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ABSTRACT  

Three species of Cretaceous marine squamates are described or redescribed. The first, 

Pontosaurus ribaguster is described from a relatively complete specimen discovered on Hvar 

Island, Croatia. Preservation of identifiable nektonic teleosts within the gastric cavity (the first 

identifiable gastric contents described from a dolichosaur) provide strong evidence of a primarily 

piscivorous diet. The second described species is a new genus and species of plesiopedal 

mosasauroid, Portunatasaurus krambergi, from the Cenomanian-Turonian (U. Cretaceous) of 

Dugi Otok, Croatia. The specimen preserves an exquisite forelimb showing a unique anatomy 

that appears to be transitional between Aigialosaurus and Mosasaurus. The new and unique limb 

anatomy contributes to a revised scenario of mosasauroid paddle evolution, whereby the 

abbreviation of the forelimb and the hydrofoil shape of the paddle evolves either earlier in the 

mosasaur lineage than previously thought, or more times than previously considered. The third 

description is a reassessment of the lizard Aphanizocnemus libanensis. Re-examination suggests 

that characters cited as supporting varanoid-dolichosaur affinities are misinterpreted, are 

common to many squamates, or are homoplastic and tightly linked to aquatic adaptation.  

Available data support the conclusion that Aphanizocnemus is not a dolichosaur, a varanoid, nor 

in fact an anguimorph, but may represent a new form of aquatic scincomorph, a group not 

previously recognized as having evolved aquatic adaptations. The three descriptions highlight 

morphological data that has been erroneously used, or were unavailable for, previous studies. A 

systematic analysis of the Pythonomorpha (inclusive of Pontosaurus ribaguster and Pontosaurus 

krambergi̧ and exclusive of A. libanensis) shows strong evidence for a monophyletic 

Aigialosauridae from which the hydropedal mosasauroid condition evolved at least twice. The 

results also support dolichosaurs as a non-monophyletic assemblage that form successive sister 
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taxa to the derived ophidians. The relationship between mosasauroids (Aigialosauridae) and 

ophidiomorphs is less conclusive, recovering the ophidiomorph lineage as arising from within 

the Mosasauroidea, most often as a sister group to the Mosasaurinae. To provide context for their 

evolutionary history, non-ophidian ophidiomorphs are further investigated through 

paleobiogeography. Fragmentary discoveries suggest that dolichosaurs originated in the 

Valanginian (Early Cretaceous) or even the latest Jurassic. Diversity and density peaked in the 

Cenomanian as a result of a large radiation in the Tethys and Western Interior Seaway. This 

radiation was likely interrupted by the Cenomanian-Turonian Boundary Event, an extinction 

event which caused a considerable drop in diversity. Non-ophidian ophidiomorphs persist until 

the Maastrichtian, while achieving their largest geographical distribution: spanning Europe, 

North America and South America. Their fossil record indicated that this geographically 

widespread group inhabited nearshore and offshore marine environments, and made several 

independent radiations into freshwater environments. Their radiative success was driven by 

features that were predisposed to functionality in the marine environment. Such ópreadaptiveô 

features could explain the propensity of the pythonomorph lineage to invade the water, as 

evidenced by multiple lineages independently radiating into the marine environment. Fast 

evolution of aquatically adapted features would subsequently allowed them to colonize the 

aquatic environment worldwide.  
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PREFACE 

Some of the research conducted for this thesis forms part of an international research 

collaboration, led by Dr. Michael Caldwell at the University of Alberta, with the Croatian 

Natural History Museum (Hrvatski prirodoslovni muzej), Zagreb, Croatia. Chapters two and 

three represent two manuscripts written, figured, and analyzed by M. Campbell Mekarski. M. 

Caldwell was the supervisory author; K. Krizmaniĺ supervised the curation and management of 

the specimens; and D. Japundģiĺ assisted with the review and interpretation of Croatian 

literature, assisted with some anatomical interpretation, and prepared the specimen described in 

Chapter two. Chapters one and four through seven are my original work.  

Chapter two of this thesis is in preparation for submission as M. Campbell Mekarski, D. 

Japundģiĺ, K. Krizmaniĺ, and M. Caldwell ñA new Cenomanian-Turonian Pontosaurus from the 

Dalmatian Coast, Croatia, and the first described ódolichosaurô stomach contentsò PLoS One. M. 

Caldwell assisted with manuscript composition and editing; D. Japundģiĺ contributed to 

geological review and manuscript edits; and K. Krizmaniĺ contributed to manuscript edits.  

Chapter three of this thesis is in preparation for submission as M. Campbell Mekarski, D. 

Japundģiĺ, K. Krizmaniĺ, and M. Caldwell ñDescription of a new basal mosasauroid with 

comments on the evolution of the mosasauroid forelimbò Journal of Vertebrate Paleontology. M. 

Caldwell assisted with manuscript composition, D. Japundģiĺ and K. Krizmaniĺ contributed to 

manuscript edits.  

Chapter seven was originally researched and written for a much more general audience as 

two parts of the University of Alberta MOOC óAncient Marine Reptiles, PALEO 203ô. Though 

all the original writing and the bulk of the background research is all my own, H. Street helped 
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with literature review, and T. Onuczko, M. Caldwell, and H. Street contributed to edits. The 

included text is all my own original work, and has been greatly edited and supplemented for this 

thesis from its original format.  

The novel taxonomic binomials introduced in chapters two and three are not official 

under the International Code of Zoological Nomenclature and should not be considered valid at 

this time.  
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GENERAL INTRODUCTION TO THESIS  
 

Aquatic adaptation, the change from life on the land to life in the water, is one of the 

most radical and frequent major evolutionary transitions, yet in many secondary aquatic lineages, 

little is known about the progression of adaptations leading to an aquatic life. Of the more than 

7000 species of extant squamates, only 59 are adapted to life in the aquatic environment: five 

species of sea kraits, three species of file snakes, 50 species of true sea snakes, and one iguana 

(Caldwell, 2006). Within these 59 species, there is not a very great diversity of ecological niches, 

with most being near-shore, tropical reef-dwellers.  During the Cretaceous however, terrestrial 

squamates exhibited a remarkable radiation into ecological roles and aquatic ecosystems around 

the world. One group in particularïthe Pythonomorphaïwas responsible for at least three major 

radiations: the ophidians (including aquatic hind-limbed snakes), the dolichosaurs (elongate, 

semi-aquatic lizards), and the mosasauroids (including the giant, open-ocean, predatory 

mosasaurs) (Cope, 1869; Palci and Caldwell, 2010; Caldwell, 2012).  

The Pythonomorpha has a long history of study dating back to the early 1800s, when 

early pioneers of paleontology and comparative anatomy such as Conybeare, Cope, Cuvier, 

Kornhuber, Kramberger, Mantell, Meyer, and Owen were recognizing and describing these 

fossils (e.g., Cuvier, 1808; Conybeare, 1822; Mantell, 1829; Owen, 1851; von Meyer, 1860; 

Cope, 1869; Gorjanovic-Kramberger, 1892; Kornhuber, 1901). Recent decades have seen a 

renewed interest in this group, resulting in an explosion in the number of species described and 

revised (e.g., Pierce and Caldwell, 2004; Dutchak and Caldwell, 2009; Palci and Caldwell, 2010; 

Jiménez-Huidobro et al., 2016; Street and Caldwell, 2016). These studies have prompted 

questions surrounding the origins and evolutionary trajectories of lineages within the 
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Pythonomorpha: specifically, regarding independent evolution, coevolution or convergence of 

specific traits related to their aquatic lifestyle.  

The investigation of these questions necessitates a well-resolved phylogeny. Although the 

taxonomic status of these groups has changed little since their conception, the interfamilial 

relationships of dolichosaurs, ophidians and mosasauroidsðand their relative position among 

anguimorph and squamate groupsðhave been modified and debated. As a result, hypotheses 

surrounding the aquatic adaptations of these Cretaceous marine squamates remain similarly 

muddled and inconsistent.  

To study the remarkable aquatic adaptations observed Cretaceous squamates, the focus 

must be on the lineages demonstrating terrestrial to aquatic transitions: namely, the dolichosaurs 

and the basal mosasauroids (the question of aquatic origins of snakes is beyond the scope of this 

thesis and will not be addressed). These pythonomorph lizards represent an intermediate form 

between fully terrestrial squamates and the obligate aquatic mosasaurs that later evolved from 

within the Pythonomorpha. They exhibit a combination of traits ranging from fully terrestrial, to 

semi and obligitorily aquatic, and are therefore an ideal transitional group in which to study the 

basal marine adaptations within Cretaceous squamates, and their subsequent evolutionary 

transformations. 

My research investigates whether aquatic adaptations within Cretaceous squamates were 

convergent or plesiomorphic, compares these traits to other aquatic species, and examines 

subsequent variation and modification of these adaptations in relation to our understanding of 

pythonomorph paleoecology. Broader implications of this project include helping to answer the 

question of whether or not becoming aquatic requires a specific set of characters in order to be 
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successful, thereby increasing our understanding of convergent evolution (the independent 

evolution of similar features in species from different lineages).  To accomplish this, a thorough 

understanding of the evolution and interrelationships of squamates is necessary.  It is therefore 

essential to derive a new phylogenetic hypothesis that better describes the relationships between 

these groups. To that end this thesis has two major goals. The first goal will be to describe new 

species and revisit old interpretations, and use that data to construct a hypothesis of 

pythonomorph relationships. The second goal will be to better understand the evolution of 

aquatic traits in Cretaceous squamates based on their phylogenetic and paleobiogeographical 

context.  Thus, chapter one will review literature describing and interpreting pythonomorph 

lizards and their recent systematic analyses. Chapter two will describe a new species of 

dolichosaur, and provide evidence that confirms a long standing hypothesis on dolichosaur 

paleoecology. Chapter three will describe a new genus of aigialosaur and outline a new 

hypothesis for the evolution of flippers in mosasaurs. Another species, Aphanizocnemus 

libanensisðoriginally classified as a dolichosaurðis redescribed as a óscincogekkonomorphô in 

chapter four, thus removing confounding data from the Pythonomorpha problem. A phylogenetic 

study is performed in chapter five to clarify relationships between pythonomorph lineages, and 

revealing support for multiple independent incursions into the marine environment. Chapter six 

is a paleobiogeographical assessment of dolichosaurs that reveals patterns of origination and 

radiation, providing context for their evolution and adaption, including evolutionary drivers. 

Finally, with a clearer understanding of the phylogenetic and biogeographic constraints on 

aquatic adaptation in Cretaceous squamates, it is possible to discuss specific adaptations within 

the group. Chapter seven will introduce the problem of aquatic adaptation and some of the 
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solutions evolved by squamates in the context of their evolutionary relationships, answering 

questions surrounding the ancestral or independent acquisition of certain aquatic traits.   
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CHAPTER 1 : A REVIEW OF THE TAXONOMY AND 
SYSTEMATICS OF PYTHONOMORPH LIZARDS  
 

INTRODUCTION 

Lizards and snakes, collectively the Squamata, or scaled reptiles, are generally considered 

terrestrial as they have few adaptations that would be considered distinctively aquatic. Today, 

only marine iguanas and sea snakes are considered aquatic squamates. However, Cretaceous 

rocks of marine origins from around the world have produced fossilized lizards adapted to 

aquatic life. These fossils represent a dramatic radiation that happened in the mid-Late 

Cretaceous (~95 million years ago- mya), when a group of squamatesðthe Pythonomorphað

evolved and underwent a dramatic marine radiation (Bardet et al., 2008). By the time of their 

extinction at the end of the Cretaceous period (65 mya) they had colonized marine and 

freshwater environments, evolved into a vastly diverse aquatic group, and had given rise to the 

mosasaurs - a fully aquatic group of top predators who possessed many of the adaptations 

distinctive of an aquatic life. 

 The Pythonomorpha is composed of the Ophidia (including hind-limbed, and legless 

snakes), the Mosasauridae, and several families of pythonomorph lizards (note that the term 

ólizardô is used here and throughout the rest of this manuscript as a short-hand for the 

paraphyletic assemblage composed of non-ophidian, non-mosasaurid squamates): the 

Aigialosauridae, the Dolichosauridae, and sometimes, the Coniasauridae. The phylogenetic 

relationships and composition of the Pythonomorpha, including its location within Squamata, is 

heavily debated (Calligaris, 1988; Carroll and Debraga, 1992; Caldwell, 2000; Dutchak and 

Caldwell, 2006; Bardet et al., 2008; Caldwell and Palci, 2010; Palci and Caldwell, 2010; 
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Gauthier et al., 2012). However, the phylogenetic analysis of Palci and Caldwell (2010) suggests 

that the ancestors of pythonomorphs were anguimorph lizards that developed features related to 

skull kinesis, strengthening of the braincase, and aquatic locomotion. Ophidiomorphs (a subset 

of the Pythonomorpha composed of dolichosaurs and ophidians) are characterized by additional 

features related to limb reduction, additional skull kinesis, body and neck elongation and a fairly 

progressive reduction in pectoral girdle elements (Palci and Caldwell, 2010).  

 The majority of the earliest known pythonomorph lizards originate from the mid-

Cretaceous rocks deposited in the Tethys Sea including localities in Croatia and Slovenia 

(Adriosaurus, Aigialosaurus, Mesoleptos, Pontosaurus, e.g., Caldwell, Carroll, and Kaiser, 1995; 

Cornalia and Chiozza, 1852; Kornhuber, 1893, 1901; Kramberger, 1892; Lee and Caldwell, 

2000; Nopcsa, 1908, 1923; Pierce and Caldwell, 2004; von Meyer, 1860), Lebanon 

(Aphanizocnemus, Pontosaurus; Caldwell and Dal Sasso, 2004; Dal Sasso and Pinna, 1997) and 

Palestine (Hassiasaurus; Polcyn, Tchernov, and Jacobs, 1999). A smaller number of species can 

also be found in more widely separated localities including  the Western Interior Seaway 

(Dallasaurus; Bell and Polcyn, 2005), Atlantic shelf (Vallecillosaurus; Smith and Buchy, 2008), 

and Pacific Rim (Kaganaias, Evans et. al, 2006). Interestingly, most of the fossil record for 

pythonomorph lizards are articulated, monotypic specimens, though fragmentary material has 

been found in Australia (Scanlon and Hocknull, 2008), the United States (Liggett et al., 2005; 

Shimada and Bell, 2006), and Spain (Hontecillas et al., 2015). 

 The goal of this chapter is to review the literature describing and interpreting 

pythonomorph lizards from the first descriptions of these animals (Owen, 1842), to the most 

recent analyses (Simões et al., 2017). This review will provide context for the current 

understanding of pythonomorph relationships, reveal gaps in knowledge and provide a sense of 
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direction for some of the questions asked throughout this work. Research surrounding the aquatic 

adaptations of this group will be summarized in Chapter Eight and are not discussed here in 

Chapter 1. 

  

REVIEW 

The study of non-ophidian, non-mosasaurid pythonomorphs has mostly been done in two major 

surges. The first, from the 1850s to the 1920s was descriptive of new species culminating in a 

summary by Camp (1923) in his ñClassification of the Lizardsò. After Camp, there was very 

little published research on dolichosaurs, aigialosaurs and mosasauroids until 1988 (exceptions 

would include McDowell and Bogert [1954] and Russell [1967]). This year saw the summary of 

Cretaceous marine lizards by Calligaris (1988) and marked the beginning of what becomes a 

truly renewed interest in the group. Over the next three decades many publications were released 

diagnosing, reassessing and analyzing the relationships of the group.  

 

The Ophiosauria (1850 -1900) 

The earliest work on pythonomorph lizards was done in the mid 19th century with a series of 

primary descriptions. These included Coniasaurus crassidens and Dolichosaurus longicollis 

(Owen, 1850), and Mesoleptos zendrini (Cornalia, 1852). The family Dolichosauridae was 

erected by Gervais (1852) as a monotypic taxon containing only Dolichosaurus longicollis 

(Owen, 1850). Owen (1850) initiated discussion on the broader relationships of the group by 

proposing that his Coniasaurus and Dolichosaurus might be marine óiguanianô lizards. 
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 In the next several decades, while debate raged over the relationships of mosasaurs (e.g., 

Owen, 1877, and a series of responses between Cope and Baur 1895-1896) several more 

pythonomorph lizards were introduced into the scientific literature: Acteosaurus tommasinii (von 

Meyer, 1860), Hydrosaurus (later Pontosaurus) lesinensis (Kornhuber, 1873), Adriosaurus 

suessi (Seeley, 1881), Aigialosaurus dalmaticus, and Aigialosaurus novaki (Kramberger, 1892). 

It was during this time frame that Cope (1869) first proposed the close relationship of snakes and 

mosasaurs. He postulated that among squamates, the closest living relatives of mosasaurs were 

snakes and erected the Pythonomorpha to include these taxa. However, the dolichosaurid and 

aigialosaurid lizards we now consider part of the Pythonomorpha were not included.    

In 1892, Kramberger produced one of the first comprehensive and comparative works on 

these animals, comparing previously described Cretaceous lizards to his new species: 

Aigialosaurus dalmaticus. This was the work that established the Aigialosauridae, a family he 

erected to contain Acteosaurus, Adriosaurus, Pontosaurus (which he had renamed from 

Hydrosaurus), and Aigialosaurus- though he acknowledged that within this family, the first three 

genera should be subdivided from Aigialosaurus. Together with the Dolichosauridae (to which 

he only assigned Dolichosaurus), these two families formed a grouping he called the 

Ophiosauria- a transitional group between ólizardsô and mosasaurs. Mesoleptos was excluded 

from the Ophiosauria and was instead assigned to the Varanidae.  

As it turned out, the name ñOphiosauriaò was preoccupied and was shortly thereafter 

emended to Dolichosauria by Boulenger (1893). In this publication, he also proposed a 

hypothesis for pythonomorph relationships, regarding the aigialosaurs and dolichosaurs as 

ancestral to all other lizards, mosasaurs and snakes. Kramberger (1892) acknowledged the 

transitional nature of the Aigialosauridae, arguing that they were ancestral to dolichosaurs, 
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pythonomorphs (still only including mosasaurs and snakes), and lacertilians. Carsosaurus 

marchesetti (Kornhuber, 1893) was described soon after.  

 

The Classification of Lizard s (1901-1923) 

Krambergerôs 1892 classification was reviewed by Kornhuber (1901) in his description 

of Aigialosaurus (=Opetiosaurus) bucchichi. In his opinion, the members of the Aigialosauridae 

were sufficiently similar to modern varanids to be placed in the family Varanidae. Instead, he 

argued that his new species, O. bucchichi, was a better example of a transitional form between 

varanids and pythonomorphs.  

Two years later, Nopcsa (1903) once again revised the Cretaceous lizards of the Istrian 

peninsula. He supported Krambergerôs interpretation of Aigialosauridae as a family distinct from 

the Varanidae, but disagreed on the composition of the family and its placement. He based the 

classification of the Dolichosauridae on small heads, elongated bodies and necks, and reduced 

limbs, including Acteosaurus, Adriosaurus, and Pontosaurus in this family with Dolichosaurus. 

In the large-headed, short-necked Aigialosauridae he placed Aigialosaurus, Carsosaurus, 

Opetiosaurus and Mesoleptos. He concluded that the Aigialosauridae and Dolichosauridae 

shared ancestry with varanids, and assigned both to the Lepidosauria. 

During this time, Louis Dollo was writing prolifically on mosasaurs, and in his writings 

he made several comments regarding aigialosaurs and dolichosaurs, reaching similar conclusions 

to Nopcsa. Dollo (1903, 1904a, 1904b) considered aigialosaurs true lizards branching off near 

the Varanidae, and ancestral to the Dolichosauridae and Mosasauridae. Williston (1904) shared 

this opinion, emphasizing the close relationship of aigialosaurs and dolichosaurs to varanoids. He 
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also praised the striking example of evolution preserved in the transition from terrestrial 

varanoids, to semi-aquatic aigialosaurs, to aquatic mosasaurs.  

Over the next few decades, other anatomists and paleontologists continued to publish on 

the relationship of these small aquatic lizards and Nopcsa continued to change his interpretations. 

Nopcsa's (1908) review of fossil reptiles expanded on his ideas that snakes had marine origins 

and were closely related to dolichosaurs, and further discussed the monophyly of mosasaurs and 

snakes. 

Contrary to Nopcsa and Kornhuber was Féjérváry (1918), who published that similarities 

between aigialosaurs and mosasaurs were the result of convergence, stating his doubt that such a 

transformation could have occurred in such a short amount of time (less than ten million years). 

Before he died in 1933, Nopcsa published one last paper on fossil lizard relationships 

(Nopcsa, 1923). In this paper (in which he also described Eidolosaurus and Pachyophis), he 

challenged Féjérváry, revised his own earlier classifications, and placed dolichosaurs and 

aigialosaurs in a closer relationship as sister-subfamilies. He grouped all the above-mentioned 

lizards into the Dolichosauridae, which he divided into three subfamilies. The Dolichosauinae 

still included the grouping of Acteosaurus, Adriosaurus, Pontosaurus and Dolichosaurus, but 

also included the newly described Eidolosaurus. The Aigialosaurinae maintained the 

Aigialosaurus-Carsosaurus-Opetiosaurus grouping, but Mesoleptos was removed and placed in 

a third subfamily: Mesoleptinae. He also discussed similarities in aigialosaur and mosasaur 

skulls, and between the caudal regions of Aigialosaurus and Pachyophis. These included: small 

skulls, a cylindrical body, reduced limbs, many hypapophyses, and the presence of 

zygosphenes/zygantra. He concluded that the ancestors of mosasaurs could be found within the 
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Aigialosaurinae, and that snakes were most closely related to dolichosaurs and had a 

morphologically similar ancestor.   

The most lasting classification was made by Camp (1923) in his extensive work 

ñClassification of the Lizardsò. Camp (1923) placed the Dolichosauridae, Aigialosauridae and 

Varanidae inside the Superfamily Varanoidea. He also first classified the Mosasauroidea: a 

superfamily containing the Mosasauridae and being a sister-superfamily to Varanoidea. 

Together, the Mosasauroidea and Varanoidea comprised the Platynota. Serpentes was placed 

outside of the Sauria, as a separate suborder. According to his classification, the Aigialosauridae 

contained Aigialosaurus, Opetiosaurus, Carsosaurus and ?Mesoleptos and were defined by fused 

frontals, pterygoid teeth, reduced limbs and broadened feet. He defined a dolichosaur as having 

axial elongation, a small skull, thirteen cervical vertebrae, and some aquatic adaptation in the 

limbs and tail. According to this diagnosis, he included Acteosaurus, Adriosaurus, 

Dolichosaurus, and Pontosaurus in the Dolichosauridae. 

 

From Camp to Russell (1954 -1967) 

 Campôs classification was the generally accepted model of relationships for several 

decades. In 1954, McDowell and Bogert published a monograph on Lanthanotus, in which they 

placed Lanthanotidae, Dolichosauridae and Aigialosauridae in a polytomy. They also described 

the mosasaur lineage arising from the Aigialosauridae. Their work laid out each of these groups, 

their identifying characteristics, and their members.  Within the Aigialosauridae was 

Aigialosaurus, Carsosaurus, Opetiosaurus, ?Mesoleptos, and ?Eidolosaurus (which they gave a 
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secondary interpretation as a lanthanotid). Acteosaurus, Adriosaurus, Pontosaurus, ?Pachyophis, 

?Symoliophis, and Dolichosaurus comprised their Dolichosauridae.  

 The geologically oldest proposed aigialosaur was described in a very short paper by 

Kuhn (1958). He described a skull roof fragment found in Late Jurassic deposits from Solnhofen, 

Germany, and referred it to Proaigialosaurus hueni, as it predated any other aigialosaur 

previously described. The specimen has now unfortunately been lost.  

 Campôs 1923 classification was revised in 1961, almost four decades after its publication 

(Camp and Allison, 1961), but the status of Cretaceous marine squamates did not change much 

excepting that they gained another closely related family, the Helodermatidae.  

 Russell (1967) published one of the key works in mosasaur paleontology: ñThe 

Systematics and Morphology of American Mosasaursò. Though the focus was obviously North 

American mosasaurs, pythonomorph lizards were also discussed - primarily as an example of 

what a transitional mosasaur might have been like. Like Camp (1923) the decades following 

Russellôs work produced very little on pythonomorph lizards.  

 

The first cladistic analyses (1988 -1993) 

 Besides the discovery of fragmentary coniasaur material from North America (Bell, 

Murry, and Osten, 1982), the next major research on pythonomorph lizards commenced with a 

summary of reptiles from Komen and Lesina (Hvar Island) by Calligaris (1988). Though the 

publication provides a nice overview of diversity, it does not give any new descriptive details on 
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these lizards (except one new specimen briefly referred to Opetiosaurus - now described as 

Komensaurus), or any new hypotheses on relationships (he supported Nopcsa's 1923 phylogeny). 

 Four years later, Carroll and Debraga (1992) published on the taxonomy and 

phylogenetic relationships of aigialosaurs. They redescribed Opetiosaurus bucchichi and 

Aigialosaurus dalmaticus, and described Calligarisô new specimen. However, instead of giving it 

a formal taxonomic binomen, they simply referred to it as ñthe Trieste aigialosaurò. The truly 

notable thing about this publication was that it used a computer generated cladistic analysis to 

construct cladograms and from there to hypothesize a phylogeny of relationships (the first time 

this had been done on pythonomorph lizards). Their analysis used fifteen characters and ten 

terminal clades including Aigialosauridae (which was coded using the three species they had 

described earlier in their paper). The Aigialosauridae was recovered in a polytomy with 

Cherminotus+Saniwa and Lanthanotus+Varanus. Mosasaurs and dolichosaurs were not 

included.  

 The same authors published a larger scale version (142 characters, 17 taxa) of this 

analysis a year later, this time with mosasaurs as the focus (Debraga and Carroll, 1993). Once 

again, Aigialosauridae was coded as a terminal taxon, prohibiting any comments on the 

relationships within that family. However, the Aigialosauridae and Mosasauridae were recovered 

as sister groups forming the Mosasauroidea, which was found in turn to be the sister group of the 

Varanidae.  

 The dissertation of Bell (1993) produced another analysis of mosasaur systematics. It is 

argued that his study gained more traction than Debraga and Carrollôs due to better chosen, less 

redundant characters (Dutchak, 2005). Like Carroll and Debraga (Carroll and Debraga, 1992; 
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Debraga and Carroll, 1993), the focus was on mosasaurs and only a few small, semi-aquatic 

forms were chosen. However, unlike earlier analyses, the Aigialosauridae was broken into 

multiple terminal taxa and therefore tested its monophyly for the first time. The analysis (151 

characters, 37 taxa) used Dallasaurus (at the time, referred to only as ñthe Dallas aigialosaurò), 

Opetiosaurus, Aigialosaurus, and the Trieste Aigialosaur but did not include any dolichosaurs. 

When the research was published (Bell, 1997a), it had been edited to 142 characters. This 

analysis did not recover a monophyletic Aigialosauridae. A. dalmaticus and Komensaurus (the 

Trieste Aigialosaur) plotted out with the halisaurines. Dallasaurus (the Dallas aigialosaurs) fell 

into a polytomy with the halisaurine-aigialosaur clade, and the clade containing the rest of the 

mosasaurs. O. bucchichi was located at the base of the tree, as the sister group to all other 

mosasauroids. In addition, Bellôs results did not find support for a sister group relationship 

between mosasauroids and varanids. It is extremely important to note here that this character set 

has formed the basis of almost every mosasauroid phylogeny for twenty years, from 1997-2017, 

and did not get a significant review for almost two decades (e.g., Caldwell and Palci, 2007; 

Dutchak and Caldwell, 2006, 2009). 

 

Ten years of description and discussion (1995 -2005) 

Beginning in 1995, and coinciding with the discovery of several new pythonomorph 

lizards, there was a resurgence in the study of aigialosaurs and dolichosaurs independent of 

mosasaurids as well as in relation to broader squamate relationships. This began with the 

redescription of Carsosaurus marchesetti (Caldwell et al., 1995) which was focused particularly 

on describing and comparing the forelimb, and included an analysis of aigialosaur phylogeny 
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using 66 characters and ten taxa. As it was published before Bell (1997), this makes it the first 

published phylogenetic analysis of aigialosaurs. Unfortunately, the results of the heuristic search 

produced a polytomy of aigialosaurs (Aigialosaurus, Carsosaurus, Opetiosaurus and the Trieste 

aigialosaur) outside of the Mosasauridae, whereas the strict consensus produced a polytomy of 

all five taxa. Subsequent tests removing problematic characters gave further support for a 

monophyletic Aigialosauridae within a monophyletic Mosasauroidea. This paper also referred 

Opetiosaurus to Aigialosaurus. 

Caldwell (1996) examined mosasauroid limb evolution using a dataset based on Bellôs 

(1993) matrix. Caldwell removed over half of the taxa (37 taxa to 15), and many characters 

deemed to be phylogenetically uninformative (151 characters to 91). In contradiction to Caldwell 

et al.ôs (1995) earlier findings, the strict consensus yielded a polytomy of aigialosaurs at the base 

of the Mosasauridae, and the majority rule recovered a paraphyletic Aigialosauridae in a comb 

on the stem of the Mosasauridae tree.  

 Several studies in 1997 and 1998 did not focus on pythonomorph lizards in particular, but 

by including pythonomorphs in analyses of squamate relationships, they nonetheless provided 

some context on their placement. Lee (1997) provided a novel hypothesis for varanoid and snake 

affinities by using mostly fossil taxa (10 of 15) in his analysis. This provided strong support for 

the Pythonomorpha inclusive of mosasaurs and snakes. Lee (1998) expanded on this work and 

created a larger dataset with more taxa and characters. Once again, mosasauroids and snakes 

formed a well supported cladeðthe Pythonomorphaðwhich nested within the Varanoidea, 

supporting the close relationship proposed by Carroll and Debraga (1992). Two descriptive 

papers on legged snakes also supported this relationship (Caldwell and Lee, 1997; Lee and 

Caldwell, 1998).  



18 

 

The year 1997 also marked the first new ódolichosaurô to be described in many years: 

Aphanizocnemus libanensis (Dal Sasso and Pinna, 1997). The description was accompanied by a 

small phylogenetic analysis based on Debraga and Carroll (1993). A. libanensis formed a 

polytomy with the Aigialosauridae and the mosasaurid clade (containing four terminal taxa). 

Interestingly, no other dolichosaurs were included in the analysis. The authors concluded that 

Aphanizocnemus occupied a transitional position between terrestrial varanids and fully aquatic 

mosasaurs.  

The redescription of Coniasaurus crassidens (Caldwell and Cooper, 1999) and the 

description of a new species, Coniasaurus gracilodens (Caldwell, 1999a), prompted two further 

analyses: one smaller analysis focused on the relationships of aigialosaurs, coniasaurs and 

mosasaurs (Caldwell, 1999a), and the second among the greater Squamata (Caldwell, 1999b). 

For the first (Caldwell, 1999a), the Bell matrix was once again pared down, this time to 73 

characters and 11 taxa (including three aigialosaurs). The results were similar to Caldwell 

(1996), showing a paraphyletic Aigialosauridae with Coniasaurus occupying the sister-position 

to mosasaurs. Caldwell (1999b) performed an analysis of higher-level squamate phylogeny using 

the characters and matrix of Estes, DeQuieroz, and Gauthier (1988) which placed coniasaurs and 

the Mosasauroidea (Aigialosauridae and Mosasauridae) in a clade. The sister group of that clade 

were the snakes in 12 out of 18 shortest trees supporting the pythonomorph grouping. Unlike Lee 

(1998), varanids were on the opposite side of the tree. The new hypothesis was that 

pythonomorphs were not derived varanoids, but basal platynotans, or maybe even basal 

anguimorphs. This hypothesis was not universally accepted, and was contradicted by Zaher and 

Rieppel (1999) who questioned treatment of the taxa and characters.  
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 In 1999, Polcyn, Tchernov and Jacobs described Haasiasaurus gittelmani, a new basal 

mosasauroid from Israel. It was originally named as Haasia gittelmani and had to be renamed 

because the generic name was preoccupied (Polcyn et al., 2003). No other new comments on 

relationships were made.  

Completing a redescription of Adriosaurus suessi, Lee and Caldwell (2000) also 

investigated the sister-group relationships of mosasauroids with dolichosaurs, pontosaurs, 

adriosaurs and snakes. Using a version of Lee's (1998) dataset (updated to 258 characters and 32 

taxa), they recovered Adriosaurus, Aphanizocnemus, and Dolichosauridae (Coniasaurus and 

Dolichosaurus) as successive sister groups to snakes. The sister-group to this dolichosaur-snake 

clade was the aigialosaur-mosasaur clade (here named Mosasauridae instead of Mosasauroidea), 

supporting a monophyletic Pythonomorpha. In this analysis, the Pythonomorpha still sat within 

Varanoidea, as the sister group to Varanidae.   

 Once again opposing the close relationship of mosasaurs and snakes was Tchernov et. al. 

(2000) and Rieppel and Zaher (2000), who argued that the skull and dentition characteristics 

uniting these groups were convergent. They did however, support the close relationship of 

mosasaurs and varanids.  

 Caldwell (2000) once again modified Bellôs (1993) matrix and his own earlier work 

(Caldwell, 1996, 1999a) when he performed a cladistic analysis on six genera of mosasaur, three 

species of aigialosaur, two species of coniasaur and Dolichosaurus longicollis (the redescriptive 

focus of the paper). Using this matrix of twelve taxa and 66 characters, he recovered the 

Aigialosauridae as a distinct clade (with unresolved internal relationships). Although the strict 

consensus tree showed a polytomy between mosasaurs, Aigialosauridae, Dolichosaurus and the 
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coniasaurs; the majority rules tree found Aigialosauridae and mosasaurs in a clade distinct from 

the included dolichosaurs: Dolichosaurus and Coniasaurus.  

Lee and Scanlon (2002) further adapted the Caldwell (2000) dataset, reducing the number 

of characters by ten, and adding Mesoleptos zendrinii (which was redescribed in the paper). The 

results were essentially the same as in Caldwell (2000), except that the newly included 

Mesoleptos was now found to be the closest relative of snakes, followed by Adriosaurus and then 

other dolichosaurs.  

A small Moroccan mosasaur described by Bardet, Suberbiola, and Jalil (2003) provided 

more evidence for the evolution of mosasaurs from within the Aigialosauridae. Tethysaurus 

nopcsai had many features that appeared intermediate between aigialosaurs and more derived 

mosasaurs, providing a clearer picture of how mosasaurs could have evolved from within the 

aigialosaur lineage. When included in Caldwell's (2000) dataset, Tethysaurus was recovered as 

the sister group to the derived mosasauroids, with aigialosaurs (Opetiosaurus, Carsosaurus and 

Aigialosaurs) forming the sister-group to [Tethysaurus[Halisaurus and other mosasaurids]].  

 Following the trend of redescriptions, Acteosaurus crassicostatus (Calligaris, 1993) was 

redescribed in 2004, which resulted in this specimen being referred to Adriosaurus suessi 

(Caldwell and Lee, 2004). Pontosaurus lesinensis was also redescribed by Pierce and Caldwell 

(2004). Analyzing it in a phylogenetic context, they reduced Lee and Caldwellôs (2000) dataset 

to fifteen taxa and 159 characters. The results were essentially the same: a monophyletic 

Pythonomorpha, with a monophyletic dolichosaur-snake lineage as the sister group to a 

monophyletic aigialosaur-mosasaur lineage. Pontosaurus fell between [Dolichosauridae, 

Aphanizocnemus] and Adriosaurus in the comb leading to the Ophidia. It is interesting to note 
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here that even though this and plenty of other phylogenetic studies assessed the relationships of 

dolichosaurs in the 1990ôs and early 2000s, none found any support for a monophyletic 

Dolichosauridae (sensu Camp, 1923), but instead recovered them as a paraphyletic ógradeô basal 

to snakes. 

 Also described in 2004 was Carentonosaurus mineaui (Rage and Néraudeau, 2004). It 

was described as an aigialosaur on the basis of several pachyostotoic vertebrae, a partial rib, and 

a fragmentary pectoral girdle. It has, due to the partial nature of the specimen, not been used in 

phylogenetic analysis since.  

 Vidal and Hedges (2004) used a molecular study to try to disprove the pythonomorph 

hypothesis, but as mosasaurs can obviously provide no molecular data, their inference is 

questionable.  

 Lee (2005) performed an interesting series of phylogenetic analyses whereby he used 248 

osteological (based on Lee and Caldwell, 2000), 133 other anatomical, and 18 ecological traits to 

test the major relationships of extinct and extant squamates. The analysis was run multiple times, 

using different subsets of characters and taxa, deletion tests, and character weighting. The tests 

were mostly congruent. The results support the monophyly of the Mosasauroidea (Mosasauridae 

and Aigialosauridae), and the placement of dolichosaurs as óstemô snakes, forming successive 

outgroups after the pythonomorph lineage splits from the mosasauroids. Varanoids formed the 

outgroup to the Pythonomorpha.    
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The question of monophyly (2005 -present)  

 Bell and Polcyn's (2005) description of Dallasaurus turneri was accompanied by a 

systematic analysis using the mostly unmodified dataset of Bell (1997), excluding or ignoring 

changes applied by Caldwell (1996, 1999a, 2000). Once again, the included aigialosaurs were 

Aigialosaurus, Dallasaurus, Opetiosaurus, and the Trieste aigialosaur. This time they also 

included Haasiasaurus. The results of this analysis resolved the polytomy at the base of the tree 

and showed a paraphyletic Aigialosauridae. Dallasaurus and their ñTaxon novum YMPò (a 

taxon that has still not been described as of 2017) plotted out as sister taxa to the mosasaurines, 

Haasiasaurus as the sister taxa to the russellosaurine-halisaurine clade, and Opetiosaurus and 

Aigialosaurus as sister taxa to the rest of the mosasauroid lineage. Though a lot of criticisms can 

be made surrounding their choice of taxa and characters, this paper outlines an extremely 

important question: that of the monophyletic or polyphyletic nature of derived mosasaurs. Bell 

and Polcyn argue that paddle-like limbs (previously thought of as a synapomorphy of derived 

mosasaurs) evolved at least twice within the Mosasauroidea. Their tree topology supports 

traditional subfamily groupings of mosasaurs suggesting that each mosasaur subfamily could 

have been a separate aigialosaur radiation, which would therefore make the Mosasauridae 

polyphyletic.  

 Later that year, Haber and Polcyn (2005) described Judeasaurus tchernovi based on a 

partial skull. They identified it as a possible dolichosaur, but acknowledged that the material was 

insufficient to firmly identify it as an aigialosaur or dolichosaur. However, in Polcynôs earlier 

systematic analysis (Bell and Polcyn, 2005), it plotted out with Dallasaurus as the sister taxon to 

the mosasaurines. 



23 

 

 Buchy et al. (2005) contributed significantly to mosasauroid paleobiogeography when 

their summary of Mexican marine squamates was published. In it they briefly describe several 

derived mosasaurs (including a holotype specimen), isolated vertebrae assigned to 

Mosasauroidea, and an articulated partial aigialosaur preserving squamation that would be fully 

described later (Smith and Buchy, 2008). 

 Dutchak and Caldwell (2006) used the redescription of Aigialosaurus dalmaticus to edit 

several characters as they had been interpreted by Bell and Polcyn (2005) and perform their own 

systematic analysis on that data set. Their results showed a polyphyletic óAigialosauridaeô, with 

Dallasaurus at the base of the mosasaurines, Haasiasaurus, Aigialosaurus, and the Trieste 

aigialosaur as sequential outgroups at the base of the russelosaurine-halisaurine clade, and 

Opetiosaurus as the sister group to all other mosasauroids.  

 The year 2006 was an exciting one for pythonomorph researchers, with two nearly 

complete species being described, both with accompanying systematic analyses. Caldwell (2006) 

described a second species of Pontosaurus: P. kornhuberi. Additionally, he used a highly 

modified version (77 characters) of Pierce and Caldwell's (2004) matrix to analyze 

pythonomorph relationships. The results were fairly well supported, with the strict consensus 

showing Adriosaurus as the sister taxon to ophidians; Pontosaurus [P. kornhuberi and P. 

lesinensis] forming a sister clade to [Adriosaurus, ophidians]; and Dolichosauridae and 

Aphanizocnemus falling out basal to the above. The sister clade of all these were the 

mosasauroids (Mosasauridae and Aigialosauridae).    

 The second new species was a pythonomorph lizard from Japan (Evans et al., 2006). 

Kaganaias hakusanensis is unique in being from the Pacific, and for being one of the oldest 
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pythonomorph lizards: dating from the Valanginian ù Hauterivian of the Early Cretaceous. In 

their analyses (based on Lee, 1998; Lee and Caldwell, 2000; and Rieppel and Zaher, 2000), 

Kaganaias plots with dolichosaurs when they are included (Lee and Caldwell, 2000; Rieppel and 

Zaher, 2000 expanded), and when they are not, it falls out with the amphisbaenians in a sister 

clade to pythonomorphs (Lee, 1998).  

Palci and Caldwell's (2007) description of a new dolichosaurðAdriosaurus 

microbrachisðcritically assessed the characters and taxonomic composition of Bell and Polcynôs 

(2005) data matrix. This led to a different series of cladograms and therefore different 

hypotheses regarding the evolution of mosasauroid features. This paper was significant in that it 

defined Ophidiomorpha for the first time: the clade inclusive of Ophida and the dolichosaurs 

(including the Dolichosauridae, pontosaurs, adriosaurs, etc). They defined the group as being 

characterized by (1) elongation of the cervical region (>10 cervical vertebrae); (2) elongation of 

the dorsal region (>35 precloacal/presacral vertebrae); (3) zygosphenes/zygantra in the 

precloacal/presacral region; (4) limb reduction or loss, especially in the forelimbs.  It excludes ï 

but forms a sister group with - the Mosasauridae and Aigialosauridae (Mosasauroidea). The 

Pythonomorpha was redefined as the clade containing the Ophidiomorpha and Mosasauroidea. 

These definitions are the basis of the naming conventions used in this thesis. The authors did not 

address ingroup relationships of the mosasauroid lineage, but did so for the Ophidiomorpha. 

They recovered Adriosaurus as the sister taxon to the Ophidia, with Aphanizocnemus and the 

Dolichosauridae forming successive sister-groups.  

In 2007, after years of being included in phylogenetic analyses, ñthe Trieste aigialosaurò 

was finally described and named (Caldwell and Palci, 2007). Komensaurus carrolli was 

identified as a new genus, contrary to the past synonymization of this specimen with 
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Carsosaurus (Caldwell et al., 1995; Caldwell, 1996). The primary description also inspired a 

crucial evaluation of Bell and Polcynôs (2005) character list, and a new analysis of the ingroup 

relationships of Mosasauroidea. A data matrix based on Dutchak and Caldwell's (2006) dataset 

was revised to include 142 characters and 38 terminal taxa. This analysis supported the 

polyphyly of mosasaurids, with Dallasaurus being the sister group of the mosasaurines, 

Carsosaurus and Komensaurus the sister group of the halisaurine-russellosaurine clade, and 

Aigialosaurus as the sister group to all other mosasauroids.  

 As previously mentioned, another mosasauroid was described the next year. 

Vallecillosaurus donrobertoi preserves the posterior half of a basal mosasauroid from Mexico 

(Smith and Buchy, 2008). It provided evidence that pythonomorph lizards had achieved 

intercontinental distribution before the evolution of the mosasaurs. This hypothesis seems to be 

supported by other finds of isolated vertebrae reported from this time: including possible 

dolichosaur material from Australia (Scanlon and Hocknull, 2008), France (Houssaye, 2010), 

Kazakhstan (Averianov, 2001), Kansas (Shimada and Ystesund, 2007), and possibly Patagonia 

(Albino, 2000).  

 Conrad (2008) performed a large and very extensive phylogenetic study of squamates. 

His findings were similar to other, smaller studies on pythonomorph and mosasaur relationships: 

a Hennigian comb of aigialosaurs leading to the derived mosasaur groups, with the dolichosaurs 

(Dolichosaurus, Aphanizocnemus and Coniasaurus) as the sister group. The polyphyly of 

aigialosaurs was not really tested, as he did not include Dallasaurus or Judeasaurus which had 

previously been resolved as basal mosasaurines (Bell and Polcyn, 2005; Caldwell and Palci, 

2007; Haber and Polcyn, 2005). He also attempted to resurrect an old, but never properly defined 

name for the dolichosaur-aigialosaur-mosasaur clade: Mosasauria (March, 1880) which had been 
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mentioned in older literature (mostly in the early 1900s), and generally used interchangeably 

with Pythonomorpha. Presumably, Conrad (2008) chose not to use the term óPythonomorphaô as 

his analysis recovered snakes in a completely different place.  

In their redescription of Aigialosaurus (here officially renamed from Opetiosaurus) 

bucchichi, Dutchak and Caldwell (2009) once again completed a phylogenetic study based on a 

heavily modified version of Bell and Polcynôs 2005 data matrix. Terminal taxa were combined at 

the generic level where possible in order to focus on larger scale interrelationships of 

mosasauroids (i.e., not at the specimen or species level). The analysis included five small, semi-

aquatic mosasauroids: Aigialosaurus bucchichi and A. dalmaticus, Komensaurus, Dallasaurus, 

and Haasiasaurus. The authors chose not to include Carsosaurus due to the low number of 

characters that could be coded. Though the study provided fairly good resolution within the 

Mosasauridae, the relationships of the semi-aquatic mosasauroids was less clear. Among trees 

one step longer than optimum, the hypothesis was that Aigialosaurs and Dallasaurus form 

successive outgroups to the Mosasauridae (Clidastes and more derived mosasaurs). Outside of 

this, Komensaurus, Haasiasaurus and Halisaurus formed a group. Under strict consensus, this 

relationship broke down into a polytomy among the five genera. The placement of Halisaurus 

was slightly surprising given that it is hydropedal (i.e., aquatically adapted limbs) rather than 

plesiopedal (i.e., terrestrially adapted limbs) like the rest of the genera within the polytomy. It is 

also interesting in that it provides a paraphyletic hypothesis for aigialosaurs rather than 

polyphyletic.  

Palci and Caldwell (2010) in their redescription of Acteosaurus tommasinii include a 

cladistic analysis of several marine squamates (including Mosasauridae, Dolichosauridae, 

Aigialosauridae, pontosaurs, Adriosaurus, Acteosaurus, Aphanizocnemus) and living and fossil 
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snakes. Their trees found no support for a monophyletic Dolichosauridae inclusive of 

Pontosaurus. All of their recovered tree topologies found support for the monophyly of the 

Ophidiomorpha, inclusive of the Dolichosauridae (Dolichosaurus, Coniasaurus), Pontosaurus, 

Aphanizocnemus, Adriosaurus, Acteosaurus, and Ophidia. The Mosasauroidea (Aigialosauridae 

and Mosasauridae) was recovered as the sister group to Ophidiomorpha, such that the 

Mosasauroidea and Ophidiomorpha together formed the Pythonomorpha. The authors also 

described a new species of ophidiomorph lizard this same year: Adriosaurus skrbinensis 

(Caldwell and Palci, 2010). They added this species into their analysis (Palci and Caldwell, 

2010), and not surprisingly, obtained the same results. The only difference being that A. 

skrbinensis was found to be the sister group of A. suessi.  

A treatise by Caldwell (2012) extensively discussed the concept of ómosasaurô (and their 

kin, the dolichosaurs and aigialosaurs) as a biologically distinct unit. He concluded that the 

current usage of the term ómosasaurô described a particular morphotype of pythonomorphs that 

were large and had derived flippers, rather than a true biological group (mosasaurs in this sense 

being polyphyletic). He proposed that ñAigialosauromorphaò or ñAigialosauroideaò would be a 

more accurate term to describe the lineage of lizards that developed hydropedal limbs in several 

descendant lineages.  A second conclusion was that there was a complete lack of evidence to 

support the hypothesis that mosasaurs (and their kin) were derived varanoids. In fact, they could 

not be placed confidently in the Platynota or Varanoidea, but appeared to fit well as basal 

anguimorphs along with snakes.  

Since this time, little new taxonomic data or phylogenetic hypotheses of note has been 

published on pythonomorph lizards. They continue to be used in squamate and mosasaur 

phylogenies (e.g., Conrad et al., 2011; Gauthier et al., 2012; Simões et al., 2017), and an isolated 
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teeth and some vertebral material from Spain has been attributed to pythonomorph lizards 

(Houssaye et al., 2013; Hontecillas et al., 2015). However, lack of new taxa or new hypotheses 

regarding relationships has somewhat stalled the study of this group.   

 

Summary  

The Pythonomorpha has a long history of study dating back to the early 1800s, when 

early pioneers of paleontology and comparative anatomy such as Conybeare, Cope, Cuvier, 

Kornhuber, Kramberger, Mantell, Meyer, and Owen were recognising and describing these 

fossils. Naturally following the alpha taxonomic studies of these species came a series of 

hypotheses on the relationships of snakes, dolichosaurs and mosasauroids and their broader 

placement within Squamata. Recent decades have seen a renewed interest in this group, resulting 

in an explosion in the number of species described and revised. The application of computer 

generated statistical models have been used to test the relative support for different phylogenetic 

hypotheses. These studies have generated a huge amount of new anatomical information and 

phylogenetic hypotheses. However, the lack of consensus among these analyses means that large 

scale taxonomic revision of the group has not been done, leaving several questions open.  

The hypothesized placement of pythonomorph lizards at the base of mosasaur and snake 

lineages, means that these taxa are extremely important when trying to reconstruct evolutionary 

relationships and adaptive hypotheses. Major questions surround the origins and evolutionary 

trajectories of lineages within the Pythonomorpha: such as those regarding the mono- or 

polyphyly of obligate aquatic mosasaurs, the relationship of snakes among other squamates, and 

the independent evolution, coevolution, or convergence of specific traits.  
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 The investigation of these questions necessitates a well-resolved phylogeny; however, no 

phylogenetic study has specifically attempted to resolve the relationships within the whole of the 

Pythonomorpha. Instead, the focus has generally been to contextualize a single specimen, or to 

determine the internal relationships of the ophidians, the dolichosaurs, or the mosasauroids. 

Broader level comparisons have been coincidental, usually due to the choice of outgroups or 

ingroups. To date, no study has specifically attempted to resolve relationships at the base of the 

pythonomorph lineage using dolichosaurs and aigialosaurs, which could help to settle some of 

these outstanding problems. One of the major goals of this thesis is to perform this necessary 

step, providing the most inclusive hypothesis of basal pythonomorph interrelationships to date.  

 The questions of where mosasaurs and snakes fit within the Squamata remains a difficult 

and intensely debated problem (e.g., Martill, Tischlinger, and Longrich, 2015). The close 

relationship of snakes and mosasaurs remains uncertain and is outside the scope of this work to 

attempt to resolve. However, due to the possible monpohyly of snakes and other pythonomorphs, 

it is impossible to completely exclude snakes from the discussion of pythonomorph phylogeny. 

Indeed, it seems that the snake origins question has been the driving force for many phylogenetic 

studies including pythonomorph lizards, and it is possible that results from this work may 

provide evidence for this debate.  

 The remainder of this chapter will summarize existing data on pythonomorph lizards, and 

the comparative material used in this thesis.   
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THE FOSSIL RECORD OF PYTHONOMORPH LIZARDS  

Pythonomorph lizards are represented by about 27 species (20 genera) in the fossil 

record. These are rare finds. Preservational, geographic, and taphonomic biases in this group 

make biodiversity difficult to assess. This is exemplified by the fact that most of the described 

species are monotypic and known only from single specimens.  

The next section will provide a brief overview of the taxa involved in the Late Cretaceous land-

to-sea radiation of squamates. Where possible, I have included relevant notes on the discovery 

and history of the specimen, and information on stratigraphy, paleoenvironment and 

paleoecology which are important considerations for understanding adaptations.  

 

Pythonomorpha incertae sedis  

Isolated material found worldwide has been variously diagnosed as dolichosaur, 

aigialosaur, or pythonomorph remains. Generally, this is too fragmentary and poorly preserved to 

be confidently assigned to a genus or even family, though it can contribute to a better 

spatiotemporal understanding of pythonomorph radiation.  

 New World pythonomorph grade vertebral remains have been described from the middle 

Turonian of South Dakota (VonLoh and Bell, 1998), the upper Turonian of Columbia (Páramo-

Fonseca, 1994, 1997), the Cenomanian-Turonian of Texas, South Dakota, Colorado, and Kansas 

(Martin and Stewart, 1977; Bell et al., 1982; Bell and Polcyn, 1996; Cicimurri and Bell, 1996; 

Shimada and Bell, 2006; Shimada et al., 2006, 2007; Shimada and Ystesund, 2007), the lower 

Turonian/lower Cenomanian of Mexico (Buchy et al., 2005), and possibly the Campanian-
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Maastrichtian of Patagonia (described: Albino, 2000; dolichosaur affinities: Scanlon and 

Hocknull, 2008). 

 Tethyan material attributed to pythonomorph lizards comes from at least two instances of 

isolated teeth and some vertebral material from Upper Cretaceous (Late Campanian-Early 

Maastrichtian) of Spain (Houssaye et al., 2013; Hontecillas et al., 2015). One specimen, 

originally described as a snake (Rage and Richter, 1994; Rage and Werner, 1999) has been 

reinterpreted as a ódolichosaurô (Scanlon and Hocknull, 2008). Several instances of isolated 

material have been reported from Turonian age deposits in France (Rage, 1989; Bardet et al., 

1998a, 2008; Houssaye, 2010), and a single report from a Late Maastrichtian locality (Laurent et 

al., 2002). Slightly further from the central Tethys region are reports from the Cenomanian-

Turonian of Kazakhstan (Averianov, 2001).  

 A more recent and potentially interesting find was that of a possible dolichosaur from the 

latest Albian of Queensland, Australia (Scanlon and Hocknull, 2008). This discovery is notable 

because it represents the first non-marine Gondwanan dolichosaur, found in a fluvial deposit. It 

is also the oldest (or second-oldest) recorded Australian squamate.  The authors compared it 

most favorably with Coniasaurus, but the single vertebra is worn and broken such that it is 

difficult to assign to a family let alone a genus. 

 

óAigialosaursô (non-mosasaurid mosasauroids)  

 The family Aigialosauridae (Kramberger, 1892) was erected for Aigialosaurus 

dalmaticus. Similar lizards from surrounding areas were quickly added, thereby expanding the 

family (e.g., Carroll and Debraga, 1992; Kornhuber, 1893, 1901, Nopcsa, 1908, 1923). These 
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animals are roughly one to two metres in length, are mostly Cenomanian-Turonian in age, and 

are found primarily in Tethyan deposits. Their close relationship with mosasaurs has long been 

understood, as stated by Williston (1904, p. 47): ñ. . . no more striking examples of evolution 

presented in all vertebrate paleontology than that of the aquatic mosasaurs of the Upper 

Cretaceous, through the semiaquatic aigialosaurs of the Lower Cretaceous, from the 

(hypothetical) terrestrial varanoids of the lowermost Cretaceous or Upper Juraò.  

The Mosasauroidae (Camp, 1923) indeed shows a remarkably complete sequence of 

morphologies from near shore reef dwellers to open ocean top predators. The most primitive 

members of this cladeðthe óaigialosaursôðare small, and retain weight bearing, terrestrial legs 

(plesiopedal) and hips (plesiopelvic). Aquatic adaptations include a long, laterally flattened tail 

that likely powered anguilliform swimming. These animals are generally considered to be semi-

aquatic, being fully able to move on land or in the water.  The larger, later members of this 

groupðthe ómosasaursôðwere obligate aquatic animals suited to open water pursuit (Caldwell, 

2012). Their non-weight bearing legs and girdles were optimally adapted for swimming 

(hydropedal and hydropelvic). In these larger, later forms, the tails shortened relative to their 

body length and developed vertical, heterocercal flukes.  

Recent analyses suggest that the Aigialosauridae may be paraphyletic, with derived 

mosasaur families originating multiple times from within the group (Caldwell et al., 1995; Bell 

and Polcyn, 2005; Dutchak and Caldwell, 2006; Caldwell and Palci, 2007). Even so, the term 

óaigialosaurô has persisted in the literature, though it has come to refer to a morphotype (Dutchak 

and Caldwell, 2006): a semi-aquatic lizard possessing some mosasaurid features (especially in 

the head, e.g., a circular quadrate), but retaining terrestrial, weight-bearing limb and body 

features. In a similar vein, ómosasaursô, a polyhyletic group, also represent a morphotype: an 
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obligatorily aquatic animal with aigialosaur-like cranial morphology, and aquatically adapted 

tails, limbs, and hips (Caldwell, 2012). The need to clean up mosasaur-related nomenclature in 

light of our new understanding of their relationships is evident.  

Below are reviewed species (nine genera) generally considered aigialosaurs.  

 

Aigialosaurus  

SynonymðOpetiosaurus Kornhuber, 1901 (Caldwell et al., 1995) pg 526   

 

Aigialosaurus bucchichi (Kornhuber, 1901) 

Holotype:   BSP 1901/002/0001 - 0005  

Referred material: n/a 

Age:    Late Cenomanian 

Location:  Hvar Island, Croatia 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    This impressive specimen was found in a limestone quarry between the 

villages of Starigrad and Vrboska in Hvar Island, Croatia. It was originally described as the 

monotypic genus Opetiosaurus (Kornhuber, 1901). Several authors suggested that it may be a 

junior synonym of Aigialosaurus (Carroll and Debraga, 1992; Caldwell et al., 1995; Caldwell, 

2000; Dutchak and Caldwell, 2006), though other studies disagreed (Bell and Polcyn, 2005; 
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Polcyn et al., 1999). It was eventually officially reassigned to Aigialosaurus (Dutchak and 

Caldwell, 2009) making Opetiosaurus a junior synonym. The fossil preserves most of the 

skeleton on slab and counter slab. Until recently the two halves were housed at two institutions: 

an unnumbered postcranial slab at NMW, and the cranial slab and vertebral fragments at GBA. 

In 2011 the NMW slab was given to the GBA on permanent loan, where it was given a specimen 

number (0005). In life, the animal would have been between 1-1.5 m long. 

 

Figure 1-1 Holotype of Aigialosaurs bucchichi (BSP 1901/002/0001 ï 0005). Interpretive drawing from Dutchak 

and Caldwell 2009. 

 

Aigialosaurus dalmaticus (Kramberger, 1892) 

Holotype:   BSP 1902II501 
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Referred material: n/a 

Age:    Late Cenomanian-Early Turonian 

Location:  Hvar Island, Croatia 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    Like A. bucchichi, this specimen was discovered in a limestone quarry 

between Starigrad and Vrboska. It was the first óaigialosaurô described in the literature. It is 

articulated and nearly complete, missing the posterior portion of the tail. It was redescribed by 

Dutchak and Caldwell (2006), and in later directly compared to A. bucchichi (Dutchak and 

Caldwell, 2009).  

 

Figure 1-2 Holotype of Aigialosaurus dalmaticus (BSP 1902II501). Interpretive drawing from Kramberger 1892. 

 

 

Aigialosaurus novaki (Kramberger, 1892) 

Holotype:   ? (missing) 

Referred material: n/a 

Age:    Late Cenomanian-Early Turonian 
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Location:  Hvar Island, Croatia 

Data:    From the literature  

Notes:    This species was also erected by Kramberger when he described A. 

dalmaticus. It was a segment of 38 articulated caudal vertebrae from the same outcrop as A. 

dalmaticus. It is considered a nomen dubium since there are no features differentiating it from 

any other taxa (Caldwell et al., 1995). The specimen was last seen in Trieste, Italy, but is now 

considered lost.  

 

Figure 1-3 Holotype of Aigialosaurus novaki (lost specimen). Interpretive drawing from Calligaris 1988. 

 

Carsosaurus  

Carsosaurus marchesetti (Kornhuber, 1893) 

Holotype:   MCSNT 9963  

Referred material: n/a 
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Age:    Cenomanian 

Location:  Komen, Slovenia 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    This monotypic specimen is complete except for the skull and neck. In 

life, it would have been roughly two metres long, making it one of the largest aigialosaurs. It 

provides proof of viviparity in aigialosaurs, as the specimen represents a gravid female 

containing at least four embryos, identified by Caldwell and Lee (2001).   

 

Figure 1-4 Holotype of Carsosaurus marchesetti (MCSNT 9963). Interpretive drawing from Caldwell, Carroll and 

Kaiser, 1995. 

 

 

Dallasaurus  

Dallasaurus turneri (Bell and Polcyn, 2005) 

Holotype:   TMM 43209-1  

Referred material: DMNH 8121-8125, 8127-8141, 8143-8149, 8151-8157, 8161-8180 

Age:    Middle Turonian 
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Location:  Cedar Hill, Dallas County, Texas, USA 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    The Dallasaurus material is fragmentary and mostly disarticulated skull 

and postcranial elements. Unlike most small Late Cretaceous marine squamates, this animal 

shows some evidence of hydropelvic anatomy: notably the anteriorly directed superior iliac 

process (Bell and Polcyn, 2005; Caldwell and Palci, 2007).   

 

Figure 1-5 Holotype of Dallasaurus turneri (TMM 43209-1: cranial elements). Figure adapted from Bell and 

Polcyn, 2005. A - D ï teeth of indeterminate positions illustrating range of tooth morphology; E - H ï maxilla 

fragments in (E, F) medial and (G, H) occlusal view; I, J ï parietal fragment in (I) ventral and (J) dorsal view; K, L ï 

medial frontal fragment in (K) dorsal and (L) ventral view; M, N, R ï angular in (M) lateral, (N) anterior and (R) 

medial view; splenial in (O) lateral view; scale bar is 1 cm.  

 

 

Haasiasaurus  

 

Haasiasaurus gittelmani (Polcyn et al., 1999) 
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Holotype:   HUJ-PAL EJ693  

Referred material: HUJ-PAL EJ694, EJ696-698, EJ700, EJ701, EJ703-705 

Age:    Early Cenomanian 

Location:  óEin Yabrud, Ramallah, Palestine 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    The partially articulated specimen consists of a mandible, jaw, and body 

fragments in several blocks. The genus was renamed from Haasia in 1999 due to it being a 

junior homonym (Polcyn et al., 2003).  

 

 

Figure 1-6 Holotype of Haasiasaurus gittelmani (HUJ-PAL EJ693: cranial elements). Interpretive drawing from 

Polcyn, Tchernov and Jacobs, 1999. A, Left mandible and skull elements in medial view; B, left mandible in lateral 

view; C, lateral view of left maxilla; scale bar is 1 cm. 
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Judeasaurus  

Judeasaurus tchernovi (Haber and Polcyn, 2005) 

Holotype:   HUJI P4000  

Referred material: n/a 

Age:    Late Cenomanian-Early Turonian 

Location:  Unknown locality in the Judean Hills (either Israel or West Bank) 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:   The incomplete skull that makes up this specimen includes the right 

maxilla with five anterior teeth, a right jugal, fused frontals and parietals, both postorbitofrontals, 

supratemporals, squamosals, quadrates and partial mandibles, fragments of cervical vertebrae. It 

was originally described as a varanoid that was closely related to mosasaurs. In the limited 

phylogenetic studies it has been included in, it falls near Dallasaurus. Bardet and colleagues 

(2008) describe it as a ódolichosaurô rather then a mosasauroid.  
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Figure 1-7 Holotype of Judeasaurus tchernovi (HUJI P4000: skull and neck). Interpretive drawing from Haber and 

Polcyn, 2005. Scale bar is 1 cm. 

 

Komensaurus  

Komensaurus carrolli (Caldwell and Palci, 2007) 

Holotype:   MCSNT 11430 (originally MSCNT 9961), 11431, 11432  

Referred material: n/a 

Age:    Late Cenomanian 

Location:  Tomaļevica, Slovenia 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:   This specimen is broken into three slabs. The largest contains a large 

portion of the articulated postcranial material, the other two contain disarticulated material: one 
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with cervical and skull fragments, the other with jaw and caudal fragments. This species was 

originally assigned to Opetiosaurus (Calligaris, 1988). It is referred to in the literature as the 

óTrieste aigialosaurô in several publications (Carroll and Debraga, 1992; Debraga and Carroll, 

1993). It was redescribed by Caldwell and Palci (2007) who erected a new genus for it.  

 

 

Figure 1-8 Holotype of Komensaurus carrolli (MCSNT 11430, 11431, 11432). Photographs from Caldwell and 

Palci 2007. A, postcranial skeleton; B, cervical vertebrae and skull elements; C, caudal vertebrae and cranial 

elements; scale bar is 5 cm. 

 

Proaigialosaurus  

Proaigialosaurus hueni (Kuhn, 1958) 

Holotype:   ? (missing)  

Referred material: n/a 
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Age:    Late Jurassic 

Location:  Solnhofen, Bavaria, Germany 

Data:    From the literature 

Notes:    This specimen - an impression of the dorsal surface of the skull - is now 

considered lost.  Its last known location was a private unnamed collection. The assignment of 

this species is contentions. It was originally and briefly described as an aigialosaurid and was 

accompanied by a sketch.  Hoffstetter (1964) thought that it might be a juvenile marine 

sphenodontian ï he suggested Pleurosaurus ï however, he never saw the specimen in person. 

Carroll (1988) stated that Proaigialosaurus likely belongs to the Aigialosauridae, but later 

considered it a nomen dubium, as the description was insufficient to establish the identity of the 

genus, and the only known specimen could not be located (Carroll and Debraga, 1992). Its loss is 

unfortunate, because if an aigialosaur, it would be the oldest record of a mosasauroid worldwide.  

 

 

 

 

 

Figure 1-9 Holotype of Proaigialosaurus hueni (unnumbered). Interpretive drawing based on Kuhn, 1958.  
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Vallecillosaurus  

Vallecillosaurus donrobertoi (Smith and Buchy, 2008) 

Holotype:   UANL-FCT-R27 

Referred material: n/a 

Age:    Early Turonian 

Location:  Solnhofen, Bavaria, Germany 

Data:    From the literature 

Notes:    Like Komensaurus, this specimen is preserved in three slabs: a part and 

two pieces of counterpart. Together, they preserve the posterior half of the bodyðincluding the 

tailðin articulation. Before it was formally described, it was referred to as the óMexico 

aigialosaurô (Buchy et al., 2005).  

 

Figure 1-10 Holotype of Vallecillosaurus donrobertoi (UANL-FCT-R27). A, photographs, and B, interpretive 

drawing from Smith and Buchy, 2008. Scale bar is 5 cm. 
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Unnamed ?mosasauroid  

Gen. et sp. nov (Paparella et al., 2015) 

Holotype:   MPUR NS 161 

Referred material: n/a 

Age:    Upper Campanian-lower Maastrichtian 

Location:  Nardò, Lecce, Puglia, Italy 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    The specimen, yet to be formally described, is beautifully preserved. It is 

preserved on a limestone slab articulated and almost complete from the head to the anterior 

portion of the tail. Notably, it shows exceptional preservation of some soft tissues including 

muscles and scales. This specimen is particularly interesting because even though it is the 

youngest mosasauroid yet found, it still retains aquatically adapted morphologies that are 

considered basal. This indicates that this ecology and body plan were successful throughout the 

Late Cretaceous, contemporaneous with the larger, fully aquatic mosasaurs.  
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Figure 1-11 Undescribed, soon-to-be holotype (MPUR NS 161). Photograph by M. Campbell Mekarski.  

 

óDolichosaursô (non-ophidian ophidiomorphs)  

The relationships of ódolichosauridsô with mosasaurs and more broadly, the rest of the 

squamates, is more uncertain than the aigialosaurs. The Dolichosauridae (within the 

Dolichosauria) was established to hold Dolichosaurus only (Kramberger, 1892) and was 

considered closely related to the Aigialosauridae. Nopcsa (1903, 1908) enlarged the group, 

including Acteosaurus, Adriosaurus and Pontosaurus. He thought that dolichosaurs were more 

closely related to snakes than mosasaurs and aigialosaurs.  

Recent phylogenetic analyses (Caldwell, 2000; Lee and Caldwell, 2000; Palci and 

Caldwell, 2007, 2010) seem to support Nopcsaôs hypothesis, with ódolichosaursô forming 

successive sister groups to ophidians, and aigialosaurs forming the sister group to mosasaurs. 

According to this interpretation, dolichosaurs are a paraphyletic assemblage: an evolutionary 

ógradeô along the road to snakes. Together with snakes, they form the Ophidiomorpha (Palci and 
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Caldwell, 2010). Therefore, the correct name for these animals would be non-ophidian 

ophidiomorphs. I will continue to use the term dolichosaur throughout in reference to this 

assemblage due to its convenience and historical use.  

Dolichosaurs are known mainly from the Cenomanian of Europe and North America. 

They are fairly smallðless than a metre in lengthðwith a long neck, a long tail, and reduced 

limbs. They are diagnosable by their elongate necks (>10 cervical vertebrae), elongate trunks 

(>35 presacral vertebrae), zygosphene-zygantra articulations throughout the entire presacral 

region, and a reduction in forelimb elements. Currently, there are ten described genera.  

 

Acteosaurus  

Acteosaurus tommasinii (von Meyer, 1860) 

Holotype:   MCSNT 9960 

Referred material: n/a 

Age:    Late Cenomanian 

Location:  Komen, Slovenia  

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    This articulated specimen is relatively complete from anterior cervical to 

the ~19th caudal vertebrae. The specimen is very small, and shows notable reduction of the 

forelimbs. It was initially described by von Meyer (1860) who thought it was closely related to 
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Dolichosaurus longicollis, but autapomorphic enough to erect a new genus.  It was redescribed 

by Palci and Caldwell (2010).   

 

Figure 1-12 Holotype of Acteosaurus tommasinii (MCSNT 9960). A, photographs, and B, interpretive drawing from 

Caldwell and Lee, 2004.  

 

Acteosaurus crassicostatus- Described by Caligaris 1993, reevaluated by Caldwell and Lee 

(2004) who referred it to Adriosaurus suessi (see below).  

 

Adriosaurus  

Adriosaurus microbrachis (Palci and Caldwell, 2007) 

Holotype:   MCSNT 7792 

Referred material: n/a 
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Age:    Late Cenomanian 

Location:  Komen, Slovenia  

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    This specimen is articulated and complete from the posterior cervical to 

the anterior caudal vertebrae. The specimen is very small, and the majority of the bones have 

been naturally sheared off, such that most vertebrae are visible as sections through the dorsal 

plane. This specimen is especially interesting, as it shows extreme reduction of the forelimbs 

resulting in a complete loss of elements distal to the humerus.  

 

Figure 1-13 Holotype of Adriosaurus microbrachis (MCSNT 7792). Interpretive drawing from Palci and Caldwell, 

2007. Scale bar is 5 mm. 

 

Adriosaurus skrbinensis (Caldwell and Palci, 2010) 

Holotype:   SMNH 2158 

Referred material: n/a 

Age:    Late Cenomanian 
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Location:  The village of Skrbina, northwest of Komen, Slovenia  

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    This fossil is an articulated specimen from posterior half of the skull to the 

anterior part of the tail. Most of the skull, the preserved limb elements, and some of the caudal 

and cervical series are preserved as natural moulds. Phosphatic matter in the abdominal region is 

interpreted as gastric content. The specimen was recovered during the renovation of an old stone 

house. 

 

Figure 1-14 Holotype of Adriosaurus skrbinensis (SMNH 2158). Interpretive drawing from Caldwell and Palci, 

2010. Scale bar is 1 cm. 

 

Adriosaurus suessi (Seeley, 1881) 

Holotype:   The óVienna specimenô NMW unnumbered specimen (missing) 

Neotype:  BMNH R2867 

Referred material: MCSNT 9400 
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Age:    Late Cenomanian 

Location:  Komen, Slovenia (Vienna specimen and MCSNT 9400); Hvar  

   Island, Croatia (NHM R2867) 

Data:    Information on holotype from the literature, NHM R2867 was  

   visited, photographed and sketched by M. Campbell Mekarski  

Notes:    The Vienna holotype was an articulated postcranial skeleton which was 

stored in the Geological Museum at the University of Vienna. Recent searches for the specimen 

have not been able to retrieve it, and it is therefore considered lost. A neotype was designated in 

2000 by Lee and Caldwell (NHM R2867). The new specimen is a nearly complete and 

articulated. It was originally identified as Aigialosaurus by Nopcsa (1908, 1923), but this was 

not a robust identification as he grouped all dolichosaur-like forms together without any analysis 

of characters. The specimen MCSNT 9400 is an articulated section of dorsal vertebrae with 

shoulder girdle and forelimbs preserved as part and counterpart. It was originally described as a 

new species by Calligaris, (1993), who named is Acteosaurus crassicostatus. The specimen was 

reevaluated by Caldwell and Lee (2004) who excluded it from Acteosaurus, and referred it to 

Adriosaurus suessi, making Aceteosaurus crassicostatus a junior synonym of Adriosaurus 

suessi.  
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Figure 1-15 Neotype of Adriosaurus suessi (BMNH R2867). Interpretive drawing from Lee and Caldwell, 2000. 

Scale bar is 1 cm. 

 

 

Adriosaurus sp. 

Several specimens have been ascribed to Adriosaurus, but not identified or differentiated at a 

species level.  

 

Specimen:   MCSNT 7749, 7793, 7794, 9400, 11426 

Age:    Late Cenomanian 

Location:  Komen, Slovenia  

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:   A series of specimens described by Palci (2007) in his PhD thesis have 

been assigned to the genus Adriosaurus. They vary in completeness from a single element to a 

nearly complete individual. Most are articulated, and several are nearly complete. Unfortunately 

for some, the preservation is fairly poor, and those that are better preserved are missing key 
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diagnostic features like the skull and limb elements. Some specimens are compared to other 

Adriosaurus fossils in Palci and Caldwell (2007).  

 

Figure 1-16 Photographs of several Adriosaurus fossils. A, MCSNT 7749; B, MCSNT 7793; C, MCSNT; 11426l; 

D, MCSNT 9400; E, MCSNT 7794.  

 

Aphanizocnemus 

Aphanizocnemus libanensis (Dal Sasso and Pinna, 1997) 

Holotype:   MSNM V783 



54 

 

Referred material: n/a 

Age:    Middle Cenomanian 

Location:  En Nammoura, Lebanon  

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:    This tiny specimen is fully complete and articulated from premaxilla to the 

tip of the tail. The specimen barely measures 30 cm. The skeleton is in generally excellent 

condition, apart from the skull, which was significantly damaged during preparation. There is 

speculation that it may represent a juvenile since it shows body ratios and ossification patterns 

often found in juvenile individuals (Dal Sasso and Pinna, 1997). While certainly aquatic, it is 

very unique in many of its features, and may not represent an anguimorph at all.    

 

Figure 1-17 Holotype of Aphanizocnemus libanensis (MSNM V783). Photograph by M. Campbell Mekarski. 

 

 

Carentonosaurus  

Carentonosaurus mineaui (Rage and Néraudeau, 2004) 

Holotype:   MNHN IM D 21 
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Referred material: MNHN IMD 1-59  

Age:    Late Cenomanian 

Location:  Charente-Maritime, western France (IMD 21); northern  

   Spain (IMD 1-59) 

Data:    From the literature 

Notes:    This specimen is represented by isolated vertebrae, a fragment of the 

pectoral girdle, and a rib. Further material from Asturias (Northern Spain) was referred to 

Carentonosaurus sp. by Vullo, Bernárdez, and Buscalioni in 2009, and includes more vertebrae, 

a rib, and a partial jaw. The geology indicates that these animals lived in shallow and fairly warm 

water on the inner shelf (Rage and Néraudeau, 2004) and/or in coastal lagoons with tidally 

influenced channels (Vullo et al., 2009).  

 

Figure 1-18 Holotype of Carentonosaurus mineaui (MNHN IMD 21: mid- to posterior dorsal vertebra). Interpretive 

drawing from Rage and Néraudeau, 2004; scale bar is 1 cm.  
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Coniasaurus  

Coniasaurus crassidens (Owen, 1850) 

Holotype:   BMB 007155  

Referred material: BMB 007157, 012485.; FSHM VP-13999-14002, 14778;  

NHM R 1937; SDSM 25896, 34993-35000; SMUSMP 69018-29;  

TMM 40239-1, 41885-1; WMNM P19913 

Age:    Cenomanian (and Coniacian?) 

Location:  Sussex, England; Westfalia, Germany; Texas, South Dakota,  

   Kansas, USA 

Data:    Data from BMB, NHM, SMUSMP: specimen visit, photos and 

drawings by M. Campbell Mekarski. Data from FSHM, SDSM, TMM, 

WMNM: from the literature.  

Notes:    Numerous fossils have been identified as C. crassidens from Southern 

England (Caldwell and Cooper, 1999), Western Germany (Diedrich, 1997) and the central 

United States including Texas (Bell et al., 1982; Cicimurri and Bell, 1996; Jacobs et al., 2005a), 

Kansas (Liggett et al., 2005; Shimada and Ystesund, 2007), Colorado (Shimada et al., 2006), and 

South Dakota (Bell and Polcyn, 1996; Von Loh and Bell, 1998).  The holotype consists of 

vertebrae and the right ramus of the lower jaw, including several of the characteristically thick 

teeth. The syntype (BMB 007157) which was also described by Owen (1850), is an articulated 

length of 12 dorsal vertebrae.  These specimens have been discussed and figured several times in 
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the literature (Owen, 1850, 1878; Morris, 1854; Willett, 1871; Woodward and Sherborn, 1890; 

Crane, 1892), making it the best studied of the pythonomorphs from this time. The other 

specimens assigned to this species are usually classified based on the characteristic tooth 

morphology, but several blocks consist of other bones: primarily vertebrae and skull elements. 

Some of the Texas material (SMUSMP specimens) may be from slightly younger strata from the 

late Cenomanian ï late Turonian. Two specimens from Kansas, tentatively assigned to the 

species, date from the Coniacian, (Shimada et al., 2007), and Santonian (Shimada and Bell, 

2006) and represent the youngest occurrence of this species. An additional report from 

Saskatchewan, Canada that was tentatively assigned to Coniasaurus crassidens would represent 

the more northern occurrence of the genus in North America (Cumbaa et al., 2006).  

 

Figure 1-19 Holotype of Coniasaurus crassidens (BMB 007155). Photograph by M. Campbell Mekarski. 

 

Coniasaurus gracilodens (Caldwell, 1999a) 

Holotype:   BMNH R44141  
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Referred material: n/a 

Age:    early Cenomanian 

Location:  Sussex, England 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski  

Notes:    This specimen consists of a block and several isolated elements. The block 

contains a few articulated vertebrae, rib fragments and a scapulocoracoid. The isolated elements 

include the frontal, a lacrimal, and a jaw fragment containing teeth. The material was initially 

figured and identified as Dolichosaurus longicollis by Milner (1987 in Owen [1987]), but was 

not formally described until Caldwell (1999a) who erected a new species for the material.  

 

Figure 1-20 Holotype of Coniasaurus gracilodens (BMNH R44141). Photograph by M. Campbell Mekarski. 
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Coniasaurus sp. 

Several specimens have been assigned to Coniasaurus, but not identified or differentiated at a 

species level. The material spans the middle Cenomanian to middle Santonian and originates 

from the Tethys and Western Interior Seaway. These include an isolated vertebra from the mid-

late Cenomanian of Asturias, Spain (Vullo et al., 2009), and a number of reports from the 

Southern United States (Bell et al., 1982; Bell and Polcyn, 1996; Liggett et al., 2005; Shimada 

and Bell, 2006; Shimada et al., 2006, 2007; Shimada and Ystesund, 2007). The most interesting 

of these is material reported from the Late Cenomanian of Texas representing an associated adult 

and juvenile (M. Polcyn, pers. comm.).  

 

Dolichosaurus  

Dolichosaurus longicollis (Owen, 1850) 

Holotype:   BMNH R 49002  

Referred material: BMB 008567; BMNH R 32268, R 49907, R 49908  

Age:    Cenomanian 

Location:  Kent and Sussex, England; Westphalia, Germany 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski  

Notes:    The holotype specimen preserves the head, forelimbs and dorsal portion of 

the spine. The other four slabs contain articulated and unarticulated remains of fore- and 

hindlimbs, and vertebrae from cervical to caudal regions. The only cranial material is in the 
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holotype and it is poorly preserved. These specimens are redescribed together by Caldwell 

(2000). BMNH R 32268 was found in the same quarry are the holotype. It was originally named 

Raphiosaurus sublidens (Owen, 1842) but was later referred to as D. longicollis by (Owen, 1850, 

1851, 1878). In Caldwellôs redescription (Caldwell, 2000), he notes that the diagnostic characters 

of Dolichosaurus are not comparable to the known osteology of Coniasaurus, and therefore 

could be found to be congeneric based on information from future discoveries. Fragmentary 

remains attributed to D. longicollis have also been reported from Westphalia, Germany 

(Diedrich, 1997, 1999). 

 

Figure 1-21 Holotype of Dolichosaurus longicollis (BMNH R 49002). A, photograph, and B, interpretive drawing 

from Caldwell, 2000. 

 

 

Eidolosaurus  

Eidolosaurus trauthi (Nopcsa, 1923) 
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Holotype:   GBW 1923/1  

Referred material: n/a  

Age:    middle-late Cenomanian 

Location:  Komen, Slovenia 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski  

Notes:   This specimen preserves most of the body (posterior cranial to posterior 

caudal) as a natural mould. Palci (2007) addressed this specimen in his thesis.  

 

 

Figure 1-22 Holotype of Eidolosaurus trauthi (GBW 1923/1). Photograph by M. Campbell Mekarski 

 

 

Kaganaias  

Kaganaias hakusanensis (Evans et al., 2006) 

Holotype:   SBEI 1568 
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Referred material: SBEI 196, 197, 199, 258, 260, 261, 567, 834, 836-838, 845, 1266,  

   1532, 1793-1796, 1799, 1800, 2007, 2012.  

Age:    Valanginian-Hauterivian 

Location:  north-central Honshu, Japan 

Data:    From the literature  

Notes:   The holotype of this specimen exists as part and counterpart of a relatively 

complete, articulated postcranial skeleton including partial hindlimbs. Other material is primarily 

isolated skull and vertebral elements. The paleoenvironment is fairly unique among the non-

ophidian ophidiomorphs; instead of a shallow marine environment, the sediment indicates a 

freshwater swamp on a floodplain (Isaji et al., 2005) fairly far from the ocean. The stratigraphical 

position of this animal is also much older than other ophidiomorphs, and is Pacific, not Tethyan. 

This makes this specimen very informative and significant in this group.  
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Figure 1-23 Holotype of Kaganaias hakusanensis (SBEI 1568). A, slab and B, counterslab with hindlimb, from 

Evans et al, 2006; scale is 1 cm.  

 

 

Mesoleptos  

Mesoleptos zendrinii (Cornalia, 1852) 

Holotype:   Unnumbered and lost specimen from Slovenia 

Referred material: Unnumbered and lost specimen from Croatia  

Age:    early Late Cretaceous 

Location:  Komen, Slovenia (type); Hvar Island, Croatia (lost specimen) 

Data:    From the literature  
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Notes:   The type specimen was an articulated and nearly complete individual 

preserving hind limbs and a series of vertebrae from the dorsal to anterior caudal sections. This 

specimen is now considered lost (Lee and Scanlon, 2002).  Another referred specimen from Hvar 

Island (Kramberger, 1892) ï which is also considered lost ï was removed from the genus by Lee 

and Scanlon (2002).  

 

Mesoleptos sp. 

Several specimens have been referred to Mesoleptos (Calligaris, 1988). Coincidently, all are 

articulated fossils preserving part of the body without any cranial material.  

 

Specimen:   MCSNT 9962 

Age:    Cenomanian 

Location:  Komen, Slovenia 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski 

Notes:   MCSNT 9962 is once again an articulated partial body, fairly complete 

from the mid-dorsal to the pelvis but preserves no limbs. It was most recently described by 

(Palci, 2007) in his thesis. 
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Figure 1-24 Mesoleptos sp. (MCSNT 9962). Photograph by M. Campbell Mekarski.  

 

Specimen:   HUJ-PAL EJ699 

Age:    early Cenomanian 

Location:  óEin Yabrud, Palestine 

Data:    From the literature 

Notes:   HUJ-PAL EJ699 (Lee and Scanlon, 2002) is another partial articulated 

body fossil. It consists of caudal and dorsal vertebrae, a shoulder girdle and partial forelimbs. 
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Figure 1-25 Mesoleptos sp (HUJ-PAL 699). Photograph interpretive drawing from Lee and Scanlon, 2002; scale is 2 

cm.  

 

Pontosaurus  

Pontosaurus kornhuberi (Caldwell, 2006) 

Holotype:   MSNM V3662  

Referred material:  n/a 

Age:    Cenomanian 

Location:  Valley of Al Gabour, near En Nammoura, Lebanon 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski  

Notes:   This beautifully preserved animal is complete and articulated from the 

head to the tip of the long tail. It even preserves some soft tissues including scales, tracheal rings 

and cartilage. It is the most complete pythonomorph lizard described to date. 
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Figure 1-26 Holotype of Pontosaurus kornhuberi (MSNM V3662). Interpretive drawing from Caldwell, 2006.  

 

 

Pontosaurus lesinensis (Kornhuber, 1873; Kramberger, 1892) 

Holotype:   GBW 1873/4/1  

Referred material:  n/a 

Age:    late Cenomanian- early Turonian 

Location:  Hvar Island, Croatia 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski  

Notes:   This monotypic specimen is an articulated individual that is complete from 

the head to the posterior dorsal section. It is fairly rare among Late Cretaceous marine squamates 

in that the head is fairly well preserved. It was originally described by Kornhuber (1873) who 

named it Hydrosaurus (= Varanus). It was later renamed Pontosaurus by Kramberger (1892). 

The specimen was more recently redescribed by Pierce and Caldwell (2004). A second slab 

(GBW 1873/4/2) was also included in Kornhuberôs original description. It is a slightly larger 
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specimen missing the cranial, cervical and posterior caudal material. It was removed from the 

genus and referred to Dolichosauridae incertae sedis by Pierce and Caldwell (2004).   

 

Figure 1-27 Holotype of Pontosaurus lesinensis (GBW 1873/4/1). A, photograph and B, interpretive drawing from 

Pierce and Caldwell, 2004; scale is 5 cm.  

 

Ophidiomorpha incertae sedis 

Dolichosaur incertae sedis (Kornhuber, 1873; Pierce and Caldwell, 2004) 
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Specimen:  GBW 1873/4/2  

Referred material:  n/a 

Age:    Late Cenomanian - Early Turonian 

Location:  Hvar Island, Croatia 

Data:    Specimen visit, photos and drawings by M. Campbell Mekarski  

Notes:    This nicely preserved specimen was originally described by Kornhuber 

(1873) as Hydrosaurus lesinensis along with another specimen. These two specimens were later 

renamed Pontosaurus by Kramberger (1892). In 2004, when Pierce and Caldwell redescribed 

this material, they removed this specimen from the genus Pontosaurus and referred it to 

Dolichosauridae. They recommend further preparation and a detailed redescription before it can 

be assigned to a taxon.  
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Figure 1-28 Dolichosaur incertae sedis (GBW 1873/4/2). Photograph by M. Campbell Mekarski.  

 

CONCLUSIONS 

To date there has been over 150 years of investigation on Cretaceous marine lizards. These 

animals are considered closely related and fall into two groups: 1) the aigialosaurs, who are 

generally accepted to be close relatives of mosasaurs, and 2) the dolichosaurs. The diversity of 

pythonomorph lizards provides an opportunity to study the transition of terrestrial squamates to 

marine environments. Such studies however, necessitate well-resolved phylogenies. 

Unfortunately, there is a high degree of uncertainty surrounding several critical relationships: the 

position of this group within the Squamata, the relationship of dolichosaurs with snakes, the 
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mono- or paraphyly of the Aigialosauridae, and the subsequent implications for the polyphyly of 

the Mosasauridae. 

In light of the complexity of taxonomic groupings associated with the Pythonomorpha 

(see Caldwell, 2012), I will for the purposes of this study continue to use the informal terms 

óaigialosaurô and ódolichosaurô to describe these assemblages even though they may not be 

monophyletic. The term ópythonomorph lizards' will be used when discussing both dolichosaurs 

and aigialosaurs, without reference to the other clades within the Pythonomorpha (snakes and 

ómosasaursô).  

The questions outlined above emphasize the need for additional data to help resolve some 

of these problematic relationships. The next two chapters will contribute to this body of 

information by describing two new species: a new dolichosaur and a new genus of basal 

mosasauroid (aigialosaur).  
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CHAPTER 2 : A NEW CENOMANIAN -TURONIAN 
PONTOSAURUS FROM THE DALMATIAN COAST, CROATIA, 
AND THE FIRST DESCRIBED óDOLICHOSAURô STOMACH 
CONTENTS  
 

ABSTRACT  

The Upper Cretaceous limestones from the Dalmatian Coast of Croatia and the Komen Plateau 

of Eastern Italy and Slovenia have produced a large number of well preserved fossil aquatic 

marine ophidiomorphs with distinctively long, cylindrical bodies and small reduced limbs. These 

include Acetosaurus tommasinii, Adriosaurus suessi, Adriosaurus skrbinensis, Adriosaurus 

microbrachis, Mesoleptos zendrinii, and Pontosaurus lesinensis. In the late 18th century, a fossil 

lizard was found in Upper Cenomanian platy limestones on Hvar Island, Croatia. It was in the 

possession of a local collector until 1982 when it was donated to the Croatian Natural History 

Museum in Zagreb, Croatia. The 36 cm long fossil is well preserved and articulated, missing 

only the anterior tip of the skull and the greater part of the tail. The new taxon is described and 

diagnosed by the following features: elongate pontosaur-like skull; unique supraoccipital-parietal 

articulation, with supraoccipital resting on top of and forming v-shaped suture with parietal; 

elongate axial skeleton is (12 cervical, 29 dorsal vertebrae); robust, semi-circular ribs; a 

reduction of the appendicular skeleton, flatter joints, and a broadening of the manus and pes; 

shorter forelimbs than hindlimbs; considerable dorso-ventral expansion of the caudal region. The 

new taxon was unequivocally at least partially aquatic: pachyostotic ribs, a laterally compressed 

tail, and reduced, flattened limbs indicate adaptations for undulatory locomotion. Local 

sedimentation and associated fauna provide evidence for a productive tropical rudist reef 

ecosystem on a shallow inner shelf. Preservation of identifiable nektonic teleosts within the 
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gastric cavity (the first identifiable gastric contents described from a dolichosaur) provide strong 

evidence of a primarily piscivorous diet. This supports the interpretation of this animal as an 

ambush predator, able to hide in nooks and crannies, and agile enough to catch fish via tail 

propelled locomotion in a shallow marine environment.   

 

INTRODUCTION 

In 1873, Andreas von Kornhuber, an Austrian naturalist and paleontologist, described a new 

species of Cretaceous lizard found in the platy limestones on Hvar Island (=Isola di Lesina), 

Croatia (Kornhuber, 1873). Kornhuber postulated that this small (roughly a metre long), elongate 

lizard was predominantly aquatic, being a skillful swimmer and agile diver that would chase its 

prey. He named this lizard Hydrosaurus lesinensis based on similarities between this animal and 

the extant Hydrosaurus (=Varanus), though he frequently referenced the similarities it shared 

with snakes. Decades later, Kramberger (1892) determined that this animal shared more 

similarities with other Cretaceous Tethyan lizards Acteosaurus (von Meyer, 1860), Adriosaurus 

(Seeley, 1881) and Aigialosaurus (Kramberger, 1892) than it did with Varanus. Hydrosaurus 

was subsequently renamed Pontosaurus lesinensis and placed into the newly erected 

Aigialosauridae with the other Cretaceous lizards (Kramberger, 1892).  

 In 1903, Nopcsa reevaluated Pontosaurus and several other Cretaceous marine lizard, 

and emended the Dolichosauridae (previously erected as a monotypic family by Gervaisð

1852ðfor Dolichosaurus longicollis) to include Dolichosaurus (Owen, 1850), Pontosaurus, 

Acteosaurus, and Adriosaurus. Within the closely related family Aigialosauridae, Nopcsa kept 

Aigialosaurus, but also included Carsosaurus, Mesoleptos  and Opetiosaurus. These 
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designations have essentially lasted until today, though their monophyly is no longer 

unconditionally accepted: dolichosaurs are recovered as a successive series of outgroups to the 

ophidians or as a sister group to mosasauroids, while aigialosaurs waver between a monophyletic 

sister group to mosasaurids and a paraphyletic lineage from which mosasaurs arise multiple 

times (Lee and Caldwell, 1998, 2000, Caldwell, 1999b, 2006; Bell and Polcyn, 2005; Palci and 

Caldwell, 2010; Caldwell and Palci, 2007; Palci and Caldwell, 2007; Conrad, 2008; Conrad et 

al., 2011; Gauthier et al., 2012). Even so, these fossil forms are generally accepted to be closely 

related.  

 Aigialosaurs and dolichosaurs (and mosasaurs and snakes), are representative of a time in 

history during which squamates were at their peak in terms of aquatic adaptation. Today, only 59 

species of squamates (58 sea snakes, sea kraits and file snakes, and 1 lizard, the marine iguana) 

are adapted to life in the marine environment. The Late Cretaceous however, was populated by 

many marine squamate families, occupying near-shore and open ocean habitats in a variety of 

ecological niches. Currently, there are nine described genera of dolichosaurs (non-ophidian 

ophidiomorphs) and nine aigialosaurs (non-mosasaurid mosasauroids). The Upper Cretaceous 

limestones of the Dalmatian Coast of Croatia, and the Komen Plateau of Eastern Italy and 

Slovenia have been of utmost importance to the study of these two closely related groups as they 

have produced the majority of its fossil representatives. Among the dolichosaurs, these include 

Acetosaurus tommasinii, Adriosaurus suessi, Adriosaurus skrbinensis, Adriosaurus 

microbrachis, Mesoleptos zendrinii, and Pontosaurus lesinensis. These same rock units have also 

produced well-preserved basal mosasauroids including Aigialosaurus dalmaticus, Aigialosaurus 

bucchichi, Komensaurus carrolli, and Carsosaurus marchesetti.  
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Pontosaurus is currently represented by two species of which Pontosaurus lesinensis is 

the generic type. As mentioned, it was described by Kornhuber in 1873 as Hydrosaurus based on 

two specimens, and was redesignated by Kramberger in 1892. The specimens were not re-

examined in details until 2004. After extensive  additional preparation, Pierce and Caldwell 

redescribed the more complete of the two specimens, and removed the less complete specimen 

from Pontosaurus, treating it as cf. Dolichosauridae. A phylogenetic analysis based on the 

reprepared and redescribed specimen provided support for a monophyletic Pythonomorpha 

(Cope, 1869) inclusive of mosasaurs, aigialosaurs, dolichosaurs and snakes. The dolichosaurs 

formed a paraphyletic ógradeô with Adriosaurus and the Pontosaurus forming successive sister 

taxa to the Ophidia.  

 Caldwell (2006) described a second species of Pontosaurus, this one from Lebanon. 

Pontosaurus kornhuberi, Caldwell, 2006, is incredibly well preserved, articulated from head to 

the tip of the tail, and preserves soft tissues including squamation and elements of the respiratory 

system. A phylogenetic analysis was conducted based on the dataset of Pierce and Caldwell 

(2004), and unsurprisingly, similar results were achieved: Aigialosauridae was recovered as the 

sister group to the Mosasauridae, and the dolichosaurs formed a Hennegian comb with Ophidians 

at the tip (= the Ophidiomorpha, Palci and Caldwell, 2007). As a result of this and other (see 

above) studies, the Dolichosauridaeðthe conventional taxon for Dolichosaurus, Pontosaurus, 

Acteosaurus, Adriosaurus and Coniasaurus (Owen, 1850)ðshould therefore be treated as 

including only Dolichosaurus and Coniasaurus, since these tend to show a sister group 

relationship. The other taxa, if included, would make the family paraphyletic rendering the name 

taxonomically incorrect. However, I will continue to use the term ódolichosaurô to refer to the 

non-ophidian ophidiomorphs.  
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 Here I describe a new species of Pontosaurus, reconstruct its paleoenvironment based on 

sedimentological and micropaleontological characteristics, infer aspects of its paleoecology 

based on abdominal contents and anatomical features, and present the results of a phylogenetic 

analysis of ophidiomorph lizards.  

 Institutional AbbreviationsðHPM  Croatian Natural History Museum (Hrvatski 

prirodoslovni muzej), Zagreb, Croatia; GBA Geologisches Bundesanstalt Osterrich, Wien, 

Austria; MCM , DJ, KK , and MC  refer to authors.  

 

MATERIALS AND METHODS  

Discovery and acquisitionðRecords of the material described in this paper date to the 

late 18th century. During this time Dalmatian towns were populated with wealthy collectors, who 

assembled rich collections of natural history objects (Dadiĺ, 1982). Among these were the 

Fafogna brothers, who obtained the specimen described in this study. The fossil was stored in the 

Garagnin-Fafogna library in Trogir, Croatia where it was identified and presented as a fossil fish 

until 1982. At this time, it was transferred to the Department of Geology and Paleontology at the 

Croation Natural History Museum in Zagreb. In 1987, the fossil was the subject of the graduate 

work of Draģen Japundģiĺ under the supervision of Drs. Z. Bajraktareviĺ and J. Radovļiĺ 

PreparationðThe fossil was prepared by DJ in 1987. Before preparation, many of the 

bonesðincluding the limbs, some vertebrae, and parts of the skullðwere covered in matrix. Due 

to the fragility of the bones, chemical preparation was used instead of removing the matrix 

mechanically, and followed the techniques of Cooper and Whittington (1965). Formic acid was 

chosen over hydrochloric or acetic acid so as not to dissolve the calcium phosphate within the 
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bones. A mild solution of 5% formic acid allowed for a slow, controlled dissolution of the 

limestone. Polyvinyl acetate was applied to exposed bones repeatedly as they were uncovered in 

order to protect them during the acid preparation. In total, roughly forty hours of preparation was 

required to prepare the specimen to its current state.  

InvestigationðDrawings and illustrations were made by MCM, DJ and MC directly 

from the original specimen using a dissecting microscope and camera lucida attachments. X-rays 

were commissioned by DJ.  

 

GEOLOGICAL CONTEXT  

The fossil discussed here originates from Hvar Island: a Croatian Island in the Adriatic 

Sea. The exact location of discovery is uncertain, but prolific fossiliferous limestone found 

between the villages of Stari Grad and Jelsa is the mostly likely origin of the specimen 

(Kramberger, 1892). Field research suggests a more specific location: a quarry 2.5 km east of 

Stari Grad, and 500 m north of the road connecting the two villages (Radovļiĺ, 1975).  

Hvar Island is one in a series of geological structures that form the Adriatic Belt. It is a 

fragment of a larger, more comprehensive Tethyan Plateau that has since disintegrated through 

neotectonic movement. Its position and relationship to other geologic units within the Adriatic 

has generated a great deal of interest over time due to its commercial and paleontological 

importance.  

The fossil-bearing units of Hvar, and analog layers of central Dalmatia (including the 

Trieste-Komen Plateau of Italy and Slovenia) are a thick carbonate facies of Upper Cretaceous 
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rock that occur layered between dolomite. The limestone is a light, yellowish grey, and is very 

dense. It is laid down in slabs roughly one to three centimetres thick, with iron oxide stripes at 

the joints. These rocks have been extensively studied over the past 200 years due to the frequent 

discovery of attractive fossil vertebrates including a good collection of fish and semi-aquatic 

reptiles (Kornhuber, 1873). Romer (1966) went so far as to describe it as a classic area of 

Cretaceous vertebrate study.  

Beginning in the late 19th century and continuing to the present, a series of authors 

described semi-aquatic lizards from Dalmatia and compared them with each other: Acteosaurus 

tommasinii (von Meyer, 1860), Pontosaurus lesinensis (Kornhuber, 1873), Carsosaurus 

marchesetti (Kornhuber, 1893), Aigialosaurus (Opetiosaurus) bucchichi (Kornhuber, 1901), 

Adriosaurus suessi (Seeley, 1881), Aigialosaurus dalmaticus and A. novaki (Gorjanovic-

Kramberger, 1892), Eidolosaurus trauthi (Nopcsa, 1923), Mesoleptos zendrinii (Cornalia, 1852), 

Komensaurus carrolli (Caldwell and Palci, 2007), and Pontosaurus kornhuberi (Caldwell, 2006). 

One of the commonalities between these works is the expression of uncertainty in the age of the 

rock that bears the reptiles.  

The fossiliferous ñschistò limestone (referred to as ñplaty limestoneò or ñfish shalesò) 

contains abundant fish, reptiles, invertebrates and plants (Stur, 1891). Numerous geologists have 

attempted to date this rock in the last 150 years, and yet the results are still imprecise. Starting in 

1873, early researchers were back-and-forth between assigning them to the Upper versus Lower 

Cretaceous. Kornhuber (1873) argued for Lower Cretaceous based on similarities in fish fauna 

between Hvar and other localities, Baasani (1879) agreed that the ñschistò limestones are Lower 

Cretaceous in age, while Kramberger (1892) in his description of Aigialosaurus, argued for the 

Upper Cretaceous, and Söhle (1901) again supported Lower Cretaceous. In 1959, Herak 
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conducted an audit of the geological structure of the island to assess groundwater conditions. He 

concluded that the upper dolomite layer was Upper Cretaceous in age, based partially on the 

presence of the ostreiform mollusk Chondrodonta (Stanton, n.d.). Langer (1961) corroborated 

these findings with additional molluscan genera and foraminiferans, and proposed a middle to 

upper Cenomanian age.  

In the 1960ôs and 70ôs, several teams made broader analyses of Cretaceous and 

Palaeogene rocks within the Dinarides and the neighbouring coastal isles (Radoiļiĺ, 1960; 

Polġak, 1965; Boroviĺ, I., Marinļiĺ, S. & Majcen, 1968; Amġel, 1969; Jelaska, 1973; Tiġljar, 

1976). This resulted in a better understanding of the fossil deposits, geological composition, 

paleogeography, and sedimentary correlation with other areas, but still did not provide a more 

specific date on the Hvar limestones than Upper Cretaceous.  

Several papers in the 1970ôs specifically addressed the invertebrate and fish faunas, 

comparing their occurrences to better time-calibrated deposits elsewhere. These included two 

papers by Radovļiĺ (1973, 1975) on the fish of Cretaceous Dalmatia, specifically comparing 

them with North American deposits. Herak, Marinļiĺ and Polġak (1976) documented the 

occurrence of a characteristic Cenomanian community of invertebrates including 

Ichtyosarcolites bicarinatus, Ichtyosarcolites monocarinatus (see also Sarē and ¥zer, 2009), and 

Turonian invertebrates including Nerinea olisiponensis, and Nerinea requieni. They concluded 

that Hvar limestones contained Cenomanian and Turonian parts, but there was no evidence of 

any delineation between the layers. 

Rudist reefs were widespread in the upper Cenomanian, distributed across the 

Mediterranean Tethys. Rudists were used in several studies on Mediterranean (including 
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Croatian) geology to subdivide Upper Cretaceous limestones spanning the Cenomanian to 

Campanian. These studies generally agreed with previous results from invertebrate studies, 

declaring Cenomanian-Turonian ages (Parona, 1926; Polġak, 1964, 1967; Polġak et al., 1982). 

Praeradiolites rudists were an important index fossil, dating into the Cenomanian/Turonian.  

Herak (1983) discussed the problems associated with the origin and tectonics of the 

Adriatic belt. This led to an elaboration of his ideas in 1985 and 1986,  when he reconstructed the 

tectonics of the Adriatic and Dinaric area, outlining four geotectonic zones. By the 1990ôs, it was 

recognised the tectonic movements had resulted in an Upper Cenomanian transgressive trend 

represented by a set of repeating sequences. Fossiliferous layers containing giant clams, rudist 

reefs, and rudstones represent ramp/shelf margin; fined grained limestones, microbial mats, and 

anhydrites represent shallow, hypersaline lagoons or intertidal zones (Radovļiĺ, 1987; 

Zappaterra, 1990; Vlahoviĺ et al., 1994).  

Most recent work has focused on examining specific localities and sections on Hvar, 

enhancing and improving the detail and accuracy of the stratigraphy, paleogeography and 

tectonics of the Dalmatian Coast (e.g., Radovļiĺ et al., 1983a; Vlahoviĺ et al., 2005; Korbar, 

2009), and more precisely, the Late Cretaceous of Hvar (Marinļiĺ, 1997; Diedrich et al., 2011). 

These most recent studies have led to revisions of the geological maps and sections which 

provide, at last, a firm understanding of the paleoenvironment that the described lizard would 

have lived in.  

Depositional environmentðThe dense, yellow-grey limestones of Hvar have been the 

subject of study for almost two hundred years. The result is a relatively refined understanding of 
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the depositional environment that existed during the time of the ophidiomorph lizards, in the 

Cenomanian and Turonian.  

Hvar Island preserves a well-developed carbonate series that spans the upper 

Cenomanian to lower Turonian across the Adriatic Dinarides (Herak, 1986). The series is 

characterized by repeating sedimentary sequences signifying multiple shallowing-up sequences 

composed of rudist-dominated shallow carbonate platform, hypersaline, stagnant lagoons, and 

intertidal/supratidal strata (Diedrich et al., 2011).   

Analysis of oxygen isotopes (Polġak and Leskovġek, 1975) show that the Upper 

Cretaceous sea ranged from 24-26 , the temperature of a modern tropical sea. On an open shelf, 

these conditions would have favored the growth and proliferation of rudist patch reefs, which 

would have played a key role in the geology of the areaðincluding the differentiation of facies 

within the carbonate platform. The facies containing abundant rudist fossils is also rich in 

benthic organisms including mussels, clams, worms, echnoids, oysters (Radovļiĺ, 1975; 

Radovļiĺ et al., 1983b). The carbonates are granular wakestones-packstones (Tiġljar, 1976) 

composed of shell fragments and fossil detritus. The presence of pelagic elements (notably, 

cephalopods), indicate a shelf in contact with the open sea. Above these facies layers are usually 

found a second type of laminae, one characterized by a finer mudstone-wackestone and an 

absence of fossils. These finer stratifications are linked with localized depressions in the seafloor 

forming shallow lagoons. In these areas, poor circulation and increased water temperature would 

cause a decrease in oxygen, and an increase in salt concentration and deposition. These shallow 

subtidal lagoons had conditions unsuitable to the plethora of benthic organisms of the shelf, 

explaining the low density of fossils. However, the evaporitic conditions that made these lagoons 

unsuitable for benthic habitation also made them ideal for the preservation of vertebrates. The 
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low oxygen, high saline environment led to a slow rotting of fish and reptile carcasses, and the 

higher deposition rate increased their chance of burial. It is these layers that yield the well-

preserved reptiles, including the one described herein. Other sparsely preserved organisms of 

various environmental originðland plants, crustaceans of the shallow shelf, cephalopods of the 

deeper shelfðindicate a depositional environment with marine and continental influences, and 

further support the lagoonal interpretation. A regression of the sea results in the gradual 

disappearance of the lagoons: becoming first distal intertidal, then middle and upper intertidal, 

and finally supratidal during the low stand maximum in the late Upper Cenomanian (Diedrich et 

al., 2011). These widespread sandflats were dominated by biolaminates and preserve extensive 

dinosaur trackways (Diedrich, 2010). The onset of a new transgression caused by a slowly 

sinking bottom eventually forms a shallow carbonate platform, initiating a new rudist patch reef 

system, and completing the cycle. Hundreds of complete and incomplete sequences combine to 

form a limestone layer hundreds of metres thick. Caused by a sinking sea floor and the 

deposition of marine carbonate sediment, it records the transgressive trend typical of upper 

Cenomanian Tethyan sediments (Diedrich et al., 2011).  

 

SYSTEMATIC PALEONTOLOGY  

SQUAMATA Oppel, 1811 

ANGUIMORPHA Fürbringer, 1900 

PYTHONOMORPHA Cope, 1869 

Genus Pontosaurus Kramberger, 1892 
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Type Species: Pontosaurus lesinensis Kornhuber, 1873 

 

Synonymð Hydrosaurus lesinensis 

HolotypeðGBA 1873/4/2: articulated skeleton including skull, 12 cervical vertebrae, 28 

dorsal vertebrae, forelimbs and shoulder girdles, fragmentary hindlimb and pelvic girdle.  

Type localityðHvar Island (=Isola di Lesina), 43Á 10ô N, 16Á 30ô E, Croatia; Upper 

Cenomanian (Upper Cretaceous) platy limestones.  

Revised generic diagnosisðLong and slender marine lizard possessing unique 

supraoccipital-parietal articulation, with supraoccipital resting on top of and forming v-shaped 

suture with parietal; elongation of all postdentary bones; 10-12 cervical vertebrae; hypapophyses 

with large unfused peduncles on all cervical vertebrae except the axis; 26-29 dorsal vertebrae; 

strong, uniform, semicircular ribs curving to the distal point; coracoid without neck (altered from 

Pierce and Caldwell, 2004). 

 

Pontosaurus ribaguster sp. nov. 

(Figs. 1-4) 

 

DiagnosisðA small (~30 cm snout-pelvis), slender lizard with a laterally compressed 

body; arrowhead-shaped parietal ornamentation around (anterior and lateral) the parietal 

foramen; elongate neck and body with 41 presacral vertebrae (12 cervical, 29 dorsal); well 
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developed zygosphene-zygantrum articulations; thickened dorsal ribs showing some degree of 

pachyostosis bent in a semicircle; ribs associated with ultimate dorsal vertebra; at least one pygal 

vertebra; extremely anteroposteriorly broad neural spines on the anterior caudal vertebrae 

forming an almost uninterrupted wall of bone; laterally compressed tail with elongate neural 

spines and haemal arches; reduced pelvic and pectoral girdles; scapula with rectangular posterior 

process and fenestra; front limbs shorter than rear (humerus:femur = 1:2); elongate preacetabular 

iliac process. 

Remarksð Pontosaurus ribaguster shares the following features with other basal 

ophidiomorphs (e.g., Dolichosaurus, Adriosaurus, Acteosaurus, Pontosaurus, Coniasaurus): 

elongate, cylindrical body with over 25 dorsal vertebrae (29), and 10 or more cervical vertebrae 

(12); reduced limbs, especially forelimbs (humerus:femur å 1:2); expanded distal end of the 

fibula; articulated haemal arches; long, narrow neural spines on caudal vertebrae. 

Can be differentiated from other ophidiomorph lizards in the following ways: 

Acteosaurus has distally straight ribs with a greater degree of pachyostosis (vs. the gracile, 

curved ribs of Pontosaurus ribaguster); Adriosaurus has an M-shaped frontal-parietal suture (in 

P. rubaguster this suture is almost straight), relatively narrower heads on the long bones 

(humerus, radius, ulna, femur), a broader ilium, and distally straight, very pachyostotic ribs (vs. 

narrow, consistently curving ribs in P. ribaguster); Carentonosaurus has wider vertebrae, non-

pachyostotic neural spines (pachyostotic in P. ribaguster), and smaller postzygapophyses relative 

to prezygapophysis size; Coniasaurus has swollen, bulbous crowns on the posterior dentition (vs. 

the impressions in HPM 10807 showing uniformly tapering teeth), frontal ala that projects 

laterally at a much sharper angle, and more gracile, angular vertebrae; Dolichosaurus has a 

smaller head, at least 19 cervical vertebrae (vs. ~12 in P. ribaguster), more gracile ribs, and an 
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anterior sacral rib that is much thinner than the posterior sacral rib (vs. in P. ribaguster where 

both are similar in size); Eidolosaurus has fewer dorsal vertebrae (23 vs. 29), extremely 

pachyostotic ribs almost as thick as their corresponding vertebrae are long (vs. only slight 

pachyostosis in anterior dorsal ribs), non-uniform ribs giving the body a spindle shape (unlike 

the continuous ótubeô of other non-ophidian ophidiomorphs), and forelimbs only slightly shorter 

than hindlimbs (vs. a dramatic difference in P. lesinensis); Kaganaias has fused haemals (vs. 

articulating), more weakly curved ribs, more than 36 dorsal vertebrae (vs. 29), neural arches that 

do not project over the following vertebra (vs. overlapping arches in P. ribaguster), and neural 

arches with very little waisting, exhibiting a roughly constant width anteroposteriorly (vs. 

hourglass shape in P. ribaguster); Mesoleptos has unusually long, posteriorly tapering trunk 

vertebrae with a high aspect ratio (more so than other non-ophidian ophidiomorphs), distally 

straight ribs (vs. distally curving), a sinuous humerus (may be taphonomic), taller neural spines, 

and fewer dorsal vertebrae (approximately 23 vs 29).  

EtymologyðThis species is named for its ecological role as a swimmer and piscivore 

shown by the dietary remains preserved in its abdominal cavity. In Croatian (the specimenôs 

country of origin) riba, is fish; and gϖster, lizard. This name is doubly appropriate given that the 

specimen was originally interpreted and presented as a fossil fish. 

Type Locality and HorizonðUpper Cretaceous (Upper Cenomanian-Turonian) of Hvar 

Island, Croatia. Between the towns of Stari Grad and Jelsa. Part of the Adriatic-Dinaric 

Carbonate Platform. 

HolotypeðHPM 10807, housed in the Hrvatski prirodoslovni muzej (Croatian Natural 

History Museum ï HPM), Zagreb, Croatia. The specimen is encased in a block of platy 



104 

 

limestone that preserves the incomplete articulated body of one individual in dorsal view (Figure 

1). The skull is preserved posterior to the prefrontals and exposes the posterior right mandible. 

The postcranium preserves a complete cervical and dorsal series, 20 caudal vertebrae, pelvic and 

pectoral girdles, and incomplete remains of all four limbs.   

 

OSTEOLOGICAL DESCRIPTION  

Overall Impression  

The specimen discussed in this paper is preserved in a limestone slab roughly 50 cm long, 

20 cm wide and 2.5 cm thick. The specimen is articulated and mostly complete from the skull to 

the anterior caudal region. The anterior part of the skull and the majority of the tail are missing, 

cut off at the edges of the limestone slab (Figure 1). The 36 cm specimen is exposed in dorsal 

view from the cranium to the posterior-dorsal series, where the body twists, exposing the pelvic 

and caudal regions in left lateral view. The skull was flattened and compressed from the right 

during fossilization. It is consequently preserved deformed and broken in dorsal view, with the 

right mandible exposed in lateral view. The postcranial axial skeleton suffered minimal 

taphonomic damage and is in tight articulation. The pelvic and pectoral girdles are fragmentary 

and ill-defined, a result of excessive acid preparation. The right forelimb is crushed against the 

body, and the elements of the manus are broken, dislocated and difficult to interpret. The left 

forelimb is further from the body and is better articulated than the right; however, most of the 

manual region appears ómeltedô together due to acid damage. The left hindlimb is the best 

preserved of the limbs, though it is still missing most of the tarsal elements. The right hindlimb 

lies underneath of the body though elements are recognisable emerging from under the base of  
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Figure 2-1 The holotype of Pontosaurus ribaguster (HPM 10807), housed in the Hrvatski prirodoslovni muzej 

(Croatian Natural History Museum), Zagreb, Croatia. A, photo; B, interpretive drawing.  Abbreviations: c, cervical 

vertebra; d, dorsal vertebra; p, pygal vertebra. Grey lines in (B) indicate impressions only, shaded areas represent 

gastric content. 

 

 

 

the tail. There are several large cracks through the slab, obscuring the atlas-axis area, and the 

anterior pelvis.  

Skull  

As in other dolichosaurs, the skull and jaws are long, smooth and slender (Figure 2). The skull 

elements remain mostly in articulation, though interpretation of the individual elements is made 

difficult by the degree of crushing and shattering, obscuring natural edges. Most of the snout is 

missing, cut off just anterior to the orbits. The head is inclined and embedded in the sediment in  
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Figure 2-2 Head and anterior cervical vertebrae of Pontosaurus ribaguster (HPM 10807). A, photograph; B, 

interpretive drawing. Abbreviations: bo, basioccipital; c, cervical vertebra; cr, coranoid; d, dentary; f, frontal; j , 

jugal; la, lacrimal; m, maxilla; op, opisthotic; p, parietal; p-r , parietal ramus; pf, parietal foramen; pof, 

postorbitofrontal; popr, paraoccipital process of the exoccipital-opisthotic; prf , prefrontal; pro, prootic; pt, 

pterygoid; q, quadrate; rap, retroarticular process; sa, surangular; soc, supraoccipital; sp, splenial; sq, squamosal; st, 

supratemporal Asterisks label possible sclerotic ring fragments. Where two sides are labeled, each abbreviation is 

preceded by r. (right) or l. (left). Scale bars equal 1 cm. 
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such a way that the skull roof is visible in dorsal view, while the right side of the skull and 

mandible has been rotated dorsolaterally, exposing the lateral aspects. The basicranium is 

exposed in dorsal view and remains in articulation with the atlas.  

 MaxillaðThe posterior portion of the right maxilla is badly fragmented, although several 

fragments remain in contact with the prefrontal. A slender posterior process projecting from the 

deeply notched posterior maxillary margin is overlain by fragments of what is likely the anterior 

process of the jugal. No teeth are preserved, though a bulbous mass on the ventral border of the 

maxilla resembles the tooth pedestals described in Pontosaurus lesinensis (Pierce and Caldwell, 

2004), and would match the position of the posterior end of the tooth row in both P. kornhuberi 

(Caldwell, 2006) and A. dalmaticus (Carroll and Debraga, 1992).   

 LacrimalðA sub-trapezoidal fragment overlying the maxilla is interpreted as the 

lacrimal. It is in contact with the maxilla anteriorly and the prefrontal superiorly. It is similar in 

size and shape to the lacrimal of Aigialosaurus dalmaticus (Carroll and Debraga, 1992),  

including a small dorsoposterior process. The lacrimal would have contributed to the anterior 

orbital margin between the prefrontal above and the jugal below. It is still in articulation with a 

fragment of the maxilla anteriorly. The presence of the lacrimal represents a clear difference 

from snakes, where it is absent (Lee and Caldwell, 1998). A lacrimal was identified in 

Pontosaurus lesinensis by Kornhuber (1873), but Pierce and Caldwell (2004) revised this, 

identifying it instead as a piece of the prefrontal.  

PrefrontalðFragments of both left and right prefrontals are identifiable in Pontosaurus 

ribaguster, though the right is better preserved. Both elements are broken, cut off by the edge of 

the limestone slab, but it appears that the element would have been long and tapering posteriorly 
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as in P. lesinensis (Pierce and Caldwell, 2004) and other mosasauroids (Debraga and Carroll, 

1993). The medial border is fairly flat where it would have articulated with the lateral edge of the 

frontal, though it has several uneven spines that may have formed an interdigitating suture. 

Laterally, it articulates with the lacrimal and the maxilla. A small bump on the posterolateral 

edge is identified as a small supraorbital process.   

JugalðDue to the extreme breakage and flattening of the lateral surface of the skull, the 

identification of the jugal is problematic. Two pieces are tentatively identified: the first, a very 

thin and elongate element sitting superior to the coronoid; the second piece, which sits on the 

lateral surface of lacrimal and/or maxilla, may represent the anterior point of the jugal. If these 

interpretations are correct, then the jugal would have extended just anterior to the orbit as in 

mosasauroids (Debraga and Carroll, 1993) and P. kornhuberi (Caldwell, 2006).  

FrontalðThe frontal is almost completely preserved, and is only missing the anterior 

border and processes. It is long, flat, and approximately the same length as the parietal. As in 

other ódolichosaursô, it is hourglass-shaped in dorsal viewðexpanded anteriorly and posteriorly, 

and constricted above the orbits. As the prefrontal and postorbitofrontal do not meet, the borders 

of this constriction would have formed the dorsal margin of the orbits. There also appears to be a 

slight sagittal crest on the frontal as in Coniasaurus gracilodens (Caldwell, 1999a).  

The posterior margin of the frontal was slightly shattered as it was forced against the 

parietal, but in life the margin would have been essentially straight as in Pontosaurus lesinensis 

(Pierce and Caldwell, 2004) with perhaps a slight posterior projection of the lateral edges which 

would have overlain parietal lappets as in P. kornhuberi (Caldwell, 2006). A distinct valley 

forms a gap between the frontal and parietal. This gap could be taphonomic, or a true anatomical 
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feature indicative of mesokinesis in the skull or delayed dermatocranial ossification (as discussed 

for P. kornhuberi; Caldwell, 2006). 

The right anterolateral corner (including the right lateral process) of the frontal may be 

preserved as a displaced element sitting between the displaced right prefrontal and pterygoid. It 

preserves a groove running near the lateral surface that could be the bilateral counterpart of the 

groove visible on the left anterolateral edge of the frontal. However, the interpretation is 

uncertain: an alternative interpretation for this element is as the palatal ramus of the right 

pterygoid, due to its contact with the quadrate ramus posteriorly.  

ParietalðThe parietal is a very wide, rectangular element. Like Pontosaurus 

kornhuberi, the anterolateral projections of the parietal are broadly overlapped by the 

postorbitofrontal (Caldwell, 2006). The dorsal surface has a broad, flattened ócrestô more similar 

to the condition in P. kornhuberi (Caldwell, 2006) than P. lesinensis (Pierce and Caldwell, 

2004). In contrast, the parietal foramen is more similar in size to P. lesinensis than P. 

kornhuberi; it is similar to both species and to mosasauroids in the distance it sits from the 

frontal-parietal suture (Carroll and Debraga, 1992; Debraga and Carroll, 1993; Pierce and 

Caldwell, 2004; Caldwell, 2006). Anterior and lateral to the foramen are a pair of anteromedially 

oriented ridges that originate from the anteriormost point of contact with the prootic and project 

anteriorly to form an arrowhead-shaped ornamentation around the parietal foramen (in dorsal 

view). As in P. kornhuberi, there is a very broadly expanded decensus parietalis (óparietal wingô) 

which rises slightly to meet the anterior margin of the prootic (Caldwell, 2006) and forms the 

origin of the anteriorly directed ridge bracketing the foramen on the parietal table. 
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The posterior margin is in broad contact with the supraoccipital, and at the midline, this 

contact forms an interdigitating w-shaped suture, which is synapomorphic for the genus 

Pontosaurus. The contact between these elements is planar as in snakes; the supraoccipital does 

not lie beneath the parietal as in lizards. This would have formed an elongate and very flat skull.  

The parietal ramus is broken and dislocated on both sides. The right side is more 

completely preserved and identifiable; it lies laterally displaced fromðbut in line withðthe rear 

margin of the parietal table medially and the decensus parietalis laterally. The right ramus is still 

in articulation with the supratemporal and overlies the squamosal and the paroccipital process of 

the exoccipital-opisthotic.  

 PostorbitofrontalðThe postfrontal and postorbital of Pontosaurus ribaguster appear to 

have fused to form the tetra-radiate postorbitofrontal. Both left and right sides are preserved, 

though the lateral side and posterior tip of the right postorbitofrontal is damaged, and the 

posterior ramus of the left postorbitofrontal is broken off the main body of the element; this 

description is derived from both elements.  

The postorbitofrontal is composed of the main body of the element which sits just 

posterior to the frontal-parietal suture. Branching from this point are four distinct rami. The 

anterior (frontal) ramus clasps the posterolateral corners of the frontal. This ramus is relatively 

thin and long, reaching up the frontal halfway between the base, and the beginning of the 

supraorbital constriction. The medial (parietal) ramus is narrow and short and overlaps the 

parietal just posterior to the frontal-parietal suture. The lateral (jugal) ramus is short (roughly the 

same length as the medial ramus) and very broad. Due to damage, the jugal contact cannot be 

observed. The posterior (squamosal) ramus, preserved on both sides, is extremely long and thin, 
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making up roughly half the anterior-posterior length of the element. Each forms the lateral 

margin of a supratemporal fenestra, extending posteriorly almost the full length of the parietal 

table to contact the squamosal at an oblique angle. Overall, the entire configuration and shape is 

extremely similar to Pontosaurus kornhuberi (Caldwell, 2006).  

The condition of the postorbitofrontal is particularly interesting in Pontosaurus 

ribaguster. Although fusion between the postorbital and postfrontal is clearly advanced, a groove 

extending from the lateral margin of the anterior ramus medially to join the margin between the 

medial and posterior rami clearly indicates the position of the common suture. This makes the 

anterior and medial rami homologous to the prefrontal, and the lateral and posterior rami 

homologous to the postfrontal.  This could represent an intermediate stage between the more 

oblique, unfused postorbital and postfrontal of P. lesinensis, and the fully fused postorbitofronal 

of P. kornhuberi (Pierce and Caldwell, 2004; Caldwell, 2006). It is important to note that even 

though fusion appears incomplete, the shape and orientation of the four rami in P. ribaguster is 

almost identical to P. kornhuberi, but distinct from P. lesinensis, which has less developed lateral 

and medial rami that are oriented more obliquely. It is important to note here that the presence of 

the postfrontal/postorbital/postorbitofrontal is variable among squamates, with various 

familiesðand genera within those familiesðpossessing different combinations of one, two, or 

none of these elements (Estes et al., 1988; Caldwell, 2006).  

Squamosalð The anterior portions of both squamosals are preserved in articulation with 

the postorbitofrontals. The postorbitofrontal appears to sit in a groove on the anterio-lateral 

surface of the squamosal, making it appear that the squamosal is clasping the postorbitofrontal. 

The rear portion of the squamosal is preserved only on the right side, overlapped by the 

displaced supratemporal arcade. The squamosal is long and thin and forms the posterolateral 
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border of the supratemporal fenestra. Posteriorly, the squamosal cups the dorsal margin of the 

quadrate, and in life would have contacted the descending process on the posterior 

supratemporal. Anteromedially it lies in contact with the prootic and a sub-cylindrical fragment 

interpreted as part of the epipterygoid. Posteromedially it borders the lateral margin of the 

paroccipital process of the exoccipital-opisthotic.  

SupratemporalðThe supratemporal is a small, elongate block of bone that sits 

lengthwise against the parietal ramus. It extends posteriorly beyond the parietal before expanding 

slightly to form a club-shaped descending process that articulates with the squamosal and 

quadrate. The element is also preserved lying over top of the paroccipital process of the 

exoccipital-opisthotic and may have contacted it in life.  

ExoccipitalðThe braincase suffered the highest degree of breakage of the entire skull, 

making meaningful interpretation of the braincase elements difficult. Two fragments can be 

confidently assigned to the exoccipital-opisthotic. The first is the robust paroccipital process. 

This contacts the supraoccipital dorsomedially, and the squamosal dorsolaterally. The process is 

a large oval, depressed in the middle, extending to an arcuate point ventrolaterally at the most 

ventral point of contact with the squamosal (like P. lesinensis, Figure 3; Pierce and Caldwell, 

2004). The second fragment preserves the exit foramen for cranial nerves X-XII. It articulates 

dorsally with the supraoccipital, medially with the basioccipital, and laterally with the 

paroccipital process fragment. Together, these two fragments give a good idea of the shape of the 

right half of the exoccipital-opisthotic: a hatchet-shaped in posterior view, broadest laterally and 

narrowing medially, very similar to Varanus.  



113 

 

SupraoccipitalðThe ventral margin of the supraoccipital was rotated dorsally post-

mortem, and lies in dorsal view posterior to the parietal. It has a very long broad contact dorsally 

with the posterior margin of the parietal: a feature unique to pontosaurs among squamates 

(Caldwell, 2006). The element retains this broad expansion posteriorly forming a deep, 

rectangular element. The right lateral rotation of the skull in this area means that the posterior 

margin is obscured by breakage and other bone fragments, and the foramen magnum cannot be 

located. Posteriorly, it overlaps and underlaps the exoccipital-opisthotic, although crushing and 

rotation has rendered the exact position of the suture indeterminant. 

On the median dorsal surface is a raised t-shaped ócrestô that originates at the parietal 

suture and narrows posteriorly down the midline of the element. In P. kornhuberi (Caldwell, 

2006) this area was interpreted to have housed an unossified element which would have 

overlapped the parietal dorsally. This morphology is evidenced in P. lesinensis (Pierce and 

Caldwell, 2004), which shows a sub-rectangular supraoccipital with a clover-shaped 

anteromedial shelf overlapping the parietal to form a w-shaped suture, and the óstemô extending 

down the midline groove of the supraoccipital. I expect that the same morphology would have 

existed here, evidenced by the rough texture of the bone in this area (visible under 

magnification). As discussed in Pierce and Caldwell (2004) and Caldwell (2006), this is a similar 

configuration to snakes; the only difference being that in snakes the supraoccipital never 

overlaps the parietal.  

Prootic?ðAn element tentatively identified as the prootic is visible in parallel contact 

with the squamosal. It has been taphonomically rotated outwards, and in life would have been 

ventral to this element.  
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BasioccipitalðThe basioccipital is preserved as a pair of round tuberosities sitting in 

contact with fragments of the atlas. The base of the occipital condyle may be visible posteriorly, 

identified by a narrowing then abrupt widening delineated by a rim.  

QuadrateðThe right quadrate has been rotated such that it is visible in right lateral 

view. It remains in articulation with the ramus formed by the squamosal, supratemporal and 

parietal, which formed the suspensory arcade from which the quadrate would hang. The left 

quadrate is obscured by the braincase, but the dorsal surface can be identified. As in other 

pythonomorphs, the quadrate is a backwards C-shape. Though the element is broken in places, it 

is possible to identify a small, rounded swelling (the remains of the suprastapedial process) 

posterior to the large, posteriorly extended head, and a well developed tympanic ala. The 

infrastapedial process most of the suprastapedial process are missing as a result of breakage 

(indicated by the uneven margins of the element). The quadrate shaft is robust and almost 

vertical. Ventrally, a large, saddle-shaped ventral condyle (roughly half the length of the 

maximum anterior-posterior length of the quadrate) articulates broadly with the surangular.  

The quadrate is similar in shape to Pontosaurus lesinensis and P. kornhuberi, but has a 

larger, more squared off ventral cotyle (Pierce and Caldwell, 2004; Caldwell, 2006); it is also 

shorter and squatter than the quadrate of P. lesinensis. Overall, the quadrate morphology is very 

similar to other dolichosaus and mosasauroids (Russell, 1967; Carroll and Debraga, 1992).  

PterygoidðThe majority of the right pterygoid is visible between the skull roof and the 

right mandible. The anterior segmentðincluding the entire palatal ramusðis obscured, but the 

posterior segment is almost completely visible in right lateral view. It is a long, broad element 

lacking any trace of pterygoid teeth. A small process arising from the midpoint of the dorsal 
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surface bears the articulation for the basipterygoid process of the basisphenoid. The posterior end 

of the quadrate ramus extends backwards to contact the quadrate underneath the displaced right 

suspensorial arcade. Ventrally, the robust ectopterygoid process angles anteriorly. A smaller, 

pointed process anterior to the ectopterygoid process is the likely a part of the articulation with 

palatine. A long shallow furrow runs lengthwise from the posterior end to the epipterygoid 

process. Overall, this element is indistinguishable from that of Pontosaurus lesinensis (Pierce 

and Caldwell, 2004). It is also very comparable to the element identified as the postorbitofrontal 

in Adriosaurus skrbinensis (Caldwell and Palci, 2010), which I suspect is a misidentification, and 

that this element in the latter represents the left pterygoid (pers. obs.).  

EctopterygoidðThe ectopterygoids cannot be confidently identified in this specimen. A 

small, rectangular fragment emerging from between the squamosal and the prootic has been 

tentatively identified as the ectopterygoid due to its position and its columnar shape.   

Sclerotic platesðA collection of small, square elements bordering the supraorbital 

constriction of the frontal on both left and right sides are interpreted here as sclerotic plates. 

Based on their size, there would have been roughly twelve of the elements in each ring. Similar 

squared elements can be observed in the orbit of P. kornhuberi, and though they were colorized 

by Caldwell (2006) in a figure 3 of that publication, they were not identified as such in the text, 

nor discussed regarding their presence and importance.  

Lower jaw  

The right mandible, exposed in lateral view, is well preserved from the retroarticular 

process to the edentulous posterior portion of the dentary. It remains in articulation with the 

quadrate posteriorly, and lies almost in contact with the right maxilla anteriorly. It appears to 
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have been compressed anterodorsally, as the anterior ends of the surangular and angular appear 

crushed and overlapping the dentary. The left mandible is under the skull, and only the 

retroarticular process is visible posterior to the braincase in medial view.  

DentaryðOnly the posterior, edentulous portion of the right dentary is preserved in 

lateral view. The rest is missing, cut off at the edge of the limestone slab. The posterior end is 

overlapped by the maxilla and the splenial. The obscured posterior margin of the dentary means 

that the presence of an intramandibular joint cannot be determined.  

A natural mold of the left dentary and maxilla is visible between the right lateral margin 

of the frontal and the right prefrontal. Curved, pointed impressions oriented dorsally and 

ventrally are most likely the impressions of occluding maxillary and dentary teeth. Not much 

detail can be gleaned from these impressions other than the approximate shape and size of the 

marginal teeth; they are curved and pointed, and fairly typical of an anguimorph.  

SplenialðThe posterolateral splenial bulges beneath and posterior to the dentary in 

lateral view. A small knob-like process is visible dorsally on the splenial-dentary suture, is also 

observed in Pontosaurus lesinensis (pers. obs.). In lateral view, it looks very similar to P. 

lesinensis (Pierce and Caldwell, 2004).  

CoronoidðThe coronoid is a low, sloping element that sits on the dorsal edge of  the 

surangular. The anterior process is fairly long, but the extent of its contacts with the splenial and 

dentary are uncertain due to damage in this area. Dorsally, it is slightly concave, and there 

relatively large posteromedial process extending dorsally from behind the surangular (compared 

to the smaller coronoid process of P. lesinensis; Pierce and Caldwell, 2004).  
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AngularðThe angular is an extremely long, splint of bone that runs below the articular. 

Anteriorly, it contacts the splenial; in lateral view, it is overlain dorsally by the angular. It is 

difficult to discern the posterior extent of this element, as several cracks along the ventral margin 

of the mandible conceal the true posterior margin. The two most probable margins between the 

retroarticular process and the angular are immediately below the posterior margin of the 

coronoid (as in Varanus) or just posterior to that point (as in Pontosaurus lesinensis; Pierce and 

Caldwell, 2004).  

SurangularðLaterally, the surangular is long and robust. It stays dorsoventrally tall 

throughout its length, narrowing posteriorly far less than in Pontosaurus lesinensis (Pierce and 

Caldwell, 2004). The damage at the anterior end of the surangular means that the shape of the 

contact with the dentary cannot be determined. Anterodorsally, the element flattens on the 

dorsolateral surface to create a seat for the coronoid. A small, low coronoid buttress can be 

observed at the posterior end of this seat. Laterally, in the middle of the element are three 

circular depressions in a line. A small foramen sits in a longitudinal groove on the posterodorsal 

surface (also observed in P. lesinensis). Posterodorsally, the surangular rises slightly to contact 

the ventral surface of the quadrate. Laterally, the surangular appears to be the sole contributor to 

the articular cotyle, to the exclusion of the articular. Though there is a crack through the slab in 

this area, small portions of the suture are visible anterior to the crack, and posterior to the 

quadrate contact.  Posteriorly, the contact with the articular is obfuscated by a crack in the 

limestone that runs almost exactly through the suture.  

Articular -PrearticularðDamage and cracking throughout the mandible obscures the 

suture between the articular and prearticular. In Pontosaurus lesinensis the elements are fused 

into one compound bone (Pierce and Caldwell, 2004), a state also observed in mosasauroids 
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(Russell, 1967; Debraga and Carroll, 1993). Anteriorly, the (pre)articular is extremely narrow, 

running ventrally to the surangular to contact the angular at the anterior margin. Posterior to the 

articular cotyle, the articular forms a broad, rectangular retroarticular process which is preserved 

on both the left and right sides of the skull. The posterior margin is arcuate, and not inflected.   

 

Postcranial skeleton  

The postcranial skeleton of Pontosaurus ribaguster is articulated, almost complete, missing only 

the posterior part of the tail (Figure 1). There is some minor breakage and crushing throughout, 

and some damage resulting from acid preparation, which is most noticeable on the limbs. The 

vertebrae suffer the most breakage, and are run through with calcite in many places (especially 

the neck). The anterior half of the skeleton lies in dorsal view, slightly rotated laterally towards 

the right side. Just anterior to the pelvic girdle, the body is axially rotated to the right, exposing 

the posterior part of the skeleton in left lateral view. The cervical spine is bent to the right, while 

the remainder of the skeleton is laid out relatively straight.  

 

Axial skeleton 

Sixty-three vertebrae are preserved as relatively complete elements (Figure 1). It is 

possible to recognise twelve cervical vertebrae inclusive of the atlas-axis complex, 29 dorsal 

vertebrae, two sacral vertebrae, one pygal vertebra and 19 caudal vertebrae. The cervical and 

dorsal vertebrae are preserved in dorsal view, the pygal and caudal vertebrae in left lateral view. 

The dorsal and cervical vertebrae are all articulated to their adjacent ribs.  
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Cervical regionðThe cervical series is completely represented, though it is the poorest 

preserved portion of the axial skeleton. The neural spines have been sheared off, leaving the 

centra, neural canals, and fragments of transverse processes and zygapophyses. Twelve cervicals 

are identified, from C1 (preserving the neural arches and intercentrum) to C12, identified as such 

due to it placement relative to the sternal cartilage, humerus, and pectoral elements, and the 

morphology of the adjacent ribs. This gives the same cervical count as Pontosaurus kornhuberi 

(=12, Caldwell, 2006), but more than Pontosaurus lesinensis (=10/11; Pierce and Caldwell, 

2004). A cervical count of ten or greater is diagnostic of the Ophidiomorpha, including 

pachyophiids (Lee and Caldwell, 1998; Lee et al., 1999) and other dolichosaurs (Caldwell, 2000; 

Lee and Caldwell, 2000; Palci and Caldwell, 2010).  

Like P. lesinensis, P. kornhuberi, and Acteosaurus the cervical vertebrae increase 

caudally in width and length, but the change is minimal. The atlas (C1) is only recognized from 

the left and right neural arches, the rest is obscured within the crushed fragments of the back of 

the skull. Pre- and post-zygapophyses are variably present, but are in general better preserved on 

the right side. The prezygapophyses are straight and narrow, while the postzygapophyses are 

shorter, and appear more squared off and robust. The close articulation of the vertebrae and 

orientation of preservation means that the presence of zygosphenes and zygantra is impossible to 

determine. Synapophyses are visible from the third cervical onwards, but cannot be identified on 

C1 or C2. Hypapophyses are visible in lateral view on the C4 and C5. Posterior to this, these 

processes are hidden: initially covered by the cervical ribs, then the entire vertebral column 

rotates so that the vertebrae are only visible in dorsal view.  

Remnants of cervical ribs can be seen on the left side beginning at C5 and C8 on the 

right, though in life the first cervical ribs were probably located more anteriorly. The cervical 
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ribs on C5-7 are straight, splint-like and tiny: less than half the length of the associated centrum. 

The ribs associated with C8-10 are much more robust, longerðat least the length of the 

centrumðand curved. An abrupt increase in size is again noticeable in the ribs of C11 and C12. 

The heads on ribs C10-12 are anteriorly expanded, unicapitate, and show an anterior-dorsal ridge 

running lengthwise along the rib shaft.  

Dorsal regionðThe dorsal region is made up of 29 vertebrae, for a total presacral count 

of 41 vertebrae. This is the similar to most other dolichosaurs with reliable dorsal counts 

including P. lesinensis (28 dorsals, 40 presacrals; Pierce and Caldwell, 2004), P. kornhuberi (26 

dorsals, 38 presacrals; Caldwell, 2006), Adriosaurus suessi (29 dorsals; Lee and Caldwell, 2000), 

Adriosaurus microbrachis (28 dorsals; Palci and Caldwell, 2007), and Acteosaurus (27 dorsals; 

Palci and Caldwell, 2010). Mesoleptos (Cornalia, 1852) and Eidolosaurus (Nopcsa, 1923) were 

both described as having 23 dorsal vertebrae, and Dolichosaurus longicollis at least 32 

(Caldwell, 2000), all well outside this range. Like the other two Pontosaurus species and other 

dolichosaurs, the vertebrae increase in size posteriorly until the last few vertebrae before the 

pelvis, where the vertebrae show a decrease in size and robustness that corresponds to a decrease 

in rib length and thickness. In P. lesinensis, this transition happens around the 25th of 28 dorsals, 

in P. kornhuberi the 22nd of 26, and in P. ribaguster around the 24th of 29. The posterior-most 

dorsal vertebrae also appear to be more tightly articulated than the anterior series, though this 

could be an artifact of taphonomy, resulting from torsion of the body.  

The butterfly-shaped neural arches common to dolichosaurs are well preserved. The pre-

zygopophyses project anterolaterally at slightly less than 45° to the sagittal plane. The smaller, 

triangular post-zygopophyses project laterally. The facets do appear to incline above the 

horizontal to face ventrolaterally. Zygosphene-zygantra articulations are present throughout the 
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dorsal column, and are most visible around D10-D14. The neural spines are broken off, though 

their bases are easily identified along the column, and in some places their remains can be seen 

projecting over the subsequent vertebral centra as in Adriosaurus skrbinensis (Caldwell and 

Palci, 2010). The neural spines are thick and robust (more so than in Carentonosaurus mineaui; 

Rage and Néraudeau, 2004), and appear pachyostotic. Overall, the vertebrae are broad (wider 

than long), robust, and rounded, indicating some degree of pachyostosis. Pachyostosis can also 

be observed in Carentonosaurus mineaui (Rage and Néradeau, 2004), Adriosaurus suessi 

(Seeley, 1881), Mesoleptos zendrini (Cornalia and Chiozza, 1852), and pachyophiid snakes.  

All dorsal vertebrae support ribs that articulate with the anteriorly positioned 

synapophyses (as in other ophidiomorphs; Pierce and Caldwell, 2004). The right ribs are 

partially visible until about dorsal vertebra 15. Posterior to this, the animal is rolled enough that 

only the left ribs are visible. Rib tips visible between the rib cage on the left side (especially 

around D21-24) show the true length of the ribs (five-six vertebral lengths), which almost meet 

the opposing rib. In profile, the ribs appear slightly flattened dorsoventrally. Where they 

articulate with the vertebrae, the ribs have slightly expanded heads, broader than seen on the 

cervical ribs. Farther from the zygapophyses, they get rounder, before narrowing to a point 

distally. The dorsal ribs protrude almost laterally from the midline before bending ventrally and 

posteriorly to form a rough semicircle which is unlike the relatively straight ribs of Acteosaurus 

tommasinii (Palci and Caldwell, 2010), or the distally straight ribs of Mesoleptos zendrinii (Lee 

and Scanlon, 2002) and Adriosaurus suessi (Seeley, 1881). This results in a deep and laterally 

compressed body profile that was likely vertically oval in cross section. This is also in contrast to 

Acteosaurus (Calligaris, 1993; Palci and Caldwell, 2010) and Adriosaurus (Seeley, 1881; Palci 

and Caldwell, 2007; Caldwell and Palci, 2010) who have heavily pachyostotic vertebrae and ribs 
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along their length. The anterior ribs are extremely robust and may represent a pachyostotic 

adaptation to a coastal aquatic lifestyle as seen in Aigialosaurus bucchichi (Dutchak and 

Caldwell, 2009). This is in stark contrast to the slender ribs of Dolichosaurus longicollis 

(Caldwell, 2000).  

The last nine ribs (D21-D29) are markedly thinner than the more anterior ribs as in 

Kaganaias hakusanensis (Evans et al., 2006), and the final three ribs appear distinctly shorter 

than the rest, they are damaged, making their precise length difficult to determine. Relatively 

short ribs associated with the last three vertebrae is also observed in Pontosaurus kornhuberi 

(Caldwell, 2006): a condition noted by Kornhuber (1901) who described them as ódorsolumbarô 

ribs. This pattern of gradually increasing and then abruptly decreased pachyostosis along the 

dorsal series varies in precise location among species, but is also seen in Aigialosaurus bucchichi 

(Dutchak and Caldwell, 2009), P. kornhuberi (Caldwell, 2006), P. lesinensis (Pierce and 

Caldwell, 2004), Dolichosaurus longicollis (Caldwell, 2000), and K. hakusanensis (Evans et al., 

2006).  

Sacral regionðThe left pelvic region clearly shows both sacral vertebrae with their 

respective sacral ribs in articulation with the ilium. The sacral vertebrae are noticeably smaller 

than the preceding dorsal vertebrae. The transverse processes are hugely expanded, almost as 

wide as their associated vertebrae are long, a situation also observed in Adriosaurus skrbinensis 

(Caldwell and Palci, 2010). The sacral ribs are in contact along the distal half of their length, 

with the second curving forward slightly to meet the first. The shape of the first is more bulbous 

distally, the second is more subrectangular. The first rib appears to have a distal óshoulderô, 

where it abruptly narrows to articulate with the ilium. The neural spines are short, stout, and 

round; the first in particular, appears almost semicircular in lateral view.  Comparisons between 
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the sacral vertebrae of Pontosaurus ribaguster, and that of P. lesinensis and P. kornhuberi are 

difficult due to the poor preservation of the sacral region in all three specimens, though all are 

interpreted as having two sacral vertebrae (Pierce and Caldwell, 2004; Caldwell, 2006).  

An alternative hypothesis would be an interpretation more similar to that seen in 

Pontosaurus kornhuberi (Caldwell, 2006). It is possible that the crack that obliterates the pelvis 

of P. ribaguster runs through the first sacral, rather than the 29th dorsal, and that the plate-like 

bone fragments anterior to what I have identified as the first transverse process are the first sacral 

óribô aligned with the second sacral transverse process. According to this interpretation, the 

element I identified as the second sacral vertebrae would be a pygal in contact with the ilium (as 

in P. kornhuberi). This would give the animal a dorsal count of 28, a sacral count of two, and a 

pygal count of two.  

Pygal regionð Immediately posterior to the second sacral vertebra is a vertebra in 

contact with the ilium but not articulated with it. This is interpreted as a pygal vertebra as it does 

not possess haemal arches. As in Acteosaurus, the vertebra is slightly shorter anteroposteriorly 

than the posterior dorsals and anterior caudals (Palci and Caldwell, 2010). It resembles the two 

pygals of Pontosaurus kornhuberi (Caldwell, 2006) in having reduced neural spines, longer 

centra relative to the sacrals, and a distally narrowed transverse process. Unlike P. kornhuberi 

however, the transverse process is directed anteriorly. 

Caudal regionð Pontosaurus ribaguster preserves the remains of 19 caudal vertebrae in 

left lateral view. The whole tail appears laterally compressed (as in P. kornhuberi; Caldwell, 

2006), and very tall as a result of elongate haemal and neural spines. As in other dolichosaurs, 

the vertebral centra are longer than tall, and do not contribute much to this compression; this is 



124 

 

another feature distinguishing them from mosasauroids (Russell, 1967). The zygapophyses 

remain quite robust and largeðespecially the prezygapophysesðthroughout the preserved 

portion of the tail. This is very similar to the situation in Acteosaurus (Palci and Caldwell, 2010). 

The vertebrae show a minimal decrease in size from the first to last, indicating that the tail would 

have been very long, probably contributing to at least half of the total body length. For 

comparison, P. kornhuberi has a complete tail numbering 163 vertebrae; 63% of its body length 

(Caldwell, 2006).  

The first caudal shows the remains of enlarged transverse processes that are noticeably 

different in shape and orientation from the remainder of the caudal vertebrae. The first seems to 

project anteriorly, and the second laterally. This is a similar observation to that made by 

Caldwell (2006) in his description of Pontosaurus kornhuberi, who describes an anteriorly 

directed ójô-shaped process in dorsal view. He suggests that these might be lymphapophyses: 

modified transverse processes that support lymph node clusters superior to the cloaca. 

Alternatively (or additionally), it could represent the insertion for the m. caudofemoralis, a 

muscle integral to tail-driven locomotion. The transverse processes on the remainder of the 

caudal vertebrae are broken off, but their bases are dorsoventrally thin and axially quite long, 

stretching almost the entire length of the centra. 

The first caudal vertebra also shows a unique neural spine morphology compared to the 

rest of the caudal region. It is much broader, is more squared off at the corners, and projects 

more dorsally than the remainder of the neural spines. This gives the appearance of an almost 

continuous surface of bone laterally, with very few spaces. This seems consistent with a laterally 

compressed tail and a robust area of attachment for large caudal muscles. The remainder of the 

neural spines are thinner (anteroposteriorly), and project more posteriorly (about 40° off the 
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horizontal) similar to the anterior caudals of Pontosaurus kornhuberi. However, the posterior 

neural spines of P. ribaguster are not as broad as P. kornhuberi, leaving larger spaces between 

them. The neural spines show a shelf roughly halfway up the anterior margin. 

The haemapophyses are positioned posteriorly on the centrum, such that the haemal 

arches contact the anterior margin of the following vertebra. Like Pontosaurus kornhuberi, the 

haemals of P. ribaguster do not fuse to the haemapophyses (Caldwell, 2006). The haemals 

themselves fuse roughly halfway down their length, forming a true haemal arch, which extends 

ventrally into a haemal spine. They are about twice as long as the neural spines. It is possible that 

the depth of the tail would have been at least twice that indicated by the osteology based on the 

soft tissue preservation in P. kornhuberi (Caldwell, 2006).  

 

 Appendicular skeleton 

The appendicular skeleton is mostly present, but not well preserved. Both right and left 

forelimbs lie beside the trunk in relatively natural position on their respective sides (Figure 3). 

The left limb is better preserved than the right, with most the carpal elements and phalanges 

preserved in place. The right limb suffered more severe damage and is rotated about the 

longitudinal axis of the humerus resulting in the dislocation and breakage of the more distal 

elements. The radius and ulna are crossed, and the bones of the manus are scattered. The left and 

right coracoids are visible, as is the left scapula. Some cartilage associated with the sternum and 

pectoral girdle is also preserved. The pro- and epipodials are the same length and together make 

up about half the total length of the forelimb (similar to the condition in Pontosaurus lesinensis 

and P. kornhuberi; Pierce and Caldwell, 2004; Caldwell, 2006). The hindlimb elements are 



126 

 

figured in Figure 4. The left hindlimb lies away from the body and is mostly present, except for 

the metatarsal elements and most of the fibula. Except for the distal phalanges, the right hindlimb 

lies underneath the body. However, epipodial elements can be identified between the ribs, and 

most of the tarsals are exposed. The right pelvis is completely obscured by the body, but the left 

pelvis is mostly complete and exposed. Unfortunately, a break in the limestone block passes 

straight through the anterior pelvic region, obscuring many details.  

The front legs are about half the length of the back legs, which makes them 

proportionally shorter than in P. kornhuberi. The front limbs are slightly shorter than the length 

of the head, which is similar to the condition in P. lesinensis. The femur is longer than the 

tibia/fibula, and the combined length of these elements is roughly equivalent to the length of the 

pes. Thus, P. ribaguster follows the trends in pontosaur limb evolution outlined by Caldwell 

(2006): 1) reduction in limbs relative to body size; 2) reduction of the forelimb relative to the 

hindlimb; and 3) reduction of the pro- and epipodial elements relative to the manus and pes.  

Pectoral girdleðThough the degree of breakage and crushing makes interpretation 

difficult, it does appear that the scapula and coracoid are unfused as in most aigialosaurs (Carroll 

and Debraga, 1992), Coniasaurus gracilodens (Caldwell, 1999a), Dolichosaurus longicollis 

(Caldwell, 2000) and Acteosaurus tommasinii (Palci and Caldwell, 2010). This is contrary to the 

interpretation of P. lesinensis (Pierce and Caldwell, 2004); the condition in  P. kornhuberi could 

not be determined (Caldwell, 2006). None of the scapulae or coracoids is complete and therefore 

the relative sizes of the two elements is uncertain, though they do appear to be reduced as in P. 

lesinensis (Pierce and Caldwell, 2004). Unusually, there is a foramen visible on both left and 

right scapula near the glenoid rim, a feature also present in Carentonosaurus mineaui (Rage and 

Néraudeau, 2004) but absent in other dolichosaurs. The scapular blade (visible on the left side) is  
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Figure 2-3 Forelimbs and pectoral region of Pontosaurus ribaguster (HPM 10807). A, photograph of left forelimb 

and girdle; B, interpretive drawing of A; C, photograph of right forelimb and girdle; D, interpretive drawing of C. 

Shaded areas represent cartilaginous remains. Abbreviations: co, coracoid; ep, epiphysis;  h, humerus; int , 

intermedium; r , radius; ra, radiale; sc, scapula; u, ulna; ul, ulnare, 2-5, distal carpals; i-v, metacarpals.  Scale bars 

equal 5 mm. 

 

 

quite long, and projects posteriorly. The coracoid margin is broken bilaterally, but is slightly 

more complete on the right side. It appears to be roughly fan-shaped as in Coniasaurus and 

Haasiasaurus (Caldwell, 1999a; Polcyn et al., 1999). A coracoid foramen is identifiable on the 

left side, though the presence of an anterior emargination cannot be confirmed. I cannot 

reasonably identify any clavicle or interclavicles.  

Cartilage preserved anterior and medial to the coracoid on the right side is interpreted as 

the supracoracoid cartilage. Fragments of the sternal cartilage are also visible between the dorsal 

ribs 1-4 on the left side, along with fragments of probable bronchial cartilages.   

Overall, the pectoral girdle is relatively small and gracile, corresponding to the reduction 

of the forelimbs.  
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HumerusðBoth left and right humeri are preserved in dorsal view. The right humerus 

suffered less breakage and better preserves anatomical details. The humerus is expanded at both 

ends, constricted at mid-shaft, and small (roughly two vertebrae long), typical of a dolichosaur. 

Thick epiphyses are present on both proximal and distal heads. Proximally, the lateral tubercle is 

quite large, and there is a crest for the attachment of the deltoid muscle. Distally, as in 

Pontosaurus lesinensis and P. kornhuberi, the capitulum and trochlea appear flattened and 

reduced. The distal epiphysis bears a bulbous expansion over the capitulum that articulates with 

the radius.   

Radius and ulnaðThe epipodials are not well preserved on either side: on the right, 

they appear dissolved away mid-shaft, leaving only fragments of the distal and proximal ends; 

the left side is more complete, but the manus has been flipped over, dislocating and crossing the 

ulna over the radius. The left forelimbðstill in articulation, though medially crushedðshows 

that the radius and ulna are in close proximity proximally where they articulate with the 

humerus. Distally, they were most likely divergent, as evidenced by the position of the right 

carpal elements, resulting in a wide antebrachial space as in Pontosaurus kornhuberi (Caldwell, 

2006). This is common to most mosasauroids (Russell, 1967; Caldwell et al., 1995) and 

dolichosaurs (e.g., Adriosaurus suessi, Lee and Caldwell, 2000) and contributed to the formation 

of a wide, flat forearm.  

The radius is simple and rod-like, with a squared off proximal end, and an expanded, flat 

distal end. Medially, it is concave, and laterally it is fairly straight. Overall, it is extremely 

similar in shape to Pontosaurus kornhuberi (Caldwell, 2006).  
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The ulna is broader than the radius, but a similar length. It is thickened proximally and 

distally, and is constricted along the shaft. The proximal expansion is greater, and it is possible to 

identify the remains of the olecranon process on the proximal end of the left ulna curving around 

the humerus, very similar in shape to Adriosaurus skrbinensis (Caldwell and Palci, 2010). The 

distal epiphysis is well developed and articulates with the ulnare.   

CarpalsðThe crushed and dislocated nature of the right manus prohibits meaningful 

interpretation, but the majority of the left wrist is better preserved. There are four carpal elements 

preserved in each of the proximal and distal rows. The ulnare, intermedium, proximal centrale, 

and radiale make up the proximal row, and distal carpals two through five are in the distal row. 

There is no identifiable pisiform element, which is not unexpected given the poor preservation of 

the fifth digit. The ulnare is large and laterally contacts a small intermedium, which is in turn 

contacting a large centrale. Small fragments of the radiale are preserved lateral to the centrale. 

The remnants of the radiale are one of the few identifiable carpal elements in the right limb, and 

based on this, the radiale was quite large and sub rectangular. Below these four elements are 

carpals two through five. The third and fourth are still in articulation with their respective 

metacarpals, while metacarpals two and five have been taphonomically disturbed. Like other 

dolichosaurs, carpal four is the largest, followed by carpals three, five and two.  Overall the 

carpal morphology of all three Pontosaurus species is similar (Pierce and Caldwell, 2004; 

Caldwell, 2006): flattened and distally enlarged, which may have prevented wrist mobility, 

especially pronation.  

MetacarpalsðThough it is possible to tentatively identify metacarpals in the right 

manus, it is the left manus that best preserves them. All five are present. However, the first and 

fifth are mostly broken away, leaving fragments and impressions. The third metacarpal is the 
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longest (roughly the length of the pro- and epipodials combined), followed by the fourth, and 

second. The first and fifth appear shorter than the rest, but their exact lengths are uncertain. The 

three preserved metacarpals are elongate and straight, expanded at the ends, and constricted 

midshaft. Metacarpals two, three and four articulate with their respective distal carpals, and it 

appears that metacarpal five may have articulated with distal carpal five and the ulnare, but this 

could be taphonomic displacement.  

PhalangesðThe phalanges are mostly preserved, with the distal ends of digit one, two, 

four, and five preserved as natural moulds. The phalangeal formula appears to be 2-3-4-5-3, 

which is primitive for lepidosaurs (Carroll, 1988). Like other dolichosaurs (Pontosaurus 

lesinensis, Pierce and Caldwell, 2004; Pontosaurus kornhuberi, Caldwell, 2006; Adriosaurus, 

Palci, 2007), the longest digit is the fourth, then the third, second, fifth and first. The length of 

the digits relative to each other is essentially the same length as to the other Pontosaurus species 

(pers. obs.). The phalanges are hourglass-shaped and typical of other dolichosaurs. The small 

terminal unguals are poorly preserved, but appear claw-like and pointed, with a well-developed 

ventral tubercle.  

Pelvic girdleðOnly the left half of the pelvic girdle is exposed in the specimen, the right 

being presumably hidden under the body. Only the ilium is well preserved. The other elements 

are obscured by a break in the limestone slab, which passes through the first sacral vertebrae, the 

ischium, and the pubis (Figure 4).  

The ilium is extremely elongate through the posterior superior iliac crest, which 

articulates with the two sacral ribs and contacts the pygal vertebra. Anteriorly, the element 

expands to meet the ischium and pubis before narrowing and hooking ventrally into the 
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preacetabular iliac process, which is much more elongate than seen in Acteosaurus tommasinii 

(Palci and Caldwell, 2010) or Adriosaurus suessi (Lee and Caldwell, 2000). Like Pontosaurus 

kornhuberi (Caldwell, 2006) and Dolichosaurus longicollis (Caldwell, 2000). A small 

anterodorsal process is visible just above the acetabular depression. 

 

 

Figure 2-4 Hindlimbs and pelvic region of Pontosaurus ribaguster (HPM 10807). A, photograph showing left and 

right hindlimbs, pelvic region, posterior dorsal and anterior caudal vertebrae; B, interpretive drawing of (A). Grey 

lines indicate impressions. Abbreviations: a, astragalus; ca, calcaneum; cau, caudal vertebra; ep, epiphysis; fe, 

femur; il , ilium; ics, ischium; lf , left fibula; lt , left tibia; pu, pubis; pyg pygal vertebra; rf , right fibula; rt , right tibia; 

sp, sacral process; i-v, metatarsals 1 to 5. 

 

 

The large, robust pubis is broken, but the general hatchet-shape typical of dolichosaurs is 

visible. The proximal head of the element is mostly present, preserving the pubic foramen and 












































































































































































































































































































































































































































































































































































































































































