is large and blunt; the apparent 

separation between the lateral margin of the anterior process and the lateral tuberosity 

appears to be artificial. The hiatus epitympanicus is wide and concave; in ventral view, it 

appears to be narrow medially. The mallear fossa lies medial to the lateral tuberosity and 

is bowl-shaped. The fenestra ovalis is subcircular and is situated dorsal to the ventral 

surface of the pars cochlearis. The ventral foramen for the facial canal is situated directly 

lateral to the fenestra ovalis; the sulcus for the facial nerve is not visible. The stapedial 

muscle fossa is obscured by infilling matrix. The posterior process and pars cochlearis are 

subequal in length. Like the anterior process, the posterior process of the periotic is bent 

ventrally in medial and lateral view. The posterior bullar facet is wide and roughly fan-

shaped, being wider posteriorly than it is anteriorly. The ventral surface of the posterior 

bullar facet is very smooth. The posteroexternal foramen is not visible. Notably, the 

periotic of USNM 335224 possesses a small articular rim on the lateral face of the 

posterior process (Fig. 7g-h). The articular rim in Perditicetus is less developed than that 

seen in Huaridelphis and Notocetus but is more developed than the “incipient articular 

rim” of Waipatia (Fordyce, 1994).  

 



46 
 

 

Figure 9 Photo (a) and line drawing (b) of the left periotic of Perditicetus yaconensis, USNM 335224 (holotype), 
dorsal view; photo (c) and line drawing (d) of the periotic, ventral view; photo (e) and line drawing (f) of the 
periotic, medial view; photo (g) and line drawing (h) of the periotic, lateral view. Grey areas indicate either 
broken surfaces or infilling matrix. Scale bar = 1 cm. Note the weakly curved parabullary sulcus in ventral view 
and the articular rim visible in lateral view. 
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Table 2 Measurements of the left periotic of Perditicetus yaconensis, USNM 335224, holotype (mm). 
Measurements from Fordyce (1994). 
Anteroposterior length 36 
Width, internal margin of pars cochlearis to external margin at hiatus 
epitympanicus, level with fenestra ovalis 

18 

Length of pars cochlearis, from groove for tensor tympani to mid-point of 
stapedial muscle fossa 

15 

Length of internal auditory meatus 5 
Length of posterior bullar facet 10 

 

Tympanic Bulla (right) 

The right tympanic bulla is poorly preserved. A portion of the right periotic 

(likely the pars cochlearis) appears to still be attached to the broken posterior process or 

to the tympanic bulla itself (Fig. 8a-b). The tympanic bulla is roughly square shaped, 

being subequal length and width. The involucrum is present, as well as the inner posterior 

prominence. There are several striae on the dorsal surface of the involucrum, though 

these could possibly be tool marks. The sigmoid process, as well as any accessory 

ossicle, is also missing. It appears that the entire ventral side has broken off, leaving only 

fragments of internal bone with matrix filling the tympanic cavity (Fig. 8c-d). The 

tympanic bulla, when articulated with the skull, takes up much of the periotic fossa, 

suggesting that Perditicetus possessed a small peribullary sinus.  
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Figure 10 Photo (a) and line drawing (b) of the right tympanic bulla of Perditicetus yaconensis, USNM 335224 
(holotype), dorsal view; photo (c) and line drawing (d) of the tympanic bulla, ventral view. Grey areas indicate 
either broken surfaces or infilling matrix. Scale bar = 1 cm.  

 

 

Table 3 Measurements of the right tympanic bulla of Perditicetus yaconensis, USNM 335224, holotype (mm). 
Measurements from Fordyce (1994). 
Standard length, anterior apex to apex of outer posterior prominence - 
Length, anterior apex to apex of inner posterior prominence 38 
Distance, outer posterior prominence to apex of sigmoid process - 
Dorsoventral depth of involucrum immediately in front of posterior 
pedicle 

12 

Elliptical foramen - 
Maximum point-to-point length of posterior process - 
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DISCUSSION  

Morphology, Homology, and Function 

Here, I briefly discuss structures noted in the description, their morphology, and 

the function of these structures. Several soft tissues, such as musculature, the air sinus 

system, and sensory organs have osteological correlates; thus, I can make some 

inferences of the soft tissue structures present in Perditicetus. Regarding facial structure, 

Perditicetus is more derived than stem odontocetes such as Agorophius in that the facial 

bones are more telescoped such that the vertex of the skull has shifted more posteriorly, 

in the roofing over of the temporal fossa by the maxilla and frontal, and no prominent 

intertemporal constriction. As seen in many odontocetes, Perditicetus displays some 

asymmetry of the facial region; the asymmetry of the facial bones reflects asymmetry in 

the overlying facial muscles, such as the masillonasiolabialis muscle. The purpose of the 

asymmetry of the bones and soft structures is still debated, but sound production is a 

strong explanation (Cranford et al., 1996; Fahlke and Hampe, 2015). 

The facial structure of odontocetes is highly specialized for echolocation: they 

possess a system of nasal air sacs and fat bodies that aid in sound production and 

isolation. Of these features, several leave osteological correlates. First, the premaxillary 

sac, one of the nasal air sacs used to acoustically isolate the phonic lips and to act as 

reservoirs for air required for sound production (Cranford et al., 1996), contacts the 
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dorsal surface of the rostrum. This forms the premaxillary sac fossa, which is present in 

the holotype of Perditicetus. Second, modern odontocetes have a body of fat and 

connective tissue known as the melon, likely used to focus vocalizations (McKenna et al., 

2012). The melon corresponds to the concave facial region seen in almost all 

odontocetes, including Perditicetus. In the mandible of odontocetes, there is a fat pad 

present associated with a large mandibular foramen (Cranford et al., 2010). As the 

mandible is missing in the holotype, the presence of a fat pad cannot be confirmed for 

Perditicetus. However, based on the other two structures are present in the holotype, and 

considering that stem odontocetes such as Cotylocara display such osteological 

correlates, Perditicetus was almost certainly capable of echolocating.  

Feeding ecologies in cetaceans can be assessed based on the length of the rostrum 

and the teeth present. Like extant odontocetes, Perditicetus was polydont and most likely 

homodont. Since homodonty reflects a decrease in mastication (Loch and Simoes-Lopes, 

2013), it is likely that Perditicetus did not do any significant oral processing of food; 

however, teeth in another specimen of this genus would be required to confirm this. 

Perditicetus was moderately longirostral, with a rostrum length at least 55% of the 

condylobasal length and considering that the apex of the rostrum is missing in the 

holotype, the full length of the rostrum could be longer. Extant longirostral odontocetes  

Platanista and Inia, both river dolphins, feed by raptorial snapping (Werth, 2000). It is 

likely that Perditicetus was also a snap raptorial feeder. This feeding ecology was 

prevalent in many Oligocene and Miocene odontocete taxa, but is now entirely confined 

to the “river dolphins” inhabiting freshwater environments (McCurry and Pyenson, 
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2018). Fordyce (1994) notes that the long lateral lamina of the pterygoid that contacts the 

falciform process, such as the one seen in the hyper-longirostral eurhinodelphinids and 

platanistids, could be origin of the internal pterygoid muscle; this feature is missing in 

Perditicetus.  

The tympanoperiotic complex in cetaceans has been heavily modified to enable 

them to hear in water, such as the presence of a pachyosteosclerotic tympanic bulla (Luo 

and Gingerich, 1999). In odontocetes, the bones of the ear have been further modified in 

order to echolocate. In many odontocetes, the ear bones are separated from the rest of the 

basicranium, due to the formation of a cranial hiatus and the air sinus system; the cranial 

hiatus in Perditicetus appears to be missing, possibly closed during ontogeny (Mead and 

Fordyce, 2009). Structures related to hearing in Perditicetus include the fenestra ovalis, 

through which the stapes makes contact with the inner ear. The semispherical pars 

cochlearis houses the inner ear. On the dorsal surface of the pars cochlearis, the internal 

acoustic meatus transmits the vestibulocochlear nerve, which is responsible for hearing 

and balance (Ekdale and Racicot, 2015; Spoor et al., 2002). Perditicetus, like other 

platanistoids, possesses an articular rim, which contacts the suprameatal pit of the 

squamosal. In the platanistids Pomatodelphis, Zarhachis, and Platanista, the articular rim 

is developed into the hook-like articular process, which creates an interlocking contact 

between periotic and squamosal (de Muizon, 1987). The purpose of the articular rim or 

articular process remains unknown. The articular rim seen in platanistoids differs from a 

small articular “peg” or tubercle seen in eurhinodelphinids, Chilcacetus, and possibly 

Waipatia. This feature is often referred to as an “incipient articular rim” (Fordyce, 1994) 
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but de Muizon (1987) suggests this tubercle is a vestigial articulation between periotic 

and squamosal. 

The extensive accessory sinus system is a hallmark of odontocetes; these sinuses 

are air-filled and heavily vascularized, and act to acoustically isolate the ear bones from 

the basicranium (Costidis and Rommel, 2012; Fraser and Purves, 1960). In Perditicetus, 

the most noticeable of these accessory sinuses’ osteological correlates is the pterygoid 

sinus fossa. This fossa is bounded by the anterior extent of the pterygoid, and the medial 

and lateral laminae of the pterygoid. Unlike Waipatia, Perditicetus does not appear to 

have a fossa in the alisphenoid/basisphenoid for the pterygoid sinus fossa (Fordyce, 

1994). Perditicetus differs from other derived platanistoids by lacking an orbital fossa for 

the pterygoid sinus. Bony fossae only record the minimum extent of the sinus system, so 

that absence of a fossa does not indicate absence of an accessory sinus. Unlike more 

derived taxa such as the delphinids, the holotype lacks an anterior sinus fossa. The middle 

sinus occupies the area surrounding the mandibular fossa and postglenoid process; the 

tympanosquamosal recess is considered an osteological correlate (Mead and Fordyce, 

2009). The tympanosquamosal recess is shallow but present in the holotype, indicating 

that Perditicetus possessed a middle sinus. The tympanic bulla and the periotic are not 

separated from the squamosal by a large cavity, indicating a modestly sized peribullary 

and posterior sinus.  

Cladistic Relationships 

As stated under the Materials and Methods section, I carried out three 

phylogenetic analyses: the phylogenetic analysis (Analysis 1) in the publication of 
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Arktocara was the largest, encompassing the greatest variation in taxa (Boersma and 

Pyenson, 2016); the analysis (Analysis 2) in the publication of Dilophodelphis, which 

focused almost entirely on relationships between platanistoids (Boersma et al, 2017); and 

the analysis (Analysis 3) in the publication of Chilcacetus, which included a wider 

variety of basal crown odontocetes (Lambert et al, 2015). All three analyses placed 

Perditicetus within the Platanistoidea. I will discuss the results of each analysis below.  

After running Analysis 1, I retained 320,112 most parsimonious trees, with a 

score of 1984 steps. The strict consensus (Fig. 9) and majority rule consensus (Fig. 10) 

are shown below. The strict consensus tree is poorly defined, with much of the 

Odontoceti forming a polytomy. In the strict consensus, the Platanistoidea, defined as 

Allodelphinidae + Squalodelphinidae + Platanistidae, is polyphyletic, with the 

Squalodelphinidae and Platanistidae being sister taxa to each other. In the majority rule 

consensus, I recover a monophyletic Platanistoidea sensu Lambert et al. (2014), as well 

as a monophyletic Platanistidae and Allodelphinidae. However, I do not recover a 

monophyletic Squalodelphinidae. The historically considered platanistoids, Squalodon 

and the Waipatiidae, appear as stem Odontoceti. Characters that place Perditicetus in the 

Platanistoidea include: the articular rim of the periotic, the weakly curved parabullary 

sulcus, the sigmoidal profile of the periotic, and an anteroposterior ridge on the dorsal 

side of the periotic. The reason why Perditicetus allies with the Allodelphinidae in this 

analysis is unclear; there are no synapomorphies uniting Perditicetus + Allodelphinidae. 

For this reason, I still consider Perditicetus to be family incertae sedis.  
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Figure 11 Strict consensus phylogeny of Analysis 1 (Boersma and Pyenson 2016). Bold numbers at nodes 
indicate the following clades: 1) Odontoceti, 2) Allodelphinidae, 3) “Squalodelphinidae” + Platanistidae. Note 
the poor resolution of Odontoceti, resulting in a large polytomy.  
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Figure 12 50% majority rule consensus of Analysis 1 (Boersma and Pyenson, 2016). Numbers over branches 
indicate the percent of occurrence over all most parsimonious trees.  Bold numbers at nodes indicate the 
following clades: 1) Platanistoidea;2 ) Allodelphinidae; 3) Squalodelphinidae + Platanistidae; 4) Platanistidae. 
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Analysis 2 was the most limited of the three analyses, with all but two taxa 

considered platanistoids by various authors. I obtained 14 most parsimonious trees with 

157 steps (Fig. 11-12). This analysis placed Perditicetus as the sister taxon to the 

Platanistoidea as defined Allodelphinidae + Squalodelphinidae + Platanistidae in the 

strict consensus tree; this analysis also resolved monophyly for the Allodelphinidae, 

Squalodelphinidae, and Platanistidae, but a paraphyletic Waipatiidae. However, without 

any more derived taxa (such as ziphiids or delphinoids) it is difficult to rely on the results 

of this analysis. The node for the Platanistoidea could be drawn several places depending 

on the philosophy of the author. Characters in this analysis that align Perditicetus with 

the clade Allodelphinidae + Squalodelphinidae + Platanistidae are: widening of the 

cranium and loss of double-rooted teeth. When a broader concept of the Platanistoidea is 

applied, in which I include waipatiids and Squalodon as platanistoids, characters that 

place Perditicetus in the Platanistoidea are: emargination of posterior edge of zygomatic 

process by fossa for neck musculature, the presence of a foramen spinosum, a posterior 

portion of the periotic fossa, a lateral groove or depression of the periotic, a parabullary 

sulcus, and an articular rim of the periotic.  
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Figure 13 Strict consensus phylogeny of Analysis 2 (Boersma et al., 2017). Bold numbers at nodes indicate the 
following clades: 1) Platanistoidea sensu Lambert et al. (2014); 2) Allodelphinidae; 3) Squalodelphinidae + 
Platanistidae; 4) Squalodelphinidae; 5) Platanistidae. 
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Figure 14 50% majority rule consensus of Analysis 2 (Boersma et al., 2017). Numbers over branches indicate the 
percent of occurrence over all most parsimonious trees.  Bold numbers at nodes indicate the following clades: 1) 
Platanistoidea sensu Lambert et al. (2014); 2) Allodelphinidae; 3) Squalodelphinidae + Platanistidae; 4) 
Squalodelphinidae; 5) Platanistidae. 
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Lastly, Analysis 3 (Fig. 13) is intriguing as it contains other basal crown 

odontocetes not frequently included in other phylogenetic analyses. I obtained 18 most 

parsimonious trees with 235 steps. The strict consensus and 50% majority rule consensus 

trees were identical. As expanded on under Materials and Methods, this analysis relied on 

down-weighting homoplastic characters. When I performed the analysis without down-

weighting, I obtained poorly-resolved most parsimonious trees. In addition, bootstrap 

support values reported by Lambert et al. (2015) indicate that adding or removing a taxon 

could greatly affect the outcome. When Perditicetus was included in Analysis 3, I 

obtained a polyphyletic Platanistoidea; Squalodelphinidae + Platanistidae remained a 

monophyletic clade with Perditicetus as its sister taxon, however the allodelphinids 

included in this analysis formed a monophyletic clade with the Eurhinodelphinidae. The 

“Chilcacetus clade” as defined by Lambert et al. (2015) was preserved when Perditicetus 

was included, a surprising result when considering similarities between Chilcacetus and 

Perditicetus. Characters allying Perditicetus with the clade Squalodelphinidae + 

Platanistidae include: thickening of the zygomatic process of the squamosal and presence 

of the articular rim of the periotic. The only character that Perditicetus shares with the 

“Chilcacetus clade” is the anterior margin of the nasals overhangs the external nares (also 

shared by Waipatia). It is worth noticing that the Chilcacetus analysis was limited in the 

number of characters used (77), and that the characters in the analysis may not capture 

similarities between taxa.  
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Figure 15 Strict consensus of Analysis 3 (Lambert et al., 2015). Bold numbers at nodes indicate the following 
clades: 1) “Chilcacetus clade”; 2) Eurhinodelphinidae; 3) Allodelphinidae; 4) Squalodelphinidae + Platanistidae 
+Perditicetus; 5) Squalodelphinidae; 6) Platanistidae. 

 



61 
 

 

Comparisons to Basal Crown Odontocetes 

The skull of Perditicetus bears similarity to Chilcacetus in multiple regards. In 

dorsal view, they share a similar morphology of the mesorostral canal, the tabular 

exposure of nasals and frontals at the vertex, and the lateral extent of the ascending 

process of the maxilla. In lateral view, their profiles are quite similar: the vertex is at the 

level of the postorbital process, the nuchal crest and the dorsal-most margin of the 

temporal fossa are approximately level. and they share a similar morphology of the orbit; 

they differ in that in Perditicetus the supraorbital process is elevated as to obscure part of 

the ascending processes of the premaxilla and maxilla. The most noticeable difference 

between Chilcacetus and Perditicetus in lateral view is that the temporal fossa is smaller 

and more triangular in shape, and the zygomatic process is far more dorsoventrally and 

mediolaterally expanded. The morphology of the temporal fossa bears similarity to 

squalodelphinids and platanistids, who also have dorsoventrally expanded zygomatic 

processes; this condition is also seen in eurhinodelphinids. However, their vertices are 

also more elevated than that of Perditicetus. In ventral view, Perditicetus bears little 

similarity in the palatine-pterygoid region to allodelphinids, squalodelphinids, 

platanistids, and some eurhinodelphinids. In these taxa, there is a long lateral lamina of 

the pterygoid that contacts the falciform process; in Chilcacetus and Perditicetus, the 

lateral laminae do not contact the falciform process. Chilcacetus and Perditicetus also 

exhibit a separation of the left and right palatines by the maxillae.  
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However, in the posterior basicranial region, the morphology of Perditicetus allies 

it strongly with the Platanistoidea, as opposed to the “Chilcacetus clade”. Perditicetus, 

like other platanistoids, exhibits the division of the periotic fossa into anterior and 

posterior regions. Perditicetus also has the suprameatal pit for the contact of the articular 

rim with the squamosal. And most noticeably, the periotic’s morphology, especially the 

presence of the articular rim, strongly allies it with other platanistoids. In addition, it 

bears the following similarities to platanistoid periotics: the weakly curved parabullary 

sulcus, the large anterior bullar facet, the sigmoidal profile of the periotic, and the flat, 

square-shaped posterior bullar facet. The morphology of the periotic of Perditicetus 

differs greatly from the illustrations of the lost periotic of Chilcacetus. Chilcacetus lacks 

an articular rim, the sigmoidal profile, and the curved parabullary sulcus. It is possible 

that, given that the “Chilcacetus clade” is largely supported by symplesiomorphies, 

similarity between members of the “Chilcacetus clade” and Perditicetus could be due to 

homoplasy. This is especially true if Perditicetus is truly one of the basalmost 

platanistoids known, a conclusion that is supported by the results of Analyses 1 and 2. I 

would suggest that addition of new characters into the phylogenetic analysis of Lambert 

et al. (2015) could further elucidate the relationship between taxa in the “Chilcacetus 

clade” and Perditicetus. 

Consistently in phylogenetic analysis, the presence of the articular rim is key in 

placing Perditicetus in the Platanistoidea. Synapomorphies of this superfamily, as 

described in the Introduction, are incredibly elusive and largely depend on the results of 

phylogenetic analyses. The initial synapomorphies listed by de Muizon (1987) are 
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problematic, as the scapula is not a commonly preserved element; I would contend that it 

is unwise to base a clade’s only synapomorphies on an element infrequently preserved in 

many holotypes. Since the publication of Huaridelphis by Lambert et al. (2014), the 

articular rim of the periotic as emerged as a strong synapomorphy of Platanistoidea. The 

articular rim, however, is a difficult character to understand, partially as its purpose (if 

any) is poorly understood, and authors have differing views on what is considered an 

articular rim. Fordyce (1994) in his publication of Waipatia stated that a bulge on the 

lateral face of the posterior process of the periotic was an “incipient articular rim”. 

However, de Muizon (1987) states that the articular process should not be confused with 

an “articular peg” that is present in some eurhinodelphinids, which he states is an 

atavistic articulation between periotic and squamosal. Furthermore, he asserts that 

specimens of Zarhachis, a platanistid with a hook-like articular rim, will exhibit both 

features on the same periotic. More work is required to fully understand the homology, if 

any, between Fordyce’s “incipient articular rim” and the articular rim of allodelphinids, 

squalodelphinids, and platanistids. If these features are indeed homologous, this would 

indicate that single-rooted teeth arose twice in the odontocete lineage; once from the 

Waipatiidae to more derived members of the Platanistoidea, and again somewhere in 

stem Odontoceti. If we consider the articular rim as the key synapomorphy of the 

Platanistoidea, then the Squalodontidae should not be placed in the Platanistoidea, as they 

lack the articular rim.  
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Age Considerations 

Oligocene platanistoids include Arktocara, which is Chattian in age (Boersma and 

Pyenson 2016), and Allodelphis pratti. Squalodontids were abundant during the Chattian 

and make up the majority of occurrences seen in Figure 16. In addition to Arktocara and 

A. pratti, there is also the waipatiid-like Urkudelphis chawpipacha, a stem platanistoid 

from Ecuador, also Chattian in age (Tanaka et al., 2017). Tanaka and Fordyce (2017) 

describe Awamokoa tokarahi, a waipatiid-like odontocete from the late Oligocene of New 

Zealand, that they placed within the Platanistoidea. Tanaka and Fordyce (2016) argue that 

Awamokoa is possibly the earliest known platanistoid, following the definition of the 

Platanistoidea outlined in Tanaka and Fordyce (2015b), which includes the Waipatiidae. 

Despite the fact that the allodelphinid Goedertius’ type locality is also in the Nye 

Formation, Kimura and Barnes (2016) assign Goedertius to the early Miocene, likely on 

account of the specimen having been found further north, closer to the contact with the 

Astoria Formation.  
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Figure 16 A map of the distribution of Platanistoidea during the Chattian (28-23 Ma). Data from the 
Paleobiology Database (PDBD); tectonic reconstructions created in Gplates. Note that the PBDB uses a more 
inclusive definition of the Platanistoidea, including the Squalodontidae. 

 

The majority of platanistoids and other basal crown odontocetes are known from 

the early Miocene. Chilcacetus and Huaridelphis are tentatively dated to the early 

Miocene of Peru (Lambert et al., 2015). Zarhachis flagellator, a platanistid, existed from 

the early to middle Miocene of eastern North America (Cope, 1896; True, 1912); The  

platanistids Araeodelphis and Dilophodelphis are dated to the Burdigalian of eastern 

North America and Oregon, respectively (Boersma et al., 2017). Zarhinocetus, an 

allodelphinid, is from the early-middle Miocene of Washington state (Kimura and 

Barnes, 2016). Other basal crown odontocetes, such as the eurhinodelphinids 

Eurhinodelphis and Xiphiacetus are known from the early Miocene, though they may 

have appeared in the late Oligocene (Fordyce, 1983; Lambert, 2004). However, few of 

the odontocetes present in the early Miocene have been constrained to the Aquitanian, a 
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stage which is poorly known in the cetacean fossil record. There are the squalodelphinids 

Squalodelphis and Notocetus from Italy and Argentina, respectively, as well as a 

squalodelphinid from the Aquitanian Clallam Formation of the northeast Pacific (Nelson 

and Uhen, 2018); Allodelphis woodburnei, from the west coast of North America (Barnes 

and Reynolds, 2009), and Zarhachis, from the east coast of North America (Uhen, 2007). 

As mentioned earlier, Goedertius, dated to the Aquitanian, is also from the Nye 

Formation. 

 

 

Figure 17 A map of the distribution of the Platanistoidea during the Aquitanian (23-20 Ma). Data from the 
Paleobiology Database (PDBD); tectonic reconstructions created in Gplates.  

 

I argue under the Age and Stratigraphy section of the Systematic Paleontology 

that, given Lost Creek’s proximity to the contact between the Nye Formation and the 
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underlying Yaquina Formation, Perditicetus was likely found in the lower Nye Formation 

and is plausibly Chattian in age. This would place Perditicetus as one of the earliest 

platanistoids, which is plausible given its basal position in phylogenetic analyses (Figure 

18). Foraminiferal studies could confirm this; a Zemorrian fauna at the type locality 

would strongly suggest that Perditicetus is late Oligocene in age.  

 

 

Figure 18 Range chart of the major groups of basal crown odontocetes discussed in this thesis. Stippled lines 
indicate range extensions based on tentatively identified or poorly dated material; or in the case of Perditicetus, 
on uncertainty of the type locality’s position in the stratigraphy.  
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CONCLUSIONS 

Perditicetus yaconensis displays a curious suite of characteristics: its skull 

resembles those of the basal crown odontocete “Chilcacetus clade”, yet the morphology 

of the periotic allies Perditicetus firmly within the Platanistoidea. Further work with 

phylogenetic analyses is needed to more fully understand the possible relationship 

between the “Chilcacetus clade” and the Platanistoidea, as current phylogenies failed to 

capture similarity between the skull morphologies of odontocetes like Chilcacetus, and 

Perditicetus. The type locality south of Lost Creek appears to be closer to the lower 

contact between the Oligocene-Miocene boundary straddling Nye Formation and the 

underlying Yaquina Formation. If this is the case, then Perditicetus may well be one of 

the oldest platanistoids, especially if a definition excluding the Waipatiidae and 

Squalodontidae is considered.  
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APPENDIX 

Codings for Perditicetus yaconensis, Analysis 1 

010?? 01001 10140 ?101? ????? ????? ???10 ????? ??001 02010 02011 00010 11110 

01000 00000 20?00 10000 01010 1000? 010?1 00112 11110 00001 010?? 00--1 310?1 

00?00 00??? ???20 0??11 100?0 02?0? 0??10 11?20 ?010? 0?001 1001? 1?000 021?? 

??0?? ??0?? ????? ????? ????? ????? ????? ????? ????? ????? ????? ????? ????? ????? 

????? ????? ????? ????? ????? ?? 

Codings for Perditicetus yaconensis, Analysis 2 

0?000 ?0001 00000 ?1?10 ?0??0 ????? 1???? ??001 00??? 00000 11002 ?1111 02001 0?  

Codings for Perditicetus yaconensis, Analysis 3 

0?000 00000 20001 00010 100-- -2020 1--10 00??1 ?0001 210?0 00000 ???0? ??? ?? 

1??0? ????? ??  
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