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Abstract 
 Mosasauridae is a lineage of extinct marine squamates that inhabited the 

world’s oceans during the Late Cretaceous (100-66 Ma).  The name Mosasaurus 

was given to the first described specimen, which was a fossil discovered in 

Maastricht, the Netherlands, during the 1770s.  Naturalists of the time did not 

provide a precise diagnosis when describing or naming the specimen, and so the 

concept of the taxon remained poorly delineated.  As has been the case for many of 

the early generic names erected for fossil reptiles (e.g. Iguanodon, Ichthyosaurus, 

Plesiosaurus), this lack of a precise diagnosis allowed Mosasaurus to become a 

wastebasket taxon, with dozens of species assigned to it over the past two 

centuries.  Some paleontologists made efforts to more precisely diagnose 

Mosasaurus over the past fifty years, but the specimens these diagnoses were 

based on further confused what was being defined.  The first goal of this study is to 

emend the diagnoses of Mosasaurus and its type species M. hoffmannii Mantell 

1829 in order to develop a clear-cut characterization of these taxa.   

 Provided with a precise diagnosis of the genus, the skeletal morphology of 12 

potentially valid species is compared to that of M. hoffmannii in order to determine 

their agreement with the generic paradigm.  The findings of these comparisons 

informed the choice of taxa included in the phylogenetic analyses.  To date, no 

phylogenetic analysis of Mosasauridae has included more than three or four species 

of Mosasaurus, and this study rectifies that.  The phylogenetic analysis, which was 

based on a taxon list including only those taxa determined to be both valid and 

distinct by the morphological comparison, found Mosasaurus to be composed of only 
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four species and part of a discrete clade of closely related genera that differ from 

the rest of the Mosasaurinae.   

 The morphological comparisons and hypothesis of relationships produced by 

the phylogenetic analyses are combined to develop the ultimate goal of this study, 

which is a complete systematic revision of Mosasaurus.  The species that disagree 

with the generic paradigm are reassigned to other genera or serve as the basis for 

new genera within the clade Mosasaurini.  After nearly two centuries, M. hoffmannii 

is diagnosed based on the morphology exhibited by the holotype specimen, and the 

diversity of taxa related to Mosasaurus is more clearly understood. 
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Chapter 1 : Introduction 
 

History of Mosasaurus 

 The first report of the discovery of mosasaur fossils dates to the Netherlands 

in the 1760s, when an incomplete skull was excavated from upper Maastrichtian 

chalk quarries of St. Pieter’s Mountain, Maastricht (Cuvier, 1808). However this 

specimen did not garner as much attention as the second larger and much more 

complete skull (Fig. 1A), which was excavated during the early 1780s from the same 

underground quarries (Pieters et al., 2012), and is now the holotype specimen of 

Mosasaurus hoffmannii Mantell 1829, and additionally the namesake of the entire 

group of extinct aquatic squamates (Fig. 1.1). 

Awareness of this remarkable fossil animal was so widespread that in 

November, 1794, during the siege of Maastricht, Napoleon’s invading army seized 

the specimen when they captured the city (Pieters et al., 2012). Around the same 

time that the skull arrived in Paris (January, 1795), a young anatomist, Georges 

Cuvier, who would go on to write the best-known description of the fossil (Cuvier, 

1808) began his appointment at the Museum Nationale d’Histoire Naturelle, Jardin 

des Plantes, Paris (Bardet and Jagt, 1996). 

 The concept of extinction had not yet gained widespread acceptance among 

natural scientists at the time of the discovery of this specimen. Therefore, the 

morphology of the fossil greatly puzzled contemporary naturalists who struggled to 

identify the specimen as a member of a group of living animals. J. L. Hoffmann was 

a surgeon in Maastricht who is said to have paid local quarry workers to inform him 

when they discovered fossils during their work.  He considered the remains to be 

those of a crocodile but never finished his study so the first published opinion on the 

affinities of the specimen was by Buc’Hoz (1772), who did not attempt to classify the 

animal as it was unknown to him (Bardet & Jagt, 1996). Four years later, P. Camper 

(1786) classified the specimen as a large toothed whale based primarily on jaw and 

tooth morphology, but also considering post-cranial features. Van Marum (1790)  
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Figure 1.1 Mosasaurus hoffmannii  



 3 

also considered it to be a whale (or whale type of fish after the classification of 

Linnaeus still accepted at the time), but based his identification on the presence of 

pterygoid teeth, which whales do not possess. Faujas de Saint-Fond (1799) reverted 

to the earlier opinion of classifying the fossil as a crocodile, because he believed the 

teeth and jaws resembled those of a gavial. 

 It was not until more than 25 years after the original discovery of the fossil 

that its broad-scale phylogenetic affinities were recognized. The procoelous 

vertebrae and, even more significantly, the lower jaw composed of multiple bones, 

were used by A. G. Camper (1800) to conclude that the animal was a type of lizard. 

Cuvier (1808) wrote the most extensive description of the specimen of the time and 

also considered ‘le grand animal fossil des carrières de Maestricht’ to resemble 

monitor lizards based on dental characters such as mode of tooth replacement. 

Also, like A. G. Camper (1800), Cuvier (1808) considered the fossil to represent a 

marine organism that swam via lateral undulation of the caudal region and that it 

was an animal unlike any alive. 

 Once the uncertainty surrounding the classification of ‘le grand animal’ was 

clarified by the studies of A. G. Camper (1800, 1812) and Cuvier (1808), which 

established its identity as an extinct marine lizard, a new era of confusion began 

because, despite the established use of binomials for species names, Cuvier did not 

erect a name to accompany his description. In 1816 von Sömmering created the 

name Lacerta gigantea, for what is now recognized to be a Jurassic crocodilian, 

because he believed it to be a juvenile of the Maastricht specimen (Bardet & Jagt, 

1996; Young and De Andrade, 2009). The generic name Mosasaurus (but no 

associated specific epithet) was unconventionally erected when Parkinson (1822) 

published a conversation with Conybeare who had suggested to him naming ‘le 

grand animal’ after the Maas/Mosa (Dutch/Latin) River where the specimen was 

found, until Cuvier decided on a more permanent name. Cuvier never proposed an 

alternative name and eventually adopted Mosasaurus into his own work (Cuvier, 

1829). 

 The specimen remained without a specific epithet until 1829 when two 

different names were proposed by two different authors (Holl, 1829; Mantell, 1829). 
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However, as discussed by Bardet & Jagt (1996), each specific epithet has its own 

taxonomic issues. Mosasaurus belgicus Holl 1829 is a misnomer because the fossil 

actually originates from the Netherlands. While describing the first mosasaur fossils 

from England, Mantell (1829) erected the name Mososaurus [sic] hoffmannii. 

Despite Mantell’s intention to assign the British specimens to the Maastricht taxon, 

he never formally did so. In this sense, despite the contradictory common usage, the 

binomial M. hoffmannii should technically be associated with the vertebrae from 

England, not the skull described by Cuvier (Bardet & Jagt, 1996). In 1832 Von Meyer 

attempted to synonymize M. hoffmannii and Lacerta gigantea with his new species 

Mosasaurus camperi and ignored M. belgicus (Bardet & Jagt, 1996). Charlesworth 

(1846) suggested a solution to the issues surrounding Mantell’s Mosasaurus 

hoffmannii: a new species, Mosasaurus stenodon Charlesworth 1846, was erected 

for the British material in order to maintain the name M. hoffmannii for ‘le grand 

animal’ (Camp, 1942; Bardet & Jagt, 1996). Despite Charlesworth’s suggestion, 

camperi, hoffmannii, and giganteus were all used by various authors to describe the 

Maastricht specimen until Camp (1942), determined that M. hoffmannii was the most 

acceptable name (Bardet & Jagt, 1996).  Mantell (1829) originally spelled the 

specific epithet with two “ii”s, but subsequent authors dropped the second “i”, a 

convention that has largely been followed to this day. This issue was addressed by 

Konishi et al. (2014) who determined that the use of two “ii”s, besides being the 

original spelling and therefore inherently valid, is not incorrect. Therefore, it was 

determined that the species represented by MNHN AC 9648 should be called 

Mosasaurus hoffmannii. 

 Following Camp’s (1942) opinion on the appropriate specific epithet for the 

Paris specimen, Russell (1967) emended the generic diagnosis of Mosasaurus 

based solely on North American species and specimens without viewing the 

European species or the holotype. Lingham-Soliar (1995) published an emended 

diagnosis of M. hoffmannii, but that diagnosis remains uninformative.  Additionally, 

that diagnosis was based partially on referred specimens, not solely on the type 

specimen, and reevaluation of these specimens indicates that they might not all be 

referable to M. hoffmannii. 
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 As Camp (1942) noted, and the above summary attests, the paleontological 

literature abounds with descriptions, diagnoses, emended diagnoses, and various 

opinions as to the identity and relationships of the ‘grand animal fossil des carrières 

de Maestricht’ (Hoffmann (unpublished); Buc’Hoz 1782; Camper, 1786; van Marum, 

1790; Faujas de Sant-Fond, 1799; Camper, 1800; Cuvier, 1808; Parkinson, 1822; 

Holl, 1829; Mantell, 1829; van Meyer, 1832). Despite consensus on the appropriate 

name for the species since Camp (1942), and an emended diagnosis by Lingham-

Soliar (1995), the taxonomy of the genus that Mosasaurus hoffmannii is considered 

to typify remains unclear. The relationships of the numerous species referred to the 

genus (examined in detail in Chapter 3), and the relationships between Mosasaurus 

and related genera cannot be accurately determined without a clearer understanding 

of what morphological features diagnose the type species, and which of those 

features are shared by all species in the genus.  

 

Purpose of the study 

 In order to resolve the remaining ambiguities surrounding Mosasaurus, this 

study aims to emend the current diagnoses for the genus and the type species 

Mosasaurus hoffmannii (the latter based solely on the holotype specimen) to serve 

as the basis for a more extensive generic revision and phylogenetic analysis of 

various species of Mosasaurus and relationships with the Mosasaurinae.  This study 

represents the most comprehensive review of the specimens referred to 

Mosasaurus and of the closely related genera known to date.  In addition to 

examining specimens of all the currently valid species assigned to Mosasaurus, this 

investigation involved assessment of several other genera of mosasaurine 

mosasaurs.  The aim of this study is not only to more accurately diagnose the type 

genus and species of Mosasauridae, but also to place the genus in the larger 

context of related taxa in the subfamily Mosasaurinae.  In addition to the 

comparative morphological efforts, which formed the foundation of this investigation, 

cladistic analyses were run to generate hypotheses of relationships between the 

various species of Mosasaurus, and other mosasaurine taxa.  The combination of 
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the morphological comparisons and the cladistic analyses has provided the data to 

inform a systematic revision of the genus Mosasaurus.   

 

Introduction to the chapters 

Chapter Two 
 This first anatomical Chapter aims to more precisely diagnose Mosasaurus 

and its type species M. hoffmannii.  Emended diagnoses of the two taxa are 

presented therein.  The diagnosis for the type species is based exclusively on the 

holotype specimen to remove any uncertainty that the material diagnosed represents 

the taxon in question.  A detailed description follows the diagnosis, which more 

broadly considers referred specimens in order to include all skeletal elements known 

for M. hoffmannii.   

  

Chapter Three 
 This second anatomical Chapter aims to provide comparisons of the 12 

species referred to Mosasaurus that potentially could be valid.  The anatomical 

features of these taxa are compared to the type species and to each other.  

Preliminary opinions are presented regarding the validity of these taxa: whether they 

can be referred to Mosasaurus based on the revised diagnosis of Chapter Two, and 

if any represent junior synonyms.   

 

Chapter Four 
 This Chapter comprises the phylogenetic analysis performed for this study.  

The findings of previous analyses are summarized in order to frame the context of 

the current analysis.  The character list used in this analysis is based largely on one 

that has been utilized by multiple previous authors, and modifications to characters 

and newly added characters are explained, as are the taxa included in the various 

iterations of the analysis.  The implications of the results are discussed in the context 

of the new diagnosis of Mosasaurus.   
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Chapter Five 
 In this Chapter the findings of the phylogenetic analysis are combined with 

the opinions formed based on the anatomical comparisons in order to revise the 

taxonomy of the genus Mosasaurus and the larger clade of mosasaurine mosasaurs 

to which it belongs.  New generic and specific epithets are proposed for species 

reassigned from Mosasaurus and for three specimens that differ from their current 

referrals. 

 

Chapter Six 
 This Chapter provides the final conclusions of the study, and places them in 

the context of the current knowledge of mosasaur paleontology.  Possible future 

avenues of research based on the results of this study and observations of the 

fossils are also presented.   
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Chapter 2 : Emended diagnoses of Mosasaurus and the type 

species Mosasaurus hoffmannii and a detailed description of 

M. hoffmannii 
 

Introduction 

 Despite the historical significance of ‘le grand animal ... de Maastricht’, 

precise and comprehensive diagnoses for the genus Mosasaurus, or its type species 

M. hoffmannii Mantell 1829, have not been presented in the literature.  The 

convention of providing a diagnosis to characterize a new species had not yet been 

established when Conybeare (1822) and Mantell (1829) proposed the generic and 

specific epithets for the fossil Cuvier (1808) had described.  Russell (1967) provided 

a diagnosis for the genus but was limited by only having examined North American 

taxa.  Lingham-Soliar (1995) redescribed M. hoffmannii, but the accompanying 

emended diagnosis was cursory and imprecise.  Additionally, this diagnosis appears 

to have been partially informed by a specimen that is not referable to the species.   

 The purpose of this chapter is to remedy the situation by providing new 

emended diagnoses for both Mosasaurus and Mosasaurus hoffmannii, the later 

founded solely on the holotype specimen (MNHN AC 9648) (Fig. 2.1A).  

Accompanying these diagnoses is a detailed description of M. hoffmannii based on 

expansive, in-person examination of referred specimens from across North America 

and Europe.  A new reconstruction of the skull has also been produced to illustrate 

the overall morphology of the cranial and mandibular elements (Fig.2.1B).   

 

Systematic paleontology 

 

Class REPTILIA Linnaeus, 1758 

Order SQUAMATA Oppel, 1811 
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Figure 2.1 M. hoffmannii skull  
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Family MOSASAURIDAE Gervais, 1852 

Subfamily MOSASAURINAE Gervais, 1852 

Genus MOSASAURUS Conybeare, 1822 

 

Mosasaurus Conybeare in Parkinson, 1822: 198. 

Batrachiosaurus Harlan, 1839a: 24.  

Batrachotherium Harlan, 1839b: 89. 

Macrosaurus Owen, 1849: 382. 

Drepanodon Leidy, 1856: 255. 

Lesticodus Leidy, 1861: 10. 

Baseodon Leidy, 1865: 69. 

Nectoportheus Cope, 1868: 181. 

Pterycollosaurus Dollo, 1882: 61. 

 

Type Species. Mosasaurus hoffmannii Mantell, 1829 

 

Emended Generic Diagnosis.  
 Premaxilla with short, conical edentulous rostrum; maxilla with little to no 

excavation for external naris; jugal with bowed anterior ramus and distinct 

posteroventral process; prefrontal and postorbitofrontal meet ventral to frontal 

thereby excluding frontal from margin of orbit; frontal broadly triangular, with median 

dorsal ridge; posteromedial processes of frontal deeply invade parietal lateral to 

parietal foramen; pterygoid tooth row straight; quadrate taller than long with 

stapedial notch located dorsal to midpoint of shaft; short suprastapedial process, 

infrastapedial process reduced to bump on posteromedial surface of shaft; stapedial 

pit oval, oriented obliquely to vertical axis of shaft; quadrate tympanic rim grooved 

with distinct anterodorsal corner; dentary with short, round edentulous projection; 

angular decreases rapidly in height, laterally visible only short length of the post-

dentary unit; coronoid with tall dorsal process and posterior margin posteriorly 

curved in lateral view; surangular tall with prominent coronoid buttress; retroarticular 

rotated laterally toward horizontal; marginal teeth faceted labially; bicarinate; cervical 



 13 

centra round; caudal vertebrae with fused chevrons; scapula and coracoid 

subequal in size; scapula longer posteriorly than anteriorly; blade of coracoid not 

emarginate, often with secondary foramen; humerus postglenoid process robust and 

offset; distal length greater than height; radial facet straight, ulnar facet convex; 

pubis with anteriorly-projecting tubercle on proximal shaft; femur short, with greatly 

expanded proximal articular surface; tibial and ulnar facets of femur form 

pronounced angle to each other; tibia length and width subequal with greatly 

expanded anterior flange; phalanges robust, waisted. 

 

Occurrence. Upper Cretaceous (Campanian and Maastrichtian) formations of 

Belgium, Canada, Jordan, Morocco, the Netherlands, the United Kingdom, and the 

United States.  

 

Species Mosasaurus hoffmannii Mantell, 1829 

(Figs. 2.1-18) 

 

Mosasaurus hoffmannii Mantell, 1829: 207. 

Lacerta gigantea Sömmering, 1820: 54. 

Mosasaurus belgicus Holl, 1829: 84. 

Mosasaurus camperi van Meyer, 1832: 113-114. 

Mosasaurus hoffmanni Mantell: Owen, 1840: 261. 

Mosasaurus maximus Cope, 1869: 262. 

Mosasaurus giganteus (Sömmering); Cope, 1870: 189. 

Mosasaurus camperi van Meyer; Ubaghs, 1879: 240-245, pls 1, 2. 

Mosasaurus camperi van Meyer; Dollo, 1889: 277-279, pl. 9, fig. 1; pl. 10, figs 12, 

13. 

Mosasaurus giganteus (Sömmering); Dollo, 1924: 172. 

Mosasaurus hoffmanni Mantell; Camp, 1942: 45-46. 

Mosasaurus hoffmanni Mantell; Persson, 1959: 461. 

Mosasaurus hoffmanni Mantell; Russell, 1967: 8, 122, 131-132, 140, 210. 

Mosasaurus maximus Cope: Russell, 1967: 139, 140, figs 8, 24a, 80. 
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Mosasaurus hoffmanni Mantell; Hamoir, 1980: 1446-1448. 

Mosasaurus hoffmanni Mantell; Meijer, 1983: 269-271, fig. 3. 

Mosasaurus hoffmanni Mantell; Lingham-Soliar & Nolf, 1989: 156, 158, 174, figs 52, 

175. 

Mosasaurus hoffmanni Mantell; Lingham-Soliar, 1991: 665. 

Mosasaurus hoffmanni Mantell; Lingham-Soliar, 1995: 158, 161, figs 1, 3, 5, 6, 9, 11, 

12, 14, 16. 

Mosasaurus maximus Cope; Bell, 1997: 297-308, 310-318, 320, 321, 329-332. 

Mosasaurus hoffmanni Mantell; Kuypers et al., 1998: 25, fig. 9, pl. 1, figs 1-13, pl. 3, 

figs 3-10, pl. 9, figs 1-12. 

Mosasaurus hoffmanni Mantell; Mulder, 1999: 283-289, figs 1-14, 16. 

Mosasaurus hoffmannii Mantell; Konishi, Newbrey & Caldwell, 2014: 803. 

 

Emended Species Diagnosis.  

 Quadrate tympanic rim with additional anteroventral corner; maxillary tooth 

count = 13; dentary tooth count = 14; pterygoid tooth count = 8; marginal teeth 

carinae asymmetric anteriorly with lingual circumference longer than labial; femur 

greatly expanded medially and distally with articular surfaces nearly perpendicular; 

internal trochanter robust and offset. 

 

Type. MNHN AC 9648. 

 

Referred material. AL PV 990.003; AMNH 1385; AMNH 1389; AMNH 1386; AMNH 

1391; AMNH 1392; AMNH 1393; AMNH 1397; AMNH 1398; AMNH 1404; AMNH 

1406; AMNH 1407; AMNH 1461; AMNH 2533; AMNH 4912; AMNH 5149; AMNH 

14815; IRSNB R 303; IRSNB R.26; NHMM 000886; NHMM 001450; NHMM 

001469-1; NHMM 002457; NHMM 006696; NHMM 006698; NHMM 1989107; 

NHMM 199348-1; NHMM199348-2; NHMM St9008G; NHMUK 42929; NJSM 11052; 

NJSM GP11053; IRSNB R 26; IRSNB R 25; IRSNB R 24; IRSNB Vert-00-256; 

IRSNB R 300; IRSNB R 301; IRSNB R 299; IRSNB R 302; TSMHN 871; TSMHN 

5214; TSMHN 7424; TSMHN 11201; TSMHN 11208; TSMHN 11214; TSMHN 
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11241; TSMHN 11242; TSMHN 11245; TSMHN 11376; TSMHN 112142; USNM 

8436; USNM 10540; USNM 391916; USNM 418464; USNM 437647; Y YPM 305; 

YPM 307; PM 311; YPM 414; YPM 430; YPM 470; YPM 508; YPM 509; YPM 510; 

YPM 690; YPM 773; YPM 1504;  

 

Type locality. Nekum Chalk of the Maastricht Formation from Sint Petersberg near 

Maastricht, the Netherlands.  

 

Occurrence. Nekum Chalk; the Netherlands; Upper Cretaceous Maastrichtian 

(Kanne Horizon). Ripley Formation, Prairie Bluff Chalk; Alabama; Upper Cretaceous 

Maastrichtian. Navesink Formation; New Jersey, United States; Upper Cretaceous 

Maastrichtian.  

 

Description 

Cranial Skeleton 
Premaxilla. The premaxilla (Fig. 2.2) of NHMM 006696 exhibits a short, bluntly 

conical edentulous rostrum anterior to the first pair of premaxillary teeth. The lateral 

surfaces of the anterior portion of the rostrum are perforated by irregular clusters of 

foramina (Fig. 2.2A). There are also larger single or paired foramina posterodorsal to 

the posterior premaxillary teeth. The profile of the premaxilla slopes dorsally, 

diverging from the plane formed by the dental margin. Of the four premaxillary teeth, 

the anterior pair is more gracile than the posterior pair. The premaxilla is widest 

directly posterior to the second tooth position, behind which the element tapers to 

form the internarial bar. In cross-section, the internarial bar is T-shaped, being 

broader dorsally and thinning to a blade-like ridge ventrally. The ventral edge of the 

internarial bar is also notched anteriorly, forming a separate, laterally compressed 

process on the midline, with an embayment posterior to it at the base of the 

internarial bar. Another pair of compressed, posteriorly projecting flanges extend 

from the tooth-bearing portion of the premaxilla. No known and isolated premaxillae  
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Figure 2.2 M. hoffmannii premaxilla 
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are complete, so the posterior extent of the internarial bar, or the morphology of 

the suture between the premaxilla and the frontal are not known.  
 Ventrally (Fig. 2.2B), between the pairs of premaxillary teeth, there is a pair of 

ridges, which do not quite meet on the midline, forming a sulcus or vacuity between 

them. Anteriorly, this structure tapers to a point between the first pair of teeth and is 

separated by a groove from the roots of these teeth. Posterior to the second pair of 

premaxillary teeth, the ridges bifurcate further to form a pair of flanges that articulate 

laterally and posteriorly with the maxillae and medially with the vomers. The ventral 

surface of the narrowing dorsal portion of the premaxilla forms broad thin articular 

facets that articulate with the maxillae. 

 The logarithmic trace of the suture between the premaxilla and the maxilla is 

typically ‘mosasaurian’ (Fig. 2.2A). However, this suture is not necessarily a smooth 

curve. In some cases, the vertical rise of the suture can be convex anteriorly, 

excavating deeper into the premaxilla, or slightly concave dorsally, excavating into 

the maxilla before continuing posteriorly. 

 
Maxilla. The lateral surface (Fig. 2.3A) of the maxilla is perforated by a series of 

small foramina dorsal to the tooth row in all specimens. The maxilla of MNHN AC 

9648 (Fig. 2.3B) is blunt anteriorly, where the maxillary/premaxillary suture ascends 

steeply, nearly vertically, from the tooth margin. This morphology differs in IRSNB R 

26, and additionally in NHMM 006696, where the maxilla is short anteriorly, and the 

maxillary/premaxillary suture ascends at approximately 35°(Fig. 2.3A). After the 

suture turns posteriorly, the dorsal margin of the maxilla rises at a shallow angle until 

the border is even with the posterior margin of the third maxillary tooth (Fig. 2.3B). 

The dorsal margin and tooth row are each straight and the two diverge only slightly 

from each other, with the maxilla increasing only slightly in height posteriorly, until 

the level of the eleventh tooth, at which point the height of the element decreases 

rapidly to form the narrow posterior process of the maxilla. Mosasaurus hoffmannii 

typifies the unique dorsal profile of the maxilla seen in this genus. In most 

mosasaurs, the border of the maxilla is concave dorsally; this concavity is the 

excavation forming the lateral edge of the external naris. In this species, there is little  
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Figure 2.3 M. hoffmannii maxilla 
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to no concavity for the naris, therefore the maxilla is straight to gently convex 

dorsally. Medially, there is an oval-shaped foramina in the dorsal half of the bone 

between the fourth and fifth teeth, and the dorsal margin of the maxilla bears a 

sulcus along the border of the external naris. The maxilla bears thirteen teeth. These 

marginal teeth are relatively consistent in size but are smallest posteriorly and 

largest at the middle of the tooth row.  

 

Frontal. NHMUK 42929 is a partial skull roof composed of the frontal, both 

prefrontals, the left postorbitofrontal, and the anterior portion of the parietal. None of 

the elements are complete, but the fragmentary nature of the specimen actually 

allows for observation of the sutures between these elements, particularly in ventral 

view.  

 On the dorsal surface of the frontal, and running the full length of the bone, 

there is a steep-sided sagittal ridge (Fig. 2.4A). The anterior termination of the 

frontal, where it articulates with the premaxilla is not preserved. The anterior-most 

preserved portion of the frontal forms a narrow, straight-sided neck that extends 

between the nares and contributes to the internarial bar. The dorsal midline of this 

anterior neck is marked by a sharp groove, which likely would have accepted a 

tongue from the premaxilla. The lateral borders of the neck diverge slightly 

posteriorly and form a first, smaller, set of distinct expansions along the margins of 

the frontal. Posterior to these expansions, which dictate the posterior termination of 

the external nares, a thin flange of bone descends ventrolaterally, forming a facet to 

accept a thin medial wing from the prefrontal. Posterior to the external nares, the 

lateral borders of the frontal are gently concave medially before flaring sharply 

laterally, forming the second, more prominent set of expanded shelves and nearly 

doubling the width of the bone. Posterior to this second expansion, the lateral 

borders of the frontal diverge posterolaterally, giving the frontal its overall triangular 

outline. The edges of the frontal are slightly anterolaterally concave dorsal to the 

orbits, but the posterolateral corners of the element are rounded. Posteromedially, 

the dorsal ridge bifurcates and contributes a raised medial border to a pair of 

posteromedial prongs that overlap the parietal and broadly embrace the parietal  
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Figure 2.4 M. hoffmannii skull roof 
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foramen. These asymmetrical prongs are thickest medially and thin out posteriorly 

and laterally as they approach the edge of the parietal table. A shallow depression 

follows the median ridge from prongs to internarial bar and is lateral to the 

divergence of the prongs.  

 Ventrally, the frontal supports the medially thickened frontal table and broad 

lateral fossae for the articulation of the prefrontals, and postorbitofrontals (Fig. 2.4B). 

As broad as the frontal is, if all the surrounding bones were in articulation, only a 

narrow portion of the element would be seen in ventral view. The lateral edges of the 

frontal table are shallowly sinusoidal, and the exposed boss only broadens slightly 

posteriorly. Similar to the dorsal surface, the ventral surface of the anterior neck of 

the frontal is bisected by a narrow groove to accept a prong from the premaxilla. The 

ventral groove is longer, extending posteriorly past the point of the first frontal 

expansion, and is bounded by a ridge on each side. The internarial bar of the 

premaxilla would have overlapped the anterior-most portion in the frontal tip in a 

‘pinch-like’ articulation. The anterolateral portion of the frontal ala, from the posterior 

end of the external nares to about the midpoint of the frontal (even with a 

mediolateral narrowing of the frontal boss), is occupied by the facet for the 

prefrontal. The anteromedial edge of the postorbitofrontal is sandwiched between 

the frontal ala and the rounded posterior termination of the prefrontal. This overlap of 

the prefrontal and postorbitofrontal excludes the frontal from contributing to the orbit. 

The postorbitofrontal occupies the broad posterolateral portion of the frontal ala 

(about two-thirds of the lateral width). These ventral facets of the frontal are smooth 

to faintly ridged/striated articular surfaces for the surrounding bones. Posteriorly, the 

parietal underlies the frontal with a median process extending anteriorly from the 

parietal foramen and the lateral arms of the parietal, which in turn are underlain by 

the posteromedial corners of the postorbitofrontals. 

 

Prefrontal. The prefrontal is a three-dimensionally complex bone that partially 

encloses the external naris anterodorsomedially (Fig. 2.4A), the internal naris 

anteroventromedially (Fig. 2.4B), and the orbit posteroventrolaterally (Figs. 2.4C, D). 

The exposed dorsal surface of the prefrontal of NHMUK 42929 is convex around its 
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anteroposterior axis (Fig. 2.4A). The anteromedial margin of the prefrontal forms 

the posterolateral edge of the external naris. While the dorsal surface of the 

prefrontal is seen to narrow anteriorly, the rostral end is incomplete so the nature of 

the articulation with the maxilla is not preserved. Posteromedially, the prefrontal 

underlies the lateral margin of the frontal. The supraorbital process is also unknown, 

but the broken bone surface indicates that such a process was present and had a 

concave ventral face (Fig. 2.4D).  
 In NHMUK 42929, the lateral surface of the prefrontal is more robust than the 

“thin lateral lamina” described by Russell (1967: 21) (Figs. 2.4C, D). The descending 

wing greatly increases in height posteriorly giving the prefrontal a steep 

anteroventral border for the articulation to the posterodorsal margin of the maxilla. 

Dorsal to the middle of this articular margin, the left prefrontal bears a notable 

rugosity, but whether this reflects a pathological condition of the left prefrontal or 

poor preservation of the right is unclear. The lateral wing curves medially to form the 

posteriorly concave anterior wall of the orbit, while the ventral-most extent of the 

lateral wing curves posteriorly.  

 Internally, the prefrontal is no less complex (Fig. 2.4B). The posterodorsal 

border is U-shaped and underlies the anterior-most extent of the postorbitofrontal. 

The dorsomedial border articulates with the frontal boss, and the lateral side forms 

the orbit. Posteroventrally, the prefrontal bears a hook- or J-shaped facet for 

articulation with the palatine ventrally. This facet is greatly expanded posterolaterally 

into a broad, triangular articular surface. This portion of the bone is deeply 

excavated and with the presumed concavity of the palatine, would form a large 

internal narial capsule.  

 

Postorbitofrontal. The postorbitofrontal of NHMUK 42929 is largely incomplete, but 

some of its processes are sufficiently intact to merit description (Fig. 2.4). Of the four 

divergent processes of the postorbitofrontal, the dorsomedial process to the parietal 

and the ventrolateral process to the jugal are most complete, and the posterior 

process to the squamosal is the least complete. The dorsal exposure of the 

postorbitofrontal embraces the posterolateral corner of the frontal (Fig. 2.4A). A 
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short, broad process extends medially, along the posterolateral edge of the frontal 

to contact the anterolateral wing of the parietal and contributes to about one-third of 

the anterior border of the supratemporal fenestra. The anterior process of the 

postorbitofrontal is incomplete, but extends anteriorly along the lateral edge of the 

frontal, forming the posterodorsal border of the orbit (Fig. 2.4C). In dorsal view, this 

process is narrowest where the posterolateral wings of the frontal are widest, but the 

process does expand anteriorly (Fig. 2.4A). The anterior termination of the 

postorbitofrontal is broken, but the facets on the ventral side of the frontal indicate 

that the postorbitofrontal would suture with the prefrontal, thereby excluding the 

frontal from contributing to the orbit (Fig. 2.4B). There are also rugosities on the 

lateral edge of the preserved anterior extent of the postorbitofrontal (Fig. 2.4C).  
 The ventral surface of the postorbitofrontal describes a broad curve, which 

forms the posterodorsal border of the orbit (Fig. 2.4C). The descending arc of this 

border is formed by the well-preserved ventral ramus of the postorbitofrontal. The 

ventral ramus is shorter than the anterior process and broader than the medial 

process. Laterally, this ramus bears two depressions. The first is a facet at the 

anterolateral termination of the process where the jugal would articulate. The 

posterior edge of the ventral ramus is pinched into a thinner, longer depression 

connecting the ventral process with the posterior process.  

 The posterior process is largely incomplete, with just the base remaining. In 

dorsal view, this process narrowed considerably from the broad body of the 

postorbitofrontal between the medial and ventral processes (Fig. 2.4A). Laterally, 

this process would have been taller than the anterior process, bearing a sharp keel 

that would insert into the corresponding groove on the squamosal.  

 The postorbitofrontal is much more extensive internally (Fig. 2.4B). A large 

wing of bone extends medially from the anterior process and joins the anterior and 

medial processes. Anteromedially, this wing of the postorbitofrontal is sandwiched 

between the frontal dorsally and the posterior edge of the prefrontal ventrally. The 

medial border of the postorbitofrontal follows the undulating margin of the frontal 

table, and the wing is broadest posteriorly. The articulation between the posterior 

border of the postorbitofrontal wing and the parietal forms a step-like pattern: the 
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border between the postorbitofrontal and the parietal is oriented anteroposteriorly 

medially where the parietal contributes to the posterior end of the frontal boss; it then 

turns laterally at approximately a right angle, where the lateral process of the parietal 

bounds the posteromedial edge of the postorbitofrontal. And finally, the border 

curves again at a slightly obtuse angle, where the postorbitofrontal bounds the 

anteroposteriorly short lateral termination of the parietal. 

 

Parietal. Only the anteromedial portion of the parietal of NHMUK 42929 is 

preserved, but it does provide a good deal of information about the sutures with the 

frontal and the postorbitofrontals. Additionally, a partial parietal comprises part of a 

disarticulated skull (NJSM 11052) originally described as Mosasaurus “maximus” 

Cope, 1869 (Fig. 2.4E). Dorsally, the parietal table narrows posterior to the 

termination of the prongs from the frontal (Fig. 2.4A). This constriction occurs 

immediately posterior to the prongs in NHMUK 42929, but in NJSM 11052 the 

parietal table continues to be broad for a distance approximately equal to the length 

of the frontal prongs posterior to the parietal foramen. This slight difference is most 

likely the result of individual variation. The small, elliptical parietal foramen occupies 

the parietal table between the frontal prongs. Anterior to the foramen, the parietal 

table terminates in a point and is fluted where it plunges under the frontal. Posterior 

to the constriction, the borders of the parietal table run parallel to each other before 

flaring laterally to terminate on the posterior edge of each suspensory ramus of the 

parietal, but the posterior width of the parietal table is less than the anterior width.  

The edges of the parietal table are sharp and, for the portion of the element anterior 

to the constriction, form a shelf that overhangs the descending processes of the 

parietal. Anteriorly, lateral to the prongs from the frontal, two arms of the parietal 

follow the posterior margin of the frontal and terminate in a suture with the 

postorbitofrontals. Posteriorly, the two suspensory rami diverge at an obtuse angle, 

only slightly larger than 90°, and would continue ventrolaterally to contact the 

supratemporals, but they are incomplete in NJSM 11052.   

 Ventrally the parietal is longitudinally concave (Fig. 2.4B).  Anteriorly, the 

parietal widens to form lateral arms on either side of the parietal foramen, which is 
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beveled out into a longer groove. The margins of this groove form a sharp crest 

that extends anteriorly and posteriorly along the midline. The anteroventral border of 

the parietal is complex. Anteromedially, the parietal forms a squared-off process 

anterior to the parietal foramen, but the border forms an acute angle and extends 

away from the midline anterolaterally from the crest around the parietal foramen, 

which is then truncated by the posteromedial corner of the postorbitofrontal. The 

longitudinal concavity recognized in NHMUK 42929 continues the length of the 

parietal table of NJSM 11052 between the two descending processes of the parietal. 

The mediolateral distance between these two processes increases ventrally, but the 

processes converge posteriorly.  

  In lateral view, the degree to which the anterior border of the parietal table 

overhangs the descending walls is apparent.  The suspensory rami are obliquely 

dorsoventrally compressed and extend relatively horizontally from the plane of the 

parietal table. 

 

Jugal. The jugal of MNHN AC 9648 bears a short dorsal ramus that broadens 

ventrally where it contributes to the strong posteroventral process (Fig. 2.5). This 

process forms a sharp point posteriorly, and bears a shallow sulcus ventrolaterally 

(Fig. 2.5A). The anterior ramus of the jugal is bowed so that the laterally flattened 

anterior end of the ramus reaches a height of approximately two-thirds of the dorsal 

ramus. The medial surface of the element is flatter than the gently bowed lateral face 

where it articulates with the lateral surface of the anterior ramus of the ectopterygoid 

(Fig. 2.5B). 

 
Squamosal. The squamosal of MNHN AC 9648 is incomplete, but the preserved 

morphology is fairly typical of mosasaurs, bearing a long anterior shaft and 

terminating in broad articular facets (Fig. 2.6). The anterior shaft is mediolaterally 

compressed and dorsally bears a deep groove for the posterior process of the 

postorbitofrontal. In lateral view (Fig. 2.6A), the ventral border of the shaft is quite 

straight. Posteriorly, the dorsal border of the lateral wall of the shaft curves ventrally 

to contribute to the articular facets, but the shaft is somewhat offset from the  
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Figure 2.5 M. hoffmannii jugal 
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Figure 2.6 M. hoffmannii squamosal 
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squamosal body, forming a posteroventrally oriented lateral ridge. Ventrolaterally 

on the squamosal body, there is a concave facet for the articulation with the 

suprastapedial process of the quadrate. In dorsal view (Fig. 2.6B), the body of the 

squamosal is slightly expanded laterally and more greatly expanded medially, giving 

this region of the bone an asymmetrical arrowhead outline. The groove for the 

postorbitofrontal begins just anterior to the widest part of the squamosal and 

deepens as the shaft narrows. The posteromedial edge of the squamosal body 

overlaps the posterolateral face of the supratemporal. In medial view (Fig. 2.6C), 

there is a shelf of bone that arises from the posterior termination of the squamosal 

and extends anterodorsally toward the shaft, which separates the articular facet for 

the supratemporal and the quadrate. The articular facet for the quadrate is concave 

ventral to this ridge, and posterodorsal to this ridge is the deep, triangular facet for 

the supratemporal. In ventral view (Fig. 2.6D), the squamosal shaft is rounded 

ventrally, and broadens into the body of the squamosal posteriorly. The articular 

facet for the quadrate is sub-triangular, and the area this triangle describes is 

concave for accepting the curved suprastapedial process of the quadrate.  

 

Palatine and Vomer. The palatine of MNHN AC 9648 is crushed against the maxilla 

obscuring its morphology (Fig. 2.3B). Ventrally, the palatine is a flat plate of bone 

with a posterior triangular fossa for articulation with the anterior end of the pterygoid. 

A blunt ridge, most prominent medially, bounds this depression. Anteriorly there is a 

deep, U-shaped embayment surrounded by an anterolateral process, which is flat, 

broad, and articulates with the maxilla directly above the tooth row from the posterior 

of the tenth tooth caudally, and a longer, narrower anteromedial process, which 

articulates with its counterpart medially, and sutures with the vomer anterodorsal to 

the ninth maxillary tooth. It appears that a fragment of the vomer of MNHN AC 9648 

is also preserved extending from the suture with the palatine anterior to the sixth 

maxillary tooth. The vomer is longitudinally concave medially, with narrow ridges 

dorsally and ventrally to meet its counterpart on the midline.  
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Pterygoid. The pterygoids of MNHN AC 9648 bear eight conical, posteriorly 

curved teeth (Fig. 2.7). The pterygoid teeth are smaller than the marginal teeth, but 

the teeth do vary slightly in size along the tooth row, being largest at the mid-point of 

the tooth row and the posterior pterygoid teeth being quite petite. Unlike the facets or 

prisms of the marginal teeth, the enamel of the pterygoid teeth is smooth and 

unornamented save for a faint posterior carina.  
 In ventrolateral view (Fig. 2.7A), the tooth row descends from the main body 

of the pterygoid on a robust flange. The ectopterygoid process is sub-triangular in 

cross-section with a posteroventral keel that is offset from the pterygoid body. The 

posterior termination of the ectopterygoid process bears a sulcus for articulation with 

the ectopterygoid (Fig. 2.7B). The quadratic ramus is thin-walled and dorsomedially 

concave, giving it a U-shape in cross-section (Fig. 2.7A). 

 Dorsally (Fig. 2.7B), the main body exhibits a median ridge dorsal to the tooth 

row with a shallow sulcus lateral to the ridge. This combination of ridge and sulcus 

does not extend along the main body to the anterior termination of the element and 

is most prominent dorsal to the anterior-most pterygoid teeth. The ectopterygoid 

process of the pterygoid diverges from the main body of the element at 

approximately a 75° angle, but the dorsal surface of the element is broad at this 

point, so the curve that forms between the ectopterygoid process and the main body 

is gentle. There is a small foramen on the dorsal surface of the pterygoid, lateral to 

the main body of the element but anteromedial to the divergence of the 

ectopterygoid process and the quadratic ramus. The posterior edge of the dorsal 

surface of the ectopterygoid process bears a shallow fossa with a distinct anterior 

edge, which appears to continue across the base of the quadratic ramus, but it is 

unclear whether this is a true continuation of this fossa or the result of damage. The 

position of the small foramen is variable.  In MNHN AC 9648, the foramen is near 

the center of the sheet of bone that connects the ectopterygoid process and the 

quadratic ramus, but in IRSNB R 26, the foramen is in the anterior edge of the fossa 

Distally there is a deep groove to accept the pterygoid process of the ectopterygoid. 

On the dorsal surface of the pterygoid, at the apex of the curve created by the 

divergence of the quadratic ramus and the basisphenoid process, is a round  
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Figure 2.7 M. hoffmannii pterygoid 
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indentation, which is likely the epipterygoid pit. It is not perpendicular to the dorsal 

surface of the main body of the pterygoid but merges into the vertical surfaces of the 

two posterior processes, indicating that the epipterygoid would have angled 

posterordorsally. 

 In medial view (Fig. 2.7C), the tooth-bearing flange descends from the 

median ridge visible on the dorsal surface. This flange is relatively tall 

(approximately twice the height of the pterygoid tooth crowns at its tallest point), and 

ventrally convex. Anteriorly the flange is nearly vertical, but posteriorly, as the flange 

tapers dorsally, it also angles medially. The dorsomedial concavity of the quadrate 

ramus is apparent in this view. 

 In ventral view (Fig. 2.7D), the main body of the pterygoid is composed of the 

spindle-shaped tooth row. The parapets of the flange that border the tooth row are 

not parallel. Medially, the parapet is relatively straight, but the lateral parapet bows 

outward to accommodate the larger teeth at the middle of the tooth row. This 

curvature forms a slightly enclosed channel between the descending flange and the 

ventral surface of the main body of the pterygoid.  

 The quadrate ramus of the pterygoid is dorsomedially concave (Fig. 2.7A, D). 

The ramus is constricted posterior to its divergence from the main body of the 

pterygoid and the ectopterygoid process, but at a point even with, or posterior to the 

termination of the basisphenoid process, the quadrate ramus flares more broadly. 

The posterior end of the quadrate ramus is broken, so its complete length along with 

the nature of the articular surface for the quadrate is also unknown.  

 The basisphenoid process is posteriorly directed and dorsoventrally 

compressed  (Fig. 2.7D). Ventrally, the basisphenoid process is broad at its base 

and bears a small, oval foramen. Dorsally, the basisphenoid process is longitudinally 

concave to articulate with the rounded ventral surface of the basisphenoid. A deep 

socket forms between the quadrate ramus and the basisphenoid process. Dorsally, 

this socket is confluent with the pit for the epipterygoid, and posteroventrally, it 

accepts the basipterygoid procceses of the basisphenoid.  The basisphenoid 

process tapers distally. 
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Ectopterygoid. No complete ectopterygoid is known for Mosasaurus hoffmannii, 

but from incomplete specimens (e,g., AMNH 1389), it appears this element has the 

L-shape typical of mosasaurs. The medial termination of the posterior ramus is 

incomplete, and therefore the articular structure for the ectopterygoid ramus of the 

pterygoid is unknown.  The posterior edge would have been straight to gently 

convex, and a shallow ridge parallels the border of the bone on the ventral surface.  

Between this ridge and the edge of the bone, the ventral surface slopes dorsally, 

likely serving as space for muscle attachment.  The rest of the ventral surface of the 

ectopterygoid is flat, and the dorsal surface of the anterior ramus is convex dorsally.  

The entire element is also gently bowed ventrally.   

 

Basisphenoid. The only known braincase material for Mosasaurus hoffmannii comes 

from the Late Maastrichtian greensands of New Jersey, from specimens previously 

assigned to Mosasaurus “maximus”. The basisphenoid of YPM 430 (Fig. 2.8A-E) 

preserves most of the salient characters of this element, lacking only some of the 

blood vessel and nerve foramina of the dorsal surface. The anterior end of the bone 

supports the anterodorsally extending parasphenoid process (Fig. 2.8A). This 

process is broadly V-shaped in cross-section. Vertical sheets of bone connect the 

lateral surfaces of the parasphenoid process with the basipterygoid processes that 

make up the anteroventral part of the element. The basipterygoid processes bear 

elliptical facets anteriorly, where the basisphenoid articulates with the pterygoid.  A 

midline fissure that extends the entire ventral length of the bone separates the two 

basipterygoid processes, which are quite reduced in comparison to other 

mosasaurs. The reduction of the basipterygoid processes appears to be unique to 

M. hoffmannii.  The sockets between the ectopterygoid processes and quadrate rami 

of the pterygoids are not correspondingly close-spaced, so it is probable that the 

basipterygoid processes were capped in cartilage to bridge the space. The 

basisphenoid is much wider posteriorly, where it bears two broad lobes that 

articulate with the basal tubera of the basioccipital.  In anterior view, it is evident that 

the alar process of the basisphenoid is also reduced and only slightly overhangs the  
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Figure 2.8 M. hoffmannii basicranium 
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lateral walls of the bone, but the lateral surfaces of the basisphenoid are 

longitudinally concave between the alar processes and the four ventral processes.   

 Posteriorly, the basisphenoid is dominated by the two teardrop-shaped 

articular facets for the basal tubera of the basioccipital (Fig. 2.8B).  These articular 

facets are separated from each other ventrally by the extension of the midline 

fissure.  The surfaces of the articular facets are striated, but whether these ridges 

supported a cartilaginous meniscus between the basisphenoid and basioccipital or 

formed an interlocking suture with similar ridges and grooves on the basioccipital is 

unclear due to the poor surface preservation of the latter element.  The articular 

facets of the basisphenoid also bear pits and foramina for the passage of nerves and 

blood vessels.   

 In lateral view, the anterodorsal projection of the parasphenoid process is 

most evident (Fig. 2.8C).  The articular facets for the basal tubera of the basioccipital 

are not only wider than the basipterygoid processes, but they also extend farther 

ventrally.  The dorsal alar process occupies only about one-third of the length of the 

bone.  Ventral to the mid-length of the alar process, two elliptical foramina pierce the 

lateral surface of the basisphenoid.  A channel extends anteriorly from these 

foramina, just ventral to the alar process.  These foramina and the channel likely 

supported blood vessels, including the internal carotid artery and the internal jugular, 

and nerves such as the facial nerve (Russell, 1967).  

 In dorsal and ventral view (Fig. 2.8D, E), it is evident how reduced the 

basipterygoid processes are in Mosasaurus hoffmannii.  Rather than having the 

tetraradiate morphology described by Russell (1967), in the type species the 

basisphenoid tapers anteriorly, with only a slight lateral expansion for the 

basipterygoid processes.  The ventral lateral margins of this element are gently 

sinusoidal, with an additional lateral expansion between the maximum width of the 

articular facets for the basal tubera of the basioccipital, and the basipterygoid 

processes (Fig. 2.8D).  Dorsally, the alar processes diverge around a central canal, 

which is poorly preserved, but is pierced by various foramina (Fig 8E).  The alar 

processes each expand laterally to form complex surfaces for the articulation with 

the prootic dorsally.   



 35 

 

Basioccipital. The basioccipital of YPM 430 is weathered and slightly deformed, but 

the overall morphology of the bone is preserved (Fig. 2.8F-I).  Anteriorly, the 

basioccipital is bifurcated into two oblong, convex condyles that articulate with the 

posterior facets of the basisphenoid (Fig. 2.8F).  Each of these structures is concave 

dorsally, and they are separated by a dorsal cleft for the medulla.  The surface of 

these structures is uneven in YPM 430, but whether this reflects the condition of the 

element in life, or the preservation of the fossil is unclear.   

 Posteriorly, the basioccipital is dominated by the semi-circular occipital 

condyle (Fig. 2.8G).  The dorsal canal that makes the floor of the foramen magnum 

is much broader posteriorly than the anterior cleft mentioned above. The flat, 

dorsolateral surfaces of the occipital condyle articulate with the exoccipital 

processes of the opisthotic. The ventrolaterally directed basal tubera are relatively 

long and form an angle of approximately 80°. 

 In lateral view, the gently convex occipital condyle projects farther posteriorly 

than the distal ends of the basal tubera (Fig. 2.8H). Dorsally, the canal for the 

medulla is deep and narrow anteriorly, where its path lies dorsal to the basal tubera 

(Fig. 2.8I).  Posterior to the basal tubera, the dorsal surface of the basioccipital bears 

two deep, oblong pits on either side of the medullary canal. It is posterior to these 

pits that the medullary canal broadens to become the foramen magnum.  Lateral to 

the medullary canal are the broad surfaces that would have articulated with the 

prootic anteriorly and the opisthotic posteriorly.  The poor preservation of this part of 

the bone obscures the details of this articular structure.  

 

Paraoccipital bar. Connecting the basisphenoid and basioccipital medially with the 

squamosal and quadrate laterally is a robust bar of bone composed of the opisthotic, 

prootic, and supratemporal (Fig. 2.9).  Medially, the prootic and opisthotic are 

complexly expanded to form the lateral walls of the braincase and house the otic 

capsule.  The supratemporal bridges the gap between the lateral expansions of 

these braincase elements, the suspensory ramus of the parietal, the body of the 

squamosal, and the suprastapedial process of the quadrate.  
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Figure 2.9 M. hoffmannii paraoccipital bar 
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 In anterolateral view, the paraoccipital bar of YPM 430 is dominated by the 

prootic ventrally and the supratemporal dorsally (Fig. 2.9A).  An edge of the 

opisthotic bearing the protruding, blunt exoccipital are visible on the posterior 

surface.  The prootic bears a ventral pedestal that articulates with the alar process of 

the basisphenoid.  This pedestal is constricted dorsally where it merges with the rest 

of the bone by the deep notch for the trigeminal nerve anteriorly and the internal 

acoustic meatus posteriorly.  Dorsal to the notch for the trigeminal, a horizontal 

wedge of bone projects anteriorly and to support the descending process of the 

parietal.  A third ramus of the prootic extends posterordorsally, along the 

paraoccipital process of the opisthotic (POPR), to articulate with the supratemporal 

in an interdigitating suture around the midlength of the shaft of the paraoccipital bar. 

Dorsal to this suture, the supratemporal expands anteriorly and posteriorly to 

support articular structures for the squamosal and quadrate.  An additional process 

extends anteromedially to meet the posterior ramus of the parietal. The body of the 

supratemporal is bisected by a deep groove that originates near the posterior edge 

of the bone and curves dorsally, and which accepts the similarly curved medial shelf 

of the squamosal.  Dorsal to this groove is a ridge that corresponds with the concave 

facet dorsal to the medial shelf of the squamosal.  Ventral to the groove is a less 

pronounced ridge surrounding a deep vertical depression.  This depression likely 

accepts a medial expansion of the suprastapedial process of the quadrate.  The 

anterior of the depression for the suprastapedial process is bounded by a 

posteroventrally directed projection, which is bracketed by a pair of pits or wide 

foramina dorsally and ventrally. 

 In dorsomedial view (Fig. 2.9B), the paraoccipital bar is dominated by the 

paraoccipital process of the opisthotic.  Ventromedially, a pedestal of the prootic 

descends to contact the alar process of the basisphenoid anteriorly and the 

basioccipital posteriorly.  That pedestal is constricted dorsally, as mentioned above 

by the trigeminal notch and the internal acoustic meatus.  Dorsal to this constriction 

is the anteriorly projecting ramus that articulates with the descending process of the 

parietal.  The base of this process bears the deeply grooved articulation for the 
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supraoccipital.  This articular surface is saddle-shaped and continued posteriorly 

onto the POPR to a point even with the exoccipital process.  The middle of the 

articular surface for the supraoccipital is penetrated by a large pit for the utriculus.  

The utriculus is supposed to lie in the suture between the prootic and the opisthotic, 

which is oriented nearly vertically in taxa like Clidastes (Russell, 1967), but the poor 

preservation of the specimen (the left paraoccipital bar of YPM 430 is fractured 

through the utriculus and the base of the supraoccipital covers the articular surface 

of the right paraoccipital bar of the same specimen) makes this difficult to confirm.  It 

appears that in Mosasaurus hoffmannii the POPR wraps farther anteriorly around 

the paraoccipital bar, so it possible that the utirculus is completely enclosed by the 

opisthotic, or that the suture between the prootic and opisthotic has a more 

anteroposterior orientation.  Lateral to the utriculus is a shallow depression between 

the prominent exoccipital process and a low ridge that extends posteroloaterally 

from the edge of the articular surface for the supraoccipital to the lateral termination 

of the POPR.  A cluster of foramina pierces the POPR on, or anterior to, this ridge.  

The POPR curves slightly anteriorly where it meets the prootic medially and the 

supratemporal laterally, but otherwise the paraoccipital bar is relatively flat in this 

view. The exoccipital is a short, blunt process that projects nearly perpendicularly 

from the posterior surface of the POPR.  The ventromedial faces of the exoccipital 

would articulate with the dorsolateral edges of the occipital condyle. In dorsomedial 

view, the complexities of the supratemporal are most apparent.  A broad triangular 

process, which is perforated by a single foramen, extends anteriorly to support the 

squamosal.  Another process, which extends off the dorsal surface of the 

supratemporal, extends anteromedially to contact the posterior ramus of the parietal.  

This process is triangular in cross-section, being flat dorsally and keeled ventrally.  

Between these two processes the supratemporal extends ventrally, wrapping around 

the distal termination of the POPR, and medially, to contact the prootic anterior to 

the POPR.   

 In posteroventral view, the medial, and to a lesser degree, the distal ends of 

the paraoccipital bar are expanded, giving the middle of the bar a slightly constricted 

appearance (Fig. 2.9C).  The proximal expansion is caused by various articular 



 39 

structures including the anterior ramus for the descending process of the parietal 

dorsally, the pedestal to the basisphenoid anteroventrally, and the blunt exoccipital 

posteroventrally. The pedestal to the alar process of the basisphenoid is indented by 

an anteromedially directed V-shaped notch, the floor of which is perforated by a 

foramen. The articular surface of the exoccipital is elliptical from this view and 

rugose.  A deep, rounded-bottomed groove separates these two processes and 

extends the entire length of the paraoccipital bar, becoming shallower distally.  In 

life, this groove would likely have housed the columella to transfer sound vibrations 

from cartilaginous structures supported by the quadrate to the structures of the inner 

ear.  The suture between the prootic and the POPR lies along the anterior of this 

groove, and the prootic tapers distally to its suture with the supratemporal.  Between 

this groove and the exoccipital process, there is the base of a third process that was 

not preserved completely.  This is likely the base of a thin sheet of the opisthotic that 

would have extended ventrally along the posterior surface of the basal tuber of the 

basioccipital.  Distally, a ventral projection of the supratemporal splits the end of the 

POPR.  This projection of the supratemporal forms a U-shaped lip that locks the 

distal end of the POPR in place anteriorly.  The larger, flat surface of the POPR 

wraps around the medial surface of this lip to terminate farther distally along the 

supratemporal.  It also appears that a channel extended through the inside of the 

paraoccipital bar between the anterior edge of the POPR and the supratemporal.  

The main body of the supratemporal lies dorsal to the POPR, and forms the 

anterodistal surface of the paraoccipital bar.  The distal termination of the 

supratemporal is triradiate, with a vertical bar of bone, which accepts the medial 

projection of the suprastapedial process anteriorly, extending ventrally between the 

two dorsal expansions (the bar to articulate with the posterior ramus of the parietal 

posteromedially, and the wing to the squamosal anterolaterally).   

 In anterodorsal view, the pedestal of the prootic that articulates with the alar 

process of the basisphenoid is broadly triangular ventral to the anterior-projecting 

ramus for the descending process of the parietal (Fig. 2.9D).  Posterior to these 

processes is the articular facet for the supraoccipital, which is depressed from the 

surface of the prootic.  The margin of this facet extends posterolaterally, is fluted for 
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an interdigitating suture anteriorly, but is smooth posteriorly.  From the posterior 

corner of the supraoccipital, the border of the prootic extends anterodistally, along 

the POPR proximally and the supratemporal laterally.  The POPR makes only a 

minor, arched contribution to the posterior of the dorsal surface of the paraoccipital 

bar between the prootic and supratemporal. This is partially due to the state of 

preservation, and in life the POPR would have extended farther distally, filling in a 

posterior concavity along the margin of the supratemporal.  Because the POPR is 

incomplete distally, a channel is visible between the POPR and the supratemporal, 

likely confluent with the similar channel observed from the ventral view. The 

exoccipital is not visible in this view, but the ridge that bounds the anterior of the 

canal to the utiriculus is visible as a posterior expansion.  Distally, the body of the 

supratemporal is perforated by widely spaced foramina.  The margin of the triangular 

anterior process is convex posteriorly to slot into the groove dorsal to medial shelf of 

the squamosal.  The termination of the supratemporal is saddle-shaped in this view, 

where the vertical bar, which is overlapped by the dorsal edge of the squamosal, 

merges into the ascending postereomedial process to the posterior ramus of the 

parietal, which is offset from the dorsal plane of the main body of the supratemporal 

by a sharp groove.  

 

Quadrate. Unlike the rounded morphologies seen in some other lineages of 

mosasaurs, the quadrate of Mosasaurus hoffmannii, as exemplified by MNHN AC 

9648, is actually relatively quadrilateral, particularly the lateral and the anterior faces 

(Fig. 2.10A, B). The quadrate is tall for its anterior-posterior length. The tympanum 

and alar wing are quite deep mediolaterally anterior to the main shaft of the quadrate 

(Fig. 2.10A). In lateral view, pronounced dorsal and ventral corners mark the anterior 

edge of the tympanic rim, and the mandibular condyle is offset from the ventral 

margin of the alar wing. The anterior and ventral rim of the tympanic ala are marked 

with a distinct groove. The outer border of this groove is broader than the inner 

edge, which also traces a gentler curve than the outer corner. Due to wear of this 

and other specimens, it is difficult to determine whether this groove terminates at a 

point even with the mandibular condyle or if it would have continued around the  
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Figure 2.10 M. hoffmannii quadrate 
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tympanic rim. At the posteroventral corner of the tympanum, the rim narrows and 

projects laterally to form a thin flange, which angles dorsomedially and terminates 

directly ventral to the suprastapedial process. A broken region at the dorsal 

termination suggests that the flange would have been free of the main shaft at its 

tapered distal extremity. The suprastapedial process is short and tightly curved 

around an oval stapedial notch. The cranial condyle is dorsally convex in lateral view 

and continues posteriorly along the outer surface of the proximal half of the 

suprastapedial process. 
 In anterior view (Fig. 2.10B) the quadrate is quite quadrilateral, narrower 

dorsally than ventrally, and with a medial projection that is the distal end of the 

suprastapedial process. The middle of the dorsal edge of the alar wing is indented 

by a U-shaped depression, presumably a fossa for muscle insertion. The mandibular 

condyle is ventrally convex and nearly the entire ventral region is offset from the 

plane of the tympanic ala. This portion of the quadrate is concave from the 

anteroventral corner of the tympanic rim to the medial flange of the quadrate shaft. 

The medial border of the alar wing, where it merges with the shaft is marked by 

rugosities. One of these forms a ridge along the middle third of the height of the 

shaft, forming the medial edge of the alar wing. 

 The quadrate is narrowest in medial view (Fig. 2.10C). The dorsal edge of the 

element in this view is formed by the smooth arc of the ventrally curving 

suprastapedial process. The dorsal region of the main shaft is concave, forming a 

large fossa to accommodate muscle attachments. Directly ventral to the dorsal fossa 

is the oval stapedial pit. The long axis of the pit is oriented at approximately a 30° 

degree angle from the vertical axis of the main shaft of the quadrate. The rugose 

ridge that formed the medial boundary of the alar wing originates anterior to the 

midpoint of the stapedial pit, extends ventrally, and terminates at approximately the 

ventral third of the quadrate height. A second ridge originates from the ventral end of 

the stapedial pit and also extends ventrally. This ridge broadens slightly at its ventral 

termination, and a finer crest of bone extends from the anterior side of the ridge that 

continues ventrally to merge with the mandibular condyle. The infrastapedial 

process, a large posterior protuberance, forms the ventral border of the stapedial 
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notch. The distal end of the suprastapedial process almost contacts the lateral 

edge of the infrastapedial process. The slope of the protuberance to the shaft is 

much steeper dorsally where it contributes to the stapedial notch, but the slope 

grades more gradually into the shaft ventrally. 

 The mediolateral breadth of the suprastapedial process can be seen in 

posterior view (Fig. 2.10D). The lateral side of the process is occupied by a rugose 

fossa, while a broad round projection extends from the medial edge to articulate with 

the supratemporal. The ventral end of the shaft, where it forms the mandibular 

condyle, is expanded medially and laterally, with the lateral expansion being greater 

than the medial. The infrastapedial process appears quite distinct from the shaft in 

posterior view. The ascending distal crest of the tympanic rim angles toward the 

protuberance and the termination of the suprastapedial process.  

 The cranial condyle is quite convoluted (Fig. 2.10E). Two fossae invade the 

articular surface from the anterior and the medial faces that interrupt what might 

otherwise be a broadly spindle-shaped condyle similar to the ventral condition. The 

more anterior of these fossae is small and U-shaped, whereas the medial fossa is 

considerably broader and more rugose. Both of these fossae presumably allowed for 

muscle attachment, perhaps for the M. adductor mandibulae externus profundus 

(Russell, 1967). The cranial condyle is also more rugose than the mandibular, 

particularly the lateral fossa that begins dorsal to the tallest corner of the tympanum 

and curves posteriorly and ventrally around the suprastapedial process. 

 The long axis of the ventral condyle is oriented mediolaterally and is convex 

ventrally (Fig. 2.10F). The condyle is broadly spindle-shaped, being widest where it 

intersects the shaft. The condyle tapers slightly and evenly laterally but is more 

sharply constricted medial to the shaft and expands again slightly before its blunt 

medial termination. Also in ventral view, the anteroventral edge of the alar wing 

forms a triangular projection. The distal end of the suprastapedial process can also 

be seen from this view on the opposite side of the condyle from the alar wing. 

 

Dentary. The dentaries of MNHN AC 9648 are long, straight, robust, and bear 14 

tooth positions (Fig. 2.1). The ventral margin in particular lacks curvature, and the 
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tooth margin is only very gently dorsally concave. The dentary is bluntly rounded 

anterior to the first tooth, and the height gradually increases posteriorly. The lateral 

surface is perforated by nutrient foramina. Anteriorly, even with the first six dentary 

teeth, the foramina are more densely clustered and cover much of the dorsolateral 

extent of the bone, and posteriorly the foramina are more widely spaced and form a 

single row. Medially, the dentary bears a longitudinal groove that widens posteriorly 

to accept the splenial and the anterior ramus of the articular. There is a large 

foramen in the dorsal border of this groove ventral to the 11th dentary tooth. The 

teeth are relatively similar in size, with the anterior teeth being slightly smaller than 

most of the teeth in the middle of dentary, and the posterior teeth being the smallest. 
 The holotype specimen also displays a few pathologies. Ventral to the 10th 

and 11th teeth of the left dentary are a pair of gouges, each surrounded by varying 

degrees of rugose, secondarily remodeled bone. It appears that this individual was 

the victim of a biting attack from another large, toothed animal, presumably another 

mosasaur, but survived the encounter and underwent healing at the bite site. 

Additionally, the anterior portions of the dentaries are unexpectedly rugose. Some 

degree of rugosity is expected on the medial surface where the dentaries meet on 

the midline to form the ligamentous dental symphysis, but in this specimen, the 

rugosity wraps ventrally around to the lateral face of the elements as well. This 

region is marked by pits and bulges of remodeled bone that do not extend past the 

first tooth position.  It is possible that the bone remodeling was part of a response to 

damage to the ligamentous symphysis.  

 

Splenial. The splenial lies medial to the dentary, and while tall medially (Fig. 2.11A-

C), laterally the splenial is only visible as a narrow wedge that begins ventral to the 

12th dentary tooth and widens ventrally until its termination at the intramandibular 

joint (Figs. 2.1, 2.11C). As in IRSNB R 302, the splenial forms the posterior-most 

extent of the anterior half of the lower jaw and terminates in a concave condyle to 

receive the angular. Isolated, the splenial is long and V-shaped in cross-section, with 

a robust base and two thin dorsal wings. The lateral wing is formed by a depressed 

fossa that serves as the articular facet for the dentary. A distinct straight shelf forms  
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Figure 2.11 M. hoffmannii mandibles 
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the ventral edge of this fossa where the dentary overlaps the splenial, marking the 

division between the thin lateral wing and the robust wedge of bone ventral to the 

dentary. The medial wing is taller than the lateral wing and rises as a smooth face 

from the base of the splenial (Fig. 2.11B). The medial ramus of the splenial extends 

anteriorly along the groove in the dentary to a point ventral to the posterior side of 

the fifth dentary tooth in MNHN AC 9648, where it ends in a blunt point (Fig. 2.1). It 

is likely that this part of the splenial is worn or broken, but it is unlikely that the 

splenial would have continued much farther anteriorly considering that the anteriorly 

complete splenial of IRSNB 1503 terminates even with the anterior side of the fifth 

tooth. The medial wing of the splenial increases in height posteriorly, gradually 

anterior to, and more steeply posterior to the foramen in the dentary that invades its 

dorsal border ventral to the 11th tooth. Near the posteroventral corner of the splenial, 

ventral to the tallest point of the medial wing and approximately even with the 

posterior termination of the dentary in median view, it is perforated by an oblong 

foramen. The deep groove between the wings accepts the anterior extension of the 

prearticular. 

 Posteriorly, the articular facet of the splenial of IRSNB R 26 is D-shaped with 

straight internal and laterally convex external surfaces (Fig. 2.11D). The ventral 

portion of the articular surface is concave to accept the angular, but the joint surface 

is more complex dorsally. Confluent with the lateral wing of the splenial, a blunt 

wedge of bone projects posteriorly from the articular surface. Medial to this wedge 

the dorsal border of the articular facet is concave, which corresponds with a notch in 

the articular facet. The angular has corresponding features to form the 

intramandibular joint.  

 
Angular. The angular forms the anteroventral margin of the post-dentary unit (Fig. 

2.11C, E, F). The ventral margin is straight, and the dorsal margin, where the 

angular and the surangular meet, is slightly more irregular (e.g., MNHN AC 9648, 

IRSNB R 24). The angular decreases in height gradually for the anterior three-

quarters of its length, and tapers more steeply posteriorly. Due to this tapering, the 
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angular is only laterally visible for the anterior quarter of the post-dentary unit 

ventral length. 

 The angular contributes to a greater proportion of the post-dentary unit in 

medial view (Fig. 2.11F). Medially, the angular is visible as a posteriorly-tapering 

wedge of bone that forms the ventral margin of the anterior half of the post-dentary 

unit. The dorsal border of the angular articulates with the prearticular for its entire 

length, but the anteromedial wing of the coronoid overlaps the prearticular to contact 

the anterior half of the angular. 

 The morphology of the anterior surface of the articular facet corresponds with 

the concavities and processes of the splenial (Fig. 2.11G). Similar to the splenial the 

internal surface of the angular is vertical and the external surface is laterally bowed. 

The ventral portion of the angular articular surface is anteriorly convex, and the 

dorsal portion is indented by a medial notch to accept the wedge-shaped process of 

the splenial.  

 
Surangular. The surangular contributes to most of the lateral surface of the post-

dentary unit of MNHN AC 9648 (Fig. 2.11E, H). It participates in the intramandibular 

joint along with the coronoid and the angular. The lateral surface of the surangular is 

convex. The surangular is tallest at about the midpoint of the length of the post-

dentary unit, where it expands slightly ventrally and significantly dorsally, around the 

posterior terminations of both the angular and the coronoid. Posteriorly, the 

surangular rapidly decreases in height. The ventral border slopes evenly dorsally to 

suture with the articular, whereas the thin dorsal border is much more sinuous. As 

the coronoid buttress descends toward the glenoid fossa, the ventral trend of the 

border is interrupted by two dorsal eminences. The anterodorsal eminence is less 

pronounced than the eminence directly anterior to the glenoid fossa. The surangular 

contributes to the anterolateral margin of the glenoid fossa, and posterior to the 

glenoid fossa the surangular tapers to a wedge, where it is embraced by the articular 

dorsally and ventrally. 

 Medially, the surangular is visible dorsal to the prearticular and posterior to 

the coronoid where it forms the lateral wall of the Meckelian fossa (Fig. 2.11I). A 
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channel pierces the anterior extension of the surangular on which the coronoid 

sits. This channel is usually obscured both medially and laterally by the descending 

wings of the coronoid, but in the isolated surangular of IRSNB R 301 it is seen to 

extend anterolaterally to exit the surangular along the anteroventral margin of the 

coronoid.  

 
Coronoid. The coronoid forms the anterodorsal border of the post-dentary unit where 

it articulates with the dorsal margin of the surangular (Fig. 2.11C, E, F). The 

coronoid of MNHN AC 9648 is the typical saddle shape seen in mosasaurs, with 

lateral and medial wings embracing the surangular and a dorsally expanded 

posterior coronoid process. This posterior process is quite tall and mediolaterally 

thickest at its anterior margin, where it is also marked by a cluster of parallel, 

longitudinal grooves. Posteriorly, the ascending coronoid process is sharply indented 

by a sulcus that originates at the highest point of the coronoid and follows a similar 

curve to the anterodorsally concave margin of the coronoid and extends ventrally 

onto the lateral wing, forming a broad fossa. The ventral border of the coronoid is 

generally ventrally curved, but the anterior margin is interrupted by a deep 

embayment. This C-shaped excavation corresponds with the exit of the channel that 

pierces the anterior extent of the surangular. The posteroventral margin is either 

very irregular or poorly preserved. 
 In dorsal view, the anterior of the coronoid is bifurcated, and the lateral wing 

is anteriorly longer than the median wing. The anterior lateral wing is also dorsally 

more convex than the median wing. Medially, the coronoid of IRSNB R 24 is 

composed of a dorsal wing extending posteriorly from the coronoid process and an 

anteromedial wing extending ventrally from the saddle of the coronoid. The 

anteromedial wing extends farther ventrally than the lateral wing, but rather than 

extending the entire length of the element, the anteromedial wing is separated from 

the dorsomedial wing by a deep U-shaped embayment approximately even with the 

dorsal inflection of the coronoid process. Ventrally, the anteromedial wing of the 

coronoid contacts the angular. This suture is straight for most of its length, but the 

anteromedial wing bears a posterior projection that forms a slight hook, which allows 
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for contact between the coronoid and the angular where the angular begins to 

taper ventrally.  

 

Articular. The only portions of the articular of MNHN AC 9648 that are visible in 

lateral view are the retroarticular process and a thin blade of bone that borders the 

posteroventral termination of the surangular (Fig. 2.1). The glenoid fossa is oriented 

obliquely mediolaterally, and the articular contributes to the medial and posterior 

borders of the fossa (Fig. 2.11E). The retroarticular process is rotated, so that its 

maximum dimension is not vertical but rather obliquely mediolateral. Therefore the 

lateral profile of the retroarticular process is not large and round as is seen in other 

groups of mosasaurs but instead appears to be dorsoventrally compressed.  

 Medially, as seen in IRSNB R 24, the retroarticular process is slightly 

depressed by a shallow dorsal concavity (Fig. 2.11F). The articular is tallest where it 

contributes to the glenoid fossa; this increase in height is achieved by a dorsal 

expansion of the unit posterior to the glenoid and a ventral expansion even with the 

glenoid. Anterior to the glenoid, at the posterior-most contact between the articular 

and the angular, the ventral margin of the articular ceases to angle farther ventrally. 

As is the case across Mosasauridae, the articular and prearticular are fused into a 

single unit that is sutured to the surangular laterally and the angular ventrally. In 

Mosasaurus hoffmannii the dorsal border of the prearticular slopes ventrally to 

correspond with the floor of the Meckelian fossa formed by the surangular and 

continues anteriorly to be sandwiched between the surangular and the anteromedial 

wing of the coronoid dorsal to the angular.  

 
Teeth. The marginal teeth of MNHN AC 9648 are large, faceted, and bear two 

carinae, which are be faintly serrated (Figs. 1-3). They are posteriorly curved and 

round with little to no mediolateral compression. Anteriorly, the carinae are oriented 

at an acute angle to each other, making the labial circumference between the 

carinae considerably shorter to the lingual circumference. Therefore, in the anterior 

maxillary teeth the lateral face of each tooth is nearly flat between the anterior and 

posterior carinae. In the dentary teeth, this short, flat face is directed anterolaterally 
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because the posterior carina is oriented along the lateral side of each tooth. The 

posterior carina shifts position to a more truly posterior orientation around the middle 

of the tooth row. The tooth roots are long and thick. From the base of the crown, the 

root flares outward to form a distinct shoulder. The root can be slightly curved, 

continuing the curvature of the crown, and the sides of the root taper only slightly 

along their length. 
 

Axial Skeleton  
Atlas. Like all mosasaurids, the atlas of Mosasaurus hoffmannii is composed of four 

elements: the atlas intercentrum, the atlas centrum, and the paired atlas neural 

arches. In both anterior and posterior views the ventral edge of the axis intercentrum 

is deeply bowed. The dorsal border is also convex, but the margin is not smooth: the 

dorsal margin is gently indented at the midline and pinched out at the lateral corners. 

The element is wedge-shaped laterally with a wide ventral surface and anterior and 

posterior faces that incline toward each other dorsally. The atlas centrum is U-

shaped anteriorly and posteriorly, but the anterior face is transversely convex and 

the posterior surface bears a vertical ridge that becomes narrower and steeper 

ventrally. Laterally, a sigmoidal ridge separates the inverted triangular facets that 

articulate with the atlas neural arch from the posteromedially sloping surfaces that 

articulate with the axis. In dorsal view, the atlas centrum is deeply bowed anteriorly 

and flat to shallowly convex posteriorly. In ventral view the atlas centrum is 

anteroposteriorly compressed and broadly triangular with the apex formed by the 

posterior ridge. 

 Anteriorly (Fig. 2.12A), the atlas neural arch is a laterally bowed structure 

dominated by the anteromedial subrectangular articulation for the occipital condyle. 

The spinous process arches dorsomedially and is expanded and rugose distally. 

Because the spinous process is relatively short in Mosasaurus hoffmannii, it is 

unlikely that the two neural arches contacted each other on the midline, but the 

rugosity suggests a cartilaginous structure bridged the gap between the two neural 

arches. A short, blunt process protrudes from the ventrolateral corner of the condylar 

articulation. The condylar articulation is laterally convex, and the medial boarder is  
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Figure 2.12 M. hoffmannii atlas and axis 
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similarly concave. The dorsal border of the condylar articulation is roughly 

horizontal, but the ventral border angles dorsomedially. The anterior articular surface 

is also gently concave. 

 The neural arch extends posteriorly to form a bluntly tapered synapophyseal 

process (Fig. 2.12B). The articular facet for the axis is a vertically elliptical surface 

facing posteromedially. The posterior margin of the spinous process is indented by a 

shallow sulcus that terminates midway between the spinous and synapophyseal 

processes, approximately even with the posterodorsal corner of the articular body of 

the neural arch. This sulcus likely provided attachment surfaces for tendons 

(Russell, 1967).  

 Laterally, the atlas neural arch resembles an asymmetrical arrowhead 

because the ventral process is shorter than the spinous process (Fig. 2.12C). The 

anterior margins of the spinous and ventral processes are not confluent with the 

anterior surface of the condylar articulation but are posteriorly offset; this offset is 

greater between the condylar articulation and the ventral process with a notch 

formed between the two. The distal end of the spinous process bears a short crest 

that originates at the anterior corner, extends posteroventrally, but terminates at the 

midwidth of the spinous process.  

 The complexities of the articular body of the atlas neural arch are most 

evident in medial view (Fig. 2.12D). The articular body is medially offset from the 

surface formed by the confluent spinous and synapophyseal processes, roughly 

quadrilateral, and bears four articular facets. Anterior-most is the vertical condylar 

articulation facet. Posterior to the condylar facet are the ventrally directed facet for 

the atlas intercentrum and, dorsal to that, the medially directed facet for the atlas 

centrum. A posteroventrally oriented ridge separates the facets for the two elements 

of the atlas centrum. In medial view, the facet for the atlas intercentrum is triangular 

with the anterior edge vertical and the ventral edge gently dorsally inclined. The 

facet for the atlas centrum is also sub-triangular, but the dorsal edge is concave. A 

posterodorsally oriented ridge separates the facet for the atlas centrum from the 

facet for the axis, which is oblong in medial view. The spinous process extends 

anterodorsally above the facet for the atlas centrum, and its distal termination is 
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anteriorly expanded and vertically striated, probably for articulation with a 

cartilaginous structure. The synapophyseal process extends beyond the facet for the 

axis. The ventral process is borne on a confluent flange of bone and is oriented 

ventral to the point where the facets for the atlas intercentrum, centrum, and the axis 

converge near the ventral edge of the articular body. 

 In dorsal view (Fig. 2.12E) the sulcus along the posterior edge of the spinous 

process is distinct. The sulcus broadens slightly into a shallow pit at its ventral 

termination, approximately even with the posterodorsal corner of the articular body. 

A transverse ridge forms the posterior wall of this pit. Ventrally (Fig. 2.12F), the 

condylar articulation is seen to be gently concave. The articular facet for the atlas 

intercentrum is triangular from this view as well. The ventrolateral surface of the 

ventral process is rugose and irregular, though this could partially be due to 

weathering and preservation.  

 

Axis. The axis also has a separate intercentrum that articulates to the ventral portion 

of the anterior articular face. The axis intercentrum is a subtriangular block of bone 

that broadens posteriorly. Both the anterior and posterior articular faces are quite 

rugose, likely for articulation with cartilage, but the posterior surface is also indented 

dorsally, forming a horizontal shelf. There is a low anteroposteriorly oriented ridge on 

the dorsal surface of the axis intercentrum, and the entire element tapers ventrally.  

 The anterior articular face of the axis (Fig. 2.12G) is subtriangular with the 

apex ventral to, and recessed from, the rest of the broad articular surface. This 

recessed ventral area accepts the axis intercentrum. The center of the anterior face 

articulates with the atlas centrum and is indented, with the indentation deepening 

ventrally into a broad triangular notch, to accept the posterior ridge of the atlas 

centrum. The lateral regions of the anterior face angle posterodorsally and articulate 

with the synapophyseal processes of the atlas neural arches. The base of the axis 

neural arch is broad, with each robust arch lamina rising dorsal to the lateral borders 

of the articulation for the atlas centrum. The neural canal is broadly triangular, but 

the anterior of the neural spine is damaged, therefore the anterior zygapophyses are 

not preserved.  
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 Posteriorly (Fig. 2.12H), the axis more closely resembles the subsequent 

cervical vertebrae. The condyle is round and approximately equal in height and 

width. The neural canal is tall and arched, and robust posterior zygapophyses 

project posterolaterally from the neural spine posterior to the neural canal. The full 

height of the axis is unknown due to damage to the distal neural spine. 

Dorsoventrally compressed transverse processes project posterolaterally around the 

condyle at mid-height. The transverse processes are buttressed to, and therefore 

confluent with, the posterior surfaces of the neural arch. A robust hypapophysis 

descends from the ventral surface of the centrum posterior to the articular facet for 

the axis intercentrum.  

 The neural spine is distally expanded anteroposteriorly, even if it is 

incomplete dorsally, and tapers into the neural arch (Fig. 2.12I). The neural arch is 

not centered on the centrum but located on the anterior half of the element. The 

transverse processes are confluent with, and heavily buttressed to the lateral 

extremities of the anterior articular surface. The posterordorsally facing articular 

facets for the atlas neural arch synapophyses are smoother and distinct from the 

rough lateral surface of the buttress, which bears a longitudinal ridge. The ventral 

hypapophysis angles posteriorly and terminates approximately evenly with the 

posterior condyle.  

 In dorsal view (Fig. 2.12J), the axis is widest posteriorly where the transverse 

processes flare laterally from the buttresses that join them to the lateral extremities 

of the anterior articular face and the posterior surfaces of the neural arch. The lateral 

extremities of the articular surface are convex anteriorly around the median 

concavity for receiving the atlas centrum. The distal end of the neural spine likely 

would have been longer than the ventral length of the centrum when it was 

complete.  

 In ventral view, the hypapophysis arises directly from the posterior of the facet 

for the axis intercentrum (Fig. 2.12K). The hypapophysis is weathered, obscuring the 

outline of the articulation to the peduncle. The axis centrum is slightly constricted 

between the posterior condyle and the transverse processes, but this constricted 

region is quite short. The lateral margin of the buttress between the transverse 



 55 

processes and the lateral extremities of the anterior face are sinuous, and the 

depth of the median concavity for the atlas centrum is most evident in ventral view. 

 

Cervical vertebrae. Two cervical vertebrae, identifiable by the hypapophyses visible 

on ventral surfaces of the centra, are preserved with the skull of MNHN AC 9648, 

but they are embedded in the block and partially concealed by the mandibles (Fig. 

2.1). The length of the cervical centra exceeds the height and the width, and the 

posterior condyles are quite circular because the width and height are nearly equal. 

The cervical vertebrae each bear a robust, posteriorly directed hypapophysis on the 

posterior half of the ventral surface of the centrum (Fig. 2.13A). The transverse 

processes extend laterally from the mid-length of the lateral surface of the centrum, 

slightly above mid-height. A buttress extends posteriorly from the transverse 

processes but terminates anterior to the posterior condyle. The neural arches arise 

farther anterior on the centrum and bear both pre- and postzygapophyses and 

zygosphenes/zygantra. The articular facets of the postzygapophyses, which are 

oriented at a 30° angle from the neural spine, are oval in lateral view. Posteriorly, the 

zygantra are a pair of pits at the base of the neural spine medial to the 

postzygapophyses. The neural spine is tall and blunt at its distal termination. Along 

the cervical series there is a great deal of variation in the morphology of the 

prezygapophyses, as is seen when comparing vertebrae from MNHN AC 9648 and 

NHMM 006696 (Fig. 2.13). There is greater confluence between the 

prezygapophyses and the transverse processes in the NHMM 006696 cervical 

vertebra than is seen in the cervicals of MNHN AC 9648, so these vertebrae 

presumably came from different positions along the cervical series. The 

postzygapophyses are more offset from the neural spine in NHMM 006696 and the 

transverse processes appear broader due to the buttress between the 

prezygapophyses and the transverse processes.  

 In anterior view (Fig. 2.13B) the anterior cotyle of NHMM 006696 is concave 

and the rim is not embayed dorsally at the floor of the neural canal. The transverse 

processes extend horizontally from the lateral faces of the centrum oriented slightly 

dorsal to the mid-height of the centrum. The prezygapophyses are robustly  
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Figure 2.13 M. hoffmannii vertebrae 
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supported; the distance between the dorsomedially oriented articular facets 

themselves is narrower than the width of the centrum, but the lateral edges of the 

prezygapophyses are wider than the width of the articular cotyle. The state of 

preservation of the neural arch makes it difficult to ascertain whether zygosphenes 

are present.  

 Posteriorly (Fig 2.13C), the neural canal is tall and arched with slightly convex 

sides and a faint ridge extending along the length of its floor. The posterior condyle 

is slightly wider than it is tall and faintly depressed dorsally for the floor of the neural 

canal. The transverse processes merge smoothly into the anterior zygapophyses. 

The hypapophysis is robust and rounded posteriorly. Medial to the dorsolaterally 

slanted postzygapophyses are two shallow zygantra at the base of the neural spine, 

suggesting that there would have been small zygosphenes in life. 

 In lateral view (Fig. 2.13D), it is clear that the transverse processes are 

actually oriented posterolaterally with the anterior face being nearly vertical and the 

posterior side being deeply convex. The postzygapophyses do not extend farther 

caudally than the posterior condyle of the centrum, but the prezygapophyses project 

considerably cranially to the anterior cotyle of the centrum. The articular facet of the 

posterior zygapophysis is broadly oval and inclined posterodorsally. The neural 

spine is broken just dorsal to the zygapophyses, but it appears that the anterior edge 

might have been slanted posteriorly while the posterior edge was nearly vertical. The 

hypapophysis is smoothly buttressed to the anterior edge of the ventral surface of 

the centrum, and posteriorly it terminates before the posterior edge of the centrum 

with a nearly vertical face.  

 Dorsally (Fig. 2.13E), the neural spine rises and narrows from between the 

zygapophyses. The space between the prezygapophyses describes a broad U-

shape. Due to the state of preservation, the full lateral extent of the transverse 

processes is unknown. Ventrally (Fig. 2.13F), there is a pair of small foramina on 

either side of the keel formed by the anterior buttress of the hypapophysis. The 

articular surface of the hypapophyses is subtriangular and rugose. 
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Dorsal vertebrae. Like the cervical centra, the dorsal vertebral centra of NHMM 

006696 are longer than they are tall or wide, and slightly wider than they are tall (Fig. 

2.13G-K). The articular face is subcircular in anterior view and slightly depressed 

dorsally for the floor of the neural canal, which is broadly triangular (Fig. 2.13G). The 

prezygapophyses are widely spaced, with their lateral surfaces being approximately 

even with the lateral faces of the centrum, and therefore the base of the neural arch 

is approximately as wide as the centrum. The transverse processes are robust, 

oriented above the dorsoventral midline of the centrum, and extend at a dorsolateral 

angle from the base of the neural arch.  

 Posteriorly (Fig 2.13H), the articular condyle is convex and sub-equal in width 

and height. The neural canal forms a shallow depression dorsally on the centrum 

and exits the neural arch in a triangular opening that is taller than wide. On the 

dorsal vertebrae, the postzygapophyses are considerably reduced in comparison to 

the cervical vertebrae, and they are not as offset from the neural spine either 

posteriorly or laterally. The postzygapophyses are more closely spaced than the 

prezygapophyses, being about as widely spaced as the posterior base of the neural 

arch, and their facets are nearly vertical. The transverse processes are buttressed 

posteriorly, but the buttresses are not as strong as the anterior buttresses, and they 

do not reach the posterior condyle.  

 In lateral view (Fig. 2.13I), the anterior and posterior articular surfaces are 

slightly expanded. The transverse processes have a slight posterior angle and a 

strong anterior buttress that extends to the anterior articular surface. The dorsal 

edge of the buttress is confluent with the lateral buttress of the prezygapophyses. 

The rib head articular facets of the transverse processes are variable in shape, but 

tend to be slightly compressed anteroposteriorly, broader dorsally, and variably 

pinched ventrally, giving the transverse processes a sub-triangular cross-section. 

The neural arches and spines are oriented anteriorly on the centra. Therefore, the 

anterior zygapophyses project considerably beyond the anterior articular face of the 

centrum to contact the subcircular postzygapophyses on the posterolateral base of 

the neural spine. It appears that the length of the anterior zygapophyses becomes 

less exaggerated posteriorly as the neural arches and transverse processes become 
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more centered on the centra. Additionally the centra become shortened, but due 

to the incomplete state of the dorsal series, the position of this transition is unknown. 

Unlike the cervical vertebrae, where the long axis of the broadly oval 

postzygapophyseal facets is oriented steeply posterodorsally, the long axis of the 

smaller, subcircular zygapophyseal facets of the dorsal vertebrae is oriented 

shallowly anterodorsally. The height of the neural spines is also unknown due to 

poor preservation. 

 Dorsally (Fig. 2.13J), the postzygapophyses are offset from the neural spine 

by shallow concavities, and, like in the cervical vertebrae, the space between the 

prezygapophyses describes a broad U-shape. The neural spine appears to be 

slightly narrower anteriorly than posteriorly. The ventral surface of the centrum forms 

a keel that extends its entire length (Fig. 2.13K). 

 

Caudal vertebrae. The only caudal vertebra preserved in NHMM 006696 is a 

terminal caudal of unknown position (Fig. 2.13L). The terminal caudal vertebrae are 

proportionately the shortest of the vertebrae in mosasaurs, and at this point in the 

caudal series the width and height are subequal. The degree of concavity/convexity 

of the condyles/cotyles is also reduced. There are no transverse processes, and, 

due to the state of preservation, the morphology of the neural arch and spine is 

unknown. However, the chevrons are well preserved. The proximal end of the 

chevron is fused with the ventrolateral edges of the centrum at the midpoint of the 

centrum’s length. The two halves of the chevron extend posteroventrally and 

medially to fuse along the midline. The chevrons are more than twice as long as the 

centrum. 

 

Dorsal Ribs. The ribs of NHMM 006696 are anteroposteriorly compressed, with oval 

articular facets (Fig. 2.14). Proximally, the ribs are straight, but they bow into a 

gentle curve. Some ribs appear to have fossae or broad grooves where the degree 

of curvature is the greatest, but whether this is a true morphologic feature or the 

result of taphonomy is unclear. 
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Figure 2.14 M. hoffmannii rib 
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Appendicular Skeleton 
Scapula. Based on the morphology exhibited by related mosasaurines, the scapula 

should be a large, fan-shaped structure, subequal in size to the coracoid, but no 

complete element is known for this species. The incomplete right scapula of IRSNB 

R 26 does preserve the articular head and the characters thereon (Fig. 2.15). The 

head of the scapula is offset from the flat plate of the scapular blade by 

approximately 45°. A broad ridge separates the two articular facets on the scapular 

head (Fig. 2.15A). Facing posterolaterally is the facet that contributes to the glenoid 

fossa for the head of the humerus. This facet is broadly concave laterally, but where 

the facet crosses the axis formed by the scapular body it curves into a medial 

convexity. The outline of this facet is partially obscured by weathering to the medial 

side of the scapular head, but it appears to be U-shaped. The articular facet for the 

coracoid is sub-quadrilateral and faces anteromedially. The surface of the facet for 

the coracoid is flatter than that for the humerus, but the remnants of the surficial 

layer of bone indicate that it would have been more rugose. An additional process, 

descending from the anterior edge of the scapular neck appears to have served as 

an accessory articulation to the coracoid. This process is dorsally offset from the 

scapular head laterally, and projects anteriorly, but it is more confluent with both the 

head and blade of the scapula medially.  

 The anterior accessory process means that while the scapular neck is 

constricted, it is unusually long anteroposteriorly. In lateral view (Fig. 2.15B), the 

anterior of the scapular neck is even with the plane formed by the long axis of the 

scapular head and is offset from the blade of the scapula. Anteriorly a broad, C-

shaped canal forms between the anterior accessory process and a ridge that marks 

the ventral edge of the scapular blade. This ridge likely continued anteriorly, and its 

posterior termination is dorsal to the ridge that separates the glenoid and coracoid 

articular facets on the scapular head. Internally, the neck of the scapula is bowed by 

the medial termination of the coracoid facet (Fig. 2.15C). The scapular blade is 

thickest dorsal to the head of the scapula. The blade of the scapula is broken both 

anteriorly and posteriorly, so the degree of curvature of the dorsal margin, how far  
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Figure 2.15 M. hoffmannii pectoral girdle 
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the scapular blade extended anteriorly or posteriorly, and any asymmetries of that 

extent are unknown.  

 

Coracoid. The most complete coracoid assigned to Mosasaurus hoffmannii is the 

incomplete left coracoid of NHMM 006696, but due to the poor state of preservation 

some characters of this element, including the morphology of the margin and the 

articular facets, remain uncertain (Fig. 2.15D). The robustly supported articular 

facets are directed posterolaterally, and the thinning, dished blade of the coracoid 

extends medially in an extending fan. The facets for the scapula and the humerus 

are borne on a broad elliptical fossa with a faint vertical crest separating the 

anterodorsal scapular facet from the larger glenoid fossa. However, taphonomic 

fracturing and weathering of the coracoid neck obscures these features. Medial to 

the coracoid head, the posterior margin of the element is concave, forming a neck 

that separates the glenoid fossa from the body of the coracoid, but anteriorly the 

neck is not waisted (Fig. 2.15D). Instead of forming a concave margin to further 

constrict the neck of the coracoid, a straight-margined flange originates anterior to 

the coracoid foramen and extends laterally toward, but does not quite reach, the 

articular facets. The surface of this flange is slightly rugose and is reminiscent of the 

interdigitating structure described by Russell (1967) for Clidastes and Mosasaurus 

conodon Cope 1881, and in M. hoffmannii it appears that the structure would have 

articulated with the anterior accessory process of the scapula. 
 Medial to the neck, the coracoid thins considerably as it expands into a broad 

fan. A thicker bar extends anteromedially from the head anterior to the foramen, and 

the coracoid is thinnest medial to the foramen. This anteromedial region of the 

coracoid is least complete, so the morphology of the border is unknown, but the 

angles of the preserved margins suggest that the coracoid was symmetrical 

anteroposteriorly, or that the posterior margin was slightly longer. Internally (Fig. 

2.15E), the coracoid appears to be evenly convex. The poor state of preservation of 

the head and margin in this view prevents observation of other diagnostic 

characters. 
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Humerus. The humerus of Mosasaurus hoffmannii typifies the mosasaurine 

condition being long for its height and complexly three-dimensional (Fig. 2.16A-E). 

Unfortunately no complete humerus is known for this species, and the humerus of 

IRSNB R 26 is the most complete though it lacks much of the postaxial half of the 

element. Sufficient portions of the proximal and preaxial bone are preserved to allow 

for the observation of distinguishing characters.  

 In medial and lateral views, a complete humerus of Mosasaurus hoffmannii 

would likely have been as long or longer than it is tall (Fig. 2.16A, C). Proximally, the 

glenoid facet is gently curved dorsally, and the post-glenoid process projects 

posterodorsally from its postaxial side. The humerus is constricted slightly dorsal to 

the midheight of the bone, and this constriction forms a U-shaped embayment in the 

preaxial surface of the element. Distal to the constriction the ectepicondyle extends 

farther anteriorly than the glenoid facet. The ectepicondyle is bluntly tapered, and its 

distal surface is the straight articular facet for the radius, which faces anterodistally. 

Posterior to the preaxial constriction, the pectoral crest arises from the medial 

surface of the humerus. It is confluent with the medial extent of the glenoid facet, 

where it is most prominent, and tapers into the surface of the element distally. The 

distal termination of the pectoral crest is even with the ectepicondyle. The 

entepicondyle is not preserved.  

 In preaxial view the humerus is wider proximally and tapers distally (Fig. 

2.16B). The glenoid facet and the pectoral crest contribute to the proximal width, and 

these confluent structures form a dorsally bowed surface. The ectepicondyle 

extends anteriorly and its ventral surface forms the facet for the radius.  

 The lateral view of the humerus (Fig. 2.16C) is similar in outline to the medial 

side, but the lateral surface is flatter without such prominent elaborations for muscle 

attachments, though there is a rugose patch around the distal-most portion of the 

element. The glenoid facet does extend slightly laterally beyond the plane of the 

element, and the post-glenoid process is bluntly rounded with parallel sides in lateral 

view. Between the glenoid facet and the distal rugosities a pair of foramina are 

situated in a groove that angles anterodistally.  
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Figure 2.16 M. hoffmannii humerus and radius 
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 Proximally (Fig. 2.16D), the humerus is dominated by the large, oblong, 

gently concave facet for articulation with the glenoid fossa, which is confluent with 

the medially projecting pectoral crest, and the posteroproximally directed post-

glenoid process. The post-glenoid process is robust and separate from the glenoid 

articular facet, projecting dorsally beyond the plane of the facet.  

 Distally (Fig. 2.16E), the articular facet for the radius is flat and ovoid in 

outline, being slightly more convex medially than laterally and narrowest at the 

anterior termination of the ectepicondyle. The radial facet appears to be separated 

from the ulnar facet by a medial notch, though whether this is a natural feature or 

merely the result of the poor state of preservation of IRSNB R 26 is unclear.  

 

Radius. As seen in IRSNB R 299, the radius is robust and distally expanded, as is 

typical in mosasaurines (Fig. 2.16F-J). The proximal articular facet of the radius is D-

shaped with the bowed side medial and the flatter surface lateral (Fig. 2.16F). Distal 

to the articular head, the radius is asymmetrically waisted, with the constriction of the 

preaxial margin located more proximately than the constriction of the postaxial 

margin (Fig. 2.16G, H). The concavity of the preaxial margin is shallower and 

broader than that to the postaxial margin, which is more deeply U-shaped. Distal to 

the constriction of the radial shaft, the element expands and thins anteriorly and 

posteriorly. The distal articulation for the radiale is approximately parallel to the 

proximal articular surface but much thinner and lenticular in outline (Fig. 2.16I). A 

wing of bone extends anterior to the radiale articular facet, but weathering renders 

the extent of this wing unknown. In IRSNB R 299 the truncation of this wing forms a 

nearly right angle between the preaxial margin and the distal articular facet, but in 

life the preaxial margin was likely curved. Postaxial to the articular facet for the 

radiale is a secondary articular facet oriented at an obtuse angle to the main distal 

articular surface (Fig. 2.16J). This smaller facet is triangular in postaxial view and 

most likely articulated with the intermedium.  

 

Ilium. The ilium of NHMM 0006696 is the longest of the three pelvic bones (Fig. 

2.17). As is the case for all fully marine, hydropelvic mosasaurs (Caldwell and Palci,  
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Figure 2.17M. hoffmannii pelvic girdle  
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2007), the ilium is composed of a slender dorsal shaft that broadens into a ventral 

head bearing the articular facets for the pubis, ischium, and femur. The shaft is 

compressed and bladelike. Proximal to the acetabulum the ilium angles slightly 

anteriorly, but the distal end extends dorsally, giving the anterior border of the 

element a faintly recurved outline. The posterior border of the shaft is nearly straight. 

The head is the most robust region of the element. Medially, the head of the ilium is 

rugose dorsal to the articular facets (Fig. 2.17A), which are borne laterally and 

ventrally (Fig. 2.17B). The facet for the pubis is ventral, that for the ischium is 

posteroventral, and the facet that contributes to the acetabulum is lateral and 

dorsally convex (Fig. 2.17B). 

 
Pubis. The pubis and the ischium of NHMM 006696 are subequal in length with the 

pubis being slightly longer and more robust than the ischium (Fig. 2.17). The shaft of 

the pubis is sub-circular to sub-triangular in cross-section and straight. The distal 

end of the shaft is striated or rugose on all sides; these structures are presumably 

the scars from muscle attachments. The anteroproximal edge of the shaft pinches 

out into a pubic tubercle or process, which is large and anteriorly directed. The 

edges of the process are straight and nearly parallel, but poor preservation of its 

distal end makes it unclear whether the termination of the process would have been 

triangular, as in Mosasaurus conodon, or rectangular, as in Clidastes (Russell, 

1967). The obturator foramen is wider and oval internally (Fig. 2.17A) and constricts 

as it passes through the pubis to exit as a small, sub-circular opening anterior to the 

ridge that extends along the external surface of the shaft from the acetabulum to its 

distal end (Fig. 2.17B). The obturator foramen pierces the concavity between that 

ridge and the dished pubic process. The robust pubic head bears articular facets 

posteriorly for the ischium, posterodorsally for the ilium, and laterally for the 

acetabulum. The facets for the ilium and the acetabulum are each concave. 

 
Ischium. The head of the ischium of NHMM 006696 also bears three articular facets 

(Fig. 2.17). Those for the ilium and pubis are flat to concave, and the facet that 

contributes to the acetabulum is convex. Internally, the surface of the 
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anteroposteriorly expanded medial end of the shaft is striated, and the surface 

around the head is rugosely striated (Fig. 2.17A). There is a shallow fossa along the 

posterior edge of the middle of the bone, medial to the ischiadic process. This 

process arises from the posterodorsal border of the shaft slightly medial to the head. 

There is little constriction of a neck between the ischiadic process and the head of 

the ischium, with the posterior border being only slightly concave between the two. 

The borders of the shaft are more distinctly concave both posteriorly and anteriorly, 

and the anterior curvature of the bone is created by the anterolateral projection of 

the ischiadic head. Externally (Fig. 2.17B), the medial end of the ischium is striated, 

though the striations are shallower than those on the internal surface. The 

constriction of the shaft is more distinct in this view because the flange of the 

ischiadic process is offset from the shaft. 

 
Femur. The left femur of MNHN AC 9648 is more weathered than the cranial 

elements, and some of the features are obscured (Fig. 2.18A-F). The articular 

surfaces for the acetabulum and the tibia and fibula are each expanded, but the 

axes of expansion are oriented at nearly right angles to each other. Between the 

condyles, the shaft of the femur is constricted, particularly in medial and lateral 

views. The distal end of the femur forms two distinct facets. The larger facet is 

slightly longer than it is tall and accepts the tibia, and the smaller facet is laterally 

concave for the articulation with the fibula. 
 The lateral aspect of the femur (Fig. 2.18A) bears a crest that originates 

proximally from the femoral head and tapers to terminate at about the midpoint of 

the shaft. In this view, the preaxial surface of the bone is gently concave, and the 

postaxial edge is deeply concave, giving the trailing edge a broadly U-shaped 

outline. The distal end of the femur is the more expanded in this orientation for the 

articular facets of the tibia and fibula. 

 In preaxial view (Fig. 2.18B) the proximal end of the femur is fan-shaped, and 

the tapered region of the shaft appears very short. A slight notch separating the 

internal trochanter from the femoral head is visible medioproximally. The exact  
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Figure 2.18 M. hoffmannii femur and tibia 
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morphology of the leading edge of the distal end of the femur is obscured by poor 

preservation. 

 The internal trochanter projects from the preaxial side of the medial surface of 

the femoral head and is supported by a buttress that extends distally about halfway 

along the shaft (Fig. 2.18C). As in lateral view, the preaxial edge of the femur is 

much less concave than the postaxial edge. The tibial facet is oriented 

approximately perpendicular to the long axis of the femoral shaft, and the fibular 

facet is offset and directed more posteriorly.  

 The offset of the internal trochanter from the femoral head is more evident in 

postaxial view than it is in preaxial view as is the breadth of the fossa separating the 

two (Fig. 2.18D). The facet for the articulation with the fibula projects postaxially from 

the distal end of the bone. The outline of the facet is a reflected D-shape, with the 

straight edge oriented approximately proximodistally at the medial edge of the femur. 

 The proximal end (Fig. 2.18E) of the femur is greatly expanded 

mediolaterally. A large part of this expansion is due to the significant medial 

projection of the robust internal trochanter. The internal trochanter is separated from 

the femoral head by a deep, wide, postaxially directed sulcus. The head of the femur 

is oval, with the mediolateral axis being longer than the pre-postaxial axis, and it is 

bisected by a ridge. In this view, the expansion of the distal end of femur appears to 

be greater postaxially. 

 In distal view (Fig. 2.18F), the articular facets create a pre-postaxially 

extended rectangle, bisected by the ridge separating the tibial and fibular facets. The 

lateral expansion of the femoral head and the medial projection of the internal 

trochanter can be seen in a perpendicular orientation to the long axis of the distal 

facets. As mentioned above, the preaxial tibial facet is the larger of the two, and the 

postaxial fibular facet is more concave. 

 

Tibia. The tibia of NHMM 006696 is approximately as long as it is tall (likely it would 

have been longer than tall if complete), and bears a thin, dished convex flange on its 

anterior edge (Fig. 2.18G-J). The main shaft and posterior edge are considerably 

thicker, and the posterior edge is deeply concave (Fig. 2.18G, H). The proximal 
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articular facet for the femur is concave and ovoid, with the anterior end being 

narrower than the posterior end (Fig. 2.18I). The distal end bears two articular facets 

at a 120° degree angle to each other (Fig. 2.18J). The anterior facet for the first 

metatarsal is slightly deeper mediolaterally and teardrop shaped, and the posterior 

facet for the astragalus is shorter (both dorsoventrally and anteroposteriorly) and is 

more deeply concave. 
 

Conclusions 

 Mosasaurus is a genus of typically large mosasaurines, with the largest 

individuals of M. hoffmannii likely only exceeded in overall length by individuals of 

Tylosaurus proriger (Russell, 1967).  Mosasaurus is characterized by unique 

osteological features including little to no excavation of the maxilla for the external 

naris; a tall quadrate with a short, curved suprastapedial process and a deep 

tympanic ala with a grooved rim and a distinct anterodorsal corner; a very tall 

surangular; a retroarticular process rotated horizontally; labially faceted, bicarinate 

marginal teeth; a humerus that is longer distally than overall humeral height; a pubis 

with an anteriorly-directed tubercle; a short femur that is greatly expanded 

proximally; a tibia with subequal height and length; and robust, waisted phalanges.  

Based on the holotype, MNHN AC 9648, it has been determined that M. hoffmannii 

is distinct based on characters including the additional anteroventral corner on the 

rim of the tympanic ala, the carina forming asymmetrical short labial and deeply 

convex lingual surfaces on the anterior marginal teeth, and the proximal and distal 

articular surfaces of the femur oriented perpendicular to each other.   

 The lack of a diagnosis with the original description of the holotype left 

Mosasaurus poorly characterized for 159 years.  During that time, the genus 

became a wastebasket taxon with numerous, often poorly defined, species assigned 

to it.  Little was done to correct the taxonomic redundancies and errors until Russell 

(1967), and since then, the concept of Mosasaurus has become more refined. 

Stabilizing the concept of Mosasaurus in order to ensure the longevity and 

informative value of the genus is thus of great importance, and it is hoped that this 
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work more completely accomplishes that goal.  With a precise diagnosis of 

Mosasaurus and a detailed description of the type species M. hoffmannii 

constructed, it will now be possible to compare the species currently referred to 

Mosasaurus to this paradigm.   
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Chapter 3 : A comparative study of the species assigned to 

Mosasaurus 
 

Introduction 

 Since 1829 when Mantell and Holl independently proposed two separate 

species names for Cuvier’s Grand animal ... de Maestricht (‘Mososaurus’ hoffmannii 

Mantell, 1829 and Mosasaurus belgicus Holl, 1829), at approximately specific 

epithets have been assigned to the type genus of Mosasauridae (Appendix 3A).  

The majority of these are nomina dubia based either on fragmentary or insufficiently 

diagnostic fossil material.  Other names are now recognized as junior synonyms of 

previously erected specific epithets.  Still others represent valid species, but are not 

referable to Mosasaurus.   

 Even though the diagnosis of Mosasaurus provided by Russell (1967) was 

based on only a fraction of known specimens and is therefore limited, that study 

provided one of the more thorough taxonomic revisions of the genus.  Several junior 

synonyms were sunk into valid species of Mosasaurus, and nine others were 

invalidated due to insufficiently diagnostic type material, which resulted in eight valid 

species (M. conodon (Cope, 1881), M. dekayi Bronn, 1838, M. gaudryi Dollo, 1889, 

M. ‘hoffmanni’, M. ivoensis Persson, 1963, M. lonzeensis Dollo, 1904, M. maximus 

Cope, 1869, and M. missouriensis (Harlan, 1834)). Of these, M. gaudryi was 

reclassified as a tylosaurine (Bardet, 1990; Lindgren, 2005), and some confusion 

surrounds M. lonzeensis because Dollo (1904) named M. lonzeensis and 

Hainosaurus lonzeensis in the same article, differentiated the two, but did not 

provide a figure or specimen numbers for either so locating the original specimen of 

M. lonzeensis has proven difficult. 

 This study began with the consideration that, in addition to the holotype M. 

hoffmannii, 13 species (M. beaugei, M. conodon, M. dekayi, M. gracilis Owen, 1849, 

M. hobetsuensis Suzuki, 1985, M. ivoensis, M. lemonnieri Dollo 1889, M. maximus, 

M. missouriensis, M. mokoroa Welles and Gregg, 1971, M. flemingi Wiffen, 1990, M. 

prismaticus Sakurai et al., 1999, and M. sevciki Kaddumi, 2009) were potentially 
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valid. The purpose of this chapter is to compare the morphologies of these 12 

species to the emended diagnosis of Mosasaurus and to the detailed description of 

M. hoffmannii developed in the previous chapter in order to identify those that are 

likely valid and therefore candidates for inclusion in the associated phylogenetic 

analysis.  The following interpretations are based on personal observation of the 

specimens, with the exception of the referred cranial material of M. beaugei and the 

specimens of M. sevciki, which were evaluated from the literature. 

 

Comparative Morphology 

Mosasaurus missouriensis (Harlan, 1834) 
 Mosasaurus missouriensis is now the most completely known representative of 

the genus from North America.  The holotype has an interesting past: the anterior of 

the snout (Fig. 3.1A-C) was broken off of the fossil by a trader along the Missouri 

River, changed hands multiple times, was lost to science for about 170 years, and 

was eventually rediscovered in the Muséum national d’Histoire naturelle in Paris, 

France (Caldwell and Bell, 2005).  This portion of the snout was originally identified 

as belonging to an ichthyosaur and given the name Ichthyosaurus missouriensis 

(Harlan, 1834).  The remainder of the fossil (Fig. 3.1D, E) was collected at a later 

date, and it was eventually acquired by Prince Maximilian zu Wied who conveyed 

the specimen to Bonn, Germany.  Goldfuss (1845) recognized the mosasaurian 

affinities of the remainder of the skull and named the species Mosasaurus 

maximilliani in honor of the prince.  Von Meyer (1845) commented on the possibility 

of the two specimens having come from the same individual, and the binomial 

combination Mosasaurus missouriensis come into common usage after the two 

names were synonymized by Leidy (1857).   

 Previous authors have diagnosed M. missouriensis based on a variety of 

characters.  Goldfuss (1845) differentiated the skull he was describing from the 

generic type based on the number of pterygoid teeth (8 in M. hoffmannii, 10 in M. 

missouriensis) and the straight, not ventrally convex, morphology of the tooth-

bearing flange of the pterygoid in M. missouriensis.  Russell (1967) diagnosed M.  
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Figure 3.1 M. missouriensis holotype specimens 
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missouriensis as having an external naris beginning dorsal to a point between the 

fourth and fifth maxillary teeth, no tuberosity present on the shaft of the quadrate 

ventral to the stapedial pit, a weakly developed wedge on the posterior articular 

surface of the splenial, and weakly developed lateral and medial ventral wings of the 

coronoid (the preceding characters differ from those given for M. ‘maximus’ because 

M. hoffmannii was not included in the study).  Caldwell and Bell (2005) found M. 

missouriensis to be diagnosable by its laterally expanded, tridentate suture between 

the premaxilla and the frontal; straight, parallel anterior margins of the frontal; and 

pygal vertebrae number being at least eleven.  Konishi et al. (2014) examined M. 

missouriensis extensively and emended the diagnosis for the species to include 

lateral borders of the parietal table developed into thin, overhanging flanges, 

suspensorial rami of the parietal extremely elongate, and at least eight 

hypapophysis-bearing vertebrae.  It is not the aim of the current study to further 

emend the diagnosis for this species but rather to compare the morphology of M. 

missouriensis to that of the type species. 

 The premaxilla differs very little between M. missouriensis and M. hoffmannii 

(Fig 3.2A).  Like the type species, the premaxilla of M. missouriensis has a short, 

blunt rostrum anterior to the first pair of premaxillary teeth.  Additionally, the suture 

between the premaxilla and maxilla rises vertically for a short distance above the 

tooth row before turning to extend posterodorsally.  This suture can be shallowly 

undulating where it turns posteriorly (eg. MNHN AC 9587 and TMP 2008.036.0001), 

but this is inconsistent across specimens.  The premaxilla tends to be lower than in 

M. hoffmannii (the premaxillary bar rises more steeply in the type species), but this 

could be an artifact of size or preservation.  The internarial bar becomes very narrow 

around the midpoint of its length and dilates posteriorly where it forms an 

interdigitating suture with the frontal.  Ventrally, the articulations to the maxillae and 

vomers appear to agree with those of M. hoffmannii.   

 The maxilla of M. missouriensis (Fig. 3.2B) is also generally similar to that of M. 

hoffmannii.  In lateral view, the maxilla appears to have no dorsal excavation for the 

external naris, however a slight excavation is visible in dorsal view.  The divergence 

between the maxilla and premaxilla is gradual (Fig. 3.2A), similar to the morphology  
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Figure 3.2 M. missouriensis snout 
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in Clidastes but differing from the morphology of Prognathodon, where the abrupt 

divergence forms a distinct anterodorsal corner on the maxilla.  Tooth counts provide 

another set of differences between M. missouriensis and the type species.  The 

maxilla bears 15 teeth, as opposed to 13 in M. hoffmannii.  The 

maxillary/premaxillary suture is approximately five tooth positions long but varies 

(can be slightly anterior to, dorsal to, or posterior to the fifth maxillary tooth).   

 The lacrimal is somewhat enigmatic in mosasaurs as this small bone is easily 

crushed or lost through disarticulation.  It is essentially only identifiable in fully 

articulated skulls.  Goldfuss described and figured the lacrimal in the holotype of M. 

missouriensis (1845, pl. 7), but Russell (1967) dismissed the illustrated element as 

belonging to the anterior end of the jugal.  The element in question appears to be 

located too far anteriorly and dorsally to belong to the jugal.  Goldfuss’s original 

(1845) interpretation is more plausible as it agrees with the orientation of the lacrimal 

in other well-preserved skulls, such as the holotype of Plotosaurus (UCMP 32778).  

No specimen of M. hoffmannii has a complete enough orbit to preserve the lacrimal, 

preventing comparisons between M. missouriensis and the type species.  In M. 

missouriensis the lacrimal is an oblong splint of bone that overlaps the 

maxillary/prefrontal suture anterior to the termination of the jugal (Fig. 3.2C).  In the 

holotype, the posterior border of the element is shallowly indented, and the lateral 

surface, while incompletely preserved, has a rugose texture.  This portion of the skull 

is more complete in TMP 2008.036.0001, and in this specimen the lacrimal is 

observed to narrow and extend posteroventrally toward the orbit along the dorsal 

border of the jugal.  The irregular lateral surface observed in the holotype is revealed 

to be a cup- or funnel-shaped lateral projection.  Neither lacrimal is well preserved in 

KU 1034.  The matrix appears to have been more tightly adhered or concreted to the 

bone surface around the left orbit, and after preparation all that remains of the left 

lacrimal is a lateral projecting knob.  The right lacrimal is missing altogether, but 

rugosities and striations on the underlying maxilla and prefrontal indicate where it 

would have articulated.  The various channels and depression lie along the 

maxillary/prefrontal suture and would have been covered by the lacrimal in life.  The 

combination of these channels, the embayment to the posterior edge of the lacrimal, 
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and the funnel-shaped lateral projection suggests that the lacrimal contained or 

protected ducts that could have emptied into the orbit.   

 The most notable feature of the prefrontal in M. missouriensis is the 

pronounced supraorbital wing (Fig. 3.2C).  A supraorbital ridge overhanging the 

anterior of the orbit is common in mosasauroids and is usually more developed in 

mosasaurines than in other groups.  The exact morphology of this structure is 

unknown for the type species, but the partial skull roof NHMUK 42929 indicates that 

supraorbital wing would have been quite abrupt with little anterior extension as a 

simple ridge.  As seen in KU 1034 and TMP 2008.036.0001, the anterior of the 

prefrontal bears a lateral ridge, which flares dramatically laterally posteriorly, where 

the bone contacts the postorbitalfrontal over the orbit.  The supraorbital wing is C-

shaped to sub-triangular in dorsal view, and the margins of the wing are faintly 

scalloped anteriorly and nearly crenulated posteriorly.  Aside from the well-

developed supraorbital wing, the prefrontal agrees with the morphology of the type 

species.  Konishi et al. (2014) report the prefrontal being excluded from the 

posterolateral margin of the external naris by a posterodorsal expansion of the 

maxilla in TMP 2008.036.0001, but that appears to be unique to that specimen and 

could be a taphonomic artifact.  The prefrontal does contribute to the posterolateral 

margin of the naris in RFWUIP 1327 and KU 1034.  

 The frontal of M. missouriensis is generally similar to that of M. hoffmannii (Fig. 

3.1D).  In both the frontal is broadly triangular with a median dorsal ridge, though this 

ridge is less prominent in M. missouriensis.  The anteriorly converging lateral 

borders of the frontal are also straighter in M. missouriensis, lacking the shallow 

excavation seen over the orbits in the type species.  The anterior of the frontal is 

pinched into a narrow neck by medial expansions of the prefrontals.  Like in M. 

hoffmannii the borders of this anteriorly extending neck of the frontal are nearly 

parallel, though these margins flare slightly laterally to meet the prefrontals to form 

the posterior termination of the external nares.  The frontal neck projects between 

the nares to contribute to the widened, posterior portion of the internarial bar before 

forming an interdigitating suture with the premaxilla dorsal to the eleventh maxillary 

tooth.  Posteriorly, the frontal prongs overlap the parietal and embrace the small, 
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slightly laterally compressed parietal foramen.  The length of these prongs 

appears to vary intraspecifically, being petite and not extending posterior of the 

parietal foramen in KU 1034 or TMP 2003.400.0001, but being broad and extending 

well beyond the parietal foramen in the holotype.  The space between the two 

prongs is U-shaped in M. missouriensis, as opposed to being V-shaped in M. 

hoffmannii.  

 The structure of the frontal-parietal suture differs between M. missouriensis and 

M. hoffmannii.  In the latter, the frontal and parietal abut each other, as is more 

typical for the genus, but in the former the anterior border of the lateral processes of 

the parietal overlaps the posterolateral borders of the frontal (Figs. 3.1D, 3.3A).  The 

anterior expansion of the lateral processes that produces this overlap makes the 

lateral processes of the parietal relatively long for their medio-lateral width.  The 

parietal table is narrow, with parallel sides.  Offset slightly ventrally from each margin 

of the parietal table are a pair of laterally projecting flanges, which diverge 

posterolaterally.  The suspensory rami are incomplete in the holotype, but the 

orientation of the preserved right supratemporal to the parietal table suggests that 

the rami must diverge from each other sharply.  This is confirmed by KU 1034: the 

parietal bifurcates, forming an acute angle between the suspensory rami; the rami 

bend more laterally to contact the supratemporals, forming a corner on their 

posteromedial margins (Fig. 3.3A). In posterior view, the suspensory rami are 

relatively horizontal (Fig. 3.3B).   

 Like in M. hoffmannii, the postorbitofrontal (POF) has four processes radiating 

from a laterally bowed body (Figs. 3.1D, 3.3A).  The anterior and medial processes 

embrace the rounded posterolateral corners of the frontal.  The anterior process 

extends anteriorly as a horizontal bar to contact the prefrontal ventral to the frontal.  

It forms the posterodorsal margin of the orbit and is confluent with the ridge and 

supraorbital wing of the prefrontal though it is not expanded laterally.  The lateral 

surface of the anterior process can be scalloped, though not as deeply crenulated as 

the posterior margin of the supraorbital wing of the prefrontal.  The lateral process 

extends posteroventrally from the curved body of the POF as a short, stout rod of 

bone.  It continues the posterodorsal margin of the orbit and contacts the jugal  
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Figure 3.3 M. missouriensis posterior skull 
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ventrally.  The posterior and medial processes form the anterolateral margin of the 

upper temporal fenestra (Figs. 3.1D, 3.3A).  The posterior process is the longest of 

the four, and it extends posteriorly, supported along its entire length by the 

squamosal.  The median process is a short, roughly rectangular tab of bone.  It 

contacts the lateral wing of the parietal, often in a W-shaped suture (Fig. 3.1D).  

Ventrally, the postorbitofrontal is bi-lobed.  The anterior lobe underlaps the posterior 

of the prefrontal anteriorly and the frontal medially.  The posterior lobe underlaps the 

lateral process of the parietal.   

 The jugal is not preserved in either the holotype or in KU 1034, but it is visible 

in TMP 2008.036.0001 and TMP 2012.010.0001.  Based on these specimens, the 

morphology of the jugal in M. missouriensis agrees very closely with M. hoffmannii.  

The jugal is an L-shaped bone with a vertical dorsal process, a small but distinct 

posteroventral process, and a long, curved anterior ramus (Fig. 3.2C).  A slight 

difference between the two species is that the anterior ramus is not as deeply 

ventrally bowed in the Alberta specimens as in the holotype of M. hoffmannii.  The 

termination of the anterior ramus is mediolaterally flattened and overlaps the distal 

portion of the maxillary/prefrontal suture ventral to the lacrimal.   

 The pterygoids are weathered and incomplete in the holotype of M. 

missouriensis; are obscured by external skull elements in KU 1034, TMP 

2008.036.0001, and TMP 2012.010.0001; and are only represented by a 

fragmentary, isolated element for TMP 2003.400.0001.  Based on what can be 

observed in the holotype, the morphology of the pterygoids of M. missouriensis 

generally agrees with that of M. hoffmannii.  The tooth row is straight, rather than 

ventrally bowed, though angled slightly obliquely to the midline in each species (Fig 

3.4A).  The basisphenoid process and quadratic ramus of the pterygoid appear to be 

similar to those of M. hoffmannii.  There are nine teeth on the pterygoids of M. 

missouriensis as opposed to eight in the type species.  Like in M. hoffmannii, the 

pterygoid teeth of M. missouriensis are largest in the middle of the tooth row, but all 

the pterygoid teeth are smaller than the marginal teeth.  Based on the few visible 

pterygoid teeth of KU 1034 these teeth were gently curved posteriorly and had faint 

posterior carinae. 
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Figure 3.4 M. missouriensis palate and braincase 
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 The anterior of the ectopterygoid is visible paralleling the anterior ramus of 

the jugal in the left orbit of TMP 2008.036.0001, but no complete ectopterygoids are 

known from this species.  A small rod of bone visible in the lower temporal fenestra 

of TMP 2012.010.0001 is likely the epipterygoid.  The element has a relatively 

consistent width and bears a longitudinal lateral ridge along its upper half.  The 

element is inclined anterodorsally, rather than posterordorsally, as illustrated in 

Russell (1967, Fig.1), but this is presumably due to disarticulation during 

preservation.   

 From the holotype of M. missouriensis, RWWUIP 1327, it is clear that this 

species does not exhibit the unusual basisphenoid morphology displayed by M. 

hoffmannii, even though this element cannot be viewed from all angles.  Unlike the 

type species, the basisphenoid of M. missouriensis bears laterally projecting 

basipterygoid processes, in addition to the posterior lobes that articulate with the 

basal tubera of the basioccipital, giving the element the blocky, tetraradiate 

morphology typical of mosasaurs (Fig. 3.4A).  Based on the partial braincase of 

USNM 8086 it can be observed that the alar process of the basisphenoid is also 

more robust in M. missouriensis, forming a partially enclosed lateral sulcus with an 

overhanging ridge absent in M. hoffmannii (Fig. 3.4B).   

 The basioccipital of M. missouriensis is generally similar to M. hoffmannii, 

having long basal tubers that diverge from each other at a nearly 90° angle.  

However, the occipital condyle is more reniform than in the type species (Fig. 3.4B).   

 The right paraoccipital bar is nearly complete in the holotype of M. 

missouriensis, but fractures around the braincase and poor preservation of the bone 

surface make the sutures between the prootic, opisthotic, supratemporal, and 

supraoccipital difficult to interpret.  Like M. hoffmannii, the prootic of M. 

missouriensis has a lobate ventral pedestal that articulates with the alar process of 

the basisphenoid and an anterior process to support the descending process of the 

parietal (Fig. 3.1E).  The morphology of the suture between the prootic and the 

supratemporal on the lateral surface of the paraoccipital bar differs between M. 

hoffmannii and RFWUIP 1327, being perpendicular to the shaft of the element in the 

former and a posteriorly pointed V in the latter.  Unfortunately this feature is not 
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preserved in KU 1034, TMP 2008.036.0001, or TMP 2012.010.0001, so it is 

unknown whether this is due to intra- or interspecific variation.  In posteromedial 

view, the paraoccipital process of the opisthotic (POPR) bears a distal bump or 

flange near its distal end (Fig. 3.3B).  While this structure is not preserved in M. 

hoffmannii, the broken base of such a flange is seen on some specimens (eg. YPM 

430) but it does not appear to be as well developed as in M. missouriensis.  

 The shaft of the squamosal extends anteriorly to nearly contact the main body 

of the POF.  The posterior of the shaft is offset from the articular body of the 

squamosal, forming the lateral shelf that is also seen in M. hoffmannii (Fig. 3.3A,B).  

A thin sheet of bone connects the body of the squamosal to the parietal process of 

the supratemporal.  Also like M. hoffmannii, the articular body of the squamosal 

curves posteroventrally to form a socket for the suprastapedial process of the 

quadrate. 

 The quadrate of M. missouriensis shares many characters with M. hoffmannii, 

including a short, tightly curved suprastapedial process, a bump-like infrastapedial 

process on the posterior of the shaft, the stapedial pit positioned above the mid-

height of the element, a deep tympanic ala, a groove in the rim around the tympanic 

ala, and a distinct anteroventral corner on the tympanic rim (Fig. 3.5).  However the 

proportions of these and other characters differ, making the quadrates of these two 

species distinguishable.  First, the quadrate of M. missouriensis is relatively shorter 

than M. hoffmannii, partially because the element is relatively longer 

anteroposteriorly in the former.  In the type species, both the stapedial notch and the 

infrastapedial process are positioned in the dorsal half of the bone.  In M. 

missouriensis the stapedial notch is dorsal to the mid-height of the bone, but the 

infrastapedial process is at the midpoint of the shaft, or even in the ventral half of the 

bone.  The infrastapedial process is also relatively larger in M. missouriensis than in 

M. hoffmannii.  The quadrates in both species have a distinct anterodorsal corner in 

the grooved rim around the tympanic ala formed by a thickening of the external edge 

of the groove.  There is an additional anteroventral corner in the rim of M. hoffmannii 

that is absent in M. missouriensis, even in large individuals such as TMP 

2003.400.0001. In medial view (3.5B, F), the groove descending from the stapedial  
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Figure 3.5 M. missouriensis quadrates 
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pit is deeper, broader, and angled toward the base of the infrastapedial process in 

M. missouriensis.  The ridge that extends ventrally from the stapedial pit is not as 

pronounced, and does not project medially, in M. missouriensis.  In posterior view 

(3.5C, G), the infrastapedial process is broader in M. missouriensis, forming a 

narrow horizontal gap between it and the distal end of the suprastapedial process 

around the mid-height of the element.  In M. hoffmannii this gap is obliquely angled 

between the tapered end of the suprastapedial process and the small, round 

infrastapedial process. In dorsal view (3.5H), the depressions in the anterior and 

medial surfaces of the cranial condyle are not as deep in M. missouriensis, so the 

condyle has a sub-triangular as opposed to an undulating morphology.  The 

mandibular condyle (3.5I) also has a simpler outline in M. missouriensis, being a 

ventrally convex rectangle, and lacking the medial and lateral constrictions seen in 

M. hoffmannii.   

 The anterior ends of the dentaries of RFWUIP 1327 are incomplete (Fig. 3.6A) 

and were not found with the corresponding snout-tip MNHN AC 9587.  Most of the 

mandibular sutures of the holotype are obscured by heavily concreted matrix, 

particularly those on the medial surfaces.  Based on more complete dentaries (KU 

1034, TMP 2008.036.0001, TMP 2012.010.0001) the dentary of M. missouriensis 

bears 15 teeth, which is one less than M. hoffmannii.  Like the type species, the 

dentary of M. missouriensis is bluntly rounded anterior to the first tooth (Fig. 3.6B, 

C).  The dentary increases in height very gradually along its length, resulting in a 

more gracile mandible than in M. hoffmannii.   

 Like in the type species, the splenial is visible laterally in all specimens where it 

is preserved as a posteriorly widening wedge of bone ventral to the posterior end of 

the dentary (Fig. 3.6D).  The splenial is correspondingly gracile and tapers more 

gradually in M. missouriensis than in M. hoffmannii, visible ventral to the last four 

tooth positions in the former, as opposed to the last three in the latter.  Medially, the 

splenial encloses the mandibular channel in the dentary but does not extend all the 

way to the anterior of the groove.  In M. hoffmannii the splenial tapers to a point 

ventral to the fifth dentary tooth, but in M. missouriensis the splenial ends ventral to 

the sixth tooth (Fig. 3.6C).   
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Figure 3.6 M. missouriensis mandibles  

 

  



 94 

 While tall in comparison to other genera, the post-dentary unit (PDU) of M. 

missouriensis is not nearly as massive as in the type species, even in larger 

individuals such as KU 1034 (Fig. 3.6D).  The suture between the angular and the 

surangular is flat to dorsally curved proximal to the intramandibular joint and tapers 

ventrally for the distal portion of the suture.  Like in M. hoffmannii, the angular is only 

laterally visible along the anterior quarter of the ventral length of the PDU.   

 The surangular contributes most of the height of the PDU in lateral view (Fig. 

3.6D).  The anterior border of the surangular is excavated ventrally and, together 

with the posterordorsally angled articular surface of the angular, accept the splenial 

in a posteriorly directed U-shaped cotyle.  This is different from the V-shaped 

articulation formed by straight border of the surangular in the type species.  Like in 

M. hoffmannii, the dorsal margin of the surangular of M. missouriensis has two 

bumps that interrupt the otherwise smooth decrease in height from the posterior of 

the coronoid to the articular to the glenoid fossa for the quadrate.   

 The coronoid of M. missouriensis is similar to that of M. hoffmannii (Fig. 3.6D).  

Each has a tall dorsal process and a curved ventral border with a C-shaped 

embayment in the anteroventral edge and scalloping along the posterior edge.  The 

lateral wing of coronoid is not as ventrally expanded in M. missouriensis, probably 

related to the generally more gracile morphology of the mandibles in this species. 

 Like in M. hoffmannii, the articular contributes to the posteromedial half of the 

glenoid fossa.  The two species are also similar in that the retroarticular processes of 

each are rotated medially to become nearly horizontal (Figs. 3.3B, 3.6D).  

 As mentioned above in the context of each tooth-bearing element, the tooth 

count for M. missouriensis is slightly higher than in M. hoffmannii: 15 maxilla, 15 

dentary, 9 pterygoid.  The teeth are generally more gracile than in M. hoffmannii.  

The teeth are bicarinate, and the carinae appear to be asymmetrical in the anterior-

most teeth, resulting in short labial and longer lingual surfaces.  However, the 

posterior carinae are weak anteriorly, and the difference between the labial and 

lingual sides is not as extreme as in the type species.  In smaller individuals of M. 

missouriensis, the enamel is fluted labially, and in larger individuals the enamel is 

subtly faceted (Fig. 3.6B,C).  Pterygoid teeth are poorly known from M. 
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missouriensis, but the appear to be gently curved, with faint posterior carinae.   

 Two thin, curved bones are seen posteroventral to the retroarticular process of 

TMP 2012.010.0001, which are presumably the hyoids (3.7A, B).  These bones are 

gently bowed in the middle, where the elements are also the thickest, and straight to 

slightly recurved at the ends.  The dorsal ends of these bones are inserted between 

the transverse processes of the fourth and fifth cervical vertebrae, but considering 

that the broken dorsal end of the right element is preserved lateral to the left 

prezygapophysis of the fifth cervical it is evident that the elements shifted during 

preservation.   

 The vertebrae of the holotype are highly weathered, fractured, and many have 

fine-grained matrix adhered to the bone surface, all of which obscure the 

morphological features of these elements.  The well-preserved specimens from 

Alberta (TMP 2008.036.0001, TMP 2012.010.0001) allow examination of details of 

long sequences of the vertebrae in articulation.  However, some vertebrae are 

missing from the series, and the atlas and axis are obscured by the external skull 

elements.  A weathered atlas complex is known from USNM 8086.  Like in M. 

hoffmannii, the atlas intercentrum of M. missouriensis is ventrally bowed, and 

wedge-shaped in lateral view (Fig. 3.8A).  The dorsal curvature of the element is not 

as offset, or the lateral corners are not as pinched dorsally, in USNM 8086 as in 

specimens of M. hoffmannii, but this could be due to the state of preservation.  The 

dorsal midline is more deeply indented than in the type species.  The atlas centrum 

of M. missouriensis is also similar to M. hoffmannii, being a roughly quadrilateral 

block of bone that is anteroposteriorly compressed ventrally and D-shaped dorsally 

(Fig. 3.8D, G, H).  The posterior surface bears a vertical ridge (Fig. 3.8E), and the 

anterior and posterior surfaces are separated by lateral ridges that angle 

posterodorsally (Fig. 3.8F).  The atlas neural arches of USNM 8086 lack the spinous 

processes, and the articular surfaces are somewhat weathered, but the general 

morphology can be compared to M. hoffmannii.  Like in the type species, the atlas 

neural arches bear a blunt, rounded ventral process, posteriorly offset from the 

anterior articular surface (Fig 3.8C).  The morphology of the synapophyseal process 

is also similar between the two species, tapering gradually posteriorly from the  
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Figure 3.7 M. missouriensis torso 
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Figure 3.8 M. missouriensis atlas elements 
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ventral process and the posterior of the spinous process.  The ventral margin of 

the synapophyseal process is more concave than in M. hoffmannii.  The anterior 

articular surfaces of the atlas neural arches are roughly quadrilateral in M. 

hoffmannii, but they appear to be more reniform in M. missouriensis due to greater 

lateral bowing and more rounded articular bodies ventromedially (Fig. 3.8B).  In 

medial view the posterior of the articular body angles anteroventrally, paralleled by a 

wide groove for the lateral ridge of the atlas centrum.  In posterior, dorsal, and 

ventral views, the synapophyseal processes are seen to be much thinner than the 

articular bodies.   

 Based on the reduced length of the ribs associated with the anterior vertebrae 

there are seven cervical vertebrae in TMP 2008.036.0001.  The cervicals have 

posteriorly angled neural spines that have U-shaped notches in their dorsal margins, 

though the position of that notch along the anteroposterior length of the neural spine 

varies (Figs. 3.7A, 3.9A).  Like M. hoffmannii, the cervicals of M. missouriensis have 

long anterior zygapophyses, but both the zygapophseal articulating facets and the 

processes supporting these facets are more horizontal in M. missouriensis, rather 

than being anterodorsally inclined.  The transverse processes are directed 

posteroventrally in M. missouriensis (Fig. 3.9B), as opposed to extending laterally as 

in the type species, and are heavily buttressed to the lateral surface of the 

prezygapophyses and the anteroventral surface of the centra.  The anterior and 

posterior articular faces of the centra are nearly circular (Fig. 3.9B, C), and the 

posterior condyles are more deeply rounded in M. missouriensis.  The peduncles for 

the hypapophyses are not as tall as those in M. hoffmannii and are angled more 

posteriorly. 

 The dorsal vertebrae of M. missouriensis are also generally similar to M. 

hoffmannii with circular articular faces, slightly depressed dorsally for the neural 

canal, but with more rounded condyles.  The dorsal margins of the neural spines 

continue to be variable notched throughout the anterior dorsal series (Fig. 3.7A), but 

posteriorly, the neural spines become dorsally curved.  Pre- and postzygapophyses 

are present throughout the dorsal series, but they become reduced and project from 

the centra, rather than the neural arch, in the posterior dorsal vertebrae.   
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Figure 3.9 M. missouriensis vertebrae 
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 The transverse processes of the pygal vertebrae are abruptly longer and 

more gracile than those of the posterior dorsals (Fig. 3.9D).  Like in the posterior 

dorsals, reduced pre- and postzygapophyses are present in at least the first nine, 

and possibly all of the pygals.  As is characteristic of mosasaurines, the chevrons 

are fused to the ventral surface of the centra in M. missouriensis.  The transverse 

processes become reduced to round bumps on the middle of the lateral surface of 

the centra.  The neural spines, which became reduced in height throughout the 

intermediate caudal series, are nearly vertical on the last two intermediates.  The 

chevrons of those two vertebrae are longer than the anterior chevrons, and both the 

chevrons and neural spines become taller in the anterior terminal caudals.  The 

neural spines of the first five terminals angle anteriorly and gradually transition back 

to a posterior angle by the end of the tail.  Presumably the taller neural spines and 

chevrons supported soft-tissue structures of a vertical tail fluke.  The presence of 

zygosphenes/zygantra posterior to the cervicals cannot be determined due to the 

articulated or poorly preserved states of the specimens.   

 Goldfuss (1845) reported that 87 vertebrae were present in the type specimen 

of M. missouriensis but acknowledged that the vertebral series was likely not 

complete.  It seems likely that vertebrae were lost both to taphonomic processes and 

nineteenth century collection practices.  However, well-articulated specimens from 

the Bear Paw Shale of southern Alberta provide good data for vertebral counts.  A 

large, and relatively complete individual, TMP 2012.010.01 has at least 130 

vertebrae, and TMP 1983.064.0001 clearly shows the expansion of the neural 

spines and chevrons to support a tail fluke.  The axial portions of the skeleton of 

TMP 2012.010.0001 are primarily preserved in left lateral view so features like 

peduncles and chevrons are occasionally obscured.  A tentative vertebral count for 

M. missouriensis, based on this specimen is: 7 cervicals, 33 dorsals, 11 pygals, 24 

intermediates, >55 terminals = >130 vertebrae.  Unfortunately, articulated post-

cranial material is rare for M. hoffmannii so the vertebral count is unknown for the 

type species.   

 In M. missouriensis the cervical ribs are short, with very little curvature, and 

expanded rib heads to articulate with the correspondingly broad transverse 
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processes.  The first eleven dorsal ribs are significantly longer than the 

preceding cervical ribs and more slender.  In TMP 2008.036.0001 the ribs appear to 

be curved proximally and straight distally, but the anterior dorsal ribs are curved 

along their entire length in TMP 2012.010.0001.  It is not clear whether this is due to 

individual variation or the state of preservation.  The posterior dorsal ribs are straight 

and slender, differing from the cervical ribs by having less expanded articular heads.   

 The interclavicle is a roughly symmetrical flat bone (3.10A).  It is anteriorly 

bifurcated with rounded margins that taper posteriorly to a short constricted shaft.  

The posterior two-thirds of the element expand into a flat blade, wider than the 

anterior end that tapers slightly at its posterior termination.  Konishi et al. (2014) 

described the first reported sternal cartilage of Mosasaurus from TMP 

2008.036.0001.  This element is thin and shield-like, with a finely pitted texture.  

There are five shallow embayments along the margin for the articulation of the costal 

cartilages.   

 Both scapulae and coracoids are preserved in articulation in TMP 

2012.010.0001, and the right pair is preserved in medial view, while the left pair is in 

lateral view (Fig. 3.7A, C, D).  The scapula and coracoid of M. missouriensis are 

approximately equal in height, but the scapula is longer anteroposteriorly than the 

coracoid.  The scapula is an asymmetric fan of bone that is longer posterior to its 

broad neck.  The dorsal margin is an uninterrupted arc.  In medial side the scapular 

blade is relatively flat, but it is thicker distal to the posterior side of the neck.  The 

anterior accessory articulation for the coracoid is confluent with the anteroventral 

corner of the scapular blade medially.  Unlike in the type species, where the 

scapular contribution to the glenoid fossa is a concave facet, the facet for the 

humerus is convex on the scapula of M. missouriensis.  However, these facets have 

U-shaped outlines in both species.  Though the outline of the articular facet for the 

head of the coracoid cannot be determined, it is much shorter than that for the 

humerus, and the two are separated from each other by an angle slightly over 90°.  

Like in M. hoffmannii, the long axis of the head of the scapula is offset from the 

plane formed by the scapular blade.  A sharp ridge extends anteriorly from the base 

of the neck in M. hoffmannii, forming the anteroventral edge of the blade.  In M.  
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Figure 3.10 M. missouriensis pectoral elements  
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missouriensis, that anterior separation between the neck and the blade is a 

subtler keel.  As is also seen in the type species, a trough forms between that keel 

and the anterior accessory process.   

 The coracoid is more symmetrical than the scapula, with neither the anterior 

nor the posterior of the blade being particularly expanded.  Like the scapula, the 

coracoid blade is relatively flat in medial view.  The coracoid foramen penetrates the 

bone near the middle of the coracoid neck.  The medial margin is a smooth arc, 

uninterrupted by a coracoid emargination.  However the coracoid is pierced by a 

second, larger, oval fenestra toward the anteromedial end of the blade, which could 

be derived from the coracoid emargination of Clidastes or other ancestral 

mosasaurine.  The coracoid contribution to the glenoid fossa is concave, with a 

rounded, anteroposteriorly dilated outline.  A broad, vertical ridge of bone separates 

the articular facet for the humerus from that for the scapular head, but the angle 

between the two is very obtuse.  The articular facet for the scapular head is smaller 

than that for the humerus, but the outline cannot be determined.  A flange of bone 

extends anteriorly from the anterior of the coracoid neck and blade, but it is not as 

robust as in M. hoffmannii.  The proximal edge of this flange forms the anterior 

accessory articulation with the corresponding process from the scapula. In lateral 

view, the blade of the coracoid is thinnest from the coracoid foramen radiating 

distally toward the edge of the bone, including the area of the blade around the 

secondary foramen.  This thin area is bounded anteriorly by the thickened anterior 

edge of the blade and posteriorly by a second, broader thickened keel extending 

distally from the posterior of the coracoid neck.  The space between the anterior 

ends of the scapular and coracoid blades is narrow and curved, and the space 

between the posterior ends of the blades describes a deep, broad U.    

 The humerus of M. missouriensis is typical of the genus, having a distal width 

equal to, or greater than its height, and pronounced, well-ossified processes (3.10B, 

C).  The postglenoid process is very robust and offset from the glenoid condyle.  The 

glenoid process is proportionately longer in M. missouriensis than in M. hoffmannii.  

Like in the type species, a small, tight U is formed between the glenoid condyle and 

the ectepicondyle on the preaxial side of the humerus, and a deeper wider U is 
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formed on the postaxial side of the bone between the postglenoid process and 

the entepicondyle.  The lateral surface of the humerus is relatively flat, with a small 

bump at the base of the postglenoid process, another near the point between the 

ulnar and radial facets, and a rugose patch between the two (3.10C).  The medial 

surface of the humerus is much more complex (3.10B).  The glenoid condyle is 

composed of two facets, separated from each other by a ridge, and each appears to 

be concave.  The condylar facet for the coracoid is greatly expanded medially, and 

the pectoral crest is confluent with this expansion, extending from the lip of the 

glenoid condyle distally to terminate near the middle of the bone.  The ectepicondyle 

is bluntly tapered and is offset from the shaft of the humerus by a sulcus that is 

absent in M. hoffmannii.  The entepicondyle has a prominent medial projection, 

forming a tighter, deeper sulcus between the entepicondyle and the shaft of the 

humerus.  The ulnar facet is convex distally, but the radial facet is straight.   

 Based on MOR V006 the head of the radius is D-shaped for articulation with 

the humerus.  The shaft of the radius is short, and the element expands into a flat, 

quadrilateral plate distally (3.10D).  The ulna is hourglass shaped, but not tightly 

waisted in the middle of the shaft.  The proximal end is wider than the distal end and 

also curved.  The radiale is flat and quadrilateral but taller postaxially than preaxially.  

The ulnare is also quadrilateral, but it is smaller than the radiale and taller preaxially, 

tapering slightly postaxially.  The intermedium is hexagonal, with the proximal side 

embayed to form the distal margin of the antebrachial foramen.  The preaxial 

proximolateral side is straight and the other, articulating with the ulnare, is curved.  

The first metacarpal is also quadrilateral, but with more rounded corners and small 

U-shaped notches in its pre- and post-axial edges.  The first phalanx in digit one has 

a wider notch in its preaxial edge and is evenly concave postaxially.  Metacarpal two 

is hourglass-shaped, being slightly wider proximally.  The phalanges are hourglass 

shaped as well, being blocky with expanded proximal and distal articular facets. 

 The ilium of M. missouriensis consists of an expanded articular head and a 

gracile shaft that lacks the curvature seen in M. hoffmannii (Fig. 3.11).  The articular 

head of TMP 2008.036.0001 appears to have multiple small concavities, but the 

head of TMP 2012.010.0001 merely has the large facets for articulating with the  
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Figure 3.11 M. missouriensis pelvic elements  
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other pelvic bones.  The pubis also has an expanded articular head, but the 

more robust shaft is bent proximally.  This is different from M. hoffmannii, where the 

shaft of the pubis is in line with the articular head.  Like the type species, the pubis of 

M. missouriensis, has an anteriorly projecting pubic tubercle, however this tubercle 

is proportionately rounder and narrower.  The obturator foramen is a round opening 

situated in a triangular depression between the articular head, pubic tubercle, and 

shaft.  A structure that might be the articular head of the ischium is present next to 

the pubis and ilium in TMP 2012.010.0001, but due to the preparation of the 

specimen this cannot be determined.   

 Like M. hoffmannii, the femur of M. missouriensis has expanded proximal and 

distal articular structures (Fig. 3.11).  However, the proximal expansion is not as 

great in M. missouriensis.  The long axes of the two articular surfaces are offset from 

one another, but the angle between the two varies between TMP 2008.036.0001 

and TMP 2012.010.0001, though this may be due to the state of preservation.  The 

head of the femur is rounded proximally.  The internal trochanter is robust and 

separated from the articular head by a V-shaped notch, like in the type species.  The 

shaft of the femur tapers distally before expanding abruptly to form the articular 

facets for the tibia and fibula.  The tibial facet is twice as long as the fibular facet, the 

surface is convex distally, but the facet is slightly proximally bowed.  The fibular facet 

is round, and is offset from the tibial facet to face postaxially rather than distally.   

 The tibia is quite similar to that of M. hoffmannii.  It has an oblong proximal 

articular facet for the femur and two distal facets for the first metatarsal and the 

astragalus (Fig. 3.11).  The tibia is thickest postaxially where it is deeply embayed to 

form the preaxial margin of the crural foramen.  Preaxially, the tibia is expanded in a 

thin flange that extends the entire length of the element.  The fibula is considerably 

narrower than the tibia.  It has a round proximal head, a narrow shaft, and an 

expanded distal end with articular facets for both the astragalus and the calcaneum.   

 The astragalus is a flat, vaguely semicircular bone (Fig. 3.11).  Proximally, it 

has a long straight side for the postaxial facet of the tibia, a slightly curved side that 

forms the distal margin of the crural foramen, and a very small facet where it 

contacts the fibula.  Postaxially, the astragalus contacts the calcaneum and tarsal 
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four, each of which is a small, flat bone that can be rounded to quadrilateral.  

Distally, the astragalus contacts metatarsals one, two, and three.  The proximal ends 

of metatarsals one to four are rounded, but their distal facets are straight.  Similar to 

the first metacarpal, metatarsal one is roughly square, but with rounded corners,  

and pre- and postaxial notches.  Metatarsals two, three, and four are narrower with 

more gentle pre- and postaxial embayments.  The first phalanx of digit one has a 

proximal hook preaxially, but the remaining phalanges appear to have a blocky 

hourglass shape.  Digit five is not preserved in either TMP 2008.036.0001 or TMP 

2012.010.0001.  However, a flat round bone with a small U-shaped notch near the 

articulated hind limb of TMP 2008.036.0001 might be part of that digit.   

 

Mosasaurus dekayi Bronn, 1838 
 Like le grand animal de ... Maastricht the first reported mosasaur fossils from 

North America were described and named in a manner that would be considered 

invalid by today’s nomenclatural practices.  The presence of mosasaur fossils was 

first reported by Mitchill as an article included in the 1818 English translation of 

Cuvier’s Essay on the Theory of the Earth.  In his description of the Neversink Hills 

of New Jersey, Mitchill (1818) included a brief summary of the fossils found in the 

marine layer that forms the base of those hills.  In addition to the account of 

invertebrates including belemnites, Gryphaea, and other unknown oysters, Mitchill 

mentions, “A tooth and part of the jaw of a lizard monster, or Saurian animal, 

resembling the famous fossil reptile of Maestricht” (Mitchell, 1818: 384).  This fossil 

was later described and illustrated by De Kay (1830), who gave accounts of doubts 

of contemporary naturalists, including Cuvier himself, that the specimen in question 

truly came from a mosasaur.  This original specimen has been missing since 1967 

or before (Russell, 1967), but based on De Kay’s (1830) description and illustration 

the tooth does appear to agree with the general morphology of Mosasaurus.  

However, while De Kay (1830) did refer the New Jersey tooth to Mosasaurus, and 

designated species names for other fossils in the same article, he neither erected a 

new specific epithet for this specimen, nor assigned it to a species.  However, 

considering that there were multiple specific epithets proposed for le grand animal at 
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this time, that is perhaps understandable. 

 In a catalogue of fossils, Bronn (1838) recognized two species of Mosasaurus: 

Mosasaurus ‘Hoffmanni’ (for which he listed the synonymy of all the names by which 

the Paris skull had been called), and a new species, M. dekayi, which he based on 

the description provided by De Kay (1830).  Bronn (1838) did not illustrate the fossil, 

or provide any additional description.  The extent of his efforts to differentiate the two 

species was to state that the teeth of M. dekayi were approximately twice as large as 

those of M. hoffmannii and found in New Jersey (Bronn, 1838).    

 Barring significantly unique morphological characters, which is not the case for 

the fossil illustrated by De Kay (1830), a single tooth does not provide adequate 

information for the erection of a new genus of mosasaur.  Based on the illustration 

and the description by De Kay (1830) the original fossil does not seem to exhibit 

sufficient morphological differences to separate it from M. hoffmannii.  Russell 

(1967) mentioned the possibly synonymy of ‘M. dekayi’ and ‘M. maximus’, and 

Mulder (1999) found additional morphological support for synonymizing the two but 

did not formally do so.  Mulder (1999) also observed that a pair of tooth casts in the 

NHMUK collections were labeled ‘M. dekayi’ whereas the tooth from which they 

were cast in the ANSP collections was labeled M. maximus, which further illustrates 

the inability to distinguish between these two species.   

The specimens referred to M. dekayi are known from the same formations 

that produce ‘M. maximus’, which itself is likely a junior synonym of M. hoffmannii 

(see below), and likely represent the same taxon.  M. dekayi should therefore be 

considered a nomen dubium.  This opinion was also expressed by Gallagher (2005), 

but that study did not address the issue of reassigning the fossils referred to that 

taxon.  The fossil material currently referred to ‘M. dekayi’ will be herein described 

for comparative purposes, and the specimens will be included in the phylogenetic 

analysis that is the focus of the fourth chapter of this study.  Upon completion of this 

analysis the fossils will be re-evaluated to determine whether they truly represent a 

discrete taxon or whether they can be referred to a different, valid species.   

 Skull material is extremely poorly known form ‘M. dekayi’.  Fossils from the 

Cretaceous greensand deposits of New Jersey are prone to “pyrite disease”, due to 
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oxidation of minerals comprising the fossils. Even specimens that have been 

discovered, collected, and curated can disintegrate in museum cabinets.  It appears 

that some specimens referred to this taxon (e,g., YPM 1582) used to be more 

complete than they are today.  One of the only identifiable cranial elements is a 

fragment of the prootic of YPM 1582 (Fig. 3.12A) preserving the trigeminal notch, 

finely grooved articular facet for the supraoccipital, and foramina for various cranial 

nerves and inner ear structures.  Another element from the same specimen is a 

portion of a large parietal preserving the posterior of the parietal table and the 

bifurcation of the suspensorial rami (Fig. 3.12B,C).  These fragments are insufficient 

for accurate diagnostic purposes, but they do appear to agree generally with M. 

hoffmannii.   

 Teeth referred to ‘M. dekayi’ are strongly bicarinate with broad facets labially 

and narrower facets or flutes lingually (Fig. 3.12D-F).  Generally, the teeth are 

comparable to those of M. hoffmannii, though they tend to be slightly more 

compressed than is typical of the type species.  However, teeth can be quite variable 

in mosasaurs, whether along the tooth row of a single individual (e.g., Eremiasaurus) 

or ontogenetically (e.g. fluted enamel in smaller individuals and faceted enamel in 

larger individuals of the same species).  The compression said to diagnose M. 

dekayi could represent an adaptation to a localized food source rather than 

speciation (Massare, 1897, LeBlanc et al., 2012).  Therefore, tooth morphology 

alone should not be used as the grounds for erecting new species of mosasaus. 

 Dorsal and caudal vertebrae are known from multiple specimens referred to ‘M. 

dekayi’, though no specimen contains more than 23 vertebrae and it is not certain 

that the preserved elements represent uninterrupted sequences, so no vertebral 

counts are possible for this taxon.  The articular faces of the dorsal vertebrae are 

widest near their mid-height, at a level even with the transverse processes, even 

though the transverse processes do not contact either the anterior or posterior 

surface.  The centra are not as tall as they are wide.  The neural arches extend the 

entire length of the centra, and the transverse processes are oriented slightly 

anterior of the center of each element.  The transverse processes are somewhat 

buttressed anteriorly and posteriorly, giving them a compressed cross-section  
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Figure 3.12 M. dekayi  
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proximally, but their distal ends are round.   

 The pygal vertebrae are also widest even with the transverse processes, but 

because the transverse processes are located near the ventral surface of the centra, 

the articular faces of the centra have rounded triangular outlines. The anterior-most 

intermediate caudals are also triangular, but appear less rounded.  Other 

intermediates have oval outlines, and some, presumably the more distal 

intermediates where the reduced transverse processes move back up to the lateral 

face of the centrum, are hexagonal.  In these hexagonal caudals, the ventral side 

between the chevrons is longer than the dorsal side under the neural arch.  A small 

terminal caudal has an oval to faintly hexagonal outline but is slightly asymmetrical.   

 

Mosasaurus gracilis Owen, 1849 
 Mantell (1829) was the first to report the discovery of British mosasaur fossils, 

in his description of the geology and fossil remains of southeastern England.  The 

original English specimens included three partial vertebrae, which had been found in 

‘Middle Chalk’ deposits in the vicinity of Lewes, Sussex.  Even though these 

vertebrae were acknowledged to not be very diagnostic of the habits or nature of the 

animal, they were assigned to the incorrectly spelled ‘Mososaurus [sic] hoffmannii’ 

(Mantell, 1829).  It was the subsequent recovery of other mosasaur specimens from 

a chalk-pit at nearby Offham that lead to the description and erection of a new 

specific epithet for these British mosasaur fossils, i.e., Mosasaurus gracilis Owen, 

1849. 

Since Owen (1849), the classification of the materials assigned to Mosasaurus 

gracilis has been the subject of some confusion and debate.  Lydekker (1888) 

casually, and incorrectly, dismissed Owen’s (1849) classification with the opinion 

that the dentaries were actually those of a fish.  This interpretation was repeated by 

Woodward (1888) who reported on personal communications to the chairman of the 

Brighton Museum Committee that the type specimen residing at that museum should 

be assigned to Pachyrhizodus.  However, Woodward (1901, 1905) later reversed 

this opinion and confirmed the mosasaurian nature of the dentaries, before 

assigning new maxillary and postdentary fragments to Mosasaurus gracilis.  
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Unfortunately, the association of the mosasaur dentaries with Pachyrhizodus has 

remained in the literature, and was reasserted by Lingham-Soliar (1994). 

Confusion concerning the identification and affinities of the mosasaur 

specimens from the English Chalk have also lingered in part over uncertainties 

regarding the location of the type material, which was mistakenly thought to have 

been housed in the Natural History Museum, London but subsequently lost.  The 

holotype was independently ‘rediscovered’ in the Booth Museum of Natural History, 

Brighton by two different groups of researchers (Mulder and Mai, 1999; Street and 

Caldwell, 2014).  Street and Caldwell (2014) reexamined the holotype and all 

referred specimens, and the taxon was found to be a nomen dubium.  In addition to 

the invalidity of  ‘M. gracilis’, that study found that the specimens referred to that 

taxon did not belong to the subfamily Mosasaurinae.  The holotype dentaries (BMB 

007158) of ‘M. gracilis’ were reassigned to Yaguarasaurinae, referred jaw material 

(NHMUK R2879, NHMUK R3355-6) was reassigned to Russellosaurina, and the 

referred vertebrae (BMB 012715) were found to be nondiagnostic beyond the Family 

level (Street and Caldwell, 2014).  The material that had been referred to ‘M. gracilis’ 

will be herein described to provide the evidence behind these opinions, but these 

fossils will not contribute to the phylogenetic analysis.  

 The holotype of Mosasaurus gracilis, BMB 007158, is a pair of largely complete 

right and left dentaries in close articulation/association (Fig. 3.13A).  The dentaries 

are broken anteriorly and posteriorly, laced with cracks and broken edges, and are 

incomplete preparation additionally obscures some features.  Eight tooth crowns are 

preserved in the right dentary, but the total dentary tooth count is uncertain.  If the 

spacing between the teeth is modestly consistent, and accounting for size decreases 

moving posteriorly, then the tooth count is greater than 15.  There would also have 

been one or more teeth anteriorly, but that portion of the dentary is not preserved on 

either element.   The incomplete nature of the specimen renders comparisons to 

known species difficult.  If the dentaries supported only one additional dentary tooth, 

that tooth count would fall in the range seen in valid species of Mosasaurus (M. 

lemonnieri has 16 dentary teeth).  However, the tooth morphology, discussed below, 

does differentiate this, and the other tooth-bearing specimens referred to ‘M.  
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Figure 3.13 ‘M. gracilis’ dentaries  
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gracilis’, from Mosasaurus.  Another fragmentary dentary, NHMUK R2879, 

differs from BMB 007158 in several features (Fig. 3.13B, C).  None of the teeth are 

complete, but the posterior-most tooth is complete enough to enable comparison. 

The teeth are mediolaterally compressed, lightly striated, but lack distinct carinae.  In 

addition, the teeth are larger in relation to the dentary, and more closely spaced than 

in BMB 007158. The dentary of NHMUK R2879 exhibits a short (1.5 cm) edentulous 

rostrum anteriorly, which is similarly seen in some species of Mosasaurus (eg. M. 

lemonnieri).  However, the striated, acarinate tooth morphology is never seen in 

Mosasaurus. 

Woodward (1905) referred a maxillary fragment and an incomplete postdentary 

unit (NHMUK R3355–6) to ‘M. gracilis’.  The maxillary fragment represents the 

middle of the bone, and preserves neither the anterior nor the posterior extremities 

(3.14A).  The preserved dorsal margin of the maxilla is gently concave, sloping 

upward to contribute to the posterolateral border of the external naris.  This dorsally 

concave margin of the maxilla is one of the characters that separates NHMUK 

R3355–6 from Mosasaurus, in which the dorsal border of the maxilla is convex 

dorsally, with little to no excavation for the external nares.  This specimen does not 

exhibit the bilobed external nares formed by the sinusoidal dorsal margin of the 

maxilla as is seen in Russellosaurus (Polcyn and Bell, 2005) or Yaguarasaurus 

(Páramo, 1994; Páramo-Fonseca, 2000).  Even considering the incomplete nature of 

the specimen, if an inflection point like that seen on the maxilla of Russellosaurus 

and Yaguarasaurus were present in NHMUK R3355–6, it would be within the range 

of the six tooth positions preserved in this maxillary fragment.  This maxilla is more 

like that of Romeosaurus, which also forms a uniform, dorsally concave curve to 

produce the lateral border of the external naris (Palci et al., 2013).  The maxillary 

fragment of (NHMUK R3355-6) is six tooth positions long and the teeth are small 

and posteriorly curved.  This specimen is still partially embedded in matrix, so the 

teeth cannot be observed in cross-section, but they do not appear to be strongly 

compressed.  Faint carinae are present, but otherwise the enamel is smooth and 

unornamented.  The teeth of BMB 007158 are also small and posteriorly curved.  

The enamel is smooth, and the teeth are bicarinate.  The carinae are faint, and  
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Figure 3.14 ‘M. gracilis’ maxilla and post-dentary unit  
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divide the tooth crowns into subequal labial and lingual sides, with the 

lingual surface being slightly longer, or more convex, than the labial surface.  The 

cross-sections of the teeth are subcircular due to a slight degree of mediolateral 

compression.   

The morphology of the postdentary unit also distinguishes NHMUK R3355–6 

from Mosasaurus (Fig. 3.14B, C). As with the maxillary fragment associated with this 

specimen, the postdentary unit is incomplete anteriorly and posteriorly, but most of 

the elements, except the coronoid and angular, are partially represented.  The dorsal 

border of the surangular is sinuous: anterior to the broken articular fossa, there is a 

dorsal concavity before the surangular rises to a small convex dorsal eminence, 

followed by a longer concavity just posterior to the coronoid buttress of the 

surangular.  In Mosasaurus, the dorsal margin of the surangular rises steeply from 

the articular fossa anteriorly toward the suture with the coronoid.  This steep dorsal 

border of the surangular produces the characteristically tall morphology of the PDU 

of Mosasaurus.  In M. hoffmannii the height of the postdentary unit directly posterior 

to the coronoid is approximately half of the length of the element versus a height to 

length ratio of approximately 1:3.5 in NHMUK R3355–6.  However, the small 

eminence on the dorsal margin of the surangular of NHMUK R3355–6, between the 

articular fossa and the articulation with the coronoid, is a character seen in 

Mosasaurus.  The retroarticular process is badly broken, but a sliver is preserved 

beyond the suture with the posteroventral border of the surangular.  The sutures 

between the surangular, prearticular, and angular are more evident medially.  The 

prearticular contributes least to the height of the postdentary unit, but gives the 

element its greatest width anterior to the articular fossa, as is seen across 

mosasaurs. Ventrally, the surangular bears a wedge-shaped facet for the articulation 

of the angular, which tapers to a point ventral to the dorsal eminence on the 

surangular.  In M. hoffmannii the angular terminates ventral to the anterior lip of the 

glenoid fossa.  The articular is too incomplete to give an impression of the articular 

fossa or the retroarticular process.  

 None of the vertebrae of BMB 012715 are complete.  The specimen consists of 

two dorsal centra and a neural spine.  One of the centra is nearly complete, and the 
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anterior articular surface is subcircular, being slightly higher than wide (Fig. 

3.15A, B).  The length of the centrum is only slightly greater than the height.  None 

of the processes are preserved on this centrum.  The body of the other vertebra is 

less complete, but the bases of the neural arch and of one transverse process are 

preserved (Fig. 3.15C-F).  The transverse process is located near the middle of the 

lateral surface of the centrum.  It is slightly compressed dorsoventrally, and a 

buttress extends anteriorly from the base of the process toward the rim of the cotyle.  

Ventrally, this centrum appears to bear a faint chevron facet, indicating that the 

chevrons were not fused to the vertebrae.  Fused chevrons are a character of 

Mosasaurinae, so this specimen cannot be referred to Mosasaurus.  Dorsally, the 

neural arches are shifted closer toward the posterior articular surface, and each side 

of the neural arch is thin and blade-like.  The floor of the neural canal is marked by a 

longitudinal ridge that is bounded by a parallel depression on each side.  

Dallasaurus turneri Bell and Polcyn, 2005, also displays a pair of grooves or 

channels in the dorsal surface of the centrum between the neural arches (Bell and 

Polcyn, 2005).  In BMB 102715 the grooves are nearly parallel anteriorly and diverge 

posteriorly; they do not approach the articular surfaces in either direction. 

Conversely in Dallasaurus, the grooves do nearly reach the articular faces both 

anteriorly and posteriorly.  The separate neural spine demonstrates the flattening of 

the dorsal surface of the centra (Fig. 3.15G, H). This neural arch appears to have 

occupied nearly the entire length of the vertebra, which differs from the above-

mentioned centrum. This deviation could either be due to variation along the spinal 

column or to poor preservation. Neither the dorsal extent of the neural spine, nor the 

presence or absence of zygapophyses can be determined. 

 

Mosasaurus maximus Cope, 1869 
 Very large mosasaur fossils are common from Maastrichtian deposits along the 

East Coast of the United States.  Such specimens were first reported during the 

1820s, and some were referred to ‘M. dekayi’ as described above.  Many other 

specific epithets were erected based on new fossil discoveries, particularly by E. D. 

Cope and O. C. Marsh between the 1860s and 1880s.  Some of these species,  
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Figure 3.15 ‘M. gracilis’ vertebrae 

including M. major DeKay, 1842, M. occidentalis Morton, 1844, and M. meirsii 

Marsh, 1869, were synonymized with other, previously established species (‘M. 

dekayi’ in the case of these three examples).  The specific epithet most frequently 

applied to these massive mosasaur fossils was the aptly named M. maximus Cope, 

1869a.  This species was based on a partial skeleton (AMNH 1389) consisting of 

fragmentary skull bones, including an ectopterygoid and a possible jugal; a single 

compressed tooth crown, bearing facets and two, relatively symmetric carinae; 

vertebrae, including the axis; and fragments possibly from the pectoral girdle and 

carpal elements.  The excellently preserved holotype quadrate mentioned by Cope 

with the erection of the species (Cope, 1869a) and illustrated in a subsequent 

monograph (Cope, 1869b) appears to have become separated from the rest of the 

specimen as it could not be located in the AMNH collections at the time this research 

was conducted.  Additionally, three of the vertebral centra associated with the M. 

maximus holotype do not agree with the other vertebrae of the specimen.  The 

dorsal vertebrae of M. maximus tend to be large and blocky, not much longer than 

they are tall or wide, but the three vertebrae in question are distinctly elongated.  

They seem to agree more closely with the morphology of M. conodon.   

 Both Cope and Marsh erected additional new species based on the partial, 

large mosasaur specimens recovered primarily from the New Jersey Greensands, 

including M. princeps Marsh 1869, M. fulciatus Cope 1869b, and M. oarthrus Cope 

1869b, all of which have been synonymized with M. maximus (Russell, 1967).  

Russell (1967) also summarized some of the similarities and differences between M. 

maximus and the type species M. hoffmannii, but did not synonymize the two.  

Subsequent authors have discussed this possibility in much greater detail.  Mulder 

(1999) found no significant differences in the morphology of cranial or mandibular 

elements between specimens of M. hoffmannii from Europe and M. maximus from 

New Jersey. Harrell and Martin (2015) also briefly discussed the lack of distinct 

features to differentiate M. maximus from M. hoffmannii, agreeing with the 

conclusions of Mulder (1999), but neither Mulder (1999) nor Harrell and Martin 

(2015) formally synonymized the two.  Personal observation of the largest 
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Maastrichtian-aged fossils of Mosasaurus from both sides of the Northern 

Atlantic found very few differences between the two populations.  The findings of this 

comparative study concur with those of Mulder (1999) and Harrell and Martin (2015), 

and ‘M. maximus’ will henceforth be treated as a junior synonym.  This particular 

comparison was one of the first objectives of this project and after personally 

confirming the synonymy of M. hoffmannii and ‘M. maximus’, the descriptions of M. 

hoffmannii in Chapter Two were based on fossils of ‘M. maximus’ from North 

America where there were no known examples of an element from the European 

specimens of M. hoffmannii.   

 

Mosasaurus conodon (Cope, 1881) 
 Mosasaurus conodon (Cope, 1881) was originally referred to Clidastes based 

primarily on the presence of zygosphenes/zygantra, and also on features related to 

its narrow, elongated dentaries.  The holotype is a partial skeleton consisting of 

fragmentary mandibular elements, including most of one dentary; cervical, anterior 

dorsal, and a single terminal caudal vertebrae; and pectoral girdle and limb 

elements.  The only cranial element preserved is a partial squamosal.  Cope’s 

(1881) original description is very brief; he did not compare the specimen to 

Mosasaurus in any way, and the comparisons to Clidastes are cursory.  The 

combination C. conodon stood until the 1960s when the species was reassigned to 

Mosasaurus by Baird and Case (1966) based on Russell’s then-unpublished opinion 

(Russell, 1967).   

 Because the holotype lacks many diagnostic cranial elements (such as a 

frontal, parietal, or quadrates), and the original description was so perfunctory and 

did not include many diagnostic features, many disparate specimens have since 

been referred to this species.  The holotype, and many fragmentary referred 

specimens, are from Maastrichtian deposits from the East Coast of the United 

States.  However, most of the more complete specimens are from upper Campanian 

Western Interior Seaway (WIS) sediments, which often provide a better state of 

preservation than the glauconitic greensands of New Jersey.  Russell based much of 

his extensive diagnosis of M. conodon on these stratigraphically older specimens.  
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Additionally, based on these varied specimens, the nearly completely-known M. 

lemonnieri from the Campanian of Belgium was considered to be a junior synonym 

of M. conodon (Baird and Case, 1966; Russell, 1967). 

The potential problem with assigning Campanian Western Interior Sea 

specimens to the poorly known Maastrichtian M. conodon, is that the WIS was also 

inhabited by M. missouriensis during the Campanian.  However, as of the 1960s, not 

many specimens had been referred to M. missouriensis, very few of these 

specimens included much postcranial material that overlapped with the holotype of 

M. conodon, and the holotype skull of M. missouriensis was housed in Germany, as 

it is to this day.  As more complete fossils of M. missouriensis have been found, 

there now seems to be a great deal of similarity between this species and the WIS 

specimens attributed to M. conodon.  There are also many similarities between M. 

missouriensis and M. lemonnieri but fewer between the holotype of M. conodon and 

M. lemonnieri.  If the concept of M. conodon was largely shaped by specimens that 

should be referred to M. missouriensis, that could explain why Russell (1967) 

suggested synonymizing M. lemonnieri with M. conodon.  My personal observations 

support previous opinions (Lingham-Soliar, 2000; Ikejiri and Lucas, 2015) that M. 

lemonnieri is a valid species and not a junior synonym of M. conodon.  In order to 

assess the specimens that have been referred to M. conodon, the holotype and 

referred specimens from related strata will be described first, and the referred 

material from the WIS will then be compared to the Maastrichtian M. conodon 

paradigm and also to M. missouriensis. 

The only cranial element of the holotype of M. conodon (AMNH 1380) is a 

fragment of the body of the right squamosal.  Even though the element is 

incomplete, some comparisons to M. hoffmannii are possible.  Like M. hoffmannii, 

the squamosal of AMNH 1380 bears a posteroventrally declined rounded ridge on 

the lateral surface of the main body posterior to the termination of the groove for the 

postorbitofrontal (Fig. 3.16A).  The dorsal flange of the squamosal that overlaps the 

supratemporal is incomplete in the holotype of M. conodon, but from what can be 

observed of the base of this flange, it appears to differ from M. hoffmannii.  In M. 

conodon, it appears that this flange either has a reduced dorsal extension, or the  



 121 

Figure 3.16 M. conodon squamosal   
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dorsal extension originates farther posteriorly than in does in M. hoffmannii.  In 

the holotype of M. hoffmannii, the anterior edge of the dorsal flange is even with the 

ventral inflection of the lateral ridge, but in AMNH 1380 the dorsal edge of the 

squamosal is still horizontal slightly posterior to the inflection point of the lateral 

ridge.  In dorsal view (Fig. 3.16B), the squamosal of M. conodon is not as wide as 

that of M. hoffmannii; while this is largely due to the poor state of preservation of 

AMNH 1380, it is also due to the reduced, or posteriorly-shifted, dorsal flange.   

Like in M. hoffmannii, the medial surface of the squamosal body of M. 

conodon, is dominated by the articular facet for the supratemporal (Fig. 3.16C).  A 

wide, V-shaped groove on the medial surface approximately mirrors the 

posteroventrally directed ridge on the lateral surface.  Like the dorsal flange, the 

medial flange that separates the supratemporal from the articular surface for the 

suprastapedial process of the quadrate is incomplete in AMNH 1380.  The articular 

surface for the quadrate is also too incomplete to allow for comparisons to other taxa 

(Fig. 3.16D).   

Excepting the surangular, all the mandibular elements are represented in the 

holotype of M. conodon, but none is complete.  Cope (1881) described 16 tooth 

positions preserved in the dentary, but at the time of this study only 15 were 

observed (Fig. 3.17A).  The dentary was incomplete anteriorly from the time of its 

original description (Cope, 1881) so the dentary tooth count of M. conodon is at least 

17.  The dentary is gracile, with the anterior of the dentary being not much taller than 

the height of the third or fourth dentary tooth, though the proportions of the dentary 

to the teeth could be influenced by ontogeny.  The dentary gradually increases in 

height posteriorly.  The tooth row is relatively straight, with only a very slight dorsal 

inclination posteriorly.  The state of preservation of the medial face of the dentary 

makes it difficult to determine where along the mandibular channel the splenial 

would have terminated.   

 The posterior portion of the right splenial is preserved and displays a typical 

mosasaur morphology (Fig. 3.17C).  The posterior articular facet for the angular 

appears to be relatively symmetrically elliptical, as opposed to the laterally convex 

D-shaped outline seen in M. hoffmannii (Fig. 3.17D).  The wedge-shaped keel is  
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Figure 3.17 M. conodon mandible 
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centered in the dorsal half of the articular surface and is confluent with the 

medially recessed lateral ala.  The angular is even less complete than the splenial of 

AMNH 1380, and the exact morphology of the articulation with the surangular cannot 

be determined (Fig. 3.17B).  The articular face of the angular mirrors that of the 

splenial, being elliptical with a centered dorsal notch to accept the posterior keel 

from the angular.   

 The coronoid is the most complete of the preserved posterior-dentary elements 

in the holotype of M. conodon (Fig. 3.17E) .  It has the very tall dorsal process that is 

typical of Mosasaurus, though the posterodorsal extremity of the element is 

incomplete.  Like M. hoffmannii, the posterior of the dorsal process is deeply 

indented to form a broad sulcus for muscle attachment.  The lateral and medial 

ventral wings are incomplete, so it cannot be determined whether the medial wing 

contacts the angular as in M. hoffmannii.   

 One retroarticular process is preserved.  It is broadly U-shaped posteriorly, and 

slightly concave on one side.  However, isolated as the element is, it is difficult to 

determine whether the process would have been oriented vertically, or rotated 

toward the horizontal as is seen in other species of Mosasaurus.   

 The teeth of the holotype of M. conodon are more gracile and distinctly 

posteriorly curved than those of M. hoffmannii (Fig. 3.17A).  An isolated tooth is 

faintly bicarinate, and the single tooth preserved in the anterior of the dentary (likely 

the third or fourth position overall) bears an anterior carina.  This anterior dentary 

tooth is somewhat laterally compressed, whereas the isolated tooth crown has a 

round cross-section.  The tooth crowns are faintly faceted at their bases, but the 

facets become less distinct towards their apicies, giving the teeth a fairly smooth 

appearance.   

 Numerous vertebral elements are preserved in AMNH 1380, including the left 

atlas neural arch, the atlas centrum, and the axis intercentrum.  The atlas neural 

arch of M. conodon is largely similar to that of M. hoffmannii.  The anterior articular 

facet is reniform to sub-rectangular, intermediate between the more squared-off M. 

hoffmannii, and the very rounded M. missouriensis (Fig. 3.18A).  Posteriorly, the 

bump at the midpoint of the posterior margin of the neural arch appears to be  
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Figure 3.18 M. conodon atlas and axis elements  
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reduced and the pit posteroventral to this bump is deeper.  However, the 

appearance of these features could be due to the state of preservation of the 

specimen.  In lateral view (3.18B), the synapophysis is slightly more gracile in M. 

conodon, similar to M. missouriensis.  The ventral process is not well preserved in 

AMNH 1380, but referred specimen AMNH 1402 does bear a well-developed 

process similar to that seen in M. hoffmannii, though the notch separating the 

process from the anterior articular facet appears to be broader in M. conodon.  The 

ridge emanating from the anterior edge of the neural spine more closely parallels the 

neural spine itself in M. conodon than in M. hoffmannii.   

 In medial view, the various facets of the articular body are not as distinct in 

AMNH 1380 as in M. hoffmannii.  However, the posterior-most facet for articulation 

with the axis is relatively larger in M. conodon.  Perhaps the most distinctive different 

between the neural arches of M. conodon and M. hoffmannii is the rounded 

posteromedially directed process positioned at the middle of the trailing edge of the 

neural spine seen on AMNH 1380.  In dorsal view (3.18C), the entire neural spine of 

M. conodon is oriented posteromedially, and this process is seen to be a thin flange.  

In M. hoffmannii, the neural spine is oriented more anteroposteriorly.   

 The morphology of the atlas centrum of M. conodon does not differ from the 

typical mosasaur condition.  The proportions of the element differ slightly from that of 

M. hoffmannii, where the atlas centrum is taller and more compressed 

anteroposteriorly, especially at the ventral end of the element (Fig. 3.18D, E).  

 The morphology of the axis intercentrum does differ from that of M. hoffmannii.  

Without the corresponding axis vertebra, the orientation of the axis intercentrum is 

difficult to determine.  One surface of the element is smooth with a heart-shaped 

outline that was likely capped by cartilage in life.  This surface is most likely the 

anterior articular facet with the ridge ventral and the indentation dorsal to articulate 

with the axis centrum.  The element tapers posteriorly (Fig. 3.18, F-I).   

 The cervical vertebrae of M. conodon follow the typical mosasaur plan but differ 

from those of M. hoffmannii (Fig. 3.19).  In anterior view (3.19A), the centrum is not 

as circular as in the type species, having an indentation in the dorsal surface for the 

passage of the neural canal.  The anterior zygapophyses are long, robustly  
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Figure 3.19 M. conodon cervical vertebra  
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buttressed, and even more divergent dorsally than in M. hoffmannii.  The 

transverse processes are the feature of the cervicals that differ most noticeably from 

those of M. hoffmannii.  In the holotype of M. hoffmannii there is a single, isolated 

cervical vertebra with elongate transverse processes.  The transverse processes of 

referred specimen NHMM 006696 are incomplete distally; while they are buttressed 

to the anterior zygapophyses dorsally, the transverse processes bear no ventral 

buttress.  Conversely, the transverse processes of M. conodon are much shorter 

than in M. hoffmannii and even slightly shorter than in M. missouriensis.  In addition 

to the ridges of bone that buttress the anterodorsal edges of the transverse process 

to the lateral surface of the anterior zygapophyses, additional, curved flanges extend 

anteriorly from the anteroventral edges of the transverse processes similar to what is 

seen in M. missouriensis.  This structure is most developed on the anterior cervicals, 

where the posteroventrally curved flange nearly reaches the anterior cotyle, and it 

becomes reduced posteriorly.  Distinct ventral flanges are present on the transverse 

processes of the posterior cervicals, but they terminate well posterior of the rim of 

the anterior cotyle.  The neural spines of M. conodon are shorter anteroposteriorly 

than in M. missouriensis and appear to lack the U-shaped notch in the dorsal 

extremity of the neural spines.  Instead, the termination of the neural spines is 

inflated.  Throughout the cervical series, the peduncles for the hypapophyses are 

shorter in M. conodon than in M. hoffmannii.   

 The centra of the dorsal vertebrae of M. conodon are more dorsoventrally 

compressed than the nearly circular dorsal centra of M. hoffmannii (Fig. 3.20).  The 

notches in the dorsal rims of the articular surfaces are also slightly deeper in AMNH 

1380.  Similar to what was observed in the cervical vertebrae, the zygapophyses are 

more widely divergent in the dorsal vertebrae of M. conodon than in M. hoffmannii.  

In the latter species, the anterior zygapophyses are approximately as wide as the 

centrum, with the lateral surfaces of the anterior zygapophyses approximately even 

with the lateral edges of the posterior condyle.  In the former species the posterior 

zygapophyses are about as wide as the posterior condyle and the medial surfaces of 

the anterior zygapophyses are even with the lateral edges of the posterior condyle.  

There is evidence of reduced zygantra on the posterior of the neural arch of M.  
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Figure 3.20 M. conodon dorsal vertebra 
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hoffmannii specimen NHMM 006696, but the zygosphenes are well developed in 

M. conodon as is exhibited by AMNH 1380.  It is possible that this is an artifact of 

position along the dorsal series (the described vertebra of AMNH 1380 is an anterior 

dorsal, and the vertebra of NHMM 006696 could be from a more posterior position) 

rather than a taxonomic difference.  Like in the cervical vertebrae, the transverse 

processes of M. conodon are stubbier than in M. hoffmannii, being shorter 

mediolaterally and taller dorsoventrally.  The anteroventral flange observed on the 

transverse processes of the anterior cervicals of AMNH 1380 is greatly reduced to 

form only a slight buttress on the anterior dorsal vertebra.  The posterior condyle is 

also more deeply rounded in M. conodon than in M. hoffmannii.   

 Only the head of one scapula is preserved in the holotype of M. conodon (Fig. 

3.21A).  The morphology of the articular structures is generally similar to M. 

hoffmannii, though the scapular head is more inline with the blade of the scapula in 

M. conodon, rather than the distinctly rotated morphology of M. hoffmannii.  The 

main articular surface of M. conodon is roughly lenticular in outline and bisected by a 

row of pits.  The articular surface is concave in M. conodon, rather than having two 

distinct facets that join in a ridge as is seen in M. hoffmannii.  The facet for the 

humerus is smooth and roughly triangular, and gently convex, more similar to M. 

missouriensis than M. hoffmannii.  There are a cluster of shallow pits in the 

trapezoidal facet for the coracoid.  Extending from the edges of the coracoid facet is 

the raised, ridged facet for the anterior accessory articulation with the coracoid.  

Little of the scapular blade is preserved, but the neck of the scapula would have 

been relatively longer than in M. hoffmannii or M. missouriensis.  There is a ridge 

that separates the neck of the scapula from the body of the blade, but it appears to 

be significantly lower than the keels seen in M. hoffmannii and M. missouriensis, 

though the extent of this structure cannot be determined due to the incomplete 

preservation of the scapula. 

 The holotype of M. conodon does contain a nearly complete coracoid (Fig. 

3.21B-D).  The neck of the coracoid is narrower in M. conodon than in M. hoffmannii 

and longer than in M. missouriensis.  The posterointernal margin of the neck is 

straight for a short length before forming a corner bounding the curved posterior  
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Figure 3.21 M. conodon scapula and coracoid 
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margin of the coracoid blade.  The blade of the coracoid is likely roughly 

symmetrical, and it appears that it bears a second, distal foramina like M. 

missouriensis.  Unlike the scapula, the head of the coracoid in M. conodon is 

distinctly rotated from the plane of the blade (Fig. 3.21D).  A buttress connects the 

anterointernal edge of the coracoid blade to the articular facet for the scapula.  This 

buttress is not confluent with the articular surfaces, but is recessed slightly and 

bears the rugose anterior accessory articulation for the scapula.  The articular facets 

for the humerus and the scapula are both pitted and separated from each other by a 

ridge.   

 The humerus of the holotype of M. conodon is diagnostic of the genus, being 

longer across the distal condyles than it is tall.  The postglenoid process of M. 

conodon is not as long or distinctly offset as in M. hoffmannii, or M. missouriensis 

(Fig. 3.22A, B).  The pectoral crest appears to be confluent, or nearly confluent, with 

the glenoid condyle; it contributes to, or is slightly recessed distally from, the gentle 

arc of the condyle like in other species of Mosasaurus (Fig. 3.22C).  The 

ectepicondyle is incomplete, but it likely would have been relatively well developed.  

The entepicondyle is long, forming a deep, U-shaped embayment between it and the 

postglenoid process.  In addition to being long, the entepicondyle is distally 

expanded to form a medial hook (Fig. 3.22D).  Most of the articular surfaces are 

pitted, suggesting that the element would have been capped in cartilage in life.  

Much of the distal articular facets for the radius and ulna are incomplete, but the 

proximal facet for the scapula and coracoid forms a smooth arc that is proximally 

convex in preaxial view (Fig. 3.22E, F).   

 The ulna of the holotype of M. conodon is also typical of the genus being 

hourglass-shaped.  The proximal articulation for the humerus is D-shaped and 

deeply concave.  The distal articular facets for the carpal row are incomplete.  It 

appears that the distal end of the element was expanded to be as wide as the 

proximal end, whereas the distal articular structures are narrower than the proximal 

in M. missouriensis.  

 Specimens from Maastrichtian deposits from New Jersey and Maryland that 

have been referred to M. conodon agree with the morphology of the type specimen.   
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Figure 3.22 M. conodon humerus 
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These specimens differ from sympatric M. hoffmannii specimens in having 

smooth, rather than faceted teeth, widely spaced zygapophyses, and transverse 

processes with ventral flanges.  Specimens from upper Campanian Western Interior 

Sea deposits referred to M. conodon display differing morphology from the holotype 

and more closely resemble M. missouriensis.  The diagnostic characters that 

distinguish these specimens from M. conodon will be summarized below, and a 

comprehensive account of the taxonomic status of the specimens examined in this 

study will be provided in the systematics chapter.   

 An uncommon example of a specimen being referred to a different species 

despite displaying morphology that agrees with the holotype of M. conodon is AMNH 

1402.  This specimen, consisting of a single tooth crown, a cervical vertebra, and 

one axis neural arch, is currently assigned to M. ‘dekayi’.  However, the enamel of 

the tooth is smooth, rather than faceted, and the transverse processes are tall with 

distinct ventral flanges.  This specimen should be reassigned to M. conodon.   

 A specimen from the Upper Cretaceous Marlbrook of Arkansas, USNM 

011396, was assigned to M. conodon, despite the ulna and dorsal vertebrae being 

the only elements common to both this specimen and AMNH 1380.  The ulna of 

USNM 11396 is incomplete distally, making it difficult to determine if it exhibits the 

broad morphology of M. conodon or the narrow morphology of M. missouriensis.  

The zygapophyses of the dorsal vertebrae of USMN 011396 are not wider than the 

centrum, differing from the holotype of M. conodon.  All six pelvic girdle elements are 

preserved in this specimen, and the morphology of the ilium and the pubis agrees 

with what is seen in the Alberta specimens referred to M. missouriensis (TMP 

2008.036.0001 and TMP 2012.010.0001).  This specimen appears to compare more 

favorably with M. missouriensis than with M. conodon.   

 A specimen from the Upper Campanian Verendrye member of the Pierre Shale 

of South Dakota, USNM 18255, consists of a partial maxilla with a posterior tooth in 

place, the head of one scapula, an incomplete coracoid, a humerus, and an 

incomplete radius.  The scapula and coracoid agree with the morphology of both M. 

conodon and M. missouriensis.  The humerus also generally agrees with both 

species, though the postglenoid process is short, more like M. conodon.  The 
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inferred tooth count of the maxilla (15) agrees with M. missouriensis, as does the 

morphology of the radius.   

 Another specimen from the Upper Campanian of South Dakota, SDSM 452, 

was informally named M. poultneyi in an unpublished thesis (Martin, 1953), and later 

referred to M. conodon by Russell (1967).  Ikejiri and Lucas (2015) found that the 

specimen did not agree with their emended diagnosis of the species.  However, the 

emended diagnosis put forth in that paper (Ikejiri and Lucas, 2015) was largely 

informed by a specimen (MOR V006), which compares more favorably with M. 

missouriensis than M. conodon.  Personal examination of the specimen was largely 

inconclusive due to the high degree of restoration of this display specimen.  What 

few elements of the mount could be determined to be real bone (largely forepaddle 

elements) agree with M. missouriensis.   

 A second specimen in the same collection, SDSM 26172, is an incomplete 

smaller skeleton.  The proportions of the coracoid included with this specimen do not 

agree with the holotype of M. conodon.  However the smaller size and grooving of 

the distal border of the coracoid blade suggest that this could have been an 

immature individual in which the coracoid had a larger cartilaginous contribution.   

However, the teeth of this specimen are distinctly faceted, comparing more favorably 

with M. missouriensis than with M. conodon.   

 Finally, MOR V006 from the Upper Campanian of Montana was referred to M. 

conodon by Ikejiri and Lucas (2015) who relied heavily on this specimen in their 

emended diagnosis of the species.  However, this skull and partial postcranial 

skeleton does not agree with the holotype of M. conodon.  The teeth are distinctly 

faceted, and the tooth count matches that of M. missouriensis.  The zygapophyses 

are not widely spaced, and the peduncles of the cervical vertebrae are longer than in 

AMNH 1380.  Overall this specimen closely resembles M. missouriensis and should 

be reassigned to that species.   

 

Mosasaurus lemonnieri Dollo, 1889 
 In 1889, Belgian paleontologist Louis Dollo, known for his work on Iguanodon, 

described four new species of mosasaurs that had been given excavated from 
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phosphatic chalk deposits in the Ciply Basin to the Musée royal d’Histoire 

naturelle de Belgium by Alfred Lemmonier, an owner of the mine.  Dollo (1889) 

referred one of these to Mosasaurus and named the species M. lemonnieri in honor 

of his donations to the national museum (Fig. 3.23A).  In stark contrast to Cope’s 

(1881) brief description of “Clidastes” conodon, Dollo presented a comparative 

study, differentiating the morphology of the new species from known genera and 

species of mosasaurs and also providing a diagnosis.  Mining the Campanian chalks 

of the Ciply Basin of Belgium for their phosphate content yielded numerous well-

preserved mosasaur skeletons.  Many of these specimens have been referred to M. 

lemonnieri, and nearly the entire skeleton is now known for this species. 

 Mosasaurus lemonnieri is typically smaller and more gracile than its 

Maastrichtian congener M. hoffmannii.  Morphologic similarities between the 

European M. lemonnieri and North American species such as M. conodon and M. 

missouriensis (and quite likely specimens of M. missouriensis erroneously referred 

to M. conodon) led Russell (1967) to suggest that M. lemonnieri was a junior 

synonym of M. conodon.  Subsequent studies (Lingham-Soliar, 2000; Ikejiri and 

Lucas, 2015) found sufficient morphological differences, such as dental morphology 

and counts, to support the validity of M. lemonnieri.  Personal observation of these 

taxa also supports this opinion.   

 The premaxilla of M. lemonnieri differs from its congeners only in proportion, 

having the short, conical predental rostrum typical of the genus (Fig. 3.23B, C).  

Whereas the premaxilla is wider than it is long anterior to the maxillary/premaxillary 

suture in M. hoffmannii and M. missouriensis, the premaxilla of M. lemonnieri is 

relatively longer, with those two dimensions being equal.  Like M. hoffmannii, the 

premaxilla of M. lemonnieri is dorsally dilated posteriorly where the premaxilla 

overlaps the anterior of the fontal between the nares.   

 The maxilla of M. lemonnieri bears 15 teeth, as is also seen in M. missouriensis 

(Fig. 3.23D).  Like M. hoffmannii, the maxilla of M. lemonnieri does not show a 

dorsal excavation for the external naris in lateral view.  In dorsal view some 

specimens (IRSNB 3117) do exhibit a narial excavation, but the divergence of the 

maxilla from the internarial bar is gradual, rather than sharp as is seen in some  



 137 

Figure 3.23 M. lemonnieri skull and snout 
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species of Prognathodon.   

 The prefrontal of M. lemonnieri is typical of the genus, visible as an anteriorly 

tapering triangle in both dorsal and lateral views (Fig. 3.23A).  A longitudinal ridge 

separates the dorsal and lateral faces anteriorly and expands laterally to for the 

supraorbital wing.  The supraorbital wing is as well or better developed than what is 

seen in M. missouriensis, though it is not clear whether the edges were scalloped or 

crenelated as in that species.  Ventrally, the descending antorbital wall forms a 

curved chamber for the posterior of the internal choana.  The articular surface for the 

palatine forms a broad flat border around the fossa for the choana is very irregular in 

outline in posterior outline.   

 The frontal of M. lemonnieri is broadly triangular with a constricted anterior 

extension that contributes to the posterior of the internarial bar (Fig. 3.24A).  

Complete, unobstructed frontals are not known for this species so the exact 

morphology of the anterior of this element cannot be determined.  The posterior 

frontal prongs that overlap the parietal and embrace the parietal foramen are short in 

M. lemonnieri, more closely resembling M. missouriensis than M. hoffmannii.  The 

frontal of M. lemonnieri is unique among species of Mosasaurus in that is lacks a 

median dorsal ridge.  Conversely, the frontal of M. lemonnieri bears a straight 

groove that may, or may not, completely pierce the element.  In some specimens the 

edges of the groove are bounded by slight crests reminiscent of the median dorsal 

ridge.  The morphology of the ventrum of the frontal agrees with that of M. 

hoffmannii and M. missouriensis, with the lateral alas occupied by the fossae for the 

postorbitofrontal posteriorly and the prefrontal anteriorly.  

 The overall morphology of the postorbitofrontal does not differ greatly between 

M. lemonnieri and its congeners (Fig. 3.24B).  The dorsal process is slightly shorter 

anteroposteriorly than in M. missouriensis, and the posterior ramus in some 

specimens bears a deep sulcus and low dorsal crest on its posterior termination.  

The anterior ramus contacts the posterior of the prefrontal ventral to the frontal over 

the orbit as is seen in other species of Mosasaurus.  The sulcus on the posterior 

face of the lateral ramus is wider in M. lemonnieri than in M. missouriensis.  The 

ventral wing of the POF that underlaps the frontal is bilobed as is seen in M.  
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Figure 3.24 M. lemonnieri skull roof 
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hoffmannii and M. missouriensis.   

 The parietal of M. lemonnieri greatly resembles that of M. missouriensis, having 

a small parietal foramen and straight edges to the parietal table, rather than the 

anteriorly dilated margins seen in M. hoffmannii (Fig. 3.24A).  However, the lateral 

wings of the parietal are not anteriorly expanded to overlap the frontal as is seen in 

M. missouriensis.  Posteriorly, the dorsal ramus of the supratemporal slots into a 

groove on the posteroventral side of the parietal suspensorial ramus.   

 The head of the squamosal of M. lemonnieri is more sharply downturned from 

the axis of the shaft than in M. hoffmannii (Fig. 3.23A).  The dorsal flange is 

triangular, and its position on the squamosal head resembles that of M. hoffmannii.  

The morphology of the medial articular structures for the supratemporal also agrees 

with what is seen in the type species, however the articular facet for the 

suprastapedial process of the quadrate is semicircular rather than triangular as in M. 

hoffmannii.   

 The morphology of the jugal is variable across the various specimens referred 

to M. lemonnieri.  The left jugal is preserved in the holotype of the species, IRSNB 

4670.  In this specimen, the anterior ramus is shallowly bowed, like in M. 

missouriensis, but the dorsal ramus forms an obtuse angle to the anterior ramus and 

is broad anteroposteriorly.  However, while the anterior ramus is never as deeply 

bowed as is seen in M. hoffmannii, the broad dorsal ramus morphology of the 

holotype is not seen in any other specimens of M. lemonnieri.  In most other 

specimens, there is a rounded flange on the posterior of the dorsal ramus, but the 

element narrows toward its dorsal termination (Fig. 3.23A). 

 The palatines are not well known in M. hoffmannii, but relatively well-preserved, 

isolated palatines are preserved in a few specimens of M. lemonnieri.  In both 

species, as well as M. missouriensis, the lateral surface of the palatine (Fig. 3.25A) 

has a longitudinal groove to articulate with a ridge on the medial dental parapet of 

the maxilla dorsal to the posterior four teeth.  The surfaces of this groove are finely 

ridged in M. lemonnieri and SDSM 26172, herein referred to M. missouriensis.  This 

articular structure extends anteriorly from the main body of the palatine and is 

separated from the longer vomerine process by a U-shaped embayment in M.  
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Figure 3.25 M. lemonnieri palatine 
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lemonnieri, as is also seen in M. missouriensis.  The vomerine process develops 

into a vertical plane that increases in height posteriorly and forms the medial wall 

around the chamber for the internal choana (3.25B).  The main body of the palatine, 

which separates the internal choana from the oral cavity is roughly rectangular, 

widening slightly posteriorly.  Most of the ventral surface of this thin plate is gently 

convex and transected by a sigmoidal curve that marks the anterior edge of the 

articular facet for the pterygoid (Fig. 3.25C).  The anteromedial quadrant of the body 

of the palatine, between the vomerine process and the anterior tongue of the 

maxillary articular groove, is concave ventrally, grading into the internal naris.  

Dorsally, the curvature of the bone forms a shallow basin in which the internal 

choana would reside (3.25D).  The posterior wall of the choana/anterior wall of the 

orbit is formed by a curved shelf of bone that rises from the body of the palatine and 

the descending wing of the prefrontal (Fig. 3.25E, F).  The medial corner of this shelf 

is pierced by a wide channel that likely would have admitted blood vessels and 

nerves into the internal choana, and a second channel is located in the lateral 

termination of this suture that likely would be covered by the lacrimal in life.   

 The pterygoid of M. lemonnieri is similar to that of M. hoffmannii but generally 

more gracile (Fig. 3.26).  The teeth are borne on a ventrally curved flange that 

descends from the main body of the pterygoid (Fig. 3.26A).  The tooth row is straight 

but oriented along an oblique angle to the long axis of the element.  The teeth are 

small, particularly those in the posterior positions, and posteriorly curved.  The 

pterygoids of the holotype IRSNB R28 preserve 11 tooth positions, but other 

specimens exhibit only nine pterygoid teeth.  However, these referred pterygoids 

may be incomplete anteriorly.  The ectopterygoid process extends laterally, forming 

angles close to 90° to both the body of the pterygoid and the quadratic ramus.  The 

depression observed along the posterior margin of the ectopterygoid process of M. 

hoffmannii is not observed, but the pit at the base of the divergence of the 

basisphenoid process and the quadratic ramus is present (Fig. 3.26B).  Also like in 

M. hoffmannii, the thin sheet of the quadratic ramus is curved to form a medially 

directed, longitudinal trough, and there is a groove along the dorsal edge of this 

ramus.   
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Figure 3.26 M. lemonnieri pterygoid 
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 Dollo (1889) originally interpreted a small, L-shaped bone preserved as part 

of the holotype as being the lacrimal, and others (Lingham-Soliar 2000) followed this 

precedent.  However, this element is actually the ectopterygoid. The morphology of 

the ectopterygoid agrees very closely with that of M. hoffmannii, having a posterior 

margin that is gently curved and lacks a posterior prominence (Fig. 3.27A, B).  The 

facet for the ectopterygoid process of the pterygoid is oblique to the posterior 

process.  The left ectopterygoid and left jugal of the holotype articulate perfectly (Fig. 

3.27C). 

 The basisphenoid is similar to that of M. hoffmannii in that the basipterygoid 

processes are reduced and more anteriorly-directed (Fig. 3.28A, B).  However, the 

basipterygoid processes are slightly more developed and do flare slightly laterally, 

rather than having nearly parallel margins as is seen in the type species.  The lobes 

that articulate with the tubera of the basioccipital diverge more widely than the 

basipterygoid processes.  The alar process of the basisphenoid overhangs the side 

of the element more so than in M. hoffmannii, but the channel for the internal carotid 

artery is still incompletely enclosed (Fig. 3.28C).   

 The greatest difference between the basioccipitals of M. lemonnieri and M. 

hoffmannii can be seen in the degree of compression of the occipital condyle (Fig. 

3.28C).  The basioccipital of the M. lemonnieri holotype is slightly deformed, but the 

dorsoventral compression of the occipital condyle is seen in other, undeformed 

specimens as well.  The basioccipital tubera are also shorter than in the type 

species.   

 The supraoccipital is shorter in M. lemonnieri than in M. missouriensis, giving 

the upper temporal fenestrae a lower profile.  This low supraoccipital is consistent 

across specimens, so it appears to be a real feature and not an artifact of 

taphonomic compression.   

 The paraoccipital bar has a shallower dorsal inclination in M. lemonnieri than in 

M. hoffmannii (Fig 3.28C-F).  The trigeminal notch in the prootic is also narrower in 

the former species.  Poor surface preservation and fractures through the bases of 

the paraoccipital bars of the New Jersey M. hoffmannii specimens prevents 

comparisons of the lateral exits of the cranial nerve and otic capsule canals between  



 145 

Figure 3.27 M. lemonnieri ectopterygoid 
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Figure 3.28 M. lemonnieri braincase 
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the type species and M. lemonnieri, however the five foramina on the external 

surfaces of the prootic and opisthotic are preserved in referred M. missouriensis 

specimen SDSM 26172.  The exit for cranial nerve VII is located more anteriorly on 

the prootic of M. lemonnieri than M. missouriensis, and the internal acoustic meatus 

is anterodorsal, rather than anterior, to the foramina for the parilymphatic saculus.  

The combined opening for cranial nerves X and XI and the opening for nerve XII are 

in similar positions on the opisthotic in the two species.  The paraoccipital process of 

the opisthotic bears a large ventral flange near its lateral extremity in M. lemonnieri, 

more similar to M. missouriensis than M. hoffmannii.  The supratemporal is 

excellently preserved in the holotype of M. lemonnieri, clearly exhibiting the complex 

structure of the element.  Laterally the supratemporal bears an anteriorly projecting 

crest that articulates with the V-shaped notch on the medial surface of the 

squamosal and an inverted triangular fossa for the dorsal flange of the squamosal 

(Fig. 3.28E).  Ventral to these articular structures is a rounded fossa for the medial 

expansion of the suprastapedial process of the quadrate.  This morphology is 

generally similar to M. hoffmannii, but the proportions are relatively less robust.  The 

dorsomedial process of the supratemporal is gracile and is indented by fossae on 

both its dorsal and ventral surfaces towards its medial termination, indicating that the 

suspensorial ramus of the parietal was forked and pinched the supratemporal from 

above and below (Fig. 3.28C, F).   

 The morphology of the quadrate of M. lemonnieri is intermediate between that 

of M. hoffmannii and M. missouriensis.  The quadrate of M. lemonnieri (Fig. 3.29) is 

taller ventral to the stapedial pit than M. missouriensis, but not as tall as M. 

hoffmannii.  As is typical of the genus, the tympanic rim is marked by a distinct 

groove along its anterior and ventral margins.  The tympanic rim bears the 

anterodorsal corner like the other two species, but like M. missouriensis, it lacks the 

prominent anteroventral corner characteristic of M. hoffmannii.  The ascending, 

distal termination of the tympanic rim forms a distinct lateral crest, like in M. 

hoffmannii and M. missouriensis. The dorsal border of the suprastapedial process is 

posteroventrally sloped, as opposed to forming a posterodorsal corner like in M. 

missouriensis, and the stapedial pit is relatively larger in M. lemonnieri than in that 
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species (Fig. 3.29C).  The medial protuberance of the suprastapedial process is 

generally larger than in M. missouriensis, but not as well developed as in M. 

hoffmannii Fig. 3.29D).  The infrastapedial process is variable in M. lemonnieri, but 

like the other species of Mosasaurus it is a bump-like protuberance on the posterior 

surface of the quadrate shaft.  In some specimens the infrastapedial process is 

horizontal dorsally, and in others it slopes ventrolaterally to parallel the tapering point 

of the suprastapedial process.    

 The dentary of M. lemonnieri (Fig. 3.30A) is long and slender and projects 

anteriorly to the first tooth more prominently than M. hoffmannii or M. missouriensis.  

The dorsal and ventral margins are straight, and the element gradually increases in 

height posteriorly.  Similar to M. missouriensis, M. lemonnieri bears 16 in its dentary.    

 The splenial tapers to a point ventral to the last or penultimate dentary tooth in 

M. lemonnieri (Fig. 3.30A), similar to M. hoffmannii, and differing from M. 

missouriensis, where the splenial is visible ventral to the posterior four dentary teeth.  

Unlike M. hoffmannii, M. missouriensis, or M. conodon, the fossa for the dentary on 

the lateral wing of the splenial is not offset from the ventral wedge by a sharp shelf.  

Instead, the ventral wedge grades into the lateral wing in a smoother curve.  

Medially, the splenial tapers evenly and terminates ventral to the sixth or seventh 

dentary tooth.  In M. hoffmannii the splenial terminates ventral to the fifth tooth, and 

the splenial terminates ventral to the sixth tooth in M. missouriensis. 

 The angular of M. lemonnieri differs slightly from those of M. hoffmannii and M. 

lemonnieri.  In M. hoffmannii the lateral suture between the angular and surangular 

is roughly sigmoidal, with the angular decreasing in height posteriorly gradually, and 

then more steeply.  In M. missouriensis the suture between the angular and 

surangular is more parabolic because the angular is dorsally curved and decreases 

in height more evenly.  Conversely, in M. lemonnieri, the suture between the angular 

and the surangular forms a stair-step: the anterior of the angular is straight to slightly 

curved dorsally, then decreases in height very rapidly, bending the suture toward 

vertical, and finally the suture turn sharply posterior again to angle toward the 

articular (Fig. 3.30B).  Medially, the angular is more similar to the other species of 

Mosasaurus, being a gradually tapering wedge (Fig. 3.30C).   
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Figure 3.29 M. lemonnieri quadrate 
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Figure 3.30 M. lemonnieri mandibles 
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 As is diagnostic for the genus, the surangular M. lemonnieri is tall, due to a 

dorsally expanded coronoid buttress (Fig. 3.30B, C), but the proportions of the PDU 

of M. lemonnieri more closely resembles those of M. missouriensis than the 

extremely tall surangular of M. hoffmannii.  The PDU of M. hoffmannii is 

approximately 2.33 times as long as it is tall, and in M. missouriensis it is 

approximately 2.8 times as long.  The PDU of M. lemonnieri is even longer for its 

height at about 2.9 times long as tall.   The structure of the PDU does not differ 

greatly between the species, just the relative proportions of the element.   

 The coronoid of M. lemonnieri has the tall dorsal process characteristic of the 

genus.  Anteriorly(Fig. 3.30B), the lateral wing is not as expanded ventrally as in M. 

hoffmannii or M. missouriensis, but it is long posterior to the sulcus of the dorsal 

process like in the type species.  The anteromedial wing is ventrally expanded and 

contacts the angular (Fig. 3.30C).  There is a U-shaped indentation opening toward 

the back edge of the posteromedial wing of the coronoid like in M. hoffmannii; this 

fossa is deeper in larger individuals but never as prominent as in the type species.    

 As in M. hoffmannii the suture between the surangular and the articular of M. 

lemonnieri cuts obliquely across the glenoid fossa and then continues posteriorly 

along the dorsal margin of the retroarticular process (Fig. 3.30B).  The posterior 

termination of the surangular makes a triangular protrusion onto the RAP and is 

bounded ventrally by the suture between it and the articular, which angles sharply 

anteroventrally toward the angular.  Like in M. hoffmannii and M. missouriensis, the 

RAP of M. lemonnieri is rotated horizontally.   

 The marginal teeth of M. lemonnieri (Figs. 3.23A, D; 3.30A) are not as robust 

as in M. hoffmannii, more closely resembling those of M. missouriensis in proportion.  

However, the teeth are more distinctly ornamented than in M. missouriensis.  The 

teeth are faceted labially and faceted/fluted lingually.  The facets are slightly more 

numerous than in M. hoffmannii and the number of facets generally increases 

posteriorly.  Also similar to the type species, the carinae are asymmetric anteriorly, 

with the posterior carina positioned laterally.  The posterior carina migrates 

posteriorly farther along the dental row, but the labial circumference remains shorter 

than the lingual circumference.  The teeth are gently curved posteriorly, and that 
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curvature is more pronounced in the posterior teeth.   

 As was the case for many of the skull elements, the only differences between 

the atlas neural arch of M. lemonnieri and its congeners are proportional.  The 

neural spines are relatively longer and the anterior articular facet is narrower in M. 

lemonnieri (Fig. 3.31A) than M. hoffmannii, M. missouriensis, or M. conodon.  Like 

these other species the neural arch of M. lemonnieri bears a distally tapering 

synapophyses and a short ventral process posteriorly offset from the anterior 

articular facet by a notch (Fig. 3.31B).  The dorsal termination of the neural arch is 

notched, but it is unclear whether this is a true feature of the element or a 

taphonomic artifact.  There is a faint ridge on the lateral surface of the neural spine, 

and it obliquely traverses the element as in M. hoffmannii, rather than paralleling the 

arch as is the case in M. conodon; however it is less prominent than in either of 

those species.  The ventral margin of the atlas intercentrum of M. lemonnieri (Fig. 

3.31C)forms a broad V rather than the smooth curve that is seen in other species of 

Mosasaurus.  Additionally, the intercentrum is relatively tall for its width.  No 

complete axis was examined, but the partial element preserved in IRSNB 3119 has 

the characteristically long neural spine.   

 The transverse processes of M. lemonnieri cervical vertebrae (Fig. 3.31D) differ 

from both the morphologies seen in M. hoffmannii (no extra buttressing) and in M. 

missouriensis and M. conodon (varying development of a ventral flange).  In M. 

lemonnieri a narrow ridge projects anteriorly from the front of the transverse process, 

but it does not reach the anterior cotyle.  Unlike the ventral flange in M. 

missouriensis and M. conodon, the anterior ridge of M. lemonnieri does not 

contribute to the articular facet for the cervical rib.  Therefore, even though the 

transverse process is anteroposteriorly elongated, the termination of the process 

more closely resembles that of M. hoffmannii.  The zygapophyses are not widely 

separated in M. lemonnieri, and the peduncle for the hypapophysis is short, like in 

M. missouriensis and M. conodon.  There are seven cervicals preserved in the semi-

articulated vertebral series of IRSNB 3119. 

 The centra of the dorsal vertebrae have centra slightly wider than tall with a 

wide, shallow dorsal indentation for the neural canal (Fig. 3.32A, B).  As in the other  
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Figure 3.31 M. lemonnieri cervical vertebrae 
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Figure 3.32 M. lemonnieri dorsal and caudal vertebrae 
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species of Mosasaurus, the zygapophyses are more widely spaced in the dorsal 

vertebrae than in the cervicals.  The transverse processes are longer and narrower 

than in M. missouriensis and M. conodon, more closely resembling M. hoffmannii.  

The vertebral series of IRSNB 3119 is incomplete, but based on this specimen, M. 

lemonnieri had at least 40 dorsal vertebrae.   

 The sub-triangular centra of the pygal vertebrae of M. lemonnieri are 

proportionately taller than those of other species of Mosasaurus.  There are 13 

pygals in M. lemonnieri (Fig. 3.32C).  The intermediate caudal vertebrae (Fig. 3.32D) 

of M. lemonnieri have fused chevrons, as is characteristic of all mosasaurines, and 

the chevrons are longer than the neural spines.  The neural spines reduce in height 

along the anterior of the caudal series, but they increase in height on the posterior-

most intermediates and anterior-most terminals.  This suggests that the cartilage-

supported upper blade of the tail fluke was approximately even with the last 

transverse processes.  There are approximately 25 intermediate caudal vertebrae in 

this species.  The terminal vertebrae of M. lemonnieri IRSNB 3119 are preserved in 

articulation nearly to the tip of the tail, and there are at least 49 terminal caudals 

associated with this specimen (Fig. 3.32E).  The articulation of the terminals 

preserves a distinct downward bend to the end of the tail.  The neural spines on the 

terminals gradually decrease in height, but the chevrons remain relatively long until 

the last twelve vertebrae.   

 The fan of the scapular blade is longer posteriorly than anteriorly in M. 

lemonnieri (Fig. 3.33), as is also seen in other members of the genus.  Overall, the 

scapula and coracoid of M. lemonnieri closely resembles those of M. missouriensis.  

The anterior accessory articular structure is very long in M. lemonnieri, greatly 

expanding the width of the neck in this species.  A ridge extends from the anterior 

corner of the scapular blade posteriorly toward the neck of the element, and a trough 

forms between this ridge and the anterior accessory articular structure; the ridge is 

not as sharp as in M. hoffmannii.  The articular surfaces for the glenoid and the 

coracoid are separated from each other by a ridge transecting the head of the 

scapula.  The facet for the glenoid condyle is U-shaped and is convex in some 

specimens but concave in others.   
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Figure 3.33 M. lemonnieri scapula and coracoid 
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 The coracoid is more symmetrically fan-shaped than the scapula, and while 

the anterior and posterior margins of the scapula form a nearly straight line, the 

anterior and posterior margins of the coracoid form a more acute angle (Fig. 3.33).  

The coracoid blade of M. missouriensis is more nearly semicircular.  The anterior of 

the coracoid blade is thickened into a robust bar.  The external surface of the blade 

of the coracoid is deeply indented by a distally widening fossa radiating out from the 

coracoid foramen.  This thinning of the coracoid is present in all species of 

Mosasaurus, but it is most exaggerated in M. lemonnieri.  As in M. missouriensis, 

there is a secondary foramen in this thin segment of the element, distal to the 

primary coracoid foramen.  Similar to the scapula, the neck of the coracoid is 

expanded due to the long anterior accessory articular structure.  The long axis of the 

coracoid head is rotated close to 90° from the plane of the blade of the coracoid.  

The coronoid contribution to the glenoid facet is U-shaped as well, but it is slightly 

broader than the corresponding facet on the scapula.   

 The humerus of M. lemonnieri (Fig. 3.34) exhibits the typical Mosasaurus 

morphology of being longer across the distal condyles than the element is tall.  The 

postglenoid process is long and distinctly offset from the glenoid condyle.  The 

glenoid condyle is expanded slightly laterally, and greatly medially with large, 

smooth articular facets for the scapula and coracoid.  The pectoral crest projects 

mediodistally from the anteromedial edge of the glenoid condyle.  Like the glenoid 

condyle, the entepicondyle is greatly expanded medially, and the termination of this 

condyle is hooked anteriorly.  The ectepicondyle is not greatly expanded in the 

mediolateral plane.  Like its congeners, in M. lemonnieri the distal facet for the ulna 

is gently curved, while the facet for the radius is straight.  However, in lateral view, 

the distal facets appear to form a smooth curve.  As is seen in M. hoffmannii, there is 

a short, shallow groove on the lateral surface of the humerus of M. lemonnieri 

between the glenoid condyle and the rugosities that mark the distal end of the 

element.   

 No complete radius of M. lemonnieri was observed, so the complete extent of 

the development of the anterodistal flange cannot be determined (Fig. 3.34A).  

However, based on the various specimens examined, the flange would have been  
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Figure 3.34 M. lemonnieri forepaddle elements 
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well developed.  The ulna of M. lemonnieri is also typical of the genus, exhibiting 

an asymmetrical hourglass morphology, with the proximal end being more greatly 

expanded than the distal end (Fig. 3.34A).   

 The ilium of M. lemonnieri (Fig. 3.35A) does not differ greatly from those of M. 

hoffmannii or M. missouriensis.  It appears to be slightly shorter, proportionately, 

though this could be an artifact of preservation.  The ischium likewise resembles that 

of M. hoffmannii; the ischiadic tubercle is more gracile and the median symphysis is 

lightly more expanded.  The ischium is not as bowed as that of M. missouriensis.  

The pubes of M. lemonnieri are all preserved in articulation with the rest of the pelvic 

girdle, and are unfortunately obscured by surrounding bones, making comparisons 

difficult.  However, it appears that the head of the pubis is not as expanded as in M. 

hoffmannii and more closely resembles that of M. missouriensis.  A public tubercle is 

present, but it is likely reduced, and not the broad, rectangular tab morphology of M. 

hoffmannii.   

 The femur of M. lemonnieri (Fig. 3.35B) resembles those of M. hoffmannii and 

M. missouriensis, with a curved femoral head, separated by a notch from a robust 

internal trochanter, and the distal articular facets rotated nearly 90° to the long axis  

of the femoral head.  However, the angle between the tibial and fibular facets is 

more obtuse than in the other two species.   

 The tibia of M. lemonnieri (Fig. 3.35B) is indistinguishable from those of M. 

hoffmannii and M. missouriensis.  As is also seen in those species, the anterior 

flange extends the entire length of the element, as opposed to being separated from 

the proximal head like in the radius.  The fibula is also typical of the genus (Fig. 

3.35A).  It exhibits an asymmetric hourglass morphology, with the distal end being 

more expanded with articular facets for the astragalus and calcaneum.  The 

astragalus is variable across the species, particularly in the size of the facet for the 

first metatarsal.   
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Figure 3.35 M. lemonnieri pelvic elements  
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Mosasaurus beaugei Arambourg, 1952 
 The fossiliferous phosphatic Cretaceous strata of Morocco have yielded 

numerous mosasaur remains.  Arambourg (1952) erected the specific epithet M. 

beaugei based on isolated tooth crowns from this region.  The species remained 

known only from teeth until two partial skulls were described (Bardet et al., 2004).  

No postcranial material has been reported for this Maastrichtian species.  The 

morphology of M. beaugei compares very favorably with M. hoffmannii and may be a 

junior synonym of the type species.   

 Bardet et al. (2004) based their emended diagnosis of M. beaugei mainly on 

dental characters.  They reported the maxilla of M. beaugei as bearing 12 or 13 

tooth positions and state that this species has fewer maxillary tooth positions than 

any known species of Mosasaurus.  However, many of the tooth counts reported by 

Bardet et al. (2004) are incorrect, and M. hoffmannii also has 13 maxillary tooth 

positions.  The dentary of M. beaugei is reported to have between 14 and 16 tooth 

positions, but the referred specimen in which 16 dentary teeth were observed (OCP-

DEK/GE 303) is greatly fractured.  This specimen along with referred specimen 

OCP-DEK/GE 83 are housed in collections in Morocco and not observed personally 

for this study.  Based on the photograph provided with the description of this 

specimen (Bardet et al., 2004; Fig. 2) 16 tooth positions seems to be an inflated 

estimation.  The 14 dentary tooth positions reported for OCP-DEK/GE 83 also 

agrees with M. hoffmannii.   

 The isolated teeth on which Arambourg (1952) based M. beaugei, and other 

unpublished teeth from the same collection, were observed in person (Fig. 3.36).  

Like the teeth of M. hoffmannii, the teeth of M. beaugei are bicarinate, faceted, and 

posteriorly curved.  The carinae of some of these teeth, particularly those from 

anterior positions in the jaws, are asymmetrical, producing the D-shaped cross 

section seen in M. hoffmannii.  Even in posterior teeth, where the carinae are 

oriented nearly 180° from each other, the labial circumference is shorter than the 

lingual circumference of the teeth.  The teeth of M. beaugei are reported by Bardet 

et al. (2004) to bear more facets and be typically more compressed than is seen in 

M. hoffmannii.  However, the posterior teeth of M. hoffmannii have more facets than  
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Figure 3.36 M. beaugei tooth crowns  
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the anterior teeth, and the dentition becomes more compressed posteriorly.  

Similar to the opinion expressed above for ‘M. dekayi’, subtle tooth differences such 

as these do not seem sufficient to maintain M. beaugei as a separate, valid species. 

 Bardet et al. (2004) provide three other cranial characters to differentiate M. 

beaugei from other species of Mosasaurus, particularly M. hoffmannii:  a 

mediolaterally horizontal, as opposed to an obliquely anteromedial, oriented 

posterior border of the palatine; a splenial visible ventral to the posterior half, as 

opposed to posterior third, of the dentary; and a coronoid with one, as opposed to 

two, notches in its anterolateral border.  However, all of these characters could be 

affected by the state of preservation of the specimens.  The palatines are very thin, 

fragile bones that are rarely preserves in their entirety.  Without seeing the specimen 

in person, it is difficult to determine whether the posterior border of the palatine 

pictured in Bardet et al. (2004; Fig. 3) is broken or a true bone edge.  Similarly, the 

dentary and splenial that are pictured in lateral view (Bardet et al., 2004; Fig. 2) are 

badly fractured, rendering the suture between the two elements difficult to determine 

with certainty.  The wedge of the splenial that is exposed ventral to the dentary 

appears to be slightly longer, relative to the later element, but the photograph does 

not support the interpretation that it would have been visible ventral to the posterior 

half of the dentary.  Finally, even if both notches along the anteroventral border of 

the lateral wing of the coronoid are true bone edges, and not the result of poor  

preservation, there are specimens of M. hoffmannii (e.g. IRSNB R 24) that  

have a second notch.  Based on the similarities between M. beaugei and M. 

hoffmannii and the non-diagnostic characters used in the emended diagnosis of the 

former, “M. beaugei” is likely a nomen dubium.   

 

Mosasaurus ivoensis Persson, 1963 
 Finely faceted isolated tooth crowns from early Campanian strata of southern 

Sweden form the holotype on which ‘Mosasaurus hoffmannii ivoensis’ was erected 

(Persson, 1963).  Persson had previously (1959) identified the teeth and observed 

some similarities to M. hoffmannii, but differences in the morphology of the teeth, 

particularly the more numerous facets in the Swedish material, had prevented him 
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from making the referral with confidence at that time.   

 Russell (1967) referred a partial skeleton (KU 1024) from the Niobrara of 

Kansas, which had previously been assigned to Clidastes stenops (Williston, 1902) 

to this taxon and elevated it from subspecies to species status.  The accompanying 

diagnosis was based heavily on the referred specimen.   

 The binomial ‘Mosasaurus ivoensis’ stood until 2002 when Lindgren and 

Siverson reassessed the status of Swedish mosasaurs.  Upon examining the 

isolated teeth more carefully they recognized multiple morphological differences 

between these teeth and those of other species of Mosasaurus.  In addition to the 

facets being narrower and more numerous, the enamel between the ridges 

separating the facets is gently concave, rather than planar.  In some cases the 

concavity between the ridges is deep enough to more accurately be described as 

fluted.  Additionally, the bases of the lingual surfaces of the teeth are finely striated, 

a condition not seen in Mosasaurus.  This morphology is more typical of Tylosaurus 

(Lindgren and Siverson, 2002).  Caudal vertebrae discovered in similar strata as the 

tooth crowns also compare more favorably with Tylosaurus than with Mosasaurus 

both in outline of the centra and in having chevron peduncles rather than fused 

chevrons.  Lindgren and Siverson reassigned the Swedish holotype and referred 

fossils to Tylosaurus.   

 Lindgren and Siverson (2002) briefly reassessed the referred specimen from 

Kansas.  Based primarily on differing dental morphology, including greater posterior 

curvature of the teeth and prominently fluted rather than subtly faceted 

ornamentation, they determined that the specimen is not referable to T. ivoensis.  

 The maxilla of KU 1024 differs from what is seen in Mosasaurus, being 

significantly excavated for the external naris (Fig. 3.37A).  Additionally, the specimen 

does not compare favorably with Clidastes, to which is was assigned before Russell 

(1967) referred it to ‘M.’ ivoensis.  The teeth are too large and heavily ornamented; 

the pterygoid is too robust and bore fewer, larger teeth (Fig. 3.37B, C); nor do the 

paddle elements resemble those of Clidastes.  In his description of ‘M.’ ivoensis, 

Russell (1967) described the humerus of KU 1024 as sharing affinities with 

Mosasaurus, but this is true only in the broadest sense that the processes are more  
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Figure 3.37 M. ivoensis skull  
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elaborated than is usually seen in plioplatecarpines or tylosaurines (Fig. 3.38A, 

B).  The glenoid condyle is convex and extends farther proximally than the small 

postglenoid process, rather than saddle-shaped and expanded mediolaterally with 

the robust glenoid process extending farther proximally.  While the entepicondyle is 

somewhat expanded in KU 1024, the elaboration of this process is not nearly as 

great as what is seen in Mosasaurus.  Additionally, the humerus is distinctly taller 

than it is long across the distal condyles, a condition never seen in Mosasaurus.  

The humerus is more similar to Clidastes in proportions, but does not match exactly, 

and as mentioned above, dental characters prevent referral to that genus.   

 One genus with which KU 1024 does share some affinities is Ectenosaurus.  

The maxillary excavation resembles that of E. clidastoides as illustrated in Russell 

(1967), and the tooth morphology also agrees.  The limb elements do not exactly 

match the description given for this species, particularly the ulna, which Williston 

noted to be remarkably narrow and more closely “resembling a phalanx rather than 

an epipodial bone” (Williston, 1902; 249) (Fig. 3.38C).  Russell subsequently 

observed that many of the carpal elements “are evidently in a state of partial 

disarray” (Russell, 1967; 136).  Therefore it is likely that the narrow, phalanx-like 

element that was interpreted as the ulna actually is a phalanx, thus eliminating one 

of the differences between KU 1024 and Ectenosaurus.  Russell goes on to observe 

how much the carpal elements resemble those of Ectenosaurus as opposed to other 

species of Mosasaurus.  This specimen should be reassigned to Ectenosaurus, and 

‘M. ivoensis’ should be considered a subjective synonym of Tylosaurus ivoensis. 

 

Mosasaurus mokoroa Welles and Gregg, 1971 
 A mosasaur fossil found in Maastrichtian strata in the Cheviot region of the 

South Island of New Zealand during the late Nineteenth Century remained 

undescribed for nearly 100 years.  After acid preparation allowed the removal of the 

bones from the surrounding calcareous matrix, Welles and Gregg (1971) reported on 

the mosasaurine affinities of the specimen.  They assigned the specimen to 

Mosasaurus and erected the specific epithet mokoroa, which comes from Maori 

words meaning “lizard” and “long” (Welles and Gregg, 1971).   
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Figure 3.38 M. ivoensis pectoral elements 
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 The maxilla of M. mokoroa is immediately recognizable as not conforming 

to the Mosasaurus paradigm, as presented in the previous chapter, due to the 

presence of a significant dorsal excavation for the external naris, visible even in 

lateral view (Fig. 3.39A).  The suture between the maxilla and the prefrontal is five 

tooth positions long, and posterior to the fifth tooth, the dorsal border of the maxilla 

diverges gradually from the internarial bar, forming a smoothly curved margin.  The 

maxilla is incomplete posteriorly, so the overall number of tooth positions and the 

length of the naris are unknown.  There are 12 tooth positions preserved, and based 

on a ridge on the posterior of the medial parapet, which is presumed to be the 

articulation for the palatine, there would have been three or four more teeth in the 

maxilla (the palatine articulation tends to be four or five tooth positions long in 

Moasaurus).  The foramina that parallel the tooth row are relatively large in M. 

mokoroa, and another set of foramina perforates the anteriorly tallest portion of the 

maxilla more densely than in other species.   

 Surprisingly, the left lacrimal is preserved in the holotype of M. mokoroa even 

though the posterior of the left maxilla is not (Fig. 3.39B-D).  Based on well-

articulated skulls, like that of Plotosaurus bennisoni, this small, irregularly shaped 

bone would have overlapped the suture between the maxilla and the premaxilla.  In 

lateral view the lacrimal is thin and spatulate anterodorsally, is constricted medially 

by a concavity in the posterodorsal border of the element, and expands again 

posteroventrally (Fig. 3.39B).  The lateral surface is more poorly preserved than the 

medial surface, so external structures are difficult to determine, but the anterodorsal 

end appears to be depressed by a fossa.  The medial surface is quite complex (Fig. 

3.39C).  There is a thickened, rhomboidal boss ventral to the curved margin, which 

overhangs a deep sulcus.  The posterior of this sulcus likely accepts the anterior 

termination of the jugal.  There is also a posterodorsal process that branches off the 

main body, but it is broken rendering its morphology or function uncertain.  Dorsally 

there is a shallow, posteriorly widening groove along the curved edge, which is 

truncated by the posterodorsal process (Fig. 3.39D).  Based on the exposed 

maxillary/prefrontal suture of M. missouriensis specimen KU 1034, the lacrimal 

would have covered, and perhaps provided channels for foramina that exit the  



 169 

Figure 3.39 M. mokoroa maxilla, lacrimal, and teeth  
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maxilla posteriorly and the prefrontal ventrally. 

 The prefrontal is robust and thicker than is typical in Mosasaurus.  In dorsal 

view, the prefrontal is more deeply medially excavated between the thick ridge that 

separates the dorsal and lateral surfaces of the element and the robust supraorbital 

wing (Fig. 3.40A).  The prefrontal of M. mokoroa is long, but not as tall for its length 

as in other members of the genus (Fig. 3.40B).  Ventrally, as in other species, the 

lateral and posterior walls of the prefrontal form an oblong chamber for the internal 

choana that would have been floored by the palatine (Fig. 3.40C).  The articular 

surface at the termination of the posterior wall of the prefrontal is not as flat as in M. 

hoffmannii or M. lemonnieri, indicating that the suture with the palatine would have 

been more oblique than horizontal.   

 The frontal of M. mokoroa (Fig. 3.41A) is uncharacteristically long and narrow 

compared to other species of the genus.  However, the frontal of the holotype is 

obliquely fractured and the two halves do not join, so its exact length is unknown.  

Lateral to the frontal contribution to the internarial bar, the bone is excavated to form 

the posteromedial margins of the external nares.  The lateral borders of the frontal 

diverge from each other and are straight until the posterolateral corners of the 

element, which expand slightly laterally to form small, rounded alae.  The frontal 

bears a low median dorsal ridge that becomes less prominent posteriorly, though 

this could be due to the state of surface preservation of the specimen.  As is typical 

of Mosasaurus, the frontal of M. mokoroa bore posteromedial prongs that would 

have overlapped the parietal and embraced the parietal foramen.  These prongs are 

incomplete on the holotype frontal, but fossae on the parietal table indicate that the 

prongs were broad and did not extend posterior of the parietal foramen.  The 

posterior borders of the frontal are unusually anteriorly excavated.  The anterolateral 

wings of the parietal are correspondingly curved and the overlap of the parietal 

wings makes the frontal alae look even narrower.  Like the prefrontal, the frontal of 

M. mokoroa is thicker than is usual for the genus.  Ventrally, the median boss that 

houses the olfactory tract and roofs the cerebral hemispheres is not constricted, but 

the articular surfaces for the prefrontal and POF are considerably narrower than in 

other species of Mosasaurus.  The supraorbital region is not preserved, so it is  
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Figure 3.40 M. mokoroa prefrontal 
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Figure 3.41 M. mokoroa frontal and postorbitofrontal 
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unclear whether the prefrontal and POF meet under the frontal of M. mokoroa.   

 The postorbitofrontal of M. mokoroa (Fig. 3.41B, C) compares more favorably 

with those of other members of the genus.  The anterior margin ventral process for 

the jugal arcs smoothly dorsoventrally into the anterior ramus along the lateral 

border of the frontal, forming the posterodorsal rim of the orbit.  The medial wing is 

the shortest of the four arms of the POF, and the posterior ramus is supported by the 

squamosal along its entire length.  The dorsal fossae for the frontal ala and the 

anterolateral wing of the parietal are relatively deep and well delineated (Fig. 3.41B).  

Ventrally, the groove on the posterior ramus for the squamosal, and a deep slot for 

the anterolateral wing of the parietal are also quite clear (Fig. 3.41C).  Despite the 

imperfect preservation of the specimen, the posterior of the frontal, the parietal, and 

the POF can be precisely rearticulated.   

 As mentioned above, the anterior border of the anterolateral wing of the 

parietal is curved to correspond with an excavation on the posterior edge of the 

frontal (Fig. 3.42A).  This makes the anterolateral wing of the parietal more 

prominent in dorsal view than it is in M. hoffmannii or M. lemonnieri, but the wing 

tapers laterally instead of expanding as is the case in M. missouriensis.  The parietal 

foramen is a small, anteriorly tapering, teardrop-shaped opening that is set in the 

anterior of a slight depression in the parietal table.  The lateral margins of the 

parietal table are straight and slightly overhang the descending processes.  The 

descending processes are of moderate height (Fig. 3.42B), and the articular facets 

for the anterior processes of the prootics are large, oblique, and ridged.    

 The supraoccipital of M. mokoroa is short anteroposteriorly giving the 

anteroventral and, to an even greater degree, the posterodorsal borders of the bone 

a more vertical orientation (Fig. 3.43A).  The ventral termination of the element is 

perforated by foramina for otic capsule structures such as semicircular canals and 

the utricle.  The anteroventral articular facet for the prootic is smooth, whereas the 

posteroventral articular facet for the opisthotic is ridged.  The anterior articular facet 

for the descending processes of the parietal is also vertically ridged, but the ridges 

are fewer and wider (Fig. 3.43B).  The ventral canal that forms the roof of the 

foramen magnum is an inverted U-shaped arch.  In dorsal view, the lateral wings  
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Figure 3.42 M. mokoroa parietal  
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Figure 3.43 M. mokoroa supraoccipital, ectopterygoid, and 
basisphenoid 
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form triangular process that overlap the opisthotics on each side of the foramen 

magnum (Fig. 3.43C).  

 The ectopterygoid of M. mokoroa is a delicate, L-shaped bone (Fig. 3.43D).  

The anterior ramus that parallels the jugal is incomplete but ventrally curved.  The 

medial ramus, which articulates with the laterally extending ectopterygoid process of 

the pterygoid, is complete and tapers medially.  The posterior margin of the 

ectopterygoid bears a short, broad triangular process that would brace the distal end 

of the ectopterygoid process.   

 The basisphenoid is quite blocky in M. mokoroa.  The basipterygoid processes 

are quite short (Fig. 3.43E), but they do project anterolaterally, unlike in M. 

hoffmannii.  The constriction between the basipterygoid processes and the lobes for 

the basioccipital tubera is moderate.  The posterior lobes are only slightly expanded 

ventrally (Fig. 3.43F), differing from the teardrop-shape seen in other species of 

Mosasaurus, and their divergence forms an acute angle.  A very thin sheet of bone 

descends from the dorsal ala, enclosing a large channel for blood vessels, including 

the internal carotid artery (Fig. 3.43G).  A ridge that parallels the ventral border of 

the ala formed a canal that likely held a second set of blood vessels (Fig. 3.43H).  

Dorsally, the dorsal alae arise on either side of the canal for the brainstem (Fig. 

3.43I).  The anterior of this canal is pierced by a pair of foramina, interpreted by 

Welles and Gregg (1971) to allow the passage of cranial nerve VI.  The articular 

facets of the dorsal ala for the prootics are ventrolaterally oriented and finely striated.   

 The three bones of the paraoccipital bar compare favorably with the 

morphology of the genus.  The anterior process of the prootic of M. mokoroa is 

mediolaterally expanded into a shallow trough to accept the broad articular facet 

from the descending processes of the parietal (Fig. 3.44A).  The descending 

pedestal that articulates with the dorsal ala of the basisphenoid is relatively long.  

The various foramina for the cranial nerves and otic capsule structures are exhibited 

nearly pristinely on the medial surfaces of the prootic and opisthotic.  These 

foramina are arranged fairly typically.  The only significant deviation from the model 

illustrated by Russell (1967) is that the openings for cranial nerves VII and VIII are 

located entirely in the prootic, rather than lying in the suture between the prootic and  
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Figure 3.44 M. mokoroa paraoccipital bar 
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opisthotic (Fig. 3.44B).  Ventrolaterally, the exits for these foramina seem to 

conform with what is seen in other mosasaurs: the foramen for cranial nerve VII is 

located behind a vertical crest of bone on the posterior of the ventral pedestal of the 

prootic, the internal acoustic meatus and the exit for cranial nerve IX are oriented at 

the base of the suture between the prootic and the opisthotic, and the foramina for 

cranial nerves X, XI, and XII pierce the opisthotic near the exoccipital.  Welles and 

Gregg (1971) illustrate cranial nerves XI and XII sharing a foramen, which differs 

from the interpretation presented in Russell (1967) in which cranial nerves X and XI 

exit through a single foramen.  The suture between the supratemporal and the 

prootic is highly interdigitated.  Dorsolaterally, the supratemporal bears a sharp 

anterodorsally directed crest for articulation with the head of the squamosal, 

ventrally bounded by a wide, V-shaped groove (Fig. 3.44C).  Ventral to the lateral 

branch of this groove is a round indentation for the medial protrusion of the 

suprastapedial process of the quadrate.   

 The quadrate of M. mokoroa compares favorably with the general morphology 

of Mosasaurus.  The suprastapedial is not as short as in M. hoffmannii, nor is the 

crest that extends around the dorsolateral edge of the process as pronounced (Fig. 

3.45A).  Instead, the suprastapedial process bears a shallow, curved sulcus.  The 

quadrate of M. mokoroa is shorter ventral to the stapedial notch than in M. 

hoffmannii or M. lemonnieri, more closely resembling the height of the quadrate of 

M. missouriensis.  There is an anterodorsal corner on the quadrate of M. mokoroa, 

but it is oriented medially, rather than on the tympanic rim, the anterior edge of which 

is grooved.  In anterior view, the tympanic ala is fairly rectangular, though the sides 

are sinuous and the ventrolateral corner is missing (Fig. 3.45B).  The U-shaped 

fossa on the dorsal edge of the ala is present, and it is wider than in M. hoffmannii.  

The stapedial pit is oval (Fig. 3.45C), smaller than in M. lemonnieri, but not oriented 

obliquely to the shaft like in M. hoffmannii.  The small infrastapedial process is flat 

dorsally and a tapering point projects medially, forming a horizontal passage 

between it and the distal end of the suprastapedial process (Fig. 3.45D).  Typically 

this space is more oblique in Mosasaurus.  The suprastapedial process of M. 

mokoroa does bear the medial protuberance seen in other species of the genus.   
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Figure 3.45 M. mokoroa quadrate 
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The cranial condyle is sinuous in outline (Fig. 3.45E), similar to M. hoffmannii, 

but the medial projection that forms the ridge separating the anterior and medial 

surfaces is deeper than in the type species.  The mandibular condyle is not as 

ventrally rounded as in other species of Mosasaurus (Fig. 3.45F).   

 Two isolated tooth crowns are preserved in the holotype of M. mokoroa.  The 

teeth are fairly evenly triangular and only slightly posteriorly curved, with one being 

more gracile than the other, presumably due to differences in position along the 

tooth row or in tooth ontogeny (Fig. 3.39E).  The teeth are strongly bicarinate, and 

the carinae are pinched out from the surface (Fig. 3.39F).  The labial circumference 

is slightly longer than the lingual circumference, particularly on the more gracile, 

curved tooth.  The carinae are oriented at nearly 180° to each other on the broader 

tooth, which is slightly mediolaterally compressed.  The teeth are subtly faceted 

around their entire circumferences.   

 A single complete vertebra, either a posterior cervical or anterior dorsal, is 

preserved in the holotype of M. mokoroa.  The centrum is slightly wider than it is tall, 

with a negligible amount of dorsal indentation for the neural canal (Fig. 3.46A).  The 

zygapophyses are widely spaced, and their articular facets are oriented at 

approximately 45° to the neural spine.  The dorsal margin of the transverse 

processes is confluent with the lateral surfaces of the zygapophyses (Fig. 3.46B).  

The transverse processes are short mediolaterally, but tall, with significant ventral 

expansion, similar to the morphology of M. conodon.  In lateral view, the articular 

facets for the rib heads are nearly vertical. The cotyle and condyle are deeply 

rounded.   

 A specimen consisting of forepaddle elements was referred to M. mokoroa, but 

without any overlapping skull material, this referral is tenuous (Fig. 3.47).  The 

humerus of the referred specimen of M. mokoroa is much longer across the distal 

condyles than the element is tall.  Unlike other species of Mosasaurus, the 

postglenoid process is not long and robust.  Both the ectepicondyle and the 

entepicondyle are greatly expanded anteriorly and posteriorly, respectively, but the 

entepicondyle is also expanded medially.  Like in other species of Mosasaurus, the 

radial facet is straight, and the ulnar facet is rounded, though the ulnar facet of M.  
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Figure 3.46 M. mokoroa vertebra  
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Figure 3.47 M. mokoroa forepaddle elements 
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mokoroa is more deeply convex than in other species.  The humerus is also 

longer distal to the condyles in this specimen.  The pectoral crest appears to be 

confluent with the medial edge of the glenoid condyle.   

 The radius of the referred specimen of M. mokoroa is incomplete anterodistally, 

and paint or varnish obscure the margins of the element.  However, the radius 

appears to agree with the generic paradigm, with a broad flat anterodistal flange and 

a curved posterior margin for the antebrachial foramen.  The ulna is badly broken, 

but the distal end is preserved.  The ulna bears three distal articular facets for the 

intermedium, the ulnare, and the pisiform, with the ulnare facet being the longest. 

 Based on the numerous morphological features that distinguish Mosasaurus 

mokoroa from its congeners, it appears to be a valid species.  The differences might 

be sufficient to separate the taxon from Mosasaurus, and the relationships between 

this species and other members of the genus will be tested phylogenetically in the 

next chapter. 

 

Mosasaurus hobetsuensis Suzuki, 1985 
 A partial skeleton of a mosasaur was discovered in Maastrichtian strata on the 

island of Hokkaido, Japan and described by Suzuki in 1985.  The morphology of the 

preserved paddle elements identified it as belonging to Mosasaurinae, and the 

epithet M. hobetsuensis was erected for the specimen.  The assignment to 

Mosasaurus was based on characters including the dimensions of the humerus and 

the well-ossified carpal bones.  The taxon was differentiated from other known 

species of the genus based on differing dental morphology and variations in the 

processes of the humerus.   

 The tooth crown of M. hobetsuensis is slightly compressed and only slightly 

posteriorly curved.  The tooth is bicarinate and the carinae are oriented 

approximately 180° from each other, dividing the tooth into nearly symmetrical labial 

and lingual surfaces, with the labial being slightly the more convex (Fig. 3.48A).  In 

other species of Mosasaurus, particularly those with asymmetric carinae, it is the 

lingual side of the teeth that is more deeply convex.  The carinae are quite prominent 

and pinched out from the rest of the surface of the tooth, similar to the condition  
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Figure 3.48 M. hobetsuensis tooth, vertebrae, and interclavicle  
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observed in the New Zealand taxon Moanasaurus mangahouangae.  The 

enamel is relatively smooth, without the facets characteristic of the genus.  The base 

of the lingual side of the tooth is faintly fluted, but the base of the labial side is too 

poorly preserved to determine if similar ornamentation was present (Fig. 3.48B, C).  

In M. conodon, the only other known species of Mosasaurus with unornamented 

enamel, the carinae are more weakly developed, and the teeth are more distinctly 

curved.   

 Nine dorsal vertebrae are preserved in the holotype of M. hobetsuensis (Fig. 

3.48D, E).  The cotyles and condyles are relatively round, being widest between the 

transverse processes and flattened dorsally with a slight indentation for the neural 

canal, and more deeply concave/convex than in other species of Mosasaurus.  The 

transverse processes are relatively long with no ventral expansion; while the 

processes are somewhat buttresses anteriorly both toward the rim of the cotyle and 

toward the anterior zygapophysis, the only posterior buttressing is in the form of a 

low ridge extending toward, but not reaching, the condyle (Fig. 3.48F).  The 

zygapophyses are not widely spaced, and the articular facets are small and 

relatively vertical.  The posterior sides of the neural spines of some vertebrae 

preserve well-developed zygantra.  These dorsal vertebrae are similar to those of 

Mosasaurus but also share affinities with Moanasaurus. 

 Numerous ribs of varying lengths are preserved with the specimen.  Because 

all the elements of the fossil were found jumbled in a concretion, there is no way to 

determine which ribs are associated with which vertebrae.  The long dorsal ribs are 

generally evenly curved along their entire lengths.   

 The interclavicle is preserved, and it is an asymmetric blade of bone (Fig. 

3.48G).  The anterior end is notched on one side, and the element is slightly curved 

distal to this notch, although it is uncertain whether this was the life condition or due 

to taphonomic processes.  The interclavicle of M. hobetsuensis lacks the 

ornamentation (such as a longitudinal groove, anterior expansions, or processes) 

seen in species such as M. conodon, M. lemonnieri, and Plotosaurus (Lingham-

Soliar, 2000).   

 The scapula of M. hobetsuensis is relatively well preserved, lacking only part of 



 186 

the distal edge of the blade, and differs from its congeners.  The anterior and 

posterior halves of the blade are more even in length, with the posterior being only 

slightly longer, as opposed to the anterior margin being significantly shorter in other 

species of Mosasaurus, and the blade is not nearly as tall for its length (Fig. 3.49A, 

B).  Additionally, the distinct ridge extending from the anterior margin of the blade 

toward the neck of the scapula is absent in this specimen, though there is still a 

shallow trough between the anterior margin of the blade, the head of the scapula, 

and the anterior accessory articular structure (Fig. 3.49A).  The neck is relatively 

narrow.  On the internal surface, the accessory articular structure is distally offset 

from the head of the scapula (Fig. 3.49B), and it appears that the suture with the 

coracoid was not as deeply interdigitated as in other species of Mosasaurus.  Like its 

congeners, the scapular head is rotated away from the plane of the blade (Fig. 

3.49C).  The facets for the coracoid and humerus are separated from each other by 

a broad ridge, and each appears to be gently concave.  The anterior accessory 

structure is recessed and triangular in outline.   

 The humerus of M. hobetsuensis is superficially similar to that of other species 

of Mosasaurus, but there are numerous differences as well.  The humerus is wider 

across the distal condyles than it is tall, but the element is relatively longer distal to 

the condyles than in other species of the genus, similar to the referred specimen of 

M. mokoroa (Fig. 3.50A).  Like its congeners, the facet for the radius is straight and  

that for the ulna is convex, but the convexity is deeper in M. hobetsuensis.  The 

entepicondyle is somewhat offset from the ulnar articular facet in some specimens of 

Mosasaurus, but that condition is exaggerated in this species (Fig. 3.50B).  The 

entepicondyle projects far anteromedially, and is only connected to the lateral end of 

the ulnar facet by a thin buttress of bone.  The lateral surfaces of both distal 

condyles are quite rugose, though the rugosity is less pronounced on the 

ectepicondyle (Fig. 3.50C).  The ectepicondyle is well developed laterally, but it 

lacks the medial expansion of the entepicondyle (Fig. 3.50D).  The postglenoid 

process, while robustly well developed as is seen in other species of Mosasaurus, is 

relatively quite short.  The pectoral crest is nearly confluent with the glenoid condyle 

(Fig. 3.50E).  Laterally, there is a raised prominence near the angle formed between  
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Figure 3.49 M. hobetsuensis scapula 
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Figure 3.50 M. hobetsuensis humerus 
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the radial and ulnar facets, but the distal end of the humerus is not as rugose as 

is seen in other species of Mosasaurus.  The humerus of M. hobetsuensis is similar 

to other species of the genus in that the radial facet is deep and D-shaped, whereas 

the ulnar facet is narrower and oblong (Fig. 3.50F). 

 The radius of M. hobetsuensis is characteristic of the genus, with an expanded 

anterodistal flange (Fig. 3.51).  The margin that borders the antebrachial foramen 

forms a wider curve than in M. hoffmannii or M. lemonnieri, more closely resembling 

M. missouriensis.  The morphology of the ulna is also typical of the genus, being 

hourglass-shaped and deep proximally.  The ulna is excellently preserved, and the 

three distal facets for the intermedium, ulnare, and pisiform are quite distinct, which 

are similar to those of M. mokoroa.  The curvature of the lateral margins of the shaft, 

and whether the constriction is centered or oriented in the distal half of the element, 

appears to vary inter- and intraspecifically among other species of Mosasaurus, and 

could be linked either to individual variation or ontogeny.   

 The carpals, metacarpals, and phalanges of M. hobetsuensis compare 

favorably with other species of the genus (Fig. 3.51).  The carpals are well ossified, 

and articulate closely with one another, forming a solid, bony wrist.  The first 

metacarpal is deeply notched and the other four are generally hourglass-shaped, 

with some being more expanded proximally.   

 Even though the morphological data for Mosasaurus hobetsuensis is sparse, it 

compares more favorable with Moanasaurus than with Mosasaurus.  It is therefore a 

valid species that should be removed from Mosasaurus.  

 

Mosasaurus flemingi Wiffen, 1990 
 Wiffen (1990) erected M. flemingi based on a partial skeleton from the 

Campanian of New Zealand.  The assignment of this new species to Mosasaurus 

was based primarily on characters of the quadrate.  This New Zealand specimen 

was differentiated from other species of the genus by the relatively large 

suprastapedial process, the lack of a muscle attachment fossa on the distal end of 

the suprastapedial process, the lack of foramina penetrating the quadrate ala, and 

the relatively reduced groove along the tympanic rim of the quadrate.   
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Figure 3.51 M. hobetsuensis fore paddle 
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 Most of the braincase is preserved, including the basisphenoid and the 

basioccipital, as well as posterior of the parietal, supraoccipital, supratemporal, 

prootic, and opisthotic in articulation.  The preserved, posterior portion of the parietal 

table greatly resembles that of Mosasaurus, with straight, slightly diverging lateral 

margins (Fig. 3.52A).  The suspensorial rami of the parietal diverge and angle 

ventrally to meet the supratemporals.  The suspensorial rami are forked to pinch the 

supratemporals from above and below.  The descending processes of the parietal 

also diverge slightly, forming a triangular space between them.  The ventral 

terminations of these processes rest on the anterior processes of the prootics.   

 The supraoccipital of M. flemingi, along with the descending processes of the 

parietal to which it articulates, are unusually tall for a species of Mosasaurus (Fig. 

3.52B).  Additionally, the supraoccipital is also long, producing a relatively large 

articular surface between it and the prootic and opisthotic.   

 The basisphenoid of M. flemingi (Fig. 3.53A) does not show the narrow 

basipterygoid processes characteristic of Mosasaurus hoffmannii.  Instead, this 

element is short and blocky(Fig. 3.53B), with basipterygoid processes that are more 

laterally divergent than those of M. lemonnieri and more similar to Clidastes, or the 

sympatric species Rikisaurus tehoensis and Moanasaurus mangahouangae.  The 

lobes for the tubera of the basioccipital are shorter and more widely spaced than in 

Mosasaurus (Fig. 3.53C).  The channel that is partially enclosed by the dorsal ala of 

the basisphenoid is relatively wide (Fig. 3.53D).   

 The occipital condyle is not as round as M. hoffmannii, but it is not as 

compressed as M. lemonnieri, having instead a reniform outline (Fig. 3.53E).  

Corresponding to the lobes of the basisphenoid, the basioccipital tubera are shorter 

(Fig. 3.53F, G), relatively narrower, and more widely spaced than in M. hoffmannii.   

 The articulations between the prootic, opisthotic, and supratemporal are typical 

of mosasaurines, and the preservation of these elements in articulation with each 

other, but disarticulated from the basisphenoid and basioccipital, clearly exhibits the 

complement of foramina for the cranial nerves and otic capsule.  A crest of bone 

hides the exit of cranial nerve VII from lateral view (Fig. 3.54A).  The internal 

acoustic meatus lies at the base of a canal that follows the suture between the  
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Figure 3.52 M. flemingi dorsal brainc  
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Figure 3.53 M. flemingi basicranium 
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Figure 3.54 M. flemingi ventral braincase 
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prootic and opisthotic that would have housed the stapes.  The exit of cranial 

nerve IX is ventral and slightly posterior to the internal acoustic meatus.  The 

foramen that allows the exit of cranial nerves X and XI and that for cranial nerve XII 

are borne on the exoccipital (Fig. 3.54B), contrary to the illustration of the 

paraoccipital bar provided by Wiffen (1990), in which the last three cranial nerves 

share a single foramen.   

 The tympanic rim of the quadrate of M. flemingi lacks the anterodorsal corner 

exhibited by other known species of the genus and is narrower ventrally (Fig. 3.55A).  

The quadrate of M. flemingi is also shorter ventral to the stapedial notch, making the 

suprastapedial process appear relatively large.  In anterior view (Fig. 3.55B), the 

quadratic ala is even more regularly rectangular than in M. hoffmannii, lacking the 

ventral convexity of the mandibular condyle.  The infrastapedial process is greatly 

reduced, leaving the stapedial notch relatively open, and the stapedial pit is relatively 

small and more nearly circular than in other species of Mosasaurus (Fig. 3.55C).  In 

posterior view, the suprastapedial process lacks the medial protuberance seen in M. 

hoffmannii and M. lemonnieri, and the mandibular condyle is not as expanded 

medially as in those species (Fig 3.55D, F).  Between the lack of the medial 

protuberance on the suprastapedial process and a reduced muscle attachment 

fossa on the dorsal edge of the tympanic ala, the cranial condyle has a more 

triangular shape (Fig. 3.55E), rather than the sinusoidal morphology of other 

Mosasaurus species.   

 The cervical vertebrae are quite distinct from other known species of 

Mosasaurus, most notably due to the dorsoventral compression of the cervical 

centra (Fig. 3.56A, B).  The centra are also short anteroposteriorly, but the 

peduncles for the hypapophyses are not reduced; therefore these structures, the 

articular facets of which are elliptical to circular, take up half or more of the length of 

the centra.  The transverse processes angle posteroventrolaterally and project below 

the ventral surface of the centra (Fig. 3.56C).  A ventral flange on the transverse  

process becomes better developed posteriorly.  On the posterior-most vertebra of 

the holotype, the transverse processes are as tall as the posterior condyle.  The 

zygapophyses are as wide as the centra, and their articular facets are oriented  
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Figure 3.55 M. flemingi quadrate 
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Figure 3.56 M. flemingi cervical vertebrae 
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relatively vertically.   

 The skeletal elements comprising the single specimen of M. flemingi certainly 

share affinities with other species of Mosasaurus, but there are distinct differences 

as well.  The specimen compares more favorably with the sympatric Moanasaurus 

mangahouangae.  The differences reported by Wiffen (1990), such as the lack of 

foramina piercing the tympanic ala of the quadrate or a depression on the 

suprastapedial process of the quadrate for the attachment of depressor mandibulae 

muscle fibers, are minor or possibly ontogenetic, and I consider M. flemingi to be a 

junior synonym of Moanasaurus mangahouangae.   

 

Mosasaurus prismaticus Sakurai, Chitoku, and Shibuya, 1999 
 A second mosasaurine fossil was found on Hokkaido, this one from late 

Campanian strata older than the early Maastrichtian age of Mosasaurus 

hobetsuensis, and was named M. prismaticus (Sakurai, Chitoku, and Shibuya, 

1999).  The only overlapping material between the two Hokkaido mosasaurine 

specimens is a marginal tooth, and the ornamentation of the enamel of each differs.  

The Campanian specimen was referred to Mosasaurus based on the morphology of 

the tooth and the associated braincase elements (Sato et al., 2012).   

 The proportions and outline of the two teeth from Hokkaido are similar, being 

labiolingually compressed and relatively straight (Fig. 3.57A).  The tooth of M. 

prismaticus is slightly more gracile and posteriorly curved.  Like M. hobetsuensis, the 

tooth of M. prismaticus is bicarinate, and the carinae are oriented at approximately 

180° to each other (Fig. 3.57B).  The labial side is only slightly more deeply convex 

than the lingual side.  Also like M. hobetsuensis and Moanasaurus, the carinae are 

prominent and pinched.  The main difference between the teeth of the two Hokkaido 

mosasaurines is in the ornamentation of the enamel.  The enamel on both the labial 

(Fig. 3.57C) and lingual (Fig. 3.57D) sides of the tooth of M. prismaticus is fluted, 

with the flutes being slightly finer and more numerous on the labial side.  The 

difference between these two teeth is notable, but considering the possibility of 

heterodonty and the variability of tooth ontogeny, any species designation based on 

a single tooth must be treated with caution.  Both specimens were found in the  
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Figure 3.57M. prismaticus tooth  
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Hakobuchi Group in the Hobetsu District, and M. hobetsuensis merely comes 

from slightly higher in the section (Sato et al., 2012).  

 The rest of the holotype of M. prismaticus is composed of braincase elements 

including the parietal, basisphenoid, basioccipital, prootic, and opisthotic.  The latter 

four elements are preserved in articulation.   

 The parietal shares affinities with both Mosasaurus and Moanasaurus.  The 

parietal foramen is small and round (it can be round or elliptical in Mosasaurus), and 

the lateral margins of the parietal table are gently concave toward the midline (Fig. 

3.58A).  Even without having the frontal preserved, the frontal/parietal overlap 

characteristic of Mosasaurinae is evident based on the pair of fossa on each side of 

the parietal foramen that preserves the outline of the long, widely-spaces posterior 

prongs of the frontal.  The descending processes of the parietal are quite tall, like in 

M. flemingi, and even less posteriorly directed (Fig. 3.58B).   

 The basisphenoid of M. prismaticus is longer and more strongly constricted 

than in M. lemonnieri or Moanasaurus, and the basipterygoid processes are longer 

and more laterally divergent than in M. hoffmannii (Fig. 3.59A, B).  The dorsal ala of 

the basisphenoid arcs posteriorly and is confluent with the lateral margin of the lobe 

that articulates with the basioccipital tuber (Fig. 3.59C).  A thin sheet of bone 

descends from the ala, enclosing a channel for the passage of arteries (Fig. 3.59D). 

The basioccipital generally resembles that of Moanasaurus with a reniform, but 

uncompressed, occipital condyle (Fig. 3.59E).  However, the tubera are longer and 

more robust than in Moanasaurus, more closely resembling M. hoffmannii.  

 The prootic and opisthotic are incomplete distally, but their ventral articulations 

to the basisphenoid and basioccipital are well preserved on the right side (Fig. 

3.59F).  More foramina for cranial nerves and otic capsule structures pierce the 

posterolateral bases of the prootic and opisthotic than are seen in other species of 

Mosasaurus.  There are two small foramina on the lateral surface of the prootic 

where there is usually only one for cranial nerve VII, and there is an extra foramina 

on the ventral surface of the opisthotic where there are usually only two exits for 

cranial nerves X, XI, and XII so perhaps each of these nerves travels through a 

separate channel in M. prismaticus.  The anterior process that accepts the base of  
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Figure 3.58 M. prismaticus parietal  

  



 202 

the descending process of the parietal is long and robust.  As is the case on the 

lateral surface of the braincase, the foramina on the medial wall of the braincase are 

unusual (Fig. 3.59C).  The opening for the utricle is borne on the medial corner of 

the relatively large articular surface for the supraoccipital.  Ventral to that opening, 

the channels for cranial nerves VII and VIII are apparently separate, rather than 

joined in a single foramen as is illustrated in Russell (1967).  The openings for the 

channels for cranial nerves IX and X and XI are larger and face more medially.  The 

paraoccipital bar is mediolaterally compressed, rather than being a robust rod, and it 

angles more posteriorly than laterally.   

 It is possible that the two specimens from Hokkaido represent distinct species, 

and it is also possible that they represent two individuals of the same species.  Until 

additional specimens with more overlap of skeletal elements are found, it will be 

difficult to decide their status with certainty.  Overall, these northwestern Pacific 

mosasaurs share general mosasaurine characters with the genus to which they are 

currently assigned.  However, they also compare favorably with the New Zealand 

genus Moanasaurus.  It seems likely that phylogenetic analysis will recover close 

relationships between these various Western Pacific taxa.
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Figure 3.59 M. prismaticus braincase 
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Mosasaurus sevciki Kaddumi, 2009 

 The most recently described species referred to Mosasaurus was 

discovered while preparing limestone from the upper Maastrichtian Muwaqqar 

Chalk Marl of Jordan for building materials.  The holotype, ERMNH HFV1074, 

consists of a hind paddle and eight articulated vertebrae that span the dorsal to 

pygal transition.  The specimen was referred to Mosasaurus based on the 

expanded morphology of the first and fifth metatarsals.  However, my 

interpretation of the figures presented in Kaddumi (2009) disagrees with the 

referral.  Broad metatarsals are common across the well-ossified paddles of 

Mosasaurinae, and the constricted tibial shaft and gracile phalanges do not 

compare favorably with Mosasaurus.  The tibia is more constricted than is seen 

in Prognathodon overtoni (Konishi et al., 2011) or Clidastes liodontus (Russell, 

1967), and the femur is uniquely petite, being shorter than the tibia.  This 

specimen does not agree completely with known hind-limb material of any genus, 

but it is certainly referable to Mosasaurinae.  Mosasaurus sevciki is likely a valid 

species, but it should be removed from Mosasaurus.  Because I did not 

personally observe this specimen it will not be included in the phylogenetic 

analysis.   

 

Conclusions 

 After comparing the morphology of the thirteen referred taxa to the type 

species of Mosasaurus, preliminary conclusions about the validity of the various 

taxa have been drawn.  My observations of M. maximus from eastern 

Maastrichtian deposits of North America concur with those of Mulder (1999) and 

Harrell and Martin (2015), and this species is considered a junior synonym of M. 

hoffmannii.  The Maastrichtian taxa M. dekayi and M. beaugei, from the East 

Coast of the United States and Morocco, respectively, were based on tooth 

morphology alone.  Even with additional cranial material now assigned to M. 

beaugei, the differences between these two taxa and M. hoffmannii are minor, 

and each is considered to be a junior synonym of the type species.  The 

Campanian species M. missouriensis from the Western Interior Sea of North 
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America and M. lemonnieri from the Ciply Basin of Belgium are considered to be 

valid and referrable to Mosasaurus.   

 Slightly more problematic is M. conodon.  The type of that species and 

referred specimens from Maastrichtian strata from the East Coast of the United 

States appear to represent a valid species, and the referred material from the 

WIS compares favorably with the sympatric M. missouriensis.  These two 

populations of M. conodon will be treated separately in the phylogenetic analysis 

in order to test this interpretation.  If these two populations are found to be 

distinct, it is my opinion that the East Coast specimens represent a taxon 

separate from Mosasaurus.   

 The two Campanian-aged taxa from New Zealand, M. mokoroa and M. 

flemingi exhibit mosasaurine affinities, but each differs from the Mosasaurus 

paradigm.  The morphology of M. mokoroa is unique, and the taxon is considered 

to be valid.  It will therefore be assigned to a new genus.  Conversely, the 

morphology of M. flemingi compares quite favorably with the sympatric taxon 

Moanasaurus managahouangae, and M. flemingi is considered to be a junior 

synonym of that taxon.   

 It is possible that the two mosasaurine specimens from the late Campanian 

and early Maastrichtian of Hokkaido represent the same taxon, but until more 

overlapping material is found the two will continue to be treated separately.  

However, each displays differences from Mosasaurus.  The limb morphology of 

the younger M. hobetsuensis is similar to that of Moanasaurus, and it should be 

reassigned to that genus.  However, there are no other genera to which M. 

prismaticus compares closely, and if it is found to be separate from Mosasaurus 

in the following phylogenetic analysis, it will be referred to a new genus.   

 Due to the Santonian age of the Kansas specimen currently referred to 

‘Mosasaurus ivoensis’ and its morphological differences from M. hoffmannii, this 

specimen should be removed from Mosasaurus.  It appears to compare more 

favorably with Ectenosaurus.  The Turonian-aged ‘M. gracilis’ from southern 

England was previously established to differ from Mosasaurus (Street and 

Caldwell, 2014), and that opinion stands.   
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Appendix 3A: Species referred to Mosasaurus, original authorities, 
and opinions on current status 

Species  Authority Preliminary Opinion 
Lacerta gigantea Von Sömmerring, 1816 Crocodile 
Mosasaurus hoffmannii Mantell, 1829 Valid 
 belgicus Holl, 1829 Junior synonym 
 camperi Von Meyer, 1832 Junior synonym 
Mosasaurus  bavaricus Holl, 1829 Nomen dubium 
Mosasaurus missouriensis (Harlan, 1834) Valid 
 maximilliani Goldfuss, 1845 Junior synonym 
 neovidii Von Meyer, 1845 Junior synonym 
 horridus Williston, 1895 Junior synonym 
 poultneyi Martin, 1953 Nomen ex 

dissertationae 
Mosasaurus dekayi Bronn, 1838 Invalid; possibly junior 

synonym of M. 
hoffmannii 

 major DeKay, 1842 Junior synonym 
 occidentalis Morton, 1844 Junior synonym 
 meirsii Marsh, 1869 Junior synonym 
Mosasaurus stenodon Charlesworth, 1846 Liodon 
Mosasaurus gracilis Owen, 1849 Invalid 
Mosasaurus laevis (Owen, 1849) Nomen dubium 
Mosasaurus  minor Gibbes, 1850 Nomen dubium 
Mosasaurus caroliniensis Gibbes, 1850 Nomen dubium 
Mosasaurus couperi Gibbes, 1850 Nomen dubium 
Mosasaurus brumbyi (Gibbes, 1850) Nomen dubium 
Mosasaurus impar Leidy, 1856 Nomen dubium 
Mosasaurus reversus (Leidy, 1865) Nomen dubium 
Mosasaurus iguanavus (Cope, 1868) Clidastes 
Mosasaurus validus (Cope, 1868) Nomen dubium 
Mosasaurus copeanus Marsh, 1869 Plioplatecarpus 
Mosasaurus depressus Cope, 1869 Plioplatecarpus 
Mosasaurus maximus Cope, 1869 Junior synonym of M. 

hoffmannii 
 princeps Marsh, 1869 Junior synonym 
 fulciatus Cope, 1869 Junior synonym 
 oarthrus Cope, 1869 Junior synonym 
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Geosaurus mitchilli (DeKay, 1830) Nomen dubium 
Mosasaurus crassidens Marsh, 1870 Nomen dubium 
Mosasaurus grosjeani Greppin, 1870 ???? 
Mosasaurus conodon (Cope, 1881) Valid 
Mosasaurus lundgreni (Schröder, 1885) Nomen dubium 
Mosasaurus scanicus Schröder, 1885 Plioplatecarpine 
Mosasaurus lemonnieri Dollo, 1889 Valid 
Mosasaurus hardenponti Dupont, 1892 Nomen nudum 
Mosasaurus gaudryi Thévenin, 1896 Tylosaur 
Mosasaurus lonzeensis Dollo, 1904 ???? 
Mosasaurus johnsoni (Mehl, 1930) Nomen dubium 
Mosasaurus nigeriensis Swinton, 1930 Goronyosaurus 
Mosasaurus beaugei Arambourg, 1952 Junior synonym of M. 

hoffmannii 
Mosasaurus ivoensis Persson, 1963 Tylosaur 
Mosasaurus iembeensis Antunes, 1964 Tylosaur 
Mosasaurus mokoroa Welles and Gregg, 1971 Moanasaur 
Mosasaurus hobetsuensis Suzuki, 1985 Moanasaur 
Mosasaurus flemingi Wiffen, 1990 Moanasaurus 
Mosasaurus prismaticus (Sakurai et al., 1999) Moanasaur 
Mosasaurus Sevciki Kaddumi, 2009 Mosasaurine 
 

*???? Indicates taxa whose status could not be confirmed 
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Chapter 4 : A phylogenetic analysis of Mosasaurinae 
 

Introduction 

 The interrelationships among mosasaurs have been the focus of multiple 

investigations (e.g. Russell, 1967; Bell, 1997; Bell and Polcyn, 2005; Caldwell 

and Palci, 2007; Grigoriev, 2013; Palci et al., 2013), and others have particularly 

focused on Mosasaurinae (Dortangs et al., 2002; LeBlanc et al., 2012).  Since 

the analysis of Bell (1997) recovered close relationships between Prognathodon, 

Plesiotylosaurus, and Globidens, as opposed to the former two genera being 

more closely related to Plioplatecarpinae as supported by Russell (1967), the 

general topology of Mosasaurinae has remained relatively stable.  Subsequent 

phylogenetic analyses (Dortangs et al., 2002; Bell and Polcyn, 2005; LeBlanc et 

al., 2012; Grigoriev, 2013; Palci et al., 2013) have differed only subtly based on 

the ingroup taxa.  The enigmatic genus Halisaurus is one of the few taxa whose 

position has been found to be significantly variable, with the genus found to be 

more closely related to the clade containing Platecarpus and Tylosaurus by Bell 

and Polcyn (2005), Caldwell and Palci (2007), LeBlanc et al. (2012), and 

Grigoriev (2013) but recovered as the sister group to Mosasaurinae by Palci et 

al. (2013).  All of these studies have been based directly or indirectly on the 

analysis of Bell (1997) and used similar character lists, so the relative 

consistency of the results is perhaps not surprising.   

 Because Bell’s (1997) phylogenetic analysis, and Russell’s (1967) seminal 

descriptive study before it, focused primarily on mosasaur fossils from the United 

Sates, species of Mosasaurus from around the world have been severely 

underrepresented in past analyses.  In fact, only three named species, M. 

conodon, M. hoffmannii (or its junior synonym M. maximus), and M. 

missouriensis, have been included in past analyses, although Dortangs et al. 

(2002) and Bell and Polcyn (2005) each included an unnamed Mosasaurus 

specimen.  To date, M. lemonnieri, one of the most completely known species of 
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the genus, has never been included in a phylogenetic analysis.  This will be the 

first study to include a broader sample of the species assigned to Mosasaurus.   

 The previous phylogenetic analyses (Bell, 1997; Dortangs et al., 2002; 

Bell and Polcyn, 2005; Caldwell and Palci, 2007; LeBlanc et al., 2012; Grigoriev, 

2013; Palci et al., 2013) returned fairly consistent results regarding the 

relationships of Mosasaurus to other mosasaurines and the family as a whole: 

Mosasaurus was found to occupy a terminal position within Mosasaurinae by all 

of these authors.  All of these authors found identical relationships between the 

three species of Mosasaurus included, with M. conodon being basal to M. 

missouriensis and M. ‘maximus’.  The one exception is the analysis by Grigoriev 

(2013) which recovered M. missouriensis as the sister species of M. conodon 

and M. hoffmannii.  A significant difference between the findings of the first four 

analyses (Bell, 1997; Dortangs et al., 2002; Bell and Polcyn, 2005; Caldwell and 

Palci, 2007) and the latter three (LeBlanc et al., 2012; Grigoriev, 2013; Palci et 

al., 2013) is that in the earlier analyses, Mosasaurus was found to be 

paraphyletic due to the position of Plotosaurus; the three latter studies recovered 

a monophyletic Mosasaurus, with Plotosaurus as its sister taxon.   

 This study will build on the findings of these previous analyses by 

including more species of Mosasaurus and related taxa than have been used in a 

phylogenetic analysis of Mosasauridae to date.  Due to the differing morphology 

exhibited by the various species currently assigned to the genus, the return of a 

monophyletic Mosasaurus is not expected.  The results of the following analyses 

will aid in determining which species are distinct, and therefore valid, and which 

species should be removed from the genus in order to maintain a meaningful 

concept of the taxon. 

 

Materials and Methods 

Character matrix 
 This study builds on the findings of previous authors, therefore the 

character list of Palci et al. (2013) was used as the foundation of the data matrix 
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(Appendix 4A).  The character list has been modified by each successive group 

of authors, but many of the characters originated from Bell’s (1997) analysis.   

 None of the characters used by Palci et al. (2013) were removed, but 

several were modified either in an attempt to improve the clarity of the 

distinctions between the character states, or to adjust the character states to 

more completely represent the observed morphological disparity.  For character 

2, concerning the morphology of the predental rostrum of the premaxilla, 

character states (1) and (2) were reworded to reflect the morphologies exhibited 

genera like Mosasaurus and Tylosaurus respectively.  Character 11, previously 

regarding the mid-dorsal keel of the frontal, was altered to describe the 

ornamentation of the frontal, so character state (3) groove could be added to 

allow for the condition seen in species such as M. lemonnieri.  Character 52, 

describing the morphology of the basipterygoid processes of the basisphenoid, 

also received an additional character state, (2) process short with articular 

surface facing anteriorly, in order to differentiate between the morphologies 

exhibited by mosasaurines, in which the narrow basipterygoid processes can 

either be long with anterolaterally facing facets, or short with anteriorly facing 

facets.   

 Two new characters, based on observations of mosasaurine specimens, 

were also added to the character list.  Character 34 describes the outline of the 

dorsal border of the maxilla.  Character state (0) refers to the condition exhibited 

by most mosasaurs in which the dorsal edge of the maxilla is excavated to 

various degrees to accommodate the external naris, and character state (1) 

reflects the lack of such excavation observed in Mosasaurs.  Character 40 

concerns the posterior margin of the ectopterygoid.  Character state (0) 

represents a straight to smoothly curved posterior margin lacking any indented 

fossa for the ectopterygoid process of the pterygoid, and character state (1) 

describes the condition where an indented fossa for the ectopterygoid process of 

the pterygoid is laterally bounded by a short, broad triangular eminence on the 

posterior margin of the ectopterygoid.   
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Taxon list 
 As mentioned previously, this study will be the most expansive 

phylogenetic analysis of Mosasauridae to date, particularly in respect to species 

assigned to the type genus from around the world.  The taxon list for this study 

comprises the 38 taxa included by Palci et al. (2013) as well as the addition of 16 

potentially valid mosasaurine taxa (Appendix 4B).  

 Palci et al. (2013) made a significant improvement to the mosasaur data 

matrix by making Varanus the outgroup taxon.  The authors did not have access 

to Varanus komodoensis and based the character coding on a composite of mid-

sized species.  Previous analyses (Bell and Polcyn, 2005; Caldwell and Palci, 

2007; LeBlanc et al., 2012) followed the precedent established by Bell (1997) of 

using a composite taxon derived from an algorithm.  The use of a known taxon 

as the outgroup means that the character states could actually be observed 

instead of having to be inferred, which reduces complications in coding and 

increases the ability to replicate the findings (Schuh, 2000; Palci et al., 2013).  

Palci et al. (2013) explained that the choice of Varanus as the outgroup was not 

intended to imply sister-group relations between that genus and Mosasauroidea, 

which includes all Mosasauridae and semi-aquatic sister taxa such as 

Aigialosaurus and Komensaurus.  This study follows that framework and uses 

Varanus as the outgroup. 

 For a preliminary analysis, taxa were treated conservatively, with all 

currently valid species coded independently, and species such as M. hoffmannii 

and M. conodon coded as two separate populations (European M. hoffmannii 

and North American M. ‘maximus’ populations for M. hoffmannii, and East Coast 

Maastrichtian and Western Interior Sea Campanian for M. conodon).   

 Based on the results of this preliminary analysis, and in consideration of 

morphological observations detailed in Chapter Three, some species were 

eliminated from the taxon list or combined with other species for a secondary 

analysis.  The European and North American M. hoffmannii/M. ‘maximus’ 

populations were combined.  Both M. beaugei and M. dekayi are considered to 

be junior synonyms of M. hoffmannii and provide no new data to that species.  
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Therefore both species were excluded from the secondary analysis.  The data 

from the specimens of M. conodon from the Campanian of the Western Interior 

Sea were combined with M. missouriensis for the secondary analysis, and the 

data for M. conodon came only from the East Coast Maastrichtian material.  New 

Zealand taxa M. flemingi and Rikisaurus tehoensis are considered to be junior 

synonyms of Moanasaurus mangahouangae, and the data from the two former 

species were included with those of the latter taxon for the secondary analysis.  

The Kansas specimen formerly referred to ‘Mosasaurus ivoensis’, KU 1024, 

compares more favorably with Ectenosaurus than with Mosasaurus, but the 

preliminary analysis returned it as being the sister group to the derived 

Mosasaurini.  This disagreement between the morphological comparisons and 

the phylogenetic results suggests errors in the interpretation of the characters 

when the specimen was scored for the matrix, and therefore the taxon was 

excluded from the secondary analysis.   

 A tertiary analysis was conducted focusing on Mosasaurinae.  For this 

analysis, Pliocarpus tympaniticus was used as the outgroup because it is one of 

the most completely known non-mosasaurine mosasaurs.  The tertiary analysis 

used the same combined data set as the secondary analysis.   

 Three individual specimens of uncertain taxonomic status were coded 

individually and included in all three levels of analysis.  The first is a partial skull 

from the New Zealand Geological Survey, NZGS CD 535, that was referred to 

aff. Prognathodon overtoni by Wiffen (1990), but the proportions and morphology 

of the skull do not agree with that genus.  The other two specimens are housed 

in the Royal Belgian Institute of Natural Sciences.  One, IRSNB R12 is a skull, 

preserved upside down, and associated post-cranial material that has been 

referred to Mosasaurus hoffmannii.  Lingham-Soliar largely based his revised 

diagnosis (1995) on this specimen, but the proportions of the skull, tooth counts, 

and other characters disagree with the holotype specimen.  The second 

specimen, IRSNB 3211, is a nearly complete skull and articulated vertebral 

column.  This specimen has been referred to multiple species over the years, 

including Plioplatecarupus houseaui, M. conodon, and, in the most recent 
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literature, M. lemonnieri (Lingham-Soliar, 2000).  The quadrate of this specimen 

exhibits mosasaurine affinities, but it is quite short, the snout is gracile, and the 

post-dentary unit is not as tall as in Mosasaurus.   

 

Analysis 
 The character matrix (Appendix 4C) for this phylogenetic analysis was 

compiled in Mesquite version 3.04 (Madison and Madison, 2015).  The 

preliminary analysis with the conservative inclusion of all coded taxa was 

performed in both PAUP* version 4.0a147 (Swofford, 2002) and TNT version 1.1 

(Goloboff et al., 2008) for comparison.  Both analyses utilized an heuristic 

algorithm with a random addition sequence of 1,000 replications, and tree 

bisection and reconnection (TBR) branch-swapping.  Strict and majority rule 

consensus trees were calculated in each program.  After no significant 

differences were found in the results of the two analytical programs, TNT was 

favored for all subsequent analyses due to its much greater efficiency.   

 As described above, two additional analyses were performed in TNT 

(Goloboff et al., 2008) both utilizing the condensed taxon list.  For the second of 

these analyses, the ingroup was restricted to Mosasaurinae.  As before, strict 

and majority rules consensus trees were calculated.  The characters supporting 

branches were mapped onto the trees and recorded.  The data from the analysis 

were returned to Mesquite (Madison and Madison, 2015) for calculations of the 

tree length (TL), consistency index (CI), and retention index (RI). 

 

Results  

 The preliminary phylogenetic analysis using the conservative taxon list 

recovered 124 most parsimonious trees.  The statistics for the strict consensus 

tree were TL = 532, CI = 0.342, RI = 0.679 (Fig. 4.1).  The statistics for the 50% 

majority rule tree were TL = 516, CI = 0.353, RI = 0.694 (Fig 4.2).  This analysis 

consistently returned clear separation between a clade consisting of 

Yaguarasaurinae, Plioplatecarpinae, and Tylosaurinae, and a second clade with 

Dallasaurus and Halisaurus as successive sister groups to all Mosasaurinae.   



 221 

Figure 4.1 Preliminary analysis strict consensus tree 
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Figure 4.2 Preliminary analysis majority rule consensus tree 
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Within Mosasaurinae, the three species of Clidastes form a Hennigian comb 

basal to the more derived members of the clade.  The relationships between the 

various species of Prognathodon and its closest relatives are incredibly poorly 

resolved.  Plesiotylosaurus was found to be the sister group to a large, and only 

slightly better-resolved Mosasaurini.  Prognathodon waiparaensis from New 

Zealand was found to be more closely related to the taxa in this tribe than to its 

congeners, and M. dekayi was also found to be a basal taxon, though this is 

likely due to the dearth of data available for this species.  The strict consensus 

tree recovered a polytomy of primarily Pacific “moanasaurs” (Moanasaurus 

mangahouangae, Mosasaurus flemingi, Mosasaurus hobetsuensis, Rikisaurus 

tehoensis, NZGS CD 535 and the Belgian skull IRSNB 3211) between more 

basal M. mokoroa, M. prismaticus, and ‘M.’ ivoensis, and the terminal clade.  The 

best-known species of Mosasaurus, as well as Plotosaurus, form the terminal 

clade, with the East Coast specimens of M. conodon found to be the sister 

species of Plotosaurus, and the WIS specimens of M. conodon grouping with M. 

missouriensis.  The 50% majority rule consensus tree returned nearly identical 

results for Mosasaurini, with only slightly better resolution of the “moanasaur” 

clade.   

 The secondary analysis conducted after combining or excluding several 

taxa returned 331 most parsimonious trees.  The statistics for the strict 

consensus tree were TL = 564, CI = 0.323, RI = 0.625 (Fig. 4.3).  The statistics 

for the 50% majority rule tree were TL = 513, CI = 0.355, RI = 0.675 (Fig. 4.4).  

The strict consensus tree shows very little resolution within Mosasaurinae 

beyond the Prognathodontini and Mosasaurini.  Plesiotylosaurus crassidens and 

‘Prognathodon’ waiparaensis fall between the polytomies representing these 

tribes.  The results of the 50% majority rules consensus found a monophyletic 

Mosasaurus to only include M. hoffmannii, M. lemonnieri, M. missouriensis, and 

IRSNB R12.  When based solely on specimens from Maastrichtian strata of the 

East Coast of the United States, M. conodon was found to be most closely 

related to Plotosaurus from California.  Related to Mosasaurus and Plotosaurus 

is a clade primarily composed of specimens from around the Pacific Ocean.   
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Figure 4.3 Secondary analysis strict consensus tree 
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Figure 4.4 Secondary analysis majority rule consensus tree 
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Moanasaurus mangahouangae from New Zealand is most closely related to the 

enigmatic Belgian specimen IRSNB 3211.  The Japanese specimen M. 

hobetsuensis and another taxon from New Zealand, represented by NZGS CD 

535, compose the rest of this clade.  Two other species currently assigned to 

Mosasaurus, M. mokoroa and M. prismaticus, are included within Mosasaurini, 

but are not as closely related to the two terminal clades.   

 Eight characters support the clade Mosasaurini in both the strict and 

majority rule consensus trees.  These characters are (37) a slightly obtuse 

posteroventral angle of the jugal; (47) a lack of fusion between the supra- and 

infrastapedial processes of the quadrate; (50) a thin quadrate ala; (53) a grooved 

anterolateral edge of the tympanic rim of the quadrate; (55) no upward deflection 

of the anterior edge of the quadrate mandibular condyle; (56) a convex 

mandibular condyle of the quadrate; (81) marginal tooth carinae without 

serrations (this trait is independently reversed in M. conodon and M. hoffmannii); 

and (125) blocky, hourglass-shaped phalanges.  Within Mosasaurini the clade 

recovered by the majority rule consensus tree consisting of (M. prismaticus (M. 

conodon, Plotosaurus)) is supported by character 21, a large parietal foramen; 

M. conodon and Plotosaurus are joined by their smooth, rather than ornamented 

tooth enamel (characters 77 and 78).  The “moanasaur” clade is supported by 

characters 35, a posterodorsal process of the maxilla overlapping the prefontal, 

and 77, and a lack of facets on the marginal teeth.  Within this clade, the sister-

group relationship between Moanasaurus mangahouangae and IRSNB 3211 is 

supported by frontal characters 10, frontal embayment for the external nares, and 

11, a lack of frontal midline ornamentation.  The genus Mosasaurus is also linked 

by these last two characters, but exhibits differing character states with the 

frontal not being embayed for the external nares, and the frontal bearing a sharp 

median dorsal ridge.  Other characters joining the species of Mosasaurus are 

(34) little to no dorsal excavation of the maxilla for the external naris; (67) a small 

posteromedial process on the coronoid; and (78) marginal teeth without fluting.  

Mosasaurus hoffmannii, M. lemonnieri, and IRSNB R12 are linked, to the 

exclusion of M. missouriensis by (52) short, anteriorly-facing basipterygoid 
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processes of the basisphenoid; (54) ventrally divergent quadrate median ridges; 

(65) distinct vertical tongue and groove in the articular faces of the splenial and 

angular; and (88) short, ovoid rib articular facets of the transverse processes.   

 The tertiary analysis, in which the ingroup was restricted to Mosasaurinae, 

returned fifteen most parsimonious trees with a length of 269 (Fig. 4.5).  The 

consistency index was higher than in the previous analyses (CI = 0.535) but the 

retention index was lower (RI = 0.593).  Once again, Mosasaurini was found to 

be monophyletic, and the main difference within this clade between the tertiary 

analysis and the secondary analysis was the relationship of Mosasaurus 

mokoroa to the other members of the clade.  In the tertiary analysis, M. mokoroa 

was found to belong to the clade containing M. prismaticus, M. conodon, and 

Plotosaurus bennisoni, as opposed to being the sister taxon to all other 

Mosasaurini.  The main source of variation within Mosasaurini was Mosasaurus 

hobetsuensis.  Removing M. hobetsuensis from the analysis resulted in complete 

resolution of Mosasaurini, but it is retained in the tree presented here because its 

combination of characters suggests that it does represent a valid taxon.  The 

instability of the relationships between M. hobetsuensis and the other 

Mosasaurini is probably due to the high number of characters that had to be 

marked as unknown.   

 

Discussion 

 None of the most parsimonious trees returned by the combined taxa 

analysis recovered a monophyletic Clidastes.  Most of the MPTs found the three 

species of Clidastes considered here to be successive outgroups to the rest of 

the more derived mosasaurines.  In each of these cases, C. propython was found 

to be the most basal, followed by C. liodontus, and C. moorvilensis was found to 

be the sister taxon to the rest of Mosasaurinae.  Six of the MPTs found a sister-

group relationship between C. liodontus and C. moorvilensis, but even in these 

replicates, C. propython was found to be the outgroup of all the more derived 

mosasaurines.  The strict consensus tree found C. propython to be the sister 

taxon to (C. liodontus, C. moorvilensis (derived Mosasaurinae)) without any  
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Figure 4.5 Tertiary analysis tree with synapomorphies mapped  
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resolution of C. liodontus and C. moorvilensis as being sister taxa.  The majority 

rule consensus reflects the Clidastes comb returned in most of the MPTs.   

 This lack of monophyly of Clidastes is not surprising, considering that 

LeBlanc et al. (2012) and Grigoriev (2013) were the only previous analyses to 

recover monophyletic relationships for this genus.  However, the morphology of 

the various species of Clidastes is superficially similar.  The frequency with which 

Clidastes is found to be paraphyletic (Bell, 1997; Dortangs et al., 2002; Bell and 

Polcyn, 2005; Caldwell and Palci, 2007; Palci et al., 2013) suggests that the 

concept of Clidastes as a taxon requires re-evaluation.   

 The New Zealand taxon Prognathodon waiparaensis was found to occupy 

a position between Mosasaurini and the grade of other prognathodontines.  This 

result aptly reflects its morphology, which appears to be intermediate between 

Mosasaurus and Prognathodon.  For example, this species exhibits Mosasaurus-

like teeth, supported in a Prognathodon-like lower jaw; the supra- and 

infrastapedial processes of the quadrate are fused, as is seen in Prognathodon 

and its relatives, but the vertebrae are large, as in Mosasaurus.  The accession 

records of the Canterbury Museum indicate that this specimen was collected 

over three separate excavations over a span of six years.  These records state 

that the collectors considered the elements to all represent a single individual.  It 

could be that skeletal elements from a Mosasaurus-like individual were combined 

with those of a Prognathodon, either in situ or during collection, or the taxon 

could actually represent this intermediate condition.  Until additional material is 

discovered, all the material currently associated with this specimen will be treated 

as a single taxon.   

 The genus that is the primary focus of this study, Mosasaurus, was also 

found to be paraphyletic.  This result was expected based on the diversity of 

morphologies exhibited by the various species currently assigned to this genus.  

In order to preserve the monophyly of the clade, the only species in current 

usage that should remain assigned to the genus are M. hoffmannii, M. 

lemonnieri, and M. missouriensis.  The specimen referred to M. hoffmannii by 

Lingham-Soliar (1995), IRSNB R12, also falls within a monophyletic Mosasaurus.  
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This specimen shows intermediate morphology between M. hoffmannii and M. 

lemonnieri, and could potentially represent a species separate from both.  The 

remaining valid species currently assigned to Mosasaurus, M. conodon, M. 

hobetsuensis, M. mokoroa, and M. prismaticus will either need to be reassigned 

to existing genera, or form the types for new genera.   

 A New Zealand taxon M. mokoroa either occupies a position basal to the 

derived Mosasaurini or as the sister taxon to (M. prismaticus (M. conodon, 

Plotosaurus bennisoni)).  An element that differentiates M. mokoroa from the rest 

of the mosasaurines is its frontal, which is uniquely elongated for that clade.  The 

quadrate morphology of M. mokoroa does unite it with the other mosasaurines, 

but the excavation of the dorsal border of its maxilla separates it from its 

congeners. Additional material of this species will help elucidate its relationships 

to the other taxa in the Mosasaurini clade.   

 An unexpected finding is the sister-group relationship between M. 

conodon and Plotosaurus.  Plotosaurus is considered to be one of the most 

derived mosasaurs (Lindgren et al., 2008; LeBlanc et al., 2013), and from what 

little is known of M. conodon, its morphology appears to be much less 

specialized.  The dorsal process of the coronoid is extremely elongated in 

Plotosaurus, which is not seen in M. conodon, and the humerus of Plotosaurus is 

the shortest, relative to the width across its distal condyles, of any known 

mosasaur.  The characters (77 and 78) that pull these two taxa together are 

related to the character reversal from carinated teeth with or without additional 

ornamentation of the enamel to smooth, unornamented enamel of the marginal 

dentition (Fig. 4.5).  A character (21) that unites these sister-species with M. 

prismaticus is the large size of the parietal foramen, but the state of this feature is 

unknown for M. conodon, considering that no parietal is known for this species.  

The limited material of M. conodon allows the relatively plastic tooth characters to 

support this sister-group relationship.  The secondary analysis was run again, 

without M. conodon, but excluding this species did not improve the resolution of 

the results.   
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 The new clade of taxa related to Moanasaurus is quite interesting.  The 

clade appears to be endemic to the Pacific, with only the Belgian specimen 

IRSNB 3211 indicating colonization of a different ocean.  The species within this 

clade exhibit a wide range of morphologies, from the extremely gracile skull of 

IRSNR 3211, through the intermediate proportions of Moanasaurus 

mangahouangae, to NZGS CD 535, which is robust enough to have been 

originally classified as a Prognathodon.  A feature that unites the New Zealand 

specimens, originally assigned to three separate taxa, with M. hobetsuensis is 

the uniquely pinched carinae.  The other Japanese specimen, M. prismaticus, 

also exhibits this feature, but the proportions of braincase elements do differ 

slightly between M. prismaticus and Moanasaurus.  However, if more overlapping 

material is found for these species, it is possible that more similarities between 

them will be discovered. The diversity of this clade lends further support to the 

trend of increases in Mosasaurine divergence throughout the late Campanian 

and Maastrichtian.   

 

Conclusions 

 The phylogenetic analyses support the morphological interpretation that 

Mosasaurus, when considering the ten species currently assigned to the genus 

and considered valid, is not monophyletic. However, the analyses do support a 

monophyletic clade containing these species and other related taxa.  

Mosasaurini contains a clade of Mosasaurus from the Western Interior Sea, the 

opening Atlantic Ocean, and the diminishing Tethys Sea; a clade of 

“moanasaurs” from the western Pacific and Tethys/Atlantic margin; and an 

unexptected clade composed of M. conodon from the western Atlantic, 

Plotosaurus from the eastern Pacific, and M. prismaticus from the western 

Pacific.  Of the three species of Mosasaurus traditionally included in the genus 

for the purpose of phylogenetic analyses, one, M. conodon, is found to lack 

support for continued inclusion within a monophyletic Mosasaurus, which is also 

supported by the differing morphology it exhibits.   
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 The results of the phylogenetic analyses, particularly the paraphyly of 

Mosasaurus, indicate that significant taxonomic revisions will be necessary.  The 

following chapter will use the new diagnosis of Mosasaurus from Chapter Two, 

the morphological comparisons from Chapter Three, and the phylogenetic 

analysis of this chapter to evaluate and amend the taxonomy of Mosasaurus 

specifically and Mosasaurini as a whole. 
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Appendix 4A: Annotated character list 

Character list and descriptions are taken from Palci et al. (2013), where the 

character list can be found in the supplementary material.  That study in turn was 

based on the previous analysis of LeBlanc et al. (2012).  Following the 

conventions used in Palci et al. (2013) any modified character descriptions are 

labeled (mod) following the character number, and any original characters are 

marked (new).  In any instance where the addition, removal, or rearrangement of 

characters results in a change to the character number, the original character 

numbers of Palci et al. (2013) are given in brackets following the current number. 

1) Premaxilla predental rostrum I: total lack of a bony rostrum (0); or presence of 

any predental rostrum (1). In lateral profile, the anterior end of the premaxilla 

either exhibits some bony anterior projection above the dental margin, or the 

bone recedes posterodorsally from the dental margin. State 1 produces a 

relatively taller lateral profile with an obvious ‘bow’ or ‘prow.’  

2) (mod) Premaxilla predental rostrum II: rostrum very short and obtuse (0); or 

rostrum distinctly protruding and tapered (1); or rostrum elongated and blunt (2). 

In state 0 the rounded rostrum is less than one tooth position long.  In state 1 the 

rostrum is approximately one tooth position long (can be slightly shorter or 

longer) and tapers anteriorly.  In state 2 the rostrum is more than one tooth 

position long and forms a robust prow.  

3) Premaxilla toothrow shape: bone broadly arcuate anteriorly (0); or relatively 

narrowly arcuate or acute anteriorly (1). In virtually all lizards the premaxilla is a 

very widely arcuate and lightly constructed element, and the base of the 

internarial process is quite narrow as in Aigialosaurus bucchichi. All other 

mosasaurids have a very narrowed premaxilla with the teeth forming a tight curve 

and the internarial process being proportionally wider (state 1).  

4) Premaxilla internarial bar width: narrow, distinctly less than half of the 

maximum width of the rostrum in dorsal view (0); or wide, being barely narrower 
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than the rostrum (1).  

5) Premaxilla internarial bar base shape: triangular (0); or rectangular (1). A 

vertical cross-section through the junction of the internarial bar and the 

dentigerous rostrum produces an inverted triangle in most taxa. But in state 1, 

this cross-section is transversely rectangular because the broad ventral surface 

of the bar is planar.  

6) Premaxilla internarial bar dorsal keel: absent (0); or present (1). In state 1 a 

ridge rises above the level of a normally smoothly continuous transverse arch 

formed by the bones of the anterior muzzle.  

7) Premaxilla internarial bar venter: with entrance for the fifth cranial nerve close 

to rostrum (0); or far removed from rostrum (1). The conduit that marks the path 

of the fifth cranial nerve from the maxilla into the premaxilla is expressed as a 

ventrolateral foramen within the premaxillo-maxillary sutural surface at the 

junction of the internarial bar and the dentigerous rostrum. State 1 includes a 

long shallow groove on the ventral surface of the bar. Anteriorly, this groove 

becomes a tunnel entering the bone at an extremely shallow angle, but 

disappearing below the surface at least 1 cm behind the rostrum.  

8) Frontal shape in front of the orbits: sides sinusoidal (0); or bone nearly 

triangular and sides relatively straight (1). In state 1, the area above the orbits is 

expanded and an isosceles triangle is formed by the rectilinear sides. In certain 

taxa, a slight concavity is seen above the orbits, but anterior and posterior to this, 

there is no indication of a sinusoidal or recurved edge.  

9) Frontal width: element broad and short (0); intermediate dimensions (1); or 

long and narrow (2). Mosasauroid frontals can be separated into a group that 

generally has a maximum length to maximum width ratio greater than 2:1 (state 

2), between 1.5:1 and 2:1 (state 1), or equal to or less than 1.5:1 (state 0).  

10) Frontal narial emargination: frontal not invaded by posterior end of nares (0); 

or distinct embayment present (1). In some mosasauroids, the posterior ends of 
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the nares are concomitant with the anterior terminus of the frontal-prefrontal 

suture and, therefore, there is no marginal invasion of the frontal by the opening. 

However, in other mosasauroids this suture begins anterior and lateral to the 

posterior ends of the nares, causing a short emargination into the frontal.  

11) (mod) Frontal midline dorsal ornamentation: none (0); or low, fairly 

inconspicuous keel (1); or high, thin, well-developed ridge (2); or groove (3).  

12) Frontal ala shape: sharply acuminate (0); or more broadly pointed or rounded 

(1). In state 0, the anterolateral edge of the ala is smoothly concave, thus helping 

to form the sharply pointed or rounded and laterally oriented posterior corners. In 

some forms the anterolateral edge of the ala may be concave, but the tip is not 

sharp and directed laterally.  

13) Frontal olfactory canal embrasure: canal not embraced ventrally by 

descending processes (0); or canal almost or completely enclosed below (1). In 

state 1, very short descending processes from the sides of the olfactory canal 

surround and almost, or totally, enclose the olfactory nerve.  

14) Frontal posteroventral midline: tabular boss immediately anterior to the 

frontal-parietal suture absent (0); or present (1). A triangular boss with a flattened 

ventral surface at the posterior end of the olfactory canal is represented by state 

1.  

15) Frontal-parietal suture: apposing surfaces with low interlocking ridges (0); or 

with overlapping flanges (1). In state 0, an oblique ridge on the anterior sutural 

surface of the parietal intercalates between a single median posterior and a 

single lateral posterior ridge from the frontal. In state 1, these ridges are 

protracted into strongly overlapping flanges. The dorsal trace of the suture can 

be quite complex with a portion of the parietal embraced by the posterior 

extension of these frontal flanges.  

16) Frontal-parietal suture overlap orientation: suture with oblique median frontal 

and parietal ridges contributing to overlap (0); or with all three ridges almost 
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horizontal (1). In state 0, the median ridge from the frontal and the single parietal 

ridge are oriented at a distinct angle to the upper skull surface while the outer, or 

lateral, frontal ridge appears to be nearly horizontal. In Tylosaurus nepaeolicus 

and T. proriger (state 1), the obliquity of the intercalating ridges is reclined almost 

to the horizontal, greatly extending the amount of lateral overlap.  

17) Frontal invasion of parietal I: lateral sutural flange of frontal posteriorly 

extended (0); or median frontal sutural flange posteriorly extended (1); or both 

extended (2); or suture straight (3). In all mosasaurines the oblique median 

frontal sutural ridge extends onto the dorsal surface of the parietal table and 

embraces a portion of the anterior table within a tightly crescentic midline 

embayment. In Plioplatecarpus and Platecarpus, the lateral oblique sutural ridge 

from the frontal is greatly protracted posteriorly to cause a large, anteriorly 

convex embayment in the dorsal frontal-parietal suture. In this case the entire 

posterolateral corner of the frontal is extended backwards to embrace the 

anterolateral portion of the parietal table on both sides. Consequently, the 

parietal foramen is very widely embraced laterally and the oblique anterior sutural 

ridge of the parietal occupies a position inside the embayment within the frontal.  

18) Frontal medial invasion of parietal II: if present, posteriorly extended median 

sutural flange short (0); or long (1). The median oblique sutural flange is either 

short, not reaching back to the parietal foramen (state 0), or tightly embraces the 

foramen while extending backwards to a position even with or beyond its 

posterior edge (state 1).  

19) Parietal length: dorsal surface relatively short with epaxial musculature 

insertion posterior, between suspensorial rami only (0); or dorsal surface 

elongate, with epaxial musculature insertion dorsal as well as posterior (1).  

20) Parietal table shape: generally rectangular to trapezoidal, with sides 

converging, but not meeting (0); or triangular, with sides contacting in front of 

suspensorial rami (1); or triangular table with posterior portion forming 

parasagittal crest or ridge (2).  
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21) Parietal foramen size: relatively small (0); or large (1). If the foramen is 

significantly larger or if the distance across the foramen is more than half the 

distance between it and the nearest edge of the parietal table, the derived state 

is achieved.  

22) Parietal foramen position: foramen generally nearer to center of parietal 

table, well away from frontal-parietal suture (0); or close to or barely touching 

suture (1); or huge foramen straddling suture and deeply invading frontal (2). 

Generally in state 1, the distance from the foramen to the suture is about equal to 

or less than one foramen’s length.  

23) Parietal foramen ventral opening: opening is level with main ventral surface 

(0); or opening surrounded by a rounded, elongate ridge (1).  

24) Parietal posterior shelf: presence of a distinct horizontal shelf projecting 

posteriorly from between the suspensorial rami (0); or shelf absent (1). In some 

mosasauroids, a somewhat crescent-shaped shelf (in dorsal view) lies at the 

posterior end of the bone medial to, and below, the origination of the 

suspensorial rami. 

25) Parietal suspensorial ramus compression: greatest width vertical or oblique 

(0); or greatest width horizontal (1). In Tylosaurus, the anterior edge of the ramus 

begins very low on the lateral wall of the descending process, leading to 

formation of a proximoventral sulcus, but the straps are horizontal distally.  

26) Parietal union with supratemoral: suspensorial ramus from parietal overlaps 

supratemporal without interdigitation (0); or forked distal ramus sandwiches 

proximal end of supratemporal (1).  

27) Prefrontal supraorbital process: process absent, or present as a very small 

rounded knob (0); or a distinct, to large, triangular, or rounded overhanging wing 

(1).  

28) Prefrontal contact with postorbitofrontal: no contact at edge of frontal (0); or 
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elements in contact there (1). State 1 is usually described as the frontal being 

emarginated above the orbits. Often this character can be evaluated by 

examining the ventral surface of the frontal where depressions outline the limits 

of the sutures for the two ventral elements.  

29) Prefrontal-postorbitofrontal overlap: prefrontal overlapped ventrally by 

postorbitofrontal (0); or prefrontal overlapped laterally (1). Postorbitofrontal 

ventral overlap of the prefrontal is extreme in Platecarpus tympaniticus and 

Plioplatecarpus, such that there is even a thin flange of the frontal interjected 

between the prefrontal above and the postorbitofrontal below. In T. proriger, the 

postorbitofrontal sends a long narrow process forward to fit into a lateral groove 

on the prefrontal. In Plesiotylosaurus, the overlap is relatively short and more 

oblique, and there is no groove on the prefrontal.  

30) Postorbitofrontal body shape: narrow (0); or wide (1). In Clidastes and the 

Globidensini, the lateral extent of the element is almost equal to half of the width 

of the frontal and the outline of the bone is basically squared.  

31) Postorbitofrontal transverse dorsal ridge: absent (0); or present (1). In state 

1, an inconspicuous, low, and narrowly rounded ridge traces from the 

anterolateral corner of the parietal suture across the top of the element to 

disappear behind the origin of the jugal process.  

32) Maxilla tooth number: 20–24 (0); or 17–19 (1); or 15–16 (2); 14 (3); 13 (4); 12 

(5).  

33)Maxillo-premaxillary suture posterior terminus: suture ends above a point that 

is anterior to or level with the midline of the fourth maxillary tooth (0); or between 

the fourth and ninth teeth (1); or level with or posterior to the ninth tooth (2). 

These somewhat arbitrary divisions of the character states are meant to describe 

in more concrete terms those sutures that terminate far anteriorly, those that 

terminate less anteriorly, and those that terminate near the midlength of the 

maxilla, respectively.  
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34) (new) Narial excavation in dorsal margin of maxilla in lateral view: maxilla 

dorsally concave due to narial excavation (0); maxilla dorsally straight to convex 

due to little or no narial excavation (1).  In state 1 the maxilla may be revealed to 

be shallowly excavated in dorsal or medial view. 

35)[34] Maxilla posterodorsal process: recurved wing of maxilla dorsolaterally 

overlaps a portion of the anterior end of the prefrontal (0); or process absent (1).  

36)[35] Maxilla posterodorsal extent: recurved wing of maxilla excludes prefrontal 

from contributing to posterolateral edge of external naris (0); or does not (1).  

37)[36] Jugal posteroventral angle: angle very obtuse or curvilinear (0); or slightly 

obtuse, near 120° (1); or 90° (2).  

38)[37] Jugal posteroventral process: absent (0); or present (1).  

39)[38] Ectopterygoid contact with maxilla: present (0); or absent (1).  

40) (new) Ectopterygoid posterior margin: posterior margin of medial process 

even (0); posterior margin of medial process with posterior eminence (1).  In 

state 0 the posterior border of the element is uninterrupted.  In state 1 the 

posterior of the medial process is indented medially by a fossa for the 

ectopterygoid process of the pterygoid, and this fossa is bounded laterally by a 

triangular eminence that would have braced the termination of the ectopterygoid 

process of the pterygoid.  

41)[131] Ectopterygoid process of pterygoid: distal portion of process not offset 

anterolaterally and/or lacking longitudinal grooves and ridges (0); distal portion of 

process is offset anterolaterally and bears longitudinal grooves and ridges (1). 

42)[39] Pterygoid tooth row elevation: teeth arise from robust, transversely 

flattened, main shaft of pterygoid (0); or teeth arise from thin pronounced vertical 

ridge (1). In state 0, the teeth emanate from the relatively planar surface of the 

thick, slightly dorsoventrally compressed main shaft of the pterygoid. In state 1, a 

tall, thin dentigerous ridge emanates ventrally from a horizontal flange that forms 
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the base of the quadratic ramus and the ectopterygoid process, thus causing the 

main shaft to be trough-shaped. Although the selected outgroup (Varanus) does 

not possess pterygoid teeth the primitive condition was coded as state 0 because 

that is the condition observed in fossil varanoids like Ovoo gurval and basal 

anguimorphs like Ophisaurus apodus.  

43)[40] Pterygoid tooth size: anterior teeth significantly smaller than marginal 

teeth (0); or anterior teeth large, approaching size of marginal teeth (1).   

44)[41] Quadrate suprastapedial process length: process short, ends at a level 

well above midheight (0); or of moderate length, ending very near midheight (1); 

or long, distinctly below midheight (2).  

45)[42] Quadrate suprastapedial process constriction: distinct dorsal constriction 

(0); or virtually no dorsal constriction (1). Lack of constriction results in an 

essentially parallel-sided process in posterodorsal view, but can also include the 

tapering form characteristic of some Tylosaurus.  

46)[43] Quadrate suprastapedial ridge: if present, ridge on ventromedial edge of 

suprastapedial process indistinct, straight and/or narrow (0); or ridge wide, 

broadly rounded, and curving downward, especially above stapedial pit (1).  

47)[44] Quadrate suprastapedial process fusion: no fusion present (0); or 

process fused to, or in extensive contact with, elaborated process from below (1). 

A posterior rugose area may be inflated and broadened mediolaterally to partially 

enclose the ventral end of a broad and elongate suprastapedial process as in 

Halisaurus. In Globidens, Prognathodon, and Plesiotylosaurus, the process is 

fused ventrally to a narrow pedunculate medial extension of the tympanic rim. A 

similar condition is present in Ectenosaurus, except that the tympanic rim is not 

medially extended and has a short projection that overlaps a portion of the 

suprastapedial process posteriorly.  

48)[45] Quadrate stapedial pit shape: pit broadly oval to almost circular (0); or 

relatively narrowly oval (1); or extremely elongate with a constricted middle (2). In 
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state 0, the length to width ratio is less than 1.8:1; in state 1 it ranges from 1.8:1 

to 2.4:1; and in state 2, it is greater than 2.4:1.  

49)[46] Quadrate posteroventral ascending tympanic rim condition: ascending 

ridge small or absent (0); or a high, elongate triangular crest (1); or a crest 

extremely produced laterally (2). In state 1, this extended rim causes a fairly 

deep sulcus in the ventral portion of the intratympanic cavity. In Plioplatecarpus, 

the entire lower tympanic rim and ala are expanded into a large conch (state 2), 

which tremendously increases the depth of the intratympanic cavity.  

50)[47] Quadrate ala thickness: ala thin (0); or thick (1). In state 0, the bone in 

the central area of the ala is only about 1 mm thick in medium-sized specimens 

and that area is usually badly crushed or completely destroyed. Alternatively, the 

ala extends from the main shaft with only minor thinning, providing a great deal of 

strength to the entire bone.  

51)[48] Quadrate conch: ala and main shaft encompassing a deeply bowled area 

(0); or alar concavity shallow (1). A relatively deeper sulcus in the anterior part of 

the intratympanic cavity and more definition to the ala and the main shaft are 

features of state 0.   

52)[49] (mod) Basisphenoid pterygoid process shape: process relatively narrow 

with articular surface facing mostly anterolaterally (0); somewhat thinner, more 

fan- shaped with a posterior extension of the articular surface causing a more 

lateral orientation (1); or process short with articular surface facing anteriorly (2).  

53)[50] Quadrate ala groove: absent (0); or long, distinct, and deep groove 

present in anterolateral edge of ala (1); or groove along dorsal margin of 

quadrate ala (2).  

54)[51] Quadrate median ridge: single thin, high ridge, dorsal to ventral (0); or 

ridge low and rounded with divergent ventral ridges (1).  

55)[52] Quadrate anterior ventral condyle modification: no upward deflection of 
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anterior edge of condyle (0); or distinct deflection present (1). A relatively narrow 

bump in the otherwise horizontal trace of the anterior articular edge is also 

supertended by a sulcus on the anteroventral face of the bone.  

56)[53] Quadrate ventral condyle: condyle saddle-shaped, concave in 

anteroposterior view (0); or gently domed, convex in any view (1).  

57)[54] Basioccipital tubera size: short (0); or long (1). Long tubera are typically 

parallel-sided in posterior profile and protrude ventrolaterally at exactly 45° from 

horizontal. Short tubera have relatively large bases that taper distally, and 

emanate more horizontally.  

58)[55] Basioccipital tubera shape: tubera not anteroposteriorly elongate (0); or 

anteroposteriorly elongate with rugose ventrolateral surfaces (1).  

59)[56] Basioccipital canal: absent (0); or present as a pair separated by a 

median septum (1); or present as a single bilobate canal (2).  

60)[57] Dentary tooth number: 20–24 (0); 17–19 (1); 15–16 (2); 14 (3); 13 (4); 12 

(5). It is easy to assume this character is correlated with the number of maxillary 

teeth, except that is not the case in Ectenosaurus clidastoides, which has 16 or 

17 maxillary teeth and only 13 dentary teeth.  

61)[58] Dentary anterior projection: projection of bone anterior to first tooth 

present (0); or absent (1).  

62)[59] Dentary anterior projection length: short (0); or long (1). In state 1, the 

projection of bone anterior to the first tooth is at least the length of a complete 

tooth space.  

63)[60] Dentary medial parapet: parapet positioned at base of tooth roots (0); or 

elevated and strap-like, enclosing about half of height of tooth attachment in 

shallow channel (1), or strap equal in height to lateral wall of bone (2). States 1 

and 2 are possible sequential stages of modification from a classically pleurodont 

dentition to the typical mosasaur ‘sub-thecodont’ dentition.  



 246 

64)[61] Splenial-angular articulation shape: splenial articulation in posterior view 

almost circular (0); or laterally compressed (1).  

65)[62] Splenial-angular articular surface: essentially smooth concavoconvex 

surfaces (0); or distinct vertical tongues and grooves present (1).  

66[63] Coronoid shape: coronoid with slight dorsal curvature, posterior wing not 

widely fan-shaped (0); or very concave above, posterior wing greatly expanded 

(1).  

67)[64] Coronoid posteromedial process: small but present (0); or absent (1).  

68)[65] Coronoid medial wing: does not reach angular (0); or contacts angular 

(1).  

69)[66] Coronoid posterior wing: without medial crescentic pit (0); or with distinct 

excavation (1). In state 1, there is a posteriorly open, ‘C’-shaped excavation in 

the medial side of the posterior wing of this element.  

70)[67] Surangular coronoid buttress: low, thick, about parallel to lower edge of 

mandible (0); or high, thin, rapidly rising anteriorly (1). A rounded dorsal edge of 

the surangular remains almost parallel to the ventral edge as it approaches the 

posterior end of the coronoid, meeting the latter element near its posteroventral 

edge in state 0. In state 1, the dorsal edge rises and thins anteriorly until meeting 

the posterior edge of the coronoid near its apex, producing a triangular posterior 

mandible in lateral aspect.  

71)[68] Surangular-articular suture position: behind the condyle in lateral view 

(0); or at middle of glenoid on lateral edge (1). In state 1, there is usually an 

interdigitation in the dorsal part of the suture.  

72)[69] Surangular-articular lateral suture trace: suture descends and angles or 

curves anteriorly (0); or is virtually straight throughout its length (1). In state 1, the 

suture trails from the glenoid posteriorly about halfway along the dorsolateral 

margin of the retroarticular process, then abruptly turns anteriorly off the edge 
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and strikes in a straight line for the posterior end of the angular.  

73)[70] Articular retroarticular process inflection: moderate inflection, less than 

60° (0); or extreme inflection, almost 90° (1).  

74)[71] Articular retroarticular process innervation foramina: no large foramina on 

lateral face of retroarticular process (0); or one to three large foramina present 

(1).  

75)[72] Tooth surface I: teeth finely striate medially (0); or not medially striate (1). 

In “Russellosaurinae,” medial tooth striations are very fine and groups of tightly 

spaced striae are usually set apart by facets, leading to a fasciculate 

appearance.  

76)[73] Tooth surface II: teeth not coarsely textured (0); or very coarsely 

ornamented with bumps and ridges (1). In both species of Globidens and in 

Prognathodon overtoni, the coarse surface texture is extreme, consisting of thick 

pustules, and vermiform or anastomosing ridges. Teeth in P. rapax are smooth 

over the majority of their surface, but usually a few widely scattered, large, very 

long, sharp-crested vermiform ridges are present.  

77)[74] Tooth facets: absent (0); or present (1). Halisaurus teeth are smoothly 

rounded except for the inconspicuous carinae. Clidastes is described in 

numerous places as having smooth unfaceted teeth, but many immature 

individuals and some larger specimens have teeth with three distinct facets on 

the medial faces. Adult Tylosaurus proriger has indistinct facets. Mosasaurus has 

taken this characteristic to the extreme.  

78)[75] Tooth fluting: absent (0); or present (1). In Ectenosaurus, and some 

Platecarpus planifrons, several broadly rounded vertical ridges alternate with 

shallow, round-bottomed grooves completely around the teeth.  

79)[76] Tooth inflation: crowns of posterior marginal teeth conical, tapering 

throughout (0); or crowns of posterior marginal teeth swollen near the tip or 
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above the base (1).The rear teeth of Globidens and Prognathodon overtoni are 

distinctly fatter than other mosasauroid teeth, but those of P. rapax are also 

swollen immediately distal to the base.  

80)[77] Tooth carinae I: absent (0); or present but extremely weak (1); or strong 

and elevated (2). Halisaurus exhibits the minimal expression of this character 

(state 1) in that its marginal teeth are almost perfectly round in cross-section; the 

carinae are extremely thin and barely stand above the surface of the teeth.  

81)[78] Tooth carinae serration: absent (0); or present (1).  

82)[79] Tooth replacement mode: replacement teeth form in shallow excavations 

(0); or in subdental crypts (1). All mosasauroids that can be evaluated have an 

‘anguimorph’ type of tooth replacement, which is to have interdental positioning 

of replacement teeth and resorption pits associated with each.  

83)[80] Atlas neural arch: notch in anterior border (0); or no notch in anterior 

border (1).  

84)[81] Atlas synapophysis: extremely reduced (0); or large and elongate (1). In 

state 1, a robust synapophysis extends well posteroventral to the medial articular 

surface for the atlas centrum, and it may be pedunculate (Clidastes) or with a 

ventral ‘skirt’ that gives it a triangular shape (Mosasaurus). A very small 

triangular synapophysis barely, if at all, extends posterior to the medial articular 

edge in state 0.  

85)[82] Zygosphenes and zygantra: absent (0); or present (1). This character 

assesses only the presence of zygosphenes and zygantra, not their relative 

development. Nonfunctional and functional are considered as present. Although 

the selected outgroup (Varanus) does not possess zygosphene and zygantra the 

primitive condition was coded as present because these structures can be 

observed in primitive varanoids like Saniwa.  

86)[83] Zygosphene and zygantra number: present on many vertebrae (0); or 
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present on only a few (1). State 0 is indicated when zygosphenes/zygantra are 

present into the dorsal series. 

87)[84] Hypapophyses: last hypapophysis occurs on or anterior to seventh 

vertebra (0); or on eight or posteriorly (1).  

88)[85] Synapophysis height: facets for rib articulations tall and narrow on 

posterior cervicals and anterior trunk vertebrae (0); or facets ovoid, shorter than 

the centrum height on those vertebrae (1).  

89)[86] Synapophysis length: synapophyses of middle trunk vertebrae not 

laterally elongate (0); or distinctly laterally elongate (1). The lateral extension of 

the synapophyses from the middle of the trunk is as much as 70–80% of the 

length of the same vertebra is represented by state 1.  

90)[87] Synapophysis ventral extension: synapophyses extend barely or not at all 

below ventral margin of cervical centra (0); or some extend far below ventral 

margin of centrum (1). In state 1, two or more anterior cervical vertebrae have rib 

articulations that dip well below the centrum, causing a very deeply concave 

ventral margin in anterior profile.  

91)[88] Vertebral condyle inclination: condyles of trunk vertebrae inclined (0); or 

condyles vertical (1).  

92)[89] Vertebral condyle shape I: condyles of anterior-most trunk vertebrae 

extremely dorsoventrally depressed (0); or essentially equidimensional (1). In 

state 0, posterior height: width ratios of anterior trunk vertebrae are close to 2:1. 

In state 1, they are between to 4:3 and 1:1.  

93)[90] Vertebral condyle shape II: condyles of posterior trunk vertebrae not 

higher than wide (0); or slightly compressed (1). In state 1, the posterior condylar 

aspect reveals outlines that appear to be higher than wide and even perhaps 

slightly subrectangular, due to the slight emargination for the dorsal nerve cord.  

94)[91] Vertebral synapophysis dorsal ridge: sharp ridge absent on posterior 
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trunk synapophyses (0); or with a sharp-edged and anteriorly precipitous ridge 

connecting distal synapophysis with prezygapophysis (1). In state 0, the ridge in 

question, if present, may be incomplete or it may be rounded across the crest 

with the anterior and posterior sides about equally sloping.  

95)[92] Vertebral length proportions: cervical vertebrae distinctly shorter than 

longest vertebrae (0); or almost equal or are the longest (1).  

96)[93] Presacral vertebrae number I: relatively few, 32 or less (0); or numerous, 

39 or more (1). Here, presacral vertebrae are considered to be all those anterior 

to the first bearing an elongate transverse process.  

97)[94] Presacral vertebrae number II: if few, then 28 or 29 (0); 30 or 31 (1).  

98)[95] Sacral vertebrae number: two (0); or less than two (1). Numerous well- 

preserved specimens of derived mosasauroids have failed to show any direct 

contact of the pelvic girdle with vertebrae in the sacral area. Certainly, no 

transverse processes bear any type of concave facet for the ilium, and so it is 

generally assumed that a ligamentous contact was established with only one 

transverse process. Depending on one’s perspective, it could be said that 

derived mosasauroids have either no or one sacral vertebra.  

99)[96] Caudal dorsal expansion: neural spines of tail all uniformly shortened 

posteriorly (0); or several spines dorsally elongated behind middle of tail (1).  

100)[97] Haemal arch length: haemal arches about equal in length to neural arch 

of same vertebra (0); or length about 1.5 times greater than neural arch length 

(1). This ratio may be as great as 1.2:1 in state 0. Comparison is most accurate 

in the middle of the tail and is consistent even on those vertebrae in which the 

neural spines are also elongated.  

101)[98] Hemal arch articulation: arches articulating (0); or arches fused to centra 

(1).  

102)[99] Tail curvature: no structural downturn of tail (0); or tail with curved 
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posterior portion (1).  

103)[100] Body proportions: head and trunk shorter than or about equal to tail 

length (0); or head and trunk longer than tail (1).  

104)[101] Scapula/coracoid size: both bones about equal (0); or scapula about 

half the size of coracoid (1).  

105)[102] Scapula width: no anteroposterior widening (0); or distinct fan-shaped 

widening (1); or extreme widening (2). In state 0, the anterior and posterior edges 

of the scapula encompass less than one quarter of the arc of a circle, but in state 

1, the arc is increased to approximately one third. In state 2, the distal margin 

encompasses almost a half-circle and the anterior and posterior borders can be 

of almost equal length.  

106)[103] Scapula dorsal convexity: if scapula widened, dorsal margin very 

convex (0); or broadly convex (1). In state 0, the anteroposterior dimension is 

almost the same as the proximodistal dimension. In state 1, the anteroposterior 

dimension is much larger.  

107)[104] Scapula posterior emargination: posterior border of bone gently 

concave (0); or deeply concave (1). In state 1, there is a deeply arcuate 

emargination on the posterior scapular border, just dorsal to the glenoid. It is 

immediately bounded dorsally by a corner, which begins a straight-edged 

segment that continues to the dorsal margin.  

108)[105] Scapula-coracoid suture: unfused scapula-coracoid contact has 

interdigitate suture anteriorly (0); or apposing surfaces without interdigitation (1).  

109)[106] Coracoid neck elongation: neck rapidly tapering from medial corners to 

a relatively broad base (0); or neck gradually tapering to a relatively narrow base 

(1). In state 1, this character describes an outline of the bone, which is nearly 

symmetrical and gracefully fan-shaped, with gently concave, nearly equidistant 

sides.  
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110)[107] Coracoid anterior emargination: present (0); or absent (1).  

111)[108] Humerus length: humerus distinctly elongate, about three or more 

times longer than distal width (0); or greatly shortened, about 1.5 to 2 times 

longer than distal width (1); or length and distal width virtually equal (2); or distal 

width slightly greater than length (3).  

112)[109] Humerus postglenoid process: absent or very small (0); or distinctly 

enlarged (1).  

113)[110] Humerus glenoid condyle: if present, condyle gently domed and 

elongate, ovoid in proximal view (0); or condyle saddle-shaped, subtriangular in 

proximal view and depressed (1); or condyle highly domed or protuberant and 

short ovoid to almost round in proximal view (2). In some taxa, the condylar 

surfaces of the limbs were finished in thick cartilage and there was no bony 

surface of the condyle to be preserved. This condition is scored as not 

represented. In some taxa, the glenoid condyle extends more proximally than 

does the postglenoid process (state 2), and it is not ovoid as state 0. 

114)[111] Humerus deltopectoral crest: crest undivided (0); or split into two 

separate insertional areas (1). In state 1, the deltoid crest occupies an 

anterolateral or anterior position confluent with the glenoid condyle, while the 

pectoral crest occupies a medial or anteromedial area that may or may not be 

confluent with the glenoid condyle. The deltoid crest is often quite short, broad, 

and indistinct, being easily erased by degradational taphonomic processes.  

115)[112] Humerus pectoral crest: located anteriorly (0); or medially (1). In state 

1, the pectoral crest is located near the middle of the flexor (or medial) side on 

the proximal end of the bone.  

116)[113] Humerus ectepicondylar groove: groove or foramen present on 

distolateral edge (0); or absent (1).  

117)[114] Humerus ectepicondyle: absent (0); or present as a prominence (1). A 
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radial tuberosity is reduced in size in Prognathodon, but very elongated in 

Plesiotylosaurus.  

118)[115] Humerus entepicondyle: absent (0); or present as a prominence (1). 

The ulnar tuberosity protrudes posteriorly and medially from the posterodistal 

corner of the bone immediately proximal to the ulnar facet, causing a substantial 

dilation of the posterodistal corner of the humerus.  

119)[116] Radius shape: radius not expanded anterodistally (0); or slightly 

expanded (1); or broadly expanded (2).  

120)[117] Ulna contact with centrale: broad ulnare prevents contact (0); or ulna 

contacts centrale (1). In state 1, the ulnare is omitted from the border of the 

antebrachial foramen. There is usually a well-developed faceted articulation 

between the ulna and the centrale (or intermedium, as used by Russell, 1967).  

121)[118] Radiale size: large and broad (0); or small to absent (1).  

122)[119] Carpal reduction: carpals number six or more (0); or five or less (1).  

123)[120] Pisiform: present (0); or absent (1).  

124)[121] Metacarpal I expansion: spindle-shaped, elongate (0); or broadly 

expanded (1). The broad expansion is also associated with an anteroproximal 

overhanging crest in every case observed.  

125)[121] Phalanx shape: phalanges elongate, spindle-shaped (0); or blocky, 

hourglass-shaped (1). Mosasaurus and Plotosaurus have phalanges that are 

slightly compressed and anteroposteriorly expanded on both ends.  

126)[123] Ilium crest: crest blade-like, articulates with sacral ribs (0); or elongate, 

cylindrical, does not articulate with sacral ribs (1).  

127)[124] Ilium acetabular area: arcuate ridge supertending acetabulum (0); or 

acetabulum set into broad, short ‘V’-shaped notch (1). The primitive ilium has the 
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acetabulum impressed on the lateral wall of the bone, with a long narrow crest 

anterodorsally as the only surrounding topographic feature. In state 1, the 

acetabular area is set into a short, broadly ‘V’-shaped depression that tapers 

dorsally. The lateral walls of the ilium are therefore distinctly higher than the rim 

of the acetabulum.  

128)[125] Pubic tubercle condition: tubercle an elongate protuberance (0); or a 

thin semicircular crest-like blade located close to the acetabulum (1).  

129)[126] Ischiadic tubercle size: elongate (0); or short (1). In state 0, the 

tubercle is as long as the shaft of the ischium is wide, but it is only a short narrow 

spur in state 1.  

130)[127] Astragalus: notched emargination for the crural foramen, without 

pedunculate fibular articulation (0); or without notch, pedunculate fibular 

articulation present (1). For state 0, the tibia and fibula are of equal length about 

the crural foramen and the astragalus contacts both to about the same degree. 

The form of the latter element is symmetrical and subcircular with a sharp 

proximal notch. In state 1, the outline of the element is basically reniform and the 

tibial articulation is on the same line as the crural emargination. The fibula is also 

shortened and its contact with the astragalus is narrow.  

131)[128] Appendicular epiphyses: formed from ossified cartilage (0); or from 

thick unossified cartilage (1); or epiphyses missing or extremely thin (2). Ends of 

the limb bones show distinct vascularization and rugose surfaces indicating an 

apparently thick non-vascularized, unossified cartilage cap. Extremely smooth 

articular surfaces suggest the epiphyses were excessively thin or perhaps lost.  

132)[129] Hyperphalangy: absent (0); or present (1). Hyperphalangy is defined 

as presence of one or more extra phalanges as compared to the primitive 

amniote formula of 2-3-4-5-3.  

133) [130] Posterior thoracic vertebra: not markedly longer than anterior thoracic 

vertebrae (0); or are markedly longer (1).   
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Appendix 4B: Taxa lists 

Taxon list incorporates all taxa used in the analysis by Palci et al. (2013) as well 
as the additional mosasaurine taxa investigated over the course of this study.  
For the preliminary analysis different populations of some species were coded 
separately, and some taxa thought to be synonymous were coded individually.   
Taxon Explanation of use 
Varanus (Outgroup) Useage unchanged 
Aigialosaurus Useage unchanged 
Angolasaurus bocagei Useage unchanged 
Clidastes liodontus Useage unchanged 
Clidastes moorvilensis Useage unchanged 
Clidastes propython Useage unchanged 
Dallasaurus turneri Useage unchanged 
Ectenosaurus clidastoides Useage unchanged 
Eremiasaurus heterodontus Useage unchanged 
Globidens alabamaensis Useage unchanged 
Globidens dakotensis Useage unchanged 
Halisaurus platyspondylus Useage unchanged 
Halisaurus sternbergi Useage unchanged 
Komensaurus carrolli Useage unchanged 
Latoplatecarpus willistoni Useage unchanged 
Moanasaurus mangahouangae 
type 

Based only on specimens of Moanasaurus 
mangahouangae; used in preliminary 
analysis 

Moanasaurus mangahouangae + Combination of Moanasaurus 
mangahouangae, Rikisaurus tehoensis, and 
Mosasaurus flemingi; used in secondary 
analysis 

Mosasaurus beaugei Considered a junior synonym of Mosasaurus 
hoffmannii, excluded from secondary 
analysis 

Mosasaurus conodon EC Based only of specimens of Mosasaurus 
conodon from Maastrichtian East Coast 
deposits; used in both analyses 

Mosasaurus conodon WIS Based only on specimens of Mosasaurus 
conodon from Campanian Western Interior 
Sea deposits; combined with Mosasaurus 
missouriensis specimens for the secondary 
analysis 
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Mosasaurus dekayi Considered a junior synonym of Mosasaurus 
hoffmannii, excluded from secondary 
analysis 

Mosasaurus flemingi Considered a junior synonym of 
Moanasaurus mangahouangae; combined 
with that taxon for secondary analysis 

Mosasaurus hobetsuensis Useage unchanged 
Mosasaurus hoffmannii Combination of Mosasaurus hoffmannii and 

Mosasaurus maximus; used in secondary 
analysis 

Mosasaurus hoffmannii Eu Based only on Mosasaurus hoffmannii 
specimens from Maastrichtian of Europe; 
combined with Mosasaurus maximus for 
secondary analysis 

Mosasaurus ivoensis Useage unchanged 
Mosasaurus lemmonieri Useage unchanged 
Mosasaurus maximus Based on Mosasaurus hoffmannii 

specimens from North America; combined 
with that taxon for secondary analysis 

Mosasaurus missouriensis Based only on specimens currently referred 
to Mosasaurus missouriensis; combined 
with Mosasaurus conodon specimens from 
the Western Interior Sea for secondary 
analysis 

Mosasaurus missouriensis + Based on both Mosasaurus missouriensis 
and Western Interior Sea Mosasaurus 
conodon specimens for secondary analysis 

Mosasaurus mokoroa Useage unchanged 
Mosasaurus prismaticus Useage unchanged 
Pannoniasaurus inexpectus Useage unchanged 
Platecarpus planifrons Useage unchanged 
Platecarpus tympaniticus Useage unchanged 
Plesiotylosaurus crassidens Useage unchanged 
Plioplatecarpus Useage unchanged 
Plotosaurus bennisoni Useage unchanged 
Prognathodon currii Useage unchanged 
Prognathodon kianda Useage unchanged 
Prognathodon overtoni Useage unchanged 
Prognathodon rapax Useage unchanged 
Prognathodon saturator Useage unchanged 
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Prognathodon solvayi Useage unchanged 
Prognathodon waiparaensis Useage unchanged 
Rikisaurus tehoensis Combined with Moanasaurus 

manahouangae and Mosasaurus flemingi for 
secondary analysis 

Romeosaurus fumanensis Useage unchanged 
Russellosaurus coheni Useage unchanged 
Selmasaurus johnsoni Useage unchanged 
Tethysaurus nopcsai Useage unchanged 
Tylosaurus nepaeolicus Useage unchanged 
Tylosaurus proriger Useage unchanged 
Yaguarasaurus columbianus Useage unchanged 
NZGS CD 535 New Zealand Geological Survey specimen 

currently designated “aff. Prognathodon 
overtoni” but differs from that taxon 

IRSNB 3211 Royal Belgian Institute of Natural Sciences 
specimen that has been referred to multiple 
taxa 

IRSNB R12 Royal Belgian Institute of Natural Sciences 
specimen that has been referred to 
Mosasaurus hoffmannii but differs from that 
taxon 

 

  



 258 

Appendix 4C: Character matrix 
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Chapter 5 : Systematic and taxonomic revision of 

Mosasaurus and related genera 
 

Introduction 

 Previous chapters have detailed the complex history behind the binomial 

Mosasaurus hoffmannii and the multitude of species that have been assigned to 

the genus over the past 194 years.  Equipped with an emended diagnosis, based 

on features exhibited by the holotype specimen, extensive morphological 

comparisons of taxa that have been assigned to Mosasaurus, and phylogenetic 

interpretations of the relationships among the currently valid species, a complete 

systematic revision of the original mosasaur genus is now possible.   

 The following systematic and taxonomic revision is based on one of the 

most parsimonious trees returned by the tertiary analysis from the previous 

chapter (Fig. 5.1).  The preferred interpretation reflects three terminal groups 

within Mosasaurini that are quite similar to the relationships reconstructed in the 

50% majority rule consensus tree from the secondary analysis.  As mentioned in 

the previous chapter, the position of Mosasaurus hobetsuensis varied among the 

15 most parsimonious trees found in the tertiary analysis.  In some cases, M. 

hobetsuensis was found to be more closely related to Mosasaurus than to 

Moanasaurus.  Those trees were rejected because the morphology of the 

scapula does not agree with the condition exhibited by Mosasaurus hoffmannii, 

M. missouiensis, and M. lemonnieri.  The relationships among the moanasaurus 

varied in some of the other most parsimonious trees, and this one was chosen 

due to the similarity between it and the 50% majority rule tree in which 

Moanasaurus mangahouangae was found to be most closely related to IRSNB 

3211.   
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Figure 5.1Mosasaurinae most parsimonious tree 
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 A priority of this systematic revision is to maintain the monophyly of 

genera.  Therefore, the taxonomy of many of the taxa examined in this study, 

particularly the lesser-known species currently assigned to Mosasaurus from  

around the world, is herein emended to better reflect the systematic relationships 

presented in Chapter Four based on the anatomical comparisons of Chapter 

Three.  

 

Systematic Paleontology 

 

Class REPTILIA Linnaeus, 1758  

Order SQUAMATA Oppel, 1811 

Family MOSASAURIDAE Gervais, 1852 

Subfamily MOSASAURINAE Gervais, 1852 

Genus MARICHIMAERA, gen. nov. 

 

Type species: Marichimaera waiparaensis (Welles and Gregg, 1971) 

 Etymology: From Latin ‘mare,’ meaning ‘sea’ and Latin ‘chimaera,’ a 

monster composed of disparate parts, for the combination of Mosasaurus- and 

Prognathodon-like morphologies exhibited by the holotype specimen 

 Diagnosis: Premaxilla with bluntly conical edentulous rostrum; jugal with 

tall dorsal process, robust anterior ramus, distinct posteroventral process; 

pterygoid with eight tooth positions, anterior pterygoid teeth as large as marginal 

teeth; ectopterygoid with broad medial process and posterior eminence on 

posterior margin of medial process; quadrate conch tightly enclosed; quadrate 

tympanic ala relatively deep; quadrate suprastapedial process moderately long, 

fused to robust infrastapedial process; stapedial pit small, circular; dentary with at 

least 14 teeth; splenial/angular articulation V-shaped with distinct vertical tongue 

and groove; angular lateral exposure wedge-shaped, but shorter than splenial 

lateral exposure; coronoid with tall dorsal process and tapering posterior wing; 

teeth bicarinate, posteriorly curved; tooth enamel generally smooth, with 

occasional subtle lingual fluting; atlas centrum long dorsally; axis intercentrum 
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with elongated posterior process; axis peduncle and hypapophysis massive; 

vertebrae robust; dorsal vertebrae transverse processes without ventral flange 

but with strong posterior buttress; carpals well ossified; phalanges short, 

hourglass-shaped. 

 Age: Maastrichtian (Haumurian)  

 

Species MARICHIMAERA WAIPARAENSIS (Welles and Gregg, 1971) comb. 

nov., transferred from Prognathodon 

 

Prognathodon waiparaensis Welles and Gregg, 1971 

 Holotype: CM Zfr-108 

 Diagnosis: As for genus  

 Locality/Stratigraphy: Middle Waipara River, South Island, New Zealand/ 

Maastrichtian (Haumurian) Ladimore Formation  

 Discussion: This taxon exhibits a combination of traits characteristic of 

Mosasaurus and Prognathodon.  The quadrate morphology with a moderately 

long suprastapedial process fused to the infrastapedial process is diagnostic of 

Prognathodon but is also seen in other taxa.  Additionally, the large anterior 

pterygoid teeth more closely resemble those of Prognathodon than Mosasaurus.  

The post-dentary unit morphology, with a tapering posterior wing on the coronoid 

and a sharply tapering lateral exposure of the angular, are also traits exhibited by 

various species of Prognathodon.  However, the conical edentulous rostrum of 

the premaxilla agrees more closely with Mosasaurus.  The vertebrae are also 

larger, and the phalanges are less elongated than are usually seen in 

Prognathodon.  The specimen was collected at three separate times over a span 

of six years.  Therefore, it is possible that multiple individuals have been 

combined into a single specimen though the collection records indicate 

confidence that the separate collections all came from the same individual.   

 Differential diagnosis: Similar to Prognathodon, Globidens, Eremiasaurus, 

and Plesiotylosaurus in having fused supra- and infrastapedial processes of the 

quadrate.  Differs from Prognathodon in having proportionately more robust 
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vertebrae.  Differs from Globidens in lacking specialized rounded crushing 

marginal teeth.  Differs from Eremiasaurus in lack of heterodonty of marginal 

teeth.  Differs from Plesiotylosaurus in having a short, conical edentulous rostrum 

on the premaxilla and in having fewer dentary teeth.  Differs from Mosasaurini in 

the fusion of the supra- and infrastapedial processes of the quadrate.  

 

Tribe MOSASAURINI Gervais, 1852 

 

 Type genus: Mosasaurus Conybeare, 1822 

 Diagnosis: Premaxilla typically with a short, conical edentulous rostrum; 

prefrontal with a well developed supraorbital wing; frontal with posteromedial 

prongs that overlap parietal and embrace parietal foramen; quadrate with 

relatively short suprastapedial process that does not contact quadrate shaft of 

infrastapedial process; anterior rim of tympanic ala grooved; surangular typically 

with tall coronoid buttress; retroarticular process rotated toward or approaching 

horizontal; humerus typically nearly as wide, or wider than, tall, with robust post-

glenoid process, and entepicondyle medially expanded.   

 Differential diagnosis: Shares with other genera of Mosasaurinae a 

dorsally expanded, thin coronoid coronoid buttress; fused chevrons on caudal 

vertebrae; humerus with developed ect- and entepicondyles; and well ossified 

carpals and tarsals.  Differs from Clidastes in having a larger size, contact 

between the prefrontal and postorbitofrontal at the dorsal margin of the orbit, 

more elaborated posterior processes of the frontal, a taller quadrate, a coracoid 

without an anterior embayment, and a humerus that is as long or longer than tall. 

Differs from Prognathodon, Globidens, Eremiasaurus, Plesiotylosaurus, and 

Marichimaera in a lack of fusion between the supra- and infrastapedial processes 

of the quadrate.   Differs from Prognathodon in having contact between the 

prefrontal and postorbitofrontal at the dorsal margin of the orbit, more teeth on 

the pterygoid, a posteriorly curved coronoid, a humerus as long or longer than 

tall, and blocky phalanges. Differs from Globidens in lacking rounded, crushing 

marginal teeth. Differs from Eremiasaurus in having less or no heterodonty of the 
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marginal dentition, and a humerus with saddle-shaped instead of domed glenoid 

condyle.  Differs from Plesiotylosaurus in having a short edentulous rostrum on 

the premaxilla. Differs from Marichimaera in having a posteriorly curved coronoid. 

 Age: Late Campanian – Maastrichtian  

 

Genus AMBLYRHYNCHOSAURUS, gen. nov. 

 

 Type species: Amblyrhynchosaur wiffeni n. sp. 

 Etymology: From Greek ‘amblys,’ meaning ‘blunt,’ ‘rhynchos,’ meaning 

‘snout,’ and ‘saura,’ meaning ‘lizard,’ for the untapered anterior snout.   

 Diagnosis: Maxillary/premaxillary suture four tooth positions long; maxilla 

with at least 14 tooth positions; maxilla medial parapet laterally flared at second 

and third tooth positions for expanded opening for Jacobson’s organ; 

posterodorsal process of maxilla excludes prefrontal from narial border; frontal 

acutely embayed for posterior termination of external nares; frontal with subtle 

keel; posteromedial prongs of frontal overlap parietal, widely embrace parietal 

foramen, distally constricted; parietal foramen elongated oval; parietal table with 

straight sides and a posterior depression; anterolateral wings of parietal short 

anteroposteriorly; vomer wide anterior to large openings for Jacobson’s organ, 

relatively broad posteriorly; anterior pterygoid process a tongue projecting under 

middle of palatine rather than obliquely angling toward palatine medial margin; 

pterygoid with at least seven tooth positions, robust ectopterygoid process; 

basioccipital neural canal wide, deep; dentary with straight tooth row, at least 13 

tooth positions; angular lateral exposure a steeply tapering wedge; angular 

medial wing tall, contacts medial wing from coracoid at mid-height of PDU; 

coronoid dorsal process moderately sized, lateral wing not ventrally expanded; 

surangular with coronoid buttress; marginal teeth homodont, bicarinate, 

striated/fluted; pterygoid teeth lacking carinae. 

 Differential diagnosis: Similar to other Mosasaurini in having elongated 

posterior frontal tongues that overlap the parietal and embrace the parietal 

foramen.  Differs from other Mosasaurini in having a relatively wide, blunt snout 
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and proportionately large pterygoid teeth.  Similar to Plotosaurus in having 

anterolateral processes on the frontal formed by embayment of the frontal for the 

posterior end of the external nares.  Differs from Antipodinectes and 

Umikosaurus in having antero-posteriorly short lateral parietal wings. Differs from 

Mosasaurus in having a relatively lower surangular.  

 Age: Campanian – Maastrichtian (Piripauan – Haumurian) 

 

Species AMBLYRHYNCHOSAURUS WIFFENAE, n. sp. 

 

 Holotype: NZGS CD 535 

 Etymology: Named in honor of Joan Wiffen, who discovered many 

remarkable fossils in New Zealand. 

 Referred specimen: CM Zfr-161 

 Diagnosis: As for genus 

 Locality/Stratigraphy: Mangahouanga Stream, North Island, New Zealand 

/ Campanian – Maatrichtian (Piripauan – Haumurian) Maungataniwha 

Sandstone; Middle Waipara River, South Island, New Zealand 

 Discussion: This specimen does exhibit a few prognathodontine 

characteristics, such as the robust proportions of the skull and the lateral 

exposure of the angular.  However, it disagrees with characteristic Prognathodon 

morphology in having a straight, rather than bowed dentary, more and more 

gracile teeth, the maxilla diverges from the premaxilla more gradually without 

forming a distinct dorsal corner, and a posterodorsal wing from the maxilla 

appears to exclude the prefrontal from the border of the external naris.  This 

specimen certainly does not share many affinities with Prognathodon overtoni as 

diagnosed by Konishi et al. (2011), lacking a median dorsal ridge on the frontal, 

and having a longer maxillary/premaxillary suture, and an elongated oval, rather 

than small circular, parietal foramen.  The phylogenetic analysis of the previous 

chapter found this specimen to be most closely related to the clade of 

Moanasaurus species detailed below.  However, while similar, its morphology 

does differ from those taxa, therefore this specimen requires a unique genus.  
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Genus MOANASAURUS Wiffen, 1980 

 

Rikisaurus  (Wiffen, 1990) 

 Type species: Moanasaurus mangahouangae Wiffen, 1980 

 Emended Diagnosis: Maxilla with shallow dorsal excavation for external 

naris; frontal broadly triangular with sharp median dorsal crest; posterior borders 

of frontal anteriorly excavated, giving posteromedial prongs wide bases; ventral 

fossae indicate that prefrontal extended far posteriorly ventral to frontal; 

prefrontal and POF in contact ventral to frontal; jugal process of POF robust, 

posteroventrally directed; parietal foramen small, circular, embraced by 

posteromedial prongs of frontal; parietal anterolateral wings anteriorly curved, 

corresponding with excavation of posterior margins of frontal; parietal descending 

processes tall; supraoccipital with large articular footprint; basisphenoid short 

anteroposteriorly; occipital condyle deeply rounded; basioccipital tubera 

moderately long; paraoccipital bars expanded distally, ventral process on distal 

paraoccipital process of opisthotic; marginal teeth bicarinate and carinae pinched 

out from surface; atlas anterior articular surfaces wide, neural spines large 

relative to articular body; axis transverse process base nearly as long as 

centrum, with anteroventral expansion; cervical centra greatly compressed 

dorsoventrally; cervical transverse processes with significant ventral expansion, 

heavily buttressed to anterior cotyle ventrally, confluent with anterior 

zygapophyses dorsally, articular facet for rib heads elongate, angled 

posterodorsally; dorsal vertebrae slightly wider than tall, with little dorsal 

depression for neural canal, widely spaced zygapophyses; humerus post-glenoid 

process robust but not elongated; pectoral crest confluent with glenoid condyle; 

entepicondyle medially expanded, offset from ulnar articular facet; radial articular 

facet steeply sloped. 

 Differential diagnosis: Different from other Mosasaurini in large footprint of 

the supraoccipital and in having dorsoventrally compressed cervical vertebral 

centra.  Similar to Mosasaurus, and differing from Antipodinectes and 
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Plotosaurus, in having a broadly triangular frontal.  Similar to Antipodinectes, 

Amblyrhycosaurus, and Plotosaurus, and differing from Mosasaurus, in having a 

dorsally excavated maxilla for the narial opening.  Similar to Umikosaurus in 

having a nearly circular parietal foramen and marginal teeth with a lenticular 

cross-section and pinched carinae, which differs from the D-shaped cross-

section of Mosasaurus marginal teeth.  Similar to other Mosasaurini in having a 

humerus longer than tall, differing from Plotosaurus in having very well 

developed ect- and entepicondyles, similar to Antipodinectes in entepicondyle 

becoming hook-shaped, being even better developed than in Mosasaurus.  Post-

glenoid process shorter than in Mosasaurus.  

 Age: Campanian – Maastrichtian (Piripauan – Haumurian) 

 

Species MOANASAURUS MANGAHOUANGAE Wiffen, 1980 

 

Rikisaurus tehoensis Wiffen, 1990 

Mosasaurus flemingi Wiffen, 1990 

 Holotype: NZGS CD 43 

 Referred specimens: NZGS CD 530, NZGS CD 531, NZGS CD 532 

 Diagnosis: Maxilla bears 15 teeth; axis peduncle nearly confluent with 

posterior condyle; dorsal transverse processes lose ventral expansion; humerus 

wider across distal condyles than element is tall; glenoid condyle convex in all 

views except lateral. 

 Differential diagnosis: Differs from Moanasaurus hobetsuensis in having a 

humerus with a more convex glenoid condyle and a distally directed 

entepicondyle, forming a wider curve between the entepicondyle and the post-

glenoid process.  Dorsal vertebrae quite similar to Moanasaurus hobetsuensis.  

Differs from Moanasaurus longirostris in having a more robust skull and a 

relatively taller quadrate and descending process of the parietal.  Similar to 

Antipodinectes in having excavations in the posterior border of the frontal.  

Similar to Umikosaurus in having a tall descending process of the parietal.   
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 Localities/Stratigraphy: Mangahouanga Stream, North Island, New 

Zealand / Campanian – Maastrichtian (Piripauan – Haumurian) Maungataniwha 

Sandstone  

 Discussion: Three different mosasaurine mosasaurs have been described 

based on specimens from the same formation, found in the same area.  If these 

taxa truly were unique, it would represent an incredibly diverse assemblage.  

However, the several of the differences between M. flemingi and Rikisaurus 

tehoensis and Moanasaurus mangahouangae described in Wiffen (1990) were 

not observed, or were deemed insufficient for the maintenance of three 

independent species.  Rikisaurus has one fewer maxillary tooth position than 

Moanasaurus, the vertebrae are described as round, not compressed, and the 

axis peduncle is not confluent with the posterior condyle (Wiffen, 1990).  The 

vertebrae preserved in the Moanasaurus holotype do not make a complete 

series, and it is unclear at which cervical vertebra the dorsoventral compression 

observed in that taxon begins, considering that the posterior condyle of the axis 

is uncompressed.  It is possible that additional specimens will support Rikisaurus 

tehosensis as an independent species from Moanasaurus mangahouangae, but 

the morphology is similar enough that the specimen should be reassigned to the 

latter genus.  For the time being, the morphologies the specimen of Rikisaurus 

shares with Moanasaurus, including compressed teeth with pinched carinae, 

curved lateral frontal/parietal sutures, parietal with small foramen and tall 

descending processes, and short basisphenoid, are interpreted as similar 

enough to justify sinking Rikisaurus in Moanasaurus.  The third species from 

Mangahouanga Stream, M. flemingi, compares even more favorably with 

Moanasaurus, and even fewer justifications were presented to separate it from 

the latter taxon (Wiffen, 1990).  Mosasaurus flemingi is herein treated as a junior 

synonym of Moanasaurus mangahouangae.   

 

Species MOANASAURUS HOBETSUENSIS (Suzuki, 1985) comb. nov., 

transferred from Mosasaurus 
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Mosasaurus hobetsuensis Suzuki, 1985 

 Holotype: HMG 12 

 Emended diagnosis: Teeth with smooth enamel; dorsal transverse 

processes long; dorsal zygapophyses small; scapula longer than tall, with large 

distally offset anterior accessory articular facet; humerus slightly taller than wide 

across distal condyles; humerus glenoid condyle saddle-shaped; ectepicondyle 

offset from radial facet; radius with anterodistal expansion. 

 Differs from Moanasaurus mangahouangae in having a saddle-shaped, 

rather than convex, glenoid condyle of the humerus, and a horizontal 

entepicondyle forming a tight curve between the entepicondyle and the post-

glenoid process.  Dorsal vertebrae quite similar to Moanasaurus 

mangahouangae.  Differs from Moanasaurus longirostris in having more robust 

dorsal vertebrae with relatively smaller zygapophyses.   

 Locality/Stratigraphy: Pankerusanosawa Creek, Hobetsu District, 

Hokkaido, Japan / Maastrichtian Hakobuchi Group 

 Discussion: The morphology of this specimen, particularly the pinched 

carinae and the humerus morphology, agrees more closely with Moanasaurus 

than with Mosasaurus.  Therefore, this species is reassigned to the former 

genus.  However, it is possible that the isolated tooth crown was not from the 

same individual as the paddle, but could have come from a second individual 

(possibly even from a different taxon) that attacked the individual whose paddle 

comprises most of this specimen. 

 

Species MOANASAURUS LONGIROSTRIS, n. sp.  

 

 Holotype: IRSNB 3211 

 Etymology: From Latin, ‘longirostris’ meaning, ‘long beak,’ for the long, 

narrow snout of this specimen. 

 Diagnosis: Skull gracile, elongated; premaxilla with small edentulous 

rostrum; maxillary/premaxillary suture six tooth positions long; maxilla bears at 

least 13 teeth; maxilla dorsally excavated for external naris; posterior border of 
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maxilla indented by fossa for lacrimal; frontal elongated anteriorly, bears sharp 

median dorsal crest; ventral termination of jugal process of POF pinched 

posterolaterally; parietal foramen small, round, embraced by posteromedial 

prongs of frontal; parietal table shallowly depressed posterior to foramen; 

anterolateral wings of parietal anteriorly curved; lateral margins of parietal table 

medially bowed, table indented posteriorly; squamosal body reduced; vomers, 

palatines, anterior of pterygoids contact medially; paraoccipital bar relatively 

short; foramen magnum relatively large; quadrate ala long relative to height; 

suprastapedial process short; stapedial notch above mid-height of shaft; 

infrastapedial process reduced; tympanic rim with anterodorsal corner, anterior 

groove; ascending tympanic rim forms sharp crest; dentary bears at least 15 

tooth positions; coronoid dorsal process tall with deep posterior sulcus; 

surangular with coronoid buttress; retroarticular process rotated to horizontal; 

marginal teeth fluted. 

 Differential diagnosis.  Differs from Moanasaurus mangahouangae in 

having a longer, narrow snout and a quadrate that is relatively longer antero-

posteriorly.  Differs from Moanasaurus hobetsuensis in having relatively larger 

zygapophyses on the dorsal vertebrae.   

 Localities: Ciply, Belgium 

 Discussion: As mentioned in the previous chapter, this specimen has been 

referred to multiple species.  Most recently Lingham-Soliar (2000) considered it 

to be a juvenile M. lemonnieri.  While this specimen does share some affinities 

with Mosasaurus, it is distinct from that genus and unique.  The phylogenetic 

analysis of the previous chapter found this taxon to be most closely related to 

Moanasaurus, and it is now assigned to that genus. 

 

Genus ANTIPODENECTES, gen. nov. 

 

 Type species: Antipodenectes mokoroa (Welles and Gregg, 1971) NZGS 

CD 535 
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 Etymology: From Greek ‘Antipodes,’ meaning the opposite side of the 

world, also referring to Australia and New Zealand, and ‘nektos,’ Greek for 

‘swimming’   

 Diagnosis: Maxilla with dorsal excavation for external naris, tapers 

anteriorly; maxillary/premaxillary suture five tooth positions long; prefrontal with 

significant supraorbital wing; frontal elongate, shallowly excavated anterolaterally 

for posteromedial margin of external naris; posteromedial prongs of frontal 

overlap parietal, embrace parietal foramen; posterior edge of frontal excavated 

for anterolateral parietal wings, reducing width of frontal alae; parietal 

anterolateral wings long, anteriorly curved; parietal foramen teardrop-shaped, set 

in depression on parietal table, descending processes of parietal moderately tall; 

supraoccipital tall; ectopterygoid posterior border with broad triangular projection 

laterally bounding fossa for ectopterygoid process of pterygoid; basisphenoid 

compact, basipterygoid processes short, relatively anteriorly directed, lobes for 

basioccipital tubera relatively straight-sided; prootic anterior process trough-

shaped for descending process of parietal, internal foramina for cranial nerves VI 

and VII borne completely by prootic; quadrate with relatively straight 

suprastapedial process, infrastapedial process horizontal bump; quadrate 

tympanic rim grooved, with anterodorsal corner; stapedial notch located dorsal to 

mid-height of quadrate, stapedial pit oval; marginal teeth bicarinate, carinae 

pinched out from tooth circumference; tooth enamel subtly faceted; dorsal 

vertebra with tall, ventrally expanded, transverse processes, widely spaced 

zygapophyses. 

 Differential diagnosis: Similar to Mosasaurus, Moanasaurus, and 

Plotosaurus in having a quadrate with a short, curved suprastapedial process, a 

bump-like infrastapedial process, and a grooved tympanic rim.  Differs from 

Mosasaurus in having a dorsally excavated maxilla, a narrow, elongate frontal, 

and a compact basisphenoid.  Differs from Moanasaurus in having a narrow, 

elongate frontal and a shallower tympanic ala Differs from Plotosaurus in having 

a frontal without anterolateral processes, thicker skull roof elements, and a 

humerus with greatly expanded ect- and entepicondyles. Differs from 
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Amblyrhynchosaurus in having a frontal without anterolateral processes and a 

parietal with antero-posteriorly longer lateral wings.  Differs from Umikosaurus in 

having waisted basisphenoid.  Differs from Aktisaurus in strongly bicarinate 

marginal teeth.  

 Age: Maastrichtian (Haumurian) 

 

Species ANTIPODENECTES MOKOROA (Welles and Gregg, 1971) comb. nov., 

transferred from Mosasaurus 

 

Taniwhasaurus oweni in part, (Hector, 1874) (p 354, Pl. XXXI Fig. C) 

Mosasaurus mokoroa Welles and Gregg, 1971 

 

 Holotype: CM Zfr-1 

 Referred specimen: RE. 1535 

 Diagnosis: As for genus 

 Localities: Cheviot and Haumuri Bluff, South Island, New Zealand. 

 Discussion: Based on the combination of the distinct morphological 

differences observed between the holotype and referred specimen of M. 

mokoroa and the generic paradigm and the results of the phylogenetic analyses, 

this taxon is herein removed from the genus Mosasaurus. 

 

Genus UMIKOSAURUS, gen. nov. 

 

 Type species: Umikosaurus prismaticus (Sakurai, Chitoku, and Shibuya, 

1999) 

 Etymology: From Japanese ‘Umiko,’ meaning, ‘child of the sea’ and Greek 

‘saura,’ meaning, ‘lizard.’ 

 Diagnosis: Parietal foramen small, round, widely embraced by distally 

constricted posteromedial prongs from frontal; parietal table shallowly depressed 

posterior to foramen; descending processes of parietal tall, not angled 

posteriorly; basisphenoid strongly constricted; basipterygoid processes long, 
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articular facets face anterolaterally; medial openings for channels for cranial 

nerves VII and VIII borne separately by prootic and opisthotic, respectively; 

marginal teeth compressed, fluted, bicarinate; carinae pinched out from tooth 

surface.  

 Differential diagnosis: Differs from other Mosasaurini in having a distinctly 

waisted basisphenoid that is compressed both mediolaterally and dorsoventally.  

Similar to other Mosasaurini in having elongated posterior prongs of the frontal 

that embrace the parietal foramen.  Similar to Moanasaurus in having a small, 

nearly circular parietal foramen and marginal teeth with lenticular cross-sections; 

similar to Moanasaurus mangahouangae in having a tall descending process of 

the parietal.  Differs from Plotosaurus in having a taller, more vertical descending 

process of the parietal.  Differs from Aktisaurus in having strongly bicarinate 

marginal teeth.   

 Age: Campanian – Maastrichtian 

 

Species UMIKOSAURUS PRISMATICUS (Sakurai, Chitoku, and Shibuya, 1999) 

comb. nov., transferred from Mosasaurus 

 

 Holotype: HMG 1065 

 Diagnosis: As for genus 

 Locality/Stratigraphy: Hobetsu River, Hobetsu District, Hokkaido, Japan / 

Campanian – Maastrichtian Hakobuchi Group 

 Discussion: This taxon is known only from the braincase and a single 

tooth.  The fossae on the anterior parietal for the posteromedial prongs from the 

frontal support assignment of this specimen to Mosasaurini.  However, the dental 

morphology differs from other known species of the clade, particularly from the 

robust, faceted teeth of Mosasaurus, and so this species is assigned to an 

independent genus.  The fact that the tooth is entire, including the root, supports 

the interpretation that it came from the same individual as the braincase and not 

a second attacker.  The results phylogenetic analyses of the previous chapter 

indicate that this species belongs to a clade with Plotosaurus.  However, this 
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clade is united by a single character (character 20, parietal table shape), and the 

character state the taxa exhibit is shared by all Mosasaurini.  Because further 

revision of the character list will likely result in different hypotheses of 

relationship, and because the differences in morphology are greater than the 

similarities, I retain this species as being separate from Plotosaurus.   

 

Genus AKTISAURUS, gen. nov. 

 

 Type species: Aktisaurus conodon (Cope, 1881) 

 Etymology: From Greek, ‘akti,’ meaning ‘coast,’ or ‘shore’ and ‘saura,’ 

meaning ‘lizard.’ 

 Emended diagnosis: Dentary gracile, supports at least 16 teeth; coracoid 

with tall dorsal process; marginal teeth posteriorly curved with smooth to subtly 

faceted enamel; teeth with single anterior carina or bicarinate; ridge on lateral 

surface of atlas neural spine parallels spine; cervical transverse processes short, 

with anteroventral flange; anterior dorsal transverse processes short, 

anteroventral flange reduced to buttress; coracoid fan-shaped with long neck, 

and secondary foramina in distal blade; humerus with triangular glenoid condyle; 

post-glenoid process robust, elongated; entepicondyle medially expanded. 

 Differential diagnosis: Differs from Mosasaurus, and similar to 

Plotosaurus, in having smooth teeth with weak carinae and no facets or fluting of 

the enamel. Similar to other Mosasaurini in having a humerus as long as it is tall 

with well developed ect- and entepicondyles.  Differs from Plotosaurus in having 

a relatively taller humerus.  Differs from Mosasaurus and Plotosaurus in having a 

relatively slender coracoid neck; similar to Mosasaurus and differing from 

Plotosaurus in having a secondary distal coracoid foramen.   

 Age: Maastrichtian 

 

Species AKTISAURUS CONODON (Cope, 1881) comb. nov., transferred from 

Mosasaurus 
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 Holotype: AMNH 1380 

 Referred specimens: AMNH 1387, 1395, 1402; YPM 379, 1500, 1510, 

1573; USNM 336480 

 Diagnosis: As for genus 

 Localities/Stratigraphy: Barnesboro, Gloucester County; Freehold, 

Marlboro, Middletown, Monmouth County, New Jersey; Landover, Prince 

Georges County, Maryland, United States / Maastrichtian Monmouth Group 

(Navesink, Severn Fms.) 

 Discussion: The gracile dentaries with upwards of 16 teeth, along with the 

lack of strong facets on the marginal teeth, separate this taxon from Mosasaurus.  

Specimens previously referred to this species from Campanian Western Interior 

Sea strata are herein reassigned to M. missouriensis.  The results phylogenetic 

analyses of the previous chapter indicate that this species is the sister taxon to 

Plotosaurus.  However, the only characters that unite the two species (characters 

70 and 71) are related to the character state reversal to having unornamented 

marginal tooth enamel.  Because further revision of the character list will likely 

result in different hypotheses of relationship, and because the differences in 

morphology are greater than the similarities, I retain this species as being 

separate from Plotosaurus.  A new genus is erected for this taxon and applies 

only to the Maastrichtian-aged specimens from the East Coast.   

 

Genus PLOTOSAURUS Camp, 1951 

 

 Type species: Plotosaurus bennisoni (Camp, 1942) 

 Diagnosis: Edentulous rostrum on premaxilla V-shaped in dorsal view, 

extremely reduced in lateral view; internarial bar greatly constricted at mid-length; 

premaxilla overlaps rather than interdigitates with frontal; maxillary/premaxillary 

suture four tooth positions long; maxillary excavation for eternal naris not visible 

in lateral view; posterodorsal wing of maxilla overlaps anterior of prefrontal, 

excludes prefrontal from posterolateral narial margin; maxilla bears 18 teeth; 

lacrimal flattened dorsally, excavated posteriorly, thickens ventrally, overlaps 
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ventrolateral maxillary/prefrontal suture; angle formed by two rami of jugal forms 

crest but lacks posterior projection; prefrontal supraorbital ala reduced; frontal 

lateral borders converge only slightly anteriorly; frontal deeply embayed anteriorly 

for posterior termination of external nares, forming anterolateral processes; 

frontal with robust medial dorsal keel; frontal posteromedial prongs long, blunt; 

frontal alae expanded posteriorly in narrow wings; postorbitofrontal medial 

process with forked termination; parietal foramen large, oval; parietal table quite 

short; pterygoid teeth directed laterally, at least 11 teeth in pterygoid; 

supraoccipital tall; paraoccipital bars short, robust; quadrate suprastapedial 

process of moderate length, infrastapedial process reduced; tympanic rim with 

sharp anterodorsal corner, anterior groove; mandibular condyle laterally 

expanded; ventral margins of mandibles strongly angled toward midline, very 

narrow gap between left and right dentaries and splenials; dentary with 

prominent edentulous tip; angular/surangular suture sinuous due to curved dorsal 

expansion of angular; coronoid buttress of surangular articulates with entire 

posterior border of dorsal coronoid process; retroarticular processes horizontal; 

axis hypapophyses directed posteriorly; vertebral centra wider than tall; no 

evidence of zygosphenes/zygantra, zygopophyses reduced or absent by sixth 

dorsal (14th presacral); cervical transverse processes strongly buttressed to 

anterior zygapophyses; anteroventral flange well developed on transverse 

processes of anterior cervicals, reduced posteriorly; neural spines tall; eight 

peduncle-bearing vertebrae, anterior peduncles robust, posterior-most greatly 

reduced, likely lacked hypapophysis; dorsal transverse processes relatively long; 

interclavicle with bifurcated lobes anterior to constricted neck and dilation 

posterior to neck.  

 Differential diagnosis: Similar to other Mosasaurini in having elongated 

posterior tongues of the frontal that embrace the parietal foramen; a quadrate 

with a short, curved suprastapedial process and a grooved anterior rim of the 

tympanic ala; a surangular with a tall, thin coronoid buttress; a humerus as long 

or longer than tall; and well ossified limb elements.  Differs from other 

Mosasaurini in having reduced supraorbital alae on the prefrontals, lateraly 
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projecting the pterygoid teeth, an edentulous projection anterior to first dentary 

teeth, the ventral edges of mandibles angled towards the midline, a coronoid 

buttress of the surangular that extends dorsally along the entire posterior border 

of the dorsal process of the coronoid, a lack of zygosphenes/zygantra, and the 

loss of zygapophyses in the anterior dorsal vertebrae.  Similar to Moanasaurus 

mangahouangae in the posterior angle of the axis hypapophysis.  Similar to 

Aktisaurus in lacking ornamentation of the enamel of the marginal teeth.  Differs 

from Aktisaurus in having a coracoid without a secondary foramina and a 

relatively longer humerus.  Differs from Umikosaurus in having a shorter, more 

posteriorly directed descending process of the parietal and a less constricted 

basisphenoid.    

 Age: Maastrichtian 

 

Species PLOTOSAURUS BENNISONI (Camp, 1942) 

 

Kolposaurus bennisoni Camp, 1942 

 Holotype: UCMP 32778 

 Referred specimens: CIT 2750, 2751, 2752, 2755, 2756, 2804, 2945; 

UCMP 33913, 45303, 57582, 126278, 126280, 126283, 126284, 137247, 

152554, 152643. 

 Diagnosis: As for genus 

 Locality/Stratigraphy: Merced County, California, USA / Moreno Formation 

 Discussion: Plotosaurus is one of the most derived mosasaur genera, and 

likely the best adapted to fast, efficient swimming and prey capture in the open 

ocean (Lindgren et al., 2008; LeBlanc et al., 2013).  The unique morphology 

reflected by the adaptations of Plotosaurus bennisoni contributes to my decision 

to keep this genus monotypic. 

 

Genus MOSASAURUS Conybeare, 1822 

 

Mosasaurus Conybeare in Parkinson, 1822: 198. 
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Batrachiosaurus Harlan, 1839a: 24.  

Batrachotherium Harlan, 1839b: 89. 

Macrosaurus Owen, 1849: 382. 

Drepanodon Leidy, 1856: 255. 

Lesticodus Leidy, 1861: 10. 

Baseodon Leidy, 1865: 118. 

Nectoportheus Cope, 1868: 181. 

Pterycollosaurus Dollo, 1882: 61. 

 Type species: Mosasaurus hoffmannii Mantell, 1829 

 Diagnosis: Premaxilla with short, conical edentulous rostrum; maxilla with 

little to no excavation for external naris; prefrontal with prominent supraorbital 

wing; prefrontal and postorbitofrontal meet ventral to frontal thereby excluding 

frontal from margin of orbit; jugal with bowed anterior ramus and reduced 

posteroventral process; frontal broadly triangular, with median dorsal ridge; 

posteromedial processes of frontal deeply invade parietal lateral to parietal 

foramen; lateral wall of squamosal expanded into shelf posteriorly; pterygoid 

tooth row straight; quadrate taller than long with stapedial notch located dorsal to 

midpoint of shaft; short suprastapedial process, infrastapedial process reduced to 

bump on posteromedial surface of shaft; stapedial pit oval, oriented obliquely to 

vertical axis of shaft; quadrate tympanic rim grooved with distinct anterodorsal 

corner; dentary with short, round edentulous projection; angular decreases 

rapidly in height, laterally visible only short length of post-dentary unit; coronoid 

with tall dorsal process and posterior margin posteriorly curved in lateral view; 

surangular tall with prominent coronoid buttress; articular/surangular suture 

projects posteriorly onto retroarticular process before angling anterioventrally to 

meet angular; retroarticular rotated toward horizontal; marginal teeth faceted 

labially; bicarinate; cervical centra round; caudal vertebrae with fused chevrons; 

scapula and coracoid subequal in size; scapula longer posteriorly than anteriorly; 

blade of coracoid not emarginated, often with secondary foramen; humerus 

postglenoid process robust and offset; distal length greater than height; radial 

facet straight, ulnar facet convex; pubis with anteriorly-projecting tubercle on 
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proximal shaft; femur short, with greatly expanded proximal articular surface; 

tibial and ulnar facets of femur form pronounced angle to each other; tibia length 

and width subequal with greatly expanded anterior flange; phalanges robust, 

waisted. 

 Differential diagnosis: Similar to other Mosasaurini in having elongated 

posterior tongues of the frontal that embrace the parietal foramen; a quadrate 

with a short, curved suprastapedial process and a grooved anterior rim of the 

tympanic ala; a surangular with a tall, thin coronoid buttress; a humerus as long 

or longer than tall; and well ossified limb elements.  Differs from other 

Mosasaurini in having a maxilla lacking significant dorsal excavation for the 

external naris and a relatively tall quadrate, and a long post-glenoid process of 

the humerus.  Differs from Antipodinectes, Moanasaurus, and Umikosaurus in 

having carinae less offset from the surface of the enamel of the marginal teeth 

and in having enamel exhibiting facets or flutes.  Similar to Antipodinectes and 

Plotosaurus in having a distinct anterodorsal corner on the tympanic rim of the 

quadrate.   

 Age: Campanian – Maastrichtian 

 Discussion: The morphology of the four species included in this taxon 

agree very closely with each other.  Therefore, despite the practice applied to the 

previous clades in which taxa were maintained in or assigned to multiple genera, 

all four of the following species are referred to the genus Mosasaurus.  

 

Species MOSASAURUS HOFFMANNII Mantell, 1829 

 

Mosasaurus Hoffmannii Mantell, 1829: 207. 

Lacerta gigantea Von Sömmerring, 1816: 54. 

Mosasaurus belgicus Holl, 1829: 84. 

Mosasaurus camperi Von Meyer, 1832: 113-114. 

Mosasaurus dekayi Bronn, 1838 

Mosasaurus hoffmanni Mantell: Owen, 1840: 261. 

Mosasaurus maximus Cope, 1869: 262. 
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Mosasaurus camperi van Meyer; Ubaghs, 1879: 240-245, pls 1, 2. 

Mosasaurus camperi van Meyer; Dollo, 1889: 277-279, pl. 9, fig. 1; pl. 10, figs 

12, 13. 

Mosasaurus giganteus (Sömmering); Dollo, 1924: 172. 

Mosasaurus hoffmanni Mantell; Camp, 1942: 45-46. 

Mosasaurus beaugei Arambourg, 1952 

Mosasaurus hoffmanni Mantell; Persson, 1959: 461. 

Mosasaurus hoffmanni Mantell; Russell, 1967: 8, 122, 131-132, 140, 210. 

Mosasaurus maximus Cope: Russell, 1967: 139, 140, figs 8, 24a, 80. 

Mosasaurus hoffmanni Mantell; Hamoir, 1980: 1446-1448. 

Mosasaurus hoffmanni Mantell; Meijer, 1983: 269-271, fig. 3. 

Mosasaurus hoffmanni Mantell; Lingham-Soliar and Nolf, 1989: 156, 158, 174, 

figs 52, 175. 

Mosasaurus hoffmanni Mantell; Lingham-Soliar, 1995: 158, 161, figs 1, 3, 5, 6, 9, 

11, 12, 14, 16. 

Mosasaurus maximus Cope; Bell, 1997: 297-308, 310-318, 320, 321, 329-332. 

Mosasaurus hoffmanni Mantell; Kuypers et al., 1998: 25, fig. 9, pl. 1, figs 1-13, pl. 

3, figs 3-10, pl. 9, figs 1-12. 

Mosasaurus hoffmanni Mantell; Mulder, 1999: 283-289, figs 1-14, 16. 

Mosasaurus hoffmannii Mantell; Konishi et al., 2014: 803. 

 Holotype: MNHN AC 9648 

 Referred specimens: ALMNH PV990.003, AMNH 1385, 1386, 1393, 1392, 

1389, 1391, 1397, 1398, 1404, 1406, 1407, 1461, 2533, 4912, 14815; CCMGE 

10/2469, IRSNB 1483, 1503, 1506, 1621, 1674, 3675; NHMM 886, 1450, 1469, 

2457, 6696, 6698, 199348, 1989107; NHMUK 42929; NJSM 11052, 11053, 

11895; MNHN PMC 8-13; OCP-DEK.GE 83, 303; TM 871, 5214, 7424, 11201, 

11208, 11214, 11241, 11242, 11245, 11376; USNM 437647; YPM 305, 307, 311, 

430, 443, 690, 773, 1504, 1582 

 Diagnosis: Quadrate tympanic rim with additional anteroventral corner; 

maxilla bears 13 teeth; dentary bears 14 teeth; pterygoid bears 8 teeth; marginal 

teeth carinae asymmetric anteriorly with lingual circumference longer than labial; 
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femur greatly expanded medially and distally with articular surfaces nearly 

perpendicular; internal trochanter robust and offset. 

 Differential diagnosis: Differs from other species of Mosasaurus in having 

more robust proportions, fewer, more robust teeth on all tooth-bearing elements; 

a basisphenoid that tapers anteriorly, a deep, round occipital condyle, and a 

pronounced ridge extending from the anterior edge of the lateral surface of the 

scapula posteriorly toward the scapular neck.   

 Localities/Stratigraphy: Ciply, Belgium; Oulad Abdoun Basin, Morocco / 

Couche III; Maastricht, the Netherlands; Penza, Russia; Alabama, New Jersey, 

United States 

 Discussion: The subtle differences highlighted by Bronn (1838) and 

Arambourg (1952) to distinguish M. dekayi and M. beaugei, respectively, from 

the generic type can be explained by dental variation along the tooth row, 

incomplete preservation, or individual variation.  Therefore, these two species are 

herein considered to be junior synonyms of M. hoffmannii.  Despite the frequent 

misspelling of this species, Mantell’s (1829) spelling of the specific epithet, with 

two ‘i’s is not incorrect and should be followed (Konishi et al., 2014).   

 

Species MOSASAURUS MISSOURIENSIS (Harlan, 1834) 

 

 Holotype: MNHN 9587 and RFWUIP 1327 

 Referred specimens: KU 1034; MOR V006; SDSM 452, 26172; SMU 

76499; TMP 2003.400.0001, 2008.036.0001. 2012.010.0001; USNM 008086, 

011396, 011904, 018255 

 Diagnosis: From Konishi et al. (2014: 804) “(Modified from Russell, 1967, 
and Caldwell and Bell, 2005.)  Skull length reaching well over 1m in large 
individuals (USNM 8086); short, obtuse predental rostrum anteriorly pointed in all 
aspects; laterally expanded posterior terminus of internarial bar forming tridentate 
suture with frontal; external nares beginning anteriorly above fourth or fifth 
maxillary tooth, this point preceding anteriorly deepest part of maxilla; maxilla 
sending a long process posterodorsally to reach the level of posterior narial 
terminus, sometimes contacting frontal, thereby preventing prefrontal from 
forming narial border; supraorbital process of prefrontal with distinctly scalloped 
posterior margin; frontal short and triangular, anteriorly parallel-sided lacking 
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narial embayments and anterolateral processes; frontal shield planar but bearing 
distinct median dorsal keel; posteromedian processes of frontal deeply invading 
parietal and extending well posterior of parietal foramen; width across parietal 
postorbital processes distinctly shorter than that across posterolateral corners of 
frontal; parietal foramen longer than wide and contained within parietal table; 
parietal table long and subrectangular, its lateral borders developed into thin, 
horizontal flanges; medially sulcate base of suspensorial rami extremely 
elongate, as long as parietal table (only 50% in Prognathodon spp.); nine 
pterygoid teeth; squamosal posterior body bearing distinct lateral shelf; articular 
concavity for quadrate on squamosal facing anteroventrally; anterodorsal border 
of quadrate shallowly notched; suprastapedial process long, reaching midheight 
of quadrate; infrastapedial process as round eminence on posterior face of 
quadrate shaft, situated at about two-fifths of quadrate height from base; 
posteroventral tympanic rim straight and keel-like, ascending at about 50◦ from 
horizontal; stapedial pit vertically ovoid; dentary bowed only in large (>1 m skull 
length) individuals; dorsal border of surangular posterior to the coronoid 
ascending anteriorly and with shallow kink; surangular-articular suture zigzag-
shaped; zygapophyseal facets nearly horizontal in the cervical and anterior 
dorsal vertebrae; at least eight hypapophyses; 11 anterior (= long) dorsal ribs, 
with 12th dorsal rib shorter than the 11th by nearly 50%; sternum shield-shaped 
and planar; five shallow sulci on each side of sternum for sternal rib articulation; 
sternum widest across junctions between second and third rib facets; minimum of 
11 pygal vertebrae; metatarsals and pedal phalanges blocky; 15 maxillary and 15 
dentary teeth, with the two posterior-most maxillary teeth occurring posterior to 
the last dentary tooth; marginal teeth distinctly faceted or even fluted, slender, 
and gently curved posteromedially in small individuals, curved similarly but more 
conical with less distinct faceting and no fluting in larger individuals.”  
 Differential diagnosis: Differs from Mosasaurus hoffmannii and M. glycys 
in having more teeth on all tooth-bearing elements, tooth count being similar to 
M. lemonnieri.  Differs from other species of Mosasaurus in having more 
symmetrical carinae on marginal teeth.  Differs from M. hoffmannii and M. glygys, 
and similar to M. lemonnieri, in having slightly diverging basipterygoid processes 
of the basisphenoid.  Differs from M. hoffmannii in lacking an anteroventral 
corner on the tympanic ala of the quadrate.  
 
 Localities/Stratigraphy: Welling, Alberta, Canada / Bearpaw Shale;  

Hempstead County, Arkansas, USA /  Marlbrook Formation; Fergus County, 

Montana, USA / Bearpaw Shale; South Dakota, USA / DeGrey, Verendrye Fms. 

Pierre Shale Group 

 Discussion: Konishi et al. (2014) recently emended the diagnosis for M. 

missouriensis, and no findings from this study indicate that further emendation is 

necessary at this time.  The only revision this study makes to M. missouriensis is 
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to refer specimens from upper Campanian Western Interior Sea formations that 

were previously assigned to M. conodon to this taxon.  These specimens, 

including USNM 11396 and 18255 add to the knowledge of the morphology of 

the limbs and girdles of M. missouriensis, particularly the complete pelvic girdle 

of USNM 11396. 

 

Species MOSASAURUS LEMONNIERI Luis Dollo, 1889 

 

 Holotype: IRSNB 4670 

 Referred specimens: IRSNB 1305, 3109, 3110, 3116, 3117, 3119, 3120, 

3125, 3127, 3129, 3131, 3150, 3169, 3187, 3193, 3210, 3857, 3850, 3858, 3911 

 Emended diagnosis: Premaxilla body narrow for its length (maximum 

width approximately equal to length anterior to maxillary/premaxillary suture); 

maxillary/premaxillary suture five to six tooth positions long; maxilla bears 15 

teeth; dorsal and anterior rami of jugal meet in a curve rather than sharp corner, 

reduced posteroventral process shifted slightly up dorsal ramus; pterygoid bears 

11 teeth; ectopterygoid/pterygoid suture oblique, restricted to medial termination 

of ectopterygoid; basipterygoid processes of basisphenoid short, articular facets 

face anterolaterally, element not greatly constricted medially; occipital condyle 

compressed, reniform; exoccipitals posteriorly extended; stapedial pit relatively 

large;  dentary with straight dorsal and ventral margins; dentary bears 15 teeth; 

splenial anterior termination ventral to seventh tooth; angular/surangular suture 

traces logistic curve (horizontal, steeply descending, horizontal); coronoid dorsal 

process tall for element length; marginal teeth fluted to faintly faceted, bicarinate; 

carinae asymmetrical anteriorly, with posterior carina positioned laterally on the 

anterior teeth and rotating toward a posterior orientation along the tooth row; 

lateral ridge on atlas obliquely transverses base of spine. 

 Differential diagnosis: Generally more gracile than Mosasaurus 

hoffmannii.  Similar to M. missouriensis in having more teeth than M. hoffmannii 

or M. glycys.  Differs from other species of Mosasaurus in having a groove, 

rather than a ridge, along dorsal midline of frontal, and in having a dorsoventrally 
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compressed occipital condyle.  Similar to M. hoffmannii and M. glycys in having 

asymmetrical carinae on anterior marginal teeth.   

 Localities: Ciply, Cuesmes, Spiennes, Belgium 

 Discussion: The morphology of M. lemonnieri quite comparable to that of 

M. hoffmannii, with elements of the skull generally being more gracile.  This 

taxon represents neither juvenile individuals of the type species, nor is it a junior 

synonym of M. conodon as proposed by Russell (1967).  This study supports the 

continued validity of M. lemonnieri. 

 

Species MOSASAURUS GLYCYS, n. sp. 

 

 Holotype: IRSNB R12 

 Etymology: From Greek, ‘glycys,’ meaning, ‘sweet,’ in reference to 

Belgium’s reputation for chocolate production. 

 Diagnosis: posteroventral prongs from body of premaxilla articulate with 

narrow sockets on medial edges of maxillae; maxilla bears 14 teeth; palatine 

articulates with maxilla even with posterior five tooth positions; jugal anterior 

ramus long, with low curvature; pterygoid bears nine teeth; basipterygoid 

processes of basisphenoid not laterally divergent, element not constricted 

medially; occipital condyle deeply rounded; quadrate ala with additional 

anteroventral corner; dentary bears 15 teeth; dentary edentulous projection 

small; coronoid anteromedial wing contacts angular; surangular with very tall 

coronoid buttress; marginal teeth finely faceted, bicarinate; carinae asymmetrical 

anteriorly, with posterior carina positioned laterally, rotating toward posterior 

along tooth row; lateral ridge obliquely transverses atlas neural spine; cervical 

anterior zygapophysis articular facets nearly vertical, neural spines tall, 

transverse processes gracile, lacking anteroventral flange or buttress; 

zygosphenes/zygantra into dorsal series; anterior accessory articular structure 

large; scapula blade deeply curved; neck of coracoid with posterior crest, forms 

more deeply curved posterior margin; coracoid with second foramina in distal 

blade.  
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 Differential diagnosis: Differs from Mosasaurus hoffmannii in having one 

more tooth on all tooth-bearing elements and differs from M. missouriensis and 

M. lemonnieri in having fewer teeth.  Similar to M. hoffmannii in having an 

anteriorly tapering basisphenoid and a deep, round occipital condyle.  Similar to 

M. hoffmannii and M. lemonnieri in having asymmetrical carinae on anterior 

marginal teeth.   

 Locality: Unknown 

 Discussion: This specimen shares many morphological similarities with 

both M. hoffmannii and M. lemonnieri and yet exhibits features that differentiate it 

from each.  It has more teeth in all tooth-bearing elements than M. hoffmannii, 

but not as many maxillary or pterygoid teeth as M. lemonneiri.  The basisphenoid 

and basioccipital compare favorably with M. hoffmannii, but the jugal exhibits a 

morphology not seen in either of the other species.  Because the specimen 

cannot with confidence be assigned to either of the known species of 

Mosasaurus from northern Europe, and it does exhibit unique combinations of 

characters, it is herein assigned to an independent species.   

 

Subfamily PLIOPLATECARPINAE Dollo, 1884 

Genus ECTENOSAURUS Russell, 1967 

 

 Type species: Ectenosaurus clidastoides (Merriam, 1894) 

 Diagnosis: From Russell (1967: 156-158) “Premaxilla with small rostrum 
anterior to premaxillary teeth.  Seventeetn (?) teeth in maxilla.  Prefrontal widely 
excluded from posterolateral margin of external nares by wing of maxilla and 
lacks process on supraorbital wing. Frontal emarginate above orbits, median 
dorsal wing rounded.  Parietal foramen large, situated in center of parietal.  
Margins of dorsal parietal surface converge, may meet, or before meeting may 
flow into gently rounded posterior axis of parietal.  Ventral process of 
postorbitofrontal to jugal meets poorly exposed dorsal surface of postorbitofrontal 
at right angle.  Ventroposterior process of jugal well developed.  Squamosal wing 
to parietal moderately developed.  Otosphenoidal crest on prootic does not cover 
exit for cranial nerve XII laterally.  Canal for baslilar artery through basioccipital 
and basisphenoid.  Nine to 11 teeth in pterygoid.  Suprastapedial process of 
quadrate broadly fused distally with infrastapedial process.  Tympanic ala very 
thin.  Stapedial pit rectangular in form.  13 teeth in dentary.  Dentary terminates 
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abruptly in front of first dentary tooth.  Angular widely separated medially from 
coracoid.  Mandibular teeth bicarinate, vertically striated and medially recurved.   
 Vertebral formula: at least 29 presacral vertebrae (see FHM no. 7937). 
 Articulating surfaces of cervical and thoracic vertebral centra wider than 
deep, smoothly elliptical in outline.  Synapophyses located high in anterior 
portion of lateral surface of cervical centra, occupies anterodorsal portion of 
lateral surface of anterior dorsal centra.  Ventral border of anteroventral 
extension of synapophyses well developed on cervicals and anterior dorsals, 
does not reach level of undersurface of centrum.  Anterior zygapophysis of 
cervicals and thoracics connected by gently rounded, posteriorly descending 
crest to synapophysis.  Zygosphene-zygantrum strongly developed.  Anterior 
base of atlas neural spine arises behind condylar facet, atlas synapophysis small 
and flat.  Hypapophyseal peduncle located posteriorly on ventral surface of 
cervical centra, articulation for hypapophysis horizontal and triangular.  Six 
hypapophysis-bearing cervicals, one more with rudimentary peduncle.  
Transverse processes of pygal vertebrae relatively long. 
 Scapula smaller than coracoid.  Glenoid articulating surface concave on 
scapula, probably smoothly continuous with that of coracoid.  Superior border of 
scapula gently convex, posterior border slightly emarginated posteromedially.  
Coracoid expands medially to point behind glenoid articulation.  Distal and 
proximal ends of humerus moderately expanded, facets for articulation with other 
elements and sites of muscle attachment moderately well differentiated.  
Proximal end of radius not expanded.  Shaft of radius moderately wide.  Distal 
end bears greatly expanded anterodistal flange.   
 Radiale present.  Intermedium of average proportions.  Ulnare enters 
broadly into posteroventral margin of antebrachial foramen.  Metacarpal one 
equal to metacarpal two in length, has very slight anterodistal flange.  Proximal 
ends of metacarpals moderately expanded.  Phalangeal formula of manus 
approximately 4-4-5-5?” 
 
 Age: Santonian – early Campanian 

 

Clidastes stenops Williston, 1902 

Mosasaurus ivoensis Persson; Russell, 1967, pp. 135-136 

 Referred Specimen: KU 1024. 

 Stratigraphy: Niorrara Chalk, western Kansas 

 Discussion: As described in Chapter Three, the Kansas specimen referred 

to the taxon ‘Mosasaurus ivoensis’ Persson, 1963 (now recombined as 

Tylosaurus ivoensis) does not agree with the morphology of the original Swedish 

material.  The morphology of the pterygoid and pectoral limb elements also 

differs from the Mosasaurus paradigm and compares more favorably to 
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Ectenosaurus.  However, the morphology of the paddle elements is not an exact 

match to those of Ectenosaurus clidastoides (Merriam, 1894), which prevents 

confident assignment to that species.  At this point, the specimen is designated 

Ectenosaurus sp.  Additional support for this reassignment derives from the 

stratigraphy.  The Niobrara Chalk is Coniacian to early Campanian in age, older 

than most known specimens of Mosasaurus, and Ectenosaurus clidastoides 

fossils are also found in the Niobrara Chalk.  
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Chapter 6 : Conclusions 
 

Conclusions of the study 

 The results of this study include emended diagnoses of the familial type 

genus and species, as well as phylogenetic analyses of the relationships among the 

various taxa of Mosasauridae.  These findings allowed for new interpretations that 

provided the foundation for a complete systematic revision of Mosasaurus and the 

larger clade to which it belongs.  The major conclusions of this research can be 

summarized as follows:  

 Emended diagnoses 1) Mosasaurus can be diagnosed by a unique 

combination of characters including a maxilla with little to no dorsal excavation for 

the external naris; posteromedial processes of the frontal that extend posterior to the 

parietal foramen; a quadrate taller than long with distinct anterodorsal corner on 

tympanic rim; a basisphenoid with short basipterygoid processes; and a humerus 

with an elongate post-glenoid process.  2) M. hoffmannii is distinct in having an 

unusually tall quadrate with an additional anteroventral corner on the tympanic rim, a 

very tall surangular, and fewer teeth on all tooth-bearing elements.   

 Systematic revisions, including 3) Mosasaurus is not a very speciose genus.  

Of the 13 species considered potentially valid at the beginning of this investigation, 

only three (M. hoffmannii, M. missouriensis, and M. lemonnieri) were retained in the 

systematic revision of the genus, with a fourth new species M. glycys added.  Two 

species, ‘M. gracilis’ and ‘M.’ ivoensis were recognized to not be mosasaurines; 

three species (‘M. dekayi,’ ‘M. maximus,’ and ‘M. beaugei’) were determined to be 

junior synonyms of M. hoffmannii.  The remaining five species (‘M. conodon, ‘M. 

mokoroa, ‘M. hobetsuensis, ‘M.’ flemingi, and 'M.’ prismaticus) have been 

reassigned to either existing or new genera in order to maintain the monophyly of 

the genus.  4) Even though Mosasaurus became less diverse, the larger clade to 

which it belongs is recognized to be much more diverse than previously understood.  

Mosasaurini, composed of Mosasaurus, Moanasaurus, and the various newly 

erected genera, is united by characters such as a frontal with posteromedial prongs 
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that overlap the parietal and embrace the parietal foramen, a quadrate with a 

suprastapedial process that does not contact the shaft or the infrastapedial process, 

a groove on the anterior tympanic rim of the quadrate, and a humerus that is wider 

than long with a robust post-glenoid process and a medially expanded 

entepicondyle.  The Mosasaurini inhabited the world’s oceans from the late 

Campanian until the end of the Maastrichtian.   

 After morphological comparisons, phylogenetic analyses, and systematic 

revision, the current status of Mosasaurus is quite different than it was at the start of 

this study even though the effective use of the genus is little changed.  Most 

previous studies that treated on Mosasaurus, usually in the larger context of 

Mosasaurinae or Mosasauridae as a whole, only focused on three species, the type 

species, whether by the valid binomial M. hoffmannii or the North American junior 

synonym ‘M. maximus,’ M. missouriensis, and ‘M. conodon.  Two of these species, 

M. hoffmannii and M. missouriensis, do belong to the genus. Aktisaurus conodon 

was found to be more closely related to Plotosaurus in the phylogenetic analyses of 

this study.  However, the only characters uniting Aktisaurus and Plotosaurus, are 

related to the unornamented enamel of the marginal teeth of these taxa.  The 

paucity of data for Aktisaurus likely also contributes to the uncertainty of its 

systematic relationships.  Future phylogenetic analyses could return results 

indicating that the taxon is more closely related to Mosasaurus than the analyses of 

this study.  From the 48 taxa listed in Appendix 3A that have been assigned to 

Mosasaurus over the past two centuries, the diversity of this taxon has been culled 

to four valid species.   

 Even as the diversity of Mosasaurus has been restricted, the diversity of the 

larger clade to which it belongs is revealed to be greater than commonly recognized.  

Mosasaurini is found to be composed of two multi-taxic genera, Mosasaurus and 

Moanasaurus, in addition to other, less closely related taxa.  Mosasaurus is 

composed of species from the Western Interior Sea, both sides of the opening 

Atlantic Ocean, and the western remnants of the Tethys Sea.  Fossils of 

Moanasaurus, Antipodenectes, Marichimaera, among others, are more abundant 

from around the margins of the Pacific Ocean, but a few, including Moanasaurus 
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longirostris, and Aktisaurus conodon, are known from Europe and North America, 

respectively.  As specimens in museum collections around the world are reassessed 

in the light of the revised systematics of Mosasaurini, the diversity of these taxa will 

surely increase and their distributions expand.   

 The analyses of this study would not have been feasible without having first 

refined the diagnosis of Mosasaurus.  A comprehensive treatment on the genus had 

largely been neglected, perhaps due to the monumental scope of the task, despite 

the prominence of the taxon.  Revising the diagnosis of the type species, based 

solely on the holotype specimen, provided a framework on which to build the 

emended generic diagnosis.  An accurate, precise, restricting diagnosis ensures that 

the taxon embodies a meaningful concept that can readily be expressed and 

understood.  Mosasaurus now has a distinct diagnosis and need no longer be a 

wastebasket taxon.  This historically significant taxon had been neglected for far too 

long, but this study provides new functionality as Mosasaurus approaches its third 

century of use by the scientific community. 

 

Avenues of future research 

 The scope of this study focused on the genus Mosasaurus and came to 

encompass a few other, closely related genera.  Throughout the course of this 

research, other topics and questions, tangential to the main thesis of a systematic 

revision of Mosasaurus, arose.  These questions and observations could lead to 

multiple lines of additional research.   

 Two possible areas of future inquiry are systematic and taxonomic in nature.  

Various specimens of the now-invalid genus Liodon were examined in the 

collections where the primary research for this study was conducted.  Liodon was 

originally founded on isolated tooth and jaw material (Owen, 1840), but the holotype 

has since been reported lost.  The genus has since been declared a nomen dubium 

(Schulp et al., 2008) and many of the specimens previously referred to the genus 

have been reassigned to Prognathodon.  However, personal observations of some 

specimens, such as ‘Liodon’ compressidens (MNHN AC 1878-575) and ‘Liodon’ 

mosasauroides (MNHN 1891-14) have raised doubts as to the prognathodontine 



 303 
affinities of these taxa.  As it is currently used and understood, Prognathodon is 

certainly quite poorly defined.  It would be interesting to discover whether the 

species previously assigned to ‘Liodon’ do form a monophyletic clade, or whether 

some, or all, do share sufficient morphological similarities with Prognathodon to be 

members of that genus.   

 A second question of systematics arose from the results of the phylogenetic 

analyses presented in this study and centers around the genus Clidastes.  Clidastes 

is considered to be the basal-most genus within Mosasaurinae, and the various 

species assigned to the genus share many morphological similarities.  Yet the genus 

was rarely recovered as a monophyletic clade in the most parsimonious trees 

returned by the phylogenetic analyses.  Some specimens of Clidastes were 

examined throughout the course of this study, but due to time constraints during 

collections visits, many more specimens were left unassessed.  More careful 

scrutiny of the specimens of this genus should reveal characters that the species 

share or highlight errors in the interpretation, and therefore scoring for analysis, of 

these fossils.  It is surprising that these taxa are not found to be more closely related 

to each other than to the rest of the derived Mosasaurinae, and it would be intriguing 

to discover what has led to this finding. 

 A third possible future research topic is an investigation of the prevalence and 

patterns of paleopathologies in mosasaur fossils.  Many pathologic specimens were 

observed during the course of this research, exhibiting multiple conditions, but bite 

marks, most likely from other mosasaurs, seemed to be the most common, or at 

least most easily identifiable.  Most of these injuries from bites were found on the 

skull and jaws.  At the moment, it is unclear whether the number of bites to the head 

is due to collection or research bias, or whether this is a real pattern and potentially 

evidence of a behavior these extinct reptiles engaged in.  An investigation of the 

trends of paleopathology beyond Mosasaurini could elucidate broader behavioral 

patterns across Mosasauridae.   
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Final thoughts 

 As all meaningful investigations do, this study has provided new results and 

interpretations based on the data currently available, and it has also revealed further 

questions that future investigations could follow.  Our understanding of the 

morphology and inter-relationships of extinct organisms is constantly in flux as new 

fossils and fresh interpretations of historical specimens lend stronger support to, or 

alternatively tear down, previously held conceptions.   

 This study is significant in how it highlights the necessity for precise 

conceptions of taxa based on informative diagnoses.  Emending the diagnosis of M. 

hoffmannii provided the foundation for all subsequent aspects of the study that 

eventually revealed a monophyletic Mosasaurus and a diverse, cosmopolitan 

Mosasaurini.   

 A frequent refrain in paleontology is that if only there were more fossils, the 

answers would all become clear.  While it is certainly true that each new fossil 

discovery expands our understanding of paleobiology, we will never have access to 

the whole picture. The answers we derive from fossils will likely never represent the 

entire “truth” of evolution over deep time, but conscientious investigation of this 

massive, and massively incomplete, dataset allows us to elucidate the possibilities of 

how organisms, including le grand animal ... de Maestricht evolved millions of years 

in the past.    
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